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Abstract
The oyster cultivation is a profitable and operationally diverse industry that has prevailed in many countries of the 

world. Different culture techniques have been employed from farm to farm, with growers using either, the rack and 
rail method, longlines, or a combination of two or more methods to grow oysters. They are grown in either intertidal 
or subtidal marine zones, with post-harvest activities taking place predominantly at land-based facilities. There are 
a number of environmental issues that are relevant to the cultivation of oysters in the coastal waters. These are 
typically associated with the operation of the farm or the land-based service facility. If the farm is designed or managed 
inappropriately, there is potential for ecological harm. Therefore, this paper reviewed some of the ecological damage 
associated with oyster cultivation and proffers solutions to the problems.
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Introduction
Oyster cultivation is one of the most significant bivalve aquaculture 

industries world-wide (FAO, 2006). While the global industry is based 
on a range of species, Crassostrea gigas, Ostrea edulis, Crassostrea 
virginica, for instance, are by far the most dominant, having been 
spread either deliberately or inadvertently (e.g. via shipping) to 
many countries [1]. Over the last 30 years, aquaculture in marine 
waters such as oysters farming has greatly increased partly driven by 
the need for greater self-sufficiency in marine food production [2]. 
One of the great barriers to the development of shellfish or mollusc 
aquaculture is the perception that industry expansion could have 
negative environmental effects on our coastal waters. Although, 
there have been very few studies on the effects of oyster cultures on 
intertidal habitats [3-7]. However, it is now stated that aquaculture 
activities cause environmental disturbances [6,8,9]. Oysters farming 
usually results in a net removal of nutrients from the water column 
and may also compete with other organisms for survival (e.g seagrass) 
and this is generally considered to cause environmental damage. 
In the Pertuis Charentais (SW France), oysters have traditionally 
been cultivated directly on the sediment, hereafter called on-bottom 
culture, but currently the most common technique is on tray culture 
(Figure 1), hereafter called off-bottom culture. This involves placing 
the oysters in plastic mesh bags tied to metal trestles. The presence of 
trestles arranged in parallel rows in the intertidal area [10] significantly 
reduces the strength of tidal currents [4]. This limits the dispersal of 
pseudo-faeces and faeces in the water column and thus increases the 

natural sedimentation process by several orders of magnitude [11]. The 
adverse effects of aquaculture-derived organic matter loads on subtidal 
benthic assemblages are known [12], so in view of the features of on-
bottom and off-bottom culture methods, it is plausible that off-bottom 
cultures cause more disturbance than on-bottom cultures to intertidal 
benthic environments. Other potential negative impacts associated 
with oyster farming include; physical impacts associated with farming 
structures and farm operations, reductions in native stocks caused 
by the collection of result wild seed and impacts associated with the 
introduction of exotic or invasive species, etc as seen in Figure 2. 
As stated earlier, there is little information on the impacts cultured 
oysters on the environment except for a few studies on mussels and the 
northern quahog [1,4,13-17].

The purpose of this article is to review some of the negative impacts 
of oyster farming on the coastal habitats and provide remediation 
strategies that could be employed to curb the problems.

Impacts of Oysters Farming
Competition for phytoplankton through filter-feeding

One of the greatest potential impacts of filter feeder cultivation 
such as oysters is the net loss of energy, in the form of phytoplankton, 
from the ecosystem. Many research conducted have shown that bivalve 
species such as oysters can filter, on average, 15-55 litres/day (4-14.5 
gallons/day) of seawater [18]. Filtration has been shown to control 
phytoplankton growth by removing them from the water [19,20] this 
process is referred to as “top-down” population control. They also 
consume detritus and can thus have an impact on their abundance 
and composition in the water. Competition for phytoplankton and 
detritus can affect wild species as the cultured species, being the most 
predominant, manage to filter out the most of the phytoplankton and 
so the wild species which also depend on the same resources may 
suffer. Haure and Baud [21] showed that in the bay of Bourgneuf as the 
stock of oysters (C. gigas) increased from 37,821 to 46,343 tonnes from 

Figure 1: Tray culture of Oysters.
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1986-88. The wild population of mussels dropped from 40,068 to 6,700 
tonnes in the same period. They postulated that this reduction is due 
to trophic competition with oysters as they feed on approximately the 
same phytoplankton.

