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EXECUTIVE SUMMARY
Regular, long-term environmental monitoring has the potential to identify and enable proactive
mitigation of negative human impacts on the environment and help to maintain the beneficial value
of an area for all users. This is pertinent for St Helena Bay, which supports fishing industries as well as
important tourism and recreational activities. All developments within the area have the potential to
negatively impact on ecosystem health. The St Helena Bay Water Quality Trust (SHBWQT) was
founded in 2000 to “establish, implement and enforce a comprehensive overall water quality
monitoring programme in St Helena Bay, Velddrift and the West Coast Peninsula” and to “promote
proper planning to cope with potential environmental disasters in the dedicated area, and in general
support, promote and co-ordinate the environmental integrity and well-being of the West Coast as a
whole”. The Trust is registered with the Master of the High Court, and includes stakeholders from the
fishing industry, National and Local Government, a registered water analytical laboratory, a dedicated
charted accountant firm, trustees, and other interested parties such as the media, shipbuilders, the
tourism sector, allied businesses and the general public. Direct monitoring of a number of important
ecosystem indicators was initiated by the SHBWQT in 2001, including water quality (faecal coliform
and E. coli), sediment quality (total organic carbon and nitrogen) and benthic macrofauna. These data
are summarised into a “State of the Bay” report, presenting data on parameters monitored directly
by the SHBWQT as well as those monitored by others where available (government, private industry,
academic establishments and NGOs). The “State of the Bay” series for ST Helena Bay includes reports
published in 2001, 2002, 2007, 2012 and 2018 (CSIR 2001, 2002, Carter & Steffani 2007, CSIR 2008,
Tunley et al. 2012, Laird et al. 2018).
In this 2020 State of the Bay report, available data on a variety of physical and biological parameters
are presented, including activities and discharges affecting the health of the Bay (fish processing and
wastewater discharge), water quality in the Bay itself (historical data pertaining to temperature,
oxygen, salinity, nutrients, and pH), sediment quality (particle size, total organic carbon and nitrogen),
and ecological indicators (benthic macrofauna). The monitoring programme focuses on water and
sediment quality and biotic indices of health, and was designed to provide an overview of trends in
the health of the bay, and to track changes that may be caused by human activities. Where possible,
trends and areas of concern have been identified and recommendations for future monitoring are
presented, with a view to further improving the environmental management and monitoring in the
area. Key findings for each of the major components of the State of the Bay monitoring programme
are summarised below.

Description of the marine environment in St Helena Bay
St Helena Bay is situated on the west coast of South Africa and extends from Dwarskersbos in the
north, past the Shelley Point Peninsula, to Cape St Martin in the west, encompassing 18 smaller bays
and the Berg River Estuary. The Bay is positioned in the southern section of the Benguela Current
System, one of four major eastern-boundary current systems which are characterised by the winddriven upwelling of cold, nutrient rich water. St Helena Bay is positioned downstream of the Cape
Columbine upwelling cell and is a productive retention zone fed by the nutrient rich water that is
upwelled in this cell.
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The sheltered, nutrient rich waters of St Helena Bay provide a refuge from the rough seas of the
adjacent coast and constitute an important nursery area for the juveniles of many fish species that are
integral to ecosystem functioning.
The Bay is subject to incidences of harmful algal blooms and regular episodes of oxygen depletion in
the coastal waters, which have in the past lead to major mortality events for organisms such as rock
lobsters and fish. St Helena Bay is a highly productive marine environment and the bay is relatively
sheltered from southerly and south westerly swells. These conditions periodically result in anaerobic
activities which reduce oxygen levels and negatively impact on marine biota.

Fisheries and aquaculture
The South African small pelagic fishery developed in the 1940s with sardines Sardinops sagax primarily
targeted by purse-seine vessels along the west coast. Catches peaked in the early 1960s at around
400 000 tonnes but collapsed thereafter, thought to be a direct result of overfishing. The industry
switched to smaller mesh nets and began targeting anchovy Engraulis encrasicolus, which dominated
the catches from about 1964 to the mid-1990s when recovery of the sardine stock was achieved under
a stock rebuilding management strategy. A prolonged period of low sardine recruitment since 2004,
however, resulted in a rapid decline in the size of the sardine stock with sardine TACs and catches
dropping to levels in the order of 90 000 t between 2008 and 2014 and to only 45 560 t in 2017, 65 000
t in 2018 and only 12 500 t in 2019. Anchovy catches have fortuitously remained robust in most years.
The average annual combined (sardine, anchovy and other species) small pelagic catch over the
preceding six decades has been in the region of 330 000 tonnes, caught by a fleet of around 75 purpose
built purse seine boats. Approximately 700 sea-going staff are involved in the South African Purseseine fishery. The annual landed catch value for the small pelagic industry in 2018 was estimated at
approximately R 1.05 billion. St Helena Bay remains the most important area for processing of South
Africa’s Small pelagic fishery catch with four of South Africa’s six large factories located within St
Helena Bay processing about 80% of the national catch. The processors in St Helena Bay employ about
3 500 people in permanent and seasonal positions and are critical to the economic wellbeing of the
towns surrounding St Helena Bay and indeed further afield (the fishery is of national importance with
product sold throughout southern Africa and internationally (particularly fishmeal).
The inshore commercial line and net fisheries in St Helena Bay principally target snoek Thyrsites atun
and harders Chelon richardsonii respectively. Other shoaling species such as yellowtail Seriola lalandi
and white stumpnose Rhabdosargus globiceps are occasionally important in line fish catches, whist St
Joseph sharks have contributed significantly to inshore netfish catches. Species such as white
stumpnose, white steenbras, Lithognathus lithognathus, silver kob Argyrosomus inodorus and elf
Pomatomus saltatrix support recreational line-fisheries in the Bay and the Berg River estuary. The Bay
incorporates a rock lobster reserve that was declared in terms of the Marine Living Resources Act.
The West Coast Abalone Farm, established in 1998, is situated on the Cape St Martin Peninsula
bordering St Helena Bay and has an established hatchery to ensure continuity of spat to the grow out
phase. As of 2018 this farm exported in excess of 60 tons of live, canned and dried abalone per year.
The only land-based mariculture operation (more accurately described as a holding facility) within St
Helena Bay itself is located at the Oceana Lobster facility, Stompneus Bay which pumps 23 333 m3 of
seawater per day through lobster tanks using a continuous water circulation system. During the
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1990s, experimental projects on the suspended cultivation of red gracilarioid seaweeds (Gracilaria
and Gracilariopsis) were conducted in St Helena Bay. A small-scale commercial operation started in
November 1998, but harvesting was discontinued in 2003. The algae are no longer commercially
exploited as the seaweed price is low and cultivation is not worthwhile (DAFF 2013).

Activities and discharges
Anthropogenic pollutants and wastes find their way into the Bay through a range of activities and
developments including fish factory operations, shipping, oil spills, municipal and industrial
discharges, and storm water runoff. Urban and industrial developments encroaching into coastal
areas have resulted in the loss of coastal habitats. The population growth in the area translates into
corresponding increases in the amount of infrastructure required to house and accommodate these
people, and in the amount of waste and wastewater that is produced.
Six companies within the St Helena Bay area have current or draft Coastal Waters Discharge Permits
(CWDPs) authorising the discharge of land-derived wastewater from Fish Processing Plant (FPP)
effluent, brine produced by Reverse Osmosis (RO) plants, cooling water system discharges and
aquaculture waste effluent. These companies are Amawandle Pelagic (Pty) Ltd, Oranjevis Joint
Venture, Lucky Star Ltd, West Point Processors (Pty) Ltd and Oceana Lobster (Pty) Ltd.
Fish processing factory effluent
The effluent produced by the four FPPs in St Helena Bay is of primary environmental concern due to
the organic loading that these effluents introduce to the water column and sediments. There is
substantial variation in the “end-of-pipe” limits included in the CWDPs for the various FPP operators
in St Helena Bay. For example, required end-of-pipe limits for Total Suspended Solids (TSS) range from
343 mg/l to 20 000 mg/l, and those for ammonia range from 64-160 mg/l. It should be noted here
that these end of pipe limits are mostly non-conservative i.e. they are higher than would be generally
recommended for protection of the environment. There is also variation in the types of parameters
to be monitored, despite all four FPPs processing very similar products (i.e. only one CWDP requires
the monitoring of Total Kjeldahl Nitrogen as well as ammonia, while the rest only require ammonia
monitoring).
Despite the non-conservative end of pipe limits mandated by the CWDPs, many operators seem
unable to comply with the specified limits, and compliance rates vary widely between factories. The
worst performing factory had a non-compliance rate for ammonia of 56% (i.e. effluent data exceeded
stipulated limits more than half the time), while the best performing factory had a non-compliance
rate of 23% (specifically for ammonia). It is evident then that some factories are investing more effort
in treating their effluent to improve the concentration of constituents such as ammonia at the pipe
end. This is borne out, by and large, in receiving environment data (sediment and benthic macrofauna
health) collected as part of the State of the Bay monitoring programme. A high rate of non-compliance
with pipe end limits typically results in a higher loading i.e. more of a particular constituent/pollutant
enters the Bay. Indeed, high levels of non-compliance can result in up to half a tonne of ammonia
entering St Helena Bay per factory per year. Effluent and production data from the poorest performing
FPP assessed here equated to a loading of 94 g ammonia/tonne of fish processed, approximately
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double the ammonia-N loading per tonne of fish processed by the other FPPs (according to effluent
and production data).
Therefore, a three-fold approach is recommended to safeguard the marine environment of St Helena
Bay in terms of FPP discharge. First, it is imperative that CWDP for all FPP are aligned both with one
another and are designed to meet receiving environment WQG limits at the edge of an accepted
mixing zone, the size of which is aligned with the sensitivity of the environment and also the
requirements of other beneficial uses of that environment. Permit limits should also ideally be aligned
with internationally accepted limits as well. Secondly, all FPPs should take necessary steps to extend
their outfall pipes further offshore to a point where the water depth is able to contribute significantly
to initial dilution of the effluent as it rises through the water column. The existing intertidal discharges
of buoyant, organically rich effluents are untenable in the retentive, sheltered environment of St
Helena Bay. Thirdly, FPPs must continue with efforts to improve end of pipe constituent
concentrations before discharge, to ensure compliance with stipulated end of pipe limits as required
by their revised CWDPs. It is evident that some FFPs have made progress in improvement of effluent
quality, however, all assessed FPPs have a 95th percentile ammonia end of pipe concentration that is
non-complaint with stipulated limits. As such, while an offshore discharge pipeline is imperative, this
alone will not ensure that the effluent will meet the required WQGs, because the dilution potential is
limited by depth.
A further concern is that is appears as though bloodwater is still being discharged to sea at times by
vessels when they are offloading, as witnessed during the 2020 State of the Bay monitoring surveys.
The offloading process for small pelagic fisheries can produce highly polluted effluent (i.e. bloodwater)
at various stages. This bloodwater averages around 0.13 m3/t of fish off-loaded (~2% of the total
effluent volume from fish-meal plants) but constitutes some 40% of the total pollutant mass loads
generated in the factory. As such, raw bloodwater should never be discharged from the factories or
vessels in the nearshore environment. There may be economic gains to be made in terms of increased
product yield through the collection and processing of bloodwater. For example, processing 4 t of
fresh anchovy yields 1 t of fish-meal, while the same yield is only achieved from around 5 t of older,
poorer quality fish unless all the bloodwater is evaporated and added to the product. Bloodwater can
be collected, heat-treated and then desludged in a decanter to recover the coagulated solids for
processing to fishmeal. As such, management recommendations include that 1) all bloodwater should
be collected for treatment and, 2) the discharge of bilge waters and water used to wash the holds of
the fishing vessels should not permitted in terms of the Integrated Coastal Management Act and such
effluents should therefore be collected in shore-based tanks for treatment. Or discharged of offshore.
Sewerage
Sewage is harmful to biota due to its high concentrations of nutrients that stimulate primary
production and lead to changes in species composition, decreased biodiversity, increased species
dominance, and local toxic effects. The St Helena Bay area is serviced by two wastewater treatment
works (WWTW) - a small package plant located in the Shelly Point area, and the larger St Helena
WWTW. All treated water from these plants is used for irrigation, and there are no outlets or
discharges from either of these plants to the bay or any water course. Problems may, however, be
encountered when pump stations overflow due to malfunction or power failures, and raw sewage is
then released into the marine environment. This is particularly dangerous to human health in terms
iv

of contact recreation and consumption of seafood. To address this issue mechanical and electrical
equipment upgrades to the pump stations are ongoing as are upgrades to the St Helena (Laingville)
treatment works. Any incident will be contained on the plant, and there are protocols in place in the
event of any major incidents.

Water quality
In 2008 the St Helena Bay Water Quality Trust (SHBWQT) initiated fortnightly sampling of
microbiological indicators at 17 stations within St Helena Bay and six stations in the Berg River Estuary.
Compliance with guidelines for recreational use of coastal waters was assessed by comparing faecal
coliform and E. coli count data to the 1996 recreational guidelines (DAFF 1996) and the revised
recreational guidelines (DEA 2012), respectively. Poor water quality was consistently found at
Amawandle, Jaloersbaai, Oranjevis, Lucky Star, Sunfish, West Point Processors and Sandy Point
Harbour, while water quality fluctuated between “Poor” and “Excellent” at the other sites. These
results suggest that there may be a health risk associated with industrial outfalls, specifically fish
processing effluent, but the link between the presence of indicator bacteria from fish factory effluent
and human health risk is not clear. Although faecal coliforms, faecal streptococci and Escherichia coli
are used internationally to detect the presence of faecal pollution, they only provide indirect evidence
of the possible presence of water borne pathogens and may not accurately represent the actual risk
to water users in St Helena Bay specially. The reason for this is that it is likely that the source of these
indicator bacteria in St Helena Bay is not from human sewage but rather from other animals e.g. seals
during fishing operations. In 2020, water quality slightly improved at one of the sites in Sandy Point
Harbour, which is a popular location for recreational use. Sites that experienced acceptable water
quality for the majority of the sampling period included the Port Owen Slipway/Yacht Club, the
recreational fishing site below the R27 bridge, Da Gama Monument Beach, Laingville Beach,
Hannasbaai Beach, and at Sandy Point Harbour. It is encouraging to note that all recreational sites
(beaches, popular fishing areas and the marina) generally offer safe swimming conditions.
Microbial results show that much work needs to be done to improve water quality in the Bay and
lower estuary. A number of coastal water discharge permits (CWDPs) have been issued in recent
months and compliance with the specific effluent discharge limits outlined in each permit should
result in future water quality improvements. Given the current importance and likely future growth
of both the mariculture and tourism industries within St Helena Bay and the Berg River Estuary, it is
imperative that the efforts that have been taken in recent years to combat pollution by harmful
microbes (for which E. coli, Faecal streptococci and faecal coliforms are indicators), should be
increased and applied more widely. These include upgrading of sewage and storm water facilities to
keep pace with development and population growth, and compliance with CWDPs. In addition,
monitoring of bacterial indicators to assess the effectiveness of adopted measures should be
continued at all sites on a bimonthly basis.

Sediment quality
In 2001 benthic monitoring was conducted as part of the broader water quality monitoring
programme during which a limited number of sites were sampled for sediment. A spatially intensive
sampling programme was undertaken in 2001, which extensively characterised the sediment
biogeochemical properties within St Helena Bay extending approximately 40 km offshore.
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Subsequently, sediments were again sampled in 2007 at an even greater suite of sites than in 2001.
In 2012 and 2018 at a reduced number of sites (25) were selected to characterise the effects of the
human activities on the nearshore environment. Sediments were again collected from a refined
number of sites in 2020 targeting the nearshore area.
Sediment from 2001 and 2007 was characterised by a high mud and sand content, whilst the 2012
survey recorded a reduction in mud content attributed to increased storm frequency remobilising the
fine sediment fraction. Thereafter, the mud content increased in 2018 but to the same degree as
observed prior to 2012, with sites primarily composed of sand, a lesser fraction of mud and varying
gravel content. Sediment characteristics in the 2018 and 2020 surveys were similar with all sites
composed predominantly of sand but with a slightly reduced proportion of mud present in the 2020
samples. The mud component in the Outer Bay sites was notably reduced in 2020 compared to that
recorded in 2018. Gravel was intermittently present in varying proportions, mostly at sites where
gravel has historically been recorded. Fine sediments tended to accumulate north west of fish factory
4 and the WWTW, and in the vicinity of the harbour where fish factories 7 and 5 are located. This has
important implications for benthic macrofauna as fine sediments accumulates in the same areas as
organic matter due to similar specific gravity and this can result in anoxic conditions developing under
high organic loading.
Total Organic Carbon (TOC) and Total Organic Nitrogen (TON) showed similar distribution and
accumulation trends. These organic components were typically elevated in the vicinity of fish factories
7 and 5 indicating a high output from these processing plants, and retention in the vicinity of the
factories within the harbour. Additionally, the data suggests that organics originating from these
plants is also transported in a westerly direction. Westward transport was also noted from fish factory
4, where there appears to be a natural deposition/retention point. The lack of organic accumulation
in the vicinity of fish factory 2 is attributed to an offshore pipe being installed in 2018 to transport
effluent away from the shore. Similar trends were noted in the estuary, whereby the average organics
at the Estuary Fish Factory area were greater than the average values at control sites.
Both organic carbon and organic nitrogen concentration in sediments was typically greater at sites
sampled close to the fish factories compared to other areas in the bay and estuary, suggesting that
these processing plants are important sources of organic enrichment in the Bay. For several years
prior to and including the 2007 survey, small pelagic catches were well above the average combined
catch. Similarly, the small pelagic catch in 2012 was well above the average combined catch. These
above average catches, and the processing thereof, would have resulted in increased amounts of
effluent originating from the fish factories. The large volumes of effluent discharged would be rich in
organics resulting in high sediment organic loading (TOC and TON) as observed in the sediment organic
data in the vicinity of the fish factories. In fact, the discharge of effluent in these survey years
appeared to influence the organic loading throughout the bay, with “control” sites close to the shore
also registering comparatively high TOC and TON level relative to those recorded in later surveys. The
small pelagic fish catches in 2018 were comparatively low, and as a result, lower organic loading is
expected. Processing of fish from the small pelagic fishery appears to not only influence organic
content of sediment in the immediate vicinity of the fish factories during years of above average
catches, but can also influence organic content of sediment in a greater area within the bay.
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In 2020 the C:N ratios in the Outer Bay area, although lower than they were in 2018, remained high
(C:N of 52:1). Elevated C:N ratios were also observed at the Fish Factory areas (13:1), while the
average C:N remained relatively constant in the Shore area (12:1). The elevated C:N ratios in Outer
Bay are likely due to the reduced N present as a result of the weak/neutral La Nina conditions
preceding the 2018 and 2020 surveys, which would have reduced the input of N into the euphotic
zone. Additionally, this suggests the N input from the fish factories affects the whole bay area (Shore
and Fish Factory) sediments keeping the C:N ratio comparatively low. The fish factory sites within the
bay generally have the lowest C:N ratios, which is expected due to impacts of nitrogen-rich wastewater
discharged from vessels and processing plants. However, this was not as extreme as one would expect
for these sites, as the C:N ratio remains within the expected range of natural marine production.

Benthic macrofauna
Benthic monitoring surveys in St Helena Bay have revealed that macrofaunal communities are mostly
dominated by predatory and detritivorous polychaetes and filter feeding bivalves. The presence of
Malacostraca (mostly composed of amphipods and isopods) across the bay and the seapen V.
schultzei, at the outer bay sites, suggests that the Bay as a whole has a fairly low level of contamination
as these taxa do not tolerate pollutants well, especially organic pollutants such as fish factory
wastewater. Furthermore, the persistence of filter feeders in the Bay suggests that sediment and
benthic macrofaunal communities in the broader Bay have remained stable and in a fairly good state
of health. However, at most sampling sites located in close proximity to fish factories, a reduction in
all indices of benthic macrofaunal diversity, particularly abundance and biomass, was noted in the
present study (2020). This is attributable to the poor sediment quality in the area surrounding the fish
factories, where high organic loading from fish factory effluent has resulted in localised eutrophication
of the benthos, and a toxic low-oxygen environment. In order to ensure continued improvement in
the health of the marine environment, it is recommended that every effort is made to improve
compliance with the effluent quality limits as specified in CWDPs and other mitigation is implemented
as required to achieve compliance with the revised marine environmental water quality standards. It
is clear from the results of this study that the mitigation measures implemented by one of the small
pelagic processing factories to improve their waste-water effluent quality and to discharge it at an
offshore location, has improved the health of the benthos. We expect the situation would continue
to improve with time (as the benthos recovers) and with similar actions hopefully being taken by other
fish processing plants in the Bay.

Monitoring recommendations
It is recommended that monitoring of benthic macrofauna and sediment continue at least the same
frequency and intensity at all of the current monitoring stations. It is further recommended that
additional monitoring stations be added to the sample programme that will assist in delineating the
area of impacted benthos (a benthic “impact footprint”) adjacent to each fish factory as a result of
eutrophication from discharged effluent. Additional sample sites should therefore be placed in a semicircular pattern at increasing distances from each effluent discharge point e.g. 50, 100, 200, 400 m. In
cases where offshore disposal via pipeline has been implemented, additional benthic sampling sites
should be positioned in a similar fashion around the pipe end/ diffuser.
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Intertidal habitats and their associated communities of biota within sheltered bays on the west coast
of South Africa are relatively rare, given the high levels of wave energy that are prevalent along this
coast. It is anticipated that buoyant effluent (including ammonia, oil and fat components) discharged
from fish processing factories in St Helena would under certain environmental conditions be deposited
in the intertidal zone with deleterious effects on overall abundance and diversity of intertidal biota.
This has never been investigated and it is therefore recommended that the benthic monitoring be
expanded to include intertidal rocky shore and sandy beach habitats adjacent to fish factories (again
with transects positioned at increasing distances from each outfall) and at suitable control sites within
the bay, to assist in delineating the extent of the impact in each case.
Water quality monitoring should also be implemented at the edge of the expected mixing zones
around all discharges (as required by the CWDPs) in order to assess compliance with receiving water
quality guidelines and assess the efficacy of mitigation measure implemented. This should include
annual water column profiling to recorded physical water quality properties (salinity, temperature,
turbidity, dissolved oxygen and pH); surface water sample collection for analysis of total suspended
solids, nutrients (nitrate, phosphate and total ammonia) and fats oils and grease. Water quality
sampling should be conducted at both impact and control locations, and annual sampling events
should coincide with periods of at least average production at the fish meal plants. Consideration
should also be given to including ongoing in situ monitoring of dissolved oxygen at impact and control
sites by deployment of instruments at the edge of the mixing zones.

Summary
Industrial and residential development and the long history of small pelagic fish processing in St
Helena Bay over the last five decades have inevitably impacted on the environment. Despite this,
recent improvements in some of the indicators of ecosystem health are encouraging e.g.
improvements in sediment quality and macrofauna community health in locations where effective
pollution mitigation measures have been implemented. There remains considerable work to be done
in maintaining and restoring the health of the Bay, especially regarding the large volumes of fish
factory effluent and bilge water that are discharged into the Bay, very little of which is compliant with
the existing effluent quality standards. Fish processing factories should seek to reduce the size of their
impact footprints by improving the quality and quantity of the effluent they discharge. This can be
achieved by improved offloading and processing practices i.e. “housekeeping” and treatment e.g.
increased filtration, evaporation and retention of organic matter. Reclaiming industry-grade or even
potable water from effluent has, and will likely continue to play, an important role in improving water
quality in the Bay. Furthermore, offshore disposal via pipelines that convey effluent away from the
shallow, sensitive habitats along the shoreline to deeper water where improved dilution and flushing
is possible, should be implemented. Continued monitoring of the overall health status of the Bay is
essential to understand whether these objectives are being achieved.
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GLOSSARY
Alien species

Aquifer
Aquaculture
Biodiversity
Biota
Colony-forming unit
Community structure

El Niño

Fauna
Flora
Filter-feeders
Functional group
Groundwater
Indigenous
Invasive
Intertidal
Macrophyte
Invertebrate
Opportunistic
Paleo-channel
Topography

Species whose presence in a region is attributable to human actions that enabled
them to overcome fundamental biogeographical barriers (i.e. human-mediated
extra-range dispersal) (synonyms: Introduced, non-indigenous, non-native, exotic).
Underground layer of water-bearing permeable rock, rock fractures or
unconsolidated materials (gravel, sand, or silt) from which groundwater can be
extracted using a water well.
The sea-based or land-based rearing of aquatic animals or the cultivation of aquatic
plants for food.
The variability among living organisms from all terrestrial, marine, and other aquatic
ecosystems, and the ecological complexes of which they are part: this includes
diversity within species, between species and of ecosystems.
All the plant and animal life of a particular region.
A colony-forming unit (CFU) is a unit used to estimate the number of viable bacteria
or fungal cells in a sample.
Taxonomic and quantitative attributes of a community of plants and animals
inhabiting a particular habitat, including species richness and relative abundance
structurally and functionally.
The warm phase of the El Niño Southern Oscillation (commonly called ENSO) and is
associated with a band of warm ocean water that develops in the central and eastcentral equatorial Pacific off the Pacific coast of South America. ENSO refers to the
cycle of warm and cold temperatures of the tropical central and eastern Pacific
Ocean. El Niño is accompanied by high air pressure in the western Pacific and low air
pressure in the eastern Pacific. The cool phase of ENSO is called "La Niña" with SST
in the eastern Pacific below average and air pressures high in the eastern and low in
western Pacific. Both El Niño and La Niña, cause global changes of temperatures and
rainfall.
General term for all of the animals found in a particular location.
General term for all of the plant life found in a particular location.
Animals that feed by straining suspended matter and food particles from water.
A collection of organisms of specific morphological, physiological, and/or
behavioural properties.
Water held underground in the soil or in pores and crevices in rock.
Species within the limits of their native range (Synonyms: native).
Alien species that have self-replacing populations over several generations and that
have spread from their point of introduction.
The shore area between the high- and the low-tide levels.
An aquatic plant large enough to be seen by the naked eye.
Animals that do not have a backbone. Invertebrates either have an exoskeleton
(e.g. crabs) or no skeleton at all (worms).
Capable of rapidly occupying newly available space.
Old or ancient river channels often infilled with course fluvial deposits which can
store and transmit appreciable quantities of water.
The relief features or surface configuration of an area.

xi

LIST OF ABBREVIATIONS
ADCP

Acoustic Doppler Current Profiler
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EA
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EMF

Environmental Management Framework

EMMP

Environmental Management and Maintenance Plan

EMPr

Environmental Management Programme
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Marine Living Resources Act (No. 18 of 1998)

MPA

Marine Protected Area
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National Environmental Management Act (No. 107 of 1998)

NEMBA
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NOAA

National Oceanic and Atmospheric Administration

NWA

National Water Act (No. 36 of 1998)

RWQO

Receiving Water Quality Objectives approach

SBM

Saldanha Bay Municipality

SDF

Spatial Development Framework

SHBWQT

St Helena Bay Water Quality Trust

TNPA

Transnet National Ports Authority

TOC

Total Organic Carbon
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Total Organic Nitrogen

TSS

Total Suspended Solids

WCDM

West Coast District Municipality

WWTW

Wastewater Treatment Works
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INTRODUCTION

1.1

Background

Introduction

St Helena Bay is situated on the west coast of South Africa and extends from Dwarskersbos in the
north, past the Shelley Point peninsula, to Cape St Martin in the west. The area encompasses 18
smaller bays, including Britannia Bay, Stompneus Bay, Sandy Bay and West Point (Figure 1.1). The
Berg Estuary drains into the south-eastern corner of the Bay. The Estuary is ecologically important for
saltmarsh vegetation, fish and bird life.

