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| wish to make the following submission to the Independent Review of the Aquaculture
Licencing Process and associated Legal Framework. | would like to state from the outset that
my position has been influenced by the travesty which is being inflicted on Linsfort Beach
and Stragill Strand near Buncrana, Co Donegal due to a seriously flawed decision taken by
the Minister for the Marine. The process for awarding a 10 year licence (ref T12/462) for an
Oyster Farm covering 42 acres of unspoilt sandy beaches has completely disregarded the
severe impact that such an enterprise will have on Lough Swilly, an area of outstanding
natural beauty which rivals the best that this Country has to offer. The licences were
granted without the knowledge of those most affected, both locally and in the wider
community, who have been visiting and enjoying these beaches for years. The entire
Licencing Process from application to award of the licence must be called into question in
that it has lacked transparency and seems to have been conducted in such a manner as to
deliberately avoid public scrutiny.

The Department of the Marine has confirmed that the licence application and screening
process complied with regulations. It certainly can’t be denied that a notice was published in
a newspaper and that the notice did state the location and type of activity being applied for.
However, the newspaper in which the notice was published sells approximately 100 copies
in a huge peninsular area which has a population of almost 40,000 people according to the
last census. That’s hardly a public notice. In fact, the newspaper’s circulation in the area is
so small that Donegal County Council specifically excludes it from its list of approved
publications for planning permission notices in Inishowen. Secondly, the notice stated that
the location is an ‘area of foreshore in Lough Swilly’. Considering the length of the shoreline
on both sides of the Lough is over 80km long, that description is not exactly dropping a pin
on a specific location for the purpose of encouraging public consultation. It’s hardly
surprising that no-one engaged with the process when it was published in such an evasive
manner. | don’t see why applications for Aquaculture and Foreshore Licences can’t adhere
to similar notice requirements for planning applications submitted to Local Authorities i.e.
published notices in approved publications and notices placed at the site of the proposed
licence.



Finally, the notice stated that it is for cultivation of oysters. What it failed to say was that the
licence is for cultivation of a non-native species known as the Pacific Oyster which is
extremely invasive and has the potential to wipe out the existing native wild oyster stock in
the Lough. Studies carried out in Lough Swilly as recently as 2013 have reported declining
stocks of the native wild oyster and emphasised the importance of managing the current
stock by controlling the introduction of the Pacific Oyster. At least two of these reports were
published by the Marine Institute, the same organisation which carried out a pre-screening
assessment for the licence and came to the conclusion that an Environmental Impact
Statement wasn’t required. This allowed the Minister to waive the requirement for an EIS to
be submitted with the application. It is important for the sake of accuracy to point out that
the aforementioned studies were carried out within a designated Natura 2000 Special Area
of Conservation and the licence granted for the oyster farm is for an area 1km to the north
of the SAC. However, given that Lough Swilly is an estuary with substantial tidal movements
and currents running at up to 6 knots, it is difficult to comprehend how the biodiversity of
the SAC could not be directly impacted by the introduction of an invasive non-native species
in such close proximity. Surely, the prudent advice would have been to thoroughly assess
the risk through public and scientific consultation rather than dismiss it. Significantly, had an
EIS been recommended, a public consultation process would have been legally required
under EU regulations.

The State will get an annual fee of €63.49 in return for surrendering 42 acres of one of the
most scenic areas in Ireland. That is the equivalent of 21 football pitches filled with rusting
steel cages strewn across a valuable public amenity, turning it into a no-go area for locals
and tourists. Does this justify destroying our coastline for the benefit of one business owner.
The price that is being paid for a short term gain is simply too high. | would call into question
whether this enterprise has created the number of full time jobs as was promised in the
original application form and would request that this should be followed up on by the
review committee.

If the above is the standard that has to be met to justify important Government decisions,
then it is yet another indictment on a political and bureaucratic system that has been taking
ordinary people for granted for far too long.

It is ironic that The Draft National Strategic Plan for Sustainable Aquaculture Development
Plan endorses six high-level principles, promoted by the Department of the Marine and
recommended by the Marine Institute, which “are intended to provide a broad direction to
guide the ongoing development of sustainable aquaculture in Ireland and instil confidence
in all stakeholders in the commitment to appropriate development of the industry.” Based
on the above and my research on other licence applications, | would seriously question
whether these principles are being followed in the current licencing process



These Principles are as follows:

Principle 1 - Responsible Planning

“Responsible planning ensures that the overall development of aquaculture and the siting of
individual farms are compatible with other uses and the responsible management of the
marine environment. Such an approach, within a wider marine spatial planning framework,
ensures a comprehensive consideration of constraints and synergies, and appropriate siting
of fish farms, and reduces the uncertainty and administrative burden for developers.”

Principle 2 - Ecosystem Protection

“Licensing and ongoing regulation of aquaculture operations ensures compatibility with the
goal of maintaining healthy, productive and resilient marine ecosystems. This ensures that
we maintain good water quality and healthy populations of wild species, prevent escapes
and accidental discharges into the environment, and avoid harmful interactions with wild
fish stocks, protected habitats and species.”

Principle 3 - Science-based Approach

“Planning, licensing and regulation of the sector are founded on the best available, impartial
and objective science, as delivered by the national and international science community. This
provides the highest level of confidence in the decision-making process and allows for the
adoption of a risk and evidence-based approach to determining monitoring requirements
that are subject to continuous improvement.”

Principle 4 - Compliance

“Planning, licensing and regulation of the sector ensures full compliance with relevant
European and National legislation, including SEA and EIA legislation, nature conservation
legislation (Birds and Habitats Directives), and legislation seeking to achieve and maintain
good environmental status of coastal and marine waters (Water Framework Directive,

Marine Strategy Framework Directive).”

Principle 5 - Openness, Transparency and Accountability

“Openness, transparency and accountability are core considerations in the licensing and
regulatory framework for aquaculture. Seeking public and local knowledge inputs during the
process increases confidence in the decision-making process. Likewise, accountability and
openness on the part of the industry will help to educate stakeholders on the social and
economic benefits of the industry and ensure an accurate understanding of its potential
environmental interactions.”




Principle 6 - Industry Best Practice

“Aquaculture operators should strive to adopt, maintain and improve best practice in all
aspects of farm operations, including fish health and welfare, feed utilisation and
sustainability, use of medication, abstraction of water, and cage design and maintenance.
Additionally, industry should be supported / encouraged to implement Codes of Best Practice
and independent certification schemes.”

The objections to the Linsfort Beach licence described above and also set out below are
testament to the perception that the above principles are merely aspirational and are not
being followed by the Department or the Minister.

Breach in Foreshore Licensing regulations (1933)

Technically the Linsfort Beach licence has not fulfilled the licence criteria specifically
sections 8.1, 9.1 and 19 of S.I. No. 236/1998 - Aquaculture (Licence Application) Regulations,
1998 and has also contravened the Aarhus Convention by denying:

e The right to participate in environmental decision-making. And the right to review
procedures to challenge public decisions that have been made.

e The correct notification was not followed due to the use of an incorrect public outlet
for public notification. The Thursday edition of Donegal Democrat, in which the
notice appeared sells 80-100 copies in Inishowen. This compares to Derry Journal
Friday edition’s 2,500-3,000 and similar sales figures for both The Inish Times and
The Inishowen Independent. The Thursday Donegal Democrat is only approved for
planning notices for the DED of Manorcunningham in Inishowen. This Foreshore
Licence area is not in the DED of Manorcunningham. By publishing the notice in a
newspaper that has such a small circulation in the area the right of the general public
to be involved was denied.

e |tis not a legal requirement to erect site notices, so locals did not have the
opportunity to learn about the proposed development in that way.

Donegal County Council have publicly stated that they were not consulted in relation to the
oyster farm development at Linsfort Beach by the Licencee. A result they could not make a
submission and were unaware of the planned development. It has since transpired under a
Freedom of Information request for Linsfort Beach that the Department of the Marine
forwarded an email calling for public body consultation to info@donegalcoco.ie rather than
a named individual in the Council. No response is considered as an implied statement of
approval by the Dept. This is NOT transparent consultation!




All of the above contravenes proper planning as currently carried out by Local Authorities
and the Department of Housing, Planning, Community and Local Government in that it goes
against the procedures that have to be followed for any structures or business activities that
take place on the land. Why should the Department of the Marine be exempt from such
procedures, particularly, given their aspirations on transparency and openness.

In the Linsfort Beach Licence application, there are also a number of anomalies to the Public
Notice under the Second schedule of S.I. No. 236/1998 - Aquaculture (Licence Application)
Regulations, 1998, as follows:

a.
b.

The address of the applicant was not published in the public notification.

The location of aquaculture site proposed was not published correctly. The notice
read "an area of foreshore in Lough Swilly". Lough Swilly covers an area of 150km2,
and is over 40km long and 8km wide. No one reading the notice would have any idea
where the proposed development would be located.

The species for cultivation was not published. This is significant because the Pacific
Oyster species being cultivated is highly invasive. (See Appendix Il)

. The wrong address for making submissions/observations was put on the notice, eg

Dept. of the Marine and Natural Resources (Coastal Zone Administration Division),
Leeson Lane, Dublin 2 instead of Foreshore Coordination Unit, Aquaculture and
Foreshore Management Division, Dept. of Agriculture, Food and the Marine,
National Seafood Centre, Clonakilty, Co. Cork. Therefore, if a member of the public
did make a written submission, it would go to the wrong address. With only a short
period left for observations, this correspondence may not reach the correct address
on time.

Ref: Public Notice under the Fourth Schedule of S.I. No. 236/1998 — Aquaculture
(Licence Application) Regulations, 1998. The location of proposed aquaculture was
not published, only vague information, in contravention of point 4 of the second
schedule. How could the public make an observation about such a large area without
a specific location?

Under S.I. No. 236/1998 - Aquaculture (Licence Application) Regulations, 1998 4. (c)
Developments on the foreshore require planning permission in addition to a
Foreshore Lease/Licence/Permission. Donegal county Council have confirmed that
no permission has been sought or granted for the material change of use from a
private residence pedestrian access to a commercial access including use of fill to
provide a roadway and destruction of existing sand dunes. And also no permission
has been granted for use of the foreshore and beach as an egress route. Thus, the
planning conditions as set out by Donegal County Council, the Department of the
Environment and Local Government were not met and the granting of the
application is thus deemed to be void and illegal under current legislation. A clear
breach in planning law is evident.



Access and Planning
The access point to the site as outlined in Figure 2 of the licence is through the grounds of a
private dwelling. Planning was not obtained for the creation of a roadway onto the
foreshore and a change of use for the lands in question from dwelling to commercial access.
According to the criteria for the granting of licences as stated by the Minister:
“3.10. The Licensee shall ensure that tractors (or other vehicles) accessing and leaving
the site adhere strictly to approved access and egress routes as specified in Schedule 1
attached.”
In addition:
“9.4. The Licensee shall at all times hold all necessary licences, consents, permissions,
permits or authorisations associated with any activities of the Licensee in connection
with the licensed area.”

No Environmental Impact Study

Section 6 of the Fisheries (Amendment) Act, 1997- states that Aquaculture licence
applications may be subject to environmental assessments under the Natural Habitats
Regulations if located within or close to Natura 2000 conservation sites.

This site at Linsfort is within 500ft of the Natura 2000 area but the public notice just stated
that only an EIA. Given the proximity of the Nature 2000 site, this application should have
required a full EIS due to its likely significant effects directly and indirectly on the
environment with impact on the following:
(i) human beings;(ii) flora;(iii) fauna;(iv) soil;(v) water;(vii) air;(viii) climate;(ix) the
landscape;(x) the interaction between the beings and things listed in subparagraphs (i)
to (ix);(xi) material assets;(xii) the cultural heritage;

There are a multitude of implications on all of the above caused by this aquaculture licence
and, under the Aarhus Convention, the general public and interested parties should have
been notified if, as required, a complete EIS had been carried out.

The main issue with transparency is that Foreshore Act 1933 (2009 Amendment) specifically
states that the Minister can only waive the requirement for an EIS in exceptional
circumstances. However, my research into Aquaculture Licence applications for Shellfish in
County Donegal over the past 4 years has discovered that over 44 licences have been
granted by the Minister in Lough Swilly, Donegal Bay, Dungloe Bay, McSwynes Bay — Inver
and Trawenagh Bay. In every instance, the Minister has waived the requirement for an
Environmental Impact Statement under identical grounds. There has only been one
Screening matrix done and that was for Lough Swilly. All of the remaining Ministerial
Determinations were based on Appropriate Assessments done by the Marine Institute. The
result of this is that for 100% of the licences granted, no public consultation process was



required because the requirements of the Aarhus Convention weren’t activated. This does
not promote a perception of transparency and openness. It seems that secrecy is systematic
in the Department and this is just based on my research for Donegal. What about the rest of
the country?

Further to the above, | would like to make the following additional points based on criteria
for granting of licences as stated by the Minister.

e The limited magnitude and extent of the direct impacts arising from the proposed
aquaculture activity
o What are the criteria and decision matrix which determines the magnitude

and impact of licences?
The level of public support for ‘Save Linsfort Beach’ would indicate that the
magnitude and impact of that development is significant (over 2,500 people
have signed a petition against this Licence). The scale of disruption is felt
throughout the whole West Inishowen coast community and, also
importantly, by the sizeable number of tourists who frequent the beach
during summer months. With limited other amenities in the area beaches
such as Linsfort Beach/Stragill Strand are key products in the regional tourism
offering. This stretch of coast is also located along both the Wild Atlantic Way
and the Inishowen 100 Tourism Routes which have experienced a significant
increase in tourist numbers last year.

o ltis also of particular significance because the species being cultivated at
Linsfort Beach is the Pacific Oyster which is known to be invasive and
displaces the native Oyster. The native Oyster is already in decline in Lough
Swilly and introducing more Pacific Oysters to the Lough will have a direct
impact and accelerate the decline. The Marine Institute has published a
research paper (Tully & Clarke, Irish Fisheries Investigations, No 24 2012)
which, inter alia, states: “Management of threats to native oyster beds will
also be important in optimising recovery potential. These include freshwater
drainage which may increase freshwater volume flow through estuaries,
urban development and associated changes in microbiological and viral
status of water and introduction or management of non-native species,
which pose a threat to oyster, such as the Slipper limpet (Crepidula fornicata)
and Pacific oyster. Competition with introduced species, such as Pacific
oyster, is a realised threat to the maintenance of native oyster beds as shown
here in L. Swilly. The surveys showed that large areas of previous native
oyster bed had high densities of Pacific oyster in some areas to the exclusion



of native oyster. An intensive commercial fishery for Pacific oysters was
sustained in 2010 and 2011 in areas of the Lough showing that, locally,
biomass of this species was high. This is a recent development stimulated by
higher market prices for Pacific oysters but also because high catches are
possible. O’Sullivan (2001) did not report Pacific oysters in L. Swilly suggesting
that Pacific oyster has, recently, expanded in the Lough. Successful control of
that expansion will be important for the recovery and maintenance of native
oyster.”

The Department of Marine environmental screening document refers to the
adjoining Natura 2000 site and makes reference to the invasive nature of the
pacific oyster and recommends the use of sterile triploid oysters yet there is
no stipulation anywhere that these must be grown to help protect the native
oyster population.

It is worth noting that in all of the 44 Licences granted in Donegal over the
past 4 years, | haven’t been able to find any recommendations for Triploid
Oysters | n any licences with the exception of Lough Swilly. Does that mean
that the State has no enforcement powers and the Licensee can’t be
prosecuted if the invasive Diploid Oyster Species is introduced?

There are several reports on the results of introducing the invasive Pacific
Oyster in Strangford Lough and Holland which have shown that there has
been a detrimental effect on the native since their introduction. Are these
reports taken into consideration when recommendations are being made by
the Marine Institute? If so, it is amazing that in no recent application has an
EIS been requested.

e The low population density of the surrounding area.

o The Linsfort Beach site is one of five beaches/public bathing areas used by
the residents of Buncrana and west Inishowen (pop. Approx.. 10000} and
visitors from Derry (pop. 250,000) and tourists from around the world.

The Licence has resulted in an immediate negative impact on the
marine/coastal tourism offering of the Buncrana and West Inishowen area by
restricting and monopolising the use of one the key and most valuable
natural resources of the area, to a single private individual.



e The low visual impact of the proposed aquaculture activity
o 42 acres of metal cages is a huge visual impact on a beautiful unspoilt beach.
The negative industrial appearance and disruptive visual impact of the site
during periods of low tide is difficult to reconcile with the above statement.
Introducing dangerous industrial structures into a pristine natural vista
immediately reduces the value and role of vistas in the area for use as a
resource for tourism and, in particular, the ‘Wild Atlantic Way’ product.

e The minimal impact on recreational use of the adjoining foreshore

o The Linsfort Beach site encompasses five beaches/bathing areas used by the
residents of Buncrana and West Inishowen (pop. circa 10,000) and Co. Derry.
In this area of Inishowen the only amenities families and the general public
can use are local beaches, generations of families have been using this beach.
"Bathing Waters are an important amenity, valuable for both their tourism
and recreational potential. It is important that they are afforded the
appropriate protections in accordance with legislation, including the
European Union's Bathing Waters Directive (2006/7/EC)"
The Licence has resulted in an immediate restriction for coastal recreation
and, in effect, monopolises the use of one of the key, and most valuable
natural resources of the area, to a single private individual. The beach is part
of a coastal walkway from Buncrana and is featured in books and TV
productions that have focused on the value of the sites’ natural beauty,
aesthetic qualities and history including Mount Peter the ancient site of a
promontory fort. Kayakers and swimmers based at Ned’s Point also frequent
the entire area up as far as Curragh Hole. (See Appendix V)

e Consultation with Public Bodies and External Stakeholders
o How are Local Authorities, Failte Ireland, An Taisce and other agencies
informed of Licance applications and do they make submissions to the
Department of the Marine before Licences are granted.



Implementation of Licence Conditions
For all Aquaculture Licences, there is an accompanying Foreshore Licence. The standard
wording of the Insurance Condition in all Foreshore Licences is as follows:

Infrastructure and Site Management

Indemnity

3.1. The Licensee shall indemnify and keep indemnified the State, the Minister, his
officers, servants or agents against all actions, loss, damage, costs, expenses and
any demands or claims howsoever arising in connection with the construction,
maintenance or use of any structures, apparatus, equipment or any other thing used
in connection with the licensed operation in the licensed area or in the exercise of
the rights granted under the licence and the Licensee shall take such steps as the
Minister may specify in order to ensure compliance with this condition.

The Insurance Condition is therefore a condition of a legally binding Contract between the
State and the Licensee. Furthermore, the wording of this Condition is explicit in its
requirement for the Licensee to indemnify the State, the Minister etc. This is a condition
precedent for the licence to be lawful. If an indemnity isn’t in place, the Licensee is
technically in breach of the conditions of the licence. This should have been requested
before the Licensee was allowed to commence any works, as is the norm under public works
contracts. More importantly, it would appear that, by not demanding the relevant
indemnity insurance documentation, the State may not been fully protected from potential
3™ party claims arising from the Licensee’s activities. If the Licensee hasn’t got sufficient
cover in place, the state could be held liable for any shortfall on a potential claim. It would
be remiss of the Department not to demand proof that the relevant documentation and
level of cover (normally €13m) is in place. Failure to provide such proof would be grounds to
revoke the licence under Condition 9 of the Foreshore Licence.

It is standard procedure for a Local Authority and the Office of Public Works, amongst
others, to seek an indemnity from Contractors carrying out Works on Public Lands. The
Foreshore is Public Lands also so it stands to reason that the Department of the Marine
would also ensure that an indemnity is in place before any works commence under an
Aquaculture Licence.

| have raised this issue with the Department of the Marine on a number of occasions and
sought a copy of the indemnity provided to the Department by the Licensee on the Linsfort
Beach Site but have received the same response as follows:

“It should be noted that condition 4 is a general condition included in all Foreshore
Licences. The documents associated with this condition, namely the Licensee’s
relevant indemnity insurance documentation and tax clearance certificate, is only



required to be submitted to the Department on demand of same. As this has not
been requested, the Department is not in a position to confirm the level of indemnity
cover provided.”

It therefore needs to be clarified from a Legal perspective if the State has any potential
liability by a failure to
a) Specify the level of indemnity required in the wording of the licence condition and
b) Obtain proof of Insurance cover and renewal on an annual basis.

In addition to the Insurance Condition, there is a condition relating to maintenance and
responsibility for the upkeep of the site which is not being adequately enforced by the
Department: The condition is as follows:

3.2. The duty of maintenance and responsibility for the upkeep and safety of the site
rests with the Licensee.
There is significant photographic evidence that the operator at Linsfort Beach is not
adequately maintaining the site and this was raised by local residents with the Department
of the Marine on several occasions with no satisfactory response or improvement.

The debris that is constantly strewn across the foreshore contradicts the responsibility of
the Licensee under the above condition and is testament to the lack of adequate
management of the site by the Operator and the Department (the Licencing Authority),
both of whom have a duty of care to the Public who continue to use the beach and adjacent
beaches. Whilst it is unfortunate that the Operator has suffered damage to his operation as
a result of storms and weather events, it calls into question the suitability of such an
exposed site for this type of aquaculture and the long term sustainability of such a venture.
It also calls into question the level of expertise within by the Screening Group and the extent
of due diligence carried out in making the recommendations referred to in the Minister’s
Determination in relation to EIS requirements, in particular under the following headings
cited in the Determination:

b) the limited magnitude and extent of the direct impacts arising from the proposed
aquaculture activity

e) the low visual impact of the proposed aquaculture activity

g) the minor risk of accidents occurring as result of the proposed aquaculture activity
h) the low risk of impacts on navigational safety

i) the minimal impact on recreational use of the adjoining foreshore

j) Screening matrix for T12/462 Oyster Culture in Lough Swilly.



‘Boom and Bust’ Planning
During the ’boom’, Ireland used light touch regulation in the building sector to pursue
development goals to the detriment of strategic long term planning.

In the case of the Linsfort Beach Licence, it is in an inappropriate site. It is not a question of
jobs or aquaculture but a question of siting the development in an appropriate place.
Lessons should be learnt from past mistakes in other developing industries and, although it
is acknowledged that national aquaculture targets must be met, it is important that they be
met in an appropriate manner, ie a manner which does not negatively affect a community’s
ability to develop and sustain sustainable jobs through tourism. Meeting short term goals in
aquaculture because of short term issues in the French market, and national job creation
targets, does not enable a community to provide its citizens with a viable and/or sustainable
future.

Conclusion

A report titled “The Dynamics of Environmental Sustainability and Local Development:
Aquaculture” was carried out for the National Social and Economic Counsel by Dr Patrick
Bresnihan and published in April 2016. It refers in Chapter 4 to the issues for all parties
affected by the decision making process and gives good examples of the outcome of
decisions that lack transparency.

The people of Donegal are entitled to be involved in decisions that have a direct impact on
their local amenities. It’s time to stop talking about transparency and openness and replace
the talk with action and evidence that these principles are being fully implemented.

Noel McGarnn

Dublin 15

Refer also to appendices attached.



Appendix 1

Notice from Donegal Democrat for Linsfort Bay Licence

(AMENDMENT ) ACT, 1997 (NO. 23)

APPLICATION FOR FORESHORE
LICENCES UNDER THE
FORESHORE ACT, 1933 ( NO.12)

MNOTICE 18 HEREBY QIVEN that the
Derek Diver has appiied to the Minister

Aquacuiture Licences to cultivate oysters
using bag and trestiea on an area of

Forashore in Lough Swilly, Co. Donagal.

NOTICE IS ALSO GIVEN that the
appiicants have applied to the Minister for
Forashora Licences for an arsa of
foreshore to be used for thesa
aguaculture activitea.

Any person may, during the period of 4
weeks from the dats of publication of this
notice, make writtan submisslons or
observations to the Minister for

[quoting the approp
Pqﬂlﬂlhrdlﬂnnlnﬂﬂu e
b} tha foreshore Licence applications.

12th of June 2014
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Appendix 2

List of Aquaculture Licences awarded in County Donegal

Donegal Bay

AQE0E T12-92A - Seabreeze Ltd - Pacific Oysters - 2.1 Hectares - 2015.03.31

AQSB0T T12-92B - Seabreeze Ltd - Pacific Oysters - 1.3 Hectares - 2015.03.31

ACQE08 T12-92C - Seabreeze Ltd - Pacific Oysters - 0.2 Hectares - 2015.03.31

AQE09 T12-374 - Seabreeze Ltd - Pacific Oysters - 1.4 Hectares - 2015.03.31

AQE10 T12-401A - Eugene & Conor & Greg - Pacific Oysters - 2.4 Hectares - 2015.03.31
ACQE11 T12-401B - Eugene & Conor & Greg - Pacific Oysters - 5.4 Hectares - 2015.03.31
AQE12 T12-401C - Eugene & Conor & Greg - Pacific Oysters - 2.0 Hectares - 2015.03.31
AQE13 T12-402B - Seabreeze Ltd - Pacific Oysters - 2.8 Hectares - 2015.03.31

ACQEL14 T12-402C - Seabreeze Ltd - Pacific Crysters - 0.6 Hectares - 2015.03.51

AQE15 T12-402D - Seabreeze Ltd - Pacific Oysters - 0.3 Hectares - 2015.03.51

AQELE T12-443 - Rory McHugh - Pacific Oysters - 5.2 Hectares - 2015.03.31

AQELT T12-463A - Paul McHugh - Pacific Oysters - 0.2 Hectares - 2015.03.31

ACQE18 T12-463B - Paul McHugh - Pacific Oysters - 0.4 Hectares - 2015.03.51

ACQE19 T12-465 - Paul McHugh - Pacific Oysters - 0.3 Hectares - 2015.03.31

AQE20 T12-467A - Seabreeze Ltd - Pacific Oysters - 4.3 Hectares - 2015.03.51

AQE2N T12-467B - Seabreeze Ltd - Pacific Oysters - 1.8 Hectares - 2015.03.31

AQE22 T12-467C - Seabreeze Ltd - Pacific Cysters - 1.5 Hectares - 2015.03.51

AQE23 T12-467D - Seabreeze Ltd - Pacific Oysters - 0.9 Hectares - 2015.03.51

Donegal Bay - Article & Assessment - Annex 1 - May 2014

Donegal Bay - Article & Assessment - Annex 2 - July 2013

Donegal Bay - Article & Assessment - May 2014

Donegal Bay AA Conclusion Statement 190215

EIS Determinations - Donegal Bay
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Lough Swilly

AAScreeningMatrixT12462060614
AQT99 T12-462 - Derek Diver - Pacific Oysters - 16.1 Hectares - 20141016
MinisterialDeterminationElSShellfishAquaculturel cughSwilly050614

Dungloe Bay

AQS581 T12-287 - James Gallagher - Pacific Oysters - 2 Hectares - 201.2.06.06
AQS582 T12-287A - James Gallagher - Pacific Oysters - 2.5 Hectares - 2012.06.06
AQS583 T12-302A - SeamusHunter - Pacific Oysters - 2 Hectares - 2012.06.06
AQ584 T12-302B - SeamusHunter - Pacific Oysters - 2 Hectares - 201.2.06.06
AC585 T12-303A - Conal Hunter - Pacific Oysters - 2012.06.06

ACQS586 T12-304A - Charlie Doherty - Pacific Oysters - 2.3 Hectares - 2012.06.06
ACQS58T T12-3994 - Charlie Hunter - Pacific Oysters - 2 Hectares - 2012.06.06
AC588 T12-399B - Charlie Hunter - Pacific Oysters - & Hectares - 201.2.00.06
ACQT00 T12-4224 - Ostrean Ltd - Gigas Oysters - 1.4 Hectares - 2013.09.16
ACT01 T12-423A - Ostrean Ltd - Pacific Oysters - 0.6 Hectares - 2013.09.16
AGQT02 T12-424A - Ostrean Ltd - Pacific Oysters - 20.8 Hectares - 2013.09.16
EIS Determination - Dungloe Bay

McSwynes Bay

AQT62 T12-64- Gerard McMenamin - Pacific Oysters & Mussels - 3 Hectares - 2015.02.05
AC)796 T12-62 - Ballyloughan Shellfish Ltd - Pacific Oysters - 3.5 Hectares - 2015.07.16
AQE04 T12-425A - Matura Mussels Ltd - Pacific Oysters & Mussels - 6.1 Hectares - 2015.01.16
AQSE05 T12-425B - Matura Mussels Ltd - Pacific Oysters & Mussels - 2.5 Hectares - 2015.01.16
AQE24 T12-456 Ballyloughan Shellfish Ltd - Pacific Oysters - 15.8 Hectares - 20150515

EIS Determination - McSwynes & Trawenagh Bays

EIS Determination - McSwynes Bay - Ballyloughan Shellfish Ref 456

EIS Determination - McSwynes Bay
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Trawenagh Bay

AQS580 T12-299 - Charlie ODonnell - Pacific Oysters - 2.7 Hectares - 2012.06.06

AQT54 T12-448A - Sliogeisc Ma Rossan - Pacific Oysters - 5.7 Hectares - 2014.02.05

ACYT55 T12-4494 - Sliogeisc Ma Rossan - Pacific Oysters - 6.4 Hectares - 2014.02.05

AQT58 T12-128 - Slicgeisc Ma Rossan Teoranta - Pacific Oysters - 2.3 Hectares - 2014.02.05
AQ759 T12-128C - Sliogeisc Ma Rossan Teoranta - Pacific Oysters - 1.3 Hectares - 2014,02.05
AQ760 T12-128D - Sliogeisc Ma Rossan Teoranta - Pacific Oysters - 4.1 Hectares - 2014,02.05
ACYT61 T12-128E - Sliogeisc Ma Rossan Tecranta - Pacific Oysters - 0.5 Hectares - 2014.02.05
AQTET T12-389A - David Gallagher - Pacific Oysters - 2 Hectares - 2014.03.26

AQTE8 T12-389B - David Gallagher - Pacific Oysters - 0.6 Hectares - 2014.03.26

EIS Determination - McSwynes & Trawenagh Bays

EI5 Determination - Trawenagh Bay - Martin Brennan

EIS Determination - Trawenagh Bay - Sliocgeisc Me Rossan Teo

EIS Determination - Trawenagh Bay - TRABAY Ltd



Appendix 3

List of Ministerial Determinations for Aquaculture Licences in County
Donegal

1) Dungloe Bay

The Minister has considered and determined that an Environmental Impact Statement is not
required in respect of each of 3 individual aquaculture licence applications in Dungloe Bay,
Co. Donegal. Ministerial Determination in relation to EIS requirements for Shellfish
Aquaculture Licensing in Dungloe Bay

2) McSwynes Bay and Trawenagh Bay

The Minister has considered and determined that an Environmental Impact Statement is not
required in respect of each of 3 individual aquaculture licence applications in McSwynesBay
and Trawenagh Bay, Co. Donegal. Ministerial Determination in relation to EIS requirements
for Shellfish Aquaculture Licensing in McSwynes Bay and Trawenagh Bay

3) Trawenagh Bay, Co Donegal

The Minister has considered and determined that an Environmental Impact Statement is not
required in respect of each of 3 individual aquaculture licence applications in Trawenagh
Bay, Co Donegal. Ministerial Determination in relation to EIS requirements for Shellfish
Aguaculture Licensing in Trawenagh Bay, Co Donegal

4) Trawenagh Bay, Co. Donegal

The Minister has considered and determined that an Environmental Impact Statement is not
required in respect of an individual aquaculture licence application in Trawenagh Bay, Co.
Donegal. Ministerial Determination in relation to EIS requirements for Shellfish Aquaculture
Licensing in Trawenagh Bay, Co. Donegal

5) Mc Swynes Bay

The Minister has considered and determined that an Environmental Impact Statement is not
required in respect of each of 2 individual aquaculture licence applications in McSwynes Bay
Co. Donegal. Ministerial Determination in relation to EIA requirements for Shellfish
Aquaculture Licensing in McSwynes Bay



6) Lough Swilly

The Minister has considered and determined that an Environmental Impact Statement is not
required in respect of an individual aquaculture licence application in Lough Swilly, Co.
Donegal. Ministerial Determination in relation to EIS requirements for Shellfish Aquaculture
Licensing in Lough Swilly, Co. Donegal

7) Donegal Bay

The Minister has considered and determined that an Environmental Impact Statement is not
required in respect of 12 individual aquaculture licence applications in Donegal Bay, Co.
Donegal. Ministerial Determination in relation to EIA requirements for Shellfish Aquaculture
Licensing in Donegal Bay, Co. Donegal

8) Mc Swynes Bay

The Minister has considered and determined that an Environmental Impact Statement is not
required in respect of an individual aquaculture licence application in McSwynes Bay Co.
Donegal. Ministerial Determination in relation to EIS requirements for an Aquaculture
Licence for the cultivation of shellfish by Ballyloughan Shellfish Ltd.(T12/456) in McSwynes
Bay, Co Donegal

9) Trawenagh Bay

The Minister has considered and determined that an Environmental Impact Statement is not
required in respect of an individual aquaculture licence application in Trawenagh Bay, Co.
Donegal. Ministerial Determination in relation to EIS requirements for an Aquaculture
Licence for the cultivation of Shellfish by Martin Brennan (T12/380) in Trawenagh Bay, Co
Donegal

10) Trawenagh Bay

The Minister has considered and determined that an Environmental Impact Statement is not
required in respect of an individual aquaculture licence application in Trawenagh Bay, Co.
Donegal. Ministerial Determination in relation to EIS requirements for an Aquaculture
Licence for the cultivation of Shellfish by Sliogeisc BaTraigheanna Teoranta (T12/412) in
Trawenagh Bay, Co. Donegal

11) Trawenagh Bay

The Minister has considered and determined that an Environmental Impact Statement is not
required in respect of an individual aquaculture licence application in Trawenagh Bay, Co.
Donegal. Ministerial Determination in relation to EIS requirements for an Aquaculture
Licence for the cultivation of Shellfish by Sliogeisc Na Rossan Teoranta (T12/477) in
Trawenagh Bay, Co. Donegal



12) Trawenagh Bay

The Minister has considered and determined that an Environmental Impact Statement is not
required in respect of an individual aquaculture licence application in Trawenagh Bay, Co.
Donegal. Ministerial Determination in relation to EIS requirements for an Aquaculture
Licence for the cultivation of Shellfish by Jago Moulton (T12/479) in Trawenagh Bay, Co.
Donegal

13) Trawenagh Bay

The Minister has considered and determined that an Environmental Impact Statement is not
required in respect of an individual aquaculture licence application in Trawenagh Bay, Co.
Donegal. Ministerial Determination in relation to EIS requirements for an Aquaculture
Licence for the cultivation of Shellfish by Lee Hunter (T12/480) in Trawenagh Bay, Co.
Donegal

14) Lough Swilly

The Minister has considered and determined that an Environmental Impact Statement is not
required in respect of an individual aquaculture licence application in Lough Swilly, Co.
Donegal. Ministerial Determination in relation to EIS requirements for an Aquaculture
Licence for the cultivation of Shellfish by Lough Swilly Shellfish Growers CoOperative

Society Ltd (T12/37) in Lough Swilly, Co. Donegal

15) Lough Swilly

The Minister has considered and determined that an Environmental Impact Statement is not
required in respect of an individual aquaculture licence application in Lough Swilly, Co.
Donegal. Ministerial Determination in relation to EIS requirements for an Aquaculture
Licence for the cultivation of Shellfish by Ronan O'Doherty and Andrew Ward (T12/293/1) in
Lough Swilly, Co. Donegal

16) Lough Swilly

The Minister has considered and determined that an Environmental Impact Statement is not
required in respect of an individual aquaculture licence application in Lough Swilly, Co.
Donegal. Ministerial Determination in relation to EIS requirements for an Aquaculture
Licence for the cultivation of Shellfish by Patrick Shovelin (T12/297) in Lough Swilly, Co.
Donegal

17) Lough Swilly

The Minister has considered and determined that an Environmental Impact Statement is not
required in respect of an individual aquaculture licence application in Lough Swilly, Co.
Donegal. Ministerial Determination in relation to EIS requirements for an Aquaculture
Licence for the cultivation of Shellfish by Hannigan Fish Trading Ltd (T12/311) in Lough
Swilly, Co. Donegal



18) Lough Swilly

The Minister has considered and determined that an Environmental Impact Statement is not
required in respect of an individual aquaculture licence application in Lough Swilly, Co.
Donegal. Ministerial Determination in relation to EIS requirements for an Aquaculture
Licence for the cultivation of Shellfish by Steven Brown (T12/328) in Lough Swilly, Co.
Donegal

19) Lough Swilly

The Minister has considered and determined that an Environmental Impact Statement is not
required in respect of an individual aquaculture licence application in Lough Swilly, Co.
Donegal. Ministerial Determination in relation to EIS requirements for an Aquaculture
Licence for the cultivation of Shellfish by Fresco Seafoods Ltd. (T12/330) in Lough Swilly, Co.
Donegal

20) Lough Swilly

The Minister has considered and determined that an Environmental Impact Statement is not
required in respect of an individual aquaculture licence application in Lough Swilly, Co.
Donegal. Ministerial Determination in relation to EIS requirements for an Aquaculture
Licence for the cultivation of Shellfish by Alan O¢éSullivan (T12/343) in Lough Swilly, Co.
Donegal

21) Lough Swilly

The Minister has considered and determined that an Environmental Impact Statement is not
required in respect of an individual aquaculture licence application in Lough Swilly, Co.
Donegal. Ministerial Determination in relation to EIS requirements for an Aquaculture
Licence for the cultivation of Shellfish by lasc Sliogach Uisce Leathan Teoranta (T12/340) in
Lough Swilly, Co Donegal

22) Lough Swilly

The Minister has considered and determined that an Environmental Impact Statement is not
required in respect of an individual aquaculture licence application in Lough Swilly, Co.
Donegal. Ministerial Determination in relation to EIS requirements for an Aquaculture
Licence for the cultivation of Shellfish by Lough Swilly Wild Oysters Society Ltd (T12/339) in
Lough Swilly, Co Donegal

23) Lough Swilly

The Minister has considered and determined that an Environmental Impact Statement is not
required in respect of an individual aquaculture licence application in Lough Swilly, Co.
Donegal. Ministerial Determination in relation to EIS requirements for an Aquaculture
Licence for the cultivation of Shellfish by lasc Sliogach Uisce Leathan Teoranta (T12/284) in
Lough Swilly, Co Donegal



24) Lough Swilly

The Minister has considered and determined that an Environmental Impact Statement is not
required in respect of an individual aquaculture licence application in Lough Swilly, Co.
Donegal. Ministerial Determination in relation to EIS requirements for an Aquaculture
Licence for the cultivation of Shellfish by Conor Blake (T12/251/1) in Lough Swilly, Co.
Donegal

25) Donegal Bay

The Minister has considered and determined that an Environmental Impact Statement is not
required in respect of an individual aquaculture licence application in Donegal Bay, Co.
Donegal. Ministerial Determination in relation to EIS requirements for an Aquaculture
Licence for the cultivation of Shellfish by Donegal Oceandeep Oysters Ltd (T12/145) in
Donegal Bay, Co. Donegal

26) Donegal Bay

The Minister has considered and determined that an Environmental Impact Statement is not
required in respect of an individual aquaculture licence application in Donegal Bay, Co.
Donegal. Ministerial Determination in relation to EIS requirements for an Aquaculture
Licence for the cultivation of Shellfish by Donegal Oysters Ltd (T12/243) in Donegal Bay, Co.
Donegal

27) Donegal Bay

The Minister has considered and determined that an Environmental Impact Statement is not
required in respect of an individual aquaculture licence application in Donegal Bay, Co.
Donegal. Ministerial Determination in relation to EIS requirements for an Aquaculture
Licence for the cultivation of Shellfish by Donegal Oysters Ltd (T12/346) in Donegal Bay, Co.
Donegal

28) Donegal Bay

The Minister has considered and determined that an Environmental Impact Statement is not
required in respect of an individual aquaculture licence application in Donegal Bay, Co.
Donegal. Ministerial Determination in relation to EIS requirements for an Aquaculture
Licence for the cultivation of Shellfish by Racoo Shellfish Ltd and Bells Isle Seafoods Ltd
(T12/347) in Donegal Bay, Co. Donegal

29) Donegal Bay

The Minister has considered and determined that an Environmental Impact Statement is not
required in respect of an individual aquaculture licence application in Donegal Bay, Co.
Donegal. Ministerial Determination in relation to EIS requirements for an Aquaculture
Licence for the cultivation of Shellfish by Donegal Oceandeep Oysters Ltd (T12/349) in
Donegal Bay, Co. Donegal



30) Donegal Bay

The Minister has considered and determined that an Environmental Impact Statement is not
required in respect of an individual aquaculture licence application in Donegal Bay, Co.
Donegal. Ministerial Determination in relation to EIS requirements for an Aquaculture
Licence for the cultivation of Shellfish by Paul Mc Hugh and George Mc Hugh (T12/350) in
Donegal Bay, Co. Donegal.

31) Trawenagh Bay

The Minister has considered and determined that an Environmental Impact Statement is not
required in respect of an individual aquaculture licence application in Trawenagh Bay, Co.
Donegal. Ministerial Determination in relation to EIS requirements for an Aquaculture
Licence for the cultivation of Shellfish by Oisiri Min An Chairn Teoranta (T12/489) in
Trawenagh Bay, Co. Donegal.

32) Trawenagh Bay

The Minister has considered and determined that an Environmental Impact Statement is not
required in respect of an individual aquaculture licence application in Trawenagh Bay, Co.
Donegal. Ministerial Determination in relation to EIS requirements for an Aquaculture
Licence for the cultivation of Shellfish by by Oisiri Min An Chairn Teoranta (T12/490) in
Trawenagh Bay, Co. Donegal.

33) Trawenagh Bay

The Minister has considered and determined that an Environmental Impact Statement is not
required in respect of an individual aquaculture licence application in Trawenagh Bay, Co.
Donegal. Ministerial Determination in relation to EIS requirements for an Aquaculture
Licence for the cultivation of Shellfish by by Oisiri Min An Chairn Teoranta (T12/491) in
Trawenagh Bay, Co. Donegal.

34) Gweedore Bay (Bunbeg area)

The Minister has considered and determined that an Environmental Impact Statement is not
required in respect of an individual aquaculture licence application in Gweedore Bay
(Bunbeg area), Co.Donegal. Ministerial Determination in relation to EIS requirements for an
Aguaculture Licence application for the cultivation of shellfish by Seamus Corbett & Eamonn
Sweeney (T12/193) in Gweedore Bay (Bunbeg area), Co.Donegal

35) Gweedore Bay (Carrickfin area)

The Minister has considered and determined that an Environmental Impact Statement is not
required in respect of an individual aquaculture licence application in Gweedore Bay
(Carrickfin area).Co.Donegal. Ministerial Determination in relation to EIS requirements for
an Aguaculture Licence for the cultivation of shellfish by James Bonner (T12/305) in
Gweedore Bay (Carrickfin area), Co.Donegal



36) Gweedore Bay (Carrickfin area)

The Minister has considered and determined that an Environmental Impact Statement is not
required in respect of an individual aquaculture licence application in Gweedore Bay
(Carrickfin area), Co.Donegal. Ministerial Determination in relation to EIS requirements for
an Aguaculture Licence for the cultivation of shellfish by John Boyle (T12/326) in Gweedore
Bay (Carrickfin area), Co.Donegal

37) Braade Strand, Gweedore Bay

The Minister has considered and determined that an Environmental Impact Statement is not
required in respect of an individual aquaculture licence application in Braade Strand
Gweedore Bay,Co.Donegal. Ministerial Determination in relation to EIS requirements for an
Aquaculture Licence for the cultivation of shellfish by John Boyle (T12/364) in Braade
Strand, Gweedore Bay, Co.Donegal

38) Braade Strand, Gweedore Bay

The Minister has considered and determined that an Environmental Impact Statement is not
required in respect of an individual aquaculture licence application in Braade Strand
Gweedore Bay,Co.Donegal. Ministerial Determination in relation to EIS requirements for an
Aquaculture Licence for the cultivation of shellfish by Celtic Kerber Ltd. (T12/365) in Braade
Strand, Gweedore Bay, Co.Donegal

39) Braade Strand, Gweedore Bay

The Minister has considered and determined that an Environmental Impact Statement is not
required in respect of an individual aquaculture licence application in Braade Strand
Gweedore Bay,Co.Donegal. Ministerial Determination in relation to EIS requirements for an
Aquaculture Licence for the cultivation of shellfish by Thierry Gillardeau & Desmond Moore
(T12/410) in Braade Strand, Gweedore Bay, Co.Donegal

40) Braade Strand, Gweedore Bay

The Minister has considered and determined that an Environmental Impact Statement is not
required in respect of an individual aquaculture licence application in Braade Strand
Gweedore Bay,Co.Donegal.Ministerial Determination in relation to EIS requirements for an
Aquaculture Licence for the cultivation of shellfish by Celtic Kerber Ltd. (T12/419) in Braade
Strand, Gweedore Bay, Co.Donegal

41) Braade Strand, Gweedore Bay

The Minister has considered and determined that an Environmental Impact Statement is not
required in respect of an individual aquaculture licence application in Braade Strand
Gweedore Bay,Co.Donegal. Ministerial Determination in relation to EIS requirements for an
Aquaculture Licence for the cultivation of shellfish by John Boyle (T12/430) in Braade
Strand, Gweedore Bay, Co.Donegal



42) Gweedore Bay

The Minister has considered and determined that an Environmental Impact Statement is not
required in respect of an individual aquaculture licence application in Gweedore
Bay,Co.Donegal. Ministerial Determination in relation to EIS requirements for an
Aquaculture Licence for the cultivation of shellfish by Gary Boyle (T12/438) in Gweedore
Bay, Co.Donegal

43) Braade Strand, Gweedore Bay

The Minister has considered and determined that an Environmental Impact Statement is not
required in respect of an individual aquaculture licence application in Braade Strand
Gweedore Bay,Co.Donegal. Ministerial Determination in relation to EIS requirements for an
Aquaculture Licence for the cultivation of shellfish by Brendan Boyle (T12/461) in Braade
Strand, Gweedore Bay, Co.Donegal

44) Kincasslagh Bay, Gweedore

The Minister has considered and determined that an Environmental Impact Statement is not
required in respect of an individual aquaculture licence application in Kincasslagh Bay,
Gweedore,Co.Donegal. Ministerial Determination in relation to EIS requirements for an
Aquaculture Licence for the cultivation of shellfish by Paul McHugh & John Paul
Baska(T12/432) in Kincasslagh Bay, Gweedore, Co.Donegal

45) Cruit Strand, Kincasslagh Bay, Gweedore

The Minister has considered and determined that an Environmental Impact Statement is not
required in respect of an individual aquaculture licence application in Cruit Strand,
Kincasslagh Bay, Gweedore,Co.Donegal. Ministerial Determination in relation to EIS
requirements for an Aquaculture Licence for the cultivation of shellfish by Benedetta
Cazzamali (T12/458) in Cruit Strand, Kincasslagh Bay, Gweedore, Co.Donegal



Appendix 4

Submissions to National Strategic Plan for Sustainable Aquaculture

Development on behalf of Save Linsfort Beach and Save the Swilly




Save Linsfort Beach

NATIONAL STRATEGIC PLAN FOR SUSTAINABLE
AQUACULTURE DEVELOPMENT

Draft for Public Consultation, June 2015

We wish to make the following submission as part of the consultation process for the
National Strategic Plan for Sustainable Aquaculture Development to avoid a repeat of the
travesty which is being inflicted on Linsfort Beach and Stragill Strand near Buncrana, Co
Donegal due to a seriously flawed decision taken by the Minister for the Marine. The
process for awarding 10 year licences (ref T12/462) for an Oyster Farm covering 42 acres of
unspoilt sandy beaches has completely disregarded the severe impact that such an
enterprise will have on Lough Swilly, an area of outstanding natural beauty which rivals the
best that this Country has to offer. The licences were granted without the knowledge of
those most affected, both locally and in the wider community, who have been visiting and
enjoying these beaches for years.

The Department of the Marine has confirmed that the licence application and screening
process complied with regulations. It certainly can’t be denied that a notice was published in
a newspaper and that the notice did state the location and type of activity being applied for.
However, the newspaper in which the notice was published sells approximately 100 copies
in a huge peninsular area which has a population of almost 40,000 people according to the
last census. That’s hardly a public notice. In fact, the newspaper’s circulation in the area is
so small that Donegal County Council specifically excludes it from its list of approved
publications for planning permission notices in Inishowen. Secondly, the notice stated that
the location is an ‘area of foreshore in Lough Swilly’. Considering the length of the shoreline
on both sides of the Lough is over 80km long, that description is not exactly dropping a pin
on a specific location for the purpose of encouraging public consultation. It’s hardly
surprising that no-one engaged with the process when it was published in such an evasive
manner. We recommend that applications for Aquaculture and Foreshore Licences should



strictly adhere to the requirements of the Local Authority for both published notices in
approved publications and notices to be placed at the site of the proposed licence.

Finally, the notice stated that it is for cultivation of oysters. What it failed to say was that the
licence is for cultivation of a non-native species known as the Pacific Oyster which is
extremely invasive and has the potential to wipe out the existing native wild oyster stock in
the Lough. Studies carried out in Lough Swilly as recently as 2013 have reported declining
stocks of the native wild oyster and emphasised the importance of managing the current
stock by controlling the introduction of the Pacific Oyster. At least two of these reports were
published by the Marine Institute, the same organisation which carried out a pre-screening
assessment for the licence and came to the conclusion that an Environmental Impact
Statement wasn’t required. This allowed the Minister to waive the requirement for an EIS to
be submitted with the application. It is important for the sake of accuracy to point out that
the aforementioned studies were carried out within a designated Natura 2000 Special Area
of Conservation and the licence granted for the oyster farm is for an area 1km to the north
of the SAC. However, given that Lough Swilly is an estuary with substantial tidal movements
and currents running at up to 6 knots, it is difficult to comprehend how the biodiversity of
the SAC could not be directly impacted by the introduction of an invasive non-native species
in such close proximity. Surely, the prudent advice would have been to thoroughly assess
the risk through public and scientific consultation rather than dismiss it. Significantly, had an
EIS been recommended, a public consultation process would have been legally required
under EU regulations.

The State will get an annual fee of €63.49 in return for surrendering 42 acres of one of the
most scenic areas in Ireland. That is the equivalent of 21 football pitches filled with rusting
steel cages strewn across a valuable public amenity, turning it into a no-go area for locals
and tourists. At best, this enterprise will create 2 or 3 jobs, but does this justify destroying
our coastline for the benefit of one business owner. The price that is being paid for a short
term gain is simply too high.

If this is the standard that has to be met to justify important Government decisions, then it
is yet another indictment on a political and bureaucratic system that has been taking
ordinary people for granted for far too long. What'’s to stop this from happening somewhere
else? Where is the transparency? We believe that it is unacceptable and ask the Minister to
reconsider his decision and either revoke the foreshore licence with immediate effect as
allowed under condition 6 of the licence or, suspend both licences to allow a proper public
consultation process to take place.

It is ironic that the Minister is currently promoting public consultation by inviting
submissions as part of the National Strategic Plan for Sustainable Aquaculture Development.
The Plan endorses six high-level principles, recommended by the Marine Institute, which



“are intended to provide a broad direction to guide the ongoing development of sustainable
aquaculture in Ireland and instil confidence in all stakeholders in the commitment to
appropriate development of the industry.”

Two of these principles are as follows:

Principle 1 — “Responsible planning ensures that the overall development of
aquaculture and the siting of individual farms are compatible with other uses and
the responsible management of the marine environment.”

Principle 5 — “Openness, transparency and accountability are core considerations in
the licensing and regulatory framework for aquaculture. Seeking public and local
knowledge inputs during the process increases confidence in the decision-making
process.”

Do the people of Inishowen not deserve the same courtesy?



Save the Swilly

save
Swilly

21 July 2015

NATIONAL STRATEGIC PLAN FOR SUSTAINABLE AQUACULTURE DEVELOPMENT
Draft for Public Consultation, June 2015

SUBMISSIONS and COMMENTS — SAVE THE SWILLY

This document is one in a series of attempts over many years to substitute aquaculture in
Ireland’s marine strategy for traditional pursuits. Those who have observed Ireland’s
aquaculture sector over the decades have noted the policy shift among Ireland’s primary
state agencies engaged in the marine sector to favour aquaculture at the expense of fishing,
tourism, and generally, any competing interests. It is our contention that the apparent
conclusion among European and Irish marine policymakers and State agencies that
aquaculture is the only, or the major, mitigating solution to the world’s diminishing natural
protein sources is both dangerous and self-serving.

The decline in pelagic and demersal fishing in recent decades is partly a function of over-
fishing, climate change and global population growth. However, there are also more micro
and regional factors, not least the treatment of Ireland in the European Common Fisheries
Policy, the failure to regulate the fishing sector adequately, and to implement regulations
effectively. The notion that the same process and the same marine governance structure
which presided over the loss of sovereignty over Irish fishing rights will protect all
stakeholders in the proposed official endeavour to more than double aquaculture output in
less than a decade requires, at the very least, independent scrutiny.



Save The Swilly is not simply criticising any and all forms of aquaculture, and our starting
point is to respect the good faith of the Irish government in embarking on this consultation
process. Our concern is that aquaculture sites are appropriately sized and located, their
cumulative environmental effects taken into honest consideration, and that verifiable
attention to, and equitable sharing with, other legitimate stakeholders are taking place.

The concerns we have are the historic conduct of marine policy in Ireland, where State
agencies have by their actions demonstrated compliance with a central theme that
aquaculture is the future, and that any contradiction of this core principle should be swept
away or silenced. Along with the aims of “openness, transparency and accountability” (page
75), the NSPSAD also says it endorses Vision for 2020’s policy of “equitable” (NSPSAD, page
84). Some might question this latest inclusion.

There has been denial or obfuscation of research into the impacts of aquaculture over the
years. The impact of invasive species such as Pacific oysters (crassostrea gigas) on native
species; the impact of salmon farming and associated proliferation of sea-lice on both wild
salmon (salmo salar) and sea trout (sa/mo trutta) populations throughout Ireland; the
decline in migrating wild salmon — all of these have attracted credible domestic and
international research at various times, which in turn has been deliberately undermined by
State agencies and/or suppressed.

While the breadth and depth of the NSPSAD document is welcomed, Save The Swilly
believes a preliminary stage is required — restructuring the administration of Ireland’s
marine sector to remove the conflicts of interest where the same Minister and the same
chain of command is responsible for promotion, licensing, regulation and compliance within
the industry. There is little evidence of “Chinese walls” between the State agency
responsible for promotion and development, Bord laschaigh Mhara (BIM), the research
agency the Marine Institute, and the Department of the Marine’s Coastal Administration
and Seafood Divisions.

For one department to be responsible for promoting aquaculture (and presumably
incentivised for growing the output) while also responsible for regulating it (presumably by
ensuring compliance with regulations) is self-evidently unsustainable, and requires
reorganisation to separate these conflicting objectives.

REALISTIC PROJECTIONS?

We are very concerned about the apparently linear extrapolation of production targets,
arriving at a figure of 81,700 tonnes by 2023, or 122.6% higher than the baseline output in
2012, of 36,700 tonnes. We believe the level of governance and compliance over the Irish
aquaculture sector already leaves much to be desired, and projections to double output



without reference to the upscaling of administration and effective management processes is
a serious concern. The scale and pace of expansion is unrealistic and likely to produce
negative consequences through rapid licensing and inadequate regulation/governance.

Increasing production by 45,000 tonnes (more than double current output) in eight years,
and the suggested scenario “where all [licensees] achieve production levels at or near
previous historic maxima simultaneously” (page 52) is excessive and not grounded in a
balanced approach between the ambitions of the industry, regulators and promoters vis a
vis the impact on the environment and other stakeholders. Such an increase in production
will also increase any existing impacts from aquaculture, such as pesticides, feed ratio,
escapees, eutrophication.

This seems to be a quantitative and linear projection of production possible based on the
assumed “capacity”, without acknowledging that the “capacity” is Ireland’s own marine
area, owned by its people, and not by Europe or by the multinational companies which
dominate Ireland’s finfish and shellfish aquaculture industries.

On the finfish segment, the pressure on wild fish resources to support the aquaculture
sector is already an issue. We refer to the document Future Brief: Sustainable Aquaculture,
issue 11, published by European Commission Science for Environment Policy, June 2015
[http://ec.europa.eu/science-environment-policy], wherein various sources are cited:

e “_.with the expected expansion of aquaculture, there is an urgent need to further
reduce the percentage of wild fish in feed and, most importantly, the total amount of
wild fish consumed (should demand for feed rise significantly under aquaculture
expansion).” (Welch, et al. (2012). They estimate that the amount of fish used in feed
to produce one unit of output would have to be reduced by at least 50% from current
levels for aquaculture to be sustainable in 2050.

¢ Tacon, Hasan & Metian (2011) write that the global supply of nutrients and feed will
have to grow at a rate of around 8-10% per year to 2025, to match the aquaculture
sector’s growth rate. “Increased aquaculture production could help to contribute to
increased food security and local production as a means of securing future supply in a
way which is carbon efficient and fits local economies. “

While the NSPSAD argues in favour of aquaculture meeting the protein needs of the
population, it is important to note that the vast majority of Ireland’s aquaculture output, by
volume and value, is exported, so the argument supporting rapid expansion is an economic
one. ltis not based on Ireland’s own food security requirements. We believe it is
disingenuous to argue that the desired expansion of Ireland’s aquaculture industry is based
on altruistic motives.



With regards to employment, the dismissal of tourism in favour of sweeping expanses of
aquaculture in remote coastal areas, has been exposed as flawed by the hugely successful
Wild Atlantic Way initiative. This program has attracted large numbers of tourists to the
natural scenery in areas such as County Donegal.

Aquaculture, a comparatively small contributor to Ireland’s economy, should not be allowed
to threaten tourism, which contributed more than EUR6.5 billion to the economy in 2014,
by comparison with an estimated EUR200m for all aquaculture.

Tourism employment also dwarfs aquaculture, with around 180,000 people directly
employed in tourism, or 100x that of aquaculture. It is clear which is the more important
sector, viz. tourism, and the idea presented in the document, that aquaculture sites can be a
tourist attraction, is not deserving of serious attention. The association of aquaculture
development with the Wild Atlantic Way tourism initiative is a crass and unrealistic attempt
to suggest tourism and aquaculture are complementary.

AIMING FOR GROWTH — ENVIRONMENTAL COSTS

The premise (page 9) that Europe (and Ireland) must “catch up” as aquaculture production
has “stagnated” is flawed. There is no pre-eminent obligation to achieve growth for its own
sake. Ireland has competing demands for the resources required to produce farmed
seafood, and the objective should be to achieve balance in resources, not tonnage for its
own sake. “Ireland and other Member States through EU institutions have recognised the
unsustainable position that the EU finds itself in with regard to seafood supply and has
targeted resurgence in growth in output from aquaculture as a major priority over the
remainder of this decade.” Why is this a natural conclusion?

We refer to the EU document, Future Brief: Sustainable Aquaculture, which states that “in
its expansion, aquaculture must continue to respect environmental legislation” and refers

specifically to a series of important European directives and initiatives:

e The Marine Strategy Framework Directive (MSFD) requires EU Member States to
achieve 'Good Environmental Status' for their marine waters by 2020, as judged
against a range of 11 so-called 'descriptors'. Thus, national aquaculture strategies
must ensure that aquaculture does not have negative impacts in terms of non-
indigenous species, eutrophication, seafloor integrity, concentrations of
contaminants (both in the water generally and in seafood specifically), populations
of commercial fish or marine litter.



e The Water Framework Directive (WFD) addresses pollution and biodiversity
concerns in inland, coastal and transitional waters (e.g. estuaries and fjords). It
requires Member States to attain ‘good ecological status’ and ‘good chemical status’
in these waters. Pollution by ‘priority’ chemical substances, some of which are used
in aguaculture, must be progressively reduced and, in some cases, phased out
completely.

e Agquaculture operations must respect wildlife protection requirements under the
Birds and Habitats Directives. In particular, they must comply with the conservation
objectives of sites included in Natura 2000, the EU network of protected areas, and
be subject to an Appropriate Assessment prior to authorisation in line with Article 6
of the Habitats Directive.

e The Regulation on the use of alien and locally absent species in aquaculture
addresses the movement of alien species for aquaculture purposes. Operators must
conduct prior risk assessments and obtain permits to transfer alien aquatic species.
The newly adopted EU Regulation on the prevention and management of the
introduction and spread of invasive alien species will also apply to aquaculture.

e Planning and development of new aquaculture sites fall under the Environmental
Impact Assessment (EIA) and Strategic Environmental Assessment (SEA) directives.
These allow environmental concerns to be taken into account very early on in
planning processes, thus avoiding or minimising negative impacts. In addition, the
recently-agreed Directive on Maritime Spatial Planning (MSP) aims to promote
sustainable development and use of marine resources, including for aquaculture,
through Maritime Spatial Plans to be established in each Member State by 2021.

The premise for the National Strategic Plan for Sustainable Aquaculture seems to be that

“sustainable” applies exclusively to economic sustainability. In fact, the suite of applicable
European policies is more far-reaching than this, and the requirement for compliance with
the five areas listed above is at least as important as the economic sustainability objective.

These EU requirements are NOT optional, but obligatory, and the tone of the NSPSAD,
suggesting Ireland’s responsibilities to the environment under European directives are non-
binding or voluntary, is incorrect. The failure to comply adequately with the requirements
under NATURA 2000 are not indicative of problems with NATURA 2000, but refer to the
inherent resistance of Ireland’s marine management to observe environmental obligations.
It is of extreme concern to us that measures such as NATURA 2000 should be designated as
a “threat” under the SWOT analysis on page 23: “Spatial restrictions on aquaculture
activities to protect NATURA 2000 designated species and habitats.” We do not accept that
these are “threats” to aquaculture, but essential pre-conditions to its operations. In our



view, this demonstrates the presumption that any obstacle to aquaculture, even protected
habitats, are “threats” to be removed. After all, the aquaculture industry is the only
industry we specifically allow to pollute our waters.

KNOWLEDGE, INNOVATION, TECHNOLOGY — AND TRANSPARENCY?

It is curious that Chapter 5 seems to overlook the impact of invasive species on indigenous
species -- for example, Pacific oyster (crassostrea gigas) proliferation on native oysters — as
well as the cumulative impact of treatments for disease and parasites in finfish on other
species, and the impact of these diseases and parasites themselves.

Research by the former Central Fisheries Board into the impact of sea lice on migratory wild
salmon, for example, has been intentionally suppressed, although Description of the
Licensing Process, a 13-step programme (page 94-96) includes Step 4 “ . . . with particular
reference to ensuring scientific agreement...”. And NSPSAD claims ‘impartial and objective
science’ in “Principle 3 of Sustainable Development: Science-based approach ... best
available, impartial and objective science ...” (page 75).

A National Sea Lice Monitoring Plan has been introduced, which requires fish farms to
“treat”, i.e. apply anti-sea lice pesticides, when the sea lice reach a particular concentration.
This is clearly aimed at supporting the fish farms in dealing with their own problems, but
gives no reference to the impact of the sea lice or of the treatments beyond their own
cages. This is NOT a control plan, but merely a monitoring plan, and experience over many
years leads us to conclude that the regulators and the industry are determined to deny the
environmental impact of sea lice — and pesticides - on the wider marine environment, and
on wild salmonids especially.

At the 'Sea Lice 2014' conference held in Maine (USA) in early September 2014, the Marine
Institute admitted to "persistent difficulties in achieving sea lice control targets at certain
locations" but claimed "a downward trend of mean sea lice levels on Irish farms". There
were, however, 39 reported incidents of sea-lice in the first 10 months of 2014, versus 19 in
the previous year.

There is not only fudging of statistics, but a secrecy around the monitoring results, data
which should be available to the public. This concern is reinforced by the extraordinary
decision to close the investigation into sea lice management and control in Ireland due to
“lack of evidence”. The “lack of evidence” is almost entirely due to the fact that the data
held by the Marine Institute is inaccessible to the general public.



The Marine Institute publishes annual reports but monthly data is marked private and
confidential - with the following warning attached to reports:

This data is supplied for the information of the recipient only and is not to be used, cited, or conveyed to third parties without the prior
permission of the Marine Institute.

Published data for 2013 is available at | dle net
| Marine Institute, Rinville, Oranmore, Co. Gabaray, Ireland Tek +!51 E'HBHNW marine. e

ENSURING SUSTAINABILITY

“Vision for 2020: ‘An aquaculture industry that develops in harmony with nature, and with
the confidence of stakeholders.”” (NSPSAD, page 74)

While the language is to be applauded, we are skeptical that, without extensive
reorganisation, Ireland’s marine management structure is capable of achieving the headline
objectives in a way that any reasonable and neutral observer would describe as compliant.
The “Guiding Principles for the Sustainable Development of Aquaculture” are all admirable,
but there is little or no evidence that Ireland has paid considered attention to these
principles in the past:

e Responsible Planning

e Ecosystem Protection

e Science-based approach

e Compliance

e Openness, Transparency and Accountability
e Industry Best Practice

For us, there is ample evidence from our own experience that in Ireland none of these
principles has been well-observed, with perhaps the most egregious being “Openness,
Transparency and Accountability”. Advertising of license applications in newspapers distant
from those directly affected by licenses; control of information on operations of aquaculture
operations; sub-leasing of licenses from indigenous operators to multinationals, all with no
evident accountability, are some of the experiences in the operation of aquaculture in
Ireland.

In this segment, an area worthy of consideration is the principle of appropriate siting of
salmon farms, i.e. offshore. However, in a point which is typical of the aquaculture sector,
definitions seem to be pliable, and “offshore” seems to mean what the regulator decides it
should mean. In response to a written parliamentary question in June 2015, Minister Simon
Coveney replied, “My Department has been advised by the Marine Institute that offshore



aquaculture as referred to in the National Strategic Plan for Sustainable Aquaculture
Development is considered to mean the execution of activities in sites that are subject to
ocean conditions, with significant exposure to wind and wave action. This includes fully open
ocean sites and sites that, although close to the open ocean, and subject to ocean waves,
benefit from some shelter provided by local topographical features (e.g. headlands and
islands).”

https://www.kildarestreet.com/wrans/?id=2015-06-25a.268

A key risk of offshore farming, as pointed out in the EU Future Brief document: “It is difficult
to predict the exact environmental impacts of this, as scientific knowledge is lacking.” Also,
“Troell et al (2009) caution that offshore farms are likely to be much larger than today’s
coastal farms, and produce more waste. Even in the open ocean, assimilative capacities can
still be exceeded by nutrient pollution, they warn.”

It should be noted that while control of invasive species is regarded as a high priority, it is
also a problem created by aquaculture.

e “Control of invasive species is a major challenge, and involves cross-sectoral and
cross-border co-operation by a range of responsible bodies and sectoral interests.”
(page 78)

e (quoting Article 19 report): “The majority of the known initial introductions of NIS to
Irish waters have occurred via shipping (commercial and recreational) or through
aquaculture.” (page 79)

Does this not suggest that a quick solution to the problem may be to stop growing non-
indigenous species and importing broodstock/seeds? However, the Minister for the Marine
continues to grant licenses for breeding non-indigenous oysters. How is this inconsistency
reconciled?

For more than 10 years, wild oystermen in Lough Swilly have been told by the Marine
Institute that the gigas oyster was not worth their concern as it was ‘sterile.” The NSPSAD
(pages 26, 31ff, 56) however, gives a slightly different version:

“...since 2010 Irish [oyster] operators have been building up a source of certified disease
free sterile oysters. The first of these sterile stocks will be produced in spring 2015.
Currently, one hatchery is carrying out this work, funded jointly by BIM and MI, and this
stock will be made available to other Irish hatcheries. To exploit this properly, it is vital to
invest in a full scale breeding programme run collaboratively with all Irish hatcheries. There
is an opportunity to use fertile stocks from different disease free sources around the coast
to maintain genetic diversity, while selectively breeding for resilience and other
characteristics in an Irish produced sterile oyster.”



Once again, aquaculture is favoured over the traditional resource, supported by suppressed
and/or incorrect information, to the detriment of the native species.

COORDINATED SPATIAL PLANNING

The idea of coordinated spatial planning cannot be faulted, and provided it is accomplished
with comprehensive and appropriate consultation and genuine transparency concerning
implications of the operations being planned, we would have no objection.

Spatial planning implies consultation with local communities. The launch of the Coordinated
Local Aquaculture Management Systems (CLAMS) was a cynical attempt to present an
aquaculture industry networking system as an objective consultation body. CLAMS is an
aquaculture sector organisation, whose main objective is to advance the interests of the
industry. From CLAMS’ own handbook introduction: “Though CLAMS is integrated with
these [marine] plans and the viewpoints of all interest groups are documented, the process
is driven by the aquaculture producers.” CLAMS is not an objective source or conduit of
information, and the idea that the CLAMS network will provide unbiased bottom-up data on
appropriate planning is ludicrous.

A second point of concern in the assessment of this element is the suggestion that effective
planning is required to work around environmental obstacles such as NATURA 2000. This
was expressed in Sunday Times, 5 July 2015: Department of Agriculture [Food and the
Marine] . . . “called on the commission to take a flexible approach to enforcement because
‘the complexity involved in achieving compliance generally in the marine environment
appears to have been greatly underestimated.”

It is our view that the European environmental policies have evolved from comprehensive
investigation, research and debate, and are not trivial hurdles to be overcome. They set the
bar for industrial and other activities, and any industry unable to comply must (a) adapt so
that they do comply; or (b) cease their activities.

AQUACULTURE LICENSING

The implication in the statement on aquaculture licensing “...to progressively remove the
current aquaculture licensing backlog” is perhaps the most disturbing aspect of this report.
There is no doubt that the aquaculture licensing process has been slowed in recent years,
but the reasons for this lie at the door of the Minister and the Department, rather than



some technical anomaly which can be resolved by hurry-up diktat. The main reason for
licensing delays has been Ireland’s failure to observe European environmental directives.

If anything, this failure to have followed the regulations from the beginning should lead to a
tightening of the licensing regime rather than some form of “blanket amnesty” which seems
to be the Irish government’s intention. Throughout the NSPSAD, there are frequent
references to “overhaul” and “revision” of the regulatory/legislative framework.

The recent issuing of 70 mussel licences in Roaring Water Bay, and 120 mussel licences in
Cronane, Co. Kerry alone, would suggest that cumulative effect is of little concern to those
in charge of marine management. Each licence was signed off by the Minister with a
document stating that “this application would not in itself have a significant impact on the
environment.”

There is some contradiction about the number of new licences expected: “... a limited
number of new licences” (page 52), and “. . . the expected outturn for 2015 in respect of
licence determinations is in the order of 150” (page 96) -- but given there have been 190
mussel licences issued alone this year, the tallying seems a bit fluid. Meanwhile, the ratio of
aquaculture licences approved vs those refused (page 94) stands at a startling 244 : 4.

The establishment of a “Data management and information system, with online aquaculture
licence application and tracking functionality, and spatial mapping of aquaculture sites”
(pages 90,94,97 — and notably, without an ETA), seems to suggest a fast-track licensing
approach. While we do not object to improved efficiency, if the intention is to circumvent or
in any way diminish the public right to consider and object to license applications, it cannot
be condoned. Public access to the network of aquaculture licenses through the ‘Public
Viewer’ would appear to be after, not prior to, licences being granted. Where is the
“openness, transparency and accountability” for the public in this?

Finally, fish farms license their sites. The marine resource belongs to the people of Ireland.
The proposal (page 59) “ [optimisation of existing licensed capacity] could be a case of an
unused or underutilised licensed site being sold or sub-let to a better resourced or more
ambitious operator” is, at best, questionable.

CONSERVATION

“ Planning, licensing and regulation of the sector ensures full compliance with relevant
European and National legislation, including SEA and EIA legislation, nature conservation
legislation (Birds and Habitats Directives), and legislation seeking to achieve and maintain
good environmental status of coastal and marine waters (Water Framework Directive,



Marine Strategy Framework Directive).” — Principle 4 of the six Guiding Principles for the
Sustainable Development of Aquaculture recommended by the Marine Institute.

Save the Swilly applauds this principle, but seriously doubts whether this is also recognised
as an obligation by the promoters/developers of aquaculture, let alone as a positive
principle to embrace. Inclusion of NATURA 2000 compliance as a ‘threat’ in the SWOT
analysis of the proposed industry expansion was surprising. More recently, there was the
Sunday Times plea by the Department that it was just too hard to be compliant, and they
were in need of a work-around.

This is most disappointing in that it reinforces our long-held view that the aquaculture
industry, supported by policy-makers, sees environmental protection and Ireland’s unique
marine habitats as hindrances to industrial development. We believe the integrity of
Ireland’s habitats is a national treasure to be protected and enhanced, and not to be eroded
by a global aquaculture industry colluding with politicians and civil servants intent on
expanding an industry for sectoral interests, rather than for the greater national good.

Finally, it is almost inconceivable that Ireland has not implemented a policy of Marine
Conservation Areas, given its location and the importance of its marine habitat, both to this
generation and the next. We believe that certain areas should be designated free of
aquaculture and commercial fishing for sustained periods to enable wild fish stocks to be
replenished. This should be part of any ‘strategic policy’.

According to the Marine Strategy Framework Directive, enacted into Irish law in 2011,
Ireland is required to achieve “good environmental status” for its coastal zone by 2021. The
logical way to do this is to establish a network of Marine Protected Areas, which are
common or under active development elsewhere in Europe and in other regions of the
world. The fact that this concept is not even mentioned in this document is a serious
shortcoming.



Appendix 5

Photographs (more available on Save Linsfort Beach Facebook Page)

www.facebook.com/savelinsfortbeach
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Appendix 6

Reports on Native Oyster vs Invasive Species

Appropriate Assessment of Fisheries and Aquaculture in Lough Swilly - Marine Institute
Can the spread of Non-Mative Oysters at early stages be managed

Cause & Affect of a Highly Successful Marine Invasion

Exploitation of natural food sources by two sympatric invasive suspension feeders
Fishery Matura Plan for Mative Oysters in Lough Swilly 2012-2017

Invasive Species Ireland

Mational Strategic Plan for Sustainable Aquaculture Development - draftconsult100615
The Dynamics of Environmental Sustainability and Local Development - Aquaculture
The Mative Oyster - Article by Karen Dubsky

The 5tatus and Management of Native Oyster - Tully & Clarke 2012
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1 Introduction

This document assesses the potential ecological impacts of aquaculture activities within Lough Swilly (site code
002287) Special Area of Conservation (SAC) on the Conservation Objectives of the site (COs).

The information upon which this assessment is based is a definitive list of applications and extant licences for
aquaculture received by the Department of Agriculture Food and Marine (DAMF) and forwarded to the Marine
Institute as of end of April 2012; and also the 5 year Fishery Nature Plan (FNP) for Native oysters in Lough Swilly
(LSWOSL, 2012). The activities include bottom culture of mussels and the bottom and suspended culture (BST
long lines, bags & trestles) of oysters (native & pacific).



2 Conservation Objectives for Lough Swilly (SAC 002287)

The appropriate assessment of aquaculture in relation to the Conservation Objectives for Lough Swilly is based
on version 1.0 of the objectives as produced by NPWS (2011a).

The SAC extent

Lough Swilly is a long sea inlet situated on the west side of the Inishowen Peninsula in north Co. Donegal, it
extends from below Letterkenny to just north of Buncrana. The site is estuarine in character, with shallow water
and intertidal sand and mud flats being the dominant habitats. The main rivers flowing into the site are the Swilly,
Lennan and Crana. At low tide, extensive sand and mud flats are exposed, especially at the mouths of the Swilly
and Lennan rivers. The boundary of the SAC is shown in Figure 1 below.
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Figure 1: The extent of Lough Swilly SAC (site code 002287).

Qualifying interests (SAC)
The SAC is designated for the following habitats and species, as listed in Annex | and Il of the Habitats Directive:

- 1130 Estuaries

- 1150 Coastal lagoons (priority habitat under Habitat Directive)

- 1330 Atlantic salt meadows (Glauco-Puccinellietalia maritimae)

- 1355 Otter (Lutra lutra)

- 91A0 Old sessile oak woods with llex and Blechnum in the British Isles



Constituent communities and community complexes recorded within the qualifying interest Estuaries (1130) are
listed in NPWS (2011a) and illustrated in Figure 2:

1130 Estuaries
o Fine sand community complex
o Intertidal mixed sediment with polychaetes
o Subtidal mixed sediment with polychaetes and bivalves
o Muddy fine sand with Thyasira flexuosa
o Mud community complex
o  Ostrea edulis dominated community

1 Legend
1| Commu nity Type
1| [ Fine sand community complex

B Intertidal Mixed sediment with polychaetes

|| I Mud community complex

1| I Muddy fine sand with Thyasira flexuosa

|| % Ostrea edulis dominated community

Subtidal Mixed sediment with polychaetes and bivales
11 31130 Estuaries

Figure 2: Principal benthic communities recorded within the qualifying interest Estuaries within
Lough Swilly SAC (site code 002287) (NPWS 2011a).

Conservation objectives for Lough Swilly SAC

The conservation objectives for the qualifying interests (SAC) were identified by NPWS (2011a). The natural
condition of the designated features should be preserved with respect to their area, distribution, extent and
community distribution. Habitat availability should be maintained for designated species and human disturbance
should not adversely affect such species. The features, objectives and targets of each of the qualifying interests
within the SAC are listed in Table 1. Specifically, for marine habitats and species, the attributes listed in Tables 1
should be conserved.



Table 1: Conservation objectives and targets for marine habitats and species in Lough Swilly SAC (site code 002287) (NPWS 2011Apr.Ver. 1)

FEATURE

OBJECTIVE

TARGET

Estuaries

Maintain favourable conservation condition

6118ha, permanent habitat is stable or increasing,
subject to natural processes

Fine sand community complex

Maintain favourable conservation condition

583ha, Conserved in a natural condition,
persistent disturbance to ecology <15% of area

Intertidal mixed sediment with polychaetes

Maintain favourable conservation condition

655ha, Conserved in a natural condition,
persistent disturbance to ecology <15% of area

Subtidal mixed sediment with polychaetes and
bivalves

Maintain favourable conservation condition

1314ha, Conserved in a natural condition,
persistent disturbance to ecology <15% of area

Muddy fine sand with Thyasira flexuosa

Maintain favourable conservation condition

1320ha, Conserved in a natural condition,
persistent disturbance to ecology <15% of area

Mud community complex

Maintain favourable conservation condition

1127ha, Conserved in a natural condition,
persistent disturbance to ecology <15% of area

Ostrea edulis dominated community

Maintain favourable conservation condition

906ha, Conserved in a natural condition,
persistent disturbance to ecology <15% of area

Otter (Lutra lutra)

Restore the favourable conservation condition

Maintain distribution, 88% positive survey sites

839ha, No significant decline in extent of marine
habitat

Couching sites and holts, No significant decline
and minimise disturbance

Fish biomass, No significant decline in marine fish
species in otter diet

Barriers to connectivity, No significant increase




3 Details of the proposed plans and projects

Aquaculture

Aquaculture activities are widespread in Lough Swilly and comprises of shellfish (mussel and oyster) and finfish
(salmon) culture. Mussel (Mytilus edulis) & oyster (Crassostrea gigas & Osirea edulis) production is carried out
within the SAC & SPA boundaries. However, no aquaculture occurs in Blanket Nook Lough or Inch Lough. This
assessment focuses on aquaculture activities which fall within the qualifying interest of Estuary (1130) for which
the site is designated. methods of shellfish cultivation carried out within the feature Estuary include bottom
culture, longlines, BST longlines and bags & trestles. The aquaculture activities considered in this assessment
can be broadly divided according to species cultured and method of culture as well as licence status (licensed or
application). Within the boundary of the qualifying interest (Estuary 6118ha) the total area currently licensed for
shellfish production is 1771.4ha; this comprises of oyster cultivation (86.1ha), mussel cultivation (511.6ha) and
dual mussel and oyster cultivation (1173.8ha). Currently (May 2012) applications are submitted for another
861.2ha, comprising bottom culture of mussels (549ha), bottom culture of oysters (280.3ha) and suspended
culture of oysters employing BST Longlines (17.9ha) and Bags & Trestles (14ha).

3.1.1 Mussel Culture

Mussel (Mytilus edulis) culture occurs throughout the Lough Swilly SAC, but the majority occurs in inner Lough
Swilly south of Rathmullan. Bottom culture is the sole method of cultivation employed within this area covered by
this assessment (i.e. Estuary); other culture methods (Longlines) are employed outside of the extent of the
qualifying interest and the SAC boundary. Within the qualifying interest (Estuary) of Lough Swilly SAC there are
currently 7 sites licensed for bottom culture of mussels and 13 applications pending (Figure 3). There are also
three sites licensed for the bottom culture of mussels and oysters together. Currently the total area, within the
boundary of the qualifying interest, under licensed mussel cultivation is 511.6ha with a further 549ha being
subject to application. There are also three sites (1173.8ha) licensed for the bottom culture of oysters and
mussels together (Figure 4).
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Figure 3: Proposed and existing bottom mussel culture activity within the qualifying

interest Estuaries of Lough Swilly SAC.
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Figure 4: Existing bottom mussel and oyster culture activity within the qualifying

interest Estuaries of Lough Swilly SAC.



Bottom Mussel Culture

With bottom mussel culture, seed is transplanted to licensed areas where the mussels are placed directly onto
the seafloor. No structures are used for the culture of mussels on the seafloor, mussels are placed in an
uncontained fashion on the seabed; most of the beds are sub-tidal. In Lough Swilly, techniques vary among
producers from simply transferring seed to licensed sites, where they remain until they reach harvest size to very
mobile stocks which can be moved 3-4 times from nursery to ongrowing sites during their life cycle. When the
mussels reach commercial size 9-18 months later, they are harvested using dredges. Mussel vessels operating
in Lough Swilly use between 2 and 4 dredges depending on vessel size. The types of dredge used on all vessels
are 2m mussel dredges with a flat bar that are designed to skim the surface of the sea bed and separate mussels
from the underlying sediment of the substrate.

Seed Source and Collection

Mussel see is sourced from both within the Lough and as part of the National Seed Allocations. Mussel seed
sources for Lough Swilly come both from within the bay and from the managed Irish Sea Fishery. The main local
seed area is to the west of Inch Island stretching from Drum Point to Hawke’s Nest. When first introduced into the
Lough from other areas (in accordance with seed allocations) mussel seed is placed in the deeper water of the
licensed areas for a short time to become accustomed to the environment. Depending on the robustness of this
seed, it may remain here (deeper water) for the remainder of the on-growing period. During this time the stock is
carefully monitored and if necessary (i.e. poor growth, high mortality) may be transplanted to shallower waters.

Nursery Areas

When native seed is collected it is immediately transferred to nursery areas, usually in the intertidal. The co-op’s
nursery areas are in the Farland Creek and Fahan Creek. For other licensed sites, the nursery area may
comprise the shallower parts of the site. Stocks remain in the nursery areas for 12-18 months, at which stage
they have reached a size of approximately 35mm, the stock is then transplanted to deeper ongrowing sites.

Ongrowing Stage

Stock is moved using dredges from the nursery areas to deeper waters within the licensed site, and remains here
for 6-9 months until harvest. In many bottom culture regimes the mussels would remain on the same plot until
harvest, however, as a result of predation by starfish and local hydrodynamic conditions, mussels grown in Lough
Swilly can be moved 3-4 more times prior to harvest (Table 2). This is especially true for the co-op licensed area
(one large licensed site adjacent to Inch Island) as the management regime allows for greater flexibility for
movement between the individually allocated ongrowing plots within the licensed area.
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Table 2: Frequency of activity associated with the bottom culture of mussels within Lough Swilly, BIM.

Year 1 Year 2 Year 3
Hah | oW | Day M| J|J J|J JIJ|Als
Mussel Spawning X
Segciisrl\]lleu;sel X X
Nursery X X L|L
X X
Starfish Control Hand X
MoP | picking
Ongrowing L|L L
Stock Movements
Harvesting X X| X X
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Harvesting
Harvest is generally conducted 18-27 months after initial seeding, from February through to December.

3.1.2 Oyster Culture

Oyster culture, native (Ostrea edulis) and pacific (Crassostrea gigas), within Lough Swilly is concentrated to the
west and south of Inch Island (Figure 5). Oyster farming within Lough Swilly is a form of intensive culture which
has been taking place since the early 1990s. Culture methods employed are both intertidal and subtidal in bags
& trestles and BST longlines for Crassostrea gigas and bottom culture for Crassostrea gigas and Ostrea edulis.
Within the extent of the qualifying interest, there are currently 3 sites licensed for the sole culture of oysters (2-
Bags & Trestles, 1-Bags & Trestles and BST Longlines) and 7 applications pending (3-Bags & Trestles, 2-BST
Longlines, 2-Bottom Culture). Currently the total area, within the boundary of the qualifying interest, under
licensed oyster culture is 86.1ha with a further 312.2ha being subject to application. The licensed area comprises
of Bag & Trestle (26.3ha) and Bags & Trestles and BST longline (59.8ha) culture. In applications pending bottom
culture (280.3ha) is the predominant method of culture, with BST Longlines (17.9ha) and Bags & Trestles (14ha)
also. It should be noted that there are two instances of overlap where areas already licensed for mussel bottom
culture (T12/293; T12/298) are also subject to an application for oyster bottom culture (T12/339a; T12/339B), this
overlap comprises an area of 175.180477ha (Figure 6 Area of overlap).

There are three sites, covering an extensive area (1173.8ha), that are licensed for the bottom culture of oysters
and mussels together (Figure 4).
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Figure 5: Proposed and existing oyster culture activity within the qualifying
interest Estuaries of Lough Swilly SAC.
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Figure 6: Area of overlap, two areas already licensed for mussel bottom culture (red) are also
subject to applications for oyster bottom culture (yellow). This overlap comprises an area of
175.180477ha.

Suspended Oyster Culture (Bags & Trestles, BST Longlines)

Oysters cultured in the intertidal areas of Lough Swilly are grown in plastic mesh bags secured to metal trestles
predominantly on sedimentary habitat. Bags are made of a plastic mesh and are fastened to trestles using
rubber straps and hooks. Bags vary in mesh size depending on oyster stock grade (6mm, 9mm and 14mm).

Oyster culture also takes place on the BST longline system at one site (T12/37D). This method of culture
appears to be more effective for oysters in the lower inter-tidal environments. Cylindrical baskets (6mm, 12mm
and 16mm mesh size) are suspended from longlines rigged to the seabed by poles at either end.

Intertidal sites within Lough Swilly are positioned between Mean Low Water Spring and Mean Low Water Neap,
allowing 2.5 to 3.5 hours exposure each day depending on prevailing weather conditions. This translates to
approximately 15% visual exposure during day light hours over a typical month. (In total there is 0.15% of the
Lough licensed to oyster farming, of which only an estimated 18% is currently being utilised).

Seed source

Seed or ‘spat’ oysters are purchased from hatcheries. They are available in a variety of size grades, usually from
4mm - 30 mm shell length. Seeding is generally carried out in spring-time when seed (>5g) becomes available
from hatcheries. In Lough Swilly the production cycle begins in the spring when seed (8-10 mm) is introduced
from UK (Seasalter) and French (Naisain) hatcheries. More recently the majority of oyster seed introduced into
the lough is triploid which has the commercial advantage of generally maintaing higher condition throughout he
year a consequence of reduced reproductive output.
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Access

Sites are accessed at low tide using a tractor and trailer and more recently by the use of purpose built flat bottom
barges. The farms on the east shore are accessed by tractor and by foot from a dedicated access point with
associated work areas and land storage. The oyster farms on the west shore are accessed by barge and only
occasionally by tractor. A larger barge has a crane and grading equipment onboard. The smaller barges serve
only to access sites and operate as work platforms. Outboard engines on these only operate when entering and
leaving the site once daily.

Bottom Culture of Oysters

This culture method involves the placement of oysters (Native and Pacific) in an uncontained fashion on the
seabed after a nursery phase in the intertidal zone. In the area around Inch Island the Lough Swilly Shellfish
Growers Co-op society is licensed to bottom culture both mussels and oysters in this fashion.

It is proposed that suitably sized oysters (> 15g) are spread within the licensed area. Oysters are checked
periodically when the progress (growth and mortality) of the oysters are monitored and intervention will be
necessary if anomalies are discovered. For example, oysters may need turning-over if excessive fouling or
siltation is noted on the animals. Such intervention, as well as harvesting (when oysters are approximately 100g),
is carried out using oyster dredges deployed from boats. The dredges are typically 1.5m wide and have contact
with the substrate via a flat blade.

Harvesting

Harvesting is carried out between October and April, 12-18 months after initial seeding. The stock is harvested
when they attain suitable size and condition. This can be from 75g (>85mm) upwards. It can take 2.5-3 years to
first harvest.

Fisheries

3.2.1 History of the native oyster fishery -

The following information and fishery data is taken from the Fishery Natura Plan for oysters (LSWOSL, 2012:
Appendix 1) which details the fishery plan for the native oyster in Lough Swilly from 2012 to 2017. Wild oyster
(Ostrea edulis) was first documented in Lough Swilly in 1604 when the British Admiralty report identified that
oysters existed in commercial quantities in the bay. There has been a traditional native oyster fishery in the bay
ever since. In 1904 the first comprehensive survey was conducted and documented in the “Brown Report” which
stated that “there are two natural oyster beds in Lough Swilly one on the north side between Ballygreen Point and
Ardrummon, in the Letterkenny Rural District and the other on the south side of the Lough between Drumbiy and
Ballyaghan”. A private bed on the north shore adjoining the public bed at Ardrummon has also been recorded.
In the mussel survey carried out by E. Edwards in 1969 there was no mention of oysters but naturally occurring
mussel beds were observed at the locations of the oyster beds noted by Brown. In July of 1991 a dredge survey
was carried out in Lough Swilly by M. O'Toole (BIM). Eight dredges were taken in the area of Farland Creek,
south of Inch Island (now part of the co-op licence) and no oysters were found. Once again mussels were found
in the area between Ballygreen Point and Ardrummon.

3.2.2 Current status of native oyster stocks and fisheries in Lough Swilly

In 2011, two surveys of the oyster populations within Lough Swilly were undertaken by the Marine Institute and
BIM. The first survey (March 2011), excluded sites already licensed for aquaculture, indicated that the wild
oyster population was at a low level and that previous fishing may have removed a high proportion of larger
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oysters (>76mm). The survey also indicated that a naturalised Pacific oyster (Crassostrea gigas) population was
established and occurred in the native oyster bed at various densities and was of multiple year classes. The
second survey (November 2011), included both wild Oyster beds and aquaculture sites, confirmed and extended
the conclusions of the initial survey that generally stocks were low and that Pacific oysters were widespread. The
surveys also showed however that some annual recruitment was occurring and growth rates appear to be strong.
The findings of these surveys and also the survey carried out by O’Sullivan and Dennis (2001) provide updated
information on the distribution of native oyster beds within Lough Swilly, while local knowledge also suggests that

there are additional beds not included in these surveys (Figure 7).
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Figure 7: Distribution of native oyster beds within the qualifying interest Estuaries of

Lough Swilly SAC (source: LSWOSL, 2012).

3.2.3 Current governance and regulation of oyster fisheries in L. Swilly

The Lough Swilly Wild Oyster Development Association was formed in 2000 to represent the interests of
fishermen licensed to gather wild oysters on the Swilly beds. Subsequently the Lough Swilly Wild Oyster Society
Limited (LSWOSL) was formed as a friendly Society registered with the Irish Co-operative Organisation Society
Limited. It has 29 members from the wild oyster (Ostrea edulis) fishing community. The Society currently has no
legal authority to manage the fishery but has been active in promoting the conservation and management of wild
oyster in Lough Swilly since 2000.All oyster fishermen are required to hold dredge licences issued by Inland
Fisheries Ireland (IFI) which specifies the season during which the dredge can be used. In addition the oyster
fishing vessel should be registered on the National Sea Fishing Register administered by The Department of
Agriculture, Food and Marine (DAFM) and hold the requisite bivalve or polyvalent capacity. In 2012, 24 oyster
dredge licences were issued to inshore fishermen in the locality to dredge for oysters. The fishery is regulated
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(IF1) by minimum landing size of 76mm and by a closed season from June 1* to August 30". There is no legal
mechanism currently in place that could limit the number of vessels fishing for oysters, the total fishing effort or
the annual outtake. Other oyster fisheries in the country have either a fishery order which authorises the local co-
op to manage the fishery or they have an aquaculture licence which gives them this same authority

Data in LSWOSL (2012) shows that output from the fishery varies annually depending on stock availability,
fishing effort and market price. Annual output in recent years has varied from 40-55 tonnes. The really
significant development in the fishery has been the landing of 300 tonnes of naturalised Pacific oyster in 2010,

this fishery continued in 2011.
3.24 Proposed activity as described in the FNP (LSWOSL 2012)

The proposed plan will operate over an area of 1771ha. However the following annual restrictions and

modifications are described in the plan

No fishing will occur in an area of 54ha which will be used as a spawning reserve

2. No fishing will occur, for years 1-3 of the plan, in an area which is to be cultched to promote spat
settlement. This area is 50.5 ha. Cultching will involve spreading of clean mussel or oyster shell on the
seabed to improve settlement conditions for oyster.

3. No fishing will occur where density of oysters is less than 0.25 oysters m and where the proportion of
Pacific oysters is <50%, as determined by a 2012 survey. This area is 257ha and applies for the first
year of the plan. The area will be reviewed annually following annual surveys.

4. Areas where >80% of oysters are <55mm will not be fished. Data from the 2011 survey indicate a
cluster of stations at Fahan creek where this condition applies.

5. In combination and accounting for spatial overlaps between 1-4, and for the first year of the plan, the
measures in 1-4 above sum to an area of approximately 350ha which will be closed to fishing in 2012 ()

6. The area open to the fishery in 2012 will be 1421 ha. In much of the open area O. edulis densities are
less than the cut off for closure (<0.25m™) but the percentage of oysters that are C. gigas in these areas
is >50% and therefore these areas come under the control programme for C. gigas described in the
management plan. Otherwise these areas would also be closed.

7. Undersized oysters (<76mm) captured in areas where the control programme for C. gigas operates will
be transplanted to the spawning reserve so they are not subject to repeat contact with dredges.

8. The fishery will occur annually for the period Sept 19™ to March 31% in the areas that are open in any
given year

9. The plan aspires to limiting the number of vessels in the fishery and indicates the number of permits that
have been annually since 2006. Other input controls include restrictions on dredge design and a limited
fishing season as described above. As indicated in the plan neither the proposers nor the existing
legislation for this fishery allows for the number of licences to be limited.

10. Outtake will be limited by restricting the exploitation to 33% of the spawning stock biomass in the areas
open to the fishery and including any landings of native oyster originating from the control programme
for C. gigas.

Spatial Extent of Aquaculture and Fishery Activities.

Spatial extents of existing and proposed activities within the qualifying interest (Estuaries) of Lough Swilly were
calculated using coordinates of activity areas in a GIS. The spatial extent of the various aquaculture activities

(current and proposed) is presented in Table 3.
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Table 3: Spatial extent (ha) of aquaculture and fisheries activities within the qualifying interest (Estuaries) of
Lough Swilly, presented according to species, method of cultivation or fishing and license status.

Species Culw;:élj::ing Licence Status Spatial Extent (ha)
Mussels Bottom Culture Licensed 511.60
Mussels Bottom Culture Application 548.97
Oyster Bags & Trestles Licensed 26.25
Oyster BST Lon_?:rsetlseg Bags & Licensed 59.82
Oyster BST Longlines Application 17.92
Oyster Bags & Trestles Application 14
Oyster Bottom Culture Application 280.27*
Oyster & Mussel Bottom Culture Licensed 1173.75
Native Oyster Dredging Licensedt 1771%
Fishery

*There are two instances of overlap where areas licensed for mussel bottom culture (T12/293; T12/298) are also
subject to an application for oyster bottom culture (T12/339a; T12/339B), this overlap comprises an area of
175.18ha (Refer Figure 6).

1 Dredges Licensed by Inland Fisheries Ireland (IFI) and vessels licenced by DAFM.

**Total area over which the proposed oyster fisheries plan will operate.
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4 Natura Impact Statement for the proposed activities

Potential Ecological Effects of aquaculture

The potential ecological effects on the conservation objectives for the site relate to the physical and biological
effects of aquaculture structures, fishing activity and associated human activities on designated species, intertidal
and subtidal habitats and invertebrate communities and biotopes of those habitats. The potential ecological
effects of aquaculture and fisheries on the qualifying interests of the site depend primarily on the type of species
being cultured or fished the system of culture and fishing and the properties of the receiving habitat. Both
extensive and intense aquaculture and fishing practices can alter the surrounding environment, both physically
and biologically, not only due to the presence of the culture organisms (e.g. increased deposition, disease,
shading, fouling, alien species) but also due to the activities associated with the culture mechanisms (e.g.
structures resulting in current alteration, dredging, sediment compaction), the extraction of commercial natural
populations and the physical effects of fishing.

Within the qualifying interest of Lough Swilly, the species cultured are bivalve mussels (Mytilus edulis) and
oysters (Crassostrea gigas, Ostrea edulis) and the main culture methods are bottom culture (uncontained on
seafloor) and suspended culture (contained in bags & trestles and/or BST longlines) and fishing with dredges.
Details of the potential biological and physical effects of these aquaculture and fishing activities, their sources
and the mechanism by which the impact may occur are discussed below and summarised in Table 4 below. The
impact summaries below are extracted from a variety of review documents (and references contained therein)
that have specifically focused upon the environmental interactions of shellfish culture (e.g. McKindsey et al. 2007;
NRC 2010; O’Beirn et al 2012; Cranford et al 2012).

Biological Effects of Aquaculture

4.1.1 Deposition/Organic enrichment- All culture methods

Mussels and oysters, being suspension feeding bivalve molluscs, feed at the lowest trophic level feeding largely
as herbivores, relying primarily on ingestion of phytoplankton. Therefore, the culture process does not rely on the
input of feedstuffs into the aquatic environment. Suspension feeding bivalves filter suspended matter from the
water column and the resulting faeces and pseudofaeces (non-ingested material) are then deposited onto the
seafloor, this is known as biodeposition and is a component of a greater process called benthic-pelagic coupling.
This deposition can accumulate on the seafloor beneath aquaculture installations (suspended and intertidal
culture) and can alter the local sedimentary habitat type in terms of organic content and particle size which has
the potential to alter the infaunal community therein; in the case of bottom culture this deposition results in the
formation of ‘mussel mud’ directly beneath the mussels themselves.

Moderate enrichment due to deposition can lead to increased diversity due to increased food availability;
however further enrichment can lead to a change in sediment biogeochemistry (e.g. oxygen levels decrease and
sulphide levels increase) which can result in a reduction in species richness and abundance resulting in a
community dominated by specialist species. In extreme cases of protracted organic enrichment anoxic
conditions may occur where no fauna survives and the sediment may become blanketed by a bacterial mat.
Changes to the sedimentary habitat due to deposition are indicated by a decrease in oxygen levels, increased
sulphide reduction, decrease in REDOX depth and particle size changes.

Several factors can affect the rate of deposition onto the seafloor; these include structure and culture density, site
hydrography and site history. Oysters and mussels have a ‘plastic response’ to increased levels of suspended
matter in the water column and can modify their filtration rate accordingly and thus increase the production of
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pseudofaeces which results in an increase in transfer of particles to the seafloor. The degree to which the
material disperses away from the footprint of the culture system (e.g. Longlines, BST Longlines, floats, trestles &
bags etc.) is governed by the density of mussels/oysters on the system, the depth of water and the water currents
in the vicinity. It is likely that some overlap in effect will be realised. The duration and extent to which culture has
been conducted on site may lead to cumulative impacts on the seabed, especially in areas where assimilation or
dispersion of faeces/pseudofaeces is not rapid. A number of features of the site and culture practices will govern
the speed at which faeces/pseudofaeces are assimilated or dispersed by the site. These relate to:

Hydrography-(residence time, tidal range, residual flow) govern how quickly the wastes disperse from
the culture location and the density at which they will accumulate on the seafloor i.e. the greater the tidal
range and residual flow then the greater the rate of dispersion and therefore the risk of accumulation is

reduced.

Turbidity in the water-the higher the water turbidity the greater the production of pseudo-faeces/faeces
by the suspension feeding animal (‘plastic response’) and therefore greater the risk of accumulation on

the seafloor.

Density of structures-high density of culture structures (e.g. Longlines, BST Longlines, floats, trestles &

bags etc.) can result in the slowing of water currents/impediment of water flow (baffling effect), slow it
down and cause localised deposition of material on the seafloor.

Density of culture-the greater the density organisms the greater the risk of accumulations of material,
suspended culture is considered a dense culture method with high densities of culture organisms over a
small area. The density of culture organisms is a function of:

a. depth of the site (shallow sites have shorter droppers and hence fewer culture organisms),

b. husbandry practices — proper maintenance will result in optimum densities on the lines as well
as ensuring a reduced risk of drop-off of culture animals to the seafloor as well as ensuring a
sufficient distance among the longlines to reduce the risk of cumulative impacts in depositional

areas.

4.1,2 Seston filtration-All culture methods

Suspension feeding bivalves such as mussels and oysters have a large filtration capacity and in confined areas
have been shown to alter the phytoplankton and zooplankton community abundance and structure and therefore
potentially impact on the production of an area. This method of feeding may reduce water turbidity hence
increasing light penetration, which may increase phytoplankton production and therefore food availability. This
increase in light penetration can have positive effects on light sensitive species such as maerl, seagrass and
macroalgae.

4.1.3 Shading-Subtidal-Suspended culture

The structures associated with suspended culture (e.g. Longlines, BST Longlines, floats, trestles & bags etc.) can
prevent light penetration to the seabed and therefore potentially impact on light sensitive species such as maerl,

seagrass and macroalgae.

4.1.4 TFouling/Habitat creation-All culture methods

The structures associated with aquaculture, and the culture organisms themselves provide increased habitat for
fouling species to colonise and therefore increase diversity; results in increased secondary production and
increased nekton production.
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4,1.5 Introduction of Non-native species- All culture methods

Movement and introduction of bivalve shellfish can be a vector for the introduction and spread of non-native/alien
species. In some instances the introduced species may proliferate rapidly and compete with and in some cases
replace the native species. A recent survey of Lough Swilly (2011) has documented that the pacific oyster (C.
gigas), introduced for culture purposes, is now established within the native oyster beds and is widespread
throughout the Lough (Kochmann, 2012; Kochman et al., in press).

Another means is the unintentional introduction of non-native species/diseases which are associated with the
imported target culture species, and their subsequent spread and establishment. These associated species are
referred to as ‘hitch-hikers’ and include animals and plants and/or parasites and diseases that potentially could
cause outbreaks within the culture species or spread to other local species.

The introduction and establishment of non-native species can result in loss of native biodiversity due to increased
competition for food and habitat and also predation and/or disease.

4,1.6 Disease risk-All culture methods

Due to the nature of the culture methods the risk of transmission of disease from cultured to wild stocks is high,
e.g. the introduction of the parasitic protozoan Bonamia ostreae, which has caused the mass mortality within Irish
native Oyster Beds. This risk can be limited by compiling a bio security plan, screening all introduced stock prior
to transferring to on growing site and also good animal husbandry. Disease risk associated with movement of
shellfish is governed by Fish health legislation on the movement of shellfish stocks into and out of culture areas
and will not be considered further in this assessment.

4,17 Monoculture-Bottom culture

The relaying of mussels on the seabed also alters the infaunal community in terms of number of individuals and
number of species present. As the habitat is dominated by single species this may lead to the transformation of
an infaunal dominated community to an epifaunal dominated community and also cause alteration of sediment

type and chemistry due to the production of mussel ‘mud’ (see 6.2.9 below).

4.1.8 By-catch mortality-Bottom culture

Mortality of organisms captured or disturbed during the harvest and damage to structural fauna or reefs.

4.1,9 Nutrient Exchange - All culture methods

By their suspension feeding nature, removing particulate matter from the water column and releasing nutrients in
solid and dissolved forms, bivalves influence benthic-pelagic coupling of organic matter and nutrients. Intensive
bivalve culture can cause changes in ammonium and dissolved inorganic nitrogen resulting in increased primary
production. The removal of Nitrogen from the system is caused by both removal via harvest or denitrification at
sediment surface.

Physical effects of aquaculture

4.1.10 Current alteration-Suspended culture

The structures used in aquaculture (e.g. Longlines, BST Longlines, floats, trestles & bags etc.) can alter the
hydrodynamics of an area i.e. increase/decrease water flow, this is known as the ‘Baffling effect’. An increase in
water flow will result in scouring of the seafloor leading to an increase in coarse sediment while a decrease in

current flow will result in an increase in the amount of fine particles being deposited. Both result in a change in
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the sedimentary habitat structure and therefore can lead to change in the composition of the benthic infaunal
community.

4.1.11 Surface disturbance-All culture methods

All aquaculture activities physically alter the receiving habitat, but the level of this disturbance depends on the
culture method employed. The culture of bivalves on the seabed (on-bottom) in an uncontained fashion involves
the dredging of the seafloor at various stages in the culture process i.e. the collection of seed mussels and
relaying of spat, routine maintenance, removal of predators (‘mopping’), stock movements and finally harvesting.
The frequency of dredging activity depends site management and how often stock is moved to new ongrowing
areas to maximise growth and minimise predation prior to harvest. This dredging activity physically disturbs the
seafloor and the organisms therein, and has been demonstrated to cause habitat and community changes.

The intertidal culture of bivalves (e.g. BST Longlines, Bags & trestles) does not require dredging and therefore is
less damaging (physically) to the seafloor than the bottom culture method. However, the intertidal habitat can be
affected by ancillary activities on-site i.e. servicing, vehicles on shore; human traffic and boat access lanes,
causing an increased risk of sediment compaction resulting in sediment changes and associated community
(infaunal and epifaunal) changes. Such activities can result in shallow and/or deep physical disturbance causing
burrows to collapse, deeply burrowed organisms to die due to smothering and/or preventing siphon connection to
the sediment surface or by directly crushing the animal.

4.1.12 Shading-Suspended culture

The structure associated with suspended culture (e.g. Longlines, BST Longlines, floats, trestles & bags etc.) have
the potential to prevent light penetration to the seabed and therefore potentially impact on light sensitive species
such as maerl, seagrass and macroalgae.

Potential Effects of fisheries

4.1.13 Biological effect of the oyster FNP

The objectives of the FNP are to increase the standing stock (density and biomass) of native oyster in native
oyster beds. As such certain biological effects, namely increased deposition of organic material, seston filtration,
nutrient exchange, extraction of the target species (native oyster) and by-catch mortality may be expected.

Physical effects of dredging involves seabed surface and sub-surface disturbance summarized above and below
in Table 4..
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Table 4: Potential indicative environmental pressures of aquaculture and fishery activities within the qualifying interest (Estuary) of Lough Swilly.

culture species. Increased
nekton production

CETHOD | GhTeoony | PRESSURE | POTENTIAL EFFECTS EQUIPMENT DL(’DR:JQC)’N TOF | CONSTRANING THE
YEAR ACTIVITY/EFFECTS
Suspended - 365 All year
Bagegestios; | || Foconand peeudcioecal
BST longlines Biological Deposition potentially altering sediment Turbidity, Culture/structure
(Oysters) and community composition density
Alteration of
firation | Gommunties and potentil 365 Allyear | Culture density, Turbidiy
impact on carrying capacity
Prevention of light
Shading ggreer::;tlilzr;r;op:?:g:ge?ight 365 All year Culture/structure density
sensitive species
Increased secondary
Fouling production on structures and 365 All year Culture/structure density

Introduction of

Potential for non-native

Screening/ Culture method/

non-native culture and ‘hitchhiker’ . .
species species become naturalized Introduce biosecurity plan
Potential for disease Screening/ Introduce
Disease risk | introduction and uncontrolled

spread

biosecurity plan

Monoculture

Habitat dominated by single
species; Potential
transformation of infaunal
dominated community to
epifaunal dominated
community.

Nutrient
exchange

Changes in ammonium and
dissolved inorganic nitrogen

Culture density
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CULTURE
METHOD

PRESSURE
CATEGORY

PRESSURE

POTENTIAL EFFECTS

EQUIPMENT

DURATION
(DAYS)

TIME
OF
YEAR

FACTORS
CONSTRAINING THE
ACTIVITY/EFFECTS

resulting in increased
primary production.

N2 removal at harvest or
denitrification at sediment
surface.

Physical

Current
alteration

Structures may alter the
current regime resulting in
increased deposition of fines
or scouring therefore
changing sedimentary
composition

Long lines, Baskets,
Bags, Trestles, Floats
etc

365

All year

Culture/structure density

Surface
disturbance

Ancillary activities at sites
increase the risk of sediment
compaction resulting in
sediment changes and
associated community
changes.

Site services, human
& vehicular traffic

Shading

Structures prevent light
penetration to the seabed
and therefore potentially
impact on light sensitive
species

Long lines, Baskets,
Bags, Trestles, Floats
etc

365

All year

Culture/structure density

Bottom
(Mussels,
Oysters)

Biological

Deposition

Faecal and pseudofaecal
deposition on seabed
potentially altering sediment
and community composition

365

All year

Hydrography,
Turbidity, Culture/structure
density

Seston
filtration

Alteration of
phyto/zooplankton
communities and potential
impact on carrying capacity

365

All year

Culture density, Turbidity

Fouling

Increased secondary
production on culture
species. Increased nekton
production

365

All year

Culture density
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TIME FACTORS
CETHOD | GhTeoony | PRESSURE | POTENTIAL EFFECTS EQUIPMENT DL(’DR:JQC)’N OF | CONSTRAINING THE
YEAR ACTIVITY/EFFECTS
Introduction of | Potential for non-native .
non-native | culture and ‘hitchhiker Screening, Culture method
species species become naturalized
Potential for disease
Disease risk | introduction and uncontrolled Screening
spread
Changes in ammonium and
dissolved inorganic nitrogen
. resulting in increased
eﬁgﬁgigte primary production. 365 All year Culture density
N2 removal at harvest or
denitrification at sediment
surface.
Ancillary activities at sites
increase the risk of sediment
: Surface compaction resulting in Site services, human 2 . .
Physical disturbance sediment changes and & vehicular traffic 3657 All year Good Site practices
associated community
changes.
Abrasion at the sediment Variable depends . .
disstﬂ:[)a:r?c e surface and redistribution of Dredge ‘Mop’ on predator I\S/I:r:[mao):; Predation control
sediment numbers P Refer to Table 2
Shallow and deep i?:;:;i‘:g;on’ Aug-Oct
i ; : ) ug-Oct;
gi:?uft;jarﬁa:: ﬁ:?;t;baalnce, Eplfigr:rlnui?; Dredge acclimatisation, Refer to Table 2
disturbance stock movements | Oct-Sept;
and harvesting
Deposition,
Seston
Oyster fishery filtration and Sept to
lan Biological nutrient Oyster dredges Maprch Conditions in the FNP
P exchange as
described
above
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TIME FACTORS
CETHOD | GhTeoony | PRESSURE | POTENTIAL EFFECTS EQUIPMENT DL(’DR:JQC)’N OF | CONSTRAINING THE
YEAR ACTIVITY/EFFECTS
Extraction Removal of target species Oyster dredges SMe;)rt ctr? Conditions in the FNP
Surface and Surface and shallow sub- Sept to
Physical sub-surface surface  disturbance  of Oyster dredges M aF\)r ch Conditions in the FNP

disturbance

epifauna and infauna
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S Appropriate Assessment Screening

An appropriate assessment screening is an initial evaluation of the possible impacts that activities may have on
the qualifying interests. The screening, is a filter, which may lead to exclusion of certain activities from
appropriate assessment proper, thereby simplifying the assessments, if this can be justified unambiguously using
limited and clear cut criteria. Screening is a conservative filter that minimises the risk of false negatives.

In this assessment screening of the qualifying interests against the proposed activities is based solely on spatial
overlap i.e. if the qualifying interests overlap spatially with the proposed activities then significant impacts due to
these activities on the conservation objectives for the qualifying interests is not discounted (not screened out)
except where there is absolute and clear rationale for doing so. Where there is relevant spatial overlap
appropriate assessment proper is warranted. Likewise if there is no spatial overlap then the possibility of
significant impact is discounted and further assessment of possible effects is deemed not to be necessary. Table
5 provides spatial overlap extent between designated habitats and aquaculture activities within the qualifying
interests of Lough Swilly SAC.

Aquaculture Activity Screening

- Table 5 provides an overview of overlap of aquaculture activities and habitat features (identified from
Conservation Objectives).

- None of the aquaculture activities overlap with 1150 (Coastal Lagoons-Blanket Nook Lough and Inch Lough),
1330 (Atlantic salt meadows), 91AO (Old sessile oak woods with llex and Blechnum in the British Isles).

- Where the overlap between an aquaculture activity and a feature is zero it is screened out and not considered
further.

- Table 6 lists the percentage overlap of aquaculture activity (species, by status and location) and
habitat/community. Each shaded cell (aquaculture activity — benthic community/designated species
combination) in Table 6 is assessed separately and in combination in Section 6.
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Table 5: Habitat utilisation (spatial overlap by ha) by Aquaculture and fishing activities within the qualifying interest of Lough Swilly based on licence database
provided by DAFM and the FNP (Appendix I).

Aquaculture or fishing activity

Code Designation Mussel Mussel Oyster Oyster Oyster Oyster Oyster Oyster/Mussel | Native Oyster
Culture- Culture- Culture Culture Culture Culture Culture Culture- fishery
Bottom Bottom Bags & Bags & Bags & BST Bottom Bottom Culture
Culture Culture Trestles Trestles Trestles; Longlines Culture (licensed)
(licensed) | (application) | (licensed) | (application) BST (application) | (application)
Longlines
(licensed)
1130 Estuaries
Fine sand
community 0 40.93 0 0 0 16.36 0 111.49 71.74
complex
Intertidal Mixed
sediment with 24,94 46.13 18.19 4.71 13.48 3.16 53.89 167.1
polychaetes
Mud community
complex 6.00 68.75 136.02 71.86
Muddy fine sand
with Thyasira 48.10 164.40 4.34 46.35 1.56 628.87 263.4
flexuosa
Ostrea edulis
dominated 200.56 40.05 5.70 4.95 244.64 5.90 877.9
community
Subtidal Mixed
sediment with 232.01 188.72 2.36 32.48 237.54 218.5
polychaetes and
bivalves
1150 Coastal
Lagoons 0 0 0 0 0 0 0 0 0
1330 Atlantic salt
meadows 0 0 0 0 0 0 0 0 0
1355 fz’:tttrea; (Lutra All activities potentially overlap with all designated species but the spatial overlap is not fixed and therefore cannot be calculated
91A0 | Old sessile oak
woods with llex
and Blechnum 0 0 0 0 0 0 0 0 0

in the British
Isles
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Table 6: Aquaculture activity (species, by status and location) and habitat overlap. Shaded cells are those taken further in appropriate assessment. Numbers in

italics represent the percentage overlap of activity with relevant habitat.

Speci Culture / fishing Licence Fine san_d Inter_tidal mi)_(ed Mud . n::gg)\,;:tr;f Ostre? edulis SS:Z:::::‘:VI \:;::
pecies Method Status community sediment with community Thyasira domlnatt_ed polychaetes
complex polychaetes complex flexuosa community and bivalves
Extent (ha) of marine habitat within qualifying
interest (Estuary): 582.6261 655.3023 1126.9168 1320.4796 905.9781 1314.0290
Mussels Bottom Culture Licensed 0 24.94 6.00 48.09 200.56 232.01
3.81 0.53 3.64 22.14 17.66
Mussels Bottom Culture Application 40.93 46.13 68.75 164.40 40.05 188.72
7.02 7.04 6.10 12.45 4.42 14.36
Oysters Bags & Trestles Licensed 0 18.2 0 0 5.70 2.36
2.78 0.63 0.18
Oysters Bags & Trestles | Application 0 4.71 0 4.34 4.95 0
0.72 0.33 0.55
Bags &
Trestles; BST 0 13.48 0 46.35 0 0
Oysters Longlines Licensed
2.06 3.51
Oysters BST Longlines Application 16.36 0 0 1.56 0 0
2.81 0.12
Oysters Bottom Culture Application 0 3.15 0 0 244 64 32.48
048 27.00 247
Oysters/Mussels | Bottom Culture Licensed 111.49 53.90 136.02 628.87 5.90 237.54
19.14 8.22 12.07 47.62 0.65 18.08
Natfii‘;i:y;‘e' Dredaing Licensed 71.74 167.1 71.8 263.4 877.9 218.5
12.31 25.50 6.37 19.95 96.90 16.63
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6 Assessment

Determining significance

The significance of the possible effects of the proposed activities on habitats, as outlined in the Natura Impact

statement, is determined here in the appropriate assessment. The significance of effects is determined on the

basis of Conservation Objective guidance for constituent habitats (NPWS 2011b) (Figure 8).

Habitats that are key contributors to biodiversity and which are sensitive to disturbance should be afforded a high

degree of protection i.e. thresholds for impact on these habitats is low and any significant anthropogenic

disturbance should be avoided. Within the Lough Swilly SAC the qualifying habitats are

1.

2.

3.

4,

Estuaries (1130)
Coastal Lagoons (1150)
Atlantic salt meadows (1330)

Old sessile oak woods with llex and Blechnum in the British Isles (31AQO)

Significant disturbance is interpreted in this assessment as indicated in Figure 8. For broad sedimentary

communities significance of impact is determined in relation to spatial overlap, disturbance and the persistence

of disturbance as follows:

1.

The degree to which the activity will disturb the qualifying interest. By disturb is meant change in the

characterising species, as listed in the Conservation Objective guidance (NPWS 2011b) for
constituent communities. The likelihood of change depends on the sensitivity of the characterising
species to the aquaculture activities. Sensitivity results from a combination of intolerance to the
activity and recoverability from the effects of the activity (see section 8.1.3 below).

The persistence of the disturbance in relation to the intolerance of the community. If the activities

are persistent (high frequency, high intensity) and the receiving community has a high intolerance to
the activity (i.e. the characterising species of the communities are sensitive and consequently
impacted) then such communities could be said to be persistently disturbed

The area of communities or proportion of populations disturbed. In the case of community

disturbance (continuous or ongoing) of more than 15% of the community area it is deemed to be
significant.

In relation to designated species the capacity of the population to maintain itself in the face of anthropogenic

induced disturbance or mortality at the site will need to be taken into account in relation to the Conservation

Objectives (CO’s) on a case by case basis.

Effects will be deemed to be significant when cumulatively they lead to long term change in communities in

greater than 15% of the area of any constituent community listed.
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Overlap of community and
cumulative pressures

!

Disturbance?

|

No community
change

|

Persistent

l change? l
-l

<> 15% of habitat
l area affected? l

[<15%]  [EiSl

Figure 8: Determination of significant effects on community distribution, structure and function
(following NPWS 2011b).

6.1.1 Supporting evidence and confidence in conclusions

There are various levels of supporting evidence and therefore confidence for conclusions on the effects of
activities on the conservation objectives for each qualifying interest. The degree of confidence with respect to
findings of significant or no significant effects is categorised as high, medium or low (Table 7).

30



Table 7: Level of confidence, based on supporting evidence, in relation to significance of effects and the

implication for management decisions.

Implication in relation to significance
Where effects are found to be
insignificant (<15% of any
Level of Supporting Where effects are found to be community type is persistently
R T o significant (>15% of any disturbed or where the activity
community type is persistently occurs on >15% of the area but is
disturbed) not persistent or activity that is
persistent in >15% of the area but
is not considered disturbing)
Direct
High measurement of
effects at the site
Effects deduced L
o The activities can proceed but
from similar i L
Moderate . precautionary mitigation may be
activities at
L . introduced.
similar sites
Expert
judgement,
Low .
ecological theory
and expectation
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6.1.2 Sensitivity assessment rationale

This assessment primarily employed two sources of information in assessing the sensitivity of the characterising
species of each community recorded within the Estuarine habitat of Lough Swilly - the MarLIN Sensitivity
Assessment (Marlin.ac.uk) and the AMBI Sensitivity Scale (Borja et al., 2000). The former assessment lists the
sensitivity of species/habitat/community to a range of pressures while the latter lists the sensitivity of a species to
the pressure of organic enrichment predominantly. Sensitivity of a species to a given pressure is the product of
the intolerance (the susceptibility of the species to damage, or death, from an external factor) of the species to
the particular pressure and the time taken for its subsequent recovery (recoverability-the ability to return to a
state close to that which existed before the activity or event caused change). Life history and biological traits are
important determinants of sensitivity of species to pressures from aquaculture.

The separate components of sensitivity (intolerance, recoverability) are relevant in relation to the persistence of
the pressure

. For persistent pressures i.e. activities that occur frequently and throughout the year recovery capacity may
be of little relevance except for species/habitats that may have extremely rapid (days/weeks) recovery
capacity or whose populations can reproduce and recruit in balance with population damage caused by
aquaculture. In all but these cases and if intolerance is moderate or high then the species may be
negatively affected and will exist in a modified state. Such interactions between aquaculture and
species/habitat/community represent persistent disturbance. They become significantly disturbing if more
than 15% of the community is thus exposed (NPWS 2011b).

. In the case of episodic pressures i.e. activities that are seasonal or discrete in time both the intolerance
and recovery components of sensitivity are relevant. If intolerance is high but recoverability is also high
relative to the frequency of application of the pressure then the species/habitat/community will be in
favourable conservation status for at least a proportion of time.

The sensitivities of species which are characteristic (as listed in the COs) of benthic communities to pressures
similar to those caused by aquaculture (e.g. smothering, organic enrichment and physical disturbance) are listed,
where available, in Tables 8, 9 and 10. In cases where the sensitivity of a characterising species (NPWS 2011b)
has not been reported this appropriate assessment adopts the following guidelines

° Intolerance of certain taxonomic groups such as emergent sessile epifauna to physical pressures is
expected to be generally high or moderate because of their form and structure (Roberts ef al. 2010). Also
high for those with large bodies and with fragile shells/structures, but low for those with smaller body size.
Body size (Bergman and van Santbrink 2000) and fragility are regarded as indicative of a high intolerance
to physical abrasion caused by fishing gears (i.e. dredges). However, even species with a high
intolerance may not be sensitive to the disturbance if their recovery is rapid once the pressure has
ceased.

. Intolerance of certain taxonomic groups to increased sedimentation is expected to be low for species
which live within the sediment, deposit and suspension feeders; and high for those sensitive to clogging of
respiratory or feeding apparatus by silt or fine material.

. Recoverability of species depends on biological traits (Tillin ef al. 2006) such as reproductive capacity,
recruitment rates and generation times. Species with high reproductive capacity, short generation times,
high mobility or dispersal capacity may maintain their populations even when faced with persistent
pressures; but such environments may become dominated by these (r-selected) species. Slow recovery
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is correlated with slow growth rates, low fecundity, low and/or irregular recruitment, limited dispersal
capacity and long generation times. Recoverability, as listed by MarLIN, assumes that the impacting
factor has been removed or stopped and the habitat returned to a state capable of supporting the species
or community in question. The recovery process is complex and therefore the recovery of one species
does not signify that the associated biomass and functioning of the full ecosystem has recovered (Anand
& Desrocher, 2004) cited in Hall et al., 2008).

Sensitivity of benthic species and communities in relation to potential disturbance by
individual aquaculture activities

Aquaculture pressures on a given habitat are related to vulnerability (spatial overlap or exposure of the habitat to
the equipment/culture organism combined with the sensitivity of the habitat) to the pressures induced by culture
activities. To this end the location and orientation of structures associated with the culture organism, the density
of culture organisms, the duration of the culture activity and the type of activity are all important considerations
when considering risk of disturbance to habitats.

NPWS (2011b) provide lists of species characteristic of benthic communities that are defined in the Conservation
Objectives. Different species and habitats will have different tolerance to the pressures associated with shellfish
aquaculture activities (pressures as discussed in Chapter 6).

6.2.1 Mussel Bottom Culture

Mussel Bottom Culture (licensed) covers 511.6ha of the qualifying interest (Estuary) within the Lough Swilly SAC
(Figure 9).

Mussel Bottom Culture (applications) covers 549ha of the qualifying interest (Estuary) within the SAC in (Figure
9).

This aquaculture type overlaps all of the six different community types found within the qualifying interest of
Lough Swilly SAC.
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Legend
Mussels
[JBottom Culture (Application)

[JBottom Cuiture (Licensed)

Community Type

[ Fine sand community complex

EEE Intertidal Mixed sediment with polychastes

B Wud community complesx =
?k’f

[ ]Muddy fine sand with Thyasira flexuosa /
7

552 Ostrea edulis dominated community
Subtidal Mixed sediment with polychaetes and bivalves :
[ 130 Estuaries

Figure 9: Spatial overlap between bottom mussel culture sites (Applications-blue; Licensed red) and

habitats within the qualifying interest of Lough Swilly SAC.

The potential impacts of the bottom mussel culture on the sedimentary communities of Lough Swilly are:

Biodeposition on the seabed of mussel faeces and pseudofaeces can lead to organic enrichment and
smothering. The bottom culture of mussels on the seafloor alters the sedimentary habitat and leads to the
development of ‘mussel mud’ beneath the mussel bed as the filtration and feeding activities of the mussels
increase sedimentation rates. These deposits are composed of dead shells, silt and pseudofaeces, which
can persist in excess of 18mths after the mussels have been removed (Kaiser and Beadman, 2002).
Deposition can therefore result in a change in sediment type which in turn can result in changes to the
biological communities within. The production of biodeposits by mussels is a function of, (1) The level of
seston in the water column (Tenore and Dunstan 1973; Kautsky and Evans 1987; Navarro and Thompson
1997) and, (2) the size of the mussel, such that larger mussels will produce greater quantities of bio-
deposits in absolute terms (Callier et al. 2006). The duration of the activity is year-round resulting in a risk
of chronic organic enrichment of the seafloor. Benthic responses to organic enrichment have been
described by Pearson & Rosenberg (1978) and Gray (1981). Moderate enrichment can lead to increased
diversity however as enrichment increases diversity will decline and the community will become dominated
by fewer species tolerant of organic enrichment.

Physical disturbance: The dredging activities (seed relaying, stock movements, predator control and
harvesting) associated with this culture practice are deemed to be disturbing to the physical habitat and to
the resident faunal community. Such physical disturbance can lead to the removal and/or destruction of
infaunal species and changes to sediment composition. Although some individual species are deemed to
have a high recoverability from this pressure (based on biological traits) this assumes the pressure has
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ceased and is not ongoing. In Lough Swilly dredging occurs on a number of occasions throughout the year
(refer Table 1) and may be classed as a persistent disturbance. A study carried out by Dernie ef al. (2003)
demonstrated a strong relationship between the rate at which the physical structure of soft sediment
habitats was restored and the rate at which the biological components of the system recover. Recovery
was shown to be most rapid for clean sand habitats, intermediate for mud habitats and longest for muddy-
sand habitats.

Monoculture: The location of large numbers of a single epifaunal species onto sedimentary habitats
characterised by infaunal communities can smother existing fauna and/or result in a change to the habitat
and thereby the biological community contained therein. Sessile epifaunal species would also be affected,
and some would not survive such smothering. The duration of the activity is year-round resulting in
continuous disturbing impact upon the resident community from this pressure.

Disease risk: Due to the uncontained fashion by which the culture organisms are relayed on the seafloor,
complete removal may not be possible if required in the event of disease outbreak.

Introduction of non-native species: There is a risk associated with the introduction seed from outside
Ireland although the risk of introduction of listed diseases in the target organism are monitored and
mitigated under legislation (Council Directive 2006/88/EC which deals with the health of aquaculture
animals and the prevention and control of certain aquatic diseases). However, this practice presents the
risk of establishment and spread of species that are associated with the introduced bivalves (Carlton 1989,
1999). These species may include both “hitchhiking” species i.e., animals and plants that grow associated
with the bivalves and both listed and potentially non-listed diseases or parasites that may cause outbreaks
in the same or other species (Barber 1996). If non-native species become established habitat structure and
function may change.

Community Type: Fine Sand Community Complex

Applications for the bottom culture of mussels overlap with 40.92ha of the Fine sand community complex;
this overlap constitutes 7.02% of the habitat area for this community type within the qualifying interest.

This community complex is characterized by a range of infaunal species-the polychaetes Spiophanes
bombyx, Lumbrineris latreilli, Pygospio elegans, Nemertea spp., Nephtys hombergii, Scoloplos armiger; the
oligochaete Tubificoides benedii; the bivalves Angulus tenuis, Donax vittatus, Thracia papyracea and
Phaxas pellucidus and the amphipods Bathyporeia pilosa and B. elegans. There are three variants of this
community recorded within Lough Swilly, however only Variant 3 is present within the boundary of the
Annex 1 habitat. This variant is characterised by the polychaetes Spiophanes bombyx, Lumbrineris latreilli,
Nephtys hombergii, and the bivalves Thracia papyracea and Phaxas pellucidus.

The species characterising this community complex (variant 3) are typically infaunal polychaetes and
bivalves. The latter are deemed sensitive to organic enrichment (Table 8), but none of the characterising
species are considered sensitive to smothering (<5cm sedimentation) as they are mobile and can migrate
up through any additional sediment (Table 9).

These characteristic infaunal species would likely be extirpated from the footprint of the area covered by
the culture organism and would only recover if the culture organism was removed and settlement occurred

from adjacent communities.

Characterising species of this complex are deemed fragile (i.e. soft bodied organism/fragile shell) and
therefore have a degree of intolerance to physical disturbance that would penetrate the sediment (i.e.
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dredging). However their recoverability (based on biological traits) is classed as high to very high therefore
their sensitivity to the pressure is low (Table 10). This high recoverability assessment assumes the
pressure has ceased, however due to the nature of the activity (mussel bottom culture) the pressure is
continuous and ongoing and therefore recoverability may be affected.

. The percentage of the community that will be thus affected is 7.02%.

Conclusion: Considering the range of impacts identified above and the persistent nature of the pressure, this
activity is considered disturbing on Fine Sand Community Complex.

Community Type: Intertidal Mixed Sediment with Polychaetes

. Sites licensed for the bottom culture of mussels overlap with 24.9ha of the Intertidal Mixed Sediment
with Polychaetes community; this overlap constitutes 3.8% of the habitat area for this community type
within the qualifying interest. Applications for this culture method also overlap this community type by
46.1ha which is a 7% overlap. In total, therefore, this culture method (applications & licensed) overlaps
71ha (10.8%) of the Intertidal Mixed Sediment with Polychaetes community.

o This community is characterized by a range of infaunal polychaetes Pygospio elegans (tube dwelling)
Eteone sp., Scoloplos armiger, Glycera tridactyla, Anaitides mucosa, Euclymene oerstedii, the
oligochaete Tubificoides benedii and the bivalve Cerastoderma edule.

o These characteristic infaunal species would likely be extirpated from the footprint of the area covered by
the culture organism and would only recover if the culture organism was removed and settlement
occurred from adjacent communities.

. The species characterising this community are typically infaunal polychaetes and bivalves
tolerant/indifferent of organic enrichment, with the exception of Euclymene oerstedii which is sensitive
(Table 4.1). T. benedii is an opportunistic (first order) species which proliferates in reduced
environments. Species present have no/low sensitivity to smothering by sedimentation (Table 9)

. Characterising species of this complex are deemed fragile (i.e. soft bodied organism/fragile shell) and
are therefore have a degree of intolerance to physical disturbance that would penetrate the sediment
(i.e. dredging). However depending on their recoverability their sensitivity to it varies, the bivalve C.
edule is deemed to have an intermediate intolerance but high recoverability and therefore a low
sensitivity to physical disturbance (Table 10). This high recoverability assessment assumes the
pressure has ceased, however due to the nature of the activity (mussel bottom culture) the pressure is
continuous and ongoing and therefore recoverability may be affected.

. The percentage of the community that will be thus affected is 10.8%.

Conclusion: Considering the range of impacts identified above and the persistent nature of the pressure, this

activity is considered disturbing on Intertidal Mixed Sediment with Polychaetes community.
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. . Second-order First-order
AMBI Classification/ Sensitive (1) Indifferent (Il) Tolerant (lli) opportunistic (IV) opportunistic (V)
Community Characterising species
Fine Sand Community | Thracia papyracea Lumbrineris latreilli
Complex (Variant 3) Phaxas pellucidus Nephtys hombergii Spiophanes bombyx
. . Pygospio elegans
Inter.tldal M')_(ed Scoloplos armiger
Sediment with Eteone sp.
Polychaetes Euclymene oerstedii Glycera tridactyla Cerastoderma edule Tubificoides benedii
Timoclea ovata
Subtidal Mixed Venerupis senegalensis
Sediment with Parv:card:un:t exiguum
Ampharete lindstroemi
Polychaetes and Diplocirrus glaucus Lumbrineris latreilli Abra alba
Bivalves Leptochiton cancellatus Pomatoceros triqueter Scoloplos armiger Capitomastus minima
Scoloplos armiger
Euclymene oerstedii Notomastus latericeus
Ampelisca brevicornis Scalibregma inflatum
. . Phaxas pellucidus Abra nitida
Muddy Fine Sand with | Thracia papyracea Nephtys hombergii Thyasira flexuosa
Thyasira flexuosa Nucula nitidosa Ophiodromus flexuosus Abra alba Prionospio fallax
Corophium volutator
Pygospio elegans
Etone sp.
Hediste diversicolor
. Macoma bailthica Tubificoides benedii
Mud Community Nephtys hombergii Scrobicularia plana Tubificoides
Complex Nematoda sp. pseudogaster

Ostrea edulis
Dominated Community

Refer to communities 2 and
3 above

Ostrea edulis

Table 8: Sensitivities to organic enrichment (based on the AMBI classification) of species characteristic of communities which have spatial overlap with aquaculture

activities within the Annex 1 Habitats of Lough Swilly SAC.
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Table 9: Sensitivity assessment to increased smothering (S5¢cm; permeable material) (as reported in www.marlin.ac.uk) of characterising species (numerically dominant) of

communities which have spatial overlap with aquaculture activities within the Annex 1 Habitats of Lough Swilly SAC.

Characterising species Dominant taxonomic groups
Community 1 2 3 5 6 1 2 3 4
Fine Sand
Community
Complex Spiophanes Thracia Phaxas Lumbrineris
(Variant 3) bombyx papyracea pellucidus latreilli Polychaetes Bivalves
Intertidal Mixed
Sediment with Pygospio Scoloplos Glycera Tubificoides Cerastoderma
Polychaetes elegans Eteone sp. armiger tridactyla benedii edule Polychaetes Oligochaetes Bivalves
Subtidal Mixed
Sediment with
Polychaetes and Pomatoceros Lumbrineris Capitomastus | Scoloplos
Bivalves triqueter latreilli minima armiger Timoclea ovata | Polychaetes Bivalves
Muddy Fine Sand
with Thyasira Thyasira Scoloplos Euclymene | Ampelisca Phaxas
flexuosa flexuosa* ] oerstedii brevicornis pellucidus Bivalves Polychaetes Amphipods
Mud Community Tubificoides Scrobicularia | Corophium
Complex benedii plana volutator Oligochaetes  |Bivalves Amphipods Polychaete
Ostrea edulis Refer to
Dominated communities2
Community and 3 above
Sensitivity code :

Low = Low/Intermediate intolerance, High recoverabili

Moderate = High intolerance/High recoverability
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Table 10: Sensitivity assessment to physical disturbance (as reported in www.marlin.ac.uk) of characterising species (numerically dominant) of communities which have spatial overlap with

aquaculture activities within the Annex 1 Habitats of Lough Swilly SAC.

Characterising species Dominant taxonomic groups
Community 1 2 3 4 5 6 1 2 3 4
Fine Sand
Community
Complex Spiophanes Thracia Phaxas Nephtys Lumbrineris
(Variant 3) bombyx papyracea pellucidus hombergii | latreilli Polychaetes | Bivalves
Intertidal Mixed
Sediment with Pygospio Scoloplos Glycera Tubificoides | Cerastoderma
Polychaetes elegans Eteone sp armiger tridactyla benedii edule Polychaetes | Oligochaetes | Bivalves
Subtidal Mixed
Sediment with
Polychaetes and Pomatoceros | Lumbrineris |Capitomastus | Scoloplos
Bivalves triqueter latreilli minima armiger Abra alba Timoclea ovata | Polychaetes | Bivalves
Muddy Fine Sand
with Thyasira Thyasira Scoloplos Nephtys Euclymene | Ampelisca Phaxas
flexuosa flexuosa armiger lhombergii oerstedii brevicornis | pellucidus Bivalves Polychaetes | Amphipods
Mud Community Tubificoides Macoma Scrobicularia | Corophium |Hediste Nephtys Oligochaete
Complex benedii balthica plana volutator diversicolor | hombergii s Bivalves Amphipods Polychaetes
Ostrea edulis Refer to
Dominated communities
Community 2 and 3 above
Sensitivity to code :
Low = Low/Intermediate intolerance, Very/High recoverability
Moderate = High intolerance, High recoverability
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Community Type: Subtidal Mixed Sediment with Polychaetes and Bivalves

Sites licensed for the bottom culture of mussels overlap with 232ha of the Subtidal Mixed Sediment
with Polychaetes and Bivalves; this overlap constitutes 17.7% of the habitat area for this
community type within the qualifying interest. Applications for this culture method also overlap this
community type by 188.7ha which is a 14.4% overlap. In total, therefore, this culture method
(applications & licensed) overlaps 420.7ha (32.1%) of the Subtidal Mixed Sediment with
Polychaetes and Bivalves community.

A high number of distinguishing species were recorded for this community; the following were
present in medium to high abundance: the polychaetes Pomatoceros triqueter, Lumbrineris latreilli,
Capitomastus minima and Scoloplos armiger and bivalves Abra alba and Timoclea ovata.

The bivalves Timoclea ovata, Venerupis senegalensis and Parvicardium exiguum recorded within
this community are deemed sensitive to organic enrichment (Table 8); C. minima is an
opportunistic (first order) species which proliferates in reduced environments. The tube worm P.
triqueter is deemed sensitive to smothering (Table 9).

These characteristic infaunal species would likely be extirpated from the footprint of the area
covered by the culture organism and would only recover if the culture organism was removed and
settlement occurred from adjacent communities.

Characterising species of this complex are deemed fragile (i.e. soft bodied organism/fragile shell)
and are therefore have a degree of intolerance to physical disturbance that would penetrate the
sediment (i.e. dredging). However depending on their recoverability their sensitivity to it varies, the
bivalve A. alba is deemed to have an intermediate intolerance but high recoverability and therefore
a low sensitivity to physical disturbance (Table 10). This high recoverability assessment assumes
the pressure has ceased, however due to the nature of the activity (mussel bottom culture) the
pressure (mussel bottom culture) is continuous and ongoing and therefore recoverability may be
affected.

The percentage of the community that will be thus affected is 32.1%.

Conclusion: Considering the range of impacts identified above and the persistent nature of the pressure,

this activity is considered disturbing on Subtidal Mixed Sediment with Polychaetes and Bivalves
community.

Community Type: Muddy Fine Sand with Thyasira flexuosa

Sites licensed for the bottom culture of mussels overlaps with 48.1ha of the Muddy Fine Sand with
Thyasira flexuosa community; this overlap constitutes 3.6% of the area for this community type
within the qualifying interest. Applications for this culture method also overlap this community type
by 164.4ha which is a 12.5% overlap. In total, therefore, this culture method (applications &
licensed) overlaps 212.5ha (16.1%) of the Muddy Fine Sand with Thyasira flexuosa community.
This community is characterized by the infaunal bivalve Thyasira flexuosa. The polychaetes
Scoloplos armiger, Nephtys hombergii and Euclymene oerstedii, the amphipod Ampelisca
brevicomis and the bivalve Phaxas pellucidus are also commonly present.

Three of these distinguishing species (Euclymene oerstedii, Ampelisca brevicornis, Phaxas
pellucidus) and the bivalves Thracia papyracea and Nucula nitidosa are sensitive to organic
enrichment (Table 8); Species present are not deemed sensitive to smothering (Table 9).
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These characteristic infaunal species would likely be extirpated from the footprint of the area
covered by the culture organism and would only recover if the culture organism was removed and
settlement occurred from adjacent communities.

Characterising species of this complex are deemed fragile (i.e. soft bodied organism/fragile shell)
and are therefore have a degree of intolerance to physical disturbance that would penetrate the
sediment (i.e. dredging). However, depending on their recoverability their sensitivity to it varies.
The bivalve T. flexuosa is deemed to have intermediate intolerance but high recoverability and
therefore a low sensitivity to physical disturbance (Table 10). This high recoverability assessment
assumes the pressure has ceased, however due to the nature of the activity (mussel bottom
culture) the pressure is continuous and ongoing and therefore recoverability may be affected.

The percentage of the community that will be thus affected is 16.1%.

Conclusion: Considering the range of impacts identified above and the persistent nature of the pressure,

this activity is considered disturbing on Muddy Fine Sand with Thyasira flexuosa community.

Community Type: Mud Community Complex

Sites licensed for the bottom culture of mussels overlaps with 6ha of the Mud Community
Complex; this overlap constitutes 0.5% of the area for this community type within the qualifying
interest. Applications for this culture method also overlap this community type by 68.7ha which is a
6.1% overlap. In total, therefore, this culture method (applications & licensed) overlaps 74.7ha
(6.6%) of the Mud Community Complex.

This community is characterized by the oligochaete Tubificoides benedii, the bivalves Macoma
balthica and Scrobicularia plana, the amphipod Corophium volutator and the polychaetes Pygospio
elegans, Eteone sp., Nephtys hombergii and Hediste diversicolor.

The characterizing species is an opportunistic species (1St

order) indicative of an environment
under stress/ which proliferates in reduced environments; all other characterising species are
tolerant/indifferent to organic enrichment (Table 8). Species present are deemed to have a low
sensitivity to smothering (Table 9).

Characterising species of this complex are deemed fragile (i.e. soft bodied organism/fragile shell)
and are therefore have a degree of intolerance to physical disturbance that would penetrate the
sediment (i.e. dredging). However, depending on their recoverability their sensitivity to it varies.
The bivalve Macoma balthica is deemed to have intermediate intolerance but high recoverability
and therefore a low sensitivity to physical disturbance (Table 4.3). This high recoverability
assessment assumes the pressure has ceased, however due to the nature of the activity (mussel
bottom culture) the pressure is continuous and ongoing and therefore recoverability may be
affected.

The percentage of the community that will be thus affected is 6.6%.

Conclusion: Considering the range of impacts identified above and the persistent nature of the pressure,

this activity is considered disturbing on Mud Community Complex.

Community Type: Ostrea edulis dominated community
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Sites licensed for the bottom culture of mussels overlaps with 201ha of the Ostrea edulis
dominated community; this overlap constitutes 22.1% of the area for this community type within the
qualifying interest. Applications for this culture method also overlap this community type by 40ha
which is a 4.4% overlap. In total, therefore, this culture method (applications & licensed) overlaps
241ha (26.5%) of the Ostrea edulis dominated community.

This community occurs in those areas described as an Intertidal mixed sediment with polychaetes
and a Subtidal mixed sediment with polychaetes and bivalves and therefore its distinguishing fauna
is a combination of both. This community is therefore characterized by a wide range of species,
those present in moderate to high numbers include the polychaetes Capifomastus minima, Eteone
sp., Euclymene oerstedii, Glycera tridactyla, Lumbrineris latreilli, Pygospio elegans, Scoloplos
armiger, Pomatoceros ftriqueter, the oligochaete Tubificoides benedii and the bivalves Abra alba,
Cerastoderma edule and Timoclea ovata.

The species characterising this community are typically infaunal polychaetes and bivalves
tolerant/indifferent of organic enrichment, with the exception of E. oerstedii and T. ovata which are
sensitive (Table 8). T. benedii is an opportunistic (first order) species which proliferates in reduced
environments. Species listed have no/low sensitivity to smothering (Table 9). However continuous
deposition would be detrimental to sessile fixed epifauna such as Ostrea edulis which has a very
high sensitivity to the pressure.

Characterising species of this complex are deemed fragile (i.e. soft bodied organism/fragile shell)
and are therefore have a degree of intolerance to physical disturbance that would penetrate the
sediment (i.e. dredging). However depending on their recoverability their sensitivity to it varies, the
bivalves C. edule and A. Alba are deemed to have an intermediate intolerance but high
recoverability and therefore a low sensitivity to physical disturbance (Table 10). This high
recoverability assessment assumes the pressure has ceased, however due to the nature of the
activity (mussel bottom culture) the pressure is continuous and ongoing and therefore
recoverability may be affected. The native oyster Ostrea edulis has a high sensitivity to the
physical disturbance.

Monoculture may lead to changes to the infaunal community which is characterized by bivalves
and polychaetes; and also may result in the smothering of resident epifaunal species i.e. O. edulis.
The introduction of diseases and non-native species associated with bivalve culture has been
known to severely impact the native oyster (Sewell & Hiscock, 2005). The non-native copepod
parasite Myticola intestinalis, a parasite initially of mussels, which now infects oysters, is a threat to
the native oyster beds. According to MarLIN this community has a very high sensitivity to the
introduction of non-native species and to the introduction of parasites/pathogens.

The percentage of the community that will be thus affected is 26.5%.

Conclusion: Considering the range of impacts and habitat and species sensitivities identified above and

the persistent nature of the pressure, this activity is considered disturbing on Osfrea edulis
dominated community.

6.2.2 Oyster Bottom Culture

There are no licenses granted to date solely for the bottom culture of oysters (Osfrea edulis and

Crassostrea gigas combined) within Lough Swilly.
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Oyster Bottom Culture (applications) covers 280.3ha* of the qualifying interest (Estuary) within the SAC in

(Figure 10). (*It should be noted that 175ha of these applications occur in an area that is already
licensed for the bottom culture of mussels (considered above). Given these overlaps, the viability
of these applications should be but has not been fully addressed. Therefore the real cover of
featured habitat is 105ha (see Figure 10).

This aquaculture type overlaps three of the six different community types found within the qualifying

interest of Lough SAC.

Legend
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I Mud commrunity complex

[ Muddy fine sand with Thyasira flexuosa
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11130 Egtuaries

Figure 10: Spatial overlap between bottom oyster culture sites (applications) and habitats within

the qualifying interest of Lough Swilly SAC. (Area of overlap with licensed bottom mussel

culture (red) is highlighted).

The potential impacts of the operation on the sedimentary communities of Lough Swilly are:

Organic and sediment deposition, physical disturbance and monoculture - these are
discussed in detail above (8.2.1)

Introduction of non-native species Oyster culture poses a significant risk in terms of the
introduction of non-native species and diseases as the widely cultivated species pacific oyster
(Crassostrea gigas) is a non-native species. Lough Swilly contains a number of native oyster beds
which are considered scarce throughout Ireland and the UK, and are deemed at risk from disease
and competition from non-native species. The introduction of non-native species is a serious
cause for concern for native oyster beds, as there is the risk that the widely cultivated introduced
species (C. gigas) may become naturalised (i.e. establishment of a breeding population) and
compete with the native species for space and food. The use of triploid stock (non-reproducing) is
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the main method employed to eliminate this problem. However, it has being reported that the
pacific oyster (C. gigas) has become established as a self-seeding population in Lough Swilly and
their distribution suggests that they are already a threat to wild oyster stocks and habitat (Ml 2012).
Disease: Due to the nature of the culture methods the risk of transmission of disease from cultured
to wild/native stocks is high.

Community type: Intertidal Mixed Sediment with Polychaetes

Applications for this culture method also overlap this community type by 3.2 ha which is a 0.5%
overlap.

This community is characterized by a range of infaunal polychaetes, oligochaetes and bivalves that
are tolerant/indifferent of organic enrichment, with the exception of Euclymene oerstedii which is
sensitive (Table 8). T. benedii is an opportunistic (first order) species which proliferates in reduced
environments. Species present have no/low sensitivity to smothering (Table 9)

Characterising species of this complex are deemed fragile (i.e. soft bodied organism/fragile shell)
and are therefore have a degree of intolerance to physical disturbance that would penetrate the
sediment (i.e. dredging). However depending on their recoverability their sensitivity to it varies, the
bivalve C. edule is deemed to have an intermediate intolerance but high recoverability and
therefore a low sensitivity to physical disturbance (Table 10). This high recoverability assessment
assumes the pressure has ceased, however due to the nature of the activity (bottom oyster culture)
the pressure is episodic and therefore recoverability may be affected.

The percentage of the community that will be thus affected is 0.5%.

Conclusion: Considering the range of impacts and habitat and species sensitivities identified above and

the persistent nature of the pressure, this activity is considered disturbing on Intertidal Mixed
Sediment with Polychaetes.

Community Type: Subtidal Mixed Sediment with Polychaetes and Bivalves

Applications for this culture method overlap this community type by 32.5ha* (-22ha) which is a
2.5%* (-1.7%) overlap. (*It should be noted that 1.7% (22ha) of these applications occur in an area
that is already licensed for the bottom culture of mussels and therefore one would assume these
applications are not viable. Therefore the real potential overlap is 0.8% and 10.5ha)

A high number of distinguishing species were recorded for this community; the following were
present in medium to high abundance: the polychaetes Pomatoceros triqueter, Lumbrineris latreilli,
Capitomastus minima and Scoloplos armiger and bivalves Abra alba and Timoclea ovata.

The bivalves Timoclea ovata, Venerupis senegalensis and Parvicardium exiguum recorded within
this community are deemed sensitive to organic enrichment (Table 8); C. minima is an
opportunistic (first order) species which proliferates in reduced environments. The tube worm P.
triqueter is deemed sensitive to smothering (Table 9).

Characterising species of this complex are deemed fragile (i.e. soft bodied organism/fragile shell)
and are therefore have a degree of intolerance to physical disturbance that would penetrate the
sediment (i.e. dredging). However depending on their recoverability their sensitivity to it varies, the
bivalve A. alba is deemed to have an intermediate intolerance but high recoverability and therefore
a low sensitivity to physical disturbance (Table 10). This high recoverability assessment assumes
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the pressure has ceased, however due to the nature of the activity (oyster bottom culture) the
pressure is episodic and therefore recoverability may be affected.

The percentage of the community that will be thus affected is 0.8%.

Conclusion: Considering the range of impacts and habitat and species sensitivities identified above and

the persistent nature of the pressure, this activity is considered disturbing on Subtidal Mixed
Sediment with Polychaetes.

Community Type: Ostrea edulis dominated community

Applications for this culture method overlap with 245ha*(-153ha see below) of the Ostrea edulis
dominated community; this overlap constitutes 27%* of the area for this community type within the
qualifying interest. (*It should be noted that 17% (153ha) of these applications occur in an area
that is already licensed for the bottom culture of mussels and therefore one would assume these
applications are not viable. Therefore the real potential overlap is 10% and 92ha)

This community occurs in those areas described as an Intertidal mixed sediment with polychaetes
and a Subtidal mixed sediment with polychaetes and bivalves and therefore its distinguishing fauna
is a combination of both. This community is therefore characterized by a wide range of species,
those present in moderate to high numbers include the polychaetes Capitomastus minima, Eteone
sp., Euclymene oerstedii, Glycera tridactyla, Lumbrineris latreilli, Pygospio elegans, Scoloplos
armiger, Pomatoceros triqueter, the oligochaete Tubificoides benedii and the bivalves Abra alba,
Cerastoderma edule and Timoclea ovata.

The epifaunal native oyster Ostrea edulis and the polychaete E. oerstedii and the bivalve T. ovafa
are sensitive to organic enrichment (Table 8). Other species characterising this community,
typically infaunal polychaetes and bivalves, are tolerant/indifferent of organic enrichment, with the
exception of T. benedii is an opportunistic (first order) species which proliferates in reduced
environments.

Characterising species of this complex are deemed fragile (i.e. soft bodied organism/fragile shell)
and are therefore have a degree of intolerance to physical disturbance that would penetrate the
sediment (i.e. dredging). However depending on their recoverability their sensitivity to it varies, the
bivalves C. edule and A. Alba are deemed to have an intermediate intolerance but high
recoverability and therefore a low sensitivity to physical disturbance (Table 10). This high
recoverability assessment assumes the pressure has ceased, however due to the nature of the
activity (bottom culture) the pressure is episodic/repeated and therefore recoverability may be
affected. The native oyster O. edulis has an intermediate intolerance and a low recoverability and
therefore is highly sensitive to physical disturbance.

Non-native species introduced within the oyster farming industry (as the culture organism and
along with the culture organism) that have caused major mortalities to native oyster beds include
the slipper limpet Crepidula fornicata and the parasitic protozoan Bonamia ostreae. According to
MarLIN this community has a very high sensitivity to the introduction of non-native species and to
the introduction of parasites/pathogens.

The percentage of the community that will be thus affected is 10%*.

Conclusion: Considering the range of impacts and habitat and species sensitivities identified above ,the

persistent nature of the pressure, this activity (i.e. culture of native and non-native oyster species)
is considered disturbing on Ostrea edulis dominated community.
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6.2.3 Suspended Oyster Culture

Suspended Oyster Culture within Lough Swilly includes the use of Bags and trestles and also BST
Longlines; at some sites both methods of culture are employed.

Suspended oyster culture using bags & trestles (licensed) covers 26.3ha and applications for same covers
14ha of the qualifying interest (Estuary) within the Lough Swilly SAC (Figure 11).

An area of 59.8 ha is under the dual culture methods of bags & trestles and BST longlines (licensed) while
applications for BST Longlines covers 17.9ha of the qualifying interest (Estuary) within the SAC in
(Figure 11).

This aquaculture type overlaps five of the six different community types found within the qualifying interest
of Lough SAC (see below).

Legend
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Figure 11: Spatial overlap between suspended oyster culture sites and habitats within the
qualifying interest of Lough Swilly SAC.

The potential impacts of the operation on the sedimentary communities of Lough Swilly are:

. Deposition on the seabed of oyster faeces and pseudofaeces can lead to organic enrichment and
can result in a change in sediment type which in tum can result in changes to the biological
communities within. The degree of deposition depends on the culture density, the baffling effect
caused by the culture structures, exposure of the site. The physical presence of the trestles and
bags are responsible for reducing water flow and allowing suspended material (silt, clay as well as
faeces and pseudo-faeces) to fall out of suspension to the seafloor. The build-up of material will
typically occur directly beneath the trestle structures and can result in accumulation of fine,
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organically rich sediments. These sediments may result in the development of infaunal
communities distinct from the surrounding areas. However, suspended oyster culture typically has
a moderate and localised (usually under the footprint of the culture activity) effect on inter-tidal
benthos (Bouchet and Sauriau 2008; Forrest et al. 2009).

Physical disturbance: Dredging is not involved in this culture method but sedimentary habitats
may be subject to varying degrees of surface disturbance due to human traffic and vehicular
movements. In Lough Swilly, suspended cultivation sites are accessed by flat bottom barges and
by tractor and trailers on low tide. The latter activity would be result in the risk of compaction on
the sedimentary habitats of the area.

Introduction of non-native species Oyster culture poses a significant risk in terms of the
introduction of non-native species and diseases as the widely cultivated species pacific oyster
(Crassostrea gigas) is a non-native species. The introduction of diseases and non-native species
associated with bivalve culture has been known to severely impact the native oyster (Sewell &
Hiscock, 2005). Lough Swilly contains a number of native oyster beds which are considered
scarce throughout Ireland and the UK, and are deemed at risk from disease and competition from
non-native species. The introduction of non-native species is a cause for concern for the native
oyster fishing industry, as C. gigas has become naturalised (i.e. establishment of a breeding
population) in the bay and may compete with the native species for space and food. The use of
triploid stock (non-reproducing) is the main method employed to mange this issue.