Bio-deposition and changes in seabed topography and 
sedimentation

Bio-deposition is the term given to the accumulation of 
faeces and pseudo-faeces under the oysters’ beds [22]. These bio-
deposits are rich in nitrogen and phosphorus and may represent a 
significant proportion of the energy potentially available to consumer 
invertebrates as a food resource. Therefore, Oysters may stimulate 
primary productivity through bio-deposition. They do this by exerting 
control over the amount of available mineral nitrogen and phosphorus 
to phytoplankton by sequestering them as protein in their meat and 
shell tissues [23]. Not only that, they deposit organic nitrogen-rich 
bio-deposits to the bottom sediments that bacteria decompose, thus 
forming ammonium; ammonium is converted by nitrifying bacteria 
in oxygen-rich sediments to nitrate, which denitrifying bacteria in 
deeper sediment layers then convert to nitrogen gas [14,24]. Due to 
bio-deposition by oysters, organic enrichment has been recorded at 
some sites. According to Nugues et al. [4] noted an increase in organic 
and silt composition sediment beneath the oysters’ trestles. Martin et 
al. [25] have shown that trestle cultivation of oysters is responsible 
for increased sedimentation (Figure 3) of both organic matter and 
contaminants. According to Sornin et al. [26] went as far as to say that 
the accumulation of bio-deposits by oysters brings about noticeable 
geological modifications of the underlying sediment. He recorded an 
increase in the organic, silt and phaeo-pigment content beneath the 
trestles which was again probably related to the recorded decrease in 
current velocity at both sites.

Introduction of invasive species, pests and diseases

There are great concerns that the widespread movement of 
cultured species (broodstock, seed, or planting stock) will facilitate the 

movement of disease-causing organisms and exotic species [27], which 
may pose potential dangers for both cultured and wild stocks [28]. For 
instance, American whelk tingle (Urosalpinx cinera) was introduced 
into England along with American oyster (Crassostrea virginica). This 
gastropod became established in some areas of Essex and Kent and 
caused a great deal of damage to the juvenile stages of the European flat 
oyster (Ostrea edulis) [29]. Pacific oysters may be invasive primarily 
in rocky habitats and artificial structures, and there is also evidence 
that they can invade soft-sediment estuarine habitats and their 
distributional range [30,31]. Mytilicola orientalis was not known in 
Irish waters until prior to the transfer of Pacific oysters from France 
in 1993. Introductions of Pacific oysters with Mytilicola orientalis 
must have consequences for other marine populations. Mytilicola 

Figure 3: Sediment accumulation beneath oyster racks. (Photo: B Forrest).
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Figure 2: Schematic of actual and potential ecological effects from elevated intertidal oyster cultivation (Forrest et al. [58]).
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orientalis is a potentially serious pest, not least because it is capable 
of transferring to the native oyster (Ostrea edulis) [32]. According to 
Minchin et al. [33] made the point that the discovery of Ostrea edulis 
and Mytilus edulis in Pacific oyster consignments is horrible as they 
are both vectors of Martelia refringens and in the case of the protozoan 
Bonamia ostreae, Ostrea edulis is a vector. Invasive or transported 
species may breed with other distinct populations of the same species, 
possibly resulting in a genetic shift in the local population and a loss of 
genetic diversity. Likewise, hybridisation may result when the endemic 
species and translocated species are genetically compatible. Several 
diseases and parasites associated with introduced oysters have been 
reported, most of which are also globally ubiquitous and pose some 
commercial threat to oyster production. These include various species 
of flatworm and mud-worm [34,35] and herpes virus, which infects 
oyster larvae and spat.

Impact on the benthos

Decreases in macro-faunal abundance have been detected in areas of 
extensive intertidal oyster cultivation [3,36,37]. Shading by the Oysters, 
farm infrastructure and farm activities such as boat and vehicular 
traffic may have a detrimental impact on benthos such as the seagrass 
beds. For instance, Thorne [38] reported a reduction in seagrass cover 
(presumably Heterozostera tasmanica) under stocked oyster racks in 
Tasmania. He also showed that the seagrass appeared to recover in 
areas left un-stocked for a long period of time. According to Castel et al. 
[3] investigated the influence of oyster (Crassostrea gigas) parks on the 
abundance and biomass patterns of meio- and macrobenthos in tidal 
flats. He found out that when compared to the adjacent sandbanks, 
oysters clearly enhanced the meiofaunal abundance (from 1130 to 
4170 individuals 10cm-2) but depressed macrofaunal densities (from 
640 to 370 individuals 10cm-2). According to Moore [34] looked at 
the impact of an intertidal oyster farm on the benthos in Dungarvan 
Harbour. He reported that fauna in the lanes between trestles was more 
diverse than the control. According to Bulmer et al. [39] also reported 
a slight decline of sea grass cover (Figure 4) in their assessment of the 
effects of hanging basket Oysters farming on the seagrass distribution 
in the southern arm of the Kaipara Harbour, New Zealand.

Habitat exclusion and modification and effects on sea-birds

Areas which would normally be available for birds and other 
animals may be occupied by shellfish culture. Oyster farming can 
occupy a large amount of space on the intertidal flats and there is no 
reason to suppose that a similar reduction in a species dependant on 
the lower tidal zone could not occur. Loss of habitat can arise from the 
presence of structures used for growing oysters on intertidal feeding 
ground. These structures include frames used for holding small spat, 
bags held on trestles, areas under netting, tractors, trailers, sorters, 
trestles and boxes may be scattered over a wide area of the shoreline. 
These may interfere with roosting at different stages of the tide [40]. It 
is well recognised and documented that loss of habitat causes reduction 
in the species dependant on it. Some birds are more likely to be affected 
by habitat loss than others. The species most likely to be affected by loss 
of habitat are birds whose feeding and breeding habitats are suitable for 
oysters farming and which feed or breed on the low shore to mid shore. 
This may increase their energy requirements, and hence adversely 
affect survival [41]. Nearly all the wader species fit into this category. 
All species feeding on the lower shore area are likely to be affected by 
habitat loss to oyster farming [42]. According to Zydelis et al. [43] 
suggested that shellfish culture racks or stacked bags/nets could block 
large intertidal regions from wading shorebirds such as oystercatchers, 
plovers, stilts and potentially dotterels. Disturbance from intertidal 
shellfish culture affects few breeding birds. It principally impinges 
on wintering birds. This is because intertidal flats (mud and sand), 
although a minor summer habitat for breeding birds, are of major 
importance as a habitat for many winter visitors [41,44]. According to 
Watson-Capps & Mann [45] reported significant habitat exclusion of 
Indian Ocean bottlenose dolphins (Tursiops aduncus) by pearl oyster 
farms in Western Australia, in a bay where racks were suspended or 
fixed to the seabed in relatively shallow water (~2-4 m). 

Accumulation of shell litter, debris and associated organisms 
and physical disturbance

Live oysters, shell litter, farm debris (e.g. oyster growing sticks) and 
fouling or epi-benthic organisms tend to accumulate beneath growing 
racks (sea-bed) and are best visible in oyster farms during low tide. 
Therefore, such accumulated materials may potentially provide novel 
habitats for fouling organisms and associated mobile biota and persist 
for many years even after the cessation of farming thereby resulting in 
long-term shifts in benthic community composition [46-49].

Physical disturbance, particularly from vessel movements (e.g. 
propeller wash) and farm personnel walking between cultivation 
structures, has a strong influence on benthic changes beneath oyster 
farm sites [5,7]. According to Forrest & Creese [7] described an 
association between benthic macrofaunal composition and decreased 
sediment shear strength (increased ability for sediments to erode or 
resuspend) beneath Pacific oyster cultures in Mahurangi Harbour, 
which they suggested could reflect physical disturbance beneath racks 
(Figure 5).

Suggested Solutions
Proper site selection

The choice of site is absolutely critical as this determines to a large 
extent the impact of the farm. The nature and magnitude of effects 
largely depend on site-specific conditions relating to the intensity of 
farming, flushing characteristics of the environment, and the proximity 
of the farm to valued habitats (e.g. rocky reefs) and species (e.g. nesting 
shorebirds) [50]. Effects to the seabed may be reduced by siting oyster 
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Figure 4: Percent cover of seagrass present beneath and in between oyster 
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farms away from the breeding and foraging areas of birds and in high 
current environments or open coastal situations at sufficient depths 
such that increased currents and wave action enhances dispersion of 
farm-generated wastes over a wider area.

Effective farm management

Effective environmental code of practice (ECOP) for managing 
inputs of debris associated with the development and maintenance 
of farm structures should be put in place and adopted by the oyster 
farmers. Once a farm is in place there will be various impacts associated 
with its mere presence. However, the impact that an individual farm will 
have on an area will depend to a large degree on the farmers’ attitude. 
Some farmers leave equipment and abandoned trestles scattered on the 
shore and drive all over the shore. Other farmers have good sensitive 
and sensible farm-keeping practices and respect all the other shore 
users. Seabed effects and water column reduction of phytoplanktons 
from individual farms can be managed through the development of 
environmental criteria and maintaining an appropriate stocking 
density, which can be integrated into adaptive management plans 
(AMPs). Education of, and interaction with, farmers should be a key 
management goal.

Integrated culture

Integrated culture involves the cultivation of two or more species, 
usually of different trophic levels, in close proximity to one another. 
It is a rapidly advancing area of research and has considerable scope 
for mitigation of environmental effects in the future. The potential 
combinations of species are many and varied. Combinations with 
particular scope for mitigation of environmental effects include: 
growing sea cucumbers beneath Oysters farm to process deposited 
organic material [51,52] and culturing oysters around finfish farms to 
intercept organic particulates and dissolved nutrients [53-55]. Uptake 
by industry is presently constrained by environmental necessity and/or 
proven economic incentives.

Managing pests and diseases

The adverse effects of pest and disease introduction and spread, can 
have profound non-local and irreversible consequences, are arguably 
more significant than the commonly cited seabed effects. They have 
the potential to impact on wild conspecifics and conceivably associated 
fisheries. Good biosecurity practices and surveillance are probably the 
best ways of managing the threat [56].

Managing genetic diversity

These risks are manageable through identifying the genetic 
structuring within the wild population and regulating transfer between 
regions accordingly, and through careful management of selectively 
bred stock to ensure adequate genetic diversity. For example, steps can 
also be taken at the grow-out stage to manage and maintain diversity 
of farmed stock within farms/bays/regions by setting standards for 
combinations of families within a bay (or other relevant area based on 
progeny dispersal range). In some instances, farmers may also adopt 
triploidy, which theoretically negates genetic contamination issues. 
Triploids are safe way to test e.g with Crassostrea gigas with little or 
no risk of reproduction and use of F1 generation or greater progeny 
reduces the risk of disease [50].

Conclusion and Recommendations
Some oyster farming practices, if managed inappropriately, may 

result in longer term aquatic ecological impacts. Over-stocking of 
oysters can seriously affect phytoplankton availability for other aquatic 
animals and plants. In a small, localised area this is considered to be 
exceeding ‘carrying capacity’ and can affect the economic return of a 
particular farm. The larger flow-on effect is the potential to exceed the 
carrying capacity of a whole bay, whereby total productivity of a bay is 
reduced to the point where its ecological balance is disrupted. Physical 
shading of seagrass by oyster infrastructure can lead to seagrass loss 
by reducing light below necessary levels. A report by Madigan et al. 
[57] indicates that the traditional ‘rack and rail’ system of intertidal 
oyster culture can adversely affect seagrass health and survival. 
Nonetheless, it is important for growers to understand the high 
sensitivity of seagrass to human interference. The impact of vehicle 
wheels and boat propellers on sensitive ecological areas, particularly on 
seagrass, is an observable environmental impact of oyster culture. The 
presence of inappropriately positioned sea-based oyster infrastructure 
can potentially disrupt local hydrodynamics such as wave and current 
speed. This may lead to non-removal, deposition and acquisition or 
piling of excessive sediment and mud and consequently has adverse 
impacts on the benthic community.

Clear environmental planning and enactment of code of practice 
act for the oyster farming industry should be put in place by the 
government to overcome conflict between oyster farming and other 
potential water users. Licensing is a key regulatory mechanism 
and should be given to those that will adhere strictly to the act with 
prosecution and penalties for the violators. Oyster farmers need to be 
adequately educated, informed and empowered by the government 
and Non-Governmental Organizations (NGOs) to cultivate in an 
eco-friendly, sustainable manner. It is envisaged that management 
agreements should be reached with these farmers as part of the design 
and implementation of the plans. This will enhance cooperation, 
compliance and ensure success of the management plan is realised 
[58-60].

Future research needs to be conducted in finding cost-effective, eco-
friendly methods of oyster cultivation with minimum environmental 
impact.
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