Pacific Oyster
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Crassostrea gigas

Taxonomy

Species:

Crassostrea gigas (Thunberg 1793)

Family:

Ostreidae

Order:

Ostreoida

Class:

Bivalvia

The Pacific Oyster Crassostrea gigas, is a cupped oyster species with a curved lower shell (which
attaches to the substratum) and a flat upper shell (Figure 1). It has an elongated shell with a
maximum length of 400 mm (average length 150-200 mm), and at least one abductor scar that is
purple (Robinson et al. 2005, NIMPIS 2012). No radial threads are present, and valve margins
generally show no coloration with margins normally undulating (Robinson et al. 2005).

Figure 1.

Images of the Pacific oyster (Source: FAO 2012)

The taxonomy of C. gigas is currently under question as it may be synonymous with the Portuguese
Oyster, Crassostrea angulata (Lamarck 1819). They have been declared a single species by Huvet et
al. (2002) because when bred together produce fertile offspring, are morphological very similar, and
differ very little genetically. However, the subject is still under debate (Batista et al. 2006).
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Natural distribution and habitat

Crassostrea gigas is considered native to Japan and South East Asia (Figure 2), although with the
taxonomic issues discussed above, this may be subject to revision. The oyster is a marine and
estuarine species which occurs in water of 0 to 40 m depth. The preferred habitat is firm bottomed
substrate such as rocks, other shells or debris, although they can also be found on mud and sand
(FAO 2012).

Page | 1

Figure 2.

Native (green) and introduced (red) ranges of C. gigas globally (Data source: GISD 2012). Please note
this map does not indicate country wide presence, but merely that the species is categorised as an
alien within that country.
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Biology

3.1

Diet and mode of feeding

Crassostrea gigas is a filter feeder, consuming phytoplankton (at spat, juvenile and adult stages) and
protists (only as adults) which are suspended in the water column (FAO 2012). The Pacific oyster
filters on average 5 l/g body weight/h but has been recorded to filter as much as 25 l/g body
weight/hour (Ren et al. 2000).

3.2

Growth

Crassostrea gigas larvae are distributed throughout the water column. The first shell to form while
still an embryo (the prodissoconch) is approximately 70 µm in length. Once they achieve lengths of
300-340 µm, the larvae begin to settle out of the water column in dense aggregations, seeking a
suitable substrate for attachment. The period prior to attachment can last two to three weeks
which, depending on tidal currents, can allow for considerable spread of the larvae (FAO 2012).
Mature larvae attach to the substrate using a cement-like substance which is secreted by a foot
gland. At this point, they metamorphose into juveniles. Under ideal conditions, the oysters can
attain market size within 18-30 months (FAO 2012). C. gigas can reach 2-3 cm in length after one
year, and 3-4 cm in the second year (Fey et al. 2010).
Growth of C. gigas can occur at temperatures of 5-35°C (optimum 11-34°C) and salinities of 10-30‰
(optimum 20-30‰) (Mann et al. 1991, in Shatkin et al. 1997).
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Pacific oyster beds typically occur at densities of up to 2000 oysters/m2 (a total weight of
approximately 50 kg/m2), however well established beds can weigh 140 kg/m2 (Fey et al. 2010). This
species can live for up to 30 years (Nehring 2011), with a minimum generation time of two years
(Boudry 2008).

3.3

Reproduction

Crassostrea gigas are protandrous hermaphrodites, as they are able to change gender (usually from
male to female, although the reverse is also possible). When resources (e.g. food, space) are
abundant, the sex ratio is skewed toward females, with males predominant when resources become
scarce (FAO 2012).
Gametogenesis (the development of mature eggs and sperm) takes place when the environmental
conditions are appropriate for breeding, at a water temperature of approximately 16-34°C (optimal
temperatures are 20-25°C) and salinity is between 10 and 42‰ (with an optimum of 35‰) (Mann et
al. 1991, cited in Shatkin et al. 1997). An average female produces 50-200 million eggs in a single
broadcast spawning event (FAO 2012). As such, C. gigas can be considered a highly fecund species.

3.4

Environmental tolerance ranges

Crassostrea gigas can tolerate salinities of between 3 and 56‰ (NIMPIS 2012), and can reportedly
survive in temperatures between -2 to +35°C (FAO 2012). However, these extremes of temperature
and salinity do not represent optimal conditions for growth and reproduction. The environmental
conditions tolerated are also dependent on other factors such as age of the individual and
nutritional condition (His et al. 1989). Temperature and salinity ranges required for successful
breeding, as defined above, probably represent more realistic limits for long-term survival.
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History of domestication

Crassostrea gigas has been farmed in Japan for centuries, however, with global introductions (to the
USA in the 1920s and France in the 1960s), culture techniques have advanced considerably.
Historically, C. gigas was cultured using wild seed only, collected by hanging settlement materials in
areas of high abundance. Modern oyster farming involves a combination of wild seed and hatchery
produced seed (often imported from elsewhere). The global popularity of C. gigas has led to a
number of important developments in culture techniques, such as the production of triploid seeds
or genetic selection to produce more environmentally tolerant, faster growing individuals (FAO
2012).
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Introduction and spread (South Africa)

Crassostrea gigas was introduced to the Knysna Estuary in South Africa in the 1950s with the
intention to farm. In 2001, through the use of DNA sequencing, established populations of C. gigas
were found in the Breede, Duiwenhoks, Goukou, Kynsna, Kromme and Keiskamma estuaries
(Robinson et al. 2005) (Figure 3). The latter three populations are likely to have formed from
aquaculture activities in the area. On the other hand, oyster farms have never existed in the former
three estuaries, so the source of introduction is unclear. In 2001, the highest densities of individuals
were found in the Breede Estuary (8.3 individuals per m2, with a population size of approximately
184,000 individuals) (Robinson et al. 2005).
In 2010, there were six operational oyster farms in the Western Cape and five in the Eastern Cape
(one oyster farm in the Northern Cape reported zero production in 2010) (DAFF 2012). In 2012,
extensive surveying of the Knysna, GouKou and Breede River estuaries, revealed a change in
distribution since 2001. In direct comparison to the findings of Robinson et al. (2005), there was no
C. gigas found in Knysna (either farmed or established populations); a small population of 15
individuals was identified in the Goukou (and removed as part of the survey); and from initial data
analysis, the Breede population appears to have spread further, although the population has
decreased to 23 760 oysters (Keightley, J., Tonin, A., von der Heyden, S. & Jackson, S., unpublished
data). From these results, it appears that populations of C. gigas have ceased existing in certain
areas and that numbers have decreased in others. This implies that the invasive potential of this
species in South Africa may have been exaggerated.

Figure 3.

Populations (red) of C. gigas found within South Africa in 2012 (Source: M. Picker & C. Griffiths)

It was never considered an invasive threat in the past as the oyster seemed unable to reproduce and
settle successfully under the local environmental conditions which differ from its native habitat. As a
result, spat has always been imported from Europe or South America (Robinson et al. 2005).
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Introduction and spread (International)

There have been at least 66 introductions of C. gigas worldwide, of which 17 have become
established populations, 23 have been unsuccessful and the outcome of the remainder is unclear
(Ruesink et al. 2005) (Figure 2). The majority of successful introductions have been in temperate
zones. In most cases the introductions were intended for aquaculture (replacing depleted indigenous
stocks or creating a new industry) or for research purposes. However, some introductions were
spread through other vectors, such as ballast water discharges or hull fouling (FAO 2012). In
addition, secondary spread along the coastline from the original point of introduction has occurred
in several instances (Nehring 2011).
Work by Cardoso et al. (2007) on its growth and reproduction suggests that this species has not yet
reached its maximum potential range according to its eco-physiological limits, and its reproductive
performance may result in further expansion. From a global perspective, the worldwide distribution
of C. gigas demonstrates that only the equatorial and polar regions are less favourable for culture,
and most temperate regions are highly favourable (CABI 2010).

7

Compatibility with local environmental conditions

The water temperatures of the South African coast can be broadly grouped as follows (Field &
Griffiths 1991):
 West Coast:
 South Coast:
 East Coast:

8 - 18°C
15 - 22°C
22 - 27°C

C. gigas has a broad temperature tolerance (from -2 to 35°C), however, reproduction requires
temperatures above 20°C. This may explain why there appears to be no self-sustaining populations
on the West coast and marine aquaculture activities in this region require continuous seeding in
order to succeed. Within South Africa, self-sustaining populations of C. gigas are only found in
estuaries, with no marine populations. This may be due to habitat availability or the wave exposure
on the shoreline, or there could be another limiting factor.
The South African coastline is estimated to be 38% sandy, 32% mixed shore and 29% rocky shore
(with the remainder comprising estuary and river mouths, and harbours) (Harris et al. 2011). The
west coast is predominantly sandy representing all beach types. The south coast is predominantly a
series of log spiral bays with sections of cliffs or long stretches of rocky coastline. The east coast is
very heterogeneous comprising rocky cliffs, long sandy beaches, extremely sheltered deep bays and
highly exposed open coasts (Harris et al. 2010).
There are five marine inshore ecozones which comprise South Africa’s 3100 km length coastline –
the Namaqua, the Southwestern Cape, Agulhas, Natal and Delagoa (Sink et al. 2012) (Figure 4). The
2011 National coastal and marine habitat classification incorporate the following key drivers of
marine biodiversity patterns:
 Terrestrial and benthic-pelagic connectivity
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Substrate (consolidated or unconsolidated)
Depth and slope
Geology, grain size and wave exposure (which interact in the case of beaches)
Biogeography

The current known established populations of C. gigas fall within the Agulhas ecozone (Picker &
Griffiths 2011). However, despite their invasive potential internationally, they do not appear to
behave in an invasive manner within South African waters. As a result, the entire coastline will be
considered during this Biodiversity Risk and Benefit Assessment.

Figure 4.

Map highlighting the five marine inshore ecozones of South Africa (Sink et al. 2012).
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7.1

Culture techniques

Once introduced from Europe, South America or Namibia, spat are then grown out in land-based
hatcheries until a minimum size is obtained. At this point, the production is moved to marine bays
where the production techniques include long-line, raft and rack culture. Long-line culture of C.
gigas involves ropes attached to floating buoys which support plastic mesh cages. Raft culture is
similar except the ropes and attached oyster bags are suspended from a wooden raft. Oyster rack
culture uses oyster bags attached to oyster racks which are held in place by fixed structures. The
latter technique allows for mirroring of natural environmental conditions as the oysters are exposed
during low tides (DAFF 2012).
Raft and rack culture are becoming increasingly rare in South Africa. The most common method used
in South Africa, that of long-line culture is reported to have minor impacts on the benthic
communities compared to raft culture, as the cages are spaced further apart and are less disruptive
of water flow (A. Tonin, Saldanha Bay Oyster Company, pers. comm.). The majority of oyster culture
is undertaken in marine bays. Currently, there is only one operational estuarine farm in South Africa,
located on the Keiskamma estuary, and is a small government-funded facility.

8

Research requirements

Major knowledge gaps include its ecosystem-level effects and consequences, and its interactions
with indigenous organisms (Ruesink et al. 2005). Specifically, how it influences nutrient cycling,
hydrodynamics, and sediment budgets compared to other indigenous oysters, and what the likely
consequences of these are, still need to be established (Ruesink et al. 2005). In addition, little is
known about whether indigenous species of oyster and other co-occurring species use C. gigas for
habitat and or food; and there is a lack of knowledge regarding the spatial and temporal extent of
direct and indirect ecological effects within invaded and adjacent communities and ecosystems
(Ruesink et al. 2005). Routine monitoring of current C. gigas populations and their impacts on
habitat as well as research and modelling of their potential range expansion, taking into account
predicted effects of climate change, and survival in the marine environment are other important
research needs.
Currently there is some genetic research underway (using nuclear and mitochondrial markers) to
investigate the source of the Breede and GouKou populations. This will also determine whether
there has been any subsequent transfer of genetic material between the populations since they
were founded (Keightley, J., Tonin, A., von der Heyden, S. & Jackson, S., unpublished data).
Given that C. gigas has demonstrated considerable invasion success internationally (Ruesink et al.
2005), further research is required on the lack of established natural populations in South Africa to
determine the limiting factors (e.g. lack of available habitat or predator interactions).
Ongoing environmental impact monitoring surveys undertaken in Saldanha Bay by the Department
of Agriculture, Forestry and Fisheries will provide an indication of the environmental impact of
oyster culture (DAFF, unpublished data). However, visual observations of the benthos underneath
oysters farms and preliminary data show minimal impact in this area when compared to other sites
within the Bay.
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Benefit assessment

9.1

Potential ecological benefits

C. gigas can be particularly efficient ecosystem engineers especially in soft sediment environments
through the creation of biogenic reefs (Crooks 2002, Ruesink et al. 2005). These hard structures
provide a habitat for a variety of species offering an attachment surface, protection from harsh
environmental conditions, shelter from predators, and foraging or nursery grounds (Ruesink et al.
2005). Due to their filter-feeding behaviour, C. gigas can assist in removing particulate matter from
the water column and converting nutrients into an accessible form, thus allowing an increase in
efficiency of primary production of aquatic vegetation (Peterson & Heck 1999, Shumway et al. 2003).
This is a benefit associated with wild populations of C. gigas, and not necessarily with farmed
animals.
Oysters can act as water quality indicators, due to their ability to filter toxins and microbes from the
surrounding environment. In South Africa, oyster farmers are required to sample animal tissues and
water in the culture area, to be tested by accredited laboratories, as part of the South African
Molluscan Shellfish Monitoring and Control Program administered by the DAFF. The results of these
analyses can assist in ensuring human health. The programme demonstrates that farmers are
operating responsibly and can provide guarantees of safety to consumers both locally and
internationally.

9.2

Socio-economic benefits

The international production of C. gigas through aquaculture activities increased from the 1950s
(initiation of statistic collections by the FAO) until the mid 1980s when production reached a plateau
(Figure 5). Worldwide annual production today of C. gigas is approximately 662 513 tonnes. The
international value has followed this increase (although the recording of value data was only
initiated in the early 1980s) and is currently valued at USD1.263 billion (Figure 6).
The total 2011 production of oysters in South Africa was 269.34 tonnes (A. Nakani, pers. comm.).
The production in South Africa over the last five years has remained at the same level, with
fluctuations in both directions (Figure 7). This is similar to the international trends noted above.
Oyster farming in South Africa was valued at ZAR14 million in 2011. In 2011, ZAR9.2 million was
invested in oyster aquaculture, primarily to allow for business expansion (A. Nakani, pers. comm.).
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2010

2011

South African oyster farms in 2011 were employing 123 full time and 34 part time staff. Of these
employees, the majority (n=130) were male and 27 were female (A. Nakani, pers. comm.).
There is a significant recreational fishery sustained by oysters in the Breede estuary with both the
indigenous Striostrea margaritacae and C. gigas harvested by humans wherever they are accessible.
For example, there is a notable difference in S. margaritacae densities at the mouth of the Knysna
estuary, with the side which has limited access demonstrating higher oyster densities (Keightley, J.,
Tonin, A., von der Heyden, S. & Jackson, S., unpublished data).
A recent study by Olivier et al. (in press) investigated the ecological carrying capacity of Saldanha Bay
with regards to bivalve farming. The findings indicate that the sector could increase 10 to 28 fold,
potentially creating an additional 940 to 2500 jobs for the region, while still remaining within the
ecological carrying capacity of the bay.

10

Risk assessment

10.1

Likelihood of this species becoming established in South Africa

Internationally, Crassostrea gigas has been introduced widely as an aquaculture species (Ruesink et
al. 2005). For the most part, it has remained confined to aquaculture operations for many years. In
66 cases of documented introduction, 17 led to established populations, 23 did not. The outcome of
the remaining introduction is unknown (Ruesink et al. 2005).
Previously, the species was thought to be unable to complete its entire life cycle under local
conditions in South Africa (Griffiths et al. 1992). However, Crassostrea gigas has already established
itself naturally (Robinson et al. 2005). Although it has not been found on the open coast, established
populations were found in 2001 within the Keiskamma, Kromme, Knysna, Goukou, Duiwenhoks and
Breede estuaries (Robinson et al. 2005). In 2003, established populations were only found in the
Knysna, Goukou and Breede estuaries (Robinson et al. 2005). On the other hand, considering the
extent of culture around the coastline, C. gigas has not established as widely as might be expected.
The invasive potential of C. gigas has been assessed in accordance with the European Non-Native
Species Risk Analysis Scheme (ENSARS) (Copp et al. 2008) developed by CEFAS (UK Centre for
Environment, Fisheries & Aquaculture Science). ENSARS provides a structured framework (Crown
Copyright 2007-2008) for evaluating the risks of escape, introduction to- and establishment in open
waters, of any non-native aquatic organism being used (or associated with those used) in
aquaculture. For each species, 49 questions are answered, providing a confidence level and
justification (with source listed) for each answer. The questions and results of the assessment on C.
gigas can be found in Appendix 1.
The outcome of the scoring was that C. gigas be rejected as for potential introduction. However, this
is a conservative score for the species, considering that despite continuous introductions since the
1950s, there has been very little spread of C. gigas within South Africa. The species does not appear
to demonstrate the same invasion potential in South Africa as it does internationally.
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10.2

Potential ecological impacts

Currently, C. gigas is not considered to be a problem in South Africa (Picker & Griffiths 2011).
However, C. gigas spat is well known for its ability to spread considerable distances from the source
population, with a maximum recorded distance of 1,300 km (AMCS 1998). This could threaten native
biodiversity, through the competing use of space and food, especially if it were to establish in
estuaries. Range overlap with indigenous Pinctada capensis (Cape pearl oyster), S. margaritacea
(Cape rock oyster) and Ostrea atherstonei (Brooding oyster) in South Africa is cause for concern, as it
is likely to compete with them (Picker & Griffiths 2011).
In both Algoa and Saldanha Bay, no wild oyster populations have yet become established, despite
years of culture. In Saldanha Bay, the marine aquaculture area currently covers approximately 8% of
the entire bay and oysters reportedly do not consume large volumes of the available phytoplankton.
Eno et al. (1997) report that in North America, C. gigas can settle in such dense aggregations that it
may exclude other intertidal species. This could result in limitations of food and space for other
intertidal species (NIMPIS 2002). In Europe, the higher growth rate and the larger size of oysters,
allows them to eventually overgrow and kill Mytilus edulis blue mussels (Nehring 2011). Crassostrea
gigas has also been responsible for killing mussels via competition (Reise 1998). Reise et al. (2005)
found that many oyster beds of C. gigas in the Wadden Sea are now rapidly developing into solid
reefs at several sites in the region. Thus, C. gigas is predicated to become a dominant species of reef
communities in the Wadden Sea, both as an ecosystem engineer generating solid reefs and as a
competitive suspension feeder (Reise et al. 2005). These international examples highlight the
potential risks involved with further introductions of C. gigas in South Africa.
When oysters are introduced with other native species, the introduced species generally
outcompetes the indigenous species, presumably because they were specifically introduced for their
fast growth rate in the first place. This is certainly the case for C. gigas (Baker 1995, Ruesink et al.
2005). However, more recent studies in South Africa imply that the impact on S. margaritacae may
be minimal as they occupy different habitats, with the indigenous species intolerable to low salinities
(found in higher densities at estuary mouths) while C. gigas is found in further inland. For example,
in the Breede River, it can be found 12 km from the estuary mouth at a salinity of approximately
12‰ (Keightley, J., Tonin, A., von der Heyden, S. & Jackson, S., unpublished data).
Introductions into New Zealand and New South Wales, Australia, have highlighted the potential to
displace native species (FAO 2012). Crassostrea gigas were first confirmed in the Auckland area of
North Island, New Zealand in 1971 (FAO 2012). By 1977, C. gigas had become the dominant farmed
oyster, having displaced the indigenous Rock oyster (Saccostrea glomerata), through competition for
settlement space and by virtue of its significantly superior growth rate (FAO 2012).
Another major negative impact is the role exotic oysters play as vectors for alien species, parasites
and diseases (Carlton 1992a, Carlton 1992b, Ruesink et al. 2005). As many as 78 invasive species of
marine algae, invertebrates and protozoa have been introduced by non-native oysters for the
purpose of cultivation in only nine areas assessed by Ruesink et al. (2005). In South Africa, four
previously unrecorded species were found to be associated with oyster culture, in particular the
black sea urchin, Tetrapygus niger; the European flat oyster, Ostrea edulis; Montagu’s crab, Xantho
incisus, and the brachiopod Discinisca tenuis (Haupt et al. 2010). Farmed C. gigas have been found to
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host diverse communities of living invertebrates, despite following standard cleaning procedures
prior to translocation as spat (Haupt et al. 2012).
Some of the parasites which affect C. gigas may also affect other indigenous bivalves. If unknown
diseases are introduced, indigenous species may not have an adequate immune system to cope with
them, and as a result it can lead to their demise. Risks associated with introduction of diseases and
parasites to native species are thus not insignificant. A summary of symptoms of the most common
diseases and/or parasites which have been found internationally to infect C. gigas is provided in
Table 1. In general, Ruesink et al. (2005) concluded in their review of oyster diseases that there is a
distressing pattern whereby oyster introductions are the major cause of emerging diseases in many
marine organisms. However, to date, none of these diseases have been found in South African
oysters (DAFF 2012).

Table 1.

Symptoms of some of the diseases which commonly infect C. gigas (Information from FAO
2012, Fisheries and Oceans Canada (http://www.dfo-mpo.gc.ca), ICES 2010, ICES 2011)

Name of disease or parasite

Common symptoms

Denman Island Disease/Bonamiasis

Tissue necrosis (lesions form); mortality (predominantly in older
individuals)

Nocardiosis

Mortalities; reduced thermotolerance; large lesions

Herpes-type virus disease of C.
gigas larvae

Mortalities; loss of appetite; lesions

Oyster velar virus disease (OVVD)

Blisters form; Mortality

MSX

Mortality

Juvenile Oyster Disease (JOD)

Reduced growth rate, development of fragile and uneven shell
margins, cupping of the left valve; Mortality

Dermo

Reduced feeding, growth, reproduction; Mortality

Vibrio spp

Tissue necrosis; reduced feeding rate; erratic swimming behaviour
(larvae); mass mortality.

It is considered that C. gigas, despite its greatly expanded global distribution, has few major diseases
associated with its culture, relative to other commercially farmed oysters (FAO 2012).
No evidence for hybridization between indigenous South African oysters and C. gigas has been
detected (Robinson et al. 2005). However, hybridisation has been found between C. gigas and C.
rivularis (Allen & Gaffney 1993) and between C. gigas and C. angulata (Huvet et al. 2004). No other
indigenous species from the same genus as C. gigas occur in South Africa and therefore hybridization
is extremely unlikely to happen naturally.

10.3

Potential socio-economic impacts

While there are significant economic benefits associated with aquaculture, some minor negative
socioeconomic impacts on other fisheries have been identified, primarily linked to escapees. C. gigas
is known to have the ability to successfully recruit and establish natural populations in estuarine
systems of South Africa (Robinson et al. 2005), and has the potential to cause major negative
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ecological impacts (Ruesink et al. 2005), there is the possibility of direct negative socio-economic
impacts.
Many fisheries (subsistence, recreational & commercial) are potentially at risk due to the negative
impacts C. gigas can have on the wider ecosystem via competition for space and resources, and via
the spread of invasive species, diseases and viruses. Although C. gigas is limited to estuarine
environments in South Africa, associated species may survive in marine environments as well as
estuaries. Therefore these could potentially disperse outside of the few estuaries where the host
currently occurs (Ruesink et al. 2005, FAO 2012). If only certified exotic and disease free spat are
introduced then the risk of potential socio-economic impacts is likely to be reduced. However,
potential still exists for C. gigas to impact on other resource species and ecosystem services within
estuaries with indirect effects on coastal fisheries.

10.4

Risk summary

There is reasonable likelihood that:
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There will be escapees from any operational aquaculture facility (although the chance of
survival is dependent on the water temperature of the region);
In grow-out areas, introduced oysters may compete with indigenous species for food and
space;
No hybridisation will occur with indigenous species; and
Diseases or parasites could be transferred to populations of indigenous mollusc species and
other marine organisms unless appropriate best management practises are adopted, and all
spat for introduction are certified disease free by suitably qualified veterinarians.

Control and prevention options

Controlling the spread of invasive species through prevention is thought to be the most costeffective means (Leung et al. 2002). The Department of Environmental Affairs & Development
Planning Generic Environmental Best Management Practice Guideline for Aquaculture Development
and Operation in the Western Cape (Hinrichsen 2007) may be used as a guide for construction of
facilities and management thereof.
One preventative options for consideration and application by farmers could be the introduction of
sterile triploids to prevent establishment of self-sustaining populations in the wild. These triploids
are either produced by temperature shocking fertilised eggs or by crossing tetraploids with diploids
(FAO 2012). However, internationally, it has been observed that a small percentage of triploid
oysters typically revert toward diploidy with age (Guo & Allen 1994) and therefore this is not a
reliable method, although it will reduce the biosecurity risk.
In order to prevent the introduction of diseases and parasites, imported spat should be certified
“disease free” by the supplier and importer. In addition, eggs should be disinfected on export and
import.
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If escapes do occur into the surrounding environment, they may survive in some areas and
eradication may be necessary. Crassostrea gigas can be controlled manually via the harvesting of
adults as it is not yet widespread in South Africa and it is currently only restricted to a few estuaries
(Robinson et al. 2005, Picker & Griffiths 2011).

12

Recommendations regarding suitability for use in aquaculture in South
Africa

In South Africa, the National Environmental Management Biodiversity Act (NEM:BA 2004) provides
guidelines on the processes to be followed regarding the intentional introduction of potentially
invasive species. However, NEM:BA has limited relevance to unintentional introductions, such as
those introduced on fouled oyster spat, and mostly deals with blacklisted species. This legislation is
currently under review by the government owing to the fact that NEM:BA currently does not allow
for the listing of species’ which require control measures.
The most critical need with regards to C. gigas culture, is the development of a South African bivalve
hatchery. This will reduce the reliance on spat import, and hence the risk of non-intentional
introduction of associated alien species and diseases.
A number of area-specific recommendations are proposed, based on the presence of an existing
population and climatic suitability, the elements of which are outlined in Table 2. The culture of C.
gigas within a Marine Protected Area (MPA) and within estuaries should be prohibited, unless
otherwise permitted or where existing populations have become established. In marine bays where
the species is currently not present (but the climate is suitable for culture), a high level of biosecurity
is recommended. Culture facilities in these areas should only be permitted to use spat sourced from
biosecure certified hatcheries. Another recommendation is the use of sterile spat to minimise the
potential of reproduction within an area. Measures to ensure that fouling organisms are removed
from cultured oysters and are not discharged back into the marine environment must also be
implemented. This will ensure that any non-native fouling species which were introduced with the
oyster spat but were undetected previously, will not be released into the wild.

Table 2.

Recommendations for C. gigas culture in South Africa. Red shading indicates ‘No culture”, blue shading
indicates “high biosecurity” (i.e. spat to be sourced from a biosecure hatchery located in southern Africa) and
green shading indicates reduced biosecurity requirements (“medium biosecurity”). White blocks represent
“Non-applicability”, i.e. in this case, there is no native distribution of C. gigas in South Africa.

Area category

Existing
introduced
population

Native
distribution

Species not present
(climatically
suitable)

Species not present
(climatically
unsuitable)

MPA

1

1

1

All other areas (estuarine)

1

1

1

All other areas (marine)
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In marine bays where there is an existing introduced population or the species is non-existent (but
climatic conditions are unsuitable for reproduction), culture should be permitted under reduced
(‘medium’) biosecurity measures. This should include, as a minimum, a ban on dumping of fouling
material back into the sea and a requirement to source spat from a hatchery that is certified
biosecure.
In addition, the FAO (2012) is hoping that breakthroughs will be made in developing guaranteed
100% sterile triploids. These factors would increase its suitability for culture in South Africa provided
veterinarian protocols to eliminate any parasites and diseases are followed.
A study undertaken by Haupt et al. (2012) demonstrated the effectiveness of oyster cleansing
treatments with regards to removal of biofouling. Following cleaning, the mean abundance and
biomass of fouling organisms was reduced. Two treatment methods in particular were tested.
Following 18 hours of fresh water immersion, there was 0% oyster mortality, but some fouling
organisms were largely unaffected. Following immersion in heated seawater over short time periods
(with a maximum of 60 seconds), the fouling organisms were eliminated, but the mortality rate of
oysters was greater (27% after 40 seconds). This study shows that in addition to treatment of oysters
prior to transport, additional preventative measures should be adopted to minimize biosecurity
risks.
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Appendix 1. Risk scoring methodology for C. gigas along the South African coastline (Copp et al. 2008). The answers are based
on South African examples wherever possible, however, where these have not been documented locally, international
examples are used.

Question

1

2
3

4

5

6

7
8

9
10
1
2

Risk query:
Biogeography/historical
Is the species adapted for aquacultural or ornamental purposes? Guidance: The taxon must have been grown
deliberately and subjected to substantial human selection for at least 20 generations, or it must be known to be easily
reared in captivity.
Has the species become naturalised where introduced? Guidance: The taxon must be known to have successfully
established self-sustaining populations in at least one habitat other than its usual habitat (eg. Lotic vs lentic) and
persisted for at least 50 years (response modifies the effect of Q1).
Does the species have invasive races/varieties/sub-species? Guidance: This question emphasizes the invasiveness of
domesticated, in particular ornamental, species (modifies the effect of Q1).
Is species reproductive tolerance suited to climates in the risk assessment area (0-low, 1-intermed, 2-high)? Guidance:
Climate matching is based on an approved system such as GARP or Climatch. If not available, then assign the maximum
score (2).
What is the quality of the climate match data (0-low; 1-intermediate; 2-high)? Guidance: The quality is an estimate of
how complete are the data used to generate the climate analysis. If not available, then the minimum score (0) should be
assigned.
Does the species have broad climate suitability (environmental versatility)? Guidance: Output from climate matching
can help answer this, combined with the known versatility of the taxon as regards climate region distribution. Otherwise
the response should be based on natural occurrence in 3 or more distinct climate categories, as defined by Koppen or
Walter (or based on knowledge of existing presence in areas of similar climate).
Is the species native to, or naturalised in, regions with equable climates to the risk assessment area? Guidance:Output
from climate matching help answer this, but in absence of this, the known climate distribution (e.g. a tropical, semitropical, south temperate, north temperate) of the taxons native range and the ‘risk are’ (,e, country/region/area for
which the MIISk is being run) can be used as a surrogate means of estimating.
Have introductions of the species been successful more often than unsuccessful? Guidance: Should be relatively well
documented, with evidence of translocation and introduction.
Has the species naturalised (established viable populations) beyond its native range? Guidance: If the native range is
not well defined (i.e. uncertainty about it exists), or the current distribution of the organism is poorly documented, then
the answer is “Don’t know”.
In its naturalised range are there impacts to aquaculture, aquarium or ornamental species? Guidance: Where possible,

Applicable to West coast culture
Applicable to South and East coast culture
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Reply

Comments & References

Certainty

Y

FAO 2012

4

Y

Robinson et al. 2005; Ruesink et
al. 2005

3

Y

GISD 2012

4

0 ,1

Robinson et al. 2005

4

2

Field & Griffiths 1991

4

Y

NIMPIS 2012; FAO 2012

4

Y

Robinson et al. 2005

4

N

Ruesink et al. 2005

3

Y
N

Robinson et al. 2005
No record of this

4
3

1

2

11

this should be assessed using documented evidence of real impacts (i.e. decline of native species, disease introduction
or transmission), not just circumstantial or opinion-based judgements.
In its naturalised range are there impacts to wild stocks of commercial fish, shellfish, crustacean or algal species?
Guidance: Aquaculture incurs a cost from control of the species or productivity losses. This carries more weight than
Q10. If the types of species is uncertain, then the yes response should be placed here for more major species,
particularly if the distribution is widespread.

Y

Nehring et al. 2011

3

12

In its naturalised range are there impacts to estuaries, coastal waters or amenity values (e.g.does it form extensive
colonies?) Guidance: documented evidence that the species has altered the structure or function of natural ecosystems.

Y

Ruesink et al. 2005

4

?

Depends on taxonomic
resolution regarding C. angulata

2

N

Unless algal blooms or
unhygienic preparation

4

N

S. Jackson pers. comm.

4

N

No reference

4

N

No reference

4

Y

Ruesink et al. 2005

3

N

DAFF 2012

3

Y

Fey et al. 2010

4

Y

FAO 2012

4

Y

No reference

4

Y

FAO 2012

3

Y

Ruesink et al. 2005

3

13

14
15
16
17

18

19

20
21
22
23

24

Does the species have invasive congeners? Guidance: One or more species within the genus are known to be serious
pests.
Is the species poisonous or poses other risks to human health? Guidance: Applicable if the taxon’s presence is known,
for any reason, to cause discomfort or pain to animals. In the case of mollusks, which can become poisonous to humans
by accumulating algae toxins, restrict this question to animals other than humans.
Is it likley to out-compete and/or hybridise with native species? Guidance: known to suppress the growth of native
species, or displace from the microhabitat, of native species.
Is the species parasitic of other species or may it act a major predator on a native species that was previously subject
to low predation? Guidance: Needs at least some documentation of being a parasite of other species.
Is the species unpalatable to predators? Guidance: this should be considered with respect to where the taxon is likely to
be present and with respect to the likely level of ambient natural or human predation, if any.
Does the feeding, settlement or other behaviours of the species reduce habitat quality for native species? Guidance:
There should be evidence that the foraging results in an increase in suspended solids, reducing water clarity, changes in
water chemistry etc.
Does the species host, and/or is it a vector, for recognised pests and pathogens, especially non-native? Guidance: The
main concerns are non-native infectious agents, with the host being the original introduction vector of the disease or as
a host of the disease brought in by another taxon.
For crustaceans, does the species achieve an ultimately large body size (e.g > 10 cm body length) or for mussels, does
the species form extensive colonies/cluster/aggregations (e.g. >1m^3)? Guidance: Although small-bodied invertebrates
may be abandoned, large-bodied invertebrates are the major concern, as they soon outgrow their aquarium.
Does the species tolerate a wide range of salinity regimes? Guidance: There should be evidence that the species
tolerates a wide range of salinities, from freshwaters to highly saline.
Is the species desiccation tolerant at some stage of its life cycle? Guidance: Should be able to withstand being out of
water for extended periods (e.g. minimum of one or more hours).
Is the species versatile in terms of habitat use? Guidance: Species that are known to persist in a wide variety of
habitats, including areas of standing and flowing waters (over a wide range of Velocities: 0 to 0.7 m per sec).
Does feeding or other behaviors of the species reduce habitat quality for native species? Guidance: There should be
evidence that the foraging results in an increase in suspended solids, reducing water clarity, changes in water chemistry
etc. PLEASE NOTE THAT THIS IS REPETITION OF QUESTION 18. THIS IS AN ERROR WITH THE MI-ISK TOOLKIT AND THE
CREATORS WILL BE ALERTED. FOR THE PURPOSES OF THIS STUDY, THE ANSWER HAS BEEN REPEATED.
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25
26
27
28
29

30
31
32
33

34
35
36
37
38
39

40

41

Does the species require minimum population size to maintain a viable population? Guidance: Time from hatching to
full maturity (i.e. active reproduction, not just presence of gonads). Please specify the number of years. PLEASE NOTE
THAT THE GUIDANCE GIVEN ON THE TOOLKIT, DOES NOT REFER TO THIS QUESTION. THIS IS AN ERROR WITH THE MI-ISK
TOOLKIT AND THE CREATORS WILL BE ALERTED. FOR THE PURPOSES OF THIS STUDY, THE GUIDANCE HAS BEEN
MODIFIED FROM A SIMILAR QUESTION IN THE PRESCREENING TOOLKIT: Guidance: There should be evidence of a
population crash or extirpation due to low numbers (e.g. overexploitation, pollution, etc.).
Is the species a voracious predator? Guidance: Obligate piscivores are most likely to score here, but some facultative
species may become voracious when confronted with naïve prey.
Is the species omnivorous? Guidance:Evidence exists of foraging on a wide range of prey items, including incidental
piscivory.
Is the species planktivorous or detritivorous? Guidance: Should be an obligate planktivore to score here.
Does the species have a wide temperature tolerance range? Guidance: There should be documented evidence of the
taxon being able to survive in extreme low and/or high temperatures.
Does it exhibit parental care (brooding) and/or is it known to reduce age-at-maturity in response to environment?
Guidance:Needs at least some documentation of expressing parental care and/or viable age at maturity under different
environmental conditions.
Does the species produce viable gametes? Guidance: If the taxon is a sub-species, then it must be indisputably sterile.
Is the species gynogenetic (e.g. Melanoides tubercolata or the marble crayfish)? Guidance: needs at least some
documentation of gynogenesis.
Is the species hermaphroditic? Guidance:Needs at least some documentation of hermaphroditism.
Is the species dependent on the presence of another species or specific habitat features to complete life cycle?
Guidance: Some species may require specialist incubators or specific habitat features (e.g. fast-flowing water, particular
species of plant or types of substrata) in order to reproduce successfully.
Is the species highly fecund, iteropatric or extended spawning season? Guidance:Species is considered to have
relatively high fecundity for its taxonomic Order.
What is the species' known minimum generation time (in years)? Guidance: Time from hatching to full maturity (i.e.
active reproduction, not just presence of gonads). Please specify the number of years.
Are life stages likely to be dispersed unintentionally? Guidance: Unintentional dispersal resulting from human activity,
including as ship ballast or hull foulant.
Are life stages likely to be dispersed intentionally by humans (and suitable habitats abundant nearby)? Guidance: the
taxon has properties that make it attractive or desirable (e.g. as for ornament or unusual appearance).
Are life stages likely to be dispersed as a contaminant of commodities? Guidance: Taxon is associated with organisms
likely to be sold commercially.
Does natural dispersal occur as a function of dispersal of eggs and/or the movement of the suitable substratum?
Guidance: there should be documented evidence that eggs are taken by water currents or displaced by other organisms
either intentionally or not.
Does natural dispersal occurs as a function of larval dispersal (along linear and 'stepping stone' habitats)? Guidance:
There should be documented evidence that larvae enter, or are taken by, water currents, or can move between marine
areas via connections.
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Y

Need certain number to prevent
inbreeding

4

N

FAO 2012

4

Y
Y

Consumes phytoplankton and
protists (FAO 2012)
FAO 2012

3
4

Y

FAO 2012

4

N
Y

FAO 2012
No reference

4
4

N
Y

No reference
FAO 2012

4
4

N

No reference

4

Y

FAO 2012

4

2

Boudry 2008

4

Y

AMCS 1998

4

Y

Ruesink et al. 2005

4

?

No record of this

2

N

No reference

3

Y

NIMPIS 2012

4

42
43
44

45

46
47

48

49

Are juveniles or adults of the species known to migrate (reproduction, feeding, etc.)? Guidance:There should be
documented evidence of migratory behavior, even at a small scale (tens or hundreds of meters).
Are eggs of the species known to be dispersed by other animals (externally)? Guidance: For example, are they moved
by birds accidentally when the water fowl move from one marine area to another?
Is dispersal of the species density dependent? Guidance: There should be documented evidence of the taxon spreading
out or dispersing when its population density increases.
Is any life history stage likely to survive out of water transport? Guidance: There should be documented evidence of
the taxon being able to survive for an extended period (e.g. an hour or more) out of water. PLEASE NOTE THAT THIS IS
SIMILAR TO QUESTION 22. THIS IS AN ERROR WITH THE MI-ISK TOOLKIT AND THE CREATORS WILL BE ALERTED. FOR THE
PURPOSES OF THIS STUDY, THE ANSWER HAS BEEN REPEATED.
Does the species tolerate a wide range of water quality conditions, especially oxygen depletion & high temperature?
Guidance: This is to identify taxa that can persist in cases of low oxygen and elevated levels of naturally occurring
chemicals (e.g. ammonia).
Is the species susceptible to chemical control agents? Guidance: There should be documented evidence of susceptibility
of the taxon to chemical control agents.
Does the species tolerate or benefit from environmental disturbance? Guidance: The growth and spread of some taxa
may be enhanced by disruptions or unusual events (coastal turbidity due to river floods and/or spates), especially
human impacts (coastal dredging, desiccation, trawl fishing, etc).
Does the species have effective natural enemies present along the coasts of the risk assessment area? Guidance: A
known effective natural enemy of the taxon may or may not be present in the Risk Assessment area. The answer is
‘Don’t know’ unless a specific enemy/enemies is known.
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N

No reference

4

?

No record of this

2

N

No record of this

3

Y

No reference

4

Y

FAO 2012

4

?

No record of this

2

?

No record of this

2

Y

Humans (no reference)

3