Figure 1.1.

Regional map of St Helena Bay and the Berg Estuary (Google 2018).
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This report draws together information on the water quality and benthic ecosystem health of St
Helena Bay. The emphasis has been on using long-term data that are comparable in both space and
time to provide a good reflection of the long-term changes in the environmental health of the Bay. In
2001, the St Helena Bay Water Quality Trust (SHBWQT), a voluntary organization representing various
organs of State, local industry and other relevant stakeholders and interest groups, was inaugurated
with the aim of promoting an integrated approach to the management, conservation and
development of St Helena Bay. Since its inauguration, the SHBWQT has played an important role in
guiding and influencing management of the Bay, principally by supporting informed decision making.
Monitoring of a number of important ecosystem indicators was initiated in 2001, including water
quality (faecal coliforms, E. coli and more recently Enterococci), sediment quality (total organic carbon
and nitrogen) and benthic macrofauna which culminated in the commissioning of a “State of the Bay”
report series, of which this is the fifth edition.
Early reports include those covering benthic macrofauna assemblages in the Bay (CSIR 2001, 2007)
and the biochemical status of surficial sediments (CSIR 2002, 2008). The 2012 and 2018 State of the
Bay reports served to draw together available information for temporal based analyses (Tunley et al.
2012; Laird et al. 2018). This 2021 report, builds on the time series analyses from previous reports
and includes Information from previous work commissioned by the SHBWQT, as well as a range of
other relevant scientific literature e.g. published papers, monitoring programmes and impact
assessment studies.

1.2

Oceanography

St Helena Bay is positioned in the southern section of the Benguela Current System (BCS), which
extends along the west coast of southern Africa between Cape Agulhas (South Africa) and the Congo
River mouth (Angola). The BCS is one of four major eastern-boundary current systems and is
characterised by the wind-driven upwelling of cold, nutrient rich water (Shannon & O’Toole 1998).
This cold current originates from the South Atlantic Circulation, which circles just north of the Arctic
Circumpolar Current. The naturally cool temperature of the Benguela current (average temperature
10-14°C) is enhanced by the upwelling of the even cooler nutrient-rich deep water (Branch et al. 2010).
The area experiences strong southerly and south-easterly winds, which are deflected by the Coriolis
forces (rotational force of the earth which causes objects in the southern hemisphere to spin
anticlockwise). These prevailing conditions deflect the surface waters offshore and cause cold,
nutrient-rich water to upwell against the shore. This water is the nutrient rich life-force of the west
coast. Phytoplankton bloom when the nutrients reach the surface waters, where plenty of light is
available for photosynthesis, and the phytoplankton is then preyed upon by zooplankton, which is in
turn are eaten by filer-feeding fish such as anchovy or sardine. This makes the west coast one of the
richest fishing grounds in the world, which supports large populations of sea birds, seals and cetaceans
(Branch et al. 2010).
St Helena Bay is positioned downstream of the Cape Columbine upwelling cell and is a retention zone
for the nutrient rich water that is upwelled in this cell (Monteiro & Roychoudhury 2005). Due to this
enrichment and retention, St Helena bay is a particularly productive system that supports a high
biomass of marine biota and several important fisheries (see Section 3.4). St Helena Bay and the Berg
River estuary also function as important and productive nursery habitats for early life stages of fish
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(Bakun 1998, Monteiro & Roychoudhury 2005). These highly productive and sheltered habitats are,
however, also subject to incidence of harmful algal blooms and regular episodes of oxygen depletion
in the coastal waters (due to regional and local oceanographic processes and because of its sheltered,
and retentive nature), which in the past have led to major mortality events for organisms such as rock
lobsters and fish (Cockroft et al. 2000, Monteiro & Roychoudhury 2005) (Figure 1.2). Low oxygen
events that have led to stranding and mortality of marine biota have been documented at least once
or twice per decade since the 1960’s (these natural events were occasionally documented prior to
this, but the published record is only considered consistent enough post 1960) (Cockcroft & Van Zyl
2018). There has been a notable increase in the number and severity of low oxygen induced strandings
in the 1990s (five recorded), three over the decade 2000-2010 and two post 2010 (March 2012 and
an extended event during February-March 2015 (Cockcroft & Van Zyl 2018).

Figure 1.2.

Mortality of bivalves, rock lobster and fish associated with a low oxygen event in St Helena Bay (near
Dwarskersbos) in 2015. Photo credit: S.J. Lamberth.
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Biodiversity

The St Helena Bay and the Berg Estuary provide extensive and varied habitat for waterbirds. This
includes deepwater marine habitats, sheltered beaches in the Bay, the Paternoster Rock Island
Reserve, the rocky headlands, and the extensive intertidal salt marshes and mudflats in the Berg River
Estuary. Beds of the red seaweed Gracilaria verrucosa are mainly found at the estuary mouth and are
patchily distributed over the sandflats. Drainage channels also contribute to habitat diversity around
the Estuary. Most of the plant communities bordering the estuary belong to the West Coast
Strandveld, a vegetation type which is seriously threatened by agricultural activities and urban
development. St Helena Bay and the Berg River Estuary provide a large proportion of the sheltered
habitat along the otherwise very exposed west coast of South Africa. There are only four other large
estuarine systems which provide sheltered habitat for birds along the West Coast – the Orange,
Olifants and Diep River estuaries and Langebaan Lagoon. While South Africa’s coastline has numerous
estuaries (about 290), the west coast has few very large sheltered coastal habitats.
Southern Right whales come annually from sub-Antarctic regions to calve off the west coast of Africa
during the months of June to November. Humpback whales may be sighted during the months of
October and November as they migrate south from their breeding grounds in tropical West Africa to
their feeding grounds in the Antarctic. Over the last decade, large supergroups (20-200 individuals)
of feeding humpback whales have frequented the west coast during spring and summer and have
been documented lunge feeding on euphausids and mantis shrimp in the southwestern sector of St
Helena Bay (Findlay et al. 2017). Schools of over 1 000 common and dusky dolphins have been sighted
at times and seals and Heaviside’s dolphins are also frequent visitors. Fish species targeted by fisheries
in St Helena Bay include snoek Thrysites atun, yellowtail Seriola lalandi, harders Chelon richardsonii
and other shoaling species such as white stumpnose Rhabdosargus globiceps and hound sharks
Mustelus mustelus. Species such as white stumpnose, white Steenbras Lithognathus lithognathus,
silver kob Argyrosomus inodorus, galjoen Dichistius capensis and elf Pomatomus saltatrix support
shore angling, recreational and commercial boat line-fisheries. The Bay incorporates a rock lobster
reserve that was declared in terms of the Marine Living Resources Act covering much of the southern
portion of the bay between Doctors reef and Shelly point.
The Berg Estuary is one of the largest of South Africa’s 279 estuaries, with a total area of 61 km2
(Anchor 2008). Because of its physical type rarity, large size and high diversity and abundance of biota,
the estuary is rated among the top three estuaries in South Africa in terms of its conservation
importance (Turpie et al. 2004, Turpie & Clark 2007). The extensive floodplain that surrounds the
middle and upper reaches of the system make it unique in the south-western Cape. The Berg Estuary
is located approximately 130 km north of Cape Town on the West Coast of South Africa. Based on the
extent of tidal influence, the estuary is estimated to be 65 km long, although seawater does not
penetrate this far upstream (Anchor 2008). The main channel at Velddrif is about 100-200 m wide,
becoming progressively narrower and shallower upstream. Depth is about 3-5 m on average, but
extends up to 9 m in places. The total volume of the estuary is estimated to be about 12 Mm3. The
catchment lies entirely within the Western Cape Province which receives most precipitation during
the winter rainfall season. Mean annual runoff for the entire catchment is approximately 942 Mm3.
Three major dams have been built in the catchment, including Wemmershoek, Voëlvlei, and the Berg
River Dam (completed in 2008). Numerous smaller farm dams are also found throughout the east part
of the catchment. The present-day annual runoff of the Berg River is estimated to be around 459
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Mm3/a, about 50% lower than under natural conditions (DEADP 2020). Alien vegetation also occupies
a large portion (13%) of the total catchment area, with natural vegetation accounting for only 2% of
the total area.
The Berg River Estuary, with its abundance of prey, supports a high diversity and abundance of
waterbirds, especially in summer when it is visited by thousands of migratory waders from the
northern hemisphere. A number of commonly found migratory waders are globally recognised as
Near Threatened and include red knot, curlew sandpiper, bar-tailed godwit and Eurasian curlew. The
waterbirds of the region can be grouped into seven categories, namely (1) Cormorants, darters, and
pelicans; (2) wading birds; (3) waterfowl; (4) waders (5) gulls and terns (6) kingfishers; and (7) birds of
prey. The Estuary also represents a critical ‘wintering’ area for migratory waterbirds. The offshore
area is utilised as feeding grounds for African penguins (recently up-listed to Endangered under IUCN’s
red data list criteria), Cape gannets (Vulnerable), Caspian turns, swift terns, kelp and Hartlaub’s gulls,
and four species of marine cormorant - white-breasted, crowned (Near Threatened), bank
(Endangered) and Cape cormorant (recently up-listed to Endangered under IUCN’s red data list
criteria) - as well as important populations of the endemic African black oystercatcher (Nearthreatened) (BirdLife 2011). The Cerebos saltworks near the R 27 Road Bridge across the estuary is an
important roost for Cape cormorants. The estuary is an important area for migratory waders and
terns, as well as for numerous resident waterbird species.
The Berg Estuary mouth is stabilized between concrete breakwaters and dredged and therefore
remains permanently open. Freshwater flow to the estuary varies from between 1.0-16.8 m3/s in
summer (November-February) to between 16.9-129.3 m3/s in winter (May-August), but reaches
between 15 to 820 m3/s when in flood (DEA&DP 2020). Saline seawater penetrates the estuary up to
at least 45 km from the mouth during the summer low-flow period, however, saline water has been
known to penetrate as high as 65km upstream or more. During periods of incoming freshwater flow
in winter, the salinity intrusion is greatly reduced, extending only 15 km upstream during spring high
tide and as little as 3 km during neap low tide. Estuarine waters are well-oxygenated throughout the
year but are slightly more oxygen rich in winter than summer. Temperature is fairly uniform along the
estuary during winter, typically 12-18°C, but tends to be warmer in the upper reaches during summer
(typically between 24-27°C during the day). The lower reaches remain cool during summer due to
upwelling at sea. Nutrients enter the estuary with both the sea and the river, with sea inputs
dominating in summer (low flow season), and river inputs dominating in winter (high flow season).
Nutrient inputs from the sea have changed little over time but inputs from the catchment have
escalated dramatically in recent decades as a result of agricultural inputs and runoff. Total nitrogen
concentration at the head of the estuary for example, have increased from less than 300 ugl-1 prior
to 1980 (which was roughly equal to the input from the sea), approximately 644 ugl-1 in 1989 to
around 1245 ugl-1 within the last decade (2013-2019) (DEA&DP 2020).
Phytoplankton communities in the Berg Estuary are typically estuarine and reflect the prevailing
physical conditions. Abundance is highest in winter owing to higher nutrient concentrations at this
time of year and has escalated dramatically in response to increases in nutrient input from the
catchment. Average biomass of phytoplankton (measured as Chlorophyll a concentration) has
increased from around 1.8 μg/l in winter and 0.2 μg/l in summer in the 1980s to around 8.2 μg/l in
winter and 1.2 μg/l in summer at present.
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Vegetation of the estuary can be divided into four types:
1. Macroalgae (Enteromorpha sp.) which forms extensive mats that cover large areas of sand
and mud flat in the lower reaches of the estuary and is a source of concern owing to the
impacts on invertebrate populations and their predators (birds).
2. Submerged macrophytes comprise eelgrass (Zostera capensis), which forms dense beds in the
lower reaches and provides important habitat for juvenile fishes, and fountain grass
(Stuckenia pectinatus), which occurs in low densities in the upper reaches.
3. Salt marsh, which is also concentrated in the lower reaches and on the floodplain, and
contributes to system productivity and biotic diversity, providing important feeding areas,
habitat and shelter for numerous invertebrate and birds.
4. Reeds and sedges, which are not able to tolerate high salinity, occur in abundance in the
middle and upper reaches of the estuary.
The invertebrate community of the Berg River estuary comprises zooplankton and the benthic
communities that live in and on the sediments. These invertebrate communities are characterised by
high abundance relative to other South African estuaries, and high species richness for the west coast,
where diversity is usually fairly low. The dominant invertebrate species are Pseudodiaptomus hessei
(zooplankton), the crown-crab Hymenosoma orbiculare, mysids (mainly Mesopodopsis wooldridgei)
and fish larvae (hyperbenthos), amphipods (mainly Grandidierella lutosa and Corophium triaenonyx)
and polychaetes (mainly Capitella capitata) (subtidal benthos), and polychaetes (mainly Ceratonereis
erythraensis), amphipods and isopods (inter-tidal benthos). These invertebrates are important in the
diets of fish and birds.
Fish are particularly reliant on estuaries for sheltered habitat in southern Africa, and different species
depend on them to different extents. A total of 35 fish species from 30 families have been recorded
in the Berg Estuary, of which 17 (48%) can be regarded as either partially or completely dependent on
the estuary for their survival. These include some highly valuable species such as white steenbras,
silver kob and elf, as well as lower value species such as harders. The estuaries on the west coast are
crucial in maintaining the range and stock integrity of estuarine and estuarine dependent species
along the entire west coast, and the Berg Estuary is an important nursery area.
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MECHANISMS FOR MONITORING CONTAMINANTS

Pollution is defined by the United Nations Convention on the Law of the Sea as ‘the introduction by
man, directly or indirectly, of substances or energy into the marine environment, including estuaries,
which results in such deleterious effects as harm to living resources and marine life, hazards to human
health, hindrance to marine activities, including fishing and other legitimate uses of the sea,
impairment of quality for use of the sea water and reduction of amenities’. A wide variety of pollutants
are generated by man, all of which are discharged to the environment in one form or another. It is
important to monitor both the concentration of these contaminants in the environment and their
effects on biota such that negative effects on the environment can be detected at an early stage before
they begin to pose a major risk to environmental and/or human health.
The effects of pollutants on the environment can be detected in a variety of ways as can the
concentrations of the pollutants themselves in the environment. Three principal ways exist for
assessing the concentration of pollutants in aquatic ecosystems through the analysis of pollutant
concentrations in: the water, in sediments or in living organisms. Each approach has its advantages
and disadvantages. For example, the analysis of pollutant concentrations in water samples is often
problematic owing to the fact that even at concentrations potentially lethal to living organisms, they
may be difficult to detect without highly sophisticated sampling and analytical techniques. Pollutant
concentrations in natural waters may vary with factors such as season, state of the tide, currents, the
extent of freshwater runoff, sampling depth, and the intermittent flow of industrial effluents, which
complicates matters even further. In order to accurately elucidate the degree of contamination of a
particular environment, a large number of water samples must be collected and analysed over a long
period of time. The biological availability of pollutants in water also presents a problem in itself. It
must be understood that some pollutants present in a water sample may be bound chemically to other
compounds that renders them unavailable or non-toxic to biota (this is common in the case of trace
metals).
Another way of examining the degree of contamination of a particular environment is through the
analysis of pollutant concentrations in sediments. This has several advantages over the analysis of
water samples. Most contaminants of concern found in aquatic ecosystems tend to adhere to
suspended particulate material rather than being maintained in solution. This behaviour leads to
pollutants becoming concentrated in sediments over time. By analysing their concentrations in the
sediments (as opposed to in the water) one can eliminate many of the problems associated with shortterm variability in contaminant concentrations (as they reflect conditions prevailing over several
weeks or months); and concentrations tend to be much higher which makes detection much easier.
The use of sediments for ascertaining the degree of contamination of a particular system or
environment is thus often preferred over the analysis of water samples. However, several problems
still exist with inferring the degree of contamination of a particular environment from the analysis of
sediment samples.
Some contaminants (e.g. bacteria and other pathogens) do not accumulate in sediments and can only
be detected reliably through other means (e.g. through the analysis of water samples).
Concentrations of contaminants in sediments can also be affected by sedimentation rates (i.e. the rate
at which sediment is settling out of the water column) and the sediment grain size and organic
content. As a general rule, contaminant concentrations usually increase with decreasing particle size,
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and increase with increasing organic content, independent of their concentration in the overlying
water. Reasons for this are believed to be due to increases in overall sediment particle surface area
and the greater affinity of most contaminants for organic as opposed to inorganic particles (Phillips
1980, Phillips & Rainbow 1994).
Aside from monitoring concentrations of contaminant levels in water, sediments, and biota, it is also
possible, and often more instructive, to examine the species composition of the biota at a particular
site or in a particular environment to ascertain the level of health of the system. Some species are
more tolerant of certain types of pollution than others. Indeed, some organisms are extremely
sensitive to disturbance and disappear before contaminant concentrations can even be detected
reliably, whereas others proliferate even under the most noxious conditions. Such highly tolerant and
intolerant organisms are often termed biological indicators as they indicate the existence or
concentration of a particular contaminant or contaminants simply by their presence or absence in a
particular site, especially if this changes over time. Changes in community composition (defined as
the relative abundance or biomass of all species) at a particular site can thus indicate a change in
environmental conditions. This may be reflected simply as: (a) an overall increase/decrease in
biomass or abundance of all species, (b) as a change in community structure and/or overall
biomass/abundance but where the suite of species present remain unchanged, or (c) as a change in
species and community structure and/or a change in overall biomass/abundance. Monitoring
abundance or biomass of a range of different organisms from different environments and taxonomic
groups with different longevities, including for example invertebrates, fish and birds, offers the most
comprehensive perspective on change in environmental health spanning months, years and decades.
The various methods for monitoring environmental health all have advantages and disadvantages. A
comprehensive monitoring programme typically requires that a variety of parameters be monitored
covering water, sediment, biota and community health indices.
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3

ACTIVITIES AND DISCHARGES AFFECTING THE HEALTH OF THE
BAY

3.1

Introduction

Human activities (e.g. fishing, vessel traffic, coastal development and even the mere presence of
people and their pets) can cause disturbance in the coastal and marine environments, especially to
sensitive species. These activities, along with land-based discharges into coastal waters (e.g. effluent
from fish factories and the release of treated sewage), can lead to degradation of the environment
through loss of biodiversity and increases in the abundance of pest species (e.g. harmful algal blooms).
Monitoring activity patterns and discharge volumes can provide insight into the reasons for
deterioration in ecosystem health and can help in formulating solutions for addressing negative
trends.
Accelerating urban and industrial development poses a significant threat in the form of fragmentation
and the loss of ecological integrity of remaining marine and coastal habitats. Increased shipping traffic
contributes to the rising numbers of vessels utilising the Bay each year. Similarly, individual
developments contribute to the increases in the volume of wastewater and stormwater that is
produced, and ultimately discharged to the Bay, each year. Coastal development includes
development activities such as infrastructure (e.g. launch sites, towns, housing, roads and tourism),
as well as dredging and the disposal of dredge spoil. Coastal developments pose a major threat to
many components of marine and coastal environments, owing to their cumulative effects, which are
often not taken into account by impact assessments. Associated impacts include organic pollution
through runoff and sewerage, transformation of the supratidal environment, increased access to the
coast and sea, and negative impacts on estuaries. Anthropogenic activities can profoundly influence
shorelines composed of soft sediment (i.e. sandy beaches) leading to erosion of the coast in some
areas and the accumulation of sediment in others.
Potential sources of disturbance in St Helena Bay are addressed in the various sections of this Chapter.
The impacts of these activities and discharges are evaluated against their potential threat to the
ecological integrity of St Helena Bay. In some instances, proposed developments (including
environmental impacts and proposed mitigation measures) detailed in previous reports have been
included where applicable.

3.2

Urban and industrial development

Although Vasco Da Gama first utilised St Helena Bay as a refreshment station in 1497, the earliest
structure was only erected in the 18th Century when a halfway station and a military post was
established in the area of Steenbergs Cove. After the Second World War, fish and crayfish factories
were established along the St Helena Bay coast and lease contracts were issued between the
government and fishing factories. The harbour of St Helena Bay was built in 1968 after which several
smaller fish factory jetties were built. St Helena Bay gained municipal status in 1967 (SBM 2017). Over
the years, St Helena Bay has grown from a small fishing village into a town that supports multiple
industries largely as a result of the benefits it accrues from being a sheltered Bay on an otherwise
exposed coastline.
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According to the 2017 Western Cape Government socio-economic profile report, R20 million is
currently earmarked for road upgrades in Stompneus Bay, while R10.5 million has been set aside for
the construction and upgrade of human settlements in 2019/20 (SBM 2017). Future industrial
development of St Helena Bay is expected to provide infrastructure support to Operation Phakisa,
which was launched in July 2014 by the South African Government with the goal of unlocking the blue
(maritime) economy thereby boosting economic growth and creating employment opportunities.
Operation Phakisa is an initiative that was highlighted in the National Development Plan (NDP) 2030
to address issues such as poverty, unemployment and inequality in South Africa. “Phakisa” means
“hurry up” in Sesotho emphasising the government’s urgency to deliver. Operation Phakisa is a crosssectoral programme, one of which is focused on unlocking the economic potential of South Africa’s
oceans through innovative programmes. Four critical areas were identified to further explore and
unlock the potential of South Africa’s oceans:
1.
2.
3.
4.

Marine transport and manufacturing
Offshore oil and gas exploration
Marine aquaculture
Marine protection services and ocean governance

In line with this development, a number of start-up mariculture ventures have been proposed for ST
Helena Bay. These developments are described in more detail in the sections below
In terms of the Municipal Systems Act 2000 (Act 32 of 2000), every local municipality must prepare an
Integrated Development Plan (IDP) to guide development, planning and management over the fiveyear period in which a municipality is in power. A core component of an IDP is the Spatial Development
Framework (SDF) which is meant to relate the development priorities and the objectives of geographic
areas of the municipality and indicate how the development strategies will be co-ordinated. An SDF
aims to guide decision making on an on-going basis such that changes, needs and growth in the area,
can be managed to the benefit of the environment and its inhabitants. The latest version of the
Saldanha Municipality IDP covers the period 2017-2022 IDP. The latest SDF for the Saldanha Bay
Municipality (SBM) was produced in 2011, reviewed in 2018 and is available on the municipality
website. This document advocates a holistic approach to the development of the municipality,
ensuring that the municipal spatial planning of the rural and urban areas is integrated for the first time
since the establishment of the municipality. The Spatial Development Framework 2020 of the West
Coast District Municipality was adopted at a Council meeting held on 27 May 2020.
A study by Van der Merwe et al. (2005) assessing the growth potential of towns in the Western Cape
(as part of the provincial SDF) identified Langebaan and Saldanha as towns with high growth potential.
It was estimated that, given the projected population figures, there would be a future residential
demand of 9 132 units in Saldanha and 3 781 units in Langebaan. The SDF proposes addressing these
demands by increasing the residential density in specified nodes in both towns and by extending the
urban edge of Saldanha in a northerly direction towards Vredenberg, and that of Langebaan inland
towards the north-east.
St Helena Bay supports more than 11 500 people, up from ±8 000 people in 2001 (Statistics South
Africa 2014). The majority of the population reside in Laingville (73%), which is situated south-east of
West Point and adjacent to the West Point Nature Reserve. An increase in population results in
increasing pressure on the marine environment and the health of the Bay through increased demand
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for resources, trampling of the shore and coastal environments, increased municipal and household
discharges and increased storm water runoff due to expansion of tarred and concreted areas. This
can ultimately have a detrimental effect on ecosystem health via the input of various contaminants
and nutrients.
As of 2018, Saldanha Bay Municipality (which includes St Helena Bay, Vredenberg, Saldanha Bay and
Langebaan) had an estimated population of 113 239 in 35 550 households, and an expected
population growth rate of 8% between 2018 and 2023 (Western Cape Government, SEP, 2017). The
population of the Bergrivier Municipality (as of 2019) was 71 518 with 17 878 households with an
expected population growth rate of 1.7% between 2020 and 2024 (Western Cape Government, MERO,
2019).
Agriculture (livestock farming, plantation forestry, grain and fruit farming), commercial industries,
residential development and nature conservation are the main land use activities in the catchment.
Economic activities associated with the Berg River estuary have historically been fisheries-based
(commercial fishing, fish processing factories and boat repair facilities) but have recently expanded to
include tourism and recreation. The estuary is considered a premier bird watching destination and
recreational fishing remains a strong draw card. Small commercial salt works generate further income
in the area. In 1997, the Gross Domestic Product for the catchment was R12 billion, equivalent to
2.5% of the national GDP.

3.3

Dredging

Dredging is performed worldwide in order to expand and deepen existing harbours/ports or to
maintain navigation channels and harbour entrances and has been touted as one of the most common
anthropogenic disturbance of the marine environment (Erftemeijer & Lewis 2006, Bonvicini Pagliai et
al. 1985). The potential impacts of dredging on the marine environment can stem from both the
removal of substratum from the seafloor and the disposal of dredged sediments, and include:
•
•
•
•
•
•

Direct destruction of benthic fauna populations due to substrate removal;
Burial of organisms due to disposal of dredged sediments;
Alterations in sediment composition which changes nature and diversity of benthic
communities (e.g. decline in species density, abundance and biomass);
Enhanced sedimentation;
Changes in bathymetry which alters current velocities and wave action; and
Increase in concentration of suspended matter and turbidity due to suspension of sediments.

The re-suspension of sediments may give rise to a decrease in water transparency, release of nutrients
and hence eutrophication, the release of toxic metals and hydrocarbons due to changes in
physical/chemical equilibria, a decrease in oxygen concentrations in the water column,
bioaccumulation of toxic pollutants, the transport of fine sediments (and their associated pollutants)
to adjacent areas, and decreased primary production due to decreased light penetration to water
column.
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Dredging has the potential to impact benthic micro- and macrofauna, as particles suspended in the
water column kill suspension feeders like fish and zooplankton. This limits the penetration of sunlight
in the water column and causes die offs of algae and phytoplankton. The damage caused by dredging
is generally reversible in the long term, and although the particle composition of the settled material
is likely to be different, ecological functions as well as major species groups generally return in time.
Regular dredging in St Helena Bay is generally limited to that of the lower reaches of the Berg River
estuary (to facilitate access to the fishing harbour in the mouth of the estuary) and Port Owen Marina,
located a little bit further upstream. The Port Owen Marina was designed with two entrances to the
Berg River Estuary. While this ostensibly allows through flow of estuarine water, it also causes rapid
sedimentation of the waterways and a resulting decline in depth. As such, the entrance canals and
yacht/boat mooring area of the Port Owen Marina require regular maintenance dredging. The
Velddrif Municipality obtained authorisation to dredge the marina in 2000 under the Environmental
Conservation Act (ECA) (No. 11927 of 1989). The municipality dredged 71 000 m3, and this material
was discharged directly into the main estuary channel.
In 2001, the Port Owen Marina Association (POMA) became responsible for the management and
control of the marina and conducted an Environmental Impact Assessment (EIA) to undertake
additional maintenance dredging in 2009. Environmental Authorization (EA) for this dredging was
granted by the Department of Environmental Affairs and Development Planning (DEA&DP) on 28 May
2009 (E12/2/3/1-F1/7-0419/08) in accordance with National Environmental Management Act (No. 56
of 2002 (G-24251) (NEMA) (as amended). The conditions of the EA required that coarse dredge
material be deposited in settling ponds, while fine sediment may be discharged into the estuary during
ebb tides, when the flow rate in the river channel was >200 m3.s-1. The settlement pond sediment
was disposed of at the Velddrif waste dump site until its closure in 2011, after which approval was
granted for disposal at the Vredenburg landfill in April 2018.
The 2009 EA further required that the majority of the dredging take place during the winter rainfall
period between May and July each year. However, operational inefficiencies, changes in the particle
size of spoils (fines now > 97% of total), and increased volumes necessitated year-round dredging. An
in-situ assessment of the current velocities in the estuary at Port Owen identified a window of safety
either side of the peak of the high tide for different tidal states (spring vs. neap) when it would be
acceptable (safe) to discharge the effluent from the settling ponds i.e. when current speed is likely to
exceed the 200 m3.s-1 threshold and when there is a reasonable probability that this will be washed
out of the estuary mouth and not be re-entrained on the next incoming tide) (Hutchings & Clark 2016).
In addition, estimates of the natural sediment load in the Berg Estuary range between 1 million and
1.4 million tons per year, mostly carried by winter flood waters (G. Basson & Ninham Shand cited in
Mead 2008). The amount of dredged material disposed into the estuary (silt and clay fraction after
settlement of sand in ponds) during maintenance dredging of the Port Owen Marina amounts to
approximately 0.5% of the annual natural sediment load (Mead 2008). As such, an application of
amendment to the EA was granted by DEA&DP in 2018. Dredging has been undertaken three times
since 2015: 5700 m3 in 2015, 2800 m3 in 2016 and 15 000 m3 in 2017.
As such, the maintenance dredging undertaken to date has involved the discharge of a relatively small
quantity of dredged material during the winter months, which coincides with high natural sediment
loads and river flow rates. Therefore, the impacts of this dredging on benthic invertebrates and fish
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recruitment was expected to be low, and in-situ sampling confirmed no significant changes in average
fish abundance and no separation of fish communities in the “before” and “after” dredging periods
(Hutchings & Clark 2016). Similarly, multivariate analyses showed significant changes in subtidal
benthos at four sites with distance upstream in all years surveyed, and only small differences in the
samples collected during the four surveys before and two surveys (2010 &2 016) post dredging at Port
Owen Marina. These data indicate that differences are most likely a response to salinity changes
rather than changes in sediments due to the disposal of dredge material (Hutchings & Clark 2016). In
a similar fashion, while intertidal invertebrate communities did show significant interannual changes
over time, these changes occurred at both “impact” sites below the dredge location and at “control”
sites above the Marina entrance, as well as between surveys that predated dredging (Hutchings &
Clark 2016).

3.4

Fisheries

St Helena Bay was the centre of the pelagic fishing industry when it began in the 1940s and has been
an important part of the West Coast lobster fishing grounds (Hutchings et al. 2011). The Bay still
functions as a major node for industrial and small-scale fisheries on the west coast. Indeed, the fishing
industry is the mainstay of St Helena Bay with the bulk of South Africa’s small pelagic fish production
and processing being conducted in the St Helena Bay factories. The factories in the bay produce a
variety of products including tinned fish, fresh and frozen hake, fishmeal, and live crayfish for export.
Other industries located around the periphery of the bay include mariculture, ship repair and
shipbuilding.

3.4.1 Small pelagic purse-seine
The South African small pelagic fishery developed in the 1940s with sardines Sardinops sagax primarily
targeted by purse-seine vessels along the west coast. Catches peaked in the early 1960s at around
400 000 tonnes but collapsed thereafter, thought to be a direct result of overfishing. The industry
switched to smaller mesh nets and began targeting anchovy Engraulis encrasicolus, which dominated
the catches from about 1964 to the mid-1990s when recovery of the sardine stock was achieved under
a stock rebuilding management strategy. Catches of both species are managed under a joint
Operational Management Procedure (OMP) that sets an annual Total Allowable Catch (TAC). Catches
of the target species were at similar levels (around 250 000 tons) as biomass increased from the mid1990s until ~2004 when a boom (1997-2004) and bust scenario took place with another crash in
sardine biomass from ~2005 onwards (Figure 3.1). A prolonged period of low sardine recruitment
since 2004 resulted in a rapid decline in the size of the sardine stock with sardine TACs and catches
dropping to levels in the order of 90 000 t between 2008 and 2014 and to only 45 560 t in 2017, 65
000t in 2018 and only 12 500 t in 2019 (Figure 3.1, Coetzee et al. 2019).
The small pelagic industry targets adult sardine (>140 mm total length) for human consumption
(~80%) and, to a lesser degree for frozen bait. However, as juvenile sardine and anchovy frequently
shoal together, a substantial bycatch of juvenile sardine can be made in anchovy directed fishing
operations that largely target anchovy recruits for fish meal production. This juvenile sardine bycatch
is managed by means of annual Total Allowable Bycatch (TAB) allocations for both anchovy and adult
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sardine directed fishing. Both the principal species are relatively short lived (max age of 8 years for
sardine and 5 years for anchovy) pelagic species. The South African small pelagic purse-seine fishery
is considered a large volume, industrial fishery with relatively high barriers to entry. There is limited
access with 92 long-term (15 year), fishing rights allocated and considerable consolidation of right
holding. The sector is dominated by six big, vertically integrated companies that operate shore-based
canning and fish meal production plants. These six companies catch, process and market most of the
annual TAC, nearly all of the anchovy, redeye and lantern fish catch that is processed into fish meal,
and about 85% of the sardine catch that is canned for human consumption. About 15 smaller
companies focus on freezing and packing sardine for bait. The average annual combined small pelagic
catch over the preceding six decades has been in the region of 330 000 tonnes, caught by a fleet of
around 75 purpose built purse seine boats. Approximately 700 sea-going staff are involved in the
South African Purse-seine fishery (Hutchings & Turpie 2019). The annual landed catch value for the
small pelagic industry in 2018 was estimated at approximately R 1.05 billion (Hutchings & Turpie
2019). Processing, marketing and fishery support industries add considerable economic value
(estimated at around 50%) to this regionally and nationally important fishery. Largely due to this
collapse in the sardine stock, the total small pelagic catch for 2019 was about 33% down from the
historical average and the third lowest on record since 1959. Processing factories are increasingly
importing frozen sardines from north west Africa and elsewhere to maintain canning operations, keep
staff employed and meet their established market demand (Coetzee et al 2019). The economic
viability of importing sardines for canning is however sensitive to exchange rate fluctuations.

Figure 3.1.

The annual combined catch of sardine, anchovy and round herring as well as the average combined catch
over the period 1949-2018. (Source: Coetzee et al. 2019).

Historically, twelve small pelagic fish-processing factories were established along the 21 km curve of
the shore from West Point to Sandy Point and at Stompneusbaai. In the heyday of the pilchard fishery
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in the 1950s-60s, the scene was one of frenzied activity during the catching season, which normally
lasted from the 1 January to 31 July. In recent decades, with the bulk of the catch comprising anchovy,
activity now continues throughout the year. St Helena Bay remains the most important area for
processing of South Africa’s small pelagic fish catch, with four of South Africa’s six large factories
located within St Helena Bay, processing about 80% of the national catch. These processors in St
Helena Bay employ about 3 500 people in permanent and seasonal positions and are critical to the
economic wellbeing of the towns surrounding St Helena Bay and indeed further afield (the fishery is
of national importance with product sold throughout southern Africa and internationally (particularly
fishmeal).

3.4.2 Line fish
St Helena Bay is also well known for its snoek Thrysites atun, especially during the autumn and winter
months, when it is targeted by a large fleet of line fish boats, each carrying up to 12 crew. These
vessels will also target amongst others, yellowtail Seriola lalandi, hottentot Pachymetopon blochii and
white stumpnose Rhabdosargus globiceps, during times of low snoek abundance. Fish species
targeted by recreational shore anglers in St Helena Bay and the Berg Estuary include galjoen Dichistius
capensis, white steenbras Lithognathus lithognathus, silver kob Argyrosomus inodorus, elf
Pomatomus saltatrix, steentjie Spodyliosoma emarginatum, white stumpnose, and several species of
sharks, including smooth hound Mustelus mustelus and sandsharks Rhinobatos blochii. Recreational
and commercial line-fisheries contribute to the tourism appeal and regional economy of the area.
Some 26 000 regular shore anglers fish along the West Coast (Brouwer et al. 1997, Sauer et al. 1997).
The majority of anglers come from the upper two quintiles of income earners in South Africa (McGrath
et al. 1997). In addition, there are about 210 recreational boat anglers on the West Coast (Brouwer
et al. 1997, Sauer et al. 1997).

3.4.3 Inshore net fish
Beach seine and gill net fisheries have a long history in the Western Cape, having been introduced by
early European settlers. All nearshore fish species were originally targeted, but since the mid-1980s,
gill net and beach seine permits in the Western Cape have been issued solely for the capture of
harders, Chelon richardsonii, St Joseph sharks, Callorhynchus capensis, and species on the bait list. A
comprehensive investigation of the Western Cape inshore net fisheries around the turn of the century,
revealed an oversubscribed fishery with a majority of part-time participants, evidence of
overexploited harder stocks in areas with excess effort, and on average, low economic returns
(Hutchings & Lamberth 2002a, b, Hutchings et al. 2002). By-catch of juvenile line fish species,
particularly in the estuarine gill net and illegal net fisheries, were also identified as management
concerns. In light of this, through the medium- and long-term rights allocation process, many of the
part-time fishers not reliant on the fishery were excluded, resulting in a considerable effort reduction.
Nationally, the number of legal beach-seine nets was reduced from 200 to 28, and gill net permits
from 450 to 162. Recognizing the importance of estuarine nursery areas, a decision was also taken to
phase out estuarine gill net fishing.
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St Helena Bay and the Berg River Estuary were historically, and remain to this day, the centre of the
inshore netfishery for harders and St Joseph sharks. The commercial gill net fishery in the Berg Estuary
was officially closed in 2003 after more than a century of intensive exploitation, but ongoing illegal gill
netting continues to compromise the nursery function of this important estuary (Hutchings et al. 2008,
Van Niekerk et al. 2019). Commercial marine gill net fishing continues in St Helena Bay with 59
allocated permits (66% of the national Total Allowable Effort - TAE) and four beach seine rights (20%
of the total TAE). Commercial netfish right holders are required to submit daily catch returns, but
reported catch and effort was shown to be substantially underreported in the period prior to 2000
(Hutchings & Lamberth 2002a). The accuracy of catch returns with the reduced number of participants
since this period is not known, but it is assumed that trends in the fishery over time are reflected in
the data. Long-term catch and effort data for St Helena Bay reveal a substantial decline in effort from
the mid-1980s to the late 1990s, with harder catches following similar downward trend, albeit with
greater variability (Figure 3.2). St Joseph shark directed effort also declined slightly over the period
1983-1992, with catches declining more dramatically over the same period. Thereafter, the St joseph
fishery essentially ceased to operate, reportedly due to the collapse of central African markets
(Hutchings & Lamberth 2002a).
The very low levels of reported catch and effort just prior to the medium term (2003-2005) and longterm (2005-2020) rights allocation process was attributed to a breakdown in the catch return system
whilst the fishery was operating under permit extensions. Thereafter, reported harder directed effort
increased to around 3 000 net days per year over the period 2004-2007, and then declined again and
stabilised around 2 000 net days per year until 2017 (Figure 3.2). Reported harder catches in St Helena
Bay increased more dramatically over this period to between 300-400 tonnes per year (higher than
annual catches during much of the 1990s when the fishery was oversubscribed), but declined after
2015 to around 200 tonnes per year. The reason for this recent decline with more or less constant
and reduced effort levels is not known, but may be attributed to growth overfishing (reduced total
yields as fish are caught at a small size before they have had time to grow) due to poaching in the Berg
Estuary nursery habitat (Van Niekerk et al. 2018). Harder Catch-Per-Unit-Effort (CPUE) in St Helena
Bay post long-term rights allocation, however, remains higher than during much of the preceding
period (1983-2003) when the fishery was oversubscribed, indicating better returns to individual right
holders under the reduced TAE limits (Figure 3.2). St Joseph effort and catch slowly increased again
over this period reaching close to 100 tonnes in 2017, in response to the development of new local
markets.
The average reported catch of harders and St Joseph sharks in St Helena Bay for the period 2004-2017
was 327 and 55 tonnes, respectively. Assuming a present-day price of R10/kg for both species, this
equates to an annual landed catch value of about R 3.8 million. This figure, however, undervalues the
socio-economic importance of the fishery that provides employment for the fishers themselves (at
least 120 persons including 1 crew member per permit holder), numerous helpers who assist in
removing harders from the nets, and all those involved in the processing and sale of the catch, whilst
also contributing to food security as a relatively cheap source of high quality protein. Harders are sold
fresh, frozen or salted and dried as bokkoms, which are processed locally in small “factories” that are
mostly situated on the banks of the Berg Estuary in Veldrif. The bokkom industry supplies both tourist
and inland markets where it is a sort after delicacy. Bokkoms are the most iconic food of the area and
are an invaluable part of the cultural heritage in Velddrif.
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Long-term inshore netfish effort, catch and harder catch-per-unit-effort in the St Helena Bay management
zone. Data courtesy of DEFF.
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Catch return data are not yet available for recent years, but it is known that only about half the gill net
right holders in St Helena Bay activated permits in 2019, citing poor catches and high fuel costs as
factors making the centuries old fishery economically unviable (S.J. Lamberth, DEFF, pers. comm.).
Some fishers are reportedly requesting an increase in the number of nets permitted to be used per
vessel (from 2 to 4) in exchange for a reduction in the TAE, thereby allowing fishers to team up and
increase the economic viability of operations. It is critical that poaching in the Berg Estuary is stopped
if the maximum sustainable yield (and economic contribution) from the harder fishery in the sea is to
be achieved. Indeed, it is estimated that the that Berg Estuary fish nursery services to the value of
R2 million have been lost since 2003 (DEA & DP 2020).

3.5

Marine aquaculture

The Department of Environment, Forestry and Fisheries (DEFF) is currently driving accelerated
development of the aquaculture sector in South Africa with the aim to create jobs for marginalised
coastal communities and contribute towards food security and national income. The development of
the aquaculture sector is considered a sustainable strategy to contribute to job creation and the local
economy, and was therefore identified as a key priority of Operation Phakisa (Section 3.2).
Overall, the drive is to farm indigenous species as they do not require comprehensive risk assessments,
and are likely to have a lower impact on the marine ecology. Indigenous species suitable for
mariculture include abalone (Haliotis midae), South African scallop (Pecten sulcicostatus), white
stumpnose (Rhabdosargus globiceps), kabeljou (Argyrosomus inodorus) and yellow tail (Seriola
lalandi). In some cases, indigenous species may, however, be economically less viable than alien
species with a high market value such as salmon. Biodiversity Risk and Benefit Assessments have been
conducted for all five salmon and trout species, and generally the risk for establishment of feral
populations of these species is considered low, due to the fact that these species will be farmed in the
sea or in land based facilities, whilst rivers in this region are not suitable for successful reproduction
of salmonids. Arguably the greatest risk of salmonid cage culture is the transfer of diseases and
parasites to indigenous fish species.
Oceana Lobster (Pty) Ltd was issued with a CWDP in October 2016 for the discharge of seawater into
the surf zone off Jetty Lot 10 in Stompneus Bay (DEA: O&C CWDP 2016) (Figure 3.3). The facility
abstracts and pumps 23 333 m3 of seawater per day into lobster tanks using a continuous water
circulation system. Seawater circulates through the tanks and is discharged onto the rocky shore. The
CWDP recognises that the effluent discharged is essentially seawater with no added pollutants.
Effluent must not contain toxic substances, floating solids or visible foam, including dead lobster or
organic matter. The difference between the influent and effluent concentrations must not exceed the
limits outlined in Table 3.1. No sewage ingress or runoff may be discharged as a co-discharge with
flow through water. The permit holder is required to submit an annual compliance report, however,
DEFF: O&C has not been able to supply these details.
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Figure 3.3.

The location of Oceana Lobster seawater intake and outfalls (Google 2018).

Table 3.1.

End of pipe effluent limits for Oceana Lobster.

Effluent type

Seawater

3.6

Substance/parameter

Compliance limits

Frequency of
monitoring

pH

7.3 to 8.4

Monthly

Temperature

2°C

Monthly

Salinity

39 PSU

Monthly

Ammonia

5.9 mg/l

Monthly

Impacts associated with vessels

There are facilities for small vessels at the Government jetty and the small boat harbour at Sandy Bay,
an area which is used mostly by fishing vessels. In addition, St Helena Bay is the primary anchorage
site for the Port of Saldanha. This port one of the largest in South Africa, receiving more than 500
ships per annum (Clark et al. 2020). The total number of ships entering the Port of Saldanha nearly
doubled between 1994 and 2011 from 261 to 487 vessels, after which ship numbers remained fairly
constant until 2017/18 when numbers increased by 25% from 474 to 591 vessels per annum (Figure
3.4). While vessel numbers in 2018/19 increased further to 616, the total number of ships for the
2019/20 year dropped slightly to 571 vessels, it is possible that this decline in numbers is as a result
of the global COVID 19 pandemic.
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The numbers and types of vessels entering Saldanha Port as an indication of the use of the St Helena Bay
anchorage. The total number of vessels entering Saldanha Port between July 1994 and June 2020 is shown
as the blue area. The numbers of vessels docking at the iron ore terminal, the multi-purpose terminal,
tankers and other vessels are shown in blue, red, green and purple respectively. Data for the different
types of vessels is only available from 2003 onward (Sources: Marangoni 1998, Awad et al. 2003, TransnetNPA unpublished data 2003-2020).

An increase in shipping traffic is associated with several risks, such as collisions and breakdown, as
well as an increase in the discharge of ballast by vessels. Ballast water is either freshwater or seawater,
taken up at ports of departure, and discharged on arrival where new water is pumped aboard, the
volume dependant on the cargo load. The discharge of ballast water can result in the introduction of
alien and invasive species, along with pollution of various contaminants that may be transported with
the water (such as trace metals cadmium, copper, zinc and lead amongst others). However, the risk
of ballast water to St Helena Bay system functioning is minimal, as vessels entering Saldanha Bay do
not generally discharge ballast water within St Helena Bay, and fishing vessels do not routinely use
ballast water for stabilisation.
Another risk associated with an increase in shipping traffic is an increase in the incidence and risk of
oil spills. In South Africa there have been a total of five major oil spills, two off Cape Town (1983 and
2000), one in the vicinity of Dassen Island (1994), one close to the St Lucia estuary in KwaZulu-Natal
(2002) and one in the Goukamma Nature Reserve (2013). As commercial and recreational fishing
vessels constitute the majority of vessel traffic in St Helena Bay, only minor spills have occurred to
date. Even still, these events have the potential to severely impact the surrounding environment.
Spillage while re-fuelling at sea is undoubtedly the highest risk. In the event of such an incident
occurring, the necessary facilities and equipment must be available to 1) effectively secure a spill and
2) manage shore contamination and oiled sea birds. Notwithstanding, prevention is the most
important focus and employees of fishing enterprises must be trained in safe refuelling practices.
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Underwater noise pollution is further risk posed by vessel traffic in the marine environment. The noise
produced by shipping vessels that is characterised in widespread and prolonged low frequency sounds
(Slabberkorn et al. 2010), in contrast to short and high intensity sounds that are generated by
underwater construction activities (Popper & Hastings 2009). The impacts of underwater noise
pollution on fish behaviour and physiology in the coastal environment have received a good deal of
attention in recent years. For example, Bregman (1990) described the ‘auditory scene’ of fishes which
provides information from great distances or information at night for navigation, predator avoidance
and prey detection. Consequences of a disturbance in the ‘auditory scene’ of fishes have been shown
in captive three-spined sticklebacks (Gasterosteus aculeatusI) (Purser & Radford 2011). Foraging
efficiency was significantly reduced when subjected to brief as well as prolonged noise, as more time
was spent on attacking their prey due to a shift in attention. Several published studies have
demonstrated the importance of sound in predator avoidance and prey detection (Knudsen et al.
1997, Konings 2001). Reproductive efficiency can also be affected as more than 800 fish species are
known to produce sounds when spawning (Aalbers 2008) and during courtship (McKibben & Bass
1998). It has been suggested that entire fish assemblages in very noisy environments might be
impacted by noise through reduced reproductive efficiency, thereby affecting number of individuals.
For example, roach (Rutilus rutilus) and rudd (Scardinius erythrophthalmus) showed an interruption
of spawning in the presence of noise produced by speed boats (Boussard 1981). Impacts of sound
waves on fish physiology were investigated in controlled experiments where pile driving was lethal to
some fish species (Caltrans 2001) but not for others (Abbot et al. 2005). The examination of dead and
fatally injured fish revealed damaged and bleeding swim bladders (Caltrans 2001).
It appears that not all fish species respond to noise in the same way (Voellmy et al. 2014) and current
research is insufficient to successfully predict the effects of noise on fish in the marine environment.
It is recommended that a precautionary approach be adopted and that impacts of sound, especially
noise associated with the construction of infrastructure, are mitigated.

3.7

Alternative water sources

St Helena Bay experiences a Mediterranean-type climate, with warm dry summers (Nov-Feb) and cool
wet winters (May-Aug), with the most rain recorded in the south-western region, decreasing towards
the Berg River (Figure 3.5 and Figure 3.6).
The rainfall is mainly of a cyclonic nature originating over the Atlantic Ocean (Taljaard et al. 2010).
Frontal systems encountering the mountain ranges of the Upper Berg catchment are forced upwards
causing orographic rainfall (i.e. rain that is produced from the lifting of moist air over a mountain).
There is large spatial and temporal (seasonal) variation in rainfall over the catchment, with more than
80% of the rain falling in winter and most rain falling in the upper catchment (Tyson 1986, van
Ballegooyen 2010). The West Coast is known as a water scarce area, with rainfall averaging 300 mm
per year.
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Figure 3.5.

Mean annual precipitation for the Langebaan Road/Elandsfontein aquifer unit (Woodford & Fortuin 2003).

Figure 3.6.

Average monthly rainfall (mm) at the Saldanha and Cape Columbine weather stations from 2000 to 2018
(South Africa Weather Services).
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Air temperature also shows a strong seasonal pattern, with maximum daily air temperatures in
summer frequently exceeding 35°C, and minimum temperatures consistently above 15°C. In winter,
daily maxima are generally below 20°C, while minima are frequently near to freezing (Schumann
2007). The temperature across the year averages 18.7 °C. In general, the mean annual potential
evaporation is 1500 mm/a (van Ballegooyen 2010).
During summer (November to February), the prevailing winds are from south-southwest (SSW), with
wind speeds of up to 5.6 m/s being a common phenomenon (CSIR 2015). In the winter (May to
August), winds are gentle and blow predominantly from the north-northeast (NNE) (CSIR 2015).
During the winter months, the calm periods increase to 11.5%, with mostly low wind speed from the
south and higher wind speeds from the north (CSIR 2015).
The most important water resource in the area is the Berg River, which lies some 30 km to the north
of Saldanha Bay and empties into St Helena Bay via the Berg River Estuary. The Berg River Catchment
covers an area of almost 9 000 km2 and is subdivided into 12 quaternary catchments. The Berg River
shows considerable natural variability in all aspects of flow, including base flows and the range of
different magnitudes (size classes) of floods. Summer flows in the river are highly altered relative to
the natural state due to irrigation releases from Theewaterskloof and Voelvlei Dams.

3.7.1 Desalination
While the most intense drought ever recorded from 2015/2017 has broken, the West Coast remains
a water scarce area. Additionally, long-term climate models predict that global warming will result in
drier conditions in the Western Cape and it is possible that water shortages must be understood as
the ‘new normal’. However, in addition to climate impacts on water availability, the growing demand
by industry, especially in the Saldanha Bay Municipality (SBM) and the growing population of the area
must be taken into account. As such, industry and local municipalities have been brought together to
investigate the feasibility of re-using wastewater and/or reclaiming industrial grade or even potable
freshwater from treated sewage by means of further treatment. For example, industry in St Helena
Bay has expressed the need for high quality recycled water and motivated for the supply of free
treated wastewater by the SBM, which would then be treated by means of Reverse Osmosis (RO) to
suit the needs of industry. Similar projects implemented elsewhere in South Africa demonstrated that
major infrastructural changes were required for the re-cycling of treated sewage and were associated
with significant initial as well as ongoing fiscal investments. Local municipalities experience significant
budgetary constraints, and the currently operational RO plants in St Helena Bay are privately run
operations associated with fish processing plants (see Section 3.8.2.2).

3.7.2 Groundwater
For over a century it has been common practice to abstract groundwater for agriculture and stock
watering using boreholes equipped with electric pumps and wind pumps. In recent times this practice
was extended to industrial use. St Helena Bay is located in an arid area with a low average rainfall and
is facing growing pressure from industrial developments and residential growth. The current drought
has highlighted the risk of relying on surface water and has forced municipalities to rely more heavily
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on alternative sources for water supply. Groundwater is cheaper, more convenient, locally available,
and less vulnerable to pollution than surface water.
The West Coast District Municipality (WCDM) operates a wellfield on the Langebaan Road Aquifer that
is licenced to abstract 1.46 million m3 of groundwater per annum. The Department of Water and
Sanitation (DWS) is monitoring ±200 boreholes in the West Coast Aquifer System, with supplementary
data supplied by the WRC project. Initial operations of the wellfield began in December 1999 but the
abstraction of groundwater from the aquifer resulted in a greater decline in water levels than
expected and the monitoring committee decided on a reduction of 10% in the abstraction rate. The
alarming downward trend in the water levels in the area is being closely monitored in both the upper
and lower layers of the Langebaan Road and Elandsfontein Aquifer Units. It has been suggested that
dropping levels may be linked to lower rainfall in the area as the trend goes further back than the most
recent drought.
The quality of the water must be continuously monitored as groundwater pollution is most often the
result of improper disposal of waste on land. Major sources of contamination include industrial and
household chemicals, garbage landfills, excessive fertilizer and pesticide used in agriculture, industrial
waste lagoons, tailings and process wastewater from mines, industrial fracking, oil field brine pits,
leaking underground oil storage tanks and pipelines, sewerage sludge, and septic systems. Over
abstraction serves as another threat to the health of an aquifer by severely altering or irreparably
damaging it to such an extent that it will no longer function properly and in severe cases, result in land
subsidence.

3.8

Effluent discharges into the Bay

3.8.1 Legislative context for pollution control in South Africa
Contemporary coastal water management strategies around the world focus on maintaining or
achieving receiving water quality such that the water body remains or becomes fit for all designated
uses. Designated uses of the marine environment include aquaculture, recreational use, industrial
use, as well as the protection of biodiversity and ecosystem functioning. This goal-oriented
management approach arose from the recognition that enforcing end of pipe effluent limits in the
absence of an established context, i.e. not recognising the assimilative capacity and requirements of
receiving environments, would reach a point where water bodies would only be marginally fit for their
recognised uses. This management approach is referred to as the Receiving Water Quality (RWQ)
framework which most countries have adopted (Anchor 2015). Many have developed water quality
guidelines for a variety of uses, which include target values for a range of contaminants that must be
met in the receiving environment. Furthermore, in most countries Water Quality Guidelines (WQGs)
are legislated standards and are legal requirements to be met by every user/outfall. Although the
importance of managing water quality through the RWQ framework is undisputed, the degree to
which this is implemented differs widely between countries.
There are a wide variety of legal instruments that are utilised by countries to maintain and/or achieve
water quality guidelines in the receiving environment. These include setting appropriate contaminant
limits, the banning or restricting of certain types of discharges in specified areas, prohibiting or
restricting discharge of certain substances, as well as providing financial incentives to reduce pollution
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at the source alongside the implementation of cleaner treatment technology. The only effective
method, however, that ensures compliance of an effluent with water quality guidelines/standards is
to determine site-specific effluent limits which are calculated based on the water quality
guidelines/standards of a given water body, the effluent volume and concentration, as well as the sitespecific assimilative capacity of the receiving environment. This method is also identified as the water
quality based effluent limits (WQBEL) approach (Anchor 2015) and recognises that effluent (and its
associated contaminants) is rapidly diluted by the receiving waters as it enters the environment. In
order to take advantage of this beneficial effect, allowance is generally made for a “mixing zone” which
extends a short distance from the outfall point (or pipe end) and is an area in which contaminant levels
are “allowed” to exceed the established water quality standards (or guidelines) for the receiving
environment. The magnitude of the “mixing zone” should, in theory, vary in accordance with the
sensitivity and significance of the receiving environment and the location of the outfall point in the
environment, but in practice is usually set at a distance of around 100 m from the pipe end for marine
systems. The WQBEL approach differs from the Uniform Effluent Standard (UES) approach in which
fixed maximum concentrations or loads are applicable for contaminants in wastewater discharges for
all users or outfalls, irrespective of where they are located (Anchor 2015).
South Africa has adopted the RWQ framework for the management of water quality in both inland
(freshwater) and marine water bodies and uses both, the WQBEL and the UES approaches to
implement the framework. Receiving water quality guidelines were first published in 1995 for the full
range of beneficial uses for inland water (human consumption, aquaculture, irrigation, recreational
use, industrial use, and protection of biodiversity and ecosystem functioning) and also for the marine
environment (natural environment, recreational use, industrial use and mariculture, see Table 3.2 and
Table 3.3.). The 1995 Water Quality Guidelines for Coastal Marine Waters contain narrative
statements and guideline values along with relevant background information (e.g. description, source,
fate in the environment, occurrence in South African marine waters etc.) for 29 properties
(temperature, salinity, dissolved oxygen etc.) and constituents (nutrients, toxic substances,
pathogens) (DWAF 1995).
Table 3.2.

Specific water quality for other beneficial use areas as per DWAF (1995).

Recreational use of marine waters (DWAF 1995)
Full contact recreation

Activities such as swimming, diving (scuba and snorkelling), water skiing, surfing,
paddle skiing, wind surfing, kite surfing, parasailing and wet biking.

Intermediate contact recreation

Activities such as boating, sailing, canoeing, wading and angling, where users
may come into contact with the water or swallow water.

No-contact recreation

All recreational activities taking place in the vicinity of marine waters, but which
do not involve direct contact, such as sightseeing, picnicking, walking, horse
riding etc.

Basic amenities

Aesthetically acceptable environment.

Mariculture

Refers to the farming of marine and/or estuarine organisms in land-based (i.e.
‘off-stream’ tanks using pumped seawater) or water based (i.e. ‘in stream’)
systems.

Industrial uses

Wastewater discharges, cooling water, desalination, and aquariums.
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In 2012, the Department of Environmental Affairs (DEA) released updated Water Quality Guidelines
for Coastal Marine Waters: Guidelines for Recreational Use (DEA 2012) and in 2018, updated Water
Quality Guidelines for Coastal Marine Waters: Natural Environment and Mariculture were released
(DEA 2018) (Table 3.3.). In the case of St Helena Bay, which is utilised for recreation (swimming, kite
surfing, windsurfing, etc.), aquaculture (i.e. abalone farming), and serves as an area from which water
is abstracted for industrial purposes (i.e. fish offloading and processing), the most stringent receiving
environment water quality guidelines should be applicable.
Table 3.3.

South African Water Quality Guidelines for Coastal Marine Waters: Natural Environment, Mariculture and
Recreational Use (DWAF 1995, DEA 2012, DEA 2018).
NATURAL
ENVIRONMENT

MARICULTURE

RECREATIONAL USE

Physico-Chemical Properties
Temperature
(°C)

Salinity (ppt)

pH

1995

The maximum acceptable variation in ambient
temperature is ±1 °C

2018

20th and 80th percentiles of the seasonal and/or
event-driven distributions for the receiving system.

1995

33-36

2018

20th and 80th percentiles of the seasonal and/or
event-driven distributions for the receiving system.

N/A

1995

7.3-8.2

2018

20th and 80th percentiles of the seasonal and/or
event-driven distributions for the receiving system.

pH of water should be within the
range 5.0–9.0, assuming that the
buffering capacity of the water is
low near the extremes of the pH
limits.

For prolonged exposure,
temperatures should be in the
range 15-35°C

Floating matter including
oil and grease
(Listed as Objectionable
Matter in DEA 2012)

Water should not contain floating particulate matter,
debris, oil, grease, wax, scum, foam or any similar
floating materials and residues from land-based
sources in concentrations that may cause nuisance;
Water should not contain materials from non-natural
land-based sources which will settle to form
putrescence;
Water should not contain submerged objects and
other subsurface hazards which arise from nonnatural origins and which would be a danger, cause
nuisance or interfere with any designated/recognized
use.

Water should not contain litter,
floating particulate matter, debris,
oil, grease, wax, scum, foam or any
similar floating materials and
residues from land-based sources
in concentrations that may cause
nuisance. Water should not
contain materials from nonnatural land-based sources which
will settle to form objectionable
deposits. Water should not
contain submerged objects and
other subsurface hazards which
arise from non-natural origins and
which would be a danger, cause
nuisance or interfere with any
designated/recognized use. Water
should not contain substances
producing objectionable colour,
odour, taste, or turbidity.

Colour/turbidity/
clarity

Should not be more than 35 Hazen units above
ambient concentrations (colour)
Should not reduce the depth of the euphotic zone by
more than 10 % of ambient levels measured at a
suitable control site (turbidity)

N/A

1995
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NATURAL
ENVIRONMENT

MARICULTURE

2018

Guideline values should not exceed the 80th
percentile of the seasonal and/or event-driven
distributions for the receiving system. Additionally,
the natural euphotic depth (Zn) should not be
permitted to change by more than 10%.

1995

Should not be increased by more than 10 % of
ambient concentrations

2018

Guideline values should not exceed the 80th
percentile of the seasonal and/or event-driven
distributions for the receiving system. Additionally,
the natural euphotic depth (Zn) should not be
permitted to change by more than 10%.

1995

For the west coast, the dissolved oxygen should not
fall below 10 % of the established oxygen - natural
variation. For the south and east coast the dissolved
oxygen should not fall below 5 mg l-1 (99 % of the
time) and below 6 mg l-1 (95% of the time.

Suspended solids

Dissolved Oxygen
2018

RECREATIONAL USE

N/A

N/A

Guideline values should not be allowed to drop
below the 20th percentile of the seasonal and/or
event-driven distributions for the receiving system.
Nutrients

Ammonium

Dissolved
nutrients (mg/l):
Phosphates (PO4P), Nitrogen
(NO2-, NO3 and
NH3)

NH4+

1995

0.60 mg N as NH3 +

2018

The guideline value should be determined as the 80th
percentile of the receiving system distribution.

1995

Waters should not
contain
concentrations of
dissolved nutrients
that are capable of
causing excessive or
nuisance growth of
algae or other
aquatic plants or
reducing dissolved
oxygen
concentrations
below the target
range indicated for
Dissolved oxygen

2018

The guideline value should be determined as the 80th
percentile of the receiving system distribution.

Waters should not contain
concentrations of dissolved
nutrients that are capable of
causing excessive or nuisance
growth of algae or other
aquatic plants or reducing
dissolved oxygen
concentrations below the
target range indicated for
Dissolved oxygen

N/A

Toxic Substances (mg/l)
As total recoverable x (µg/l) (Chronic):
1995

0.02 mg N as NH3

2018

The guideline value should be determined as the 80th
percentile of the receiving system distribution.

Arsenic (AS)

2018

8 µg/l (Chronic)

Cadmium (Cd)

2018

0.12 µg/l (Chronic)

Chromium (Cr)

2018

2 µg/l (Chronic): (as total recoverable hexavalent
chromium Cr6+)

Copper (Cu)

2018

3 µg/l (Chronic)

Ammonia

N/A
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NATURAL
ENVIRONMENT

MARICULTURE

Lead (Pb)

2018

2 µg/l (Chronic)

Mercury (Hg)

2018

0.016 µg/l (Chronic)

Nickle (Ni)

2018

5 µg/l (Chronic)

Silver (Ag)

2018

0.7 µg/l (Chronic)

Zinc (Zn)

2018

20 µg/l (Chronic)

Chlorine (Cl)

2018

2 µg/l as chlorine-produced oxidants (CPO) (Chronic)

Fluoride

2018

Seawater: 1500 μg/L (Acute); Estuaries: 1160 μg/L
(Acute)

Sulphide (as
hydrogen
sulphide)

2018

2 μg/L (Chronic)

RECREATIONAL USE

Organic Constituents
Organotins
(Tributyltin)
Polycyclic
aromatic
hydrocarbons

2018

0.0002

2018

Acenaphtene 20 µg/l (Chronic)
Anthracene 0.1 µg/l (Chronic)
Benzo(a)pyrene 0.00017 µg/l (Chronic)
Fluoranthene 0.0063 µg/l (Chronic)
Naphthalene 2 µg/l (Chronic)

N/A

Microbiological Indicator Organisms

Faecal coliforms
(including E.
coli.)

2018

-

Most Probable Number
(MPN) or Membrane Filter
(MF) counts (reported as
colony-forming units (cfu))
shall not exceed a median
value of 14 MPN/MF with not
more than 10% of the
samples exceeding 43 for
MPN or 31 for MF, nor
exceed 800 MPN/ MF on any
one day.

Intestinal Enteroccoci1
Excellent (2.9%
gastrointestinal illness
risk)

≤ 100 Colony-forming units
(CFU)/100 ml (95 percentile)

Good (5% GI illness risk)

≤ 200 CFU/100 ml (95 percentile)

Sufficient or Fair
(minimum requirement)
(8.5% GI illness risk)

≤ 185 CFU /100 ml (90 percentile)

Poor (unacceptable)
(>8.5% GI illness risk)

≤ 185 CFU /100 ml (90 percentile)

Escherichia coli1
Excellent (Excellent 2.9%
gastrointestinal illness
risk)

≤ 250 CFU (95 percentile)

Good (5% GI illness risk)

≤ 500 CFU (95 percentile)
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RECREATIONAL USE

Sufficient or Fair
(minimum requirement)
(8.5% GI illness risk)

≤ 500 CFU (90 percentile)

Poor (unacceptable)
(>8.5% GI illness risk)

> 500 (90 percentile)

Clostridium perfringens2

Geometric mean ≤5 counts per
100 ml

Toxic substances

Consult South Africa’s drinking
water quality guidelines (e.g. SANS
2005) taking account of the fact
that recreational exposure may
result in an intake of 200 ml and
not 2000 ml/day as is generally
assumed for these guidelines

1.

2.

Note that a number of different methods are available for calculation of percentiles for bacterial counts. RSA Department of
Environmental Affairs (2011) recommend using the non-parametric Hazen method (i.e. using data ranking) for this purpose but indicate
that the Excel spreadsheet method can also be applied where users do not have access to a suitable Hazen template.
Only applicable in tropical waters

3.8.2 Overview of the legislative and permit requirements
In terms of Section 69 of the National Environmental Management: Integrated Coastal Management
Act (Act 24 of 2008), no person is permitted to discharge effluent originating from a source on land
into coastal waters except in terms of a General Discharge Authorisation (GDA) 1 or a Coastal Waters
Discharge Permit (CWDP). Exemptions were issued to proponents who, at the time of promulgation,
were discharging effluent into coastal waters in terms of permits issued under the National Water Act
(NWA) provided that the effluent was treated to meet the General and Special Standards (Government
Gazette No. 20526, 8 October 1999), and that they applied for a CWDP within three years of
promulgation of the ICMA. New operators wishing to discharge effluent to coastal waters are required
to apply for a CWDP before commencing and are also required to comply with the applicable WQGs.
Applications for CWDP are expected to include data on contaminant levels in the effluent to be
discharged, as well as results of dilution and dispersion model studies. These models are required to
simulate the worst-case scenario and indicate maximum expected levels for the same contaminants
at the edge of the Recommended Mixing Zone (RMZ). These levels are expected to comply with
published guideline levels as defined by other existing, or potential, beneficial uses of the receiving
environment.
Persons wishing to qualify for a GDA1 in lieu of having to apply for a CWDP must comply with the
following conditions:
1.

1

The effluent must be neutrally-buoyant or positively-buoyant with respect to the
coastal waters into which the effluent is being discharged;

Note that regulations pertaining to the GDA are still in draft at the moment (Notice no 1089 in government
Gazette 42657, published on 23 August 2019) and are not yet in force.
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Effluent may not be discharged into bay listed in the regulation, MPAs, estuaries, or
Special Management Areas);
For offshore discharges (i.e. those located where the water depth is greater than 10
meters and/or 500 meters from the low-water mark, whichever is further in distance
from the low-water mark), the difference between the constituent quantities in the
receiving environment and that of the effluent, may not exceed General Limits specified
in Table 3.4, or for all other outfalls, Special Limits specified in Table 3.5;
Volume of effluent being discharged does not exceeds 10 000 m3 per day in the case of
an offshore discharge; or 2000 m3 per day in the case of discharges into coastal waters
other than the offshore environment;
Must notify the department of the intention to make use of the concession a GDA and
provide relevant details about their outfall (name of operator, contact details,
description of the process used to generate the effluent, position of the outfall, volume
of effluent discharged per day); and
Must implement a monitoring programme that meets requirements of the regulations.

3.

4.

5.

6.
Table 3.4.
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General and Special effluent limits for organic and inorganic constituents in effluent.

Organic and inorganic constituents

Unit

General limit

Special limit

Ammonia (ionised and un-ionised) as N

mg/l

10

2

Arsenic

mg/l

0.8

0.04

Cadmium

mg/l

0.02

0.001

Total Chlorine Residual

mg/l

0.2

0.01

Chromium (VI)

mg/l

0.2

0.01

Copper

mg/l

0.3

0.015

Cyanide

mg/l

0.1

0.005

Fluoride

mg/l

150

7.5

Lead

mg/l

0.2

0.01

Mercury

µg/l

1.6

0.08

Nickel

mg/l

0.5

0.025

Nitrate as Nitrogen

mg/l

20

3.5

Nitrogen (Total Kjeldahl Nitrogen)

mg/l

100

10

Polychlorenated Biphenyls (PCBs)

µg/l

0

0

Chlorophenols

mg/l

0

0

Ortho-Phosphate as Phosphorus

mg/l

20

1

µC/ml

0

0

Pesticides (Dieldrin, Endrin, DDT)

µg/l

0

0

Soap, oil or grease

mg/l

20

10

Hydrogen sulphide

mg/l

0.2

0.01

Total Suspended Solids (TSS)

mg/l

50

10

Tributyltin

µg/l

0

0

Zinc

mg/l

2

0.1

Radioactivity
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General and Special effluent limits for physico-chemical properties of the effluent

Physico-chemical properties

Unit

General limit

Special limit

Biological Oxygen Demand (BOD)

mg/l

50

10

Chemical Oxygen Demand (COD)

mg/l

250

75

Dissolved oxygen

mg/l

50% saturation

75% saturation

pH

pH

7.1-8.3

7.3-8.2

Temperature

°C

±3 of ambient

±2 of ambient

Salinity

psu

37

36

The DEA is also in the process of developing a permitting system for such effluent discharges and for
this purpose, the Assessment Framework for the Management of Effluent from Land Based Sources
Discharged to the Marine Environment was recently developed (Anchor 2015). This framework
recognises that discharges differ in effluent characteristics (volume and quality) and discharge locality
(i.e. biophysical conditions, use of the receiving environment), which ultimately determines the risk a
particular discharge poses to the receiving environment. It was recommended that the potential
scope of a GDA, the level of assessment during the application process for a CWDP, as well as licensing
conditions should be based entirely on the environmental risk posed by a particular effluent.
Accordingly, the guidelines provide a framework within which an effluent can be characterised
(effluent components and properties) and potential impacts be assessed within the context of the
receiving environment (i.e. sensitive versus robust receiving environments). In March 2018 the
DEA:O&C published Draft Regulations for comment. The new draft regulations seek to provide an
administrative framework to implement Section 69 of the ICMA and stipulate timeframes, renewal
application processes, applicable fees and information to be submitted as part of an application for a
CWDP. The regulations have not yet been promulgated.
The Department reserves the right to modify any monitoring programme or to implement any
supplementary monitoring if monitoring does not meet the requirements of the permit, does not
meet the environmental quality objectives for the receiving environment, if the company does not
provide adequate information to determine the effects of the effluent on the receiving environment.
General water quality guideline targets for the natural environment that must be met at the edge of
the RMZ are presented in Table 3.6.
Table 3.6.

Water quality target values for the natural environment at the edge of the RMZ.

Substance/parameter

Compliance limits

pH

7.3 to 8.6

Salinity

33 to 36 PSU

Temperature

± 1°C

Total Suspended
Solids

The concentration of SS should not be increased by more than 10% of the ambient
concentration.

Turbidity

Turbidity and colour acting singly or in combination should not reduce the depth of the
euphotic zone by more than 10% of background levels of 250.

Dissolved oxygen

Should not fall below 5 mg/l 99% of the time and below 6 mg/l 95% of the time.
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Six companies have current or draft CWDPs permitting the discharge of land-derived wastewater from
Fish Processing Plant (FPP) effluent, brine produced by Reverse Osmosis (RO) plants, cooling water
system discharges and aquaculture waste effluent. These companies are Amawandle Pelagic (Pty) Ltd,
Oranjevis Joint Venture, Lucky Star Ltd, West Point Processors (Pty) Ltd and Oceana Lobster (Pty) Ltd
(Figure 3.7.

Figure 3.7.

Location of discharges and Wastewater Treatment Works in St Helena Bay (Google Earth 2020).

Details of these CWDPs are presented in Table 3.7. These CWDPs are generally valid for a period of
five years after which a renewal is subject to a compliance review by DEA: O&C.
Table 3.7.

Permit
Holder

Summary of St Helena Bay CWDPs for the discharge of Fish Processing Plant (FFP) effluent, brine produced
by RO plants, cooling water system discharges and aquaculture waste effluent (both awarded and under
review). “Unknown” data refers to data that could not be completed because the requested
CWDP/application drafts thereof were not made available.
Environment
type

Date
CWDP
issued

Amawandle
Pelagic
(Pty) Ltd

Into the
Berg River
Estuary

BP Marine
Fish
Products cc

Application submitted

28 May
2018

Validity of
CWDP

Unknown

Maximum daily
discharge
volumes
(m3/day)

Depth of
discharge
point (m)

Length of
pipeline

Fish processing
effluent

1 432

1.2
(below
HWM)

n/a

Cooling
effluent &
brine

31 794

3 (below
HWM)

n/a

Application
submitted

Unknown

Unknown

Unknown

Type of
discharge
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Permit
Holder

Lucky Star
Limited

Environment
type

Inshore
environment

Date
CWDP
issued

Validity of
CWDP

30 April
2018

5 years,
subject to a
compliance
review at
30 months

2 August
2017

5 years,
subject to a
compliance
review at
30 months

Oceana
Lobster
(Pty) Ltd

Surf zone
within a bay

Oranjevis
JV

High water
mark within
a bay

West Coast
Abalone

Application submitted

West Point
Processors
(Pty) Ltd

Surf zone
within a bay

3.8.2.1

Activities & Discharges

26 June
2017

Length of
pipeline

336 424

~5.5

150 m
(old)
1.3 km
(new)

23 333

Unknown

Unknown

29 430

<2

n/a

Unknown

Unknown

Unknown

Fish processing
effluent

8 000

0

Cooling
effluent

18 000

<2

Fish processing
effluent
Brine
Cooling
effluent
Aquaculture
(combined
effluent )
Fish processing
effluent

Draft permit

Cooling
effluent
Abalone and
Ulva
5 years,
subject to a
compliance
review

Maximum daily
discharge
volumes
(m3/day)

Depth of
discharge
point (m)

Type of
discharge

n/a

Fish processing plants

Fish processing plants generally discharge effluent with high nutrient loads. As such, the effluent
discharge of four fish process plant (FPP) into St Helena Bay is of primary environmental concern due
to the increased organic loading these effluents introduce to the water column and sediments
(evidence for this is presented in Section 5 and Section 6 of this report, and in Laird et al. 2016, 2018).
High levels of nutrients and/or organic matter can cause eutrophication of coastal waters, resulting
the proliferation of algae, red tide blooms, and deoxygenation of the water, which may result in
hypoxic water and black tides. In shallow systems, excessive macroalgal growth can result in anoxic
conditions within the water column, especially during periods of warm water temperatures and during
the night when photosynthesis cannot occur. This is when dissolved oxygen reaches a minimum and
may result in the death of aerobic benthic organisms and, in severe cases, fish kills (CCME 2007, Nixon
& Fulweiler 2009). Further anaerobic degradation of organic matter by sulphate-reducing bacteria
may additionally result in the production of hydrogen sulphide, which is highly toxic to marine
organisms (Brüchert et al. 2003). While coastal upwelling regions, including the Southern Benguela,
are frequently exposed to hypoxic (low dissolved oxygen) conditions owing to extremely high primary
production and subsequent oxidative degeneration of organic matter, measures must be taken to
reduce any further anthropogenic depletion of oxygen in coastal waters.
Given the potential environmental impacts of FPP discharge, the pipe end constituents of concern are
therefore nutrients (including ammonia, and nitrogen) and indicators of nutrient pollution (such as
COD and BOD), as well as total suspended solids (TSS) and turbidity (see Table 3.8):
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Ammonia (NH3) is one of the principal nutrients required for primary production in nearshore
marine environments. In seawater, ammonia exists in an equilibrium with ammonium (NH4+)
(which is formed by the protonation of ammonia) where the relative concentration of each
and depends largely on the pH and temperature of the water body, and to a lesser extent on
the salinity (Bower & Bidwell 1978, Körner et. al 2001). The concentration of
ammonium/ammonia in seawater exhibits considerable spatial and temporal variations,
which can be attributed to the complex processes that determine its fate in the marine
environment. In oxygenated unpolluted seawater samples, Total Ammonia Nitrogen (TAN)
rarely exceeds 70 μg/l while in deep anoxic stagnant water ammonium concentrations can be
as high as 2 100 μg/l (Grasshoff et al. 1976). One of the most serious consequences of
ammonia/ammonium over-enrichment to marine ecosystems (as discussed above) is the
decreased level of DO within the water column (Nixon & Fulweiler 2009). In addition, as
ammonia is uncharged and lipid soluble, it is acutely toxic to marine organisms at low
concentrations.
High levels of suspended solids are another characteristic of FPP effluent. Elevated levels of
total suspended solids (TSS) have been known to cause growth deficiencies in marine
organisms and in some cases lead to mortalities should smothering of benthic habitats occur.
High TSS levels also increase turbidity and decrease light penetration which impacts negatively
on primary productivity, respiration and feeding in many marine species.

There is substantial variation in the “end-of-pipe” nutrient and TSS/turbidity limits for the various FPP
operators in St Helena Bay (Table 3.8). For example, required end-of-pipe TSS concentrations range
from 343 mg/l to 20 000 mg/l, and ammonia concentrations span a range from 64-160 mg/l (Table
3.8). It should also be noted that these end of pipe limits are considered highly non-conservative i.e.
they are higher than would be generally recommended for protection of the environment. The
International Finance Corporation (IFC), for example, recommends a maximum limit for Total Nitrogen
(i.e. nitrogen from all sources which include NH4+, NH3, NO3 and NO2) for effluent from WWTW of 10
mg/l and the Global Aquaculture Alliance (GAA) recommends that levels of ammonia in wastewater
from aquaculture facilities should not exceed 3 mg/l. Internationally accepted limits for TSS levels in
effluent are also very much lower than in the CWDPs that have been issued for the FPP in ST Helena
Bay. For example, the IFC limits for TSS from WWTWs and the GAA limits for aquaculture are both set
at 50 mg/l,
There is also variation in the types of parameters to be monitored, despite all four FPPs processing the
same products. For instance, three of the factories are required to monitor Soap, Oil and Grease (SOG)
in their effluent, but only one must monitor Fats, Oil and Grease (FOG) (Table 3.8). Again, some of the
limits specified also deviate widely from internationally accepted limits (for example, the limit for Oils
and Grease specified by the IFC for effluent from WWTWs is 10 mg/l). One CWDP requires the
monitoring of E. coli, while the rest do not (see more on this in Section 4.3). Only one CWDP requires
the monitoring of Total Kjeldahl Nitrogen as well as ammonia, while the rest only require ammonia
monitoring (Table 3.8). The level specified for Total Nitrogen is also very high relative to world
standards (see comments on this above). The limits for BOD and COD (298-800 mg/l and 250-3 300
mg/l, respectively), where they have been specified, are also very high relative to world standards (IFC
standards for effluent from WWTWs are for example, 30 and 125 mg/l, for BOD and COD,
respectively).
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The frequency of monitoring also varies between FFP factories for the same constituents (i.e. weekly
ammonia monitoring for FFP 1 vs monthly for FFP 3) (Table 3.8) (note that these permit requirements
have been anonymised to maintain confidentiality out of respect for the privacy of the operators) (see
Appendix 1).
Table 3.8.

Summary of anonymised CWDP end of pipe constituent limits and required monitoring frequency of the
four St Helena Bay Fish Processing Plants (FPP).
FPP ID and Stipulated Monitoring Frequency

Constituent

FPP 1

Monitoring
frequency

FPP 2

Monitoring
frequency

FPP 3

Monitoring
frequency

FPP 4

Monitoring
frequency

Temperature
(°C)

27

Weekly

21

Weekly

32

Weekly

31

Weekly

Salinity
(PSU)

37

Weekly

27.3

Weekly

37

Weekly

-

-

5.5-9.5

Weekly

7.3-8.6

Weekly

5.5-9.5

Weekly

5.5-9.5

Weekly

Turbidity
(NTU)

100

Weekly

-

-

751

Weekly

75

Monthly

SOG
(mg/l)

100

Weekly

10

Weekly

-

-

17 566

Monthly

FOG
(mg/l)

-

-

-

-

44

Monthly

-

-

TSS
(mg/l)

460

Weekly

13 035

Weekly

343

Monthly

680

Monthly

BOD
(mg/l)

-

-

-

--

298

Monthly

800

Monthly

Ammonia
Nitrogen 2
(mg/l)

156

Weekly

64

Weekly

160

Monthly

100

Monthly

Total
Kjeldahl
Nitrogen 3
(mg/l)

-

-

-

-

-

-

160

Monthly

3 300

Weekly

250

Weekly

-

-

-

-

-

-

40 391

Weekly

-

-

-

-

pH

COD
(mg/l)
E-coli
(cfu/100 ml)
1.
2.
3.

for <3 hours
N as NH3 + NH4+
Total Kjeldahl nitrogen is the sum of organically bound nitrogen, while total nitrogen is the sum of inorganic and
organic nutrients. Organic nutrients include nitrogen, ammonia (NH3) and ammonium (NH4+).

Despite the non-conservative end of pipe limits mandated by the CWDPs, many operators seem
unable to comply with the specified limits. Compliance rates also vary widely between factories.
Based on data provided by the factories themselves, it is evident that the worst performing factory
had a non-compliance rate for ammonia of 56% (i.e. effluent data exceeded stipulated limits more
than half the time), while the best performing factory had a non-compliance rate of 23% (Table 3.9).
These varying compliance rates may be linked to the differences in CWDP requirements, but also
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because some factories are evidently investing more effort in treating their effluent to improve the
concentration of constituents such as ammonia at the pipe end. This is borne out, by and large, in
receiving environment data. A high rate of non-compliance with pipe end limits results in a higher
loading i.e. more of a particular constituent/pollutant enters the Bay. Indeed, high levels of noncompliance (FPP 1, for example), can result in approximately half a tonne of ammonia entering St
Helena Bay per year (Table 3.9).
It is also useful to consider the total loading of each factory (i.e. how much of a particular constituent
that release into St Helen Bay) based on the actual effluent concentrations of that constituent and the
total production. This way, production capacity is accounted for (i.e. large FPPs that often produce
more waste because they process more fish). The worst FPP assessed here achieved a loading of 94 g
ammonia/t of fish processed, more than double the ammonia-N loading per tonne of fish processed
than recorded by the other FPPs
Given that these fish processing plants generally process the same product, every effort should be
made to achieve improved compliance levels in discharge effluent. These results show that
improvements can indeed be made in FPP effluent concentrations of parameters such as ammonia,
such as in the case of FPP 2 (Table 3.9).
Table 3.9.

FPP
Factory

Anonymised effluent average and maximum ammonia concentrations. Values that exceed end of pipe
limits stipulated in the relevant CWDP are highlighted in red. Only three factories provided the requested
data used to calculate the values in this table.
Rate of noncompliance (%)

Average

Maximum

Required dilution to
meet WQG at RMZ
(95th percentile)

Loading per
ton of fish
produced (g)

(t per year)

Loading

Ammonia-N (mg/l)
1

56

284

1366

15485

94

0.5

2

33

62

189

3086

27

0.1

3

23

182

1300

18917

38

0.1

It is also worth considering how these end of pipe limits relate to legislated Water Quality Guidelines
(WQG) for the marine environment. As discussed in Section 3.8.1, South Africa allows for a mixing
zone for effluent discharge, within which concentrations may exceed the legislated WQG limits. These
guidelines must, however, be met at the edge of this mixing zone, be it 30 m, 100 m or 300 m,
depending on where the outfall is located (Anchor 2015) (note that larger mixing zones are permissible
in areas of reduced sensitivity and where fewer other beneficial uses of the environment are recorded,
such as offshore or high wave energy environments). As such, these end of pipe limits serve to balance
industrial processes of economic importance with protection of the marine environment (see Table
3.6).
The best way to assess if end of pipe concentrations will indeed meet the required WQG is through
repeated measurement (i.e. ongoing regular water quality monitoring in the receiving environment)
or through simulating effluent behaviour using a numerical (dispersion) model. This is time consuming
an expensive and is beyond the scope of this study. However, a simple mass balance calculation can
also shed some light on this. For example, the South African WQGs stipulate an ammonia limit of 0.60
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mg/l ammonia-N at the edge of the RMZ. An end of pipe ammonia limit of 60 mg/l for FPP 2 translates
to a required dilution of ~1 000 times (DWAF 1995, see Table 3.9). In the same way, an end of pipe
ammonia limit of 100 mg/l requires a dilution of ~1 667 times to achieve WQG levels at the edge of
the RMZ.
As many of these fish processing factories discharge their effluent close to shore, or even on or above
the high water mark, the RMZ for these plants is likely to be small (<100 m), as other beneficial uses
of the environment in these areas is high. It is therefore considered highly unlikely that the required
dilutions will be achieved at the edge of the RMZ (see Table 3.7 and Table 3.9). Dilution potential
increases with discharge depth — a buoyant effluent discharged at depth can pass through and
subsequently be mixed with a greater volume of seawater (“vertical mixing”) before reaching the
surface of the water column. A discharge in or above the intertidal cannot benefit from this vertical
mixing and dilution/dispersion, and the effluent becomes trapped at the surface due to density
differences i.e. it cannot be diluted effectively in the receiving environment.
As such, the initial dilution potential of an onshore discharge is essentially zero, while there is a
considerable increase in dilution potential for an offshore pipeline discharging at depth. A rough
approximation from previous dispersion model work for FPPs in St Helena Bay shows that the
discharge of a buoyant FPP effluent achieves a dilution of ~3-30 at the edge of the RMZ if discharged
at 3 m depth, and ~31-300 if discharged at 13 m depth (specifically for ammonia-N, see Laird et al.
2016) (Table 3.10).
Table 3.10.

Approximate achievable dilutions of ammonia-N in St Helena Bay at different depths, after Laird et al.
(2016).
Depth (m)

Approximate achievable dilution

0

<1

3-10

3-30

11-25

31-300

26-40

301-3000

Based on these approximations, the current average end of pipe ammonia-N concentrations of FPP 1
and FPP 3 require dilutions greater than can be realistically achieved given the bathymetry of St Helena
Bay to meet legislated WQG (Figure 3.8). The only FPP within the same order of magnitude of these
dilution requirements is FPP 2, but even here there is room for improvement in effluent quality.
Therefore, a three-fold approach is required to safeguard the marine environment of St Helena Bay in
terms of FPP discharge. First, it is imperative that CWDP for all FPP are aligned both with one another
and are designed to meet WQG limits at the edge of an accepted mixing zone, the size of which is
aligned with the sensitivity of the environment and also the requirements of other beneficial uses of
that environment. Permit limits should also ideally be aligned with internationally accepted limits.
Secondly, all FPPs should take necessary steps to extend their outfall pipes further offshore to a point
where the water depth will allow for significantly improved initial dilution of the effluent as it rises
through the water column. The existing intertidal discharges are untenable in the retentive, sheltered
environment of St Helena Bay. Thirdly, FPPs must work to improve end of pipe constituent
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concentrations before discharge, to ensure compliance with stipulated end of pipe limits as required
by their revised CWDPs. It is evident that some FFPs have made progress in improvement of effluent
quality, however, all assessed FPPs have a 95th percentile ammonia end of pipe concentration that is
non-complaint with stipulated limits. As such, while an offshore discharge pipeline is imperative, this
alone will not ensure that the effluent will meet the required WQGs, because the dilution potential is
limited by depth.

Figure 3.8.

Bathymetry of St Helena Bay (source: webapp.navionics.com).

Effluent quality can be improved through measures such as:
•

•
•
•
•

The filtration and removal of particulate matter (to reduce turbidity and suspended solids).
Increased use of, and improvements to, rotating drum filters to filter out and remove
particulate matter in fish factories, with the salvaged particulate matter fed back into the
plant should be encouraged.
Evaporation of effluent (especially blood water and stick water) and the removal of evaporate
can help reduce nutrients like ammonia-N.
Steam stripping or biological methods can also be implemented to reduce ammonia in
wastewater.
Activated sludge processes can treated wastewater high in nutrients.
Fats, oils and greases can be removed through the use of a Hydromechanical Grease
Interceptor, for example.

38

The State of St Helena Bay 2020

Activities & Discharges

While it is appreciated that pelagic industry is currently facing significant financial challenges with the
very low sardine catches, and uncertainty of future rights holding due to the Fishing Rights Allocation
Process (FRAP 20-21), these mitigation measure do need to be introduced as soon as possible.

Box 1: Waste effluent derived from the pelagic fish offloading process (adapted from WRC 1986).
St Helena Bay is the most important area for processing of South Africa’s small pelagic fishery catch —
four of South Africa’s six large factories are located within St Helena Bay, with these factories processing
about 80% of the national catch (see details in Section 3.4.1). Offloading the catch is typically
undertaken using either "wet" or "dry" off-loading. Wet offloading, as the name suggests, adds
seawater to the catch before the catch is pumped ashore, while dry offloading simply uses air flow.
“Semi-dry” offloading, which has been generally adopted for fish-meal processing occurs when water,
occurs when some water is added to dry offloading to improve suction to accelerate the off-loading
process.
Wet offloading produces large volumes of highly polluted effluent (i.e. bloodwater) at various stages of
the offloading process, including water taken into boat holds at sea, water added to boat holds to
facilitate off-loading and water used for fluming, as well as the release of fish body liquids in boat holds,
during off-loading, or in fish pits. The concentration of this bloodwater effluent is variable, dependent
on the type of fish landed, the condition of the catch when off-loaded, and the quantity of water added.
Semi-wet offloading also produces bloodwater effluent, but the volumes tend to be lower. However,
these lower volumes of effluent tend to be of higher concentration, firstly because the smaller water
volume added during semi-dry offloading does not dilute the waste effluent as much, and secondly,
because wet off-loading is generally used for better-quality fish destined for canning to minimise
damage to the catch. Anchovy blood water is also considerably higher in organic loading that that of
sardine.
The volume of bloodwater generated from dry and semi-dry off-loading averages around 0.13 m3/t of
fish off-loaded, equivalent to approximately 2% of the total effluent volume from fish-meal plants.
However, pollution loads within this bloodwater effluent constitute some 40% of the total pollutant
mass loads generated in the factory. As such, careful management of these effluents is important, and
raw bloodwater should never be discharged from fish factories. Management of this effluent includes
screening and settling in a scum tank before discharging to the ocean, and evaporation along with the
stickwater i.e. zero discharge of raw or treated bloodwater. In fact, there may be economic gains to be
made in terms of increased product yield through the collection and processing of bloodwater. For
example, processing 4 t of fresh anchovy yields 1 t of fish-meal, while the same yield is only achieved
from around 5 t of older, poorer quality fish unless all the bloodwater is evaporated and added to the
product. Bloodwater can be collected, heat-treated and then desludged in a decanter to recover the
coagulated solids for processing to fish-meal.
As such, management recommendations include the following:
•

All bloodwater should be collected for treatment; and,

•

Discharge of bilge waters and washing of hoIds in harbours is not permitted in terms of the Sea
Fisheries Act and such effluents should therefore be collected in shore-based tanks for
treatment.
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Box 1 (cont.): Waste effluent derived from the pelagic fish offloading process
Despite these recommendations arising from a study conducted 34 years ago (WRC 1986) it appears
that bloodwater is still been discharged at times of high production as witnessed during the 2020 State
of the Bay Monitoring (Figure 3.6 below)
This suggests that there may be significant logistical and/operational constraints to bloodwater capture
and use. It is, however, critically important that ongoing efforts at better environmental control of
offloading and improved bloodwater retention and reuse are maintained in order to minimise the
impacts of organic rich effluent discharges on the marine environment.

Figure 3.9.

Effluent slicks arising from fish processing factories that appeared to contain blood water were visible
at the time of the 2020 monitoring.
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Cooling water systems and desalination plants

Four CWDPs have been issued for the discharge of cooling water, and two for the discharge of brine
in St Helena Bay (Table 3.7). Often, these effluent streams are combined to reduce both increased
salinity and temperature by diluting the highly saline, relatively cool brine with the fresh but warm
cooling water effluent.
Cooling water systems involve the use of seawater as a means of efficient heat transfer (when
compared to air) to cool down buildings, product and industrial equipment. The process involves the
abstraction seawater which is passed through heat exchangers, and the discharge of the thermally
elevated water back into the marine environment. Primary impacts are related to the discharge of
water warmer than that of the receiving environment. An increase in water temperature can have a
substantial impact on aquatic organisms and ecosystems, with the effects influencing the physiology
of the biota (e.g. growth and metabolism, reproduction timing and success, mobility and migration
patterns, and production); and/or ecosystem functioning (e.g. through altered oxygen solubility)
(Bamber 1995). An increase in water temperature can also result in decreased dissolved oxygen
concentrations in the water column, as warmer water is generally less oxygenated than cold (because
oxygen is a gas, its solubility in seawater is dependent on temperature, as well as salinity.) Increases
in temperature and salinity results in a decline of dissolved oxygen levels.
Desalination through Reverse Osmosis (RO) is used to re-claim potable water from fresh, brackish or
saline water by removing salts from saline water to produce fresh water. RO plants have been
identified as a potential solution to reduce dependency of industry on municipal water supplies, given
that water is relatively scarce in the West Coast region, and fish processing plants require potable
water for their operations. RO plants can have severe impacts on the receiving marine environment
due to the highly saline and negatively buoyant brine effluent that is discharged by these plants. The
co-discharge often contains biocides that are added to limit marine growth on RO membranes and in
intake and outfall pipes.
Effluent profiles provided by two desalination and three cooling water users show that there is a high
level of compliance with the stipulated temperature limits for each of their CWDPs (94% compliance
over two years, 92% over nine months and 86% compliance over ten months). However, the effluent
of both desalination plants, despite being mixed with the cooling water effluent, showed low to very
low levels of compliance - RO Plant 1 had a compliance with salinity limits of just 4% over ten months,
while RO plant 2 has a compliance of 46% over nine months. However, the average salinity of RO
Plant 1 was 32.4 PSU (±3.1 stdev), and as the stipulated end of pipe salinity limit is lower than that of
typical seawater (the lower limit compliance rate was 96%), the environmental impact of this
discharge is considered to be minimal. Indeed, the CWDP salinity limit should be reassessed for RO
Plant 1. In contrast, RO Plant 2 had a higher salinity overall compared to RO Plant 1(39.5 PSU ±7.6
stdev), and although compliance was better, the RO Plant 2 CWDP salinity limit is above that of typical
seawater, and much higher than that of RO Plant 1.

3.8.2.3

Sewage and associated wastewaters

Sewage is by far the most important waste product discharged into rivers, estuaries and coastal waters
worldwide. The effects of organic enrichment on benthic macrofauna in the nearby Saldanha Bay
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have been well documented (Jackson & McGibbon 1991, Stenton-Dozey et al. 2001, Kruger 2002,
Kruger et al. 2005). Sewage is harmful to biota due to its high concentrations of nutrients which
stimulate primary production that leads to changes in species composition, decreased biodiversity,
increased dominance, and toxicity effects. Tourism, fish processing, land-based aquaculture farms are
also important industries dependent on good water quality (Jackson & McGibbon 1991).
The St Helena Bay area is serviced by two wastewater treatment works (WWTWs) - a small package
plant located in the Shelly Point area, and the larger St Helena WWTW (Figure 3.7). The WWTWs treat
sewage by means of activated sludge with BNR and drying ponds. All treated water from these plants
is used for irrigation, and there are no outlets or discharges from either of these plants to the bay or
any water course (SBM, Gavin Williams, pers. comm. 2020). Problems may, however, be encountered
when pump stations overflow due to malfunction or power failures and raw sewage is released into
the marine environment. This is particularly dangerous to human health in terms of contact recreation
and consumption of seafood. To address this issue mechanical and electrical equipment upgrades to
the pump stations are ongoing as are upgrades to the Laingville treatment works. Any incident will be
contained on the plant, and there are protocols in place in the event of any major incidents (SBM,
Gavin Williams, pers. comm. 2020).
The effective functioning of WWTW is largely dependent on the quality of contributor effluent and
sewage that is directed into the plant. Local by-laws control to which extent industries have to treat
their effluent before it is directed into municipal wastewater treatment works. New by-laws have
been put in place, which requires contributors to agree on the amount and quality of effluent to be
discharged into the municipal stream (Gavin Williams pers. comm. 2018).

3.8.2.4

Storm water runoff and agricultural return flow

Storm water runoff, which occurs when rain flows over impervious surfaces into waterways, can be a
major non-point sources of pollution in coastal systems (CSIR 2002). Sealed surfaces such as
driveways, streets and pavements prevent rainwater from soaking into the ground and the runoff
typically flows directly into rivers, estuaries or coastal waters. Storm water running over these
surfaces accumulates debris and chemical contaminants, which then enters water bodies untreated
and may eventually lead to environmental degradation. Contaminants that are commonly introduced
into coastal areas via storm water runoff include metals (lead and zinc in particular), fertilizers,
hydrocarbons (oil and petrol from motor vehicles), debris (especially plastics), bacteria and pathogens
and hazardous household wastes such as insecticides, pesticides and solvents (EPA 2003).
It is very difficult to characterise and treat storm water runoff prior to discharge, and this is due to the
varying composition of the discharge as well as the large number of discharge points. The best way
of dealing with contaminants in storm water runoff is to target the source of the problem by finding
ways that prevent contaminants from entering storm water systems. This involves public education
as well as effort from town planning and municipalities to implement storm water management
programmes.
The volume of storm water runoff entering waterways is directly related to the catchment
characteristics and rainfall. The larger the urban footprint and the higher rainfall, the greater the
runoff will be. At the beginning of a storm a “first flush effect” is observed, in which accumulated
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contaminants are washed from surfaces resulting in a peak in the concentrations of contaminants in
the waterways (CSIR 2002). Several studies have shown degradation in aquatic environments in
response to an increase in the volume of storm water runoff (Booth & Jackson 1997, Bay et al. 2003).
Storm water runoff is highly seasonal and generally peaks in the wet months of May to August. The
actual load of pollutants entering the Bay and Estuary via this storm water can only be accurately
estimated when measurements of storm water contaminants in the storm water systems of these
areas are made.
Land use cover of the area surrounding St Helena Bay is shown in Figure 3.10. Most land to then north
is used for agriculture (dry-land crops) and fallow lands, interspersed by low shrub land fynbos and
some urban development (Figure 3.10).

Figure 3.10.

Land-use for the surrounding area as per the South African National Land Cover dataset 2018 (DEFF 2019).
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Agricultural return flows introduce considerable loads of organic pollutants into the Berg River
Estuary. These loads are diluted and assimilated by the system to some extent, though they are not
completely assimilated as is evident from the elevated loads measured in the estuary at certain times
of year. This capacity could also be reduced under certain circumstances, resulting in decreased water
quality downstream and exacerbating the negative impacts on downstream users that would already
be caused by increased pollution loads due to agricultural expansion.

3.9

St Helena Bay and Berg River estuary ecosystem services

Natural environments provide a range of services that have economic or welfare value. In the case of
the Berg estuary, the most important of these are the commercial fishing harbour, the recreational
value and the nursery value of the estuary, recreation and tourism, and salt production. Tourism is
becoming an increasingly important industry supported by the Bay given its picturesque and sheltered
nature and the variety of recreational opportunities it offers including sailing, surfing, bathing, diving,
kitesurfing, fishing and beach activities. Aquatic ecosystem-based activities in the area include
canoeing (notably the annual four day Berg River Canoe marathon from Paarl to the mouth), boating
(an annual power boat event – the Metropolitan Rola Motor Group Cansa Berg River Challenge - takes
place) fly fishing and coarse fishing.
The Berg Estuary is a popular tourist destination for South Africans and overseas tourists. The north
bank of the lower estuary is almost completely urbanized, extending from Laaiplek at the mouth
through the Port Owen Marina a little further upstream, to the town of Velddrif centred on the Carinus
bridge. Holiday cottages have been erected along both banks of the estuary, while hotels, the
Stywelyne Caravan Park and other accommodation establishments in the area cater for visiting
tourists. Several farms along both banks of the estuary offer tourist accommodation and eco-tourism
and/ adventure sports. Recreational fishing opportunities represent an important draw card for
visitors to the estuary and St Helena Bay, where above average catch-rates can be expected. The total
expenditure by holiday homeowners and visitors to Velddrif has been estimated at R88 million per
annum, with R36 million per year (in 2019 Rands) being attributable to the estuary (DEA&DP 2020).
The total property premium attributed to estuary proximity in the Velddrif area was estimated to be
R1.9 billion out of the total property value of R2.7 billion, which translates to an annual value of about
R168 million (DEA&DP 2020). More than half of this is associated with the properties of Port Owen
and Admiralty Island (DEA&DP 2020).
The Berg Estuary and nearshore marine habitats in St Helena Bay provides a nursery area for numerous
fish species that are caught in the commercial and recreational inshore fisheries along the west coast,
including harders, white steenbras, elf and leervis. Estuarine fish make up about 25% of the value of
the gill- and seine-net fisheries and 0.3% of the value of the commercial boat fisheries on the west
coast, or about 8% of the overall value of West Coast inshore marine fisheries. Taking into account
changes in effort in the recreational and commercial line fisheries, as well as more recent data on
catches in the inshore seine and gill net fishery, it was estimated that the nursery value of the Berg
Estuary is R8.7 million per year (DEA&DP 2020).
The Berg Estuary also supports a number of subsistence fishers — people who fish or collect bait
personally, use low technology gear, live near to the resource and either use the catches to meet basic
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food requirements or sell the catches locally to gain income to allow them to meet basic food
requirements (DEA&DP 2020). The value of the Berg Estuary subsistence fishery has been estimated
to be in the order of R385 500 – R1.2 million per year (in 2019 Rands) (DEA&DP 2020). In addition,
based on data for the small pelagics purse-seine fishery off South Africa, and taking into account the
changes in quotas and prices, it was estimated that the Laaiplek harbour supports the wholesale
production of sardine, anchovies and other industrial fish to the value of about R107 million, as well
as being an important source of employment in the town (DEA&DP 2020).
Salt production on the estuary floodplain is estimated to be in the order of R8.3 million per year, while
floodplain contributes some R11.5 million per year to direct value added in the agricultural sector
(DEA&DP 2020). There is also a carbon sequestration value associated with the salt marsh and
macrophyte habits of the Berg River Estuary, because such estuarine habitats are productive systems
with a high capacity to sequester CO2 and thus contribute to the regulation of climate, both locally
and globally (DEA&DP 2020).
Based on South Africa’s estimated social cost of carbon of US$3.31 per ton of CO2, the share of this
that will be borne by Africa, and the relative vulnerability of South Africa, it was estimated that the
avoided degradation and loss of these habitats represents avoided damages of R1.6 billion per annum
at a global scale, and South Africa's share of this would be R12.4 million.
In total, the most recent valuation of the Berg Estuary (DEA&DP 2020) estimated the value of the Berg
Estuary to be in the order of R378 million per year.
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WATER QUALITY

The temperature, salinity (salt content) and dissolved oxygen concentration occurring in marine
waters are the variables most frequently measured by oceanographers in order to understand the
physical and biological processes impacting on, or occurring within, a body of seawater. Some recent
data is also available on currents in the vicinity of Port Owen in the Berg Estuary and other physicochemical parameters from the Berg River Reserve Determination Study including turbidity and
bromide. The SHBWQT continuously monitors E. coli, faecal coliforms and more recently E. faecalis in
St Helena Bay and the Berg River Estuary.

4.1

Circulation and current patterns

The predominant currents move northwards up the west coast, generating clockwise current
circulation within bays (Figure 4.1).

Figure 4.1.

A map of the area indicating the clockwise circulation typical within St Helena Bay.
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Existing current data for St Helena Bay includes a site at 10 m depth at Dwarskersbos where an
Acoustic Doppler Current Profiler (ADCP) was deployed for a proposed land-based finfish farming
venture. This deployment from 3 April to 13 May 2017 provided six weeks of recent data in this area.
Current velocities recorded at the deployment site over the sampling period were not particularly
high, with almost 60% of the measured current velocities less than 10 cm/second. The maximum
current speed recorded was 93.6 cm/s (see Figure 4.2 — left). Water temperature was relatively
constant and averaged at 15.26 °C at 1 m water depth between January and April 2016. Based on
ADCP data and drogue studies conducted by Lamberth & Nelson (1987), surface water movement was
modelled alongshore towards the south-west with a current speed of 7.5 cm/second. An ADCP was
deployed adjacent to the entrance of the Port Owen Marina at approximately 3.5 m water depth from
May to June 2016 to inform a dredging schedule (Hutchings & Clark 2016). These data are summarised
in a current rose that shows two main current directions, magnetic north (corresponding to ebb
currents) and south (flood currents) in the estuary channel (Figure 4.3). Ebb currents are recorded
more frequently than flood currents due to the influence of river flow, particularly in the period from
10 June 2016 onwards where rainfall increased river flow. Ebb currents exceeded 40 cm/s about 25%
of the time in the full data set and about 17% of the time in the reduced data set (Figure 4.3). Lower
velocity currents represent slack tide.

Figure 4.2.

4.2

Frequency, current direction and strength at -5 m water depth offshore of Dwarskersbos (Source: Laird et
al. 2016).

Physico-chemical properties of St Helena Bay inshore area

4.2.1 Salinity and temperature
Physico-chemical properties of the water in Stompneus Bay were measured on three occasions in
March, April and May 2015 (Laird & Clark 2015). Average surface water temperatures recorded
ranged from 12.3-14.2 °C. Surface temperature was found to decrease with increasing distance from
the shore. The northern corner of Stompneus Bay was found to have higher water temperatures than
sites located directly offshore and to the south, due to the retentive nature of the Bay. Salinity values
for inshore water along the west coast typically vary between 34.6 and 34.9 practical salinity units
(PSU) (Shannon 1966). Average surface salinity values in St Helena Bay fell within this range; although
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very low values (29 PSU) were recorded 100 m offshore of the Lucky Star factory (Laird & Clark 2015).
Low salinity values recorded at sites close to the factory are indicative of freshwater added to the
factory effluent.

Figure 4.3.

Current rose showing data collected near the Port Owen entrance in the Berg Estuary during the
deployment 18 May-13 June 2016 (Hutchings & Clark 2016).

Warm oceanic water is typically more saline and nutrient-deficient than cool upwelled water that
usually occurs below the thermocline (a clear boundary layer separating warm and cool water). During
summer months, when wind driven coastal upwelling within the Benguela region brings cooler South
Atlantic central water to the surface, salinities are usually lower than during the winter months when
the upwelling front breaks down and South Atlantic surface waters move against the coast (warm
surface waters are more saline due to evaporation). Under summer conditions when the water
column is stratified, surface salinities may be slightly elevated due to evaporation, therefore, salinity
measurements from deeper water more accurately reflects those of the source water.

4.2.2 Dissolved oxygen
Sufficient dissolved oxygen (DO) in sea water is essential for the survival of the majority of marine
organisms. The excessive discharge of organic effluents via fish factory waste, municipal sewage or
storm water drains, often results in low oxygen concentrations in the water. Once all the oxygen in
the water is depleted, anaerobic bacteria that survive without oxygen continue the decay process.
Microbial breakdown of the excessive organic matter further depletes the oxygen in the water and
anaerobic digestion by hydrogen sulphide producing bacteria can cause “black tides” when the large
plankton blooms sink and decompose in anoxic water. Occasionally this results in mass mortality of
numerous marine species.
Average surface DO levels in Stompneus Bay were exceptionally low for nearshore marine conditions
(2.34 mg/l), raising concerns on the ecological functioning within Stompneus Bay (levels below 3 mg/l
are not suitable for most fish) (Laird & Clark 2015). The lowest DO levels were recorded north-east of
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the Lucky Star factory with the lowest recorded value of 0.6 mg/l occurring adjacent to the jetty. These
low values are likely a result of the microbial breakdown of organic matter contained in the effluent
from the fish factories discharging along the coast.
The most obvious variability in the Bay is that which occurs over synoptic (weather) time scales. Southeasterly to southerly winds result in upwelling that advects cold, lower salinity and oxygen deficient
waters into the Bay. If the winds continue to blow, then a degree of vertical mixing takes place,
resulting in a slow increase in temperature, salinity and dissolved oxygen in the bottom waters. When
the wind drops or reverses, the water column stratifies and cold, less saline and low oxygen bottom
waters being overlaid with warmer more oxygenated surface water. As summer progresses, the
bottom waters are more insulated from the surface waters and the variability in temperature, salinity
and dissolved oxygen of the bottom waters decreases compared to spring and early summer. The
dissolved oxygen in the bottom waters decreases throughout summer to early autumn whereafter the
winter storms and vertical mixing of the water column alleviated these low oxygen conditions.

4.2.3 Turbidity
Turbidity comprises both organic and inorganic particulates that are suspended in the water column
(van Ballegooyen et al. 2012), thus turbidity is ultimately a measure of light conditions in the water
column. Turbidity levels were greatest inshore (8 NTU), a combined result of the effluent expelled
from fish processing plants and wave action. Anthropogenic sources may result in smothering of the
benthic environment as well as decrease the light available for photosynthesis.
The temperature and turbidity of seawater was found to decrease as distance from the shore
increased, while dissolved oxygen generally increased (Laird & Clark 2015). The temperature of
surface water was observed to fluctuate under different wind conditions; however, water column
profiling data collected in Stompneus Bay in 2015 indicated a well-mixed water column with the
absence of a thermocline (Laird & Clark 2015). These isothermal conditions are likely a result of wind
driven vertical mixing and the shallow nature of this part of the Bay. DO levels recorded across all
sites, depth and wind regimes were low for marine nearshore conditions and were found to vary with
depth during strong onshore and offshore wind conditions. This is likely to be associated with
subsequent vertical mixing in the water column and decomposition of organic matter by benthic
microbes.

4.2.4 Nutrients
Oceanic surface waters tend to be low in nutrients, limiting primary production (i.e. phytoplankton
growth). The influx of nutrient rich upwelled water into St Helena Bay is critical in sustaining primary
productivity, with implications for human activities such as fishing and mariculture. Kjeldahl nitrogen
is the measure of ammonia (NH3) and organic forms of nitrogen in water. A surplus of ammonia and
organic nitrogen in a body of water can result in eutrophication and lead to prolific algal growth. A
substantially higher average Kjeldahl nitrogen value (92 mg/l) was recorded in surface water 100 m
offshore of the Lucky Star outfall (Laird & Clark 2015). Ammonia also contributes to the nutrients in
the water column available to marine organisms. High ammonia levels ranging from 6-15 mg/l were
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recorded directly in front of the main effluent outfall as well as south of the Lucky Star factory (Laird
& Clark 2015). The blood water released from the main sump is the most likely source of ammonia in
this water.

4.3

Microbial indicators

Untreated sewage or storm water runoff may introduce disease-causing micro-organisms into coastal
waters through faecal pollution. These pathogenic micro-organisms constitute a threat to recreational
water users and consumers of seafood.
Although faecal coliforms and Escherichia coli are used to detect the presence of faecal pollution, they
provide indirect evidence of the possible presence of water borne pathogens and may not accurately
represent the actual risk to water users (Monteiro et al. 2000). These organisms are less resilient than
Enterococci (and other pathogenic bacteria), which can lead to risks being underestimated due to
mortality occurring in the time taken between collection and analysis. For this study, the water quality
of the south-western section of St Helena Bay and the lower section of the Berg Estuary were assessed
using the revised guidelines for recreational use (DEA 2012). Samples were collected at 26 sites by
the SHBWQT and data are available for the most of the period January 2008 to October 2020 (no data
was collected in 2019) (Figure 4.4).

4.3.1 Recreational Use
In the past, the DWAF (1996) WQGs for coastal marine waters were used to assess compliance in
respect of human health criteria for recreational use; however, these WQGs were replaced in 2012 by
the revised South African Water Quality Guidelines for Coastal Marine Waters Volume 2: Guidelines
for Recreational Waters (DEA 2012). The revised WQGs do not distinguish between different levels of
contact recreation but rather evaluate aesthetics (bad odours, discolouration of water and presence
of objectionable matter), human health and safety (gastrointestinal problems, skin, eye, ear and
respiratory irritations, physical injuries and hypothermia), and mechanical interference. Measurable
indicators commonly monitored include ‘objectionable matter’, water temperature and pH as well as
the levels of intestinal Enterococci (or less ideally concentrations of E. coli or faecal coliforms).
Guidelines state that samples should be collected 15 to 30 cm below the water surface on the seaward
side of a recently broken wave to minimise contamination and reduce sediment content (DEA 2012).
Samples to be tested for E. coli counts should be analysed within six to eight hours of collection, and
those to be tested for intestinal Enterococci, within 24 hours. The Hazen non-parametric statistical
method is recommended for dealing with long-term microbiological data that do not typically fit a
normal (bell shaped) distribution. The data are ranked into ascending order and percentile values are
calculated using formulae incorporated in the Hazen Percentile Calculator (McBride and Payne 2009).
In order to calculate 95th percentiles, a minimum of ten data points are required, while the calculation
of the 90th percentile estimates require only five data points. Rather than using a measure of actual
bacterial concentrations, a compliance index is used to determine deviation from a fixed limit (DEA
2012). This method is being increasingly used across Europe to determine compliance in meeting
stringent water quality targets within specified time frames (e.g. Carr & Rickwood 2008). Compliance
data are usually grouped into broad categories, indicating the relative acceptability of different levels
50

The State of St Helena Bay 2020

Water Quality

of compliance. For example, a low count of bacteria would be ‘Excellent’, while a ‘Poor’ rating would
indicate high levels of bacteria. Target limits, based on counts of intestinal Enterococci sp. and/or E.
coli, for recreational water use in South Africa are indicated in Table 4.1.
Table 4.1.

Target limits for Enterococci sp. and E. coli based on the revised guidelines for recreational waters of South
Africa’s coastal marine environment (DEA 2012). The probability of contracting a gastrointestinal illness
(GI) is also listed.

Category

Estimated risk per
exposure

Enterococci
(count/100 ml)

E. coli. (count/100ml)

Excellent

2.9% GI risk

≤ 100 (95th percentile)

≤ 250 (95th percentile)

Good

5% GI risk

≤ 200 (95th percentile)

≤ 500 (95th percentile)

Sufficient/Fair (min.
requirement)

8.5% GI risk

≤ 185 (90th percentile)

≤ 500 (90th percentile)

Poor (unacceptable)

>8.5 % GI risk

>185 (90th percentile)

>500 (90th percentile)

In 2008 the St Helena Bay Water Quality Trust (SHBWQT) initiated fortnightly sampling of
microbiological indicators at 17 stations within St Helena Bay and six stations in the Berg River Estuary.
Recreational use compliance was assessed by comparing E. coli count data to the revised recreational
guidelines (DEA 2012). E. coli data collected in 2020 show that only one of the 23 stations sampled
were categorized as having “Good” water quality and one site fell into the category of “Fair”, which is
the minimum requirement for sufficient water quality in terms of full contact recreation (i.e.
swimming), while the remainder of the sites (20) were classified as being “Poor” or “unacceptable”.
Overall, the GI Risk was found to be unacceptable (>8.5%) for contact recreation at most sites in St
Helena Bay and the lower Berg Estuary in the vicinity of the fishing harbour where E. coli counts
frequently exceeded the guidelines for recreational use (Table 4.2). Poor water quality was
consistently found at Amawandle, Jaloersbaai, Oranjevis, Lucky Star, Sunfish, Sandy Point Harbour and
West Point Processors, while water quality fluctuated between “Poor” and “Excellent” at the other
sites (Table 4.2). Water quality at one of the sites at Sandy Point harbour slightly improved from
“Poor” to “Fair” while sites that experienced acceptable water quality for the majority of the sampling
period included the Port Owen Slipway/Yacht Club, the recreational fishing site below the R27 bridge,
Da Gama Monument Beach, Laingville Beach, Hannasbaai Beach, and Sandy Point breakwater (Site
11).
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Figure 4.4.

The SHBWQT samples 24 water quality sites (numbered) fortnightly in St Helena Bay and the Berg Estuary (Google 2018).

Table 4.2.

Sampling site compliance for recreational use based on E. coli counts. Ratings were calculated using Hazen percentiles with the 90th and 95th percentile results grouped
together to give an overall rating per annum. Blank cells indicate that no data were collected in that year or that data was insufficient.

Site

Location

2008

2009

2010

2011

2012

2013

2014

2015

2016

2017

2018

2020

4

Berg River Fishing Quay

Poor

Poor

Fair

Poor

Poor

Fair

Poor

Poor

Poor

Poor

Poor

Poor

26

Amawandle

Poor

Poor

Poor

Poor

Poor

Poor

Poor

Poor

Poor

Poor

Poor

Poor

18

Berg River Fishing Quay

Fair

Fair

Poor

Poor

Poor

Fair

Poor

Poor

Fair

Poor

Poor

Poor

5B/D

Port Owen Slipway/Yacht
Club

Fair

Poor

Good

Good

Good

Excellent

Excellent

Excellent

Good

Excellent

Good

Poor

6

Main Road (R27 Bridge)

Fair

Fair

Good

Poor

Poor

Fair

Good

Fair

Excellent

Good

Fair

Poor

19

Laingville Beach

Good

Good

Excellent

Fair

Excellent

Excellent

Good

Excellent

Fair

Good

Good

Good

8

West Point Processors

Poor

Poor

Poor

Poor

Poor

Fair

Poor

Poor

Poor

Poor

Poor

Poor

20

Hannasbaai Beach

Poor

Fair

Good

Fair

Excellent

Excellent

Good

Excellent

Fair

Excellent

Fair

Poor

9

Jaloersbaai Fisheries

Poor

Poor

Poor

Poor

Poor

Fair

21

Poor

Poor

Poor

Poor

Poor

Fair

Poor

Poor

Poor

Poor

Poor

Poor

Poor

Poor

Poor

Poor

Poor

Poor

16

West side of Jaloersbaai
Beach between Jaloersbaai &
Oranjevis
Oranjevis

Poor

Poor

Poor

Poor

Poor

Poor

Poor

Poor

Poor

Poor

Poor

Poor

23

Oranjevis SE of outlet

Poor

Poor

Poor

Poor

Poor

Poor

Poor

Poor

Poor

Poor

Poor

Poor

24

Oranjevis End of pier

Poor

Poor

Poor

Poor

Poor

Poor

Poor

Poor

Poor

Poor

Poor

Poor

10

Sandy Point Harbour

Poor

Poor

Poor

Poor

Poor

Poor

Poor

Poor

Poor

Poor

Poor

Poor

11

Sandy Point Breakwater

Poor

Poor

Poor

Poor

Poor

Fair

Fair

Poor

Poor

Poor

Poor

Poor

29

Opposite Skipper's Choice

Fair

Poor

Fair

Good

Fair

Excellent

Fair

Fair

Fair

Fair

Poor

Fair

30

West of Snoek Slipway

Fair

Poor

Fair

Good

Poor

Fair

Poor

Poor

Poor

Poor

Poor

Poor

12

Drommedaris Fisheries

Excellent

27

Da Gama Monument Beach

Good

Fair

Fair

Fair

Excellent

Poor

Fair

Excellent

Fair

Poor

Excellent

Poor

13

Lucky Star

Poor

Poor

Poor

Poor

Poor

Poor

Poor

Poor

Poor

Poor

Poor

Poor

17

Sunfish

Poor

Poor

Poor

Poor

Poor

Poor

Poor

Poor

Poor

Poor

Poor

Poor
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4.3.2 Natural Environment
Although outdated, the Guidelines for Inland and Coastal Waters: Volume 1 Recreational Use – Second
Edition (DWAF 1996) provides guidelines for Gastrointestinal Risk (GI) for full contact recreation
(swimming) based on faecal coliform analysis. Since 1996, the use of faecal coliforms as an indicator
of GI has been replaced by the preferred Enterococci indicator (DEA 2012). The use of thermotolerant
coliforms as indicators often leads to the underestimation of disease risks and swimming related
illnesses (DEA 2012, Hachich et al. 2012). These coliforms tend to die out quicker than other pathogens
and their concentrations in the water column usually go unnoticed (DEA 2012). Subsequently,
evidence suggests a significant correlation between E. coli and Enterococci and the rate of swimming
related illnesses while there is little to no correlation between faecal coliforms and swimming related
diseases (Hachich et al. 2012). As per the recommendation by Laird et al. (2018) in the previous St
Helena Bay: State of the Bay report, the analysis of water samples for faecal coliforms has been
replaced by Enterococci (E. faecalis). Therefore, the Hazen method is applied to Enterococci data
collected for 2020 only. Further, water samples were collected at three additional sites (26 sites in
total) located in Stompneus Bay (Dwarskersbos, Stywelyne) and Britannia Bay, and analysed for
Enterococci concentrations.
Results for Enterococci reflect those trends observed for E. coli. In 2020, 16 out of 26 sites had poor
water quality while three had “Fair/Sufficient” water quality which is the minimum requirement as
stipulated by the revised South African Water Quality Guidelines (DEA 2012). The remainder of the
sites had no data or insufficient data to conduct analysis.
Table 4.3.

Sampling site compliance for recreational use based on Enterococci counts. Ratings were calculated using
Hazen percentiles with the 90th and 95th percentile results grouped together to give an overall rating per
annum. Blank cells indicate that no data were collected in that year or that data was insufficient.

Location

Site

2020

Berg River Fishing Quay

4

Poor

Amawandle

26

Poor

Berg River Fishing Quay

18

Poor

5B/D

Poor

Main Road (R27 Bridge)

6

Fair

Laingville Beach

19

Fair

West Point Processors

s8

Poor

Hannasbaai Beach

20

Poor

Jaloersbaai Fisheries

9

West side of Jaloersbaai

21

Beach between Jaloersbaai & Oranjevis

22

Poor

Oranjevis

16

Poor

Oranjevis SE of outlet

23

Poor

Oranjevis End of pier

24

Poor

Sandy Point Harbour

10

Poor

Sandy Point Breakwater

11

Poor

Opposite Skipper's Choice

29

Poor

West of Snoek Slipway

30

Poor

Drommedaris Fisheries

12

Da Gama Monument Beach

27

Port Owen Slipway/Yacht Club
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Location

Site

2020

Lucky Star

13

Poor

Sunfish

17

Poor

Dwarskersbos
Stywelyne
Britannia Bay

1
2
14

4.4

Water quality improvement

Poor water quality was consistently found at Amawandle, Jaloersbaai, Oranjevis, Lucky Star, Sunfish
and Sandy Point Harbour, while water quality fluctuated between “Poor” and “Excellent” at the other
sites. Sites that experienced acceptable water quality for the majority of the sampling period included
the Port Owen Slipway/Yacht Club, the recreational fishing site below the R27 bridge, Da Gama
Monument Beach, Laingville Beach, Hannasbaai Beach, and surprisingly at Sandy Point Breakwater. It
is encouraging to note that all recreational sites (beaches, popular fishing areas and the marina)
generally offer safe swimming conditions.
Considering that the majority of treated wastewater from the local WWTW is currently being diverted
to other uses (mainly irrigation), suggests that the contamination may be from other sources (e.g. fish
processing effluent and storm water). Furthermore, there is anecdotal evidence that within the study
area and during extreme high-tides and spring tides, water levels rise high enough to intrude into old
septic tanks along the Berg River estuary banks, soakaways on the fish factory, and all along quay
walls. This may result in an increase in pollutants within the estuary, especially in the form of added
E. coli from the septic tanks and may have increased the likelihood of the occurrence of E. coli levels
exceeding the prescribed limit above which a water body is considered “poor” or “unfit” for
recreational purposes.
Due to the lack of monitoring of treated effluent discharge volumes, it is difficult to draw a conclusion
as to the exact source of the contamination, although poor water quality at sites adjacent to FPPs is a
good indication of the potential source. These results suggest that there may be a health risk
associated with industrial outfalls, specifically fish processing effluent but the link between the
presence of indicator bacteria from fish factory effluent and human health risk is not clear. Although
faecal coliforms, faecal streptococci and Escherichia coli are used to detect the presence of faecal
pollution, they provide indirect evidence of the possible presence of water borne pathogens and may
not accurately represent the actual risk to water users (Monteiro et al. 2000). These bacteria are only
found in the faeces of mammals and birds and the most likely cause of their presence in the fish factory
effluent is not from human waste as extremely stringent hygiene practices are enforced aboard
vessels and within fish processing plants. We suspect that the source of these bacteria may be
bloodwater discharged from vessel fish holds (where not chilled), fish pits and during dewatering of
catches destined for fishmeal processing, and that the bacteria are introduced into these
environments by seals that may enter the purse seine nets during fishing operations (Figure 4.5).
Given that seals share few pathogens with humans, the risk to human health may be overestimated
by high levels of indicator bacteria in fish factory effluent. This does not, however, imply that there is
no risk from bacterial contamination of nearshore water that may arise from fishing vessels or of FPPs,
(possibly originally from seals), only that it is probably lower than if the source of contamination was
human sewage.
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Seals entering purse seine net during fishing operations.

Microbial results show that much work is to be done to improve water quality in the bay and lower
estuary. A number of CWDPs have been issued in recent months and compliance with the specific
effluent discharge limits outlined in each permit should result in future water quality improvements.
Given the current importance and likely future growth of both the mariculture and tourism industries
within St Helena Bay and the Berg River Estuary, it is imperative that the efforts that have been taken
in recent years to combat pollution by harmful microbes (e.g. upgrading of sewage and storm water
facilities to keep pace with development and population growth and compliance with CWDPs), for
which E. coli , faecal coliforms and faecal streptococci are indicators, should be increased and applied
more widely. Continued monitoring of bacterial indicators to assess the effectiveness of adopted
measures, is also required and should be undertaken at all sites on a bimonthly basis.
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SEDIMENTS

5.1

Background

Sediments

Sediment quality is a measure of the extent to which the nature of benthic sediments (particle size
composition, organic content and contaminant concentrations) has been altered from its natural
state. This is important as it influences the types and numbers of organisms inhabiting the sediments
and is in turn, strongly affected by the extent of water movement (wave action and current speeds),
mechanical disturbance (e.g. dredging) and quality of the overlying water. Sediment parameters
respond quickly to changes in the environment but are able to integrate changes over short periods
of time (weeks to months) and are thus good indicators or short to very short-term changes in
environmental health.
The particle size composition of the sediments is strongly influenced by wave energy and circulation
patterns in the Bay. Coarser or heavier sand and gravel particles are typically found in areas with high
wave energy and strong currents as the movement of water in these areas suspends fine particles
(mud and silt) and flushes these out of these areas. Disturbances to the wave action and current
patterns, which reduce the movement of water, can result in the deposition of mud in areas where
sediments were previously much coarser. The quantity and distribution of different sediment grain
particle sizes (gravel, sand and mud) influences the status of biological communities and the extent of
contaminant loading that may occur.
Contaminants such as metals and organic toxic pollutants are predominantly associated with fine
sediment particles (mud and silt). This is because fine grained particles have a relatively larger surface
area for pollutants to adsorb and bind to. Higher proportions of mud, relative to sand or gravel, can
thus lead to high organic loading and trace metal contamination. Disturbance to the sediment (e.g.
dredging) can lead to re-suspension of the mud component from underlying sediments, along with
the associated organic pollutants and metals. It may take several months or years following a dredging
event before the mud component that has settled on surface layers is scoured out of the Bay by
prevailing wave and tidal action.
St Helena Bay is an important fish nursery located in the Southern Benguela upwelling system and as
such has been the target of several ecological studies. The St Helena Bay Water Quality Forum
commissioned the CSIR to carry out benthic monitoring as part of the broader water quality
monitoring programme in 2001 (CSIR 2001). Sediment data was available for 14 sites from the 2001
survey. Monteiro & Roychoudhury (2005) analysed a more extensive sediment sampling dataset
collected in 2001 to determine the biogeochemical characteristics of the sediments, this study
encompassed 37 sites throughout the bay and extending approximately 40 km offshore. Sampling in
2007 targeted 33 sites throughout St Helena Bay using a van Veen Grab or an Ocean Instruments
multicorer across several months period (April-August; CSIR 2008). Subsequently, the CSIR (2008)
produced a companion report which detailed the biogeochemical status of the sediments in St Helena
Bay. Further sediment sampling was undertaken by Anchor Environmental in 2012 and 2018 (Tunley
et al. 2012, Laird et al. 2018) at a reduced number of sites selected to characterise the effects of the
fish processing plants on the near-shore environment using a Van-Veen grab. Sediment was analysed
for particle size distribution, Total Organic Carbon (TOC) and Total Organic Nitrogen (TON) during
these two surveys.
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5.2

Sediments

Methods

Sediment samples were collected from sites in close proximity to FPPs in St Helena Bay where there
is greatest cause for concern with regards to the health of the environment (termed “Fish Factory”)
and sites in a similar depth zone but at least 300 m from potential pollution sources that can serve as
controls for potentially impacted fish factory sites (herein termed “Shore”). Additional monitoring
sites were sampled further afield to provide information on the state of health and natural
environmental fluctuations of the broader Bay region (“Outer Bay”) as well as sites within the lower
Berg Estuary (“Estuary”) immediately adjacent to the fish factory and controls upstream and
downstream (Table 5.1, Figure 5.1). Samples were collected using a Van-Veen grab, which sampled
an area of 0.14 m2 to a depth of 20 cm. A sediment sample for particle size and organic content was
collected and the remaining material was sieved through a 1 mm mesh sieve bag for retention of
macrofauna.
Sediment samples were analysed for TOC and TON by the CSIR using the standard laboratory method
(CSIR MALS 3.3). The particle size composition was determined by wet sieving conducted by Scientific
Services using the following sieve mesh sizes: 2000 µm, 1000 µm, 850 µm, 710 µm, 500 µm, 425 µm,
300 µm, 212 µm, 150 µm and 63 µm. The assessment of these results considered the temporal and
spatial changes in the composition and distribution of different sediment groups as well as the extent
of organic loading in 2020 relative to previous results from 2001, 2007, 2012 and 2018 throughout
different areas of the bay. TOC and TON were not assessed in 2001 and therefore the temporal
assessment of organic loading was only conducted for 2007, 2012, 2018 and 2020.
Table 5.1.

Sites sampled for benthic macrofauna (M) and sediment (S) in St Helena Bay during 2001, 2007, 2012, 2018
and 2020.
2001

2007

2012

2018

2020

Latitude (S)

Longitude (E)

Site

32.695

17.925

SH3

X

X

32.6878

17.9255

SH4

X

X

X

X

32.5502

17.9243

SH6

X

X

X

X

32.6727

18.0237

SH11

X

32.7078

18.024

SH12

X

X

X

X

32.7252

18.0233

SH13

X

X

X

32.7498

18.028

SH14

X

X

X

X

X

X

32.7592

18.0403

SH15

X

X

X

X

X

X

32.7632

18.0492

SH16

X

X

X

X

X

32.725

18.1238

SH21

X

X

X

X

X

32.4245

18.1248

SH26

X

X

X

X

X

32.4248

18.2492

SH27

X

X

X

X

32.6007

18.2485

SH29

X

X

X

X

X

32.633

18.248

SH30

X

X

X

X

X

32.6587

18.2355

SH31

X

X

X

X

X

32.7673

18.0583

SH33

X

X

X

X

32.751

18.0582

SH34

X

X

32.7257

18.059

SH35

X

X

32.723

17.9888

SH36

X

X

32.7

17.95

SH40

M&S

M

S

X

M&S

M

S

M&S

X
X

X
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2001

2007

2012

2018

2020

Latitude (S)

Longitude (E)

Site

32.7439

18.0191

SH45

32.7766

18.1363

SH46

32.7806

18.146

32.7907

18.1465

32.7881

18.1687

SH49

32.6968

18.196

SH50

X (40)

32.718

17.9437

SH51

X (37)

32.7169

17.9342

SH52

32.7457

18.0151

SH53

X

32.7478

18.0145

SH54

X

32.7736

18.0514

SH55

32.7753

18.0513

SH56

32.7233

17.9778

SH57

32.772433

8.150767

SH58

X

X

32.7734

8.151517

SH59

X

X

32.724

7.978700

SH60

X

X

32.757567

8.029800

SH61

X

X

32.756417

8.030917

SH62

X

X

32.707867

7.960417

SH63

X

X

32.732317

7.908150

SH64

X

X

32.774517

8.067300

SH65

X

X

32.737767

8.014250

SH66

X

X

32.774383

8.050767

SH67

X

X

32.778367

8.056683

SH68

X

X

32.73055

8.005200

SH69

X

X

M&S

M

S

M&S

M

X

X

X

S

M&S

X

X

X

X

X

X

SH47

X

X

X

X

X

X

SH48

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X

X
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Figure 5.1.

Sites in St Helena Bay and the Berg Estuary sampled for benthic macrofauna and sediment in 2020.
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Sediments

Results

5.3.1

Particle size distribution

Historically, in 2001 and 2007, the sediment collected from St Helena Bay monitoring sites contained
high proportions of sand, however, at some sites (e.g. 2001 - SH12, SH14, SH16, SH27 and SH36, 2007
- SH12, SH14, SH15, SH26, SH33, SH46 and SH53) the mud fraction dominated the sediment
composition (Figure 5.2). The high mud composition was present in some sites from both Outer Bay
and Shore in 2001 and at the additional Fish Factory sites in 2007. Notably, very little gravel was
recorded in 2001, however, in 2007, gravel increased at several sites in both Outer Bay and Shore
where it previously made up a negligible proportion of the sediment composition. Additionally, Fish
Factory sites sampled in 2007 recorded varying proportions of gravel similar to those observed at
Shore sites. The presence of gravel in the 2007 sediment samples observed in many parts of the Bay,
was possibly due to an increase in storm intensity and frequency, resulting in increased wave action
and water movement preceding the 2007 survey. Additional sites added in Berg River estuary in 2007
recorded a similar percentage mud and sand values to the single Fish Factory site sampled in 2001,
although the proportion of gravel was slightly higher in 2007 compared to 2001. In 2012, the
monitoring sites remained the same as those sampled in 2007. During the 2012 survey there was an
overall decrease the mud fraction present, with a widespread increase in the proportion of sand
(Figure 5.3). The decrease in the percentage composition mud was observed at all four areas (Outer
Bay, Shore, Fish Factory and Estuary). The proportion of gravel recorded in 2012 showed mostly site
specific variation from the values recorded in 2007, with no evidence of overall changes at the
different areas with the exception of Estuary where notable increases in the gravel component were
recorded at three of the four monitoring sites.

Figure 5.2.

Spatial interpolation of the mud fraction recorded at each of the St Helena Bay monitoring sites sampled
in 2020.
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Particle size composition of sediment sampled at sites in 2001, 2007 and 2012 in St Helena Bay.
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Figure 5.3. (cont.). Particle size composition of sediment sampled at sites in 2018 and 2020 in St Helena Bay.

In 2018, two new Outer Bay sites and seven Shore sites were selected to be more comparable to the
conditions present at Fish Factory sites, and to allow a more accurate comparisons between
potentially impacted sites and un-impacted sites. At the same time, sites from Outer Bay and Shore
deemed unrepresentative of the conditions present at the potentially impacted sites were removed
from the sampling campaign. Furthermore, additional sites were selected in the Berg River estuary to
monitor conditions close to the fish factories (Estuary Fish Factory), while two control sites were
removed. In 2018, the proportion of mud present in the sediment increased considerably in all four
areas and similar values were recorded at the Estuary Fish Factory sites, while the proportion of gravel
showed site specific increases and decreases across the areas with no clear trends (Figure 5.3).
Fish Factory monitoring sites sampled in the estuary in 2020, had similar sediment composition to
other monitoring sites within the estuary. Sediment characteristics between the 2018 and 2020
surveys were similar, with all sites predominantly composed of sand with a slightly reduced proportion
of mud present (Table 5.2, Figure 5.3). However, the mud component at Outer Bay sites in 2020 was
notably reduced compared to that recorded in 2018. Gravel was intermittently present in varying
proportions, mostly at sites where gravel has historically been recorded.
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In 2020, Outer Bay sites were predominantly composed of sand (ranging between 98.4% and 99%)
and recorded a minimal amount of gravel, 0.7% at SH 64 and 0% at SH 51 and SH 63, respectively
(Figure 5.3). Additionally, the mud component was extremely reduced, ranging between 0.9% and
1.6% at the same three sites. Shore sites had variable gravel and mud components, ranging between
0.0% and 17.9% and 7.2% and 40.0%, respectively. The sand fraction dominated the sediment
percentage composition at Shore sites although to a lesser degree than at the Outer Bay sites. The
Fish Factory sites were similar to the Shore sites, with the gravel component ranging between 0.0%
and 29.5% and the mud component ranging between 3.2% and 34.4%, while sand dominated the
percentage composition, ranging between 65.6% and 96.0%. Within the Berg River estuary, sand was
once again the dominant size fraction, with values of 76.2% and 80.9% at control sites. Impact sites
recorded sand fractions of 57.3% and 81.4%. Mud fractions at the control (6.2% and 19.1%) were
similar to those at the impact sites (8.1% and 16.6%). Gravel exhibited the most variation with 0.0%
and 17.6% at the control sites, while impact sites recorded 2.0% and 34.6% gravel. High proportions
of mud were especially evident in close proximity to the St Helena Bay WWTW and fish processing
plants 7 and 5 (Figure 5.2).
The elevated mud content in these regions suggests an input of fine particulate matter from the
WWTW and Fish Factories 5 and 7, coupled with natural seabed topography and/or fine circulation
patterns promoting accumulation at these points. Additionally, a high mud content was observed at
site SH 16 and to a lesser degree SH 15, which is likely due to larger circulation patterns in the bay
moving fine particles originating from the Berg Estuary and WWTW and depositing it at these sites
(Figure 5.2).
Table 5.2.

Particle size composition and percentage total organic carbon (TOC) and total organic nitrogen (TON) in
surface sediments collected from St Helena Bay in 2020.

Site

TOC (%)

TON (%)

Gravel (%)

Sand (%)

Mud (%)

C:N

SH 14

1.47

0.18

1.0

83.9

15.0

9.51

SH 15

2.55

0.35

6.5

68.6

24.8

8.49

SH 16

4.17

0.53

0.2

58.8

41.0

9.17

SH 36

1.04

0.06

0.0

88.6

11.4

20.16

SH 45

4.21

0.52

0.0

63.9

36.1

9.45

SH 46

1.01

0.17

0.0

80.9

19.1

6.96

SH 47

0.41

0.07

17.6

76.2

6.2

6.88

SH 51

0.19

0.03

0.0

98.4

1.6

7.51

SH 53

6.61

0.74

0.0

65.6

34.4

10.42

SH 54

4.07

0.48

0.0

77.9

22.1

9.89

SH 55

1.03

0.13

0.0

80.2

19.8

9.24

SH 56

2.10

0.09

29.5

67.2

3.3

27.21

SH 57

0.54

0.05

0.8

96.0

3.2

12.53

SH 58

1.10

0.17

2.0

81.4

16.6

7.55

SH 59

0.93

0.05

34.6

57.3

8.1

21.63

SH 60

0.90

0.11

1.1

86.2

12.7

9.53

SH 61

0.68

0.1

0.1

92.0

7.9

7.98

SH 62

0.77

0.12

17.9

63.9

18.1

7.49
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Site

TOC (%)

TON (%)

Gravel (%)

Sand (%)

Mud (%)

C:N

SH 63

0.35

<0.01

0.0

99.0

1.0

81.43

SH 64

0.29

<0.01

0.7

98.4

0.9

67.43

SH 65

0.35

0.04

1.1

59.0

40.0

10.12

SH 66

1.76

0.24

4.4

88.4

7.2

8.55

SH 67

1.19

0.16

0.0

95.6

4.4

8.68

SH 68

1.44

0.11

0.0

74.8

25.2

15.30

SH 69

3.39

0.19

1.6

89.9

8.5

20.82

5.3.2 Organics
Nutrients are derived from natural process e.g. river flow, upwelling, biological and a number of
anthropogenic sources including sewage, industrial effluent, and agricultural runoff. They are of
concern owing to the vast quantities discharged to the environment each year which has the
propensity to cause eutrophication of coastal and inland waters. Eutrophication in turn can result in
proliferation of harmful algal blooms and deoxygenation of the water with subsequent hydrogen
sulphide production due to anaerobic decomposition of decaying blooms (black tides).
Total organic carbon (TOC) and total organic nitrogen (TON) accumulates in the same areas as mud,
as most organic particulate matter is of a similar particle size range and density to that of mud particles
(size <60 µm), and hence settles out of the water column together with the mud. TOC and TON are
thus most likely to accumulate in sheltered areas with low current strengths, where there is limited
wave action, and limited dispersal of organic matter. The accumulation of organic matter in the
sediments doesn’t necessarily directly impact the environment, but the bacterial breakdown of the
organic matter can (and often does) lead to hypoxic (low oxygen) or even anoxic (no oxygen)
conditions. Under such conditions, anaerobic decomposition prevails, which results in the formation
of sulphides such as hydrogen sulphide (H2S). Sediments high in H2S concentrations are
characteristically black, foul smelling and toxic for most living organisms.
The dominant sources of organic matter in St Helena Bay includes natural sources such as
phytoplankton production at sea and the associated detritus that forms from the decay thereof; and
terrestrial nutrients carried by the Berg River; as well as anthropogenic sources such as fish factory
waste discharged into the Bay, and the leaking of sewage from septic tanks and conservancy tanks.
The molar ratios of carbon to nitrogen (C:N ratio) can be useful in determining the sources of organic
contamination. Organic matter originating from marine algae typically has a C:N ratio ranging
between 6 and 8, whereas matter originating from terrestrial plant sources exceeds this. Fish factory
waste is nitrogen-rich and thus extremely low C:N ratios would be expected in the vicinity of a fish
waste effluent outfall. However, nitrogen is typically the limiting nutrient for primary productivity in
most upwelling systems including the Benguela, and the discharge of nitrogen-rich waste from fish
factories has been linked to algal blooms using stable isotope studies (Monteiro et al. 1997). The
excess nitrogen in the system is taken up by algae thereby allowing for bloom development. By
consuming the nitrogen, the bloom effectively increases the C:N ratio. In addition, phytoplankton
production and decomposition will then add to the levels of organic matter within the system.
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TOC and TON were not analysed for the 2001 survey, but were measured in all subsequent surveys.
TOC and TON data were averaged for the five different areas (Outer Bay, Shore, Fish Factory, Estuary
and Estuary Fish Factory) and used to monitor differences in organics amongst areas. Within each
survey year, the results show a much higher average level of TOC and TON in the sites closest to the
fish factories in comparison to those along the Shore or the Outer Bay at large (Figure 5.4). The
average TOC content of sediments sampled in the Bay 2012 was consistently higher than in 2007,
conversely average TOC content dropped across all areas in the bay in 2018. In 2020, the average TOC
content increased at Shore (1.33 to 1.98%) and Fish Factory (1.86 to 2.35%) areas, but decreased
considerably at the Outer Bay area (0.99% to 0.28%), suggesting carbon enrichment in the Bay
between 2018 and 2020.
Within each of the survey years, the Outer Bay and Shore sites showed similar levels of carbon
enrichment with the exception of 2020 where the average TOC at the Shore (1.98%) and Fish Factory
(2.35%) sites were considerably greater than the average value of Outer Bay sites (0.28%). TOC was
elevated in the vicinity of fish factories 7 and 5 indicating a high output of TOC from these processing
plants, and retention in the vicinity of the factories. Additionally, the data suggests that the carbon
originating from these plants is also transported west to site SH 69 (Figure 5.5). Site SH 16 also
recorded high TOC content and is likely due to the natural accumulation fine material in this area (see
section 5.3.1), some of which originates from fish factory 4. The lack of TOC accumulation in the
vicinity of fish factory 2 is due to an offshore pipe being installed in 2018 to transport effluent away
from the shore (Figure 5.5). Similar trends was noted in the estuary, whereby the average TOC at the
Estuary Fish Factory (2018 - 1.12% and 2020 - 1.01%) area were greater than the average value at
control Estuary sites (2018 - 0.44% and 2020 - 0.71%; Figure 5.4). The Estuary control sites have shown
a steady decline in carbon enrichment from 2007 (1.08%) through to 2018 (0.44%) but recorded an
increase in 2020 (0.71%), while Estuary Fish Factory sites samples recorded greater TOC values in 2018
(1.12%) compared to 2020 (1.01%) (Figure 5.4).
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The average A) Total Organic Carbon (TOC); B) Total Organic Nitrogen (TON) and C) C:N ratio of all sites in
each site area for 2020, all error bars are Standard Error.
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Total organic carbon (TOC) and total organic nitrogen (TON) in sediments in St Helena Bay in 2020.

The TON content differs from the TOC in that 2007 consistently showed the highest levels of nitrogen
enrichment followed by dramatic drop in TON in 2012 in the bay areas and within the estuary (Figure
5.4). This was especially prominent in the sites closest to the fish factories. Average TON levels
dropped once again in 2018 but to a much lesser extent in the Shore and Fish Factory areas (Figure
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5.4). A dramatic decrease in TON was observed in the Outer Bay area, however. From 2018 to 2020,
slight decreases in average TON were noted in the Outer Bay (0.02% to 0.01%) and Fish Factory (0.30%
to 0.25%) areas, but a marginal increase was seen in the Shore area (0.21% to 0.22%). TON
accumulated in a similar manner to TOC in the vicinity of fish factories 7 and 5, which again points to
the retention of fine particulate matter in this area. Site SH 16 also recorded elevated levels of TON
suggesting a natural accumulation point north west of fish factory 4. TON was relatively low in
concentration in the vicinity of fish factory 2 and is due to an offshore effluent pipe being installed in
2018 (Figure 5.5). The average TON values from the Berg River estuary recorded a substantial drop
between 2007 and 2012 (0.18% to 0.03%), but then recorded a steady increase in average TON values
for each subsequent survey (2018 - 0.06%, 2020 - 0.12%). Average TON values decreased from 2018
to 2020 at the Estuary Fish Factory area (0.23% to 0.11%).
During all three surveys, both organic carbon and organic nitrogen concentration in sediments was
higher at sites sampled close to the fish factories compared to other areas in the bay and estuary,
identifying these processing plants as significant sources of organic enrichment. For several years
prior to, and including the 2007 survey, small pelagic catches were well above the annual average
combined catch (see section 3.4.1). Similarly, the small pelagic catch in 2012 was well above average
combined catch. The large catches, and processing thereof, from these years would have resulted in
increased amounts of effluent originating from the fish factories and high organic loading (TOC and
TON) as observed in the sediment organic data in the vicinity of the fish factories and organic loading
within the bay as a whole(Figure 5.4). The small pelagic fish catches in 2018 were comparatively lower
and resultant lower organic loading was noted (section 3.4, Figure 5.4).
The molar ratios of carbon to nitrogen (C:N) can be useful in determining where the organic
contamination originates from. Organic matter that comes from a marine algae source typically has a
C:N ration of between 6 and 8 whereas terrestrial plant matter is generally higher than this. Fish
factory waste is rich in nitrogen and thus typically has extremely low C:N ratios. However, the limiting
nutrient for primary production in upwelling systems is nitrogen. Therefore nitrogen-rich waste from
fish factory effluent can lead to algal blooms as the excess nitrogen is taken up by algae (Monteiro et
al. 1997). The bloom development consumes nitrogen and effectively increases the C:N ratio once
again. In addition to this, the production and subsequent decomposition of phytoplankton in the
water column results in anoxic conditions in which denitrifying bacteria are likely to dominate and
further increase the C:N ratio as they reduce the concentration of nitrates (Knowles 1982, Tyrrell &
Lucas 2002). St Helena Bay falls downstream of the Cape Columbine upwelling cell, resulting in
nutrients being transported toward the equator from Cape Columbine and thus into the bay where it
is retained through clockwise circulation (Hutchings et al. 2011). During summer and autumn months,
the sun warms the surface layers of water, stratifying the water column. This allows for a higher
production of phytoplankton as they remain within the euphotic zone and can result in phytoplankton
blooms. St Helena Bay is a rich zone for phytoplankton due to its stable stratification as enhanced
nutrient availability and therefore at a large scale the majority of the organic matter throughout the
bay comes from phytoplankton production. At a local scale, organic matter enrichment can be seen
as a result of fish factory effluent, however, this impact is often localised and does not spread
throughout the bay at large (Carter & Steffani 2007).
In 2007, the average C:N for the larger bay area (Outer Bay, Shore and Fish Factory) were relatively
similar ranging between 7:1 and 8:1, indicating an organic input from marine algal source. In 2012
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increases in average C:N ratios were observed across all of the bay areas surveyed, with a lowest C:N
of 14:1 (Shore) and greatest ratio of 22:1 (Fish Factories). Subsequently in 2018, the average C:N
increased substantially at the Outer Bay area (almost 4 fold to 82:1) while the Shore and Fish Factory
areas recorded decreases in average C:N ratios with the Fish Factory area having an average C:N ratio
typical of a marine source of organic matter (C:N of 8:1). In 2020 the C:N ratios in the Outer Bay area,
although recording a decrease from 2018, remained high (C:N of 52:1). Increases in average C:N ratios
were also observed at the Fish Factory areas (13:1) while the average C:N remained relatively constant
in the Shore area (12:1). The elevated C:N ratios in Outer Bay is likely due to the reduced N present
as a result of the weak/neutral La Nina conditions preceding the 2018 and 2020 surveys, which would
have reduced the input of N into the euphotic zone. Additionally, this suggests the N input from the
fish factories affects sediments in the bay area (Shore and Fish Factory), keeping the C:N ratio
comparatively low (Figure 5.6). The fish factory sites within the bay generally have the lowest C:N
ratios, which is expected due to nitrogen-rich wastewater discharged from vessels and processing
plants (Figure 5.6). However, this was not as extreme as one would typically expect for these sites as
the C:N ratio does lie within the expected range of natural marine production.

Figure 5.6.

C:N ratios at different sites surveyed in St Helena Bay in 2020.

The average C:N ratios within the estuary initially increased from 2007 to 2012 but thereafter steadily
decreased during each subsequent survey. Interestingly the C:N ratios recorded in 2007 and 2020 (7:1
in both instances) were typical of a marine source of organic matter (C:N of 6-8:1) rather than a
terrestrial source (>8:1) as expected in an estuary, this could possibly indicate N present in the effluent
is being transported on flood and ebb tides and affecting areas up and downriver of the fish factories.
These low C:N ratios were not observed near the fish factories as would be expected. The average
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C:N ratio at the Estuary Fish Factory area were high (2018 - 23: 1 and 2020 - 15:1) as would be expected
for a typical estuary indicating a terrestrial source of organic matter.
St Helena Bay is known to be conducive to the formation of low oxygen conditions (Baily 1991) and
these events are common in the bay (Knowles 1982, Tyrrell & Lucas 2002). Thus, higher C:N ratios are
not unexpected and are evident throughout all areas sampled. Temporal fluctuations in C:N ratios
may be due to upwelling events and the associated increased nutrient content in the water column.
Decadal fluctuations in upwelling-favourable winds have been reported with a peak in 2001 and
subsequent decline in 2006 (Hutchings et al. 2011). Furthermore, the survey in 2007 was following
several years in which El Niño events dominated; as opposed to the 2012 survey which followed
several years of La Niña events which are known to increase upwelling intensity (Arntz et al. 2006,
Rouault et al. 2010). In the years preceding the 2018 and 2020 survey, the Southern Oscillation Index
was mostly within the neutral range (or a weak La Niño) and C:N were more similar to those recorded
during 2012 (when La Niño dominated) than 2007, when El Niño was dominant (Figure 5.4).
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6

BENTHIC MACROFAUNA

6.1

Background

Benthic Macrofauna

It is important to monitor biological components of the ecosystem in addition to physico-chemical and
eco-toxicological variables, as biological indicators provide a direct measure of the state of the
ecosystem at a selected point in space and time. Benthic macrofauna are the biotic component most
frequently monitored to detect changes in the health of the marine environment. This is largely
because these species are short-lived and, as a consequence, their community composition responds
rapidly to environmental changes (Warwick 1993). Given that they are also relatively non-mobile (as
compared with fish and birds) they tend to be directly affected by pollution and they are easy to
sample quantitatively (Warwick 1993). Furthermore, they are scientifically well-studied compared
with other sediment-dwelling components (e.g. meiofauna and microfauna), and taxonomic keys are
available for most groups. In addition, benthic community responses to a number of anthropogenic
influences have been well documented.
Organic matter is one of the most universal pollutants affecting marine life and it can lead to significant
changes in community composition and abundance, particularly in sheltered bays such as St. Helena
Bay where water circulation is restricted and retentive. High organic loading typically causes
eutrophication and reductions in levels of dissolved oxygen, which can lead to a range of different
community responses amongst the benthic macrofauna. These include increased growth rates,
changes in community composition and reduction in the number of species following repeat hypoxia,
and even complete disappearance of benthic organisms in severely eutrophic and anoxic sediments
(Warwick 1993). The community composition of benthic macrofauna is also likely to be impacted by
increased levels of other contaminants such as trace metals and hydrocarbons in the sediments.
Furthermore, areas that are frequently disturbed by mechanical means (e.g. through dredging or wave
action) are likely to be inhabited by a greater proportion of opportunistic pioneer species as opposed
to larger, longer lived species.
The main aim of monitoring the health of an area is to detect the effects of stress, as well as to monitor
recovery after an environmental perturbation. There are numerous indices, based on benthic
invertebrate fauna information, which can be used to reveal conditions and trends in the state of
ecosystems. These indices include those based on community composition, diversity and species
abundance and biomass. Given the complexity inherent in environmental assessment it is
recommended that several indices be used (Salas et al. 2006).

6.1.1 Community structure and composition
Changes in benthic species composition can be the first indicator of pollution, as certain species are
more sensitive (i.e. likely to decrease in abundance in response to stress), while others are more
tolerant of adverse conditions (and may increase in abundance in response to stress, taking up space
or resources vacated by the more sensitive species). Monitoring the temporal variation in community
composition also provides an indication of the rate of recovery of the ecosystem following an
improvement in the situation (i.e. a reduction in effluent quantity or improvement in quality) in
different areas of the system. “Recovery” following environmental degradation is generally defined
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as the establishment of a successional community of species which progresses towards a community
that is similar in species composition, density and biomass to that previously recorded (C-CORE 1996
and Newell et al. 1998). The rate of recovery is dependent on environmental conditions and the
communities supported by such conditions.
It has been shown that species with a high fecundity, rapid growth rate and short life-cycle are able to
rapidly invade and colonise disturbed areas (Newell et al. 1998). These species are known as “rstrategists”, are pioneer or opportunistic species, and their presence generally indicates a recent
perturbation in the environment as a result of either natural factors or anthropogenic activities. In
stable environments, the community composition is controlled predominantly by biological
interactions (like competition and predation) rather than by fluctuations in environmental conditions.
Species found in these conditions are known as “K-strategists” and are selected for their competitive
ability. K-strategists are characterised by long lifespans, larger body sizes, delayed reproduction and
low mortality rates. Intermediate communities with different relative proportions of r- and Kstrategists are likely to exist between the extremes of stable and unstable environments.
The data collected from this survey were used for two purposes; 1) to assess spatial variability in
benthic macrofaunal community structure and univariate indices of diversity, abundance and biomass
among sites sampled in 2020 and 2) to assess changes in these parameters over time (i.e. in relation
to past surveys). Both the spatial and temporal assessments are necessary to provide an accurate
assessment of the current state of health of the Bay.

6.2
6.2.1

Methods
Sampling

Previous (2001 and 2007) benthic monitoring surveys were conducted using a Van Veen grab operated
from a Rigid Inflatable Boat (RIB). The dimensions of the grab used were 0.33 x 0.33 m which equates
to sampled area of ~0.1 m2/grab. Monitoring surveys from 2012 onwards (including the present study)
made use of a Van Veen grab with a sample area of ~0.143 m2/grab and maximum sediment
penetration of ~20 cm. All historic and current data were standardised per unit area (1 m2) to allow
for temporal comparisons in macrofaunal community structure as well as indices of mean abundance,
diversity and biomass. A list of sites sampled for benthic macrofauna for each survey year (2001, 2007,
2012, 2018 and 2020) is presented in Table 5.1.
In the 2020 monitoring survey, benthic macrofauna and sediment samples were collected from 25
sites throughout St Helena Bay on 23 and 24 July (Figure 5.1). A sediment sample for particle size and
organic content was collected and the remaining material was sieved through a 1 mm mesh sieve bag.
All benthic macrofauna retained (>1 mm in size) were transferred to plastic sample jars and fixed with
10% buffered formalin. In the laboratory, samples were rinsed of formalin and stained with Rose
Bengal to aid sorting of biological from non-biological matter. All fauna was removed and preserved
in 1% phenoxyethanol solution. The reference collection from the 2007 survey was sourced and
compared to that of the 2012, 2018 and 2020 surveys to ensure consistency in the species
identification (the majority of specimens collected in 2001 were not identified to species level and no
reference collection was available for this survey). All macrofauna considered alive at the time of
collection (i.e. excluding empty shells) were identified to species level where possible, but at least to
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family level in all instances. The validity of each species was then checked on The World Register of
Marine Species (WoRMS, www.marinespecies.org). The biomass (blotted wet mass to four decimal
places) and abundance of each species was recorded for each sample. All macrofauna abundance and
biomass data were ultimately standardised per unit area (m2).

6.2.2

Statistical analysis

The statistical program, PRIMER 6 (Clarke and Warwick 1993), was used to analyse benthic
macrofauna abundance data. Data were fourth root transformed and converted to a similarity matrix
using the Bray-Curtis similarity coefficient. Multidimensional Scaling (MDS) plots were constructed in
order to find ‘natural groupings’ between sites for the spatial assessment and between years for the
temporal assessment. SIMPER analysis was used to identify species principally responsible for the
clustering of samples. These results were used to characterise different regions of the system based
on the communities present at the sites. It is important to remember that the community composition
is a reflection of not only the physico-chemical health of the environment but also the ability of
communities to recover from disturbance. Diversity indices provide a measure of diversity, i.e. the
way in which the total number of individuals is divided up among different species. Understanding
changes in benthic diversity is important because increasing levels of environmental stress generally
decreases diversity. Two different aspects of community structure contribute to community diversity,
namely species richness and equability (evenness). Species richness refers to the total number of
species present while equability or evenness expresses how evenly the individuals are distributed
among different species. A sample with greater evenness is considered to be more diverse. It is
important to note when interpreting diversity values that predation, competition and disturbance all
play a role in shaping a community. For this reason, it is important to consider physical parameters as
well as other biotic indices when drawing a conclusion from a diversity index.
The Shannon-Weiner diversity index (H’) was calculated for each sampling location using PRIMER V 6:
H’ = - Σipi(log pi)

2

The diversity (H’) value for each site was plotted geographically and this was used to interpolate values
for the study area (southern and south-eastern shoreline of St Helena Bay) using ArcGIS in order to
reveal any spatial patterns. Alpha diversity (total number of species) was also then calculated for past
surveys from 2001 to present.

6.3
6.3.1

Results
Species diversity

Variation in species diversity (represented by the Shannon Weiner Index, H’) is presented in Figure
6.1. Diversity was highest at sites SH62, SH14 (control/reference sites along the shore) and SH51 and

2

Where pi is the proportion of the total count arising from the ith species. This is the most commonly used
diversity measure, and it incorporates both species richness and equability.
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SH63 (outer bay sites) and was lowest at Sites SH45, SH53, SH54, SH55 and SH56 adjacent to Fish
Factories 4 and 5. Other sites where low diversity was observed include shore Control Site SH65, outer
bay site SH64, Control Sites within the estuary SH46, SH47 and those adjacent to Fish Factory 1, SH58
and SH59. These findings are most likely attributable to the high levels of natural and/or
anthropogenic disturbance (e.g. natural and/or anthropogenic) and the presence of elevated levels of
contaminants (organic material and other pollutants etc.) in the sediment collected at these sites. It
is well known that high levels of disturbance associated with pollution can allow a small number of
opportunistic, short-lived or r-selected species to colonize the affected area and prevent a more
diverse community comprising longer living k-strategist species from becoming established.

Figure 6.1.

6.3.2

Variation in the diversity of the benthic macrofauna in St Helena Bay as indicated by the 2020 survey results
(H’ = 0 indicates low diversity, H’ = 2.27 indicates high diversity).

Community structure

A Multidimensional Scaling (MDS) Ordination plot and dendrogram showing Bray-Curtis similarities
between the macrofauna communities (abundance data) in samples collected during 2020 are
presented in Figure 6.2 and Figure 6.3. Seven statistically significant clusters were identified by
SIMPROF analysis with samples from the a-priori defined areas (fish factories, estuary fish factories,
outer bay, shore, estuary) generally grouped together in the dendrogram (Figure 6.3).
These data show a very similar pattern to the diversity data, with the macrofaunal communities
present at sites along the shore and outer bay area standing out as being clearly different to those
within the Berg River estuary and those in the vicnity of fish factories (92% dissimilarity). This
observation is a function of differences in community structure (i.e. the abundance or
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presence/absence of different species at each site) and not just the total number of species present
at a particular site. “Sensitive” species that cannot tolerate high levels of anthropogenic disturbance
are present in abundance at control sites along the shore and at site SH46 in the estuary but are largely
absent from sites in proximity to the fish factories and those located in the outer bay area. The
multivariate results clearly illustrate the depauperate nature of benthic macrofaunal communities at
impacted sites in close proximity to some of the fish factories. The limited differences in macrofaunal
community structure at these control sites can be explained in part by the physical and environmental
parameters present at each site (i.e. freshwater flows in the estuary sites, tidal currents, wave
exposure, sediment granulometry and depth).
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Figure 6.2.

Ordination plot based on macrofaunal abundance data showing similarity in benthic macrofaunal
communities from sites sampled in 2020. Symbols on the ordination plots are as follows.
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Dendrogram indicating similarity between sampling sites in St Helena Bay in 2020 based on benthic
macrofaunal community composition (red lines indicate significant clusters from SIMPROF analysis).
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The “hardier” species such as the filter feeding bivalve Venerupis corrugata are, for example, present
at sites along the shore and within the estuary but are absent from sites in the outer bay area and
those adjacent to fish factories in the bay. More “sensitive” marine taxa such as the amphipods
Ampelisca spinimana and A. anomala, the mollusc Macoma odinaria and the polychaetes Diopatra
monroi and Sabellides luderitzi were only present at sites outside of the estuary situated away from
the fish factories. Similarly, the sea pen Virgularia schultzei, widely regarded as a “highly sensitive
species” was found only at SH63 in the outer bay area. Fish factory sites SH58 and SH59 within the
estuary, did not differ substantially from estuary control site SH47. The similarities observed here are
likely due to the overall depauperate macrofaunal community structure present at these sites
together with the shared presence of the crowned crab Hymenosoma orbiculare and the mud prawn
Upogebia africana. This observation is most likely attributable to the tidal transport of organic waste
matter and associated anoxic conditions from fish factory 1 to estuary monitoring site SH47. Results
of a SIMPER analysis indicating those taxa contributing more than 50% to within group similarity are
shown in Table 6.1.
Table 6.1.

Benthic macrofaunal species contributing >50% of the within group similarity (SIMPER) in the 2020 St
Helena Bay survey.

Site Group

Outer Bay

Shore

Estuary
Fish factories
Estuarine fish factories

Taxon

Species

Ave. abundance

% contribution

Polychaeta

Nephtys hombergii

2.89

16.13

Amphipoda

Urothoe grimaldi

3.29

15.15

Anthozoa

Actinaria

2.79

11.08

Polychaeta

Micronephthys sphaerocirrata

2.04

11.08

Polychaeta

Diopatra monroi

4.26

13.04

Anthozoa

Actinaria

2.6

11.06

Bivalvia

Venerupis corrugata

2.79

8.89

Polychaeta

Nephtys hombergii

1.99

8.52

Polychaeta

Mediomastus capensis

2.64

7.77

Amphipoda

Ampelisca anomala

2.67

7.04

Decapoda

Upogebia africana

2.58

100

Amphipoda

Melita sp.

0.77

42.09

Polychaeta

Diopatra monroi

0.46

21.28

Polychaeta

Capitella capitata

4.99

54.19

The sampling sites in the outer bay region are most similar to those taken closer to shore with the
exception of SH64 (72.9% dissimilarity). This suggests that no large-scale environmental factors have
affected the macrofaunal communities in St Helena Bay and we can attribute impacts at fish factory
sites to localized organic loading from fish offloading and processing activities. The fish factory sites
within the bay do not show clear clustering with each other (6% average similarity) or control sites in
the bay at large. Sites SH56 (out of picture) and SH53 in particular are separated by a significant
distance from all sampling sites. This indicates that macrofaunal communities at these particular sites
are vastly different. Indeed, only one unique species was detected at SH56 (the ribbed mussel
Aulacomya atra) and one other at SH53 (the black mussel Choromytilus meridionalis) – extremely low
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diversity in comparison to other sites adjacent to fish factories. The dissimilarity seen between fish
factory sites and the bay at large are largely due to the presence of resilient indicator species, the
polychaete Capitella capitata in the region of the fish factories and the complete absence of this
species in the shore and outer bay regions (Figure 6.4).
The community structure of the benthic macrofauna within the outer bay sites were dominated in
terms of abundance by polychaete worms, Nermertea and small crustaceans (mainly amphipods). The
polychaete, Nephtys hombergii, contributed the most to abundance within the outer bay region
(Figure 6.4). Interestingly outer bay site SH64 contained zero biota. This is the western-most site of
the entire survey area and is the most exposed to winter storm swell in comparison to all other benthic
sampling sites (Figure 5.1). Swell data from a waverider bouy moored off Cape Columbine provides
further insight to our findings at this site. Maximum wave height in relation to the annual mean is
graphed for July 2020 (Figure 6.4). During this period several coldfronts arrived on the south western
coastline of South Africa. One storm in particular generated a maximum wave height of 9.54 m which
was recorded on 13 July, ten days prior to the 2020 monitoring survey. It is likely that a storm event
of this nature had a large deleterious effect (erosion) on the shallow subtidal benthos at site SH64 and
could explain the coarse sediment particle size composition and complete lack of biota observed at
this site.
Overall within group similarity was greatest among shore sites (35.4%) in comparison to other regions
of the bay, with D. monroi, sea anemones (Actinaria) and V. corrugata as the main drivers of within
group similarity (Figure 6.4). The community structure of benthic macrofauna among the fish factory
sites in the greater bay area was notably depauperate with low abundances of the amphipod Melita
and D. monroi driving >60% of within group simlarity (Figure 6.4). The estuary fish factory sites were
also depauperate in community structure but were dominated by an abundance of the polychaete
Capitella capitata which alone contributed 54% to overall within group similarity Figure 6.4).
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Figure 6.4.

Maximum wave height (Hmax) in meters in relation to the annual mean wave height during July 2020. Data
collected from the Cape Columbine CSIR waverider buoy.
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Changes in diversity, abundance, biomass and community structure over
time

Variation in the total number of macrofauna species recorded in St Helena Bay during each survey
(2001, 2007, 2012, 2018 and 2020) is shown in Figure 6.5.. Across all sample sites, the species richness
was the lowest in 2001, with 64 species recorded, and highest in 2018, with a total of 100 species
recorded. While there appears to be an increase in the number of species recorded from 2001 to
2018, this is likely due to increased taxonomic resolution and not a bay-wide increase in diversity. A
total of 79 species were recorded during the 2020 survey – a slight decrease from that recorded in
2018. This could be the result of both increased anthropogenic disturbance (high organic loading from
fish factory wastewater discharge) and natural disturbance events at the more exposed outer bay sites
which appear to have been impacted by a storm swell anomaly recorded ten days prior to sampling
(Figure 6.4).
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Total number of species found in the St Helena Bay survey each year.

Species composition can sometimes be more easily understood at higher taxonomic or functional
group (essentially feeding mode) levels. Macrofaunal abundance and biomass results for each of the
areas and years sampled in St Helena Bay are shown in Figure 6.6 and Figure 6.7. In terms of taxonomic
groups, macrofaunal abundance is dominated by the group Malacostraca (mostly small crustaceans
including amphipods, isopods and shrimps) at the outer bay and shore sampling areas for each survey
year (Figure 6.6). This is closely followed by polychaete worms (bristle worms) – the most dominant
taxon at sites adjacent to fish factories both in the estuary and greater bay area. In general, benthic
macrofaunal abundance is much lower within the Berg River estuary in comparison to the Bay at large.
The fish factory sites also showed a much lower abundance in comparison to the Bay at large; nearly
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all individuals recorded at the fish factory sites in 2020 were polychaetes (Figure 6.6). Total biomass
indices showed a similar pattern to total abundance with significantly lower levels recorded at estuary
and fish factory sites when compared to the rest of the bay (Figure 6.7), but as one would expect the
taxonomic composition of the total biomass recorded varied significantly when compared to the
taxonomic composition of total abundance. For all site groups, bivalves (that are fairly large) such as
V. corrugata, Tellina gilchristi and Macoma crawfordi ordinaria contributed the most to total biomass
followed by polychaetes with only a small contribution from other taxonomic groups such as
Echinodermata (starfish, brittle stars and sea cucumbers), Anthozoa (sea anemones, sea pens and
hydroids) and gastropods.
In terms of functional groups, abundance in the outer bay was dominated by detritivores and filter
feeders (mostly bivalves) together with a significant number of predators (Figure 6.7). The shore
control/reference sites show a fairly even split in abundance between predators, filter feeders and
detritivores. Filter feeders are consistently the largest contributors to biomass across all site groups.
This is because filter feeders are mostly comprised of relatively large bivalves. For all sites in all areas,
the average abundance and biomass of fauna decreased significantly from 2001 to 2007 (mostly
accounted for by a sharp decline in predatory polychaete worms and filter feeding bivalves). This
would suggest that macrofaunal communities were subject to a large-scale disturbance event across
the bay in 2007. This is followed by a trend of increased abundance in 2012 and 2018.
Results from the 2020 indicated drastic decreases in diversity, abundance and biomass only at the
outer bay and fish factory sites, whilst shore control sites had similar indices of abundance, biomass
and diversity to the 2018 survey. The outer bay sites were subjected to large storm swells prior to the
2020 benthic monitoring survey, which may serve to explain the reduced indices of abundance,
biomass and diversity observed here (Figure 6.4). The effects of this storm event had very little impact
on the more sheltered control/reference sites situated further in the bay as all indices here (diversity,
abundance and biomass) were found to be relatively stable for the present study. However, the fish
factory sites (both in the greater bay and estuary) suffered significant reductions in macrofaunal
abundance, diversity and biomass in 2020. This is most certainly attributable to the poor sediment
quality of the benthos surrounding most of the fish factories (1, 4, 5 and 7) where high organic loading
from fish factory effluent (Figure 5.5) has resulted in localised eutrophication of the benthos creating
a toxic low-oxygen environment. In most cases only one or two individuals belonging to a single
species of benthic macrofauna were found at these sites. It should be noted however that the benthos
at site SH57, adjacent to Fish Factory 2, has displayed a slight improvement in health with diversity
having increased from zero recorded in 2012 to three taxa in 2020. Further to this, Site SH60 situated
100 m away on the opposite side of the jetty, had a total of six taxa recorded during the present study.
It is clear from these results, and those presented in the sediment chapter, that the decision taken by
Fish Factory 2 to discharge their wastewater effluent at an offshore location has improved the overall
health of the benthos and it is anticipated that the situation would continue to improve with time (as
the benthos recovers) and with similar actions hopefully being taken by other factories in the bay.
The high abundance of C. capitata polychaetes at the estuary fish factory sites is also indicative of a
highly disturbed benthic environment. This species is known to tolerate extreme anoxic conditions as
a result of eutrophication (in this case increased organic loading from Fish Factory 1) and is associated
with poor sediment quality. Diversity, abundance and biomass at the estuary control/reference sites
also remained low in 2020 and it is thought that this is most likely attributable to the tidal transport
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of organic waste matter and associated anoxic conditions from Fish Factory 1 in addition to high levels
of natural disturbance (variations in freshwater flow and sedimentation), typical of an estuarine
environment. The end of the long drought (2016-2018) in parts of the Western Cape during the winter
of 2020 resulted in more natural freshwater flows reaching the mouth of the Berg River estuary. It is
hypothesized that marine biota established populations and displaced estuarine taxa in the lower
estuary where high salinities prevailed during the drought, and these were probably impacted by the
2020 winter freshwater flows, whilst the typical estuarine fauna has yet to re-establish.
Upwelling ecosystems that are subject to the Eastern Boundary Currents such as the Benguela Current
System (BCS) are often dominated by opportunistic “r-strategists”. These species are characteristically
short-lived and have high reproductive rates and rapid growth (Newell et al. 1998). These species
tend to colonize disturbed areas, especially those that are oxygen-deficient (Arntz et al. 2006). The
2020 survey revealed that the benthic macrofauna community in St Helena Bay is mostly dominated
by predatory and detrivorous polychaetes and filter feeding bivalves. The general presence of the
group malacostraca (mostly composed of amphipods and isopods) across the bay and the seapen V.
schultzei at the outer bay sites suggests that the Bay as a whole has a fairly low level of contamination
as these taxa do not tolerate pollutants, especially organic pollutants such as fish factory wastewater
(Christie & Moldan 1997). Malacostraca contribute little to abundance and a negligible amount to the
biomass at the fish factory sites within the bay as well as those in the estuary, where localised impacts
are clearly detected. The consistent presence of filter feeders elsewhere in the Bay suggests that
sediment and benthic macrofaunal communities in the broader region has remained stable and in a
good state of health.
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MANAGEMENT AND MONITORING RECOMMENDATIONS

Monitoring of aquatic health, and activities and discharges potentially affecting the health of the
marine environment has escalated considerably in recent years owing to escalations in the rate of
development in the area surrounding the Bay. This section provides a summary of the state of health
of St Helena Bay and the Berg Estuary as reflected by the various environmental parameters reported
on in this study. It also provides recommendations as to management actions that need to be
implemented in order to mitigate some of the impacts that have been detected.

7.1

Management of activities and discharges

Continuously accelerating urban and industrial development is a major cause of fragmentation and
loss of ecological integrity of remaining marine and coastal habitats. St Helena Bay and the Berg
Estuary support conflicting uses including industry, fisheries, mariculture, recreation and the natural
environment itself. This situation necessitates sustainable development that is informed by best
scientific advice based on good monitoring data. Management required in response to growing
pressures and should focus on the following issues:
•
•

Existing and any future increases in the use of groundwater needs to be carefully considered,
especially in the light of effects that this may have on the Berg River Estuary.
Wastewater recycling should continue as wastewater production increases in the area.

The effluent produced by the four FPPs into St Helena Bay is of primary environmental concern due
to the increased organic loading that these effluents introduce to the water column (Section 4) and
sediments (Section 5) with repercussions for biota within the Bay (Section 6). Urgent management
interventions are required to limit further degradation of the environment include the following:
CWDP for all FPP should be aligned both with one another and are designed to meet WQG
limits at the edge of an accepted mixing zone, the size of which is aligned with the sensitivity
of the environment and also the requirements of other beneficial uses of that environment.
Permit limits should also ideally be aligned with internationally accepted limits as well.
• All FPPs should take necessary steps to extend their outfall pipes further offshore to a point
where the water depth is able to contribute significantly to initial dilution of the effluent as it
rises through the water column. The existing intertidal discharges are untenable in the
retentive, sheltered environment of St Helena Bay.
• FPPs must work to improve end of pipe constituent concentrations before discharge, to
ensure compliance with stipulated end of pipe limits as required by their revised CWDPs. It
is evident that some FFPs have made progress in improvement of effluent quality, all assessed
FPPs have a 95th percentile ammonia end of pipe concentration that is non-complaint with
stipulated limits. As such, while an offshore discharge pipeline is imperative, this alone will
not ensure that the effluent will meet the required WQGs, because the dilution potential is
limited by depth.
• Bloodwater effluent produced during the offloading process requires careful management.
As the discharge of bilge waters and washing of hoIds in harbours is not permitted in terms of
•
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the Sea Fisheries Act and such effluents should therefore be collected in shore-based tanks
for treatment. Indeed, all bloodwater should be collected for treatment.

7.2

Water quality

Poor water quality was consistently found at Amawandle, Jaloersbaai, Oranjevis, Lucky Star, Sunfish,
West Point Processors and Sandy Point Harbour, while water quality fluctuated between “Poor” and
“Excellent” at the other sites. In 2020, water quality slightly improved at one of the sites in Sandy Point
Harbour, which is a popular location for recreational use. Although this requires ongoing monitoring.
Sites that experienced acceptable water quality for the majority of the sampling period included the
Port Owen Slipway/Yacht Club, the recreational fishing site below the R27 bridge, Da Gama Monument
Beach, Laingville Beach, Hannasbaai Beach, and at Sandy Point Harbour. It is encouraging to note that
all recreational sites (beaches, popular fishing areas and the marina) generally offer safe swimming
conditions.
Despite the uncertainty associated with the human health risks associated with microbial indicator
bacteria, water quality results show that much work is to be done to improve water quality in the bay
and lower estuary.
Given the current importance and likely future growth of both the mariculture and tourism industries
within St Helena Bay and the Berg River Estuary, it is imperative that the efforts that have been taken
in recent years (e.g. upgrading of sewage and storm water facilities to keep pace with development
and population growth and compliance with CWDPs) to combat pollution by harmful microbes, (for
which E. coli and faecal coliforms are indicators) should be increased and applied more widely.
Continued monitoring of bacterial indicators to assess the effectiveness of adopted measures, is also
required and should be undertaken at all sites on a bimonthly basis. Benthic macrofauna and
sediments
Benthic monitoring surveys in St Helena Bay have revealed that benthic macrofaunal communities are
mostly dominated by predatory and detrivorous polychaetes and filter feeding bivalves. The general
presence of the group malacostraca (mostly composed of amphipods and isopods) across the bay and
the seapen V. schultzei at the outer bay sites suggests that the Bay as a whole has a fairly low level of
contamination as these taxa do not tolerate pollutants, especially organic pollutants such as fish
factory wastewater (Christie & Moldan 1997). Furthermore, the consistent presence of filter feeders
suggests that sediment and water quality in the broader Bay has remained fairly stable. However, at
fish factory sites a further reduction in all indices of benthic macrofaunal diversity, abundance and
biomass was noted in the present study (2020). This is most certainly attributable to the poor
sediment quality of the benthos surrounding each of the fish factories where high organic loading
from fish factory effluent has resulted in localised eutrophication of the benthos creating a toxic lowoxygen environment. In order to ensure the continued improvement in the health of the marine
environment, it is recommended that stringent controls as specified in CWDP are adhered to in order
to facilitate recovery of benthic communities and ecosystem health as a whole. It is clear from the
results of this study that the decision taken by Fish Factory 2 to discharge their wastewater effluent
at an offshore location has improved the overall health of the benthos. We expect the situation would
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continue to improve with time (as the benthos recovers) and with similar actions hopefully being taken
by other factories in the bay.
The regularity and intensity of benthic macrofauna monitoring should continue at all of the current
stations. It is further recommended that future monitoring of benthic macrofauna be undertaken
with the intention to establish the area of impacted benthos (a benthic “impact footprint”) adjacent
to each fish factory as a result of eutrophication from discharged effluent. Additional sample sites
should therefore be placed at increasing distances from each effluent discharge point e.g. 50, 100,
200, 400 m. Factories should seek to reduce the size of their impact footprint by improving various
parameters of their discharged effluent (increased dilution, increased filtration and reduced organic
loading).
Intertidal habitats and their associated communities of biota within sheltered bays on the west coast
of South Africa are relatively rare. It is anticipated that the oil and fat components of the effluent
discharged from fish factories in St Helena would be deposited in the intertidal zone with deleterious
effects on overall abundance and diversity of intertidal biota. This has never been investigated and it
is therefore recommended that benthic monitoring be expanded to include intertidal rocky shore and
sandy beach habitats adjacent to fish factories (again with transects positioned at increasing distances
from each outfall) and at suitable control sites within the bay.
Sediment monitoring (particle size, TOC, TON and trace metals) should continue to be conducted at
least every five years at the same suite of stations that were monitored in 2020. Existing dredging
programmes should be followed, and appropriate precautions need to be taken when dredging
becomes necessary.
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APPENDIX 1

Table 9.1.

Summary of CWDP monitoring requirements for the four fish processing plants in St Helena Bay.
MONITORING REQUIREMENTS
Effluent quality

Permit holder ID

Pipeline integrity

Effluent
quantity

Total Volume

Constituents
monitoring

Independent
external auditor

Benthic
Macrofauna

Water
Quality

Visual inspection
of outfall

Full length

Above high
water mark

1

Daily

Daily

Weekly

Bi-annually

Yes

Yes
(Bi-annual)

Yes, no time
period given

Every 3
years

Weekly

2

Daily

Daily

Weekly

Bi-annually

Yes
(annually)

Quarterly

Every 3
years

Weekly

3

Daily

Daily

Weekly/ monthly

Bi-annually

Yes

Quarterly

-

Quarterly

4

Daily

Daily

Weekly/ monthly

Bi-annually

Yes

-

-

Weekly

Table 9.2.

Summary of CWDP reporting requirements for the four fish processing plants in St Helena Bay.
REPORTING REQUIREMENTS

Permit holder

Effluent
quality &
volumes

Monitoring
programme

Marine
impact
assessment

Dispersion
model

Effluent
improvement
plan

Permit Advisory Forum

Malfunctions/abnormal
conditions

Incident
reports

Contingency
plan

1

Quarterly

Within 6
months of
issue

Annually

No

Within 3
months of
issue

Quarterly

Within 7 days

Within 7
days

Within 6
months of
issue

2

Quarterly

Within 6
months of
issue

Annually

Laird &
Clark
(2015)

Within 1
month of issue

Within 6 months;
quarterly meeting &
minute submission

Within 7 days

Annually

Within 6
months of
issue

3

Quarterly

Within 12
months of
issue

-

Within 1
year of
issue

-

-

Within 7 days

Quarterly

Within 12
months of
issue

REPORTING REQUIREMENTS
Permit holder

Effluent
quality &
volumes

Monitoring
programme

Marine
impact
assessment

Dispersion
model

Effluent
improvement
plan

Permit Advisory Forum

Malfunctions/abnormal
conditions

Incident
reports

Contingency
plan

4

Quarterly

Submitted

Yes

-

-

Optional

Within 7 days

Quarterly

Within 6
months of
issue

Amawandle Pelagic (Pty) Ltd

Eigelaars Bote

BP Marine Fish Products CC