Disease: Due to the nature of the culture methods (high density) there is a risk of transmission of
disease from cultured to wild/native stocks.

Community Type: Fine Sand Community Complex

Applications for the suspended culture of oysters (BST Longlines) overlap with 16.4ha of the Fine
sand community complex; this overlap constitutes 2.8% of the habitat area for this community type
within the qualifying interest.

This community complex is characterized by a range of infaunal species (refer above). There are
three variants of this community recorded within Lough Swilly, however only Variant 3 is present
within the boundary of the Annex 1 habitat. This variant is characterised by the polychaetes
Spiophanes bombyx, Lumbrineris latreilli, Nephtys hombergii, and the bivalves Thracia papyracea
and Phaxas pellucidus

The bivalves characterising this community complex (variant 3) are deemed sensitive to organic
enrichment (Table 8), but none of the characterising species are considered sensitive to
smothering (s5cm sediment) as they are mobile and can migrate up through any additional
sediment (Table 9).

The percentage of the community that will be thus affected is 2.8%.

Conclusion: Impact of suspended culture of oysters on Fine Sand Community Complex can be

discounted for the following reasons:

Stock is contained and therefore complete removal of can be achieved in the event of a disease
outbreak

The characterising species are not particularly sensitive to sedimentation.
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The activity occurs on less than 15% of the Fine Sand Community Complex which is below the
threshold for significant effects.

Community Type: Intertidal Mixed Sediment with Polychaetes

Sites licensed for suspended oyster culture overlaps with 31.7ha of Intertidal Mixed Sediment with
Polychaetes community; this overlap constitutes 4.8% of the habitat area for this community type
within the qualifying interest. This includes the following culture methods Bags & trestles (18.2ha;
2.8%) and Bags & trestles and BST longlines (13.5ha; 2%)

Applications for suspended oyster culture (Bags & trestles) overlap with 4.7ha of Intertidal Mixed
Sediment with Polychaetes community; this overlap constitutes 0.7% of the habitat area for this
community type within the qualifying interest.

The total overlap of suspended oyster culture with this habitat type is therefore 36.4ha (5.5%).

This community is characterized by a range of infaunal polychaetes and bivalves (refer above)
which are deemed tolerant/indifferent to organic enrichment, with the exception of Euclymene
oerstedii which is sensitive (Table 8).

The mixed sediment nature of the site would suggest that superficial fines (as a consequence of
sedimentation) will likely not persist and will be dispersed easily.

Conclusion: Impact of suspended culture of oysters on the Intertidal Mixed Sediment with Polychaetes

community can be discounted for the following reasons:

Stock is contained and therefore complete removal of can be achieved in the event of a disease
outbreak

The characterising species are not likely exposed to or are tolerant of the primary impacts

The activity occurs on less than 15% of the Intertidal Mixed Sediment with Polychaetes community
which is below the threshold for significant effects.

Community Type: Subtidal Mixed Sediment with Polychaetes and Bivalves

Sites licensed for suspended oyster culture (Bags & trestles) overlap with 2.4ha of Subtidal Mixed
Sediment with Polychaetes and Bivalves community; this overlap constitutes 0.18% of the habitat
area for this community type within the qualifying interest

A high number of distinguishing species were recorded for this community (refer above).

The bivalves Timoclea ovata, Venerupis senegalensis and Parvicardium exiguum recorded within
this community are deemed sensitive to organic enrichment (Table 8); C. minima is an
opportunistic (first order) species which proliferates in reduced environments. The tube worm P.
triqueter is deemed sensitive to smothering (Table 9).

The mixed sediment nature of the site would suggest that superficial fines (as a consequence of
sedimentation) will likely not persist and will be dispersed easily.

The percentage of the community that will be thus affected is 0.18%.

Conclusion: Impact of suspended oyster culture on the Subtidal Mixed Sediment with Polychaetes and

Bivalves community can be discounted for the following reasons:
The activity occurs on less than 15% of the community which is below the threshold for significant
effects.
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Stock is contained and therefore complete removal of can be achieved in the event of a disease
outbreak.

The characterising species are not likely exposed to or are tolerant of the primary impacts

Community Type: Muddy Fine Sand with Thyasira flexuosa

Sites licensed for suspended oyster culture (Bags & trestles and BST longlines) overlaps with
46.3ha of Muddy Fine Sand with Thyasira flexuosa community; this overlap constitutes 3.5% of the
habitat area for this community type within the qualifying interest.

Applications for suspended oyster culture (Bags & trestles; BST longlines) overlap with 5.9ha of
Muddy Fine Sand with Thyasira flexuosa community; this overlap constitutes 0.45%.

The total overlap of suspended oyster culture with this habitat type is 52.2ha (4%).

This community is characterized by the infaunal bivalve Thyasira flexuosa, polychaetes,
amphipods and bivalves (refer above).

A number of distinguishing species (Euclymene oerstedii, Ampelisca brevicornis, Phaxas
pellucidus, Thracia papyracea and Nucula nitidosa) are sensitive to organic enrichment (Table 8);

Species present are not deemed sensitive to smothering (Table 9).

Conclusion: Impact of suspended culture of oysters on the Muddy Fine Sand with Thyasira flexuosa

Community can be discounted for the following reasons:

The activity occurs on less than 15% of the community which is below the threshold for significant
effects.

Stock is contained and therefore complete removal of can be achieved in the event of a disease
outbreak.

Community Type: Ostrea edulis dominated community

Sites licensed for suspended oyster culture (Bags & trestles) overlaps with 5.7ha of Ostrea edulis
dominated community; this overlap constitutes 0.63% of the habitat area for this community type
within the qualifying interest. Applications for same overlap with 5ha of the community; this overlap
constitutes 0.5%.

This community occurs in those areas described as an Intertidal mixed sediment with polychaetes
and a Subtidal mixed sediment with polychaetes and bivalves and therefore its distinguishing fauna
is a combination of both. This community is therefore characterized by a wide range of species
(refer above) and dominated by the native oyster Ostrea edulis.

The species characterising this community are typically infaunal polychaetes and bivalves
tolerant/indifferent of organic enrichment, with the exception of O. edulis, E. oerstedii and T. ovala
which are sensitive (Table 8). T. benedii is an opportunistic (first order) species which proliferates
in reduced environments.

Most species present have no/low sensitivity to smothering (Table 9). However the native oyster
due to its sessile habit has a high intolerance to smothering and its recoverability is deemed very
low.

Due to its epifaunal habit O. edulis would be sensitive to physical damage due vehicular and
human traffic.
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The introduction of diseases and non-native species associated with bivalve culture has been
known to severely impact the native oyster (Sewell & Hiscock, 2005). Non-native species
introduced within the oyster farming industry that have caused major mortalities to native oyster
beds include the slipper limpet Crepidula fornicata and the parasitic protozoan Bonamia ostreae.
According to MarLIN this community has a very high sensitivity to the introduction of non-native
species and to the introduction of parasites/pathogens.

The total overlap of suspended oyster culture with this habitat type is 10.7ha (1.1%).

Conclusion: Impact of suspended oyster culture on the Ostrea edulis dominated community is

considered disturbing and cannotbe discounted for the following reasons:

The dominant species O. edulis is highly sensitive to smothering and sensitive to organic
enrichment and to activities associate with suspended culture (e.g. compaction).

Native oyster beds (O.edulis) beds are considered scarce

The community is highly sensitive to the introduction of non-native species and also
parasites/pathogens.

6.2.4 Bottom culture of oysters and mussels

The Bottom Culture of oysters and mussels (licensed) covers 1173.8ha of the qualifying interest (Estuary)

within the Lough Swilly SAC (Figure 12).

This aquaculture type overlaps all of the six different community types found within the qualifying interest

of Lough SAC.

The potential impacts of the operation on the sedimentary communities of Lough Swilly are listed in

sections 8.2.1 and 8.2.2 above.
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Figure 12: Spatial overlap between bottom oyster & mussel culture sites and habitats within the

qualifying interest of Lough Swilly SAC.

Community type: Fine sand community complex

Sites licensed for the bottom culture of oysters and mussels overlap with 112ha of the Fine sand
community complex; this overlap constitutes 19% of the habitat area for this community type within
the qualifying interest.

The species characterising this community complex (variant 3) are typically infaunal polychaetes
and bivalves (refer above).

The characterising bivalves are deemed sensitive to organic enrichment (Table 8), but none of the
characterising species are considered sensitive to smothering (s5cm sedimentation) as they are
mobile and can migrate up through any additional sediment (Table 8).

Characterising species of this complex are deemed fragile (i.e. soft bodied organism/fragile shell)
and therefore have a degree of intolerance to physical disturbance that would penetrate the
sediment (i.e. dredging). However their recoverability (based on biological traits) is classed as high
to very high therefore their sensitivity to the pressure is low (Table 10). This high recoverability
assessment assumes the pressure has ceased, however due to the nature of the activity (mussel
bottom culture) the pressure is episodic and therefore recoverability may be affected.

The percentage of the community that will be thus affected is 19%.

Conclusion: Impact of bottom culture of mussels and oysters on Fine Sand Community Complex is

considered disturbing and CANNOT be discounted for the following reasons:
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The overlap of the activity and community exceeds the threshold area of 15%.

Activity is continuous and ongoing.

Some species present are sensitive to biological changes to sediments type due to deposition i.e.
organic enrichment.

Physical disturbance (dredging) of the seabed is deemed significantly disturbing (=15%).
Monoculture may lead to changes to the infaunal community which is characterized by bivalves
and polychaetes.

Community Type: Intertidal Mixed Sediment with Polychaetes

Sites licensed for the bottom culture of oysters and mussels overlap with 54ha of the Intertidal
Mixed Sediment with Polychaetes; this overlap constitutes 8.2% of the habitat area for this
community type within the qualifying interest.

This community is characterized by a range of infaunal polychaetes, oligochaetes and bivalves that
are tolerant/indifferent of organic enrichment, with the exception of Euclymene oerstedii which is
sensitive (Table 8). T. benedii is an opportunistic (first order) species which proliferates in reduced
environments. Species present have no/low sensitivity to smothering (Table 9)

Characterising species of this complex are deemed fragile (i.e. soft bodied organism/fragile shell)
and are therefore have a degree of intolerance to physical disturbance that would penetrate the
sediment (i.e. dredging). However depending on their recoverability their sensitivity to it varies, the
bivalve C. edule is deemed to have an intermediate intolerance but high recoverability and
therefore a low sensitivity to physical disturbance (Table 10). This high recoverability assessment
assumes the pressure has ceased, however due to the nature of the activity (bottom oyster culture)
the pressure is episodic and therefore recoverability may be affected.

The percentage of the community that will be thus affected is 8.2%.

Conclusion: Impact of bottom culture of mussels and oysters on Intertidal Mixed Sediment with

Polychaetes is considered disturbing and CANNOT be discounted for the following reasons:

Activity is continuous and ongoing.

Some species present are sensitive to biological changes to sediments type due to deposition i.e.
organic enrichment.

Physical disturbance (dredging) of the seabed is deemed significantly disturbing.

Monoculture may lead to changes to the infaunal community which is characterized by bivalves
and polychaetes.

Community type: Subtidal Mixed Sediment with Polychaetes and Bivalves

Sites licensed for the bottom culture of mussels and oysters overlap with 238ha of the Subtidal
Mixed Sediment with Polychaetes and Bivalves; this overlap constitutes 18.1% of the habitat area
for this community type within the qualifying interest.

A high number of distinguishing species were recorded for this community; the following were
present in medium to high abundance: the polychaetes Pomatoceros triqueter, Lumbrineris latreilli,
Capitomastus minima and Scoloplos armiger and bivalves Abra alba and Timoclea ovata. .

The bivalves Timoclea ovata, Venerupis senegalensis and Parvicardium exiguum recorded within
this community are deemed sensitive to organic enrichment (Table 8); C. minima is an
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opportunistic (first order) species which proliferates in reduced environments. The tube worm P.
triqueter is deemed sensitive to smothering (Table 9).

Characterising species of this complex are deemed fragile (i.e. soft bodied organism/fragile shell)
and are therefore have a degree of intolerance to physical disturbance that would penetrate the
sediment (i.e. dredging). However depending on their recoverability their sensitivity to it varies, the
bivalve A. alba is deemed to have an intermediate intolerance but high recoverability and therefore
a low sensitivity to physical disturbance (Table 10). This high recoverability assessment assumes
the pressure has ceased, however due to the nature of the activity (bottom culture) the pressure is
episodic and therefore recoverability may not be possible.

The percentage of the community that will be thus affected is 18.1%.

Conclusion: Impact of bottom culture of mussels and oysters on the Subtidal Mixed Sediment with

Polychaetes and Bivalves community is considered disturbing and CANNOT be discounted for the
following reasons:

The overlap of the activity and community exceeds the threshold area of 15%.

Activity is continuous and ongoing.

Some species present are sensitive to biological changes to sediments type due to deposition i.e.
organic enrichment.

Physical disturbance (dredging) of the seabed is deemed disturbing

Monoculture may lead to changes to the infaunal community which is characterized by bivalves
and polychaetes.

Community Type: Muddy Fine Sand with Thyasira flexuosa

Sites licensed for the bottom culture of oysters and mussels overlap with 629ha of the Muddy Fine
Sand with Thyasira flexuosa community; this overlap constitutes 48% of the habitat area for this
community type within the qualifying interest.

This community is characterized by the infaunal bivalve Thyasira flexuosa and polychaetes,
amphipods and other bivalves (refer above).

Three of these distinguishing species (Euclymene oerstedii, Ampelisca brevicornis, Phaxas
pellucidus) and the bivalves Thracia papyracea and Nucula nitidosa are sensitive to organic
enrichment (Table 8); Species present are not deemed sensitive to smothering (Table 9).
Characterising species of this complex are deemed fragile (i.e. soft bodied organism/fragile shell)
and are therefore have a degree of intolerance to physical disturbance that would penetrate the
sediment (i.e. dredging). However depending on their recoverability their sensitivity to it varies.
The bivalve T. flexuosa is deemed to have intermediate intolerance but high recoverability and
therefore a low sensitivity to physical disturbance (Table 10). This high recoverability assessment
assumes the pressure has ceased, however due to the nature of the activity (mussel bottom
culture) the pressure is episodic and therefore recoverability may be affected.

The percentage of the community that will be thus affected is 48%.

Conclusion: Impact of bottom culture of mussels and oysters on the Muddy Fine Sand with Thyasira

flexuosa community is considered disturbing and CANNOT be discounted for the following

reasons:

The overlap of the activity and community at 48% significantly exceeds the threshold area of 15%.
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Activity is continuous and ongoing.

Some species present are sensitive to biological changes to sediments type due to deposition i.e.
organic enrichment.

Physical disturbance (dredging) of the seabed is deemed significantly disturbing

Monoculture may lead to changes to the infaunal community which is characterized by bivalves
and polychaetes.

Community Type: Mud Community Complex

Sites licensed for the bottom culture of oysters and mussels overlap with 136ha of the Mud
Community Complex; this overlap constitutes 12% of the habitat area for this community type
within the qualifying interest.

This community is characterized by oligochaetes, bivalves, amphipods and polychaetes (refer
above).

The characterizing species (Tubificoides benedii) is an opportunistic species (1% order) indicative
of an environment under stress/ which proliferates in reduced environments; all other
characterising species are tolerant/indifferent to organic enrichment (Table 8). Species present are
deemed to have a low sensitivity to smothering (Table 9).

Characterising species of this complex are deemed fragile (i.e. soft bodied organism/fragile shell)
and are therefore have a degree of intolerance to physical disturbance that would penetrate the
sediment (i.e. dredging). However depending on their recoverability their sensitivity to it varies.
The bivalve Macoma balthica is deemed to have intermediate intolerance but high recoverability
and therefore a low sensitivity to physical disturbance (Table 10). This high recoverability
assessment assumes the pressure has ceased, however due to the nature of the activity (mussel
bottom culture) the pressure is episodic and therefore recoverability may be affected.

The percentage of the community that will be thus affected is 12%.

Conclusion: Impact of bottom culture of mussels and oysters on Mud Complex community is considered

disturbing and CANNOT be discounted for the following reasons:

Activity is continuous and ongoing.

Some species present are sensitive to biological changes to sediments type due to deposition i.e.
organic enrichment.

Physical disturbance (dredging) of the seabed is deemed significantly disturbing

Monoculture may lead to changes to the infaunal community which is characterized by bivalves
and polychaetes.

Community Type: Ostrea edulis dominated community

Sites licensed for the bottom culture of oysters and mussels overlap with 5.9ha of the Ostfrea edulis
dominated community; this overlap constitutes 0.65% of the habitat area for this community type
within the qualifying interest.

This community occurs in those areas described as an Intertidal mixed sediment with polychaetes
and a Subtidal mixed sediment with polychaetes and bivalves and therefore its distinguishing fauna
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is a combination of both. This community is therefore characterized by a wide range of species
(refer above).

The species characterising this community are typically infaunal polychaetes and bivalves
tolerant/indifferent of organic enrichment, with the exception of E. oerstedii and T. ovata which are
sensitive (Table 8). T. benedii is an opportunistic (first order) species which proliferates in reduced
environments. Species listed have no/low sensitivity to smothering (Table 9). However continuous
deposition would be detrimental to sessile fixed epifauna such as Ostrea edulis which has a very
high sensitivity to the pressure.

Characterising species of this complex are deemed fragile (i.e. soft bodied organism/fragile shell)
and are therefore have a degree of intolerance to physical disturbance that would penetrate the
sediment (i.e. dredging). However depending on their recoverability their sensitivity to it varies, the
bivalves C. edule and A. Alba are deemed to have an intermediate intolerance but high
recoverability and therefore a low sensitivity to physical disturbance (Table 10). This high
recoverability assessment assumes the pressure has ceased, however due to the nature of the
activity (mussel bottom culture) the pressure is episodic and therefore recoverability may be
affected. The native oyster Ostrea edulis has a high sensitivity to physical disturbance.

The introduction of diseases and non-native species associated with bivalve culture has been
known to severely impact the native oyster (Sewell & Hiscock, 2005). The non-native copepod
parasite Myticola intestinalis, a parasite initially of mussels, which now infects oysters, is a threat to
the native oyster beds. This community has a very high sensitivity to the introduction of non-native
species and to the introduction of parasites/pathogens (MarLIN).

The percentage of the community that will be thus affected is 0.65%.

Conclusion: Impact of bottom culture of mussels and oysters on the Ostrea edulis dominated community

6.2.5

is considered disturbing and CANNOT be discounted for the following reasons:

The dominant species O. edulis is highly sensitive to smothering and sensitive to organic
enrichment

Native oyster beds (Ostrea edulis) beds are considered scarce

The community is highly sensitive to the introduction of non-native species and also

parasites/pathogens.

The Fishery Natura Plan for native oyster

The proposed FNP for native oysters in L. Swilly (Annex 1) includes a number of separate activities that

may have effects on benthic communities. These are:

Fishing native oysters with dredges

Oysters will be fished by bottom oyster dredge fitted with a blade but no teeth. Dredge width will
be limited to 150cm. Dredges will be towed by vessels 7-12m in length typical of the Irish inshore
fleet. The conditions (including oyster densities) under which fishing will occur are described in the
FNP and involve avoiding areas of low oyster density (<0.25m'2) as indicated by annual oyster
surveys.

Fishing for Pacific oysters.
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Using dredges similar to that described above. This unrestricted activity will occur in areas where
Pacific oysters comprise more than 50% of all oysters. It is expected that the areas involved will
decrease annually during the lifetime of the plan due to this control programme.

Establishing a spawning reserve

This will involve transplanting oysters caught in the fishery to an area of 54ha and therefore the
establishment of higher density of oysters on the seabed than currently exists.

Spreading cultch

This involves relaying of dead shell, originating from L. Swilly or elsewhere, onto an area of 50 ha
to increase the shelliness of the benthic habitat and improve conditions for settlement of oyster

Figure 13. Overall distribution of the proposed fishery natura plan for native oysters in L. Swilly.

6.2.6

Effects of fishing for O. edulis and C. gigas (activities 1 and 2 above)

Community type: Fine sand community complex

The oyster FNP overlaps with 71ha (12.1%) of the fine sand community complex (total area 582ha)
in the qualifying interest Estuary (Fig. 14). Within this 71ha , in 2011, the area where density of O.
edulis is >0.25m is approximately 12ha and the area where the proportion of P. gigas is >0.5 is
approximately 3.7ha. There are only minor overlaps between these areas. The effective overlap of
the proposed fishery in the first year of the FNP is therefore (12+3.7)/582 or 2.7% of the intertidal
mixed sediment community.

Dredging for oysters represents a physical surface and sub-surface pressure on the fine sand
community._ Characterising species of this complex are deemed fragile (i.e. soft bodied
organism/fragile shell) and therefore have a degree of intolerance to physical disturbance that
would penetrate the sediment (i.e. dredging). However, their recoverability (based on biological
traits) is classed as high to very high therefore their sensitivity to the pressure is low (Table 10).
This high recoverability assessment assumes the pressure is intermittent rather than persistent.
The oyster fishing season is proposed from Sept 19" to March 31%. Recoverability of species is
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highest during spring and summer due to recruitment processes. This period is closed to fishing.
Although not explicit in the FNP fishing will not be persistent during the fishing season and will
cease when oyster densities are <0.25m or when exploitation rate reaches 33%.

Conclusion

As the % overlap between the proposed fishery and the fine sand community is below the
threshold of 15%, as physical disturbance caused by dredging will be intermittent, as recoverability
of characterising species is high and as limits on the exploitation of oyster are included in the FNP
significant impacts of the activity on the fine sand community can be discounted.

Community Type: Intertidal Mixed Sediment with Polychaetes

The oyster FNP overlaps with 167ha (25.5%) of the Intertidal mixed sediments with polychaetes
community (total area 655ha) in the qualifying interest Estuary (Fig. 14). Within this 167ha, in 2011,
the area where density of O. edulis is >0.25m? is approximately 40ha and the area where the
proportion of P. gigas is >0.5 is approximately 70ha. Both of these areas overlap completely. The
effective overlap of the proposed fishery in the first year of the FNP is therefore 75/655 or 11% of
the intertidal mixed sediment community.

Dredging for oysters represents a physical surface and sub-surface pressure on the fine sand
community. Characterising species of this complex are deemed fragile (i.e. soft bodied
organism/fragile shell) and therefore have a degree of intolerance to physical disturbance that
would penetrate the sediment (i.e. dredging). Recoverability of these species is generally
moderate or high (Table 10) to pressures that are intermittent such as seasonal fisheries and their
sensitivity therefore is low or moderate.

Conclusion

[e]

As the % overlap between the proposed fishery and the fine sand community is below the
threshold of 15%, as physical disturbance caused by dredging will be intermittent, as recoverability
of characterising species is high and as limits on the exploitation of oyster are included in the FNP
significant impacts of the activity to the intertidal mixed sediment community can be discounted.

Community type: Subtidal Mixed Sediment with Polychaetes and Bivalves

The oyster FNP overlaps with 218ha (16.6%) of the sub-tidal mixed sediments with polychaetes
and bivalves community (total area 1314ha) in the qualifying interest Estuary (Fig. 14). Within
218ha the area where density of O. edulis is >0.25m™ is approximately 40ha and the area where
the proportion of P. gigas is >0.5 is approximately 75ha. These areas do not overlap substantially.
The effective overlap of the proposed fishery in the first year of the FNP is therefore (40+75)/1314
or 8.7% of the sub-tidal mixed sediment with polychaetes and bivalves community.

Characterising species of this complex are deemed fragile (i.e. soft bodied organism/fragile shell)
and therefore have a degree of intolerance to physical disturbance that would penetrate the
sediment (i.e. dredging). Recoverability of these species is generally moderate or high (Table 10)
to pressures that are intermittent such as seasonal fisheries and their sensitivity is therefore low or
moderate
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Conclusion

As the % overlap between the proposed fishery and the sub-tidal mixed sediment community is
below the threshold of 15%, as physical disturbance caused by dredging will be intermittent, as
recoverability of characterising species is moderate or high and as limits on the exploitation of
oyster are included in the FNP significant impacts of the activity to the intertidal mixed sediment
community can be discounted.

Community Type: Muddy Fine Sand with Thyasira flexuosa

The oyster FNP overlaps with 263ha (20%) of the muddy fine sand with Thyasira flexuosa
community (total area 1320ha) in the qualifying interest Estuary (Fig. 14). Within this 263ha, in
2011, the area where density of O. edulis is >0.25m? is approximately 45ha and the area where
the proportion of P. gigas is >0.5 is approximately 2ha. These latter areas overlap. The effective
overlap of the proposed fishery in the first year of the FNP is therefore 45/1320 or 3.4% of the
muddy fine sand with T. flexuosa community.

Characterising species of this complex are deemed fragile (i.e. soft bodied organism/fragile shell)
and therefore have a degree of intolerance to physical disturbance that would penetrate the
sediment (i.e. dredging). Recoverability of these species is generally moderate or high (Table 10)
to pressures that are intermittent, such as seasonal fisheries, and their sensitivity is therefore low
or moderate.

Conclusion

As the % overlap between the proposed fishery and the sub-tidal mixed sediment community is
below the threshold of 15%, as physical disturbance caused by dredging will be intermittent, as
recoverability of characterising species is moderate or high and as limits on the exploitation of
oyster are included in the FNP significant impacts of the activity to the intertidal mixed sediment
community can be discounted.

Community Type: Mud Community Complex

The oyster FNP overlaps with 72ha (6.4%) of the mud community complex (total area 1127ha) in
the qualifying interest Estuary. Within this 72ha, in 2011. the area where density of O. edulis is
>0.25m? is approximately 21ha and the area where the proportion of P. gigas is >0.5 is
approximately 1.6ha. These latter areas overlap. The effective overlap of the proposed fishery in
the first year of the FNP is therefore 21/1127 or 1.8% of the mud community complex

Characterising species of this complex are deemed fragile (i.e. soft bodied organism/fragile shell)
and therefore have a degree of intolerance to physical disturbance that would penetrate the
sediment (i.e. dredging). Recoverability of these species is generally moderate or high (Table 10)
to pressures that are intermittent such as seasonal fisheries, and their sensitivity is therefore low or

moderate.

Conclusion

o

As the % overlap between the proposed fishery and the sub-tidal mixed sediment community is
below the threshold of 15%, as physical disturbance caused by dredging will be intermittent, as
recoverability of characterising species is moderate or high and as limits on the exploitation of
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oyster are included in the FNP significant impacts of the activity to the intertidal mixed sediment
community can be discounted.

Community Type: Ostrea edulis dominated community

Fishing activity in the oyster FNP overlaps with 878ha (97%) of the O. edulis dominated community
(total area 906ha) in the qualifying interest Estuary (Fig. 14). Within this 878ha, in 2011, the area
where density of O. edulis is >0.25m?is approximately 371ha and the area where the proportion of
P. gigas is >0.5 is approximately 270ha. These latter areas overlap by 115ha. Activities 3 and 4
(closed area and cultch area) will not be fished and involve 104ha.The effective overlap of the
proposed fishery in the first year of the FNP is therefore (371+270-115-104)/906 or 46% of the O.
edulis dominated community

Characterising species of this complex are deemed fragile (i.e. soft bodied organism/fragile shell)
and therefore have a degree of intolerance to physical disturbance that would penetrate the
sediment (i.e. dredging). Recoverability of these species is generally moderate or high (Table 10)
to pressures that are intermittent such as seasonal fisheries.

O. edulis is sensitive to physical disturbance. Regular contact with dredges can cause mortality of
oysters that are actively growing and can stunt growth in surviving oysters (Waugh 1972).
Commercial dredging activity leads to shell breakage and gradual homogenisation of habitat and
loss of small scale structural relief (Sewell et al.. 2007, Thrush et al.. 1998, 2001, Collie et al..
1996, Kaiser et al.. 2000, Langton and Robinson 1990). These changes may be contrary to the
physical and topographic conditions required for larval settlement. Although unsilted substrate is
important the angle of presentation of the substrate and small scale 3D relief on the seabed may
be important in providing suitable hydrodynamic conditions at very local scale that stimulate larvae
to settle (Cranfield 1968). Increasing and maintaining habitat complexity, shelliness and relief is
therefore important. The impact of dredging on these habitat characteristics depends on the
intensity and frequency of the activity.

Currently, as evidenced by oyster survey data (Ml 2011), O. edulis is not a dominant characterising
species in ‘O. edulis habitat’ in L. Swilly. As such, and also given the high(er) densities of the
introduced species C. gigas in the habitat and the description of the COs for this habitat as ‘O.
edulis dominated’ , the current conservation condition of this habitat must be regarded as
unfavourable. The removal and control of C. gigas is a necessary first step for the restoration of the
COs for this habitat. This will involve intensive dredging in some areas followed by habitat
restoration involving provision of shell for O. edulis settlement if necessary.

Dredging and removal of O. edulis in areas where densities are >0.25m is proposed in the FNP.
Limits are imposed on exploitation in this area; only oysters greater than 76mm will be taken, the
exploitation rate on oysters above 76mm will be limited. The proportion of the oyster population
removed, therefore, will and considering 2011 data, generally be less than 20% in the initial years
of this plan.

Fishing is proposed in areas where oyster density is >0.25m™>. Considering that the twin objectives
of the FNP are to maintain a commercial fishery and in parallel to build the biomass and density of
O. edulis, the 0.25m™ harvest control rule in the FNP must be considered to be a limit (to be

avoided) rather than a target to be achieved i.e. fishing down to densities of 0.25m is not the
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objective. Considering the collective conservation measures in the FNP and the stated objectives
and if the FNP is implemented then it is expected that oyster density will increase as a result of the
plan. This is consistent with the COs for oyster habitat.

Annual monitoring and evaluation of how the objectives, as laid out in the FNP, are being achieved
will be necessary and some annual adaptation of the plan, based on monitoring results, and to
ensure that the continued development of the fishery remains consistent with the COs, could be
envisaged.

Conclusion

[e]

6.2.7

Although the proposed fishery overlaps with >15% of Ostfrea habitat, given that the activity is
intermittent, that a number of conservation or control measures are included in the FNP that limits
exploitation and that the stated objectives of the FNP are to rebuild Ostrea stocks the FNP will
progress this habitat towards favourable conservation status. Significant negative impact of the
FNP on this habitat can be discounted.

Effects of re-stocking closed areas and relaying cultch (activities 3 and 4 above)

The objective of these activities is to increase oyster density in the closed area and oyster
settlement (and ultimately density) in the cultch area. As such they are consistent with recovering
this habitat to favourable conservation status (Osfrea dominated) and could be deemed to be
positive and necessary management measures for the conservation of the habitat

Two separate areas (Fig. 13) are described in the FNP one which will be closed to fishing and
restocked with native oysters and a second where culich (shell) will be relayed in a trial to
determine if it increases the settlement of native oysters to the seabed.

The cultch relay area (50ha) effectively overlaps with O. edulis habitat only. The total overlap is
approximately 50ha of 906ha or 5.5% of O. edulis habitat (Fig 13 and Figs in Annex I).

Part of the spawning reserve (37.8ha) overlaps with 3.7% of the sub-tidal mixed sediments with
polychaetes biotope and 16.2ha overlaps represents 1.4% intertidal mud community complex

The main effect of both activities initially is to increase the shell content and cover on the seabed.
In the case of the closed area this will be through transplanting live native oysters into the area and
in the cultch area through the spreading of dried shell of mussels, pacific oysters or native oysters.
In the spawn reserve there is expected to be some increase in organic enrichment due to
increased density of oysters.

Increasing shell content in the cultch area followed by increased settlement and oyster density may
lead to smothering of infauna depending on the density of cultch achieved. Increase in density of
live oyster in the spawn reserve area may lead to changes in fauna due to enrichment.

Conclusion

In O. edulis habitat cultching can be deemed necessary for the conservation of Ostrea in that it
promotes spawning activity and habitat restoration. However, increasing shell content and
restoring oyster from very low density to higher densities is expected to lead to some change in
existing infauna.

Overlap of the spawning area with intertidal mud and sub-tidal mixed sediment habitats is <15%.
Nevertheless increasing oyster density within these areas may have persistent and significant
effects on existing infauna
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The proposed activities represent an experiment to see if it is viable to increase oyster recruitment
in oyster habitat and with some overlap with other intertidal and subtidal habitats and as such are
important in determining how native oyster habitat can be conserved and managed at the site.
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Fig. 14. Overlap of individual benthic communities and fishing for native and pacific oyster in L. Swilly.
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In-combination effects of activities on individual community types.

Section 6.2 details the likely impact aquaculture activities have on the qualifying feature Estuaries and more
specifically, the likely interaction between the activities and the constituent benthic community type that are found
within the SAC. Each activity and community type combination was considered and a conclusion as to whether
the activity presented a disturbance risk to the community type was proffered. While the cumulative effects
(spatial extent) of each activity were considered and presented in Section 6.2, the in-combination (different
activities combined together) effects were not.

This section considers in-combination effects among different aquaculture activities and other activities on the
features and communities of the SAC.

6.3.1 Aquaculture in-combination effects

Table 11 details the combination of activities considered disturbing on individual community types and provides a
combined estimate of the spatial extent of each community type that will likely be impacted. These values
represent the in-combination effects on each of the community types.

These combined values range from 18.7% to 63.72% overlap between activities and individual community types.
All values exceed the 15% threshold identified (NPWS 2011) as the spatial extent to which conduct of activities
must be examined more closely and a cautious approach to licencing adopted. Table 12 partitions the combined
spatial overlap of activities based upon the status of licencing. It is apparent that existing activities (19.14%-
51.26%) exceed the threshold value (15%) for precaution in 4 of the 6 community types and for the other two
types the spatial overlap (approx. 12%) approaches the 15% threshold (Table 12).

The assessment considers the impacts of aquaculture activities with the boundary of the feature of conservation
interest (Estuary)

6.3.2 Aquaculture and fisheries in-combination effects

The proposed activities associated with the management and exploitation of the native oyster in the Lough
(Annex I) while having some compatibility with conservation objectives for oyster habitat in the SAC will likely be
antagonistic to existing and proposed aquaculture activities in the Lough. In “Ostrea edulis dominated
community’ which describes the majority of native oyster habitat in Lough Swilly SAC, the objective of the FNP is
to increase the density of native oyster. The objective of bottom mussel and Pacific oyster culture is to increase
the density of Pacific oyster and mussels. These objectives cannot be simultaneously achieved in the same area.
It would be irrational therefore to evaluate the ecological in-combination effects of these activities as economically
and operationally they are incompatible and antagonistic with each other. This part of the assessment is therefore
incomplete as it has not taken the full set of fishery and aquaculture proposals at face value in providing an
assessment of in-combination effects.

Other Aquaculture activities outside the conservation feature area {(Estuary)

Given the total area of the Lough Swilly SAC extends beyond the boundary for the designated feature Estuary,
there is other aquaculture activities licensed (or proposed) within the SAC that should be considered in terms of
cumulative and in-combination effects. Within this area there are four aquaculture activities considered, three
areas are licenced for the production of mussels using longlines and are 24, 22 and 12 ha in spatial extent,
respectively. There is currently one application (30ha) pending for the extensive (on-bottom) production of
mussels.
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In short, these activities have no spatial overlap with community types described for the feature of conservation
interest and while they may have some impact on the seafloor, the effect is likely to be localised and will not
extend into the qualifying interest. Therefore there are no in-combination impacts to assess.
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Table 11: Extent (ha) of aquaculture (species, culture method and licence status) in Lough Swilly SAC. Shaded cells are those activities considered disturbing (from Section 6.2). Values in
italics represent the percentage overlap of activity with relevant habitat. In-combination values represent the total extent of activities considered disturbing on the six community type found

within the SAC.
Community Type
Subtidal
: Muddy Mixed
Fine sand Inrtn(-zi;t;%al Mud fine sand 2:3,?: sediment
Species Culture method Licence Status community sediment with community W|th_ dominated with
complex complex Thyasira . polychaetes
polychaetes community
flexuosa and
bivalves
Extent (ha) of °°'“'““'(‘|'Et::ja‘:’;t)h'“ qualifying interest 582.63 655.30 112692 | 1320.48 905.98 1314.03
Mussels Bottom Culture Licensed 0.00 24.94 6.00 48.09 200.56* 232.01*
3.81 0.53 3.64 22.14 17.66
Mussels Bottom Culture Application 40.93 46.13 68.75 164.40 40.05 188.72
7.02 7.04 6.10 12.45 4.42 14.36
Oysters Bags & Trestles Licensed 0.00 18.19 0.00 0.00 5.70 2.36
0.63
Oysters Bags & Trestles Application 0.00 4.71 0.00 4.34 4.95 0.00
0.5
Oysters Bags & Trestles/BST Licensed 0.00 13.48 0.00 46.34 0.00 0.00
Oysters BST Longlines Application 16.36 0.00 0.00 1.56 0.00 0.00
Oysters Bottom Culture Application 0.00 3.15 0.00 0.00 244.64** 32.48**
0.48 27.00 2.47
Oysters/Mussel Bottom Culture Licensed 111.49 53.89 136.02 628.87 5.90 237.54
19.14 8.22 12.07 47.62 0.65 18.08
In-combination (%) overlap of disturbing aquaculture
activities on communities: 26.16 19.55 18.70 63.72 38.41 50.91

Note: Two aquaculture applications (**) overlap two licensed areas (*) which represent 153.44ha (16.9360%) and 21.74ha (1.6547%) of Ostrea edulis dominated community and Subtidal Mixed sediment with
polychaetes and bivalves community, respectively. A correction has been introduced to the in-combination totals presented in the table (i.e. reduction in percentage overlap) under the assumption that only one of the
disturbing activities (licensed activity) is likely to occur on the community types.
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Table 12: Summary of spatial overlap of potentially disturbing activities on six community types according to activity type and licence status.

Community Type

Subtidal Mixed

Fine sand Intertidal mixed
] . ] . Mud community Muddy fine sand with Ostrea edulis sediment with
Licence Status community sediment with ] )
complex Thyasira flexuosa dominated community polychaetes and
complex polychaetes
bivalves
Aquaculture - Licenced
19.14 12.03 12.6 51.26 23.42 35.74
(% Overlap)
Aquaculture - Application
7.02 7.52 6.10 12.45 14.98* 15.16*
(% Overlap)
Cumulative Aquaculture (%
26.16 19.55 18.70 63.72 38.41 50.91

overlap)

Note: Two aquaculture applications (**) overlap two licensed areas (*) which represent 153.44ha (16.9360%) and 21.74ha (1.6547%) of Ostrea edulis dominated community and Subtidal Mixed
sediment with polychaetes and bivalves community, respectively. A correction has been introduced to the in-combination totals presented in the table (i.e. reduction in percentage overlap)
under the assumption that only one of the disturbing activities (licensed activity) is likely to occur on the community types.
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Assessment of the effects of shellfish production and in combination effects on the
Conservation Objectives for Otter and Salmon Statement for AA

As the shellfish production activities within the SAC spatially overlap with Otter (Lutra lutra), and Salmon (Salmo
salar) these activities may have negative effects on the abundance and distribution of populations of these
species.

Otter (Lutra lutra)

Lough Swilly is designated for the Otter (Lutra luira); the conservation objectives for such are listed in Chapter 4.

The risk of negative interactions between aquaculture operations and aquatic mammal species is a function of:

1. The location and type of structures used in the culture operations- is there a risk of entanglement or
physical harm to the animals from the structures?

2. The schedule of operations on the site — is the frequency such that they can cause disturbance to the
animals?

Bottom Culture, harvesting and fishing

Given that this culture type does not entail any structures and operations are likely to be carried out in daylight
hours, while the otter foraging is primarily crepuscular, the interaction with bottom culture operators/operations
with the otter is likely to be minimal. It is unlikely that this culture type poses a risk to otter populations in Lough
Swilly. Impacts can be discounted.

Oyster culture (suspended)

Given the intertidal location of the structures and activities associated this form of oyster culture it is unlikely that
the marine mammals will have any negative interaction with this culture method. Impacts can be discounted.

The proposed activities will not lead to any modification of the following attributes for otter:
- Extent of terrestrial habitat,
- Extent of marine habitat or
- Extent of freshwater habitat.

- The activity involves net input rather than extraction of fish biomass so that no negative impact on the
essential food base (fish biomass) is expected

- The number of couching sites and holts or, therefore, the distribution, will not be directly affected by
aquaculture and fisheries activities.

- National surveys of otter in Ireland in 2006 found that 65% of sites surveyed in the north-west of
Ireland showed signs of otter occupancy. There are no specific data on otter population size in Lough
Swilly although they are present throughout the area.

- Shellfish production activities are unlikely to pose any risk to otter populations through entrapment or
direct physical injury.

- Disturbance associated with vessel and foot traffic could potentially affect the distribution of ofters at
the site. However, the level of disturbance is likely to be very low given the likely encounter rates will
be low dictated primarily by tidal regime .

68



Salmon (Salmo salar)

Salmon populations run into the River Leannan which flows into Lough Swilly. Current estimates have the
numbers of adult salmon returning to the River Leannan at 28% of the conservation limits based upon 2009
returns (SSCWSS 2010). Consequently there is no estimated surplus. Based upon an extensive review the
status of the stocks in the river and the supporting habitats it has been concluded that a number of issues present
in relation to water and habitat quality in the broader catchment and in particular tributaries (Inland Fisheries
Ireland, 2011).

Notwithstanding the issues highlighted above which appear to be confined the freshwater portion of the
catchment, it is concluded that shellfish production and fisheries activities in the Lough Swilly SAC do not pose
any risk to the following salmon attributes:

e Distribution (in freshwater)

e Fry abundance (freshwater)

¢ Population size of spawners (fish will not be impeded or captured by the proposed activity)

¢ Smolt abundance (out migrating smolts will not be impeded or captured by the proposed activity)
e  Water quality (freshwater)

The appropriate assessment in relation to effects on otter and salmon is summarised in Table 13.
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Table 13. Concluding Appropriate Assessment in relation to effects of all activities on saimon and ofter.

Activity Relevant ecological | Species | Attributes | Attribute Significance | Rationale Supporting Confidence
effects (from affected . of impact evidence
following
statement of AA)
proposed
activity
All activities Activities may affect Salmon, | All No change | None No spatial overlap GIS High
the abundance and Otter with attributes or no

distribution of the
species concerned

direct or indirect
impact envisaged
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7 SAC Appropriate Assessment Concluding Statement and
Recommendations

Some aquaculture (mussel and oyster culture) activities that are carried out in the Lough Swilly SAC have been
considered as disturbing on habitats. The extent of existing and proposed aquaculture activities are presented in
Table 12 above, wherein existing licenced activities account for greater than the 15% threshold of interaction in
four of the six habitat types found in the feature of conservation interest (i.e. Estuary). When applications are
considered, in-combination with licenced activities, threshold values are exceeded in all communities identified
(Table 12). As indicated previously, oyster fishery activities/plans within the bay are not compatible with
aquaculture activities by virtue of the species targeted i.e., oysters as opposed to mussels for on-bottom culture
methods, as well as the risk of interference with structures used for aquaculture (e.g. float and ropes and bags
and trestles). The oyster fishery proposal as reflected in the Fishery Natura Plan (Annex1), however, is broadly
compatible with the conservation of ‘Ostrea edulis dominated community’ that constitutes approx 906ha of the
conservation feature of the SAC (i.e. 15% of Estuary). While the ultimate goal of the plan is to increase the
standing stock of native oysters in the Lough, to a level which can sustain fishery activity, this is considered a
beneficial management proposal to the overall status of the native oyster, and native oyster habitat, in the Lough.

Given the findings identified in Chapter 6 it is concluded that the status-quo relating to aquaculture activities (i.e.
existing licences) presents a risk of not achieving of good conservation status for habitats within the SAC. This is
manifest in two ways; (1) the threshold value for considering disturbing activity of 15% is exceeded for a number
of different habitat types and also constitutes 28.6% of Estuary, the overall feature of conservation interest.
When considering the cumulative values of current licences and applications, the threshold values are exceeded
in all habitat types and constitute 39.7% of the feature Estuary and, (2) the incompatibility of native oyster fishing
and shellfish culture. As indicated previously and specifically in relation to oyster habitat, the objective of the
Fishery plan for native oysters is to increase the density of native oyster, whereas the objective of bottom
mussel and Pacific oyster culture is to increase the density of Pacific oyster and mussels, both of which are
considered disturbing activities. These objectives cannot be simultaneously achieved in the same area;
operationally these activities are incompatible. Therefore, as the oyster fishing plan is considered more
compatible with the COs for ‘Ostrea edulis dominated community’ than aquaculture activities oyster fishing would
have precedence over aquaculture activities in this habitat on this basis alone. Following are a number of
recommendations relating to Aquaculture and Fisheries activities that might ensure sustainable levels of both
activities within the bays while allowing the Natura site to attain good conservation status.

Aquaculture

In relation to aquaculture licencing, a goal of achieving no greater than 15% disturbing activities in habitats must
be achieved. To achieve this ‘goal’ aquaculture activities may be managed in a number of different ways, some
mechanisms are suggested below that might be considered in isolation or in-combination:

1. Revoke inactive licences as per the Fisheries (Aquaculture) Act 1997 (Section 69-Subsections 1 and/or
2) wherein licenced areas unused for a period greater than 2 years can be revoked by the Minister).

2. No new licences should be issued in Lough Swilly unless the type of activity proposed is considered
non-disturbing to habitats of conservation interest.

3. No aquaculture activities should be carried out in ‘Ostrea edulis dominated community’, as they are all
considered disturbing to this habitat type.
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4. A pro-rata reduction of licenced areas be applied in order to reduce the spatial overlap between

individual habitats and aquaculture activities to 15% or lower, which is consistent with that identified in
the conservation objectives. To this end, Table 14 (below) identifies the specific overlap between
licenced (as well applied for) areas and individual habitat types. These data may aid in the selection of
specific areas where reductions in aquacultures activities might be targeted.

Fisheries

1.

Rationalizing aquaculture licenced areas down to 15% overlap with individual habitat will represent
significant reduction in extent of such activities. Some of the proposed activities in the oyster fishing plan
also occurs in non-oyster habitat thereby making it more difficult for aquaculture to reduce to the 15% in-
combination threshold. As the existing extent of habitat defined as oyster habitat includes areas where
oyster is at very low density and given that only a proportion of it is fished and given the uncertainty
regarding how feasible it is to restore oyster stocks the activities associated with the oyster fishery plan
should only occur in ‘Ostrea edulis dominated community’ and not in other habitats. The main activity
affected will be the location of the spawning reserve for oyster which should be moved into the ‘Ostrea
edulis dominated community’ This may be a reasonable compromise, considering the very significant
reductions in aquaculture activity required to bring aquaculture activity below the 15% overlap threshold
with habitats.

It will be necessary to implement all of the measures outlined in the oyster fishery plan and where
necessary to give these measures legislative support, if it is to achieve its objective and therefore be
compatible with the conservation objectives for ‘Ostrea edulis dominated community .

An implementation plan for the oyster fishery proposal should be developed with the relevant
stakeholder groups
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Table 14. Spatial information on individual aquaculture licences considered potentially disturbing and overlap (ha and proportion in italics) with each habitat in L. Swilly.

Total Finesand | Intertidal mixed Mud Muddy fine | 5 4es equiis | Subtidal mixed
. . . . : . . sand with . sediment with
License ID Status Species License community sediment with community s dominated
Thyasira " polychaetes
Area (ha) complex polychaetes complex community .
flexuosa and bivalves
Extent (ha) of marine habitat within qualifying interest
(Estuary): 582.63 655.30 1126.92 1320.48 905.98 1314.03
% % % % % %
Area habitat | Area habitat Area habitat | Area habitat | Area habitat Area habitat
T12/251A | Licensed Mussels 24.00 0.34 0.03 8.33 0.92 15.32 1.17
T12/251B | Licensed Mussels 43.50 24.88 3.80 18.62 1.42
T12/273A | Licensed Mussels 48.05 45.23 3.42 2.76 0.21
T12/278A | Licensed Mussels 19.00 2.52 0.19 16.48 1.25
Licensed Mussels 16.25 16.25 1.24
T12/293 | Licensed Mussels 196.00 5.86 0.52 110.12 12.15 80.02 6.09
T12/298 | Licensed Mussels 164.80 0.14 0.01 82.11 9.06 82.55 6.28
Oysters &
T12/037A | Licensed Mussels 304.26 0.10 0.02 12.07 1.84 | 136.02 12.07 156.07 11.88
Oysters &
T12/037B | Licensed Mussels 844.03 94.09 16.15 33.7 5.14 628.87 47.62 5.90 0.65 81.47 6.20
Oysters &
T12/037C | Licensed Mussels 25.42 17.30 2.97 8.12 1.24
T12/297 | Licensed Oysters 2.25 2.25 0.25
T12/311A" | Licensed Oysters 24.00 345 0.38
Total area (or proportion) of habitat occupied by
potentially disturbing licenced aquaculture (ha) 111.49 19.14 78.77 12.02 | 142.02 12.60 | 676.96 51.27 | 212.16 23.42 | 469.55 35.73
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%

%

%

%

%

%

Area habitat | Area habitat | Area habitat Area | habitat | Area habitat | Area habitat
T12/328A | Application Mussels 44.50 40.93 7.02 3.57 0.55
T12/328B | Application Mussels 34.53 1.29 0.20 0.56 0.05 32.68 2.49
T12/328C | Application Mussels 166.93 52.95 4.70 2.30 0.25 | 111.68 8.50
T12/328D | Application Mussels 13.96 13.96 1.06
T12/330A | Application Mussels 17.99 17.99 1.37
T12/330B | Application Mussels 60.64 26.84 4.10 1.99 0.18 22.56 1.71 9.25 1.02
T12/330C | Application Mussels 35.04 35.04 2.65
T12/341A | Application Mussels 9.00 8.08 1.23 0.92 0.07
T12/341B | Application Mussels 27.88 6.32 0.96 21.55 1.64
T12/341C | Application Mussels 16.62 16.62 1.83
T12/344/1A | Application Mussels 7.94 7.94 0.60

T12/379A | Application Mussels 97.83 0.03 0.00 84.91 6.43 11.88 1.31 1.01 0.08
T12/398B | Application Mussels 16.32 13.42 1.19 2.91 0.22

T12/339A2 | Application Oysters 135.24 3.15 0.48 65.50 7.23 10.74 0.82

T12/339B2 | Application Oysters 145.03 25.71 2.84 0.00

Suspended Culture (Bags & Trestles)
T12/317A" Application Oysters 2.25 1.04 0.11
T12/343A" | Application Oysters 6.00 3.91 0.43
Total area (or proportion) of habltat occupled by 152.41 | 2616 | 128.05 | 19.54 | 21094 | 1872 | 841.36 | 63.72 | 348.37 | 38.45 | 669.02 | 50.91

potentially disturbing aquaculture (ha)

NOTES: 1: The sites considered here are intertidal culture of oysters using bag and trestles. This activity is considered non-disturbing to all bar one ('Ostrea’ dominated)

community type. The values in the table reflect the interaction with this community type only.

2: These sites overlap with exisiting licenced areas for a portion of the area applied; the values presented in table represent that area that does not overlap with

existing licenced areas.
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Keywords: The Pacific oyster (Crassostrea gigas) was introduced into Strangford Lough, Northern Ireland in the 1970s.
Crassostrea gigas It was assumed that local environmental conditions would not facilitate successful reproduction. How-

Non-native species
Introductions
Eradication

ever, in the 1990s there were reports of C. gigas outside licensed aquaculture sites and this investigation
set out to ascertain the current distribution, years of likely recruitment and population structure of the
species. C. gigas were found distributed widely throughout the northern basin during surveys; the fre-

quency distribution suggesting C. gigas is not recruiting every year. Establishment of feral populations
of C. gigas elsewhere have linked to habitat change. A pilot cull was initiated to assess the success rate
of early intervention. This paper demonstrates the potential benefits of responding rapidly to initial
reports of non-native species in a way that may curtail establishment and expansion. The method advo-
cated in simple and can be recommended to the appropriate regulatory authorities.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

The spread and establishment of non-native species is thought
to be one of the greatest threats to the conservation of biodiversity
(Diamond, 1989; Mack et al., 2000). Numerous accounts document
profound changes in recipient ecosystems caused by the establish-
ment of non-native, invasive species (see for example Grosholz and
Ruiz, 1996; Kideys, 2002; Olden et al., 2004; Simberloff, 2005). The
Pacific oyster, Crassostrea gigas, has been widely translocated for
aquaculture due to its high growth rates and resilience to disease
and now accounts for over 80% of world oyster aquaculture pro-
duction (Ayers, 1991). This widespread global translocation was
to provide a commercial alternative to fisheries for several native
oyster species which collapsed during the 19th and 20th centuries
due to unsustainable harvesting, disease and habitat deterioration.

There is a great deal of variation in the recorded spawning tem-
peratures of C. gigas ranging from 18 °C (Mann, 1979; Detertre
et al.,, 2009) to 27 °C (Kobayashi et al., 1997). In addition, water
temperatures must remain above 15 °C during the larval phase to
ensure development and subsequent settlement (Child and Laing,
1998; Ruesink et al., 2005). The accepted wisdom in the late
1960s and early 1970s was that water temperatures in northern
Europe would not be high enough for successful breeding and set-
tlement of C. gigas (see, for example Spencer et al., 1994); this was
the rationale for its widespread introduction to revitalise oyster

* Corresponding author. Address: School of Biological Sciences, Queen’s Univer-
sity Belfast, MBC, 97 Lisburn Road, Belfast BT9 7BL, UK. Tel.: +44 289097206.
E-mail address: cguy04@qub.ac.uk (C. Guy).

0025-326X/$ - see front matter © 2010 Elsevier Ltd. All rights reserved.
doi:10.1016/j.marpolbul.2010.01.020

production in the UK and elsewhere in Europe. However, by the
late 1990s spawning in C. gigas as a result of unusually elevated
temperatures in Dungarvan, Ireland was reported by Steele and
Mulcahy (1999). Feral populations of C. gigas have since been re-
ported widely along the northern European coastline (Cardoso
et al., 2006; Cognie et al., 2006) where its spread has probably been
accelerated by warm summers (Diederich, 2005); the species is
also spreading in the south Atlantic (Orensanz et al., 2002).

The spread of feral C. gigas populations has had detrimental eco-
logical and economic impacts. For example in the Wadden Sea,
C. gigas was introduced in 1964 for commercial exploitation to
replace Ostrea edulis which had collapsed during the 1940s due
to overexploitation (Nehring, 2003). However, natural spatfall of
C. gigas during warm summers had negative impacts on the
productivity of commercially important beds of the blue mussel,
Mytilus edulis (Wolff and Reise, 2002). Similarly, in Australia C, gigas
was introduced to provide an alternative to the faltering Saccostrea
glomerata stocks which had suffered population declines during
the 20th century. The first reported attempt to introduce Pacific
oysters was in the 1940s but it wasnot until the 1980s that the
species was introduced on a large-scale for aquaculture (Nell,
1993). It is now thought that this large-scale introduction and
the subsequent establishment of C, gigas in Australia led to further
declines in S. glomerata (Bayne, 1999).

Favourable growth of both C. gigas and O. edulis provided the
incentive for the development of oyster culture in Strangford
Lough in the 1970s (Kennedy and Roberts, 1999). Currently, most
oyster cultivation in the lough is focused on C. gigas although
commercial stocks of O. edulis are still maintained. As with other
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introductions in the UK and Ireland, it was presumed that C. gigas
would not spread outside licensed cultivation sites because
temperatures were thought to be too low for successful spawning
and settlement. Recently, however, C. gigas has been reported in
several locations around the Lough outside licensed aquaculture
sites (Smyth, 2007).

This is the first report that documents the initial spread of C.
gigas outside licensed aquaculture sites in Strangford Lough,
Northern Ireland. The spread of C. gigas is of particular concern in
Strangford Lough because it is a designated Special Area of Conser-
vation (SAC) under the Habitats Directive. Many cases of the spread
of non-native species are documented when their spread is very
advanced and unlikely to be reverted.

The main objective of this research was to ascertain the extent
to which C, gigas has spread throughout Strangford Lough outside
licensed aquaculture areas. In addition, preliminary trials were ini-
tiated during the present study to test the efficacy of culling C.
gigas while densities remain low because the chances of removing
a non-native species are likely to be more successful during the
early stages of its expansion (Simberloff, 2003).

2. Materials and methods
2.1. Study area

Strangford Lough is located on the east coast of Northern Ire-
land in County Down and lies between 54°35’ N and 5°41’ N and
between 5°20/ W and 5°34’ W, Water temperatures used during
this investigation were recorded by the AFBINI datalogger situated
in midwater in the northern basin (054° 31.55 N 005° 38.10 W),

2.2. Survey technique

To gain an insight into the structure of oyster populations in dif-
ferent locations within Strangford Lough, surveys were conducted
between January and March in 2008 and 2009. Thirty sample sites
(Fig. 1) were selected on the basis that they provided suitable sub-
strata for oyster settlement and had been previously surveyed at
intervals since 1998 (Kennedy and Roberts, 1999; Smyth et al,,
2009) and encompassed the northern and southern basins of the
lough. At each site three 100 m transects were marked out in the
low intertidal zone at three meter intervals. A 0.25 m? quadrat
was placed on alternating sides of the transect at four meter inter-
vals; the numbers of oysters within each quadrat were recorded
along with their shell lengths.

2.3. Population structure and ageing

To determine the age-size relationship for C. gigas in Strangford
Lough, a large sample of oysters ranging from 55 to 153 mm in
length was collected from Paddy’s Point. The shells were air dried
and marked with a unique identification number. Age was deter-
mined using the acetate-peel technique following the methodol-
ogy of Richardson et al. (1993). The umbonal area of one valve of
each shell was then removed using a diamond saw and embedded
into resin (Kleer set Type FF, MetPrep Ltd.). A transverse cut was
then made through the resin blocks to reveal a section through
the umbone. The cut faces of these blocks were then polished using
grades of sand paper and a final polishing medium before being
washed thoroughly with a dilute detergent solution and rinsed
with water. After air drying, the blocks were then bathed in
0.01 M HC], rinsed and allowed to dry. The etched surfaces were
then flooded with acetone and a strip of acetate replication mate-
rial (Agar Scientific Ltd.) was placed over the cut side, taking care to
exclude any bubbles in the acetone. After the acetone had evapo-
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Fig. 1. Sample sites in Strangford Lough. 1. Cunningburn, 2. Newtownards Boat
Club, 3. Kircubbin, 4. Horse Island, 5. Greyabbey, 6. Nendrum, 7. South Boretree
Rock, 8. West Boretree Rock, 9. Boretree Island West, 10. Ragheries, 11. Downey’s
Rock, 12. Woman'’s Rock, 13. West Dougherty Rock, 14. South Dougherty Rock, 15.
South Sheelah’s Island, 16. Sheelah’s Rock, 17. Boretree Island East, 18. Gabbock, 19.
Drum Hill, 20. Paddy’s Point, 21. Nicky’s Point, 22. Killyleagh Quay, 23. Holm Bay,
24. Ballyreagh, 25. Castleward, 26. Ballyhenry Island, 27. Pig Island, 28. Peggy’s
Island, 29. Ballyreagh Mussel Beds and 30. Marlfield Bay. Open triangles denote the
sites where C. gigas were present, black circles signify the sites where C. gigas were
not found.

rated the replication material was peeled off and mounted on a
slide for later interpretation.

2.4. Pilot cull scheme

In order to test the efficiency of manual removal of C. gigas, a pi-
lot cull was initiated in August 2008. Sites found to have high den-
sities of C. gigas during the survey in 2008 were chosen for the pilot
study. These included: Greyabbey, Cunningburn, Newtownards
yacht club and Horse Island. The areas on the shore where the den-
sity surveys took place were revisited by a team of three people
who walked belt transects parallel to the low water mark. The shell
length of each C. gigas encountered along the transects was re-
corded; each individual was then destroyed using a hammer to
break the valves.
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3. Results
3.1, Distribution and densities of oysters

C. gigas was found at 18 sites sampled (Fig. 1). No oysters were
found during the present study at: South Boretree Rock, Boretree
Island East, Gabbock, Nicky’s Point, Holm Bay, Ballyreagh, Castle-
ward, Ballyhenry Island and Marlfield Bay (Fig. 1). Boretree Island
West and Paddy’s Point were found to have oyster densities
exceeding 1 m~2 but at the majority of sites densities were below
1 m~2, (Fig. 2). Although the highest recorded density was at a ma-
jor licensed culture site there was no trend in terms of density
declining with distance from the culture site (Fig. 2).

3.2. Ageing and population structure

The oysters sampled ranged from 55 to 155 mm in length and
from 3 to 6 years in age (Table 1). The length-age data was used
to convert pooled size frequency data for all sites to generate an
age-frequency diagram (Fig. 3). Oysters <55 mm shell length were
grouped as <3 years old and oysters >153 mm were grouped as
>6 years old (Fig. 3). Approximately 50% of oysters in the pooled
sample were estimated to be 3 years old (Fig. 3) suggesting a major
recruitment event in 2005.
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Fig. 2. Mean densities (m~2) of Crassostrea gigas at sample sites during 2008 and
2009 surveys with standard error bars, ranked by distance from an original, major
licensed culture site at Paddy’s Point. Denotes sites where pilot cull was carried
out.

Table 1

The mean lengths at age for Crassostrea gigas from Paddy’s Point, Strangford Lough
(with standard error). Ages of individuals were estimated using acetate peels of shell
sections.

Estimated age (years) Mean length (mm)

3 89.28 +2.12
(n=35)

4 10644 +1.14
(n=47)

5 121.69+1.9
(n=15)

6 13435+35
(n=8)

60
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Fig. 3. Percentage age-frequency distributions of C gigas in Strangford Lough in
2008 based on pooled samples for all sites.
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Fig. 4. Comparison of mean oyster densities for 2008 and 2009 at sites where C.
gigas was culled (open diamonds) and not culled (solid diamonds).
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Fig. 5. The percentage change in mean oyster densities at culled sites (shaded),
mean (a) and non culled sites (open), mean (b).

3.3. Pilot cull study

At sites where pilot cull trials were conducted, mean densities
of C. gigas declined between 2008 and 2009 and were negatively
related (Figs. 2, 4 and 5). At sites where no cull took place mean
oyster density varied between 2008 and 2009 but generally
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Fig. 6. Temperature (°C) plots for Strangford Lough compiled using AFBINI datalogger

minimum temperature thought to facilitate spawning in C, gigas.

increased and were negatively correlated (Figs. 2, 4 and 5). Mean
oyster density between the years at culled and non culled sites
were significantly different (Mann-Whitney-U, P=0.019).

3.4. Temperature regime

The water temperature regimes of the past 8 years in Strangford
Lough are available from the AFBINI datalogger. Graphs of the tem-
perature data during the spawning period were produced in an at-
tempt to explain the variation age-frequency data (Fig. 3). The
temperature data (Fig. 6) showed particularly elevated water tem-
peratures for an extended period of time during 2006 which would
explain the high age-frequency result for individuals aged at
3 years old during the acetate-peel analysis bearing in mind that
sampling took place during 2009.

4. Discussion

Although feral populations of C. gigas have been reported else-
where in Europe (Detertre et al., 2009; Smaal et al., 2009), this is
the first paper to establish the distribution and densities of popu-
lations outside licensed aquaculture sites within the Strangford
Lough SAC. C. gigas has spread via natural spatfall to areas through-
out the northern basin (Fig. 2). Numbers of C. gigas were low in the
southern basin despite an abundance of suitable substrata. This
pattern in distribution is probably driven by the hydrological re-
gime of the lough rather than factors such as availability of space
and food which could otherwise be limiting. The northern basin
is shallow, and consequently subject to more rapid warming and
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relatively self contained with water being retained and recirculat-
ed. By contrast, waters of the southern basin have much greater ex-
change with the Irish Sea (Boyd, 1973) and are likely to be less
subject to rapid warming than the northern basin. Therefore, it is
likely that C. gigas will remain contained within the northern basin,
with very little or no settlement in the southern basin any plank-
tonic larvae are liable to be washed out to the Irish Sea before they
have a chance to settle. There was no trend with regards to density
declining in relation to distance from a licensed culture location
(Fig. 2). The distribution pattern is likely to be linked to the compli-
cated water circulation patterns in the northern basin.

It has not yet been documented but recent diving surveys sug-
gest C. gigas is not widespread in the subtidal zone of Strangford
Lough (Smyth, pers com). In the Oosterschelde area, dense subtidal
aggregations of Pacific oysters have been located using ‘side scan
sonar’ techniques (Nehls and Biittger, 2007). This highlights an
area which requires further investigation to more accurately deter-
mine the distribution of C. gigas within Strangford Lough.

When C gigas was first introduced into northern European
waters for aquaculture it was thought that low winter water tem-
peratures would prevent any reproduction (Cardoso et al., 2007), it
was noted that some spatfall occurred in mainland Britain but that
C. gigas commonly failed to release gametes and that larvae did not
metamorphose in Ireland (Steele and Mulcahy, 1999). However sea
temperature changes have now been widely recorded, especially
for European waters which appear to be rising faster than other
areas (Halpern et al., 2008; Coppini and Pinardi, 2007; Meehl
et al., 2007). Age-frequency data for recent years indicate that
C. gigas has recruited successfully in Strangford Lough every year
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since before 2002. In 2004, 2005, 2006 and 2007 the water temper-
atures reached levels exceeding 18 °C (Fig. 6) which is cited as the
minimum threshold temperature required to facilitate spawning
(Kobayashi et al., 1997). The peak in age-frequency occurred at
3 years and bearing in mind this data was collected in 2008 this
would relate back to a spawning year of 2005. During this year
the temperatures peaked in excess of 17 °C and remained above
15 °C for an extended period of time during these years which is
thought to be sufficient to allow spat development and settlement
(Child and Laing, 1998; Ruesink et al., 2005). Observed increases in
recruitment elsewhere have been found to correspond with ex-
tended periods of high water temperatures (Wehrmann et al,,
2000). The temperature regime in 2006 also seemed to be condu-
cive to favourable spawning conditions (Fig. 6) so it is possible that
another increase in oyster spatfall as a result of recruitment from
2006 will be observed in future density surveys. The high 2006
temperatures recorded in Strangford by the continuous datalogger
mirror trends recorded in sea surface temperatures of Irish waters
(Cannaby and Hiisrevoglu, 2009). The continuous data recorder is
deployed in deep water and so represents temperature trends
rather than shallow water temperatures in the lough. Tempera-
tures have been recorded at in excess of 22 °C in some shallow bays
(personal observations). Recruitment in years which appear to be
sub-optimal in terms of temperature range could perhaps be ex-
plained due to such localised heating of shallow water.

In contrast to the unsuccessful large-scale dredging attempted
in the Wadden Sea, small scale hand removal of C. gigas undertaken
in August 2008 resulted in average population declines of 89% at
culled sites (Fig. 5). These results show that hand removal of C
gigas is an effective means of controlling populations of this partic-
ularly invasive species at early stages of its spread. The fluctuation
in densities at non culled sites may be due to the very small initial
densities of oysters. In some non culled areas a 100% reduction in
population density of C. gigas was recorded in 2009. This is likely
to be due to the continued effects of very low densities recorded
in 2008 at these sites and sampling error.

It is important to bear in mind that the species appears to be
able to recruit small numbers of individuals annually due to ele-
vated water temperatures in shallow bays. It would therefore seem
prudent to repeat the cull annually in all areas where C. gigas are
present. As there may be a lag period before recruitment from a
particularly warm summer becomes apparent during population
surveys, it is recommended that density surveys are repeated for
at least 5 years at culled sites to take into consideration the long
term effects of culling and recruitment on population numbers.
These measures may also help to generate a high Allee effects be-
tween individuals of populations and thus reduce the likelihood of
successful fertilisation and in turn minimise recruitment during
summers with particularly high water temperatures. Thus culling
should be considered as a realistic option for limiting the spread
of C. gigas at the early stages of invasion in areas, such as Strang-
ford Lough, where conservation issues are important. This, to-
gether with the use of polyploid oysters for commercial
aquaculture, should help minimise the spread of the species out-
side licensed aquaculture sites.

The evidence suggests that C. gigas is spreading beyond licensed
aquaculture sites through natural spatfall within Strangford Lough.
Although population size is still relatively low (highest recorded
mean density of C. gigas is 0.729 m~2) there is still the potential
for it to rise more rapidly in the future. Initial lag periods where
there is very little recruitment of non-native species during the
early stages of invasion have been described by invasive species
biologists (Crooks and Soulé, 1996). The reasons behind these lags
are often unknown but they can result in misleading assumptions
that the non-native species are not causing detrimental effects in
the recipient environment (Simberloff, 2005). However, if condi-

tions become more favourable or the introduced species becomes
sufficiently adapted to its new environment then the population
can potentially rapidly expand. This signals the end of the time
frame when action to halt the invasion may have been most effec-
tive, There are numerous examples in the literature where failure
to act promptly has facilitated the establishment of a non-native
species, often with deleterious consequences (Simberloff, 2003).

The relatively high survival rates of C. gigas larvae compared
with other bivalve species combined with the resistance of adult
individuals to cold winter temperatures could make up for spo-
radic recruitment patterns (Diederich, 2006). With the threat of
rising sea temperatures due to climate change twinned with the
possibility of C. gigas acclimatizing to lower water temperatures
there is the potential threat that the species will be able to success-
fully breed more frequently. Increased spatfall could lead to the
formation of reefs on mudflats (Smaal and Wijsman, 2007) which
elsewhere have rendered the intertidal zone unsuitable for human
leisure activities (Dankers et al., 2007). It has been suggested that
the formation of C. gigas reefs in the Wadden Sea could cause major
shifts in benthic filter feeding populations which could ultimately
have detrimental knock on effects on bird populations (Smaal et al.,
2005).

In the QOosterschelde area, large-scale removal of C. gigas has
been attempted using dredges. This technique does not appear to
have been totally effective and the long term impacts of such
mechanical removal are as yet unknown (Wijsman, 2007). In
2001 the use of mobile fishing gear was banned in Strangford
Lough by the Department of Agriculture and Rural Development
after a sharp decline in the horse mussel (Modiolus modiolus) pop-
ulations (Roberts et al., 2004). Therefore it is important to try to
manage the spread of C. gigas within Strangford Lough before it
has the opportunity to spread further and potentially form exten-
sive subtidal reefs that may threaten native biogenic reefs. Manual
removal of C. gigas appears to be successful, non-intrusive and to-
gether with the use of polyploid oysters in commercial aquaculture
operations (Guy and Roberts, 2007) may prevent its spread.
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major changes in NW European estuaries. This paper reviews the causes of the Pacific oyster's remarkably
successful establishment and spread in The Netherlands and neighbouring countries, and includes a
comprehensive review of consequences for the receiving communities.
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Iéstgsﬁa Gigas Ecosystem engineering by C gigas and a relative lack of natural enemies in receiving ecosystems are
Wadden Sea identified as the most important characteristics facilitating the invader's successful establishment and
Oosterschelde Estuary expansion. The Pacific oyster's large filtration capacity and eco-engineering characteristics induced many
Characteristics of Invasive Species changes in receiving ecosystems. Different estuaries are affected differently; in the Dutch Qosterschelde
Consequences of Marine Invasions estuary expanding stocks saturate the carrying capacity whereas in the Wadden Sea no such problems exist.
Non-indigenous Species In general, the Pacific ayster seems to fit well within continental NW European estuarine ecosystems and

there is no evidence that the invader outcompetes native bivalves. C. gigas induces changes in plankton
composition, habitat heterogeneity and biodiversity, carrying capacity, food webs and parasite life cycles.
The case of the Pacific oyster in NW European estuaries is only one example in an increasing series of
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general mechanisms in marine invasions; invasions that sometimes appear a threat, but can also contribute
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1. Introduction contribute to further elucidating general mechanisms in marine

The Pacific oyster Crassostrea gigas is one of the best known non-
indigenous animals in coastal north-western Europe. Whether the
species is an enrichment to estuarine and coastal ecosystems, or a
nuisance, or both, is currently under debate. On one hand it adds
habitat heterogeneity and hence promotes biodiversity, on the other
hand it may eventually out-compete native bivalves and induce
cascading effects on other trophic levels. In this paper the spatial
spread of C. gigas throughout the NW European countries The
Netherlands, Belgium, Germany, Denmark, Sweden and Norway is
discussed, followed by reviews of causes of the species’ successful
establishment and natural spread, and consequences of induced
changes in receiving ecosystems. Causes of success are mainly based
on the situation in The Netherlands, where C gigas was first
introduced. Consequences of induced changes are reviewed for
continental NW Europe in general, with a focus on The Netherlands
and Germany, where the most studies were performed (specifically in
the Oosterschelde estuary and Wadden Sea). Finally, a future
perspective is given which includes expected effects of climate
change. This case-study of the introduced Pacific oyster will

invasions.

In this paper, the term “invasions” refers to non-indigenous species
that were moved outside their natural range both by human activities
(deliberate and accidental introductions) and natural range expansions
(after Carlton, 1989). The term “introduced species” is used specifically
for species introduced by human activities, while “invasive species”
refers to non-indigenous species that manage to establish successfully
and have a certain impact on the receiving ecosystem.

2. Biology of C. gigas

Pacific oysters are lamellibranch suspension-feeding bivalves of the
class Pelecypoda. They live attached to hard substrates along exposed
shores and form reef structures on tidal flats (Fig. 1) (Arakawa, 1990a;
Reise, 1998; Dupuy et al., 1999). Pacific oysters are oviparous; in the
Northern Hemisphere they release their gametes into the water mainly
in July and August, when water temperatures are highest. After a pelagic
phase of about 3 weeks (Fig. 2), the veliger larvae settle onto hard
substrate: oyster shells, rocks, or pieces of other hard substrate. After
settlement, by excretion of cement their lower (left) cupped valve

Fig. 1. Left: Oyster reef in the Oosterschelde estuary (Neeltje Jans); Right: aggregation of oysters settled onto each other.
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Fig. 2. Life cycle of oviparous bivalve filter-feeders (C. gigas as example; not drawn to scale). Adults release eggs and sperm into the water column where fertilisation takes place.
Fertilised eggs usually develop via the trochophore stage into veliger larvae within approximately 2 days. The veliger larvae, about 70 to 300 um in length, swim and forage with their
velum. The first veliger stage is called the D-veliger or straight-hinged veliger. Veligers continue to develop through the veliconcha stage into the pediveliger stage, in which the
larvae have developed a foot and eye spot. At this stage the velum begins to degenerate, resulting in reduced swimming abilities. The larvae are now competent to settle on a suitable
substrate and to metamorphose into the benthic juvenile stage, approximately 3 weeks after fertilisation. The benthic juveniles grow and recruit into sexually mature adults (Seed,

1976; Butman, 1987; Arakawa, 1990b; Gosling, 2003).

becomes partially or almost completely attached to the substrate. As
the oyster grows, generally the shell assumes the form of the substrate
to which it attaches (Arakawa, 1990a; Reise, 1998; Gosling, 2003).
Pacific oysters reach maturity at a shell length of about 50 mm
(Kobayashi et al., 1997), which may already be reached in the first
year after settlement. Pacific oysters feed by filtering planktonic
organisms and detritus from the surrounding water. Relative to other
bivalve species in Dutch estuaries individual C. gigas process larger
volumes of water per time unit (Table 1).

Table 1

Filtration rates measured (as clearance rates) for mussels M. edulis, cockles C. edule,
Pacific oysters C. gigas and European oysters O. edulis, given per individual and per
standardized gram dry-tissue-weight.

Species  Dry tissue Temperature Individual Bodymass- References
weight (g) (°C) filtration rate specific
(1h~'ind=?!) filtration rate
(Ih—'g™1)
M. edulis 0.06-0.5 10-20 15-6.0 0.7-11.0 1-7
M.edulis  0.5-1.0 10-15 9.2 12
Cedule 03-05 10-15 13-5.0 0.7-74 1,79
C gigas 1.0-20 5-25 12-125 2.0-59 4,10-11
O.edulis  0.5-2.0 20-22 5.7-10.3 4

References: 1) Mghlenberg and Riisgard, 1979, 2) Prins et al., 1996, 3) Petersen et al.,
2004, 4) Walne, 1972, 5) Riisgard, 1977, 6) Famme et al., 1986, 7) Smaal et al., 1997, 8)
Widdows and Navarro, 2007, 9) Foster-Smith, 1975, 10) Bougrier et al,, 1995, 11)
Gerdes, 1983.

3. Spatial spread of C. gigas
3.1. Initial introduction in The Netherlands

Nowadays, C. gigas is the main oyster species cultured in The
Netherlands. Traditionally however, from the 1870's until the 1970's,
Dutch oyster culture concentrated on European flat oysters Ostrea
edulis. Between 1940 and 1950, flat oysters had already largely
disappeared from the Dutch Wadden Sea due to habitat change and
overfishing (Dijkema, 1997; Drinkwaard, 1999a). A combination of
severe winters, mixing of native brood stocks with foreign strains and
the accidental introduction of the parasite Bonamia ostreae led to the
final downfall of the European oyster in Dutch waters (Drinkwaard,
1999b; Haenen, 2001). The decline of the European flat oyster
instigated a search for alternative oyster species to culture. In 1964 a
successful trial with Pacific oyster spat imported from British
Columbia was carried out in the Oosterschelde estuary (Shatkin
et al, 1997; Drinkwaard, 1999b). More introductions followed. In
1966, oyster farmers were told that the introduction of the Pacific
oyster was acceptable since water temperatures in The Netherlands
were assumed to be too low for this species to be able to reproduce,
as had been the case with the closely related Portuguese oyster
C. angulata (Dijkema, 1997; Drinkwaard, 1999b). Additionally, plans
for closing off the Oosterschelde estuary from the North Sea had
already been made. According to plan, this would have resulted in a
fresh or brackish tide-free lake, unsuitable for oyster growth and
reproduction. But plans were changed and the Oosterschelde estuary
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remained a marine tidal system (Smies and Huiskes, 1981). The
Pacific oyster soon proved to be able to reproduce in Dutch waters
after all. In 1971, young C. gigas of approximately one year old were
collected from the harbour of Zierikzee by F. Kerckhof (in prep.). In
1975, Pacific oyster spat were observed to have settled onto mussel
shells and some intertidal mussel beds. In 1976 and 1982 extensive
spatfalls were observed, which were attributed to prolonged periods
of high water temperatures. From then on, most oyster farmers
started to culture C. gigas (Drinkwaard, 1999b).

3.2. Area of origin

Pacific oysters occur from the Russian island of Sakhalin and
Primorskiy Kray on the continent in the north (latitude ~48° N) to the
Japanese island of Kyushu and the east coast of China in the south
(latitude ~30° N; Fig. 3; Arakawa, 1990a). In Japan four regional
strains of C, gigas were discerned by Imai and Sakai (1961), that
originate from different geographical areas: Hokkaido, Miyagi,
Hiroshima, and Kumamoto. However, the Kumamoto oyster was
later shown to be a different species, Crassostrea sikamea, by Buroker
et al. (1979) for Japanese populations and by Banks et al. (1994) for
cultured oysters from the United States. The Miyagi and Hokkaido
oysters come from a relatively cool climate with temperate condi-
tions. They are relatively larger and grow faster than Hiroshima
oysters that originate from a warmer region (Imai and Sakai, 1961).
Oysters imported in British Columbia and The Netherlands were
mainly (but not exclusively) of the Miyagi and Kumamoto strains, but
experiments with Hiroshima oysters have also been conducted in
The Netherlands (Shatkin et al,, 1997; Drinkwaard, 1999b). It is not
clear what happened with the Kumamoto C. sikamea oysters in The
Netherlands. They may have hybridized with C gigas, or they may
have disappeared (see English et al., 2000). C. sikamea also seems to
have disappeared from its native range in Japan and may now only be
found in culture in North America (Banks et al,, 1994). Mann et al.
(1991) described C. gigas oysters in North American and European
cultures as Miyagi-like and pointed out that there has been much
intentional inter-breeding of introduced stocks, but that precise
pedigrees are lacking.

The Portuguese oyster Crassostrea angulata was introduced in
Portugal already somewhere between 1500 and 1800, probably on

ships' hulls (Wolff, 2005). These “Portuguese” oysters originated from
a strain of C. gigas living at Taiwan (O Foighil et al., 1995; Boudry et al.,
1998) and are therefore the same species as C. gigas. From Portugal
these Portuguese oysters were introduced elsewhere in continental
NW Europe but the species never established itself in Belgium, The
Netherlands, and Germany and was completely wiped out by a
disease in France around 1970 (Wolff and Reise, 2002).

3.3. Feral Pacific oysters in Dutch estuaries

Natural spatfall of C. gigas throughout the Oosterschelde estuary
resulted in the formation of large and dense feral oyster reefs in
the intertidal and subtidal areas. By means of stock assessments
and reconstructions, the RIVO (Netherlands Institute for Fisheries
Research, presently “IMARES”) estimated that on the 118 km? of
intertidal flats in the Oosterschelde estuary the cover by oyster beds
increased from 0.25 km? in 1980 to 8.1 km? in 2003 (Kater and Baars,
2004; Dankers et al., 2006). Oyster cover on hard substrates (160 km
of dikes and sea walls, 2-4% of the total bottom surface area; Leewis et
al., 1994) generally increased from 0-10% in 1985 to 50-60% in 2002,
and even to 90% on some locations (AquaSense, 2003). Within this
period, during the 1990's, stocks of the native blue mussel M. edulis
and common cockle C. edule showed a decrease (Geurts van Kessel et
al., 2003; Dankers et al., 2006).

The introduction of C. gigas into the Wadden Sea goes back to the
late 1970's at the island of Texel, in the cooling water basin of a power
and desalinization plant. In 1976, someone intentionally released a
bucket-full of Pacific oyster spat here (Tydeman, 2008). In 1978, the
RIVO released juvenile Pacific oysters that were mixed with 0. edulis
spat from a French hatchery in the relatively warm waters of the
cooling water basin (Smaal et al., 2009). Today, the oysters are still
steadily spreading throughout the Dutch Wadden Sea where they
locally cover rubble-mound breakwaters and tidal flats (mostly on
existing mussel beds and shell banks) in high densities (Cadée, 2001;
Tydeman et al., 2002; Wolff, 2005; Fey et al., 2009). Total cover of the
intertidal by oyster beds was estimated at 4 km? in 2004 (Smaal et al.,
2005) and at 5.5 km? in 2005 (Dankers et al., 2006).

In Lake Grevelingenmeer a first natural spatfall of C. gigas was
observed in 1987 (Drinkwaard, 1999b) and the Pacific oyster is now
one of the dominant bivalve species (Sistermans et al,, 2005). In the

48° North

Yellow
Sea

--=y Russia

‘
: akhalin

rPrimorskiy

" Kray

Sea of
Japan

Pacific
Ocean

30° North

Fig. 3. Native range of the Pacific oyster C. gigas.
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Westerschelde estuary, Pacific oysters are only found in low numbers
and almost exclusively on man-made hard substrates (Drinkwaard,
1999b; pers. obs.).

3.4. Introduction and spread of Pacific oysters in Belgium

Following the initial introduction in The Netherlands in 1964,
Pacific oysters were also introduced in Belgium (1969), Germany
(1971), Denmark (1972), Sweden (1973) and Norway (1979). In
Belgium, oysters of different species and from different regions have
been imported in the Sluice Dock of Ostend (Kerckhof et al., 2007).
The Sluice Dock was used for cultivating and/or relaying oysters from
the 1930's until World War II and again from 1957 to 1974. European
flat oysters Q. edulis were cultured here, but also C. virginica imported
from the east coast of the United States and C, angulata imported from
southern Europe (Kerckhof et al., 2007). Neither C virginica nor
C. angulata became established in Belgian coastal waters. In 1969 and
the early 1970's, Pacific oysters C. gigas were imported. The first
oysters originated from The Netherlands, but later imports were also
made from Japan, Canada, France and the Mediterranean (Kerckhof
et al, 2007; F. Kerckhof, pers. comm.). In 1974 oyster culture in
the Sluice Dock stopped because of poor water quality. Although
all imports and culture activities were stopped, C. gigas remained a

resident of the Sluice Dock. Apparently this species was able to
reproduce in Belgian waters (Kerckhof et al., 2007). Since the 1970's
the Pacific oyster has colonized the Belgian coast, and now forms
extensive reefs in the harbours of Ostend, Nieuwpoort, Zeebrugge and
Blankenberge (Kerckhof et al., 2007). The species is regularly found
living on piers and jetties and washed ashore (Kerckhof, 1997;
Jonckheere, 2006). Especially the 1990's saw a rapid proliferation of
the species in Belgian waters (F. Kerckhof, pers. comm.). Since 1996,
oyster culture in the Sluice Dock has resumed. Next to the limited use
of local brood stock, again C, gigas are imported from European
countries and Canada (Kerckhof et al., 2007).

3.5. Introduction and spread of Pacific oysters in Germany

Pacific oysters are also spreading throughout the German Wadden
Sea (Fig. 4; Reise, 1998; Diederich et al., 2005; Nehls et al., 2006). The
western part of the German Wadden Sea, the East Frisian Wadden
Sea, has been systematically searched for wild C gigas on mussel
beds since 1996 (Wehrmann et al., 2000). Here, the first naturally
dispersed oysters were detected in 1998. Although an experimental
culture plot for C. gigas had existed for one farming season in 1987
near the island of Norderney, this was considered an unlikely source
for the observed wild C. gigas. Instead, the East Frisian Wadden Sea

North Sea
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o L ® ‘
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was probably invaded from the Dutch Wadden Sea (Wehrmann et al.,
2000).

In the northern part of the German Wadden Sea, the List tidal basin
in the Wadden Sea of Schleswig-Holstein was colonized from an
oyster culture site at the northernmost German island of Sylt (Reise,
1998; Wehrmann et al.,, 2000). Here, C. gigas spat from a Scottish
hatchery were imported for the first time in 1971 and again in
1972 for a raft culture experiment (Drinkwaard, 1999b). At the end
of the 1970's, outdoor experiments on growth and fattening and
indoor experiments on rearing of spat from larvae were continued
(Drinkwaard, 1999b). At Sylt, regular oyster culture on trestles started
in 1986 (Reise, 1998; Drinkwaard, 1999b). Juvenile and seed oysters
were imported regularly from hatcheries and a nursery on the British
Isles and Ireland (Drinkwaard, 1999a,b). The first C. gigas individual
outside the culture plot at the island of Sylt was observed in 1991 in
the Kénigshafen Bay (Reise, 1998; Drinkwaard, 1999b). Since 1995,
C. gigas is also found on mussel beds near the island of Amrum, south
of Sylt, which became the second centre of oyster distribution in
the Wadden Sea of Schleswig-Holstein (Nehls et al.,, 2006). Since
2000, the abundance of C. gigas in this area increased markedly. In
Schleswig-Holstein, as in the East Frisian Wadden Sea and the Dutch
Wadden Sea, C. gigas settles preferentially on mussel beds (Reise,
1998), and by 2004 almost all mussel beds in the List tidal basin near
Sylt had been colonized (Nehls et al., 2006). Densities of C, gigas on
mussel beds in Schleswig-Holstein were on average 290 m~—2, uptoa
maximum of 600 m~2 (Nehls et al., 2006). Highest densities were
found in the List tidal basin near Sylt (Diederich et al., 2005). The first
wild oysters on the offshore German island of Helgoland were found
in 2003 (Diederich et al., 2005).

3.6. Introduction and spread of Pacific oysters in Scandinavia

Also in Scandinavia, Pacific oysters were introduced for culture
purposes (reviewed by Wrange et al,, 2009). In Denmark, the first
introduction took place in Limfjorden in 1972. In the following years,
seed oysters were introduced to establish cultures in the Limfjorden,
the Wadden Sea and at several locations along the Danish Baltic coast
(Little Belt, Isefjorden, Mariager Fjord, and Horsens Fjord). At some of
these sites, farming continued during the 1980's and 1990's. In the
1990's the first naturally occurring oysters were found in the Danish
Wadden Sea (Diederich et al, 2005). In the period 2005-2008,
Wrange et al. (2009) made an effort to map the distribution and
abundance of Pacific oysters in Scandinavian waters. By then, the
population in the Wadden Sea had increased rapidly. Densities of up
to 55.8 kg m~ 2 were found in 2007. In Limfjorden, densities of several
to <20 specimens m— 2 were found and a reef structure was observed
in the western part of the fjord. Five size cohorts were discerned
(unfortunately not supported by graphs, Wrange et al.,, 2009). At the
Baltic coast locations, densities of <1 m~2 were found.

In Sweden, oyster spat were imported at the west coast, northern
Bohusldn, between 1973 and 1976. Only few specimens were
reported from the wild until 2007, when feral Pacific oysters were
reported from many locations along the west coast. In the period
2007-2008, a mean density of <1 m~! was found, with a maximum
density of 505+ 173 m~2 in the most northern region (mostly 60-
70 mm shell length). Two size cohorts were discerned (Wrange et al.,
2009).

In Norway, Pacific oysters were imported in 1979 for the
establishment of a brood stock population. Three hatcheries produced
millions of spat from 1987 to 1990 (in Vallersund, Espevik and
Bygarden, 64°-60° North). From 1981 until 1986, farmers imported
seed oysters from Scotland for cultivation along the Norwegian coast.
This practise became largely restricted in 1986. During the last two
decades, adult oysters have been imported and re-laid in Norwegian
waters. In the period 2006-2008, Wrange et al. (2009) only found
single oysters at several locations, but discerned 4 size cohorts. The

largest oysters may have been remnants of live-stored imported
oysters (Wrange et al., 2009).

Although in Scandinavia water temperatures had been assumed to
be too low for reproduction of C. gigas, as had been the case in The
Netherlands, Pacific oysters are now naturally reproducing in Danish,
Swedish and Norwegian waters. The recent success of C. gigas in
Scandinavia and northern Germany appears to be related to the
occurrence of exceptionally warm summers and mild winters during
the last decade (Diederich et al.,, 2005; Wrange et al., 2009).

4. Causes of successful establishment and natural spread
4.1. Characteristics of successful invaders and invasible ecosystems

In many cases an invader is not discovered until after the invasion
event, at a point where the invader already is a part of the ecosystem
(Williamson, 1996). Consequently, ecological responses to the
invasion may go unnoticed for a long time, and the mechanism of
invasion and the causes of its success may never be elucidated. A
large body of scientific work is devoted to finding general rules in
invasion ecology. What characteristics determine whether species are
invasive? And what characteristics determine whether a community
is invasible? Species that are introduced into new habitats encounter
many abiotic and biotic barriers (Colautti et al., 2006). They have to
be able to live in or adapt to the new habitats. Generally three
determining stages are identified in invasion ecology: 1) colonization
of the receiving habitat, 2) establishment in the receiving habitat,
3) natural range expansion after establishment (Sakai et al., 2001).
Common causes of failure to establish are: an unsuitable climate,
disturbance, predation, competition and disease. Species that do
manage to establish themselves face many different interactions with
native species in the new community (Lodge, 1993; Sakai et al., 2001).
Many attempts have been made to identify characteristics of species
that allow predictions about their invasiveness (Lodge, 1993;
Williamson and Fitter, 1996; Morton, 1997; Kolar and Lodge, 2001;
Sakai et al., 2001). For a successful invasion, different traits may be
required for the different stages of the invasion (colonization,
establishment and natural range expansion)(Sakai et al., 2001). The
applicability of these traits to the introduced Pacific oyster will further
be discussed for each of these three invasion stages (Table 2) except
for the first stage: colonization. Traits contributing to successful

Table 2

A selection of characteristics generally attributed to successful invaders, especially
relevant for bivalve invaders and for the three principal stages from first colonization to
natural range expansion (from Lodge, 1993; Williamson and Fitter, 1996; Morton,
1997; Sakai et al., 2001; Marvier et al., 2004; Wallentinus and Nyberg, 2007; and
references therein).

Stage Trait

Colonization r-selected life history strategy:
Rapid growth
Rapid sexual maturation
High fecundity
Generalists:
Ability to colonize wide range habitat types
Broad diet
Tolerance to wide range environmental conditions
Gregarious behaviour
Genetic variability and phenotypic plasticity
Ability to recolonize after population crash
Lack of natural enemies
Ecosystem engineering
Association with humans
Repeated introductions
Genetic variability and phenotypic plasticity
Competitiveness
Traits of successful colonists (see above)
Dispersability

Establishment
(Section 4.2)

Natural range expansion
(Section 4.3)
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colonization are important for invaders that are accidentally and
incidentally introduced somewhere, but are of minor importance for
invaders that are imported multiple times for cultivation, such as
C. gigas. Initial colonization by C. gigas was entirely facilitated by
oyster farmers. Pacific oysters were introduced repeatedly, providing
the species with a repeated chance at every reproduction season of
becoming established.

4.2. Traits contributing to successful establishment

4.2.1. Lack of natural enemies

A lack of natural enemies in the receiving community is often
suggested as a reason for fast proliferation of introduced non-
indigenous species (Table 2; Williamson and Fitter, 1996; Keane and
Crawley, 2002; Liu and Stiling, 2006). To find out whether this “enemy
release hypothesis” is applicable to the successful establishment and
rapid expansion of C. gigas in Dutch waters, an overview of predators,
parasites and diseases affecting C. gigas in the North-West Pacific
and in The Netherlands is given here.

In the Wadden Sea and Dutch estuaries native bivalves are
generally heavily preyed upon by various bird species (Reise, 1978;
Beukema et al., 1993; Nehls et al., 1997), but C. gigas is affected much
less by bird predation. Herring gulls (Larus argentatus) and oyster-
catchers (Haematopus ostralegus) are the only bird species reported to
feed on C. gigas. Herring gulls prey upon C. gigas locally. They take a
loose individual up in the air, and break the shell by dropping the
oyster several times on a hard surface, usually a stone-covered dike
(Cadée, 2001; 2008b at Texel, Wadden Sea; own unpublished
observations in the Oosterschelde estuary). Recent anecdotal infor-
mation suggests that oystercatchers H. ostralegus are learning to feed
on C. gigas in the Wadden Sea (Scheiffarth et al., 2007; Cadée, 2008a)
and Oosterschelde estuary (Baptist, 2005) by prying gaping indivi-
duals open with their beak. However, predation by herring gulls and
oystercatchers in Dutch estuaries still occurs locally at low rates and is
not expected to cause significant losses (Cadée, 2008b).

Little information on the role of bird predation in the North-West
Pacific could be found. The local species of oystercatcher (H. ostralegus
osculans) is said to be an uncommon species (Del Hoyo et al., 1996).
The black-tailed gull Larus crassirostris is a common omnivore in
Japan, and reported to feed on molluscs (Del Hoyo et al., 1996).
However, no information was found on whether Pacific oysters are
also included in its diet. No indications were found that bird predation
pressure in the Pacific differs very much from that in The Netherlands.

Fish species in The Netherlands reported to feed on bivalve spat
are the gobies Pomatoschistus microps and P. minutus, and juvenile
flatfish of the species Pleuronectes platessa, Platichthys flesus and Solea
solea (Hiddink et al., 2002 and references therein). Whether these fish
also predate on spat of C. gigas is not known. In Japan, Pacific oyster
spat is reportedly predated by the black sea bream Acanthopagrus
schlegelii and the fine-patterned puffer Takifugu poecilonotus in
Hiroshima Bay (Saito et al., 2008).

In The Netherlands especially juvenile stages of bivalves are
preyed upon by a variety of epibenthic invertebrate predators
(Beukema, 1991; Beukema et al., 1998; Van der Veer et al.,, 1998;
Hiddink et al, 2002). The most common invertebrate shellfish
predators in the Wadden Sea and Dutch estuaries are the brown
shrimp Crangon crangon, the shore crab Carcinus maenas and the
common starfish Asterias rubens. Of these the shore crab and the
starfish have been shown in laboratory experiments to predate on
C. gigas as well (Diederich, 2005a: oysters with shell lengths of up
to 40 mm offered to and predated by C. maenas, and oysters of up to
60 mm offered to and predated by A. rubens). However, both
predators have a preference for Mytilus edulis over C, gigas of similar
shell length, and Diederich (2005b) found no significant effects of
predation on post-settlement survival of C, gigas juveniles in the
German Wadden Sea at Sylt. C. crangon causes high mortality rates

among native bivalve spat (Van der Veer et al., 1998), but no empirical
studies on whether it also feeds on C, gigas spat were found. C. crangon
may not be adapted to scrape oyster spat from shells or stones.

In its native range, the Pacific oyster is predated by crabs (Fukui,
1988). It is also attacked by a variety of other epibenthic predators not
occurring in Dutch waters. In Japan oysters are predated by several
species of predatory flatworms (Turbellaria, Polycladida; Kato, 1944;
Galleni et al, 1980) among which Pseudostylochus ostreophagus,
especially dangerous to oyster spat, and Stylochus ijimai that predates
on adult oysters (Korringa, 1976). Gruet et al. (1976) describe how
Pacific oysters imported from Japan into France were immersed
in freshwater to kill these flatworms; apparently this treatment
was successful. Fujiya (1970) describes the following natural enemies
of C. gigas in hanging-culture in Japan, all oyster drills: Thais tumulosa
clavigera, Thais bronni, Tritonalia japonica, Rapana thomasiana (pres-
ently referred to as R. venosa), and Ceratostoma burnetti. Among these
species, T. tumulosa clavigera is the most serious enemy of oysters
(Fujiya, 1970). Some of these predators were introduced with early
oyster shipments to North America, before Canadian and American
authorities developed and implemented control measures in coop-
eration with Japanese authorities and seed growers (Quayle,
1988). Lavoie (2005) mentions the flatworm P. ostreophagus and the
Japanese oyster drill Ocenebra japonica (Dunker 1860) (also called
Tritonalia japonica (Dunker 1850), Ceratostoma inornatum (Recluz
1851), and presently referred to as Ocinebrellus inornatus (Recluz
1851)). This oyster drill originates from the same geographical
range as C. gigas, and was introduced in North America in 1924 and,
from there, to France in 1995 (Martel et al., 2004). The veined whelk
Rapana venosa was introduced to several areas over the world (Black
Sea, Aegean Sea, Adriatic Sea, Uruguay, the eastern USA, and north-
western France) and was found in the southern North Sea in 2005
(Kerckhof et al., 2006). So far no veined whelks or flatworms
predating on C. gigas have been reported from Dutch estuaries. The
oyster drills Ocinebrellus inornatus and Urosalpinx cinerea (native to
the US east coast) have been found in the Oosterschelde estuary in
2007 and 2008 (Faasse and Ligthart, 2007; Goud et al., 2008). They
were likely introduced only recently and still occur very locally and in
low numbers. It may therefore be concluded that the predation
pressure from epibenthic invertebrate predators in previous years
was likely to be much higher in the North-West Pacific than in the
Netherlands, thus giving support to the “enemy release hypothesis” as
an explanation for the proliferation of C. gigas in Dutch estuaries. In
addition, Schmidt et al. (2008) observed exceptionally low mortality
rates among juvenile Pacific oysters and decreasing survival rates
during the early years of invasion. Among other possible explanations
they suggested that predators may gradually adapt to the new prey
items available (Schmidt et al., 2009, a reply to Beukema and Dekker,
2009), but this needs further investigation. Pacific oysters are
furthermore also predated by humans. In the Qosterschelde estuary
Pacific oysters are hand-picked for consumption mainly by Asian
immigrants (unpublished observations). This suggests that collection
of seafood by hand may be a more common practise in Asian countries
(see Sechena et al., 1999) and that predation pressure on oysters by
humans is higher in the NW Pacific than it is in NW Europe.

The “enemy release hypothesis” does not appear applicable to
parasites and diseases. From Japan and British Columbia, live adult
Pacific oysters were introduced directly into the Oosterschelde
estuary. Therefore, most parasites and diseases that are present in
the areas of origin and that have been able to survive and establish in
the receiving ecosystem, are likely to be present in the Oosterschelde
estuary. The copepod parasites of the Pacific oyster Mytilicola
orientalis and Myicola ostreae were thus introduced with Pacific
oyster imports from Japan or British Columbia (Stock, 1993; Wolff,
2005). It is not known whether the latter species is presently
established in Dutch waters (Wolff, 2005). M. orientalis causes loss
of gonadal mass in M. edulis (Mann 1956 and Williams 1969 in Steele
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and Mulcahy, 2001), but it hardly affects C. gigas (Steele and Mulcahy,
2001). The bacterium Nocardia crassostreae also seems to have
been introduced from Japan and/or the west coast of North America.
In these regions, occurrence of this bacterium in Pacific oysters is
associated with summer mortalities (references in Engelsma et al,,
2008). N. crassostreae was recently found, together with the
bacterium Vibrio aestuarianus, in C. gigas from Lake Grevelingenmeer
(The Netherlands; Engelsma et al., 2008). The infected oysters were
collected after an extensive mortality in the summer of 2006.
However, Engelsma et al. (2008) concluded that the oysters had
mainly died because of physiological stress due to adverse environ-
mental conditions in Lake Grevelingenmeer, and the bacteria may
only have contributed as a secondary cause to the observed mortality.
Parasites of C. gigas that were already described from Dutch estuaries
before the first introduction of C. gigas are the fungus Ostracoblabe
implexa and spionid polychaetes of the genus Polydora (Korringa,
1952). The fungus O. implexa affects and weakens C. gigas' shell, but
this does not seem to lead to significant mortalities (Engelsma and
Haenen, 2004). Polydora spp. weaken the shell of C. gigas and the
native oyster O. edulis by burrowing into it (Korringa, 1951; Almeida
et al.,, 1996), but this does not appear to cause mortalities among the
two species (Engelsma and Haenen, 2004). In Japan, C. gigas is also
infected by polychaetes of the genus Polydora, but as in The
Netherlands these do not cause serious damage (Fujiya, 1970). In
the German Wadden Sea, C. gigas is furthermore infected by the native
trematode Renicola roscovita and a single infection by the native
turbellarian Paravortex sp. was reported near the island of Sylt
(Krakau et al, 2006). Krakau et al. (2006) demonstrated that
introduced bivalves (C. gigas and Ensis americanus) are infected by a
fraction of the native parasites of bivalves present, and that trematode
intensity was always lower in the introduced species. C. gigas was
furthermore infected by the native trematode Himasthla elongata in
the laboratory, but in C. gigas the cercariae did not develop into
metacercariae, as they would normally do in their common second
intermediate host M. edulis (Thieltges et al., 2009). No infections with
H. elongata were found in the field (Krakau et al., 2006). Krakau et al.
(2006) hypothesized that native parasites adapt to the new hosts,
possibly leading to significant infestations in the future. The Pacific
oyster is furthermore not affected by bonamiosis (Renault, 1996).
After its introduction with oyster imports from Brittany in 1980,
bonamiosis has caused very high mortality rates among O. edulis
(Drinkwaard, 1999a). The protist Bonamia ostreae that causes
bonamiosis possibly originates from the north-east Pacific (Wolff,
2005 and references therein). Tentatively, Pacific oysters do not seem
to be released from their Pacific parasites and diseases in the receiving
NW European estuaries, and are infected by native European parasites
as well. In comparison to native bivalves, however, Pacific oysters do
seem to be affected less by these natural enemies.

4.2.2. Ecosystem engineering by Crassostrea gigas

Habitat modification by introduced and invasive ecosystem
engineers facilitates establishment and subsequent colonization of
new areas (Table 2) by adapting the encountered habitat, that may
have been suboptimal, to the demands of the invader (Cuddington
and Hastings, 2004). The Pacific oyster is such an invasive ecosystem
engineer since it modifies habitats by constructing large three-
dimensional reef structures (Jones et al, 1994; Gutiérrez et al.,
2003). Reef formation is enhanced by the gregarious settling
behaviour of Pacific oyster larvae. The larvae preferentially settle
onto shells of Pacific oysters (Diederich, 2005a) and settlement is
triggered by presence of adult oysters (Tamburri et al.,, 2007) and
apparently also by previously settled spat (Troost, 2009). By settling
on top of each other, cementing their shells together during growth,
Pacific oysters create a strong reef structure. The reef structure
modifies the habitat to the demands of the invader in several ways.
Besides through gregarious behaviour, larval settlement is also

enhanced by the baffling of water movements by the oysters in the
bed (Commito and Rusignuolo, 2000). The three-dimensional struc-
ture provides shelter against extreme environmental conditions such
as heat and desiccation (Bartol et al., 1999; Gutiérrez et al., 2003). It
also offers a refuge from predation by e.g. birds that have difficulty
reaching into the oyster bed, and from benthic predators such as
crabs. The high degree of structural complexity in an oyster reef
reduces the predator-prey encounter rate (Bartholomew et al., 2000;
Grabowski, 2004) resulting in higher growth and survival of oyster
spat (Nestlerode et al., 2007). Additionally, the firm attachment of
oyster spat and juveniles to adult oysters may serve to reach a size
refuge from the beginning with respect to predators that consume
solitary individuals. Oyster beds may also affect particle and solute
transports by altering near-bed flow (Gutiérrez et al,, 2003). The
roughness of oyster reefs enhances near-bed turbulence levels,
thereby increasing the food flux towards the bivalves and reducing
refiltration of already filtered seawater (Jonsson et al., 2005; Widdows
and Navarro, 2007; Troost et al, 2009b). Furthermore, the reef
structure offers a large area of suitable settlement substrate that, in
general, seems very persistent. Pacific oyster reefs, consisting mainly
of empty oyster shells cemented together after a mass mortality, were
observed to largely remain in place (Fey et al., 2009; own unpublished
observations). Following mass mortality, an extensive spatfall of
larvae from another brood stock will then be sufficient to recolonize
the entire reef. Pacific oysters therefore increase the area suitable for
settlement by building reefs, and in this way ensure settlement
possibilities on a longer time scale. This process will be enhanced by
the oysters' gregarious settling behaviour and high dispersability.

4.2.3. Other traits contributing to successful establishment of Crassostrea
gigas

Other traits generally thought to contribute to successful estab-
lishment (Table 2) all seem applicable to C. gigas. Because Pacific
oysters are associated closely to humans in the sense that they are
cultured world-wide for consumption, they have been introduced
all over the world. In The Netherlands, Pacific oysters have been
introduced repeatedly from 1964 to around 1980 (Drinkwaard,
1999b). Propagule pressure was therefore high, increasing the genetic
variation of the introduced stock, widening the genetic bottleneck
and increasing chances of establishment and adaptation to the new
environment. Japanese populations show a high genetic variation,
and most of this high variation appears to have been retained by
populations of C. gigas introduced for mariculture world-wide
(Hedgecock et al.,, 1996; English et al., 2000; references therein). In
addition to the relatively large gene pool in the new area, the species
also appears highly adaptable phenotypically, as are many species of
sessile bivalves (Bayne, 2004). In terms of survival, growth and
reproductive effort, C. gigas responds plastically to spatial variability
in food abundance (Ernande et al., 2003). Pacific oysters are also
flexible in the morphology of their feeding organs (relative sizes of
gills and labial palps; Honkoop et al, 2003), and in their limits of
thermal tolerance (Hamdoun et al., 2003). As in many other bivalves,
also the larvae and spat of C. gigas exhibit high phenotypic variation,
particularly in terms of growth and survival (Taris et al., 2006). High
phenotypic flexibility enables an invader to adapt to a wide range
of conditions, and increases chances of becoming established and
of competing successfully with native species.

Pacific oysters apparently have all the right tools to adapt to new
environments quickly. But did they really need to adapt to Dutch
waters that much? Diederich et al. (2005) showed that the invasion of
the northern German Wadden Sea was accelerated by an increasing
frequency of warm summers. The more southern and relatively
warmer Oosterschelde estuary, however, has sea surface tempera-
tures that are comparable to those in the area of origin of the Miyagi
and Kumamoto strains that were mainly imported in the Netherlands
(Oceanographic atlas of the Bering Sea, Okhotsk Sea and Japan/East
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Sea, www.pacificinfo.ru/en/, January 2009). Summer temperature
was therefore likely not limiting for recruitment of the Pacific oyster
in the Oosterschelde estuary, which will have contributed to its fast
establishment. The natural occurrence at the Russian island of
Sakhalin, between the Sea of Japan and the subpolar Okhotsk Sea,
should have been a warning that Dutch waters were not at all too cold
for C. gigas to reproduce.

Competitiveness is also a characteristic contributing to successful
establishment of non-native species. Its applicability to C. gigas will be
discussed in Section 5.

4.3, Traits contributing to successful natural spread after establishment

4.3.1. Colonization capabilities

Once an invader is established, subsequent spread is related to the
dispersability and colonization capabilites of the invader (Table 2).
Successful colonists are generally species with fast reproductive
rates. They are characterized by fast growth rates, rapid sexual matu-
ration and a high fecundity (Lodge, 1993; Williamson and Fitter,
1996; Morton, 1997; Sakai et al., 2001) (Table 2). These are traits of an
r-selected life history strategy (Pianka, 1970) of which the Pacific
oyster exhibits many features. Growth of Pacific oysters is rapid. Two-
year old Pacific oysters have been reported to reach lengths of up to
80 mm at Sylt, Germany (Diederich, 2006), and lengths of 30 mm on
average at Texel and Yerseke, The Netherlands (Cardoso et al., 2007).
The oysters, that can live up to about 10 years (Cardoso et al., 2007),
reach maximum lengths of up to 300 mm (Reise, 1998; Cardoso et al.,
2007; own unpublished observations). Fast growth may enable the
oysters to reach a size refuge from invertebrate and fish predation
quickly. In addition, Diederich (2006) observed very high survival
rates of C. gigas juveniles in comparison to native species. The
combination of fast growth and high survival may account for a fast
population increase, and may compensate for recruitment failures
near the distribution limits (Diederich, 2006).

Another trait of successful colonists that may have contributed to
successful natural spread after establishment is habitat generalism
(Marvier et al, 2004). Characteristics of habitat generalists include:
broad tolerances for wide ranges of environmental conditions, the
ability to occupy a wide range of habitat types, and a broad diet (Table 2;
Lodge, 1993; Morton, 1997; Sakai et al., 2001; Marvier et al., 2004).
Although Pacific oysters in first instance settle onto hard substrates in
the subtidal and intertidal, they also develop beds on soft bottoms by
first settling onto small pieces of shell and stones (Quayle, 1988; Mann
etal., 1991; Leewis et al,, 1994; Wolff, 2005; Dankers et al., 2006). This is
facilitated by their gregarious settling behaviour. The native geograph-
ical range of C. gigas is very wide (Fig. 3), comprising a large range of
abiotic conditions. The regions where C. gigas was successfully
introduced also cover a wide geographical range (including countries
in North and South America, Europe, Asia, Africa and Oceania; Arakawa,
1990a; Dinamani, 1991; Grizel and Héral, 1991; Shatkin et al., 1997;
FAO, 2004; Wolff, 2005). Hence, the Pacific oyster was already adapted
to a wide range of environmental conditions, and appears able to quickly
adapt to new habitats. This is confirmed by its ability to sustain a
wide range of environmental conditions. The oysters can survive water
temperatures up to 40 °C (Shamseldin et al., 1997) and at low tide air
temperatures as low as —5°C (Korringa, 1952) and even lower,
depending on the salinity of the water enclosed in their shells (>75%
survival at 30 psu, at — 12 °C air temperature; exposure during 7 days,
6 h per day, mimicking tidal emersion; Wa Kang'eri, 2005). Growth
occurs between 10-40 °C and 10-30 psu, and spawning between 16-
30°C and 10-30 psu. Larvae can sustain temperatures between 18
and 35 °C and salinities between 19 and 35 psu (Mann et al., 1991 and
references therein; Rico-Villa et al., 2009).

Furthermore, gregarious settlement of the larvae, genetic variabil-
ity and phenotypic plasticity, as well as an ability to recolonize areas
rapidly following a population crash are considered to be general

traits of successful colonists (Table 2). The applicability of these
traits to C, gigas was already established in the previous section
(Section 4.2. Traits contributing to successful establishment). The
ability of recolonizing areas results from the Pacific oyster's ecosystem
engineering capacities and its high dispersability (discussed below).

4.3.2, Dispersability

Pacific oysters are broadcast spawners and are highly fecund. An
oyster female may produce more than 50 million eggs per spawning,
whichis high compared to native bivalves (Helm et al,, 2004). A M. edulis
female may produce 5-12 million eggs per spawning (Helm et al.,
2004), a C. edule female 0.2-0.7 million eggs (Honkoop and Van der
Meer, 1998) and a Macoma balthica female 0.02-0.07 million eggs
(Honkoop and Van der Meer, 1998). Per square meter bed, however,
total egg production of C. gigas and M. edulis is comparable because the
latter generally occurs in higher densities (see Nehls et al., 2006). In The
Netherlands, Pacific oysters produce more and relatively smaller eggs
than their more southern kin in France (Cardoso et al., 2007). These
smaller eggs have a lower energy content and therefore result in a
longer duration of the pelagic larval phase (Van der Veer et al,, 2006;
Cardoso et al., 2007). This enables a wider dispersion range, although
smaller eggs may also result in a lower fertilisation rate (Luttikhuizen et
al., 2004) and a prolonged pelagic phase may result in an increased pre-
settlement mortality. Although the bulk of the larvae travel up to 5 to
15km, a smaller part will be carried further with residual currents
(Wehrmann et al,, 2000; Brandt et al., 2008). The Pacific oyster shows a
large capability of spreading rapidly after first introduction and
establishment. From the moment the first spatfall was observed the
rate of spread to new areas has been very fast in France, The Netherlands
and Germany (Grizel and Héral, 1991; Kater and Baars, 2004; Diederich,
2005b; Cognie et al., 2006; Nehls et al, 2006; Fey et al, 2009). This
illustrates the high potential for range expansion of C. gigas.

4.4, Invasiveness of receiving communities

Many attempts have been made to identify characteristics that
determine the invasiveness of receiving communities. Despite
conflicting evidence, disturbance is often considered such a charac-
teristic (Lodge, 1993; Occhipinti-Ambrogi and Savini, 2003; Marvier
et al, 2004). Although many coastal ecosystems in continental
NW Europe are considered to be disturbed, the nature of these
disturbances varies widely from one ecosystem to another (e.g.
pollution, dredging, shipping, coastal engineering). Furthermore,
anthropogenic disturbance is a factor which is hard to quantify.
C. gigas has invaded so many ecosystems that it is difficult to believe
that disturbance played an important role and it seems impossible
to prove so, or otherwise.

A lack of predators in the receiving community is furthermore
often suggested as a reason for fast proliferation of introduced non-
indigenous species. This was already concluded to have played a role
in the fast proliferation of C, gigas in Section 4.2.

Finally, species-poor estuarine communities seem more suscepti-
ble to invasions than species-rich, more saturated communities
(Wolff, 1973; Lodge, 1993; Stachowicz et al., 1999; Wolff, 1999).
This is thought to be a contributing factor to the relatively large
number of non-indigenous species recorded in brackish (5-20 psu)
estuaries (Wolff, 1973; Wolff, 1999; Nehring, 2006). Highest densities
of C. gigas are, however, found at salinities higher than 20 psu. The
Oosterschelde estuary itself is not at all poor in native species (Wolff,
1973; Hostens and Hamerlynck, 1994; Sistermans et al., 2005; Wolff,
2005), and moreover harbours many non-indigenous species that
were imported through shellfish culture activities (Wolff, 2005).
Hence, species richness did not play a part in the establishment of
C. gigas in the Oosterschelde estuary. The Wadden Sea has lost
many habitat building species and associated communities due to
overexploitation (Reise, 1982; Wolff, 2000; Lotze, 2005; Airoldi and
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Beck, 2007) although it also gained some non-indigenous species
(Reise et al., 1999). Macro-benthic species richness of the tidal flats is
rather low compared to other marine soft-bottom areas, which is likely
related to the harsh and unstable environment (Beukema, 1976).
Whether this has contributed to establishment success of C. gigas in
the Wadden Sea cannot be excluded.

4.5. Causes of success

All traits of successful invaders investigated in this review and listed
in Table 2 are applicable to C. gigas, without any exceptions. However,
some traits will have contributed more strongly to the Pacific oyster's
remarkably successful establishment and subsequent natural spread to
other areas. Regarding many of the traits considered, C. gigas does not
appear very different from native bivalves. An r-selected life history
strategy, wide tolerances (generalism), genetic variability and pheno-
typic plasticity, competitiveness and dispersability all contributed to
C. gigas' success but are rather common traits among sessile bivalves
inhabiting the often unstable environment of the intertidal zone, where
the bivalves have to be adapted to environmental extremes. A close
association with humans, which was responsible for initial colonization
by C. gigas and which contributed to its establishment success, is
common for bivalve species that are of commercial interest, especially
ones that are cultured intensively such as M. edulis and C, gigas. Both
successful establishment and successful natural spread by C. gigas seem
mainly attributable to two traits in which the species appears to differ
the most from native bivalves: “ecosystem engineering” (associated
with “gregarious behaviour” and “ability to recolonize after population
crash”, Table 2) and a “lack of natural enemies”. In continental NW
European estuaries, the lack of natural invertebrate predators applies
specifically to C. gigas and not to native bivalves. A lack of invertebrate
predators resulted in exceptionally high survival rates of spat and
juveniles and offered C. gigas a competitive advantage over native
bivalves, The only native bivalve reef-building ecosystem engineer is M.
edulis. Ecosystem engineering facilitated successful establishment by
C. gigas by modifying habitats to the oyster's demands in several ways:
by facilitating settlement, by enhancing food intake and by offering
shelter. Whether competition with native bivalves for resources also
contributed to successful establishment will be discussed in the
following chapter.

Additionally, life history theory predicts a trade-off between fast
reproductive rates, that facilitate colonization, and competitive
ability, that facilitates establishment (Pianka, 1970). In some invaders
both strategies are represented (Keddy et al., 1994). Blossey and
Notzold (1995) suggested that non-indigenous species that have been
released from the pressure of diseases or predators in their native
habitat, reallocate energy used for defence into reproduction and
growth. Whether this is applicable to C, gigas, that also appears to be a
successful competitor, needs further investigation.

5. Changes induced by C. gigas in NW European estuarine ecosystems

In this paragraph, a review is given of (potential) consequences of
the expansion of Pacific oyster beds on the receiving ecosystems in The
Netherlands and neighbouring countries. Changes induced by the
ecosystem engineering C, gigas in receiving estuaries are mainly
caused by the complexity of the added structure and by the suspension
feeders' filtration activity. Potential ecological consequences as
discussed below are therefore subdivided in effects of habitat
modification and effects of the oysters' filtration activity.

5.1. Consequences of habitat modification by C. gigas
5.1.1. Habitat modification by Pacific oysters

Although Pacific oyster beds are expanding in both the Oosterschelde
estuary and the Wadden Sea, the habitat that they are modifying differs

between both ecosystems. In the QOosterschelde estuary, oyster reefs
mainly developed on hard substrates (e.g. dikes, jetties), former mussel
culture plots, and former culture sites for the European flat oyster
0. edulis. Former culture sites for M. edulis may still have contained
some mussels or mussel shell debris, offering some hard substrate
that stimulated colonization by C. gigas. On former culture sites for
0. edulis, hard substrate was present in the form of low walls
constructed of roof tiles. From these initial pieces of hard substrate the
oyster beds have been mainly developing on former essentially bare
flats. The speed of reef formation on soft substrates appears dependent
on the amount of hard substrate (generally shell debris) present
(Wijsman et al., 2008). In the Wadden Sea area, C. gigas is reported to
mainly colonize areas with a high cover of hard substrate, such as mussel
beds and (cockle-)shell ridges (Dankers et al., 2006; Nehls et al., 2006;
Schmidt et al, 2008). Spatfall and an increasing biomass is mainly
observed within existing oyster beds, mussel beds and shell banks
(Dankers et al., 2006) and to a lesser extent outside these beds (pers.
comm. G. Nehls).

Mussel beds are argued to raise and stabilize the sediment surface
locally (Reise, 2002; Commito et al., 2008). Pacific oyster reefs have
the same effect on the sediment surface, but mature oyster reefs
appear more persistent and may therefore stabilize the sediments on
a larger time scale. These mature reefs are anchored deep in the
sediment thereby consolidating the substrate firmly (Reise and Van
Beusekom, 2008; own unpublished observations). Because of this
property Pacific oyster reefs have been suggested to be a valuable tool
in preventing further erosion of intertidal flats in the Oosterschelde
estuary. Here, as a consequence of the construction of a storm surge
barrier and compartmentalisation dams (the “Delta” coastal engi-
neering project) sediment deposition on tidal flats is reduced while
erosion still continues, causing tidal flats to slowly submerge (Van
Zanten and Adriaanse, 2008). Oyster reefs may thus locally protect the
intertidal habitat of native bivalves and other invertebrate fauna, and
the intertidal foraging grounds of species at higher trophic levels
(such as shorebirds). Furthermore, by excreting vast amounts of
faeces and pseudofaeces Pacific oysters, like mussels, enrich the
sediment organically. This results in fine-grained sediments with high
organic content, ammonia and hydrogen sulphide, and low oxygen
levels (Hartstein and Rowden, 2004; Commito et al., 2008). How this
impacts local macrofaunal communities will be discussed in the
following paragraph.

5.1.2. Consequences for species richness and biodiversity

Overexploitation of living resources and habitat destruction are
the main causes for biodiversity loss and species extinctions world-
wide (Wolff, 2000). In the Wadden Sea and other estuaries in NW
Europe, many habitat building species have been lost due to
overexploitation in the 20th century (Reise, 1982; Wolff, 2000;
Lotze, 2005; Airoldi and Beck, 2007). Associated communities
consequently disappeared due to habitat loss. Seagrass meadows,
oyster beds (O. edulis), mussel beds (M. edulis), Sabellaria spinulosa
reefs, and sea moss stands provided hard substrate, shelter and food
to associated species in NW European estuarine areas. Of these, only
mussel beds remain today although old and mature mussel beds
with a relatively higher complexity are not encountered anymore
(Reise, 1982; Lotze, 2005). The Pacific oyster, although an alien
species, reintroduces structural complexity and may be considered to
restore habitat diversity and biodiversity. Pacific oyster reefs,
especially the more mature ones, are furthermore avoided by most
fishermen because they can cause damage to the netting. Hence, the
associated benthic community may be given better opportunities to
mature in the more stable environment of an oyster reef, compared to
mussel beds and other, largely disappeared, biogenic structures. In the
following text, a review is given of species richness and associated
communities in Pacific oyster reefs, in comparison to mussel beds and
bare tidal flats in the Wadden Sea and Oosterschelde estuary.
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In the Wadden Sea Pacific oysters mainly settle onto intertidal
mussels beds (Reise, 1998; Schmidt et al., 2008). Mussel beds are
thereby transformed to mixed oyster/mussel beds with varying
proportions of oysters and mussels. Soft bottom mytilid beds were
already known to generally enhance habitat heterogeneity and
species diversity at the ecosystem level (Giinther, 1996; Buschbaum
et al., 2009). Because C, gigas also enhances habitat heterogeneity by
constructing complex reef structures, oyster reefs are expected to
enhance local biodiversity as well. This was confirmed by two studies
in the German Wadden Sea. Markert et al. (2009) and Kochmann et al.
(2008) made a comparison between macrofaunal communities
associated with mussel beds and oyster reefs. Markert et al. (2009)
selected a mussel bed in the back barrier area of the island of Juist that
had been colonized by C. gigas. They compared the macrofaunal
communities between an area dominated by M. edulis and an area
dominated by C. gigas. Kochmann et al. (2008) chose an experimental
approach, and constructed artifical reefs of C. gigas, M. edulis, and a
mix of both, in the outer Kénigshafen bay at the island of Sylt. They
compared the number of invertebrate recruits of several species, and
the abundance of vagile epifauna. Both studies showed that associated
communities of C. gigas and M. edulis are largely similar, although they
revealed some significant differences that were attributed mainly to
differences in the structure of the beds. Markert et al. (2009) found a
higher species richness in the oyster bed compared to the mussel bed,
an exclusive occurrence of anthozoans and a higher abundance and
diversity of sessile suspension feeders, epibionts, epibenthic predators
(Carcinus maenas, Asterias rubens, and Harmothoe imbricata) and
infauna. This was explained by a permanently sediment-free upper
part of the reef (in contrast to mussels that are frequently buried) and
a more turbulent current flow that enhances food flux towards
suspension feeders. Markert et al. (2009) concluded that Crassostrea-
reefs compensate for the conceivable loss of Mytilus-beds in the
intertidal of the Wadden Sea by replacing the ecological function of
M. edulis. The earlier study by Kochmann et al. (2008) confirmed that
C. gigas beds harbour a higher abundance of sessile suspension
feeders. In contrast to the results by Markert et al. (2009), they found
higher abundances of Carcinus maenas in mussel plots compared to
oyster plots. However, survival appeared higher in the oyster plots,
possibly due to a higher level of shelter offered by the structurally
more complex oyster beds (Kochmann et al., 2008). Furthermore, bio-
deposition enriches the sediments underneath both oyster and
mussel beds, enhances local species abundance and structures the
infaunal community (Kochmann et al., 2008; Markert et al., 2009).
Both Kochmann et al. (2008) and Markert et al. (2009) found subtle
differences in dominant associated infaunal species between Pacific
oyster reefs and mussel beds.

A Pacific oyster bed offers a high level of habitat heterogeneity. The
oyster shells themselves represent a large area of hard substrate
settlement opportunities for species that previously only occurred on
man-made structures (e.g. dikes and embankments), mussel beds and
other (disappearing) biogenic structures. Furthermore, most oyster
beds in Dutch and German coastal areas do not show a 100% cover of
the substrate, and contain many bare patches (see Fig. 5) where soft-
bottom communities are still present (Dittmann, 1990; Commito and
Dankers, 2001). This resembles the topography of structurally
complex older mussel beds (Bayne, 1976). In the shallow water
retained in these patches during low tide, many species such as
shrimps and gobies can be observed (own unpublished observation).
Many species find refuge from physical stress and predation within
the oyster bed, but may also serve as prey for shorebirds. Commito et
al. (2008) demonstrated effects of small-scale variability within
bivalve (M. edulis} beds on macrofaunal communities and stressed its
importance for most macrofauna and biodiversity. This was also
confirmed for Pacific oyster beds in the Oosterschelde estuary by Van
Broekhoven (2005). He showed that species richness is higher in
oyster beds compared to the surrounding bare flat, with the highest

Fig. 5. Aerial photograph of part of the oyster bed at Neeltje Jans, the Qosterschelde
estuary (courtesy Johan van de Koppel). The picture shows patches of oysters, and bare
patches in between. In the lower part of the picture, the oyster patches are fringed by
sea lettuce Ulva sp. The person in the upper right corner and her foot prints give an
indication of scale. The picture was taken in July 2005, from a height of about 50 m
(with a camera suspended from a blimp (balloon); the white line in the picture is the
line holding the blimp, see www.blimppics.com).

species richness occurring at the edge of oyster bed where oyster
patches are alternated with bare patches. Concluding, increased
habitat heterogeneity generally results in a higher biodiversity in an
oyster bed as a whole, compared to the surrounding bare flats and also
compared to mussel beds.

Pacific oyster reefs may furthermore facilitate establishment of
other exotics from the same region of origin. For example, Pacific
oyster beds in The Netherlands already offer substrate and shelter to
the japweed Sargassum muticum, wakame weed Undaria pinnatifida,
the red alga Heterosiphonia japonica, the crab Hemigrapsus penicillatus,
the sea squirts Botrylloides violaceus and Styela clava, and many more
species originating from north-east Asian Pacific coasts (Wolff, 2005;
Haydar and Wolff in prep.). By increasing local biodiversity Pacific
oysters may, alternatively, decrease the success of future invasions
from regions other than the NW Pacific coasts (Stachowicz et al.,
1999; Stachowicz et al., 2002).

5.1.3. Competition for space with native bivalves

Pacific oysters are strong competitors for space, since persistent
oyster reefs can develop very fast once a sufficient amount of hard
substrate is present (e.g. shell debris, a mussel bed or a pioneer-stage
oyster bed). This is facilitated by their gregarious settling behaviour
(Diederich, 2005a; Tamburri et al., 2007; Troost, 2009). Pacific oyster
beds increase the area suitable for settlement of hard substrate
species and locally turn former soft-substrate communities into hard
substrate communities. Infaunal species would be expected to be
affected negatively by expansion of oyster beds, since the area suitable
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for settlement decreases, and oyster reefs are difficult if not im-
possible to recolonize for infaunal species. However, only a limited
fraction of the total estuarine intertidal area available to bivalves can
actually be occupied at a given time, due to limiting physical processes
at local scale (e.g. current velocity, mixing) and limiting primary
production on a system scale (Heip et al., 1995).

Furthermore, C. gigas does not occupy exactly the same habitat as
most native bivalves. While C. gigas are generally found around MLW
and below, cockles C. edule are generally found at higher elevations
(Table 3). Significant competition for space between the two species
primarily occurs at locations that are less suitable for cockles (Kater et
al., 2006). In the Oosterschelde estuary, the area of locations suitable
for cockles is decreasing because the tidal flats are slowly submerging.
Competition for space among both species is therefore expected to
become relatively more important in the coming decades. Another
dominant native burrowing bivalve in NW European estuaries is the
Baltic tellin Macoma balthica. This species is found from the high
intertidal to the subtidal (Table 3). Therefore, it does not occupy the
exact same locations as C. gigas that is mainly found in the low
intertidal to subtidal. The soft-shelled clam M. arenaria, introduced
centuries ago and therefore treated here as a native species, is found at
roughly the same range in tidal elevations as M. balthica and therefore
also does not have to compete for space with C. gigas in the higher
intertidal areas. Additionally, in the Wadden Sea the distribution of
endobenthic bivalves appears to shift towards the shore, towards
higher intertidal levels (Beukema and Dekker, 2005) and therefore
away from the oyster bed locations in the lower intertidal. This
appears to result from increasing predation by benthic invertebrates
(further discussed in Section 6.1). Pacific oysters do occupy the same
habitat as M. edulis. In the Wadden Sea, Pacific oysters occupy areas
with mussels or areas where sometime in the past mussels have
been before. This suggests that either shell rubble was left behind
that facilitated first settlement of C, gigas, or that these sites are
particularly suitable for epibenthic suspension feeders. The latter
explanation could mean that, although bivalve suspension feeders
may not compete directly for the same space, they do interfere with
each other by reducing the availability of potential high quality sites.

In the German and Danish Wadden Seas a long-term decline in
mussel bed area is observed (Nehls et al., 2006; Nehls and Biittger,
2007). Roughly in the same period Pacific oyster bed area showed an
increase, However, both trends do not appear to be causally related
but rather an effect of global change (Nehls et al., 2006). Moreover,
mussel beds showed a recovery in the eastern part of the Dutch
Wadden Sea since 2002 (Nehls and Biittger, 2007). Any evidence for a
large scale displacement of M. edulis by C. gigas is therefore lacking.
Diederich (2005a) concluded that C. gigas and M. edulis may co-exist
since M. edulis settle and grow in oyster beds. She also found that
mussels may find a refuge from the invading oyster under a canopy of
Fucus vesiculosus (forma mytili Nienburg). Kochmann et al. (2008)
furthermore observed oyster settlement mainly on adult conspecifics
while M, edulis showed no preference for either oyster or mussel

Table 3
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shells. They hypothesized that the lack of substrate specificity in
M. edulis will secure a coexistence of M, edulis with a dominant C, gigas
in the Wadden Sea. Mussels were also frequently found growing
between oysters in the Oosterschelde estuary (Van Broekhoven, 2005;
Troost, 2009). With an increasing oyster biomass in an oyster bed in
the northern compartment, numbers of M. edulis increased but their
condition decreased (Troost, 2009). The decrease in condition
suggests food limitation, but the increasing numbers suggest good
settlement opportunities and/or shelter from predation and environ-
mental extremes. Similar results were also obtained by Markert et al.
(2009), who found a lower abundance of juvenile M. edulis in an
oyster patch compared to a mussel patch within the same bivalve bed.
Mortality of juvenile and adult M. edulis appeared to be lower in the
oyster patch than in the mussel patch. A lower abundance of juveniles
may be explained by larviphagy by the adult suspension feeders
(further addressed in Section 5.2.3). Reduced mortality of the mussels
may be explained by reduced predator-prey encounter rates in the
structurally more complex oyster reef (Bartholomew et al., 2000;
Grabowski, 2004; Section 4.2), as well as a reduced accessibility for
predatory birds such as the oystercatcher H. ostralegus. Cadée (2007)
even suggested that Pacific oyster beds may facilitate a return of M.
edulis to tidal flats of the western Dutch Wadden Sea. This is similarly
hypothesized for the Oosterschelde estuary that has not seen natural
intertidal mussel beds since several decades (pers. comm. A.C. Smaal).
Here, mussels M. edulis are almost exclusively found hidden between
the oysters, just above the bottom (Troost, 2009).

5.2. Consequences of the Pacific oysters’ filtration activity

5.2.1. Competition for food with native bivalve filter-feeders

Bivalve filter-feeders feed on phytoplankton, but also on other
particles in the water column that are large enough to be retained by
the gills and that are not too large or evasive, such as dead particulate
organic material or certain species of zooplankton (Fréchette et al,,
1989; Navarro et al., 1992; Smaal, 1997; Dupuy et al., 1999; Davenport
et al., 2000; Dupuy et al., 2000; Karlsson et al., 2003; Lehane and
Davenport, 2004; Troost et al., 2008a). All particles above a species-
specific retention threshold (2-12um, Mphlenberg and Riisgard,
1978; Barillé et al., 1993) are retained by the gills (Fig. 6). Selection of
particles for ingestion takes place on the gills and labial palps
(Shumway et al., 1985; Ward et al., 1998). Particles retained on the
gills are transported towards the labial palps through ciliary
movement. At the labial palps, rejected particles are covered in
mucus and excreted as pseudofaeces. Particles selected for ingestion
move into the stomach through the mouth (Gosling, 2003). Post-
ingestive selection of particles for absorption occurs in the stomach
and guts (Brillant and MacDonald, 2002). The species may differ in
selection and absorption efficiencies, but also in how they optimize a
food flux towards the bed, how they minimize refiltration inside the
bed, and how efficiently they entrain zooplankton. A comparison of
these aspects between C. gigas and native bivalves will be made in the

Habitat occupation of native bivalves dominant in Dutch estuaries, and the introduced Pacific oyster C. gigas (From Korringa, 1952; Bayne, 1976; Hayward and Ryland, 1990; Mann

et al,, 1991; Gosling, 2003; De Bruyne, 2004).

Cerastoderma edule Mya arenaria® Macoma balthica

Crassostrea gigas Mytilus edulis
Tidal range Low intertidal to subtidal Mid intertidal to subtidal
Sediment Attachment to hard surfaces, Attachment to hard and
bed occurrence on any substrate filamental surfaces, bed
occurrence on any substrate
Salinity Estuarine to fully marine Estuarine to fully marine
Burrowing depth - -
Exposure Semi-exposed to sheltered Exposed to sheltered

High intertidal to shallow
subtidal
Sand, soft mud, gravel

High intertidal to shallow
subtidal (to 200 m depth)
Firm mud/sand

High intertidal to subtidal

Mud to muddy sand

Estuarine to fully marine Estuarine Estuarine to fully marine
<5 cm ~15cm 5-10 cm
Semi-exposed to sheltered  Sheltered Semi-exposed to sheltered

2 Mya arenaria is not native to Dutch waters, but is included here because its introduction dates centuries back.
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seawater with organic
and inorganic particles

pseudofaeces

selection at labial palps:
ingestion or rejection in pseudofaeces

selection and
absorption in

digestive
organs

seawater with
particles < 4 um

faeces

Fig. 6. Schematic drawing of filtration, selection, ingestion and digestion of food particles in bivalves (example: C gigas). Bivalve filter-feeders collect their food by filtering
and sorting particles from the water column. Their ciliated gills create a water current through the mantle cavity and over the gills. Particles above a certain threshold size, generally
2-7 pm (Mphlenberg and Riisgard, 1978), are retained efficiently. Selection of particles for ingestion takes place on the gills and labial palps (Shumway et al., 1985; Ward et al.,
1998). Particles retained on the gills are transported towards the labial palps through ciliary movement. At the labial palps, rejected particles are covered in mucus and excreted as
pseudofaeces. Particles selected for ingestion move into the stomach through the mouth (Gosling, 2003). Post-ingestive selection of particles for absorption occurs in the stomach

and guts (Brillant and MacDonald, 2002).

following sections, with the purpose of evaluating whether C. gigas
competes for food with native bivalves, and whether C, gigas is a
stronger competitor.

5.2.1.1. Food intake of bivalves in relation to hydrodynamics. Troost et
al. (2009b) showed that differences in inhalant feeding currents of
individual C. gigas, M. edulis and C. edule are small despite apparent
differences in morphology. Differences in inhalant feeding currents
are therefore not expected to result in differences in food intake
between the introduced oyster and native bivalves. However,
processes on a larger scale (a patch or bed of bivalves) may be more
determining. Bivalve filter-feeders can optimize food flux towards the
bed by enhancing near-bed turbulence levels with their filtration
activity (mainly with their exhalant feeding currents) and/or physical
roughness of the bed. Although exhalant feeding current speeds of
C. gigas were found to be higher than in the two other species,
differences were modest (Troost et al., 2009b). Moreover, exhalant
feeding currents in C. gigas were oriented horizontally instead of
vertically as in M. edulis and C. edule. How this affects differences
between the species in their effect on the benthic boundary layer is
not known yet. In conclusion, Troost et al. (2009a, b) predicted no
important differences in food intake as a result of differences in
exhalant jet speeds of individual animals.

The much larger differences in roughness height of oyster, mussel
and cockle beds are expected to contribute more strongly to
differences in food intake (Troost et al, 2009b and references
therein). Oysters create larger roughness structures than mussels
and cockles. Cockles do not produce any protruding roughness
structures at all and seem entirely dependent on roughness created
by their filtration activity. By creating larger roughness structures,

Pacific oysters probably affect near-bed turbulence levels more
strongly than native bivalves (that are all infaunal except for
M. edulis and the now rare O. edulis). In that way they may enhance
food flux and intake rate that is also facilitated by their large filtration
capacity. Additionally, since many zooplankton species use hydro-
mechanical signals to detect and escape from predators (Singarajah,
1975; Kingsford et al., 2002; Titelman and Kigrboe, 2003), higher
levels of turbulent mixing cause more “background noise” to these
zooplankters, reducing (the effectivity of) escape reactions, poten-
tially resulting in a higher zooplankton intake rate by oysters than by
mussels and cockles (Troost et al., 2009b).

5.2.1.2. Diet of filter-feeding bivalves. That Pacific oysters and native
bivalves may not utilize the exact same diet was shown in various
studies. Bougrier et al. (1997) showed in the laboratory that from
various algal species simultaneously available in the surrounding water,
C. gigas and M. edulis selected different species for ingestion. Based
on different stable isotope signatures of 6'*C (ratio of 13C to 2C) and
8'°N (ratio of N to *N) of the bivalve tissue, C. gigas was found to
utilize a diet different from that of M. edulis and the filter-feeding
snail Crepidula fornicata in the French Bays of Veys (Dubois et al., 2007)
and Mont Saint Michel (Riera, 2006) and the Dutch Oosterschelde
estuary (Riera et al,, 2002). Differences in these signatures can indicate
different food sources, but also a utilization of the same food sources
but in different proportions is possible. Riera et al. (2002) and Riera
(2006) hypothesized that the differences found between C. gigas
and C. fornicata in the Oosterschelde estuary and Bay of Mont Saint
Michel may be due to utilization of different size classes of consumed
particulate organic matter. They therefore concluded that both species
may not necessarily be competitors for the same food sources. Results
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from the Bay of Veys indicated that C. gigas is capable of a greater
trophic plasticity than M. edulis. Pacific oysters showed a larger spatial
variation in isotope signatures, indicating that they are better able
to adapt to the local environmental availability of food items (Dubois
et al., 2007).

Ostreids have reduced eulatero-frontal cirri and have a slightly
higher retention threshold than species with long latero-frontal cirri
(such as C edule, M. edulis and M. arenaria). In the latter, all particles
larger than 4pum are 100% efficiently retained (Mehlenberg and
Riisgdrd, 1978). Ostreids have a retention threshold of 4-6pm
(Meghlenberg and Riisgard, 1978; Riisgdrd, 1988; Barillé et al., 1993).
In addition, at high seston load the retention threshold in C. gigas
changes from about 4pum to 12 pm (Barillé et al, 1993). This is
thought to ensure a good functioning of the ciliary systems at the gills
and labial palps, but it also renders C. gigas unable to utilize plankton
<12 um at high seston load (Barillé et al., 1993). In addition to this
mechanism and in comparison to Dutch native species of bivalve
filter-feeders, larger components of the seston, such as ciliates, larger
phytoplankton cells, debris of macro-algae and zooplankton, may
play a more important role in the diet of C. gigas (see Dupuy et al.,
1999). Although lower thresholds have been determined experimen-
tally, it is more difficult to determine the upper size limit of what
bivalves can still filter. Davenport et al. (2000) found 260 planktonic
animals in stomach contents of 100 mussels M. edulis from the field.
The mussels appeared to routinely ingest particles of 100-1000 pm,
and occasionally particles of 3-6 mm.

Furthermore, Pacific oysters may be more efficient in entrapping
zooplankton because they probably create more background turbu-
lence than native bivalves (although this yet needs to be studied, see
previous section). Hence, they may utilize a broader diet. Zooplankton
has been shown to be a useful additional food source. Bivalves grown
on a mix of phytoplankton and zooplankton showed faster growth
than bivalves fed with phytoplankton only (Wong and Levinton,
2004).

Concluding, although Pacific oysters and native bivalves appear
not to utilize the exact same diet, they filter largely the same particles
from the surrounding water (barring zooplankton species that may
have different escape successes for different species of bivalves). This
includes particles that they do not ingest, but instead reject in their
pseudofaeces. Therefore, even if they do not compete directly for the
same food sources, they do interfere with each other by reducing food
levels available to other species (Green, 1971; Case and Gilpin, 1974).

5.2.1.3. Feeding physiology of filter-feeding bivalves. Bivalve filter-
feeders adjust their feeding rate and feeding and absorption
efficiencies to changes in total particulate matter (TPM) and organic
content of the TPM (e.g. Navarro et al., 1992; Hawkins et al., 1998;
Bayne, 2002). Species with a relatively high food intake, efficient
particle selection and absorption, and low metabolic loss will have a
relatively high net energy gain and will be stronger competitors for
food (Hawkins et al., 1998; Bayne, 2002). In the Bay of Marennes-
Oléron, at the French Atlantic coast, Hawkins et al. (1998) found
differences in feeding physiology parameters between C. gigas,
M. edulis and C. edule (after standardizing for 0.5 g dry soft tissue
weight). The infaunal C. edule, feeding on natural seston, showed
a lower efficiency in selecting organic particles for ingestion than
the other two species at higher TPM levels, but this was probably
compensated by a longer gut passage time for the extraction of
available nutrients. This appears to be an adaptation to less turbid,
more sandy habitats (Hawkins et al., 1998). Compared to M. edulis the
Pacific oyster had a higher ingestion rate but handled filtered particles
less efficiently. Because the absorption rate of ingested organic matter
in the stomach and gut by M. edulis was twice as fast compared to
C. gigas, ultimately C. gigas gained less energy from filtered matter
than M. edulis (Hawkins et al,, 1998). However, C. gigas may be
metabolically more efficient than native bivalves. C. gigas has a

competitive advantage over the Sydney rock oyster Saccostrea
glomerata in Australia, due to faster rates of feeding and greater
metabolic efficiencies of both feeding and growth (Bayne, 2002).

5.2.14. Growth of bivalve filter-feeders. Food-limited growth is a
common phenomenon among bivalves, demonstrated to occur on a
local scale in the Wadden Sea (Kamermans, 1993; Beukema and
Cadée, 1997) and on a larger scale in the Oosterschelde estuary (Hoek,
1902; Van Stralen and Dijkema, 1994; Smaal et al., 2001). The most
efficient feeder, M. edulis, would be expected to show a lower
dependence of growth on food availability. This could, however, not
be confirmed by field observations in NW European estuaries. Using
the Dynamic Energy Budget theory (Kooijman, 1986, 2000), Cardoso
et al. (2006) reconstructed food conditions for different bivalve
species in Dutch estuaries, based on growth curves determined from
the field. The results suggested that growth of both M. edulis and C.
gigas is suboptimal in Dutch coastal waters (in contrast to M. balthica
and C. edule), probably due to food limitation during some months
(Cardoso et al., 2006). Diederich (2006) studied growth of juvenile C,
gigas and M. edulis in an oyster bed, a mussel bed and on a sandflat in
the German Wadden Sea, and found density-dependent growth in M.
edulis but not in C, gigas. This corresponds to the results of a graduate
(MSc) study in the Oosterschelde estuary (in Troost, 2009). Here,
growth of caged mussels in an intertidal bed of wild Pacific oysters
was negatively related to local oyster biomass, whereas caged oysters
at the same locations showed density-independent growth. The
results of these studies suggest that Pacific oysters either ingest more
food, or an additional different type of food (e.g. zooplankton), or
utilize the ingested food more efficiently. The first option is supported
by e.g. the oyster's large filtration rate and large roughness of oyster
beds (Section 5.2.1.1). The second option is supported by results of
Riera et al. (2002; 2006) and Dubois et al. (2007) (Section 5.2.1.2). The
third option is refuted by the results of Hawkins et al (1998)
(Section 5.2.1.3).

5.2.2. Carrying capacity of estuarine ecosystems

Food competition between bivalve filter-feeders becomes more
and more important as food levels drop and the carrying capacity of
the ecosystem for bivalve filter-feeders is reached. Rapid expansion
of C. gigas in the Oosterschelde estuary resulted in an increasing
filtration capacity of the bivalve filter-feeder stock (Troost et al.,
2009a). This apparently already has a large effect on the phytoplank-
ton community, as indicated by the observed shift towards smaller
phytoplankton species (Noren et al., 1999; Geurts van Kessel et al.,
2003). Furthermore, after comparing the turn-over time of the
phytoplankton in the Oosterschelde estuary with the estimated time
needed for oysters, mussels and cockles to filter the volume of
these compartments, Geurts van Kessel et al. (2003) concluded that
the carrying capacity (total bivalve biomass supported by a given
estuarine ecosystem) may already have been reached in some parts of
the estuary. Although the approach of Geurts van Kessel et al. (2003)
ignored the complex dynamics of carrying capacity, and did not take
into account the various feedback mechanisms between bivalve
grazing and ecosystem processes (Prins et al., 1998), field observa-
tions on growth and condition of cultured stocks of M. edulis and
C. gigas seem to confirm a saturated carrying capacity (unpublished
data IMARES, the Dutch Fish Product Board and A. Cornelisse). A
simple model shows that the Dutch (and probably the entire
international) Wadden Sea may have a relatively larger carrying
capacity for bivalve filter-feeders than the Oosterschelde estuary. In
the Dutch Wadden Sea, where C. gigas is presently not a dominant
species, the carrying capacity does not appear to be reached yet.
Carrying capacity may be defined as a function of the water residence
time, primary production time and bivalve clearance time (Dame and
Prins, 1998). The water residence time is the time it takes for the
entire volume of the estuary to be refreshed by tidal exchange with
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the coastal sea. Import of nutrients and organic matter from the
coastal zone into estuaries through tidal exchange enhances the
carrying capacities of these estuaries for bivalve filter-feeders (Bacher
etal., 1998; Dame and Prins, 1998; Van Beusekom and De Jonge, 2002;
Wetsteyn et al,, 2003). Heip et al. (1995) demonstrated an inverse
relationship between water residence time and biomass of bivalve
filter-feeders in different estuaries (based on data collected by
Smaal and Prins, 1993). Primary production time (PPT) is the ratio
of yearly averages of phytoplankton biomass to phytoplankton
primary production within the estuary. It describes the time it takes
for primary production within the system to replace the standing
crop biomass of phytoplankton within the system. Bivalve clearance
time is defined as the time that is theoretically needed for the total
bivalve filter-feeder biomass to filter particles from a volume of water
equivalent to the total system volume (Smaal and Prins, 1993). In
comparison to the Oosterschelde estuary the Wadden Sea is a more
open and shallow system with higher rates of tidal exchanges with
the coastal zone. The western Dutch Wadden Sea has a much shorter
residence time (on average 10 days) than the Oosterschelde estuary
(40 days). Around 1990 the phytoplankton turnover time was shorter
than in the Oosterschelde estuary (a PPT of 0.97 days vs. 3.08 days for
the Oosterschelde estuary, references in Dame and Prins, 1998), but
this difference was apparently reduced during the 1990's due to a
decrease in primary production in the Wadden Sea which resulted in
an increase in PPT (twofold at most) (Philippart et al., 2007).

Determining the carrying capacity of an estuarine area is, however,
very difficult because of the narrow and complex coupling between
the filter-feeder community and food availability (Prins et al., 1998).
Bivalve suspension feeders enrich their immediate environment by
producing biodeposits. These biodeposits are mineralized rapidly,
resulting in a release of nutrients that stimulate primary production
(Prins and Smaal, 1994; Prins et al., 1998). The complexity of such
processes, and difficulties in monitoring them, makes it difficult to
accurately predict the carrying capacity of the system. Like mineral-
ization, bivalve clearance time is also very difficult to estimate and
capture in a model. It is a function of the biomass of the bivalves and
the seasonal influences of particulate concentrations, seston quality,
and temperature on the filtration rate of the bivalves (Smaal and
Prins, 1993). Due to the increase in total bivalve filter-feeder stock
as a result of the expansion of C. gigas, bivalve clearance time in the
Oosterschelde estuary decreased from roughly 10 days in 1990 to
7 days in 2000 (Geurts van Kessel et al., 2003). In the Dutch Wadden
Sea, the total filtration pressure does not appear to have increased
significantly since the introduction of C. gigas (Brinkman and Jansen,
2007; Philippart et al., 2007). Here, the oyster still constitutes only a
fraction of the total filter-feeder biomass in the Dutch Wadden Sea
(Brinkman and Jansen, 2007) although it is now the most dominant
bivalve in the Oosterschelde estuary (Troost et al., 2009a). Finally, the
carrying capacities of the Oosterschelde estuary and (Dutch) Wadden
Sea are difficult to compare, especially when carrying capacity is
considered as the maximum achievable bivalve biomass given natural
recruitment processes. The Oosterschelde estuary differs markedly
from the Wadden Sea in that recruitment success of M, edulis is very
low and the stock size is controlled for >95% through import and
removal by mussel farmers (Van Stralen and Dijkema, 1994). Effects
of feedback mechanisms between adult stock size and recruitment on
the total M. edulis stock, through effects on primary production and
phytoplankton composition, are therefore presently negligible in the
Oosterschelde estuary but may still play a role in the Wadden Sea
(Bos et al., 2006).

In conclusion, considering the more open and shallow character of
the Wadden Sea and the consequently shorter water residence time
and faster primary production time, the carrying capacity of the
Wadden Sea will probably not be reached in the near future. On a
smaller spatial scale however, food competition does occur in the
Wadden Sea (Kamermans, 1993; Beukema and Cadée, 1997).

Competitive interactions between C. gigas and native bivalve filter-
feeders (especially M. edulis) are therefore expected to structure the
composition of epifaunal bivalve beds locally.

5.2.3. Larviphagy

Bivalve filter-feeders retain all particles above a certain threshold
size (2-6 pm: Mghlenberg and Riisgard, 1978; Riisgard, 1988; Barillé
et al.,, 1993), and selection of particles only occurs after retention, on
the gills, labial palps and/or in the stomach and guts (e.g. Shumway et
al., 1985; Brillant and MacDonald, 2002). Larviphagy, the feeding on
(bivalve) larvae, therefore must be a common phenomenon among
bivalve filter-feeders (Lehane and Davenport, 2004; Troost et al,,
2008a). Increasing stocks of bivalve filter-feeders, as happened in the
Oosterschelde estuary due to the expansion of C. gigas, may not only
reduce food levels but also bivalve larval abundance.

Adult C. gigas, M. edulis and C. edule were shown to routinely filter
and ingest larvae of both C, gigas and M. edulis in a laboratory study
(Troost et al., 2008a). However, a difference in filtration risk was
found between the larvae of both species. Larvae of C. gigas were
filtered approximately 50% less than larvae of M. edulis in still water in
a laboratory study (Troost et al., 2008a). The reduction in filtration
rate was not caused by escape reactions of the larvae in response to
hydro-mechanical stimuli in the inhalant flow field of the adult
bivalves, since both M. edulis and C. gigas larvae did not respond to a
suction current mimicking a bivalve inhalant current in another
laboratory study (Troost et al, 2008b). Instead, the difference
appeared to be caused by C. gigas larvae migrating upwards in the
water column in response to the presence of an adult filter-feeder on
the bottom (Troost, 2009). Larvae of M. edulis did not show this
response but remained distributed homogeneously over the water
column whether an adult filter-feeder was present or not.

The hypothesis that larviphagy reduces bivalve larval abundance
was confirmed by a field study (Troost et al., 2009a). In the water
column overlying a dense oyster bed in the northern compartment of
the Oosterschelde estuary, abundance of M. edulis larvae was reduced
but abundance of C, gigas larvae was not. Reduction of mussel larvae
must have been due to larviphagy by the relatively high filter-feeder
biomass in the oyster bed. The results of C. gigas larvae were thought
to have been influenced by spawning activity of the adult oysters,
since significantly more newly produced oyster veligers were caught
at the oyster bed location than at the reference site (Troost et al.,
2009a). Furthermore, Troost et al. (2009a) calculated the order of
magnitude of the mortality rate of bivalve larvae through larviphagy
in the Oosterschelde estuary. Assuming a homogeneous distribution
of larvae throughout the Oosterschelde estuary, a homogeneous
distribution of adult bivalves on the bottom of the estuary, a
continuous complete mixing of the estuary and no washing out of
larvae to the North Sea with tidal exchange, 95% of the larvae would
have been filtered during an average pelagic stage of 20 days. In this
calculation a CR of 398 million m> day~" for the year 2000 was used,
as (roughly) estimated by Kater (2003). A larviphagy mortality rate
fof 0.95 is in the same order of magnitude as total mortality rates
generally estimated or determined for bivalve larvae and larvae of
other benthic invertebrates (Thorson, 1950; Rumrill, 1990). There-
fore, larviphagy appears to contribute significantly to mortality of
bivalve larvae in the Oosterschelde estuary. Considering the magni-
tude of the effect, recruitment is expected to be affected as well.
Although sucessful oyster spatfall appears mainly dependent on calm
weather conditions (pers. comm. A. Cornelisse, oyster farmer) and
high water temperatures during spatfall (Diederich et al., 2005),
Brandt et al. (2008) show that recruitment of C. gigas in the German
East Frisian Wadden Sea, during the early stage of invasion, was
dominated by larval supply rather than environmental factors at the
location of settlement. This supports the hypothesis that recruitment
of C. gigas itself may also be affected by the estimated high mortality
rate due to larviphagy in the Oosterschelde estuary.
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Troost et al. (2008a) showed that C. gigas larvae were filtered 50%
less than M. edulis larvae in a still-water set-up in the laboratory.
Regardless of the reservations in translating this result directly to the
field (see discussion in Troost et al., 2008a), for the situation in 2000
this would result in a reduction of f from 0.95 to 0.78 for C. gigas larvae
whereas f would still remain 0.95 for M. edulis larvae. An increasing
stock of C. gigas in the Oosterschelde estuary may therefore affect
larval abundance and subsequent recruitment of M. edulis more
strongly than its own larval abundance and recruitment. A contrib-
uting factor is the increased larval production of C. gigas with an
increasing parent-stock. Potential effects on recruitment remain,
however, hypothetical. A study into the effect of the increasing filter-
feeder stock in the Oosterschelde estuary (mainly due to the increase
in Pacific oyster stock) on larval abundance of C. gigas and M. edulis
showed a decline in larval abundance of oysters but, unexpectedly, no
effect on larval abundance of mussels (Troost et al., 2009a). The
declining Pacific oyster larval abundance was suggested to be a result
of increased larviphagy, possibly in combination with food limitation
(reducing the reproductive output of adults and/or reducing the
survival of larvae). A trend in larval abundance of mussel larvae may
have been undetectable due to the relatively short sampling period of
6 years (vs. 13 years for oyster larvae).

Summarizing, the results for M. edulis larvae on bed scale and the
results for C, gigas larvae on estuary scale do suggest that larviphagy
may be an important mortality factor for bivalve veliger larvae. The
increasing stock of filter-feeders in the Oosterschelde estuary is
therefore expected to reduce abundance of bivalve larvae, but also of
other slow-swimming zooplankton species with weak escape capa-
bilities (see Singarajah, 1969, 1975; Kisrboe and Visser, 1999;
Titelman and Kierboe, 2003; Maar et al., 2007). Eventually, bivalve
grazing may exert a top-down control on zooplankton communities
through direct grazing on weak escapers and weak swimmers, and on
benthic communities through filtration of pelagic larvae. In addition,
larvae of C. gigas swim faster than larvae of M. edulis, and can migrate
faster in vertical direction (Troost et al., 2008b). This may enable them
to more successfully avoid benthic predators, find food-rich water
layers (Raby et al., 1994) or transport themselves with the tides into
favourable directions (Shanks and Brink, 2005).

5.3. Consequences of induced changes for other trophic levels

Hypothetically, C. gigas may change entire ecosystems through
cascading effects on other trophic levels. The increased filtration
pressure in the Oosterschelde estuary due to an increased oyster stock
already appears to have affected the phytoplankton community. The
oysters exert a top-down control on phytoplankton abundance and
composition that may in turn affect higher trophic levels in the food
web (e.g. zooplankton — fish — fish-eating birds and seals). Similarly,
the oysters might induce cascading effects by exerting a top-down
control on zooplankton abundance and composition.

Since Pacific oysters are hardly eaten by birds in the Netherlands,
expansion of C. gigas may threaten the food supply of shorebirds
if they (partially) replace native bivalves. With expanding oyster
reefs, the foraging area available for birds that feed on infaunal
invertebrates would be expected to decrease only slightly. Stronger
effects may be expected for shorebirds that preferentially or obligatory
feed on M. edulis, if mussel biomass within the now mixed beds
would be reduced below a critical level. Scheiffarth et al. (2007)
consider the Eider duck Somateria mollissima and to a lesser extent the
oystercatcher H. ostralegus and the herring gull L. argentatus as the
most vulnerable birds in this respect. On the other hand, development
of oyster beds may also have a positive influence on food availability
for shorebirds. In the Oosterschelde estuary more intertidal mussels
may now be available to foraging birds because of their natural
occurrence in expanding oyster reefs on tidal flats. Since the
replacement of all mussel culture plots to the subtidal in the 1990's,

this may constitute the only availability of mussels to shorebirds such
as the oystercatcher H. ostralegus. This species was observed to feed on
mussels in an intertidal oyster bed (own unpublished observation).
Oyster beds furthermore harbour high abundances of epifaunal
invertebrates that may constitute a suitable food source for shorebirds.
However, hardly any studies have been conducted that could support
or refute this hypothesis. In the Oosterschelde estuary, some
observations on the occurrence of foraging birds in oyster reefs and
nearby reference sites indicated no apparent differences (Wijsman
et al,, 2008). Furthermore, mussels may again disappear from the
intertidal of the Qosterschelde estuary as a consequence of reduced
food levels (see Section 5.2.2).

C. gigas may also interfere with native parasite-host interactions,
thereby affecting the life cycle of parasites and reducing the parasite
load in final hosts. Thieltges et al. (2009) demonstrated that both the
introduced C. gigas and gastropod Crepidula fornicata reduce the
parasite load of mussels in mixed beds by acting as a decoy, and
argued that the invaders interfere with the life cycle of parasites. All
cercariae of the trematode Himasthla elongata that had infected
invaders in a laboratory set-up were blocked from developing into the
following stage and hence from infecting their final host. Final hosts
of trematodes are mostly birds. Krakau et al. (2006) argued that
for the trematode Renicola roscovita infecting C, gigas, transmission of
metacercariae into their final host may be reduced considerably if
potential final hosts do not consume oysters.

6. Future scenarios and conclusions
6.1. Expected effects of climate change

Predicting effects of climate change on biomass and species
composition of bivalve suspension feeders is difficult because of the
variety of possible effects, complexity of food-web relationships and
interactions between different aspects of climate and global change.
Here, I will make an effort to predict effects of global warming on the
development of C. gigas in NW European estuaries, relative to stocks of
dominant native bivalves.

In the western Dutch Wadden Sea, global warming decreases the
frequency of severe winters, thereby increases the abundance of
benthic invertebrate predators of bivalve spat, causing a decline in
abundance of the native bivalves C. edule, M. arenaria and M. balthica
in the lower intertidal (Beukema and Dekker, 2005). Successful
recruitment of these species (including M. edulis) is dependent on
severe winters as these reduce benthic invertebrate predator
abundance and retard their arrival in spring (Beukema, 1991, 1992;
Beukema et al.,, 1998; Strasser and Giinther, 2001; Strasser et al.,
2001). C. edule, M. arenaria and M. balthica still find a refuge from
predation at higher intertidal levels (Beukema and Dekker, 2005).
Whether recruitment of the Pacific oyster is also dependent on severe
winters has not been studied yet. Survival of Pacific oyster spat
appears to be high, even in severe winters (Reise, 1998) although
higher in mild winters (Diederich, 2006). Successful recruitment of
Pacific oysters may be less dependent on severe winters if the spat of
C. gigas is less vulnerable to predation by benthic invertebrate
predators. Shrimps and crabs may prefer to feed on bivalve spat
that do not have to be scraped off a hard substrate over spat of C. gigas.
Recruitment success of C. gigas is rather dependent on warm summers
that promote extensive spatfalls near its northern distribution limit
(Diederich et al, 2005). Global warming may therefore increase
spatfall success of C. gigas in summer and survival of spat in the
following winter, leading to increased rates of population increase of
the Pacific oyster while the abundance of native bivalves is expected
to decline due to increased predation rates in the subtidal and lower
intertidal.

Furthermore, Reise and Van Beusekom (2008) predict that a
combination of global warming and reduced nutrient loads will lead
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to a composition shift and a reduction in biomass of phytoplankton.
This is expected to severely impact bivalve filter-feeders although it is
at this stage impossible to predict the outcome. Reduced phytoplank-
ton biomass will likely cause a reduced carrying capacity for bivalve
filter-feeders and affect the condition of most species as is presently
observed in the Oosterschelde estuary. This may eventually, in a
worst-case scenario, lead to extirpations of species that are the
weakest competitors for food. This may be M. edulis although the
possibility that C. gigas is a weaker competitor for food cannot be
excluded (Section 5.2.1). However, we are currently still unable to
measure and model the complex coupling between bivalves and food
availability accurately enough to predict the potential of the different
estuaries for bivalve biomass.

Another consequence of global warming is sea level rise. The
Oosterschelde estuary is already slowly turning into a lagoon as a
result of the “Delta” coastal engineering project, which will be
accelerated by sea level rise. The same is expected to happen in the
Wadden Sea when sedimentation cannot keep pace with sea level rise
anymore, This is expected to affect the Pacific oyster less than native
bivalves that are more dependent on the higher intertidal. The rate of
new species introductions is furthermore expected to increase in the
coming years as a result of increasing facilitation by man (e.g. a
proliferating global trade) in synergism with global warming (Reise
and Van Beusekom, 2008). Introduction of species from the Pacific
may be facilitated by the existence of Pacific oyster beds (see
Section 5.1).

6.2. Conclusions and expected future developments

The Pacific oyster possesses all traits that are generally attributed
to successful invaders. Especially the oyster's close association to
humans, ecosystem engineering and (relative) lack of predators
probably facilitated the species’ successful establishment in conti-
nental NW European estuaries, in the most northern areas aided by
relatively warm summers and mild winters. The advantage of C. gigas
over native bivalve filter-feeders caused by its relative lack of
predators may, however, disappear in the future since more and
more non-native species, including invertebrate predators of C. gigas,
are introduced in NW Europe. Competitive ability of C. gigas also
contributed to its establishment success. Competition with native
species in receiving communities is often a bottleneck for establish-
ment, but may also lead to replacement of native species. Although
C. gigas is a strong competitor, the species only appears to compete
with native bivalves on a local scale. Habitat requirements overlap,
but not completely. C. gigas appears to partially fill in an empty
niche (possibly the one left behind by O. edulis; Reise, 1998; Cadée,
2007; Troost, 2009) and to only compete with native bivalves in the
margins. Invasion by C. gigas may thus have caused a decrease in
actual niche breadth of native bivalves (Colwell and Futuyma, 1971);
they will only compete for resources where requirements overlap,
and only if resources are limiting.

Although the Pacific oyster induced many changes in the receiving
ecosystems, mainly related to its ecosystem engineering activities and
high filtration rate and sediment bio-deposition, these effects appear
relatively small and local considering the remarkably rapid expansion
of the oyster. Instead of threatening the Wadden Sea ecosystem by
inducing major changes, the Pacific oysters merely seem to benefit
from on-going large scale changes. Furthermore, development of
oyster reefs may compensate for habitat loss and biodiversity loss in
estuarine environments that were caused by human activities in
previous decades. Oyster reefs may in the future even play an
important role in the capturing of sediment and the protection of tidal
flats from erosion, thereby buffering the effects of sea level rise.

Compared to the Wadden Sea, however, effects induced by C. gigas
have a higher impact on the Oosterschelde estuary. The rapid increase
in stock size of C. gigas, combined with the presence of large stocks of

cultured bivalves, already led to a saturation of the carrying capacity
of the Oosterschelde estuary for bivalve filter-feeders. This apparently
resulted in a reduced condition of cultured bivalves and could, in a
worst-case scenario, lead to a replacement of the native M. edulis
locally although it is still not clear whether C. gigas is a better
competitor for food than M. edulis.

Future developments of the Pacific oyster stock are difficult to
predict because of interacting effects of climate change. In the
Oosterschelde estuary, expansion of C. gigas appears to have come
to a halt due to the saturated carrying capacity. In the Wadden Sea
however, there is still ecological space left for expansion of the Pacific
oyster stock. Considering the development until now, further
expansion of Pacific oysters in the Wadden Sea is expected to occur
more rapidly on hard substrates presented by existing mussel/oyster
beds and shell banks than on soft bottoms. All mussel beds will
probably turn into mixed mussel/oyster beds with different propor-
tions of both species depending on local environmental parameters.
Eventually an equilibrium situation would be expected to establish,
with more or less stable stock sizes of native bivalves and the
introduced oyster. However, different aspect of global change such as
new biological invasions and climate change are expected to
frequently upset these ecosystems in the coming decades and may
constantly prevent the establishment of a new stable state.

Acknowledgements

Comments by Wim Wolff, Pauline Kamermans, Gerhard Cadée,
Georg Nehls, Maria van Leeuwe, Aad Smaal, Peter Herman, Norbert
Dankers, Eize Stamhuis and anonymous reviewers greatly improved
earlier versions of the manuscript. The author was sponsored by the
Netherlands Organization for Scientific Research — Earth and Life
Sciences (NWO—ALW) (project number 812.03.003). This publication
was partially financed by the Wadden Sea Society.

References

Airoldi, L., Beck, M\W., 2007. Loss, status and trends for coastal marine habitats of
Europe. Oceanography and Marine Biology: An Annual Review 45, 345-405.

Almeida, M.J,, Machado, J., Coimbra, ]., 1996. The effect of Polydora sp. infestation on the
shell calcification of the oyster Crassostrea gigas. Bulletin de I'Institut océanographique
(Monaco) Numéro spécial 14, 195-202.

AquaSense, 2003. De sublittorale hard-substraat levensgemeenschappen in de
Oosterschelde. Uitgebreide omschrijving van de ontwikkelingen in de periode
1985-2002. AquaSense, commissioned by the National Institute of Coastal and
Marine Management (RWS-RIKZ), The Netherlands, Report, pp. 1972-1973.

Arakawa, K.Y., 1990a. Commercially important species of oysters in the world. Marine
Behaviour and Physiology 17, 1-13.

Arakawa, KY., 1990b. Natural spat collecting in the Pacific oyster Crassostrea gigas
(Thunberg). Marine Behaviour and Physiology 17, 95-128.

Bacher, C., Duarte, P., Ferreira, J.G., Héral, M, Raillard, O., 1998. Assessment and
comparison of the Marennes-Oléron Bay (France) and Carlingford Lough (Ireland)
carrying capacity with ecosystem models. Aquatic Ecology 31, 379-394.

Banks, M.A., McGoldrick, D.J., Borgeson, W., Hedgecock, D., 1994. Gametic incompat-
ibility and genetic divergence of Pacific and Kumamoto oysters. Crassostrea gigas
and C. sikamea. Marine Biology 121, 127-135.

Baptist, H., 2005. Habitattoets proef weghalen oesterbanken in de Oosterschelde.
Ecologisch Adviesbureau Henk Baptist, Kruisland, The Netherlands.

Barillé, L., Prou, ., Héral, M., Bougrier, S., 1993. No influence of food quality, but ration-
dependent retention efficiencies in the Japanese oyster Crassostrea gigas. Journal of
Experimental Marine Biology and Ecology 171, 91-106.

Bartholomew, A, Diaz, R]., Cicchetti, G., 2000, New dimensionless indices of structural
habitat complexity: predicted and actual effects on a predator’s foraging success.
Marine Ecology Progress Series 206, 45-58.

Bartol, LK., Mann, R, Luckenbach, M., 1999. Growth and mortality of oysters
(Crassostrea virginica) on constructed intertidal reefs: effects of tidal height and
substrate level, Journal of Experimental Marine Biology and Ecology 237, 157-184.

Bayne, B.L., 1976. Marine Mussels: their Ecology and Physiology. Cambridge University
Press, Cambridge.

Bayne, B.L.,, 2002. A physiological comparison between Pacific oysters Crassostrea gigas
and Sydney Rock oysters Saccostrea glomerata: food, feeding and growth in a
shared estuarine habitat. Marine Ecology Progress Series 232, 163-178.

Bayne, B.L., 2004. Phenotypic flexibility and physiological tradeoffs in the feeding and
growth of marine bivalve molluscs. Integrative and Comparative Biology 44,
425-432.



162 K. Troost / Journal of Sea Research 64 (2010) 145-165

Beukema, J.J., 1976. Biomass and species-richness of the macro-benthic animals living
on the tidal flats of the Dutch Wadden Sea. Netherlands Journal of Sea Research 10,
236-261.

Beukema, JJ., 1991. The abundance of shore crabs Carcinus maenas (L.) on a tidal flat in
the Wadden Sea after cold and mild winters. Journal of Experimental Marine
Biology and Ecology 153, 97-113.

Beukema, J.J., 1992. Dynamics of juvenile shrimp Crangon crangon in a tidal-flat nursery
of the Wadden Sea after mild and cold winters. Marine Ecology Progress Series 83.

Beukema, JJ., Essink, K., Michaelis, H., Zwarts, L, 1993. Year-to-year variability in the
biomass of macrobenthic animals on tidal flats of the Wadden Sea: how predictable
is this food source for birds? Netherlands Journal of Sea Research 31, 319-330.

Beukema, JJ., Cadée, G.C., 1997. Local differences in macrozoobenthic response to
enhanced food supply caused by mild eutrophication in a Wadden Sea area: food is
only locally a limiting factor. Limnology and Oceanography 42, 1424-1435.

Beukema, ].J., Honkoop, PJ.C., Dekker, R., 1998, Recruitment in Macoma balthica after
mild and cold winters and its possible control by egg production and shrimp
predation. Hydrobiologia 375 (376), 23-24.

Beukema, J.J., Dekker, R., 2005. Decline of recruitment success in cockles and other
bivalves in the Wadden Sea: possible roles of climate change, predation on
postlarvae and fisheries. Marine Ecology Progress Series 287, 149-167.

Beukema, JJ., Dekker, R., 2009. Extraordinarily low mortality rates reported in juvenile
Pacific oysters in the German Wadden Sea. Helgoland Marine Research. doi:10.1007/
510152-009-0169-4 Available online DOL

Blossey, B., Notzold, R., 1995. Evolution of increased competitive ability in invasive non-
indigenous plants: a hypothesis. Journal of Ecology 83, 887-889.

Bos, 0.G., Hendriks, LE., Strasser, M., Dolmer, P., Kamermans, P., 2006. Estimation of
food limitation of bivalve larvae in coastal waters of north-western Europe. Journal
of Sea Research 55, 191-206.

Boudry, P., Heurtebise, S., Collet, B, Cornette, F., Gérard, A.,, 1998. Differentiation
between populations of the Portuguese oyster, Crassostrea angulata (Lamark) and
the Pacific oyster, Crassostrea gigas (Thunberg), revealed by mtDNA RFLP analysis.
Journal of Experimental Marine Biology and Ecology 226, 279-291.

Bougrier, S., Geairon, P., Deslous-Paoli, ].M., Bacher, C,, Jonquiéres, G., 1995, Allometric
relationships and effects of temperature on clearance and oxygen consumption
rates of Crassostrea gigas (Thunberg). Aquaculture 134, 143-154.

Bougrier, S, Hawkins, AJ.S., Héral, M, 1997. Preingestive selection of different
microalgal mixtures in Crassostrea gigas and Mytilus edulis, analysed by flow
cytometry. Aquaculture 150, 123-134,

Brandt, G., Wehrmann, A., Wirtz, KW., 2008. Rapid invasion of Crassostrea gigas into the
German Wadden Sea dominated by larval supply. Journal of Sea Research 59,
279-296.

Brillant, M.G.S., MacDonald, B.A., 2002. Postingestive selection in the sea scallop
(Placopecten magellanicus) on the basis of chemical properties of particles. Marine
Biology 141, 457-465.

Brinkman, A.G., Jansen, J.M., 2007. Draagkracht en exoten in de Waddenzee.
Wageningen IMARES, Institute for Marine Resources and Ecosystem Studies,
Report C073/07, Yerseke, The Netherlands.

Bruins, RW.B., 1983. Crassostrea gigas (Thunberg, 1793) op Texel. Correspondentieblad
van de Nederlandse Malacologische Vereniging 215, 1436-1438.

Buroker, N.E., Hershberger, WK, Chew, KK., 1979. Population genetics of the family
Ostreidae, L. Intraspecific studies of Crassostrea gigas and Saccostrea commercialis.
Marine Biology 54, 157-169.

Buschbaum, C., Dittmann, S., Hong, J.-S., Hwang, L-S,, Strasser, M., Thiel, M., Valdivia, N.,
Yoon, S.-P., Reise, K., 2009. Mytilid mussels: global habitat engineers in coastal
sediments. Helgoland Marine Research 63, 47-58.

Butman, CA., 1987. Larval settlement of soft-sediment invertebrates: the spatial scales
of pattern explained by active habitat selection and the emerging role of
hydrodynamical processes. Oceanography and Marine Biology: an Annual Review
25, 113-165.

Cadée, G.C,, 2001. Herring gulls learn to feed on a recent invader in the Dutch Wadden
Sea, the Pacific oyster Crassostrea gigas. Basteria 65, 33-42.

Cadée, G.C., 2007. Vervangen de recente Japanse oesterriffen de vroegere oesterban-
ken? De Levende Natuur 108, 62-65.

Cadée, G.C., 2008a. Oystercatchers Haematopus ostralegus catching Pacific oysters
Crassostrea gigas. Basteria 72, 25-31.

Cadée, G.C., 2008b. Herring gulls feeding again on Pacific oysters Crassostrea gigas in the
Dutch Wadden Sea near Texel. Basteria 72, 33-36.

Cardoso, J.F.M.F., Witte, ]I, Van der Veer, HW, 2006. Intra- and interspecies
comparison of energy flow in bivalve species in Dutch coastal waters by means
of the Dynamic Energy Budget (DEB) theory. Journal of Sea Research 56, 182-197.

Cardoso, .F.ME, Langlet, D., Loff, ].F.,, Martins, A.R., Witte, ].L, Santos, P.T., Van der Veer,
H.W.,, 2007. Spatial variability in growth and reproduction of the Pacific oyster
Crassostrea gigas (Thunberg, 1793) along the west European coast. Journal of Sea
Research 57, 303-315.

Carlton, J.T., 1989. Man's role in changing the face of the ocean: biological invasions and
implications for conservation of near-shore environments. Conservation Biology 3,
265-273.

Case, TJ., Gilpin, M.E., 1974, Interference competition and niche theory. Proceedings of
the National Academy of Sciences of the United States of America 71, 3073-3077.

Cognie, B., Haure, ], Barillé, L, 2006. Spatial distribution in a temperate coastal
ecosystem of the wild stock of the farmed oyster Crassostrea gigas (Thunberg).
Aquaculture 259, 249-259.

Colautti, RL, Grigorovich, LA., Maclsaac, HJ., 2006. Propagule pressure: a null model for
biological invasions. Biological Invasions 8, 1023-1037.

Colwell, RK., Futuyma, D.J., 1971. On the measurement of niche breadth and overlap.
Ecology 52, 567-576.

Commito, J.A,, Rusignuolo, B.R., 2000. Structural complexity in mussel beds: the fractal
geometry of surface topography. Journal of Experimental Marine Biology and
Ecology 255, 133-152.

Commito, J.A., Dankers, N, 2001. Dynamics of spatial and temporal complexity in
European and North American soft-bottom mussel beds. In: Reise, K. (Ed.),
Ecological Comparisons of Sedimentary Shores. Springer-Verlag, Heidelberg,
pp. 39-59.

Commito, J.A., Como, S., Grupe, B.M., Dowa, W.E., 2008. Species diversity in the soft-
bottom intertidal zone: biogenic structure, sediment, and macrofauna across
mussel bed spatial scales. Journal of Experimental Marine Biology and Ecology 366,
70-81.

Cuddington, K., Hastings, A, 2004. Invasive engineers. Ecological Modelling 178,
335-347.

Dame, RF,, Prins, T.C., 1998. Bivalve carrying capacity in coastal ecosystems. Aquatic
Ecology 31, 409-421.

Dankers NMJA, Meijboom A, De Jong, M.L,, Dijkman EM, Cremer ].S.M.,, Fey, F.E., Smaal AC,
Craeymeersch JA, Brummelhuis EBM, Steenbergen ]., Baars, JM.D.D.,, 2006. De
ontwikkeling van de Japanse oester in Nederland. Wageningen IMARES, Institute for
Marine Resources and Ecosystem Studies, Report C040/06, Yerseke, The Netherlands.

Davenport, J., Smith, R]JJW., Packer, M., 2000. Mussels Mytilus edulis: significant
consumers and destroyers of mesozooplankton. Marine Ecology Progress Series
198, 131-137.

De Bruyne, R.H., 2004. Veldgids Schelpen. KNNV Uitgeverij, Utrecht.

Del Hoyo, ], Elliott, A., Sargatal, ., 1996. Handbook of Birds of the World. Volume 3:
Hoatzin to Auks. Birdlife International and Lynx Edicions, Barcelona. pp 821 pp.

Diederich, S., 2005a. Differential recruitment of introduced Pacific oysters and native
mussels at the North Sea coast: coexistence possible? Journal of Sea Research 53,
269-281.

Diederich S (2005b) Invasion of Pacific oysters (Crassostrea gigas) in the Wadden Sea:
competitive advantage over native mussels. PhD thesis, University of Kiel,
Germany, 154 pp.

Diederich, S., Nehls, G., Van Beusekom, ].E.E., Reise, K., 2005. Introduced Pacific oysters
(Crassostrea gigas) in the northern Wadden Sea: invasion accelerated by warm
summers? Helgoland Marine Research 59, 97-106.

Diederich, S., 2006. High survival and growth rates of introduced Pacific oysters may
cause restrictions on habitat use by native mussels in the Wadden Sea. Journal of
Experimental Marine Biology and Ecology 328, 211-227.

Dijkema, R., 1997. Molluscan fisheries and culture in the Netherlands. In; Mackenzie Jr.,
CL, Burrell Jr,, V.G., Rosenfield, A, Hobart, W.L. (Eds.), The History, Present
Condition and Future of the Molluscan Fisheries of North and Central America and
Europe, 129. NOAA Technical Report NMFS, Europe, pp. 115-135.

Dinamani, P., 1991. The Pacific oyster, Crassostrea gigas (Thunberg, 1793), in New
Zealand. In; Menzel, W, (Ed.), Estuarine and Marine Bivalve Mollusk Culture, CRC
Press, Boca Raton, USA, pp. 343-352.

Dittmann, S., 1990. Mussel beds — amensalism or amelioration for intertidal fauna?
Helgoldnder Meeresuntersuchungen 44, 335-352.

Drinkwaard, A.C., 1999a. Introductions and developments of oysters in the North Sea
area: a review. Helgolinder Meeresuntersuchungen 52, 301-308.

Drinkwaard, A.C, 1999b. History of cupped oyster in European coastal waters,
Aquaculture Europe 15 (7), 14-41.

Dubois, S., Orvain, F., Marin-Léal, .C., Ropert, M., Lefebvre, S., 2007. Small-scale spatial
variability of food partitioning between cultivated oysters and associated
suspension-feeding species, as revealed by stable isotopes. Marine Ecology Progress
Series 336, 151-160.

Dupuy, C., Le Gall, S., Hartmann, HJ., Bréret, M., 1999. Retention of ciliates and
flagellates by the oyster Crassostrea gigas in French Atlantic coastal ponds: protists
as a trophic link between bacterioplankton and benthic suspension-feeders. Marine
Ecology Progress Series 177, 165-175,

Dupuy, C,, Vaquer, A,, Lam-Héai, T., Rougier, C., Mazouni, N., Lautier, ]., Collos, Y., Le Gall,
S., 2000. Feeding rate of the oyster Crassostrea gigas in a natural planktonic
community of the Mediterranean Thau Lagoon. Marine Ecology Progress Series
205, 171-184.

Engelsma, M.Y., Haenen, O.LM,, 2004, Jaarverslag schelpdierziekten 2003, Resultaten
van onderzoek naar ziekten, plagen en mortaliteiten in schelpdierbestanden van
het Grevelingenmeer en de Qosterschelde in 2003. CIDC-Lelystad, Report 04/
0009045, Lelystad, The Netherlands.

Engelsma, M.Y., Roozenburg, I, Joly, J.-P., 2008, First isolation of Nocardia crassostreae
from Pacific oysters (Crassostrea gigas) in Europe. Diseases of Aquatic Organisms
80, 229-234.

English, L]., Maguire, G.B., Ward, R.D., 2000. Genetic variation of wild and hatchery
populations of the Pacific oyster, Crassostrea gigas (Thunberg), in Australia.
Aquaculture 187, 283-298,

Ernande, B, Boudry, P, Clobert, ]., Haure, J., 2003. Plasticity in resource allocation based
life history traits in the Pacific oyster. Crassostrea gigas. . Spatial variation in food
abundance. Journal of Evolutionary Biology 17, 342-356.

Faasse, M., Ligthart, M., 2007. The American oyster drill, Urosalpinx cinerea (Say, 1822),
introduced to The Netherlands — increased risks after ban on TBT? Aquatic
Invasions 2, 402-406.

Famme, P., Riisgird, H.U,, Jergensen, C.B., 1986. On direct measurement of pumping
rates in the mussel Mytilus edulis. Marine Biology 92, 323-327.

FAO, 2004. Aquaculture production 2002. FAO Fishery Information, Data and Statistics
Unit, Rome,

Fey, F., Dankers, N., Steenbergen, ], Goudswaard, K., 2009. Development and
distribution of the non-indigenous Pacific oyster (Crassostrea gigas) in the Dutch
Wadden Sea. Aquaculture International. doi:10.1007/s10499-009-9268-0 Avail-
able online,



K. Troost / Journal of Sea Research 64 (2010) 145-165 163

Foster-Smith, R.L., 1975. The effect of concentration of suspension on the filtration rates
and pseudofaecal production for Mytilus edulis L., Cerastoderma edule (L.) and
Venerupis pullastra (Montagu). Journal of Experimental Marine Biology and Ecology
17,1-22.

Fréchette, M., Butman, C.A., Geyer, W.R., 1989, The importance of boundary-layer flows
in supplying phytoplankton to the benthic suspension feeder, Mytilus edulis L.
Limnology and Oceanography 34, 19-36.

Fujiya, M., 1970. Oyster farming in Japan. Helgolinder Meeresuntersuchungen 20,
464-479.

Fukui, Y., 1988. Comparative studies on the life history of the grapsid crabs (Crustacea,
Brachyura) inhabiting intertidal cobble and boulder shores. Publications of the Seto
Marine Biological Laboratory 33, 121-162.

Galleni, L, Tongiorgi, P., Ferrero, E., Salghetti, U., 1980. Stylochus mediterraneus
(Turbellaria Polycladida), a predator of Mytilus galloprovincialis. Marine Biology
35, 317-326.

Gerdes, D., 1983. The Pacific oyster Crassostrea gigas. Part 1. Feeding behaviour of larvae
and adults. Aquaculture 31, 195-219.

Geurts van Kessel, A.J.M., Kater, B.J., Prins, T.C., 2003. Veranderende draagkracht van de
Oosterschelde voor kokkels. National Institute for Coastal and Marine Management
(RIKZ) and Netherlands Institute for Fisheries Research (RIVO)} Report RIKZ/
2003.043 / RIVO C062/03, Middelburg, The Netherlands.

Gosling, E., 2003. Bivalve molluscs. Biology, Ecology and Culture. Blackwell Publishing,
Oxford.

Goud, ]., Titselaar, FF.LM., Mulder, G., 2008. Weer een “verstekeling”: de Japanse
Stekelhoren Ocinebrellus inornatus (Récluz, 1851) (Gastropoda, Muricidae) levend
aangetroffen in de Oosterschelde. Spirula 365, 134-136.

Grabowski, ].H., 2004. Habitat complexity disrupts predator-prey interactions but not
the trophic cascade on oyster reefs. Ecology 85, 995-1004.

Green, RH,, 1971, A multivariate statistical approach to the Hutchinsonian niche:
bivalve molluscs of central Canada. Ecology 52, 544-556.

Grizel, H., Héral, M., 1991. Introduction into France of the Japanese oyster (Crassostrea
gigas). ICES Journal of Marine Science 47, 399-403.

Gruet, Y., Héral, M., Robert, ].M., 1976. Premiéres observations sur l'introduction de la
faune associée au naissain d'huitres Japonaises Crassostrea gigas (Thunberg),
importé sur la cote Atlantique Frangaise. Cahiers de Biologie Marine 17, 173-184.

Gilinther, CP., 1996. Development of small Mytilus beds and its effects on resident
intertidal macrofauna. P.S.Z.N 1. Marine Ecology 17, 117-130.

Gutiérrez, J.L, Jones, C.G., Strayer, D.L, Iribarne, 0.0., 2003, Mollusks as ecosystem
engineers: the role of shell production in aquatic habitats, Oikos 101, 79-90.
Haenen, 0., 2001. Jaarverslag Oesterziekten 2000. Resultaten in 2000 van onderzoek
naar ziekten, plagen en mortaliteiten in de oesterbestanden van de Oosterschelde
(Yerseke bank) en het Grevelingenmeer. ID Lelystad, ID 01/00-10833, Lelystad, The

Netherlands.

Hamdoun, AM., Cheney, D.P., Cherr, G.N,, 2003. Phenotypic plasticity of HSP70 and
HSP70 gene expression in the Pacific oyster (Crassostrea gigas): implications for
thermal limits and induction of thermal tolerance. The Biological Bulletin 205,
160-169.

Hartstein, N.D., Rowden, A.A., 2004. Effect of biodeposits from mussel culture on
macroinvertebrate assemblages at sites of different hydrodynamic regime. Marine
Environmental Research 57, 339-357.

Hawkins, AJ.S., Bayne, B.L,, Bougrier, S., Héral, M., Iglesias, ] 1.P., Navarro, E., Smith, REM.,
Urrutia, M.B., 1998. Some general relationships in comparing the feeding physiology of
suspension-feeding bivalve molluscs. Journal of Experimental Marine Biology and
Ecology 219, 87-103.

Hayward, PJ., Ryland, J.S., 1990. The marine fauna of the British Isles and North-West
Europe. Molluscs to Chordates, Vol. II. Clarendon Press, Oxford.

Hedgecock, D., Langdon, C,, Blouin, M., Allen, SKJ., 1996, Genetic improvement of
cultured Pacific oysters by selection. Agricultural Experiment Station, Oregon State
University, Coastal Marine Experiment Station Annual Report, Special Report, 968.
40 pp.

Heip, CH.R, Goosen, N.K., Herman, P.M.]., Kromkamp, J.C., Middelburg, ]., Soetaert, K.,
1995. Production and consumption of biological particles in temperate tidal
estuaries. Oceanography and Marine Biology: An Annual Review 33, 1-149,

Helm, M.M,, Bourne, N., Lovatelli, A., 2004. Hatchery culture of bivalves — a practical
manual. FAO Fisheries Technical Paper. FAO, Rome.

Hiddink, ].G., Marijnissen, S.A.E., Troost, K., Wolff, W.J., 2002. Predation on 0-group and
older year classes of the bivalve Macoma baithica: interaction of size selection and
intertidal distribution of epibenthic predators. Journal of Experimental Marine
Biology and Ecology 269, 223-248.

Hoek, P.P.C., 1902. Rapport over de oorzaken van den achteruitgang in hoedanigheid
van de zeeuwsche oester. Staatsuitgeverij, Den Haag, The Netherlands. 176 pp.
Honkoop, PJ.C., Van der Meer, ], 1998. Experimentally induced effects of water
temperature and immersion time on reproductive output of bivalves in the
Wadden Sea. Journal of Experimental Marine Biology and Ecology 220, 227-246.

Honkoop, PJ.C,, Bayne, B.L., Drent, ], 2003. Flexibility of size of gills and palps in the Sydney
rock oyster Saccostrea glomerata (Gould, 1850) and the Pacific oyster Crassostrea gigas
(Thunberg, 1793). Journal of Experimental Marine Biology and Ecology 282,113-133.

Hostens, K., Hamerlynck, O., 1994. The mobile epifauna of the soft bottoms in the
subtidal Oosterschelde estuary: structure, function and impact of the storm-surge
barrier. Hydrobiologia 282 (283), 479-496.

Imai, T., Sakai, S., 1961. Study of breeding of Japanese Oyster, Crassostrea gigas. Tohuku
Journal of Agricultural Research 12, 125-171.

Jonckheere, 1., 2006. Nieuwe vestigingsplaats voor Japanse oesters Crassostrea gigas
(Thunberg, 1793). De Strandvlo 26, 135-138.

Jones, C.G.,, Lawton, J.H., Shachak, M., 1994. Organisms as ecosystem engineers. Oikos
69, 373-386.

Jonsson, P.R., Petersen, ].K., Karlsson, 0., Loo, L.-O., Nilsson, S., 2005. Particle depletion
above experimental bivalve beds: in situ measurements and numerical modelling
of bivalve filtration in the boundary layer. Limnology and Oceanography 50,
1989-1998.

Kamermans, P., 1993. Food limitation in cockles (Cerastoderma edule (L.)): influences of
location on tidal flat and of nearby presence of mussel beds. Netherlands Journal of
Sea Research 31, 71-81.

Karlsson, 0., Jonsson, P.R., Larsson, A.L, 2003. Do large seston particles contribute to
the diet of the bivalve Cerastoderma edule? Marine Ecology Progress Series 261,
161-173.

Kater, BJ., 2003. De voedselsituatie voor kokkels in de Qosterschelde. Netherlands
Institute for Fisheries Research (RIVO), Report C018/03, Yerseke, the Netherlands.

Kater, B]J., Baars, ].M.D.D., 2004. The potential of aerial photography for estimating
surface areas of intertidal Pacific oyster beds (Crassostrea gigas). Journal of Shellfish
Research 23, 773-779.

Kater, BJ., Geurts van Kessel, AJ.M.,, Baars, ]JM.D.D,, 2006. Distribution of cockles
Cerastoderma edule in the Eastern Scheldt: habitat mapping with abiotic variables.
Marine Ecology Progress Series 318, 221-227.

Kato, K., 1944. Polycladida of Japan. Sigenkagaku Kenkyusho 1, 257-318.

Keane, RM,, Crawley, MJ., 2002, Exotic plant invasions and the enemy release
hypothesis. Trends in Ecology and Evolution 14, 164-170.

Keddy, P.A., Twolan-Strutt, L., Wisheu, L.C., 1994. Competitive effect and response
ranking in 20 wetland plants: are they consistent across three environments?
Journal of Ecology 82, 635-643.

Kerckhof, F., 1997. De schaalhoorn Patella vulgata en de Japanse oester Crassostrea gigas
na de koude winters 1995/1996 en 1996/1997. De Strandvlo 17, 49-51.

Kerckhof, F., Vink, R.J., Nieweg, D.C., Post, ].N.J., 2006. The veined whelk Rapana venosa
has reached the North Sea. Aquatic Invasions 1, 35-37.

Kerckhof, F., Haelters, ., Gollasch, S., 2007. Alien species in the marine and brackish
ecosystem; the situation in Belgian waters. Aquatic Invasions 2, 243-257.

Kingsford, M.J., Leis, .M., Shanks, A., Lindemand, K.C., Morgan, S.G., Pineda, ]., 2002.
Sensory environments, larval abilities and local self-recruitment. Bulletin of Marine
Science 70, 309-340.

Kigrboe, T., Visser, AW, 1999. Predator and prey perception in copepods due to
hydromechanical signals. Marine Ecology Progress Series 179, 81-95.

Kobayashi, M., Hofmann, EE., Powell, EN,, Klinck, ].M., Kusaka, K., 1997. A population
dynamics model for the Japanese oyster, Crassostrea gigas. Aquaculture 149, 285-321.

Kochmann, J., Buschbaum, C,, Volkenborn, N,, Reise, K., 2008, Shift from native mussels
to alien oysters: differential effects of ecosystem engineers. Journal of Experimental
Marine Biology and Ecology 364, 1-10.

Kolar, C.S., Lodge, D.M., 2001. Progress in invasion biology: predicting invaders. Trends
in Ecology and Evolution 16, 199-204.

Kooijman, S.A.LM., 1986. Energy budgets can explain body size relations. Journal of
Theoretical Biology 121, 269-282,

Kooijman, S.A.LM., 2000. Dynamic Energy and Mass Budgets in Biological Systems.
Cambridge University Press, Cambridge.

Korringa, P., 1951. Polydora als vijand van de oestercultuur. Ministerie van Landbouw,
Visserij en Voedselvoorziening.

Korringa, P., 1952. Recent advances in oyster biology. The Quarterly Review of Biology
27 (266-308), 339-365.

Korringa, P., 1976. Farming the Cupped Oysters of the Genus Crassostrea. Elsevier
Scientific Publishing Company, Amsterdam.

Krakau, M., Thieltges, D.W., Reise, K., 2006. Native parasites adopt introduced bivalves
of the North Sea. Biological Invasions 8, 919-925.

Lavoie, R.E., 2005. Oyster culture in North America. History, Present and Future. Oyster
Research Institute News 17.

Leewis, RJ., Waardenburg, HW., Van der Tol, MM\W.M,, 1994. Biomass and standing
stock on sublittoral hard substrates in the Oosterschelde estuary (SW Netherlands).
Hydrobiologia 282 (283), 397-412.

Lehane, C., Davenport, J., 2004. Ingestion of bivalve larvae by Mytilus edulis: experimental
and field demonstrations of larviphagy in farmed blue mussels. Marine Biology 145,
101-107.

Liu, H,, Stiling, P., 2006. Testing the enemy release hypothesis: a review and meta-
analysis. Biological Invasions 8, 1535-1545.

Lodge, D.M., 1993. Biological invasions: lessons for ecology. Trends in Ecology and
Evolution 8, 133-137.

Lotze, HK., 2005. Radical changes in the Wadden Sea fauna and flora over the last
2,000 years. Helgoland Marine Research 59, 71-83,

Luttikhuizen, P.C., Honkoop, P.J.C., Drent, ]., Van der Meer, J., 2004. A general solution for
optimal egg size during external fertilization, extended scope for intermediate
optimal egg size and the introduction of Don Ottavio “tango”. Journal of Theoretical
Biology 231, 333-343,

Maar, M,, Nielsen, T.G., Bolding, K., Burchard, H., Visser, AW., 2007. Grazing effects of
blue mussel Mytilus edulis on the pelagic food web under different turbulence
conditions. Marine Ecology Progress Series 339, 199-213.

Mann, R, Burreson, E.M., Baker, P.K,, 1991. The decline of the Virginia oyster fishery in
Chesapeake Bay: considerations for introduction of a non-endemic species,
Crassostrea gigas (Thunberg, 1793). Journal of Shellfish Research 10, 379-388.

Markert, A,, Wehrmann, A., Kroncke, 1., 2009. Recently established Crassostrea-reefs
versus native Mytilus-beds: differences in ecosystem engineering affects the
macrofaunal communities (Wadden Sea of Lower Saxony, southern German Bight).
Biological Invasions. doi:10.1007/510530-009-9425-4 Available online, 18 pp.

Martel, C,, Viard, F., Bourguet, D., Garcia-Meunier, P., 2004. Invasion by the marine
gastropod Ocinebrellus inornatus in France I. Scenario for the source
of introduction. Journal of Experimental Marine Biology and Ecology 305,
155-170.



164 K. Troost / Journal of Sea Research 64 (2010) 145-165

Marvier, M., Kareiva, P., Neubert, M.G., 2004, Habitat destruction, fragmentation,
and disturbance promote invasion by habitat generalists in a multispecies
metapopulation. Risk Analysis 24, 869-878.

Mehlenberg, F., Riisgard, H.U., 1978. Efficiency of particle retention in 13 species of
suspension feeding bivalves. Ophelia 17, 239-246.,

Mohlenberg, F., Riisgard, H.U., 1979, Filtration rate, using a new indirect technique, in
thirteen species of suspension-feeding bivalves. Marine Biology 54, 143-147.
Morton, B., 1997. The aquatic nuisance species problem: a global perspective and
review. In: D'Itri, F.M. (Ed.), Zebra Mussels and Aquatic Nuisance Species. CRC Press,

Boca Raton, USA, pp. 1-54.

Navarro, E,, Iglesias, J.LP., Ortega, M.M., 1992. Natural sediment as a food source for the
cockle Cerastoderma edule (1.): effect of variable particle concentration on feeding,
digestion and the scope for growth. Journal of Experimental Marine Biology and
Ecology 156, 69-87.

Nehls, G., Hertzler, I, Scheiffarth, G., 1997. Stable mussel Mytilus edulis beds in the
Wadden Sea. They're just for the birds Helgoldnder Meeresuntersuchungen, 51, pp.
361-372.

Nehls, G., Diederich, S., Thieltges, D.W., Strasser, M., 2006. Wadden Sea mussel beds
invaded by oysters and slipper limpets: competition or climate control? Helgoland
Marine Research 60, 135-143.

Nehls, G., Biittger, H., 2007. Spread of the Pacific Oyster Crassostrea gigas in the Wadden
Sea. Causes and Consequences of a Successful Invasion. BioConsult SH, Husum, on
behalf of the Common Wadden Sea Secretariat, Wilhelmshaven, HARBASINS
report, Husum, Germany.

Nehring, S., 2006. Four arguments why so many alien species settle into estuaries,
with special reference to the German river Elbe. Helgoland Marine Research 60,
127-134.

Nestlerode, J.A., Luckenbach, M.W,, O'Beirmn, F.X,, 2007. Settlement and survival of the
oyster Crassostrea virginica on created oyster reef habitats in Chesapeake Bay.
Restoration Ecology 15, 273-283.

Noren, F., Haamer, J., Lindahl, 0., 1999. Changes in the plankton community passing a
Mytilus edulis mussel bed. Marine Ecology Progress Series 191, 187-194.

6 Foighil, D., Gaffney, P.M.,, Hilbish, TJ., 1995. Differences in mitochondrial 16s
ribosomal gene sequences allow discrimination among American [Crassostrea
virginica (Gmelin)] and Asian [C gigas (Thunberg) C ariakensis Wakiya] oyster
species. Journal of Experimental Marine Biology and Ecology 192, 211-220.

Occhipinti-Ambrogi, A., Savini, D., 2003. Biological invasions as a component of global
change in stressed marine ecosystems. Marine Pollution Bulletin 46, 542-551.

Petersen, J.K,, Bougrier, S., Smaal, A.C,, Garen, P., Robert, S., Larsen, J.E.N., Brummelhuis,
E.B.M.,, 2004. Intercalibration of mussel Mytilus edulis clearance rate measurements.
Marine Ecology Progress Series 267, 187-194.

Philippart, CJ.M., Beukema, ].J., Cadée, G.C., Dekker, R., Goedhart, P.W., Van Iperen, |.M.,
Leopold, M.F,, Herman, P.MJ,, 2007. Impacts of nutrient reduction on coastal
communities, Ecosystems 10, 95-118.

Pianka, E.R,, 1970. On r- and K-selection. American Naturalist 104, 592-597.

Prins, T.C., Smaal, A.C., 1994. The role of the blue mussel Mytilus edulis in the cycling of
nutrients in the Oosterschelde estuary (The Netherlands). Hydrobiologia 282 (283),
413-429.

Prins, T.C,, Smaal, A.C., Pouwer, AJ., Dankers, N., 1996, Filtration and resuspension of
particulate matter and phytoplankton on an intertidal mussel bed in the
Oosterschelde estuary (SW Netherlands). Marine Ecology Progress Series 142,
121-134.

Prins, T.C., Smaal, A.C., Dame, RF., 1998. A review of the feedbacks between bivalve
grazing and ecosystem processes. Aquatic Ecology 31, 349-359.

Quayle, D.B., 1988. Pacific oyster culture in British Columbia. Canadian Bulletin of
Fisheries and Aquatic Sciences 218, 1-241.

Raby, D., Lagadeuc, Y., Dodson, ]J., Mingelbier, M., 1994. Relationship between feeding
and vertical distribution of bivalve larvae in stratified and mixed waters. Marine
Ecology Progress Series 103, 275-284.

Reise, K., 1978. Experiments on epibenthic predation in the Wadden Sea Helgoldnder
Meeresuntersuchungen, 31, pp. 55-101.

Reise, K., 1982. Long-term changes in the macrobenthic invertebrate fauna of the
Wadden Sea: are polychaetes about to take over? Netherlands Journal of Sea
Research 16, 29-36.

Reise, K., 1998. Pacific oysters invade mussel beds in the European Wadden Sea.
Senckenbergiana Maritima 28, 167-175.

Reise, K., Gollasch, S., Wolff, W].,, 1999, Introduced marine species of the North Sea
coasts. Helgolinder Meeresuntersuchungen 52, 219-234,

Reise, K., 2002. Sediment mediated species interactions in coastal waters. Journal of Sea
Research 48, 127-141.

Reise, K., Van Beusekom, ].E.E., 2008. Interactive effects of global and regional change on
a coastal ecosystem. Helgoland Marine Research 62, 85-91.

Renault, T., 1996. Appearance and spread of diseases among bivalve molluscs in the
northern hemisphere in relation to international trade. Revue scientifique et
technique de I'office international des épizooties 15, 551-561.

Rico-Villa, B., Pouvreau, S., Robert, R., 2009. Influence of food density and temperature
on ingestion, growth and settlement of Pacific oyster larvae, Crassostrea gigas.
Aquaculture 287, 395-401.

Riera, P., Stal, L., Nieuwenhuize, J., 2002. §'3C versus 6'°N of co-occurring molluscs
within a community dominated by Crassostrea gigas and Crepidula fornicata
(Oosterschelde, The Netherlands). Marine Ecology Progress Series 240, 291-295.

Riera, P., 2006. Trophic subsidies of Crassostrea gigas, Mytilus edulis and Crepidula
fornicata in the Bay of Mont Saint Michel (France): a 63C and 5'°N investigation.
Estuarine, Coastal and Shelf Science 72, 33-41.

Riisgard, H.U., 1977. On measurements of the filtration rates of suspension feeding
bivalves in a flow system. Ophelia 16, 167-173.

Riisgdrd, H.U., 1988. Efficiency of particle retention and filtration rate in 6 species of
Northeast American bivalves. Marine Ecology Progress Series 45, 217-223.

Rumrill, S.S., 1990. Natural mortality of marine invertebrate larvae. Ophelia 32, 163-198.

Saito, H., Nakanishi, Y., Shigeta, T., Umino, T., Kawai, K., Imabayashi, H., 2008. Effect of
predation of fishes on oyster spats in Hiroshima Bay. Nippon Suisan Gakkaishi 74,
809-815.

Sakai, AK., Allendorf, FW,, Holt, J.S., Lodge, D.M., Molofsky, ]., With, K.A., Baughman, S.,
Cabin, RJ., Cohen, J.E, Ellstrand, N.C, McCauley, D.E, O'Neil, P., Parker, LM,
Thompson, J.N.,, Weller, S.G., 2001. The population biology of invasive species.
Annual Review of Ecology and Systematics 32, 305-332,

Scheiffarth, G., Ens, B, Schmidt, A,, 2007. What will happen to birds when Pacific
Oysters take over the mussel beds in the Wadden Sea? Wadden Sea Newsletter 33,
10-14.

Schimidt, A., Wehrmann, A., Dittrnann, S., 2008. Population dynamics of the invasive
Pacific oyster Crassostrea gigas during the early stages of an outbreak in the
Wadden Sea (Germany). Helgoland Marine Research 62, 367-376.

Schmidt, A., Wehrmann, A., Dittmann, S., 2009. Low mortality rates of juvenile Pacific
oysters in the German Wadden Sea are characteristic for invasive species: a reply
to Beukema and Dekker. Helgoland Marine Research, doi:10.1007/s10152-009-
0170-y Available online.

Sechena, R., Nakano, C,, Liao, S., Polissar, N., Lorenzana, R,, Truong, S., Fenske, R., 1999.
Asian and Pacific Islander Seafood Consumption Study. United States Environmen-
tal Protection Agency, Report EPA 910/R-99-003. .

Seed, R, 1976. Ecology. In: Bayne, B.L. (Ed.), Marine Mussels: Their Ecology and
Physiology. Cambridge University Press, Cambridge, pp. 13-65.

Shamseldin, A.A., Clegg, ].S., Friedman, CS., Cherr, G.N,, Pillai, M.C,, 1997. Induced
thermotolerance in the Pacific oyster, Crassostrea gigas. Journal of Shellfish
Research 16, 487-491.

Shanks, AL, Brink, L, 2005. Upwelling, downwelling, and cross-shelf transport of
bivalve larvae: test of a hypothesis. Marine Ecology Progress Series 302, 1-12.
Shatkin, G., Shumway, S.E., Hawes, R., 1997. Considerations regarding the possible
introduction of the Pacific Oyster (Crassostrea gigas) to the Gulf of Maine: a review

of global experience. Journal of Shellfish Research 16, 463-477.

Shumway, S.E., Cucci, T.L,, Newell, R.C., Yentsch, C.M., 1985, Particle selection, ingestion
and absorption in filter-feeding bivalves. Journal of Experimental Marine Biology
and Ecology 91, 77-92.

Singarajah, K.V., 1969. Escape reactions of zooplankton: the avoidance of a pursuing
siphon tube, Journal of Experimental Marine Biology and Ecology 3, 171-178.
Singarajah, K.V., 1975. Escape reactions of zooplankton: effects of light and turbulence.

Journal of the Marine Biological Association of the United Kingdom 55, 627-639.

Sistermans, W.C.H., Hummel, H., Van Hoesel, O.].A., Markusse, M.M., Rietveld, M., Van
Soelen, E., 2005. Het macrobenthos van de Westerschelde, de Oosterschelde, het
Veerse meer en het Grevelingenmeer in het najaar 2004. Netherlands Institute of
Ecology — Centre for Estuarine and Marine Ecology (NIOO—CEME), Rapportage in
het kader van het Biologisch Monitoring Programma, Yerseke, The Netherlands.

Smaal, A.C, Prins, T.C,, 1993. The uptake of organic matter and the release of inorganic
nutrients by bivalve suspension feeder bed. In: Dame, RF. (Ed.), Bivalve Filter Feeders in
Estuarine and Coastal Ecosystem Processes. Springer Verlag, Heidelberg, pp. 273-298.

Smaal AC (1997) Food supply and demand of bivalve suspension feeders in a tidal
system. PhD thesis, University of Groningen, the Netherlands, 237 pp.

Smaal, A.C,, Vonck, AP.M.A, Bakker, M., 1997. Seasonal variation in physiological
energetics of Mytilus edulis and Cerastoderma edule of different size classes. Journal
of the Marine Bijological Association of the United Kingdom 77, 817-838.

Smaal, A.C, Van Stralen, M.R,, Schuiling, E., 2001. The interaction between shellfish
culture and ecosystem processes. Canadian Journal of Fisheries and Aquatic
Sciences 58, 991-1002.

Smaal, A.C, Van Stralen, M.R,, Craeymeersch, J., 2005. Does the introduction of the
Pacific oyster Crassostrea gigas lead to species shifts in the Wadden Sea? In: Dame,
RF, Olenin, S. (Eds.), The Comparative Roles of Suspension-Feeders in Ecosystems.
Springer, pp. 277-289.

Smaal, A.C,, Kater, BJ., Wijsman, JW.M, 2009. Introduction, establishment and
expansion of the Pacific oyster Crassostrea gigas in the Oosterschelde (SW
Netherlands). Helgoland Marine Research 63, 75-83.

Smies, M., Huiskes, A.H.L,, 1981. Holland's Eastern Scheldt estuary barrier scheme:
some ecological considerations. Ambio 10, 158-165.

Stachowicz, ].J., Whitlatch, RB., Osman, RW.,, 1999. Species diversity and invasion
resistance in a marine ecosystem. Science 286, 1577-1579,

Stachowicz, ]J., Fried, H., Osman, RW., Whitlatch, R.B,, 2002, Biodiversity, invasion
resistance, and marine ecosystem function: reconciling pattern and process.
Ecology 83, 2575-2590.

Steele, S., Mulcahy, M.F., 2001. Impact of the copepod Mytilicola orientalis on the Pacific
oyster Crassostrea gigas in Ireland. Diseases of Aquatic Organisms 47, 145-149.

Stock, JH., 1993. Copepoda (Crustacea) associated with commercial and non-
commercial Bivalvia in the East Scheldt, The Netherlands. Bijdragen tot de
Dierkunde 63, 61-64.

Strasser, M., Giinther, C.P., 2001. Larval supply of predator and prey: temporal
mismatch between crabs and bivalves after a severe winter in the Wadden Sea,
Journal of Sea Research 46, 57-67.

Strasser, M., Reinwald, T., Reise, K, 2001. Differential effects of the severe winter of
1995/96 on the intertidal bivalves Mytilus edulis, Cerastoderma edule and Mya
arenaria in the Northern Wadden Sea. Helgoland Marine Research 55, 190-197.

Tamburri, M.N,, Zimmer, RK., Zimmer, C.A., 2007. Mechanisms reconciling gregarious
larval settlement with adult cannibalism. Ecological Monographs 77, 255-268.

Taris, N., Ernande, B, McCombie, H., Boudry, P., 2006. Phenotypic and genetic
consequences of size selection at the larval stage in the Pacific oyster (Crassostrea
gigas). Journal of Experimental Marine Biology and Ecology 333, 147-158,



K. Troost / Journal of Sea Research 64 (2010) 145-165 165

Thieltges, D.W., Reise, K, Prinz, K., Jensen, K.T., 2009. Invaders interfere with native
parasite-host interactions. Biological Invasions 11, 1421-1429.

Thorson, G., 1950. Reproductive and larval ecology of marine bottom invertebrates.
Biological Reviews of the Cambridge Philosophical Society 25, 1-45.

Titelman, J., Kisrboe, T., 2003. Predator avoidance by nauplii. Marine Ecology Progress
Series 247, 137-149.

Troost, K., Kamermans, P., Wolff, W]., 2008a. Larviphagy in native bivalves and an
introduced oyster. Journal of Sea Research 60, 157-163.

Troost, K., Veldhuizen, R, Stamhuis, EJ., Wolff, W ]., 2008b. Can bivalve veligers escape
feeding currents of adult bivalves? Journal of Experimental Marine Biology and
Ecology 358, 185-196.

Troost K (2009) Pacific Oysters in Dutch Estuaries: Causes of Success and Consequences
for Native Bivalves. PhD thesis, University of Groningen, the Netherlands, 255 pp.

Troost, K., Gelderman, E., Kamermans, P., Smaal, A.C., Wolff, W]., 2009a. Effects of an
increasing filter feeder stock on larval abundance in the Oosterschelde estuary (SW
Netherlands). Journal of Sea Research 61, 153-164.

Troost, K, Stamhuis, EJ, Van Duren, LA., Wolff, W.J., 2009b. Feeding current
characteristics of three morphologically different bivalve suspension feeders,
Crassostrea gigas, Mytilus edulis and Cerastoderma edule, in relation to food
competition. Marine Biology 156, 355-372.

Tydeman, P., 1999. Japanse oesters in de Eemshaven. Het Zeepaard 59, 58-63.

Tydeman, P., Kleef, H.L,, De Vlas, ]., 2002. Ontwikkeling van de Japanse oester (Crassostrea
gigas) in het Eems-Dollard estuarium in de periode 1998-2001. National Institute
for Coastal and Marine Management (RIKZ), Report (werkdocument) RIKZ/OS/
2002.601x, Haren, the Netherlands,

Tydeman, P., 2008. Japanse oesters naar de (Wadden)zee gedragen? Het Zeepaard 68,
109-114.

Van Beusekom, J.E.E., De Jonge, V.N., 2002. Long-term changes in Wadden Sea nutrient
cycles: importance of organic matter import from the North Sea. Hydrobiologia
475 (476), 185-194.

Van Broekhoven W (2005) Macrofaunal diversity on beds of the Pacific oyster
(Crassostrea gigas) in the Oosterschelde estuary. MSc thesis, 36 pp.

Van der Veer, HW,, Feller, R]., Weber, A, Witte, ].1, 1998. Importance of predation by
crustaceans upon bivalve spat in the intertidal zone of the Dutch Wadden Sea as
revealed by immunological assays of gut contents, Journal of Experimental Marine
Biology and Ecology 231, 139-157.

Van der Veer, HW., Cardoso, J.F.M.F.,, Van der Meer, ], 2006. Estimation of DEB
parameters for various Northeast Atlantic bivalve species. Journal of Sea Research
56, 107-124,

Van Stralen, M.R,, Dijkema, R.D., 1994. Mussel culture in a changing environment: the
effects of a coastal engineering project on mussel culture (Mytilus edulis L.) in the
Oosterschelde estuary (SW Netherlands). Hydrobiologia 282 (283), 359-379.

Van Zanten, E., Adriaanse, LA,, 2008. Verminderd getij. Verkenning naar mogelijke
maatregelen om het verlies van platen, slikken en schorren in de Oosterschelde te
beperken. Rijkswaterstaat Zeeland, Middelburg, The Netherlands.

Wa Kang'eri AK (2005) Winter mortality and freeze tolerance in the Pacific oyster,
Crassostrea gigas (Thunberg). MSc thesis, 53 pp.

Wallentinus, I, Nyberg, C.D., 2007. Introduced marine organisms as habitat modifiers.
Marine Pollution Bulletin 55, 323-332,

Walne, P.R,, 1972, The influence of current speed, body size and water temperature on
the filtration rate of five species of bivalves. Journal of the Marine Biological
Association of the United Kingdom 52, 345-374.

Ward, J.E,, Levinton, ].S., Shumway, S.E., Cucci, T., 1998. Particle sorting in bivalves: in
vivo determination of the pallial organs of selection. Marine Biology 131, 283-292.

Wehrmann, A, Herlyn, M,, Bungenstock, F., Hertweck, G., Millat, G., 2000. The
distribution gap is closed — first record of naturally settled Pacific oysters
Crassostrea gigas in the East Frisian Wadden Sea, North Sea. Senckenbergiana
Maritima 30, 153-160.

Wetsteyn LPM]J, Duijn RN.M., Kromkamp, ].C,, Latuhihin M], Peene J., Pouwer, A., Prins,
T.C., Wetsteyn, LP.M],, Duijn, RN.M,, Kromkamp, ].C,, Latuhihin, M,J., Peene, ].,
Pouwer, A, Prins, T.C., 2003. Verkenning draagkracht Qosterschelde. Onderzoek
naar veranderingen en trends in de Oosterschelde in de periode 1990 t/m 2000.
National Institute for Coastal and Marine Management (RWS-RIKZ), Report RIKZ/
2003.049,

Widdows, J., Navarro, J.M.,, 2007. Influence of current speed on clearance rate, algal cell
depletion in the water column and resuspension of biodeposits of cockles
(Cerastoderma edule). Journal of Experimental Marine Biology and Ecology 343,
44-51,

Wijsman, JW.M,, Dubbeldam, M., De Kluijver, M., Van Zanten, E., Van Stralen, M.R,,
Smaal, A.C., 2008. Wegvisproef Japanse oesters in de Oosterschelde. Eindrapportage.
Wageningen IMARES, Institute for Marine Resources and Ecosystem Studies, Report
C063/08, Yerseke, The Netherlands.

Williamson, M., 1996. Biological Invasions. Chapman & Hall, London.

Williamson, M.H,, Fitter, A, 1996, The characters of successful invaders. Biological
Conservation 78, 163-170.

Wolff, WJ., 1973. The estuary as a habitat. An analysis of data on the soft-bottom
macrofauna of the estuarine area of the rivers Rhine, Meuse, and Scheldt.
Zoologische Verhandelingen 126, 1-242.

Wolff, WJ,, 1999. Exotic invaders of the meso-oligohaline zone of estuaries in The
Netherlands: why are there so many? Helgolinder Meeresuntersuchungen 52,
393-400.

Wolff, W.J.,, 2000. Causes of extirpations in the Wadden Sea, an estuarine area in The
Netherlands, Conservation Biology 14, 876-885.

Wolff, W], Reise, K., 2002. Oyster imports as a vector for the introduction of alien
species into northern and western European coastal waters. In: Leppdkoski, E.,
Gollasch, S., Olenin, S. (Eds.), Invasive Aquatic Species of Europe. Distribution,
Impacts and Management. Kluwer Academic Publishers, Dordrecht, pp. 193-205.

Wolff, WJ]., 2005. Non-indigenous marine and estuarine species in The Netherlands.
Zoologische Mededelingen 79 116 pp.

Wong, W.H.,, Levinton, ].S., 2004. Culture of the blue mussel Mytilus edulis (Linnaeus,
1758) fed both phytoplankton and zooplankton: a microcosm experiment.
Aquaculture Research 35, 965-969.

Wrange, A.-L., Valero, ]., Harkestad, LS., Strand, @., Lindegarth, S., Christensen, H.T,,
Dolmer, P., Kristensen, P.S., Mortensen, S., 2009. Massive settlements of the Pacific
oyster, Crassostrea gigas, in Scandinavia. Biological Invasions. doi:10.1007/s10530-
009-9535-z Available online.



Vol. 334: 179-192, 2007 MARINE ECOLOGY PROGRESS SERIES Published March 26
Mar Ecol Prog Ser

Exploitation of natural food sources by two
sympatric, invasive suspension-ieeders:
Crassostrea gigas and Crepidula fornicata

Priscilla Decottignies'*, Peter G. Beninger!, Yves Rincé!, Richard J. Robins?,
Pascal Riera®

lUniversité de Nantes, Laboratoire de Biologie Marine, UPRES EA 2663, Faculté des Sciences et des Techniques,
2 Rue de la Houssiniére, Nantes 44322, France
2Université de Nantes, Laboratoire d'Analyse Isotopique et Electrochimique des Métabolismes,
Faculté des Sciences et des Techniques, 2 Rue de la Houssiniére, Nantes 44322, France
3Université de Paris 6, Centre d'Etudes d’Océanographie et de Biologie Marine, UMR 7127,
Station Biologique de Roscoff, Place Georges-Teissier, Roscoff 29682, France

ABSTRACT: The natural diets of the introduced suspension-feeders Crassostrea gigas (Thunberg)
and Crepidula fornicata (L.) were determined at a mid-latitudinal oyster-farming site within their
European range (Bourgneuf Bay, France). Carbon and nitrogen stable isotope deviations of Pacific
oysters and slipper limpets were compared with potential food sources on 3 sampling dates (March,
July and November 2003). Four end-members were assimilated by the 2 species: C; angiosperm
detritus, macroalgae-C, plant detritus, marine phytoplankton and benthic diatoms. Given the lack of
source digestibility data for suspension-feeders, and these 2 species in particular, extreme feasible
combinations of relative end-member contributions were calculated according to 2 assimilation sce-
narios, using either IsoSource software or a concentration-dependent model. For both Crassostrea
gigas and Crepidula fornicata, benthic and planktonic microalgae dominated diets on the 3 sampling
dates. Planktonic microalgae were ingested in greater proportions than benthic species in July and
November; however, benthic diatoms also formed a constant and significant part of diets in these
months, and were consumed in greater proportions than planktonic species in March. Plant (espe-
cially macroalgal) detritus played a major role in the diets of the 2 suspension-feeders, notably in
March 2003 when it became the principal ingested source. The substantial contribution of plant detri-
tus to the natural diets of these species has not previously been reported. Although Crassostrea gigas
and Crepidula fornicata showed significantly different isotopic deviations in March and July 2003,
trophic niches of Crassostrea gigas and Crepidula fornicata overlapped on all 3 sampling dates, with
a greater ingestion of identical sources in November. These 2 invasive species could therefore be
trophic competitors in the context of end-member supply limitation. Contrary to previous analyses
conducted on these 2 species in Europe, this study reports significant dietary overlap. Ecosystem-
specific diet studies of invasive species are thus necessary in order to understand trophic overlap/
competition as a function of the diversity and availability of local food sources.
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INTRODUCTION focus of scientific investigation relatively recently (see

Grosholz 2002). To date, the approach has generally

The ecological and evolutionary consequences of been to study the effects of invasive species relative to
invasive species (sensu Davis & Thompson 2000) indigenous communities. European oyster rearing sites
within coastal marine systems have only become the represent a special situation, because an accidentally
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introduced suspension-feeder Crepidula fornicata L. is
sympatric with the intentionally established species
Crassosirea gigas Thunberg, and trophic competition
between the two is suspected (Blanchard 1997). More-
over, C. gigas shows signs of proliferation outside of
oyster rearing sites, making it both a ‘desired’' species
within farms and a ‘pest’ species (Ruesink et al. 2005).

Despite long-standing concerns over the potential
effects of the slipper limpet Crepidula fornicata on
indigenous communities, there was no research inter-
est in this species until quite recently, and this was lar-
gely motivated by problems encountered in regions of
high density where shellfish are also exploited, in par-
ticular the introduced Pacific oyster Crassostrea gigas.
Multiple ecosystem impacts have since been docu-
mented: sediment transformation (Ehrhold et al. 1998),
macrozoobenthos modifications (de Montaudouin et al.
1999, Le Pape et al. 2004) and changes in food web
structure (Chauvaud et al. 2000).

Concerns over the impact of slipper limpets on oyster
production were reinforced by observations of simulta-
neous larval presence and juvenile recruitment (Cole
& Hancock 1956), oyster larvae consumption (Korringa
1951), feeding mode and qualitative analyses of stom-
ach contents (Orton 1912). More recent studies (e.g. de
Montaudouin et al. 1999, Riera et al. 2002) raised the
possibility that a partial overlap of trophic niches
exists, and stressed the importance of taking into
account the specific trophic dynamics of each eco-
system occupied by both Crepidula fornicata and Cras-
sostrea gigas. Furthermore, although both suspension-
feeders were found to have equivalent biomass and
the same filiration impact in Bourgneuf Bay, France
(Barillé et al. 2006), it is necessary to determine the
particle types consumed by each species in order to
estimate the eventual degree of trophic competition.

Apart from early qualitative studies (Orton 1912), the
diets of sympatric cultivated oysters and slipper

2°33'W
47°23'N

Bourgneuf Bay
[

N. Isl.

limpets are largely unknown. Currently, multiple nat-
ural stable isotope analyses are widely used in food
web studies, notably to determine the food sources of
suspension-feeders (e.g. Kang et al. 1999, Page & Las-
tra 2003), which are exposed to seasonal variations in
food availability. Such an approach was successfully
used to compare the nutritional resources of Crepidula
fornicata and Crassostirea gigas in a Northern Euro-
pean coastal ecosystem (Riera et al. 2002).

Here we present a stable isotope study that deter-
mined the sources of carbon and nitrogen assimilated
by Crepidula fornicata and Crassostrea gigas on 3
seasonal sampling dates in a high-turbidity oyster-
farming site, which is characterized by decreasing
vields concomitant with slipper limpet proliferation
(Barillé-Boyer et al. 1997). The site chosen was
Bourgneuf Bay, a mid-latitudinal point in the European
distribution of these species.

MATERIALS AND METHODS

Study area. The 34000 ha of Bourgneuf Bay,
located south of the Loire Estuary on the French
Atlantic coast (Fig. 1), is comprised of 10000 ha of
intertidal area (mean tidal range: 4 m). The large
northern opening into the Atlantic Ocean allows con-
siderable mixing of bay and oceanic waters, whereas
the southern narrows restricts water exchange. Simi-
larly, the deeper (mean: 10 m) northern part of the
bay is strongly influenced by W and SW winds, swells
and gyratory currents. These hydrodynamic charac-
teristics transport resuspended sediment from mud-
flats, resulting in particularly high turbidity in the
northern reaches of the Bay (annual mean: 150 mg
I-1; Barillé-Boyer et al. 1997). The bay is also variably
affected by the Loire estuary, depending on dis-
charge rates and prevailing winds.

Atlantic "
Ocean

46°48'N

1°03'W

Fig. 1. Location of sampling sites (@) in Bourgneuf Bay, Loire Estuary and River. N. Isl.: Noirmoutier Island
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The sampling site for oysters and slipper limpets was
an oyster farm at La Couplasse (Fig. 1), where a high
biomass of slipper limpets Crepidula fornicata (L. Bar-
illé pers. comm.) is located directly adjacent to cultured
oyster Crassostrea gigas stocks. This area is character-
ized by high residence times, which increase the in-
fluence of freshwater input from the Falleron River
(Barillé-Boyer et al. 1997), and by an important diatom-
dominated microphytobenthos proliferation on mud-
flats, which covers 19 to 25 % of the surface (Méléder et
al. 2003).

Sampling plan. Five Pacific oysters (mean shell
length + SD: 9.7 + 1.4 cm) and 5 slipper limpets (mean
linear shell length + SD: 3.2 + 0.5 cm) were collected at
low spring tide at La Couplasse in March, July and
November 2003. All possible sources of organic matter
available to suspension-feeders at this site were collec-
ted concomitantly: freshwater, brackish water, oceanic
microplankton, microphytobenthos, macroalgal and
higher plant detritus.

Sub-surface oceanic water samples were taken dur-
ing sampling cruises off Noirmoutier Island. Brackish
water was collected at the Bouin seawall and from
the Loire estuary at St-Brévin-les-Pins. Freshwater
was sampled upriver from the Loire estuary at An-
cenis, and from the Falleron River at Machecoul
(Fig. 1); 20 1 of each water sample were collected in
plastic containers.

Microphytobenthos was sampled at La Couplasse.
The upper 5 mm of a 1 m? mudflat area with dense
brown microphytobenthic covering was collected with
a spatula. Macroalgal thalli and marine angiosperm
leaves were collected at La Couplasse and Bouin, and
terrestrial angiosperm leaves at Ancenis and Mache-
coul (Fig. 1). The selected plant species were common
at the different sampling sites: Enteromorpha sp.,
Fucus serratus and Fucus vesiculosus represented
macroalgae; Halimione portulacoides, Salicornia sp.
and Spartina sp. represented marine angiosperms; and
Alnus sp., Populus sp. and Robinia pseudoacacia rep-
resented terrestrial angiosperms. As Alnus sp. and
Populus sp. leaves were not present on the March sam-
pling date, data for these potential food sources were
limited to June and November.

Sample preparation. Sampled individuals were
cleaned of epibionts in the laboratory and gut contents
were purged in 0.2 pm filtered seawater from the sam-
pling site for 12 to 24 h. The individuals were killed by
freezing, and then soft tissues were separated from the
shells, bathed for 1 to 2 min in 1 M HCl in order to elim-
inate trace shell carbonates, rinsed in Milli-Q ultrapure
water and then homogenized with an Ultra-Turrax
blender. Samples were stored at —80°C, freeze-dried,
and reduced to a powder with a mortar and pestle prior
to analysis.

Triplicate water samples were vacuum-filtered onto
47 mm or 25 mm GF/F pre-combusted (500°C, 4 h) fil-
ters until clogged. The retentate was acidified with
several drops of 1 M HClI in order to remove carbon-
ates, rinsed with ultrapure water, and stored at —80°C
prior to freeze-drying.

Benthic microalgae, mainly motile diatoms, were
extracted as per Riera & Richard (1996). The sediment
sample was spread onto a tray to a thickness of about
1 cm, covered with a 63 pm mesh nylon net, and then
with a thin layer of pre-combusted (500°C, 4 h) fine
(150 to 300 pm) silicious sand. The size of the mesh was
chosen to include all migrating pennate forms, whose
widths are smaller than the mesh size. The tray con-
tents were regularly wetted with vaporized (0.2 pm-
filtered) seawater from the sample site and illumin-
ated until the following diurnal tide, because benthic
diatoms maintain an endogenous rhythm (Mitbavkar &
Anil 2004). After migration of the diatoms to the sand
layer, visible as a brownish coloration, the superficial
layer was then carefully removed with a spatula,
placed in a 63 pm mesh screen and rinsed with filtered
seawater. The resulting liquid was then processed as
above for water samples.

When present, epibionts were discarded from plant
samples, which were then acidified and treated as
above for mollusks.

Stable isotope and % organic C and N. Duplicate
powdered samples or pieces of filter were sealed in
ultraclean tin capsules and analyzed for nitrogen and
carbon content (% dry weight) and composition (8!3C
and 3'°N) using a Carlo-Erba NA 2100 elemental ana-
lyzer coupled (via a Thermo Finnigan CONFLO II
interface) with a Thermo Finnigan Delta S mass spec-
trometer. Carbon and nitrogen isotope compositions
were expressed in standard delta notations (%. devia-
tions from a reference): 8X = [(Rsample X Rieterence 1) — 11 X
103, where X is either 13C or °N and R is the corre-
sponding ¥C:'’C or 'SN:*N ratio. Results were re-
ferred to Vienna Pee Dee Belemnite for carbon and to
atmospheric N, for nitrogen. A regularly calibrated
working reference (glutamic acid) was run every
11 samples. The SD of 200 8'3C and §'°N working ref-
erence measurements was 0.2 and 0.4 %. respectively.
Isotope readings were validated when the difference
between duplicate capsules of the same sample was
less than 0.4 and 0.5%o for carbon and nitrogen devia-
tions respectively; otherwise, samples were analyzed a
second time.

As described above, microphytobenthos and marine
particulate organic matter (POM) were obtained by
GF/F filtration. Insufficient material was collected to
allow removal from filters without including glass
fibers. Consequently, it was not possible to calculate
the carbon and nitrogen content of the masses sealed
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in capsules; we therefore calculated mean C:N ratios
and assigned %C and %N content according to data
from fiber-free samples available in the literature
(Abed-Navandi & Dworschak 2005).

Statistics. R freeware (R Development Core Team
2005) was used for all statistical computing. Data nor-
mality was verified using the Shapiro-Wilks test, and
heteroscedasticity checked with either an F-test (2
samples) or a Bartlett's test (>2 samples) before choos-
ing parametric or non-parametric statistical analysis.

For each source, isotope composition according to
sampling date was analysed with a 1-way parametric
or non-parametric (Kruskal-Wallis) ANOVA as appro-
priate. As data for Alnus sp. and Populus sp. were only
available from the June and November samples, their
carbon and nitrogen isotope deviations were tested
using a Welch 2-sample t-test or Wilcoxon rank sum
test, as appropriate. Two-way ANOVAs, followed by
Tukey's honestly significant difference (HSD) test,
were performed to compare oyster and slipper limpet
isotope compositions, with sampling dates and species
as factors.

Dietary analysis. A certain amount of debate has
been generated concerning the enrichment factors to
be used in diet calculations (e.g. Gannes et al. 1997,
Post 2002). The most widely-used values, specifically
recommended since the inception of the stable isotope
technique, are 1 and 3.4%. for carbon and nitrogen
deviations respectively (DeNiro & Epstein 1978, Post
2002). These enrichment factors have recently been
corroborated for bivalve soft tissues (Yokoyama et al.
2005). Alternate values of 0.5 and 2%. were proposed
(McCutchan et al. 2003), and we also completed our
calculations using these values; however, as this did
not affect our main results or conclusions, the more
widely-accepted values of 1 and 3.4%. were main-
tained in the present study.

After determination of the food sources implicated in
Crepidula fornicata and Crassosirea gigas diets (see
‘Results’), isotopic values were combined a priori to
characterize source types according to functional con-
siderations, e.g. the C; saltmarsh angiosperm group.
The squared nearest neighbor distances (NND?)
(Lubetkin & Simenstad 2004) were then calculated to
determine whether the isotopic deviations of these
source types were distinct or required pooling. The
number of source types (> n isotopes + 1) precluded the
use of linear mixing models, and hence calculation of
the exact proportional contributions of each end-mem-
ber. We therefore used IsoSource 1.2 software (Phillips
& Gregg 2003) to estimate the ranges of biomass con-
tributions of each end-member to the oyster and slip-
per limpet diets. We also wrote a Scilab 3.1.1 program
(INRIA, ENPC) to estimate elemental concentration-
weighted biomasses (Newsome et al. 2004). These

models determined all feasible end-member combina-
tions by successively incrementing each source pro-
portion by 1% from 0 to 100%. A combination was
considered feasible if the calculated mixture composi-
tion was equal to the measured composition or within a
mass balance tolerance of 0.2 %o. This tolerance greatly
exceeded the recommended minimum (0.5 X source
increment x maximum difference between sources, i.e.
0.09%. for our data; Phillips & Gregg 2003), given the
observed sample variability.

The range of feasible solutions was used in all subse-
quent representations (frequency distributions and
bivariate graph matrices) of feasible dietary contribu-
tions. However, means were used in calculations of
trophic niche parameters, because single values are
required and it was not possible to associate oyster and
slipper limpet combinations. Niche breadths of Cras-
sostrea gigas and Crepidula fornicata were compared
using Levins' standardized measure (Krebs 1999)

B-1
B, =——
A7 n1
(1)
B= !

where B, is Levins' standardized niche breadth, B is
Levins' measure of niche breadth, n is the number of
possible source types and pj is the fraction of food cat-
egory j in the diet (mean of IsoSource simulations).

Niche overlap (Krebs 1999) between Crassostrea
gigas and Crepidula fornicata was determined as
Pianka's measure

2 DyjDix
fe) i

S T
i i

where Oy is Pianka's measure of niche overlap
between species j and k, and p; and py are the propor-
tions of food source i (mean of IsoSource simulations)
of the total sources used by species j and k.

2)

RESULTS
Source §'*C and §'°N

Mean isotopic deviations of the source samples and
results of statistical tests among dates are presented
in Tables 1 & 2 respectively. The §'3C deviations of
river freshwater POM of the Loire and Falleron were
similar at approx. —30%o., which is characteristic of
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Table 2. Statistical tests of differences in §'3C and 5'°N values of sampled sources among months, For 2-way ANOVAs, degrees of freedom (df)

between and within groups (= error or residual) are indicated by the first and second number respectively. Test statistics are values of F, %2,

W and t for ANOVAs, Kruskal-Wallis ANOVAs (KW), Wilcoxon tests (W) and t-tests respectively. MS: mean squares. *: p < 0.05, **: p < 0.01,
***: p £0.001, ns: not significant

813C 815N
Test df MS Test statistic P Test df MS Test statistic p
Benthic diatoms ANOVA 2,6 2.823,0.017 161.130 6x 1075 *** ANOVA 2,6 1.246,0.244 5.112 0.051 ns
Falleron (freshwater) KwW 2 7.053 0029 * ANOVA 2,8 6.018,1.304 4.614 0.046 *
Loire (freshwater) KwW 2 6.564 0.038 * Kw 2 5982 0.050 ns
Loire (estuarine) ANOVA 2,7 1.514,0.093 16.230 0.002 ** ANOVA 2,6 0.758, 1.677 0.452 0.656 ns
Bay (brackish) ANOVA 2,7 0.811,0.246 3.291 0.098 ns ANOVA 2,7 18.187 0.467 38.945 2x107% ***
Marine (open sea) ANOVA 2,7 1.686,0.065 26.087 6x10™* *** ANOVA 2,7 6.433,2.100 3.064 0.111 ns
Fucus serratus Kw 2 9.846  0.007 ** ANOVA 2,9 1.914,1.742 1.099 0374 ns
Fucus vesiculosus ANOVA 2,9 1669, 0136 12.240 0.003 ** ANOVA 2,9 10473,1.316 7959 0.010 *
Enteromorpha sp. KwW 2 9.846  0.007 ** ANOVA 2,8 8.377,1.100 7.618 0.014 *
Spartina sp. Kw 2 7.538 0.023 * ANOVA 2,8 0.656,0.733 0.895 0.446 ns
Halimione portulacoides ANOVA 2,9 1.270,0.049 25954 2x107* *** ANOVA 2,8 68332 1902 35923 1x107* ***
Salicornia sp. KwW 2 17.165 2x107% *** ANOVA 2,20 8.706,2.420 3.597 0.046 *
Alnus sp. w 16.000 0.029 * w 2 0.400 ns
Populus sp. w 16.000 0.029 * t-test 5 1.688 0.159 ns

Stable isotope deviations of oysters and slipper
limpets

Compared with the only previously recorded values
of Crepidula fornicata (Riera et al. 2002), our results
(Figs. 2 & 7) are depleted in both carbon and nitrogen
heavy isotopes by about 1%.. However, the deviations
measured in the present study for Crassosirea gigas
are within the ranges previously reported in the more
extensive literature for this species (e.g. Riera 1998,
Hsieh et al. 2000).

Two-way ANOVAs revealed significant differences
between species for carbon and nitrogen deviations
(df =1, F=2293, p £0.001 and F = 6.872, p = 0.015
respectively). Significant *C-enrichment in slipper
limpets (approx. 0.9 %o) relative to values of oysters was
observed in March and July 2003 (Tukey's HSD: p =
0.007 and p = 0.002 respectively). Nitrogen deviations
of oysters were significantly higher (approx. 1.1 %)
than those of slipper limpets in March 2003 (Tukey's
HSD: p < 0.001). No significant differences were
observed in November samples (Tukey's HSD: p =
0.101 for 8'3C; p = 0.552 for §'°N).

Although carbon deviations of Crepidula fornicata
tissues did not differ significantly among the 3 sam-
pling dates (2-way ANOVA: df = 2, F=2.,829, p =0.079;
Tukey's HSD: p > 0.05), the nitrogen deviations were
significantly different (2-way ANOVA: df = 2, F =
37.904, p <0.001), with a **N depletion of approx. 0.8 %o
in November compared with March (Tukey's HSD: p =
0.021). The 8'°N values of oysters sampled in March
were also significantly higher relative to July and
November (approx. 2 and 1.7%. respectively; 2-way

ANOVA: df =2, F=37.904, p<0.001; Tukey's HSD: p <
0.001). There was no significant difference in carbon
deviations of Crassosirea gigas among the 3 sampling
dates (2-way ANOVA: df = 2, F = 2.829, p = 0.079;
Tukey's HSD: p > 0.05).

Determination of Crepidula fornicata and Cras-
sosirea gigas food sources

Dual plot graphs of §'°N versus §'3C (Fig. 2) allowed
us to determine the food sources of Crassostrea gigas
and Crepidula fornicata. On the 3 sampling dates, cal-
culated diets had values of —19.5 to —18.3 %o carbon and
5.4 to 7.4 %o nitrogen.

Nearshore POM is a complex mixture of marine
phytoplankton, plant organic detritus and various
other components (Heip et al. 1995); owing to the het-
erogeneous nature of such POM, it was thus not possi-
ble to include Bourgneuf Bay POM as a dietary compo-
nent. However, since the bay isotopic composition was
clearly not influenced by the continental Loire and
Falleron discharges (in contrast to estuarine POM), we
could exclude freshwater seston and terrestrial plants
from the diets.

The isotopic values of the various source diet compo-
nents assimilated by oysters and slipper limpets in
Bourgneuf Bay (i.e. sources within polygons, Fig. 2)
were pooled according to ecological categories: Cj
saltmarsh angiosperms (Salicornia sp. and Halimione
portulacoides), C, shore angiosperms (Spartina sp.),
macroalgae (Fucus serratus, Fucus vesiculosus and/or
Enteromorpha sp.), marine POM and benthic diatoms.
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The §3C values indicated a dominance of the latter
4 sources. However, the macroalgae and C, angio-
sperms were not isotopically distinct, because the total
NND? of their carbon and nitrogen isotope values was
less than 0.1. Hence, 4 end-members (Table 1) were
used in diet contribution estimations: macroalgae and
C, angiosperms, C; angiosperms, marine POM and
benthic diatoms. They presented distinct (NND? > 0.1)
and significantly different (Kruskal-Wallis: p < 0.001)
isotopic compositions.

End-member elemental content and
dietary contributions

End-members implicated in both diets differed in
elemental content (Table 1). The plant sources of the
present study were typically low in N. Benthic diatoms
and phytoplankton exhibited the lowest C:N ratios (5.6
and 7.2 respectively), whereas the highest ratios were
observed in macroalgae-C, angiosperms (15.2 to 19.4).
The C:N ratios of benthic diatoms and phytoplankton
were similar to the published values of diatom mats
and plankton (Abed-Navandi & Dworschak 2005) on
which we based our calculation of carbon and nitrogen
content (see 'Materials and methods').

The IsoSource program assumes similar carbon and
nitrogen concentrations and equal digestibility of each
end-member (Newsome et al. 2004). Because we were
interested in elucidating ecological relationships (food
proportions ingested), 2 potential error sources were
evident in our dietary contribution estimations: the dif-
ferent proportions of C and N in microalgae and plant
detritus, and the potential differential assimilation of
these sources (which contain different amounts of
refractory carbon). However, combined use of Iso-
Source and of the elemental concentration-dependent
model allowed us to estimate the extreme feasible con-
tributions of end-members according to 2 alternate
scenarios.

(1) The elemental assimilation efficiencies of both
Crepidula fornicata and Crassostrea gigas were similar
for microalgae and plant detritus; hence, it was neces-
sary to distinguish between the C and N content of
these sources. The biomasses ingested from the 4 end-
members were therefore estimated by the elemental
concentration-dependent model.

(2) The elemental assimilation efficiencies of both
species were lower for plant detritus than for microal-
gae (as might occur if putatively high plant refractory
carbon was poorly-assimilated). Even if the C and N
content of these sources differed, similar C and N con-
centrations could be assimilated. The biomasses
ingested from the 4 end-members were therefore esti-
mated using the IsoSource model.

35N composition (%o)

12 4
4 i Crassostrea
10 3 sreresanenfongenceiepns
1 Salicornia § % Halimione | r"'? % Spartina
g | T %Fu. se. Entero.{
| . u] Fuve.|3
6 1 H
J '_‘ ‘ Benthic diatoms
4 4 %Falleron kY “"‘
5 € Loire { % |Open sea ,o*
] Estuarine kY o
0 - -
; Bay Mar 03
_2 T T T T T T T T T T T T T T T L T L] T L] T T T T v 1
-32 -30 28 26 24 22 -20 -18 -16 -14 -12 -10 8 -6
13 4
111 inmmasussRanERETEEREEE Py ““
] EHahm:one Cropidia } 3
9 Fraxinus ‘ iSallcomla Crassostrea "H' Spartina §
. . Fu. se.q%
7 #i Loire "'., Pt?—'u. ve. H
5 4 Benthic
| Open sea diatom:
3 Estuarine Bay@'., JERIPTIL
1 Populus -
11 Falleron
=1 1 {‘
i Alnus
_3 -
] Jul 03
-5 B B e e e S e S B B a a s 1
-32 -30 -28 -26 -24 -22 -20 -18 —16 —14
18 1 :. ....'.
16 1 | Halimion&* "o,
14 H
12 1 ]
10 ] A Salicornia Fu. ve.
- % Crassostrea rspldillﬁpartma
8 9 ... ’ E .
J i ~.,. ’ ntero. *e.,
6 - I-{-ILowe **,, Opensea O Fu.se. pann _...‘
: e ..---'..--I-'l“"' Benthic
47 ® Falleron Bay wmeet diatoms
2 1 Robinia '{‘Estuarine
4 Populus
;’ ] Lganus Nov 03
- ™ T T T T T T T T T T T T T T T T

30 -28 -26 24 -22 -20 -18 -16 -14 -12

6'3C composition (%o)

Fig. 2. Dual 8'°C and 8'5N isotopic compositions (mean %o =+
SD) of 2 suspension-feeders (mm) and food sources (®) in
March, July and November 2003; 8'3C and 8'°N values of cal-
culated diets (O,00) of Crepidula fornicata (grey) and Cras-
sostrea gigas (black) were determined by subtracting trophic
enrichments (dashed lines) of 1 and 3.4 %., respectively, from
313C and 8'°N values of both species. Dotted polygons delimit
sources implicated in the dietary mixture; these sources are
pooled to constitute 4 end-members in subsequent analyses.
Entero.: Enteromorpha sp.; Fu. se.: Fucus serratus; Fu. ve.: Fu-
cus vesiculosus. POM samples are: Falleron, Loire (freshwa-
ter), estuarine, bay (brackish) and open sea. Enteromorpha
sp. was discarded from the mixing polygon in March 2003
owing to extreme carbon deviation, which disagreed with
other macroalgae and with values from the other 2 sampling
events and from previous studies
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IsoSource mixing model

For each end-member on each sampling date,
IsoSource provided distributions of feasible contri-
bution ranges to the 2 consumer diets (Fig. 3). The
distributions were quite dispersed and included zero
contributions in most cases. Nevertheless, dietary
proportions differed among sampling dates. The
greatest ranges of feasible end-member contributions
were observed in March 2003, whereas the smallest
ranges were found in November 2003, especially for
marine POM and C; angiosperms. Both suspension-
feeders consumed more phytoplankton in November
than in March (50 to 61 % vs. 0 to 36 %). At the same
time, Crassostrea gigas and Crepidula fornicata
ingested lower macrophyte proportions (0 to 37 % vs.
0 to 59%, and 0 to 12% vs. 6 to 50 %, respectively, for
macroalgae-C, angiosperms and C; angiosperms).
Thus, phytoplankton contributed 52 to 61% to the
diet of oysters and 50 to 59% to the diet of slipper
limpets in November, whereas 0 to 22% and 7 to
36 % were assimilated by the 2 species, respectively,
in March 2003. C; angiosperms represented 0 to 12%
of the diet of oysters and 0 to 10% of the diet of slip-
per limpets in November, compared with 24 to 50%
and 7 to 37 % in March. In July, intermediate ranges

were observed for both species. The significant dif-
ference in isotope compositions between C. gigas and
C. fornicata in March and July thus appeared to be a
result of differential utilization of macrophytes and
phytoplankton. The major food source of both species
was microalgae (marine phytoplankton and micro-
phytobenthos) in July and November 2003 (but to a
lesser extent for slipper limpets in July).

In contrast to the depiction provided in Fig. 3, bivari-
ate graph matrices (Phillips & Gregg 2003; see Fig. 5)
allowed us to examine all feasible end-member contri-
bution combinations. As the contributions summed to
100 %, the contribution of 1 trophic source constrains
the possible contributions of other sources. Approxi-
mately 92% of feasible sets of solutions implicated
4 sources in all simulations, i.e. the trophic niches of
both species overlapped for 4 food resources. In
March, only 16 and 15% of feasible combinations
made identical contributions to both species' diets:
benthic diatoms and macroalgae-C, angiosperms, and
marine POM and C; angiosperms respectively. In
November, higher overlaps were observed: up to 40%
of feasible combinations contributed equally to slipper
limpet and oyster diets. However, no combination
showed more than 2 identical percent contributions
between diets of either species.

Benthic Marine POM Macroalgae and C, C, angiosperms
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Fig. 3. Distribution of feasible end-member contributions to the diets of Crassostrea gigas (black shaded areas) and Crepidula
fornicata (light grey shaded areas) calculated using IsoSource. Mid-grey shading represents overlapping areas. Mean (% + SD)
contributions are indicated
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Elemental concentration-
dependent program

The concentration-dependent model (Figs. 4 & 5)
gave larger ranges of feasible microalgae contributions
and smaller ranges of C; angiosperm contributions to
Crepidula fornicata and Crassostrea gigas diets. The
tissue production of these 2 species may thus derive
more from benthic diatoms than was estimated by the
IsoSource program. C3; angiosperms contributed 20 to
36% and 10 to 22% to the diet of oysters and slipper
limpets, respectively, in March 2003; Crepidula forni-
cata appeared to derive its biomass mainly from
microalgae, whereas Crassostrea gigas depended
more on macrophytes.

Feasible combinations (Fig. 5) of oyster and slipper
limpet diets were more similar in March and July than
estimated by IsoSource. However, as noted above for
the IsoSource estimations, the concentration-depen-
dent model did not estimate more than 2 identical per-
cent contributions in dietary combinations to either
species. Four sources also contributed up to 90% to
feasible sets of dietary solutions, i.e. the trophic niches
of both species overlapped for all 4 sources using this
concentration-dependent program, as was observed
using IsoSource.

Characteristics of trophic niches

Using results from IsoSource, Levins' standardized
niche breadth of Crepidula fornicata was wider than
that of Crassostrea gigas in March and July 2003. Cal-
culated slipper limpet niche breadth varied from 0.50
to 0.98, whereas that of oysters varied between 0.51
and 0.81. From March 2003 onwards, the 2 mollusks
displayed a progressive reduction in niche breadth,
attaining the same minimal value in November (~0.5).
Over the same period, Pianka's measure exhibited a
progressively increasing niche overlap, from 92 to 99 %
(Fig. 6). The niche breadths of Crepidula fornicata and
Crassosirea gigas calculated from the concentration-
dependent model were more similar, showing the
same reduction from March to November. Niche over-
lap was also slightly greater in July and November.

DISCUSSION

Food sources of Crassostrea gigas and
Crepidula fornicata

The food supply available to suspension-feeders in
mudflat ecosystems such as Bourgneuf Bay is conven-
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Fig. 4. Distribution of feasible end-member contributions to the diets of Crassostrea gigas (black shaded areas) and Crepidula
fornicata (light grey shaded areas) satisfying concentration-dependent conditions. Mid-grey shading represents overlapping
areas. Mean (% + SD) contributions are indicated



March 2003

November 2003

188 Mar Ecol Prog Ser 334: 179-192, 2007
i 001 tt M F o i 0071 (i o TE hop T 1407
d i 9 0% o i 7%¢ 0% [1] 14%
benthic 1 19% ° O || benthic i H °
" diatoms 95071 1 8 [ diatoms 9507 \
o ¥ > o
100 50 01 N Slloo so off N [ N v
T =7 S, ﬁJO % 1OOL_‘ ““““
] C - ] 0% [ 0%
) marine ] L marine ] [
[ 1500 POM 8501 1 1500 pOMm 4501 j
0% i e ] : - [
Hlaoo 5 o fa#®p te et 7T blaco 86 of{E I N
[] 0 5?0 100 0% @ 100 21%
/: macroalgae | 1 H macroalgae | 1
t r50p &C, 0501 1 Fr50h &C, 0501 1
39% 0% [ OndiosR: | 0% 0% f| Anglose
I & Fl100 50 01 GW fl1oo 50 O i N
oy i ~Ifo 50 100 § O T I gl [0 50 100]
g g fsop G, ; sop €,
0% 0% 1] 0% [|  angiosp. 1 31% 29% 22% [|  angiosp.
I F 1100 4 N BN I | N R § [L100 4
Fig. 5. Bivariate graph matrices showing contributions (%) of
i 0001 37% T{E '1 '1'%' : - 10% T 4 end-members for all feasible dietary combinations in
benthic 1 [ [ March, July and November 2003. Black shading indicates
L 504 1 [ contributions to diets of Crassostrea gigas and grey shading
diatoms 9 ] [] . o . . .
R E indicates contributions to Crepidula fornicata; where they in-
100 % ol] \ 13' tersect, grey surfaces are superimposed on black surfaces.
= * I R SRR T Graphs above the diagonal separation show IsoSource re-
] [ o ] 40% 39% [ sults, whereas those below the diagonal panels show feasible
A % [ mafine ] k [ combinations calculated from the concentration-dependent
2 L 50 1 i model. Thick and fine dotted lines show contribution means
500 pom 9
5 \ for oysters and slipper limpets respectively; % of contribu-
36% 100 ‘5% 0] 1 tions common to both species' diets are given in each panel
L L T 1fo 50 1007 I e
N € : macioalgae -
[ t 500 &C, 9501 1 ton and benthic diatoms) became more important in
23% [134% r| 2nglose }z\ July and November.
—H FR100 50 OJ 18 — Diets can also differ qualitatively despite a high
* 1 ==t [0 5130 100] degree of similarity in natural isotope deviations (e.g.
H Carman & Fry 2002). Slipper limpets and oysters may
] [] L (500 C} ingest different species or sizes of microalgae; indeed,
0, 1 0, 3 - . . sqe -
18% 3% [ 20% E | A the differential selective capability of these 2 species
-------- i : - (Beninger et al. 2007, this volume) makes this highly

tionally considered to be chiefly composed of benthic
diatoms (Riera & Richard 1996, Leguerrier et al. 2003).
However, our comparison of isotopic compositions of
the potential food sources and tissues of Crepidula for-
nicata and Crassostrea gigas revealed that 4 primary
production sources were predominantly assimilated:
suspended POM (essentially phytoplankton; up to
70 %), benthic diatoms (up to 90 %), angiosperms and
macroalgae (up to 60%). The relative contribution of
each component differed according to sampling date
(more markedly for oysters): macrophytes were more
important in March 2003, and microalgae (phytoplank-

probable. Complementary stomach content analyses
would help to elucidate this particular aspect.

The 8'°C and &'°N deviations of oysters from
Bourgneuf Bay extended further beyond those of ben-
thic diatom, especially in March, compared with oys-
ters of the previously-studied Marennes-Oléron site
(also on the French Atlantic coast) that presented a diet
primarily based on microphytobenthos (Fig. 7; Riera &
Richard 1996, Riera 1998). In addition, the difference
between isotopic deviations of oysters or slipper
limpets and benthic diatoms was greater in Bourgneuf
Bay than in Oosterschelde (Fig. 7; Riera et al. 2002).
Nonetheless, benthic diatoms feasibly contributed a
substantial portion to the diets of Crepidula fornicata
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Fig. 6. Levins' standardized niche breadth (dashed lines) of
Crepidula fornicata (grey) and Crassostrea gigas (black), and
Pianka's measure of niche overlap between both species (con-
tinuous line); obtained from IsoSource (filled symbols) and
concentration-dependent model (open symbols) simulations

toral seaweed beds of unknown extent exist at the
entry to the bay (Y. Gruet, Université de Nantes, pers.
comm.). Relatively long residence times in Bourgneuf
Bay (approx. 2 mo) facilitates physico-chemical and
biological modification of detritus particles in the water
column.

The estimations of end-member dietary contribu-
tions suggested that macroalgae and C, angiosperms
contributed more than C; angiosperms to Crepidula
fornicata and Crassostrea gigas diets, even though C,
plants predominate in saltmarshes of the French
Atlantic coast (European Natura 2000 code 1330;
http://natura2000.environnement.gouv.fr/habitats/
HAB1330.html). Suspension-feeders obtain maximum
benefit from plant detritus in earlier stages of decom-
position, before most of the nutrient and energy-rich
compounds are used by microheterotrophs (Stuart

and Crassostrea gigas on all 3 sampling
occasions (Figs. 3 & 4). Microphytoben-
thos, which has an organic composition
more readily assimilated than that of
angiosperms, may be a major food
source to secondary producers (e.g. Cur-
rin et al. 1995, Kang et al. 2003).

Phytoplankton was also an important
component of the diets of both sus-
pension-feeders. Concomitant grazing
on resuspended microphytobenthos
and phytoplankton is well documented
for intertidal suspension-feeders (e.g.
Kang et al. 1999, Rossi et al. 2004). Phy-
toplankton variability is thus a deter-
minant of individual and population
bivalve dynamics in the field (Grant
1996).

Stable isotope compositions of Cras-
sostrea gigas and Crepidula fornicata in
Bourgneuf Bay, together with mixing
model analyses, indicated a generally
high input by angiosperms and macroal-
gae. Suspended, variably degraded
plant detritus has been shown to be a
major trophic substrate for coastal sec-
ondary producers, including suspen-
sion-feeders, in American saltmarsh
food webs (e.g. Currin et al. 1995, Dee-
gan & Garritt 1997). Our Crepidula for-
nicata and Crassosirea gigas sampling
site, La Couplasse, is close to a total of
9.34 ha of saltmarsh composed of Halim-
ione portulacoides, Salicornia sp. and
Spartina sp., and is adjacent to 234.8 ha
of macroalgal cover. In addition, infralit-

1982). Although trophic mediation through bacteria or
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Fig. 7. Mean 8'3C and 8'°N of Crassostrea gigas (M), Crepidula fornicata (n)
and benthic diatoms (®) measured in Bourgneuf Bay (France; present study),
the Oosterschelde (‘Oost.’, The Netherlands; Riera et al. 2002) and Marennes-
Oléron Bay (‘MO’, France; Riera & Richard 1996, Riera 1998). Error bars are
either SD or ranges of mean §'3C from MO. Dashed lines separate locations;
grey solid lines separate seasons or months for which data was collected
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microzooplankton is often necessary for the digestion
of angiosperm tissues (Mann 1988, Langdon & Newell
1990, Riera 1998), no such mediation was observed in
the suspension-feeders of the present study: 8'°N val-
ues indicated no corresponding trace of enrichment.

In contrast, macroalgal tissues contain relatively
large amounts of nitrogen, protein and energy that is
readily assimilated by primary consumers (Mann 1988,
Bowen et al. 1995); these tissues also constitute a sig-
nificant source of nutrient-rich detritus, used by sus-
pension-feeders as sources of carbon and nitrogen
throughout the year (Bustamante & Branch 1996). In
the present study, an increased contribution by plant
detritus was observed in March 2003 (i.e. winter assim-
ilation), when microalgal production is minimal. It is
thus possible that these suspension-feeders exploit the
increased proportion of plant detritus in the winter
period, as has been previously reported for other sus-
pension-feeding bivalves (Lucas et al. 1987, Cranford
& Grant 1990).

Direct assimilation of plant tissues by oysters and
slipper limpets depends on the variety and nature of
their digestive enzymes. The extracellular digestive
enzymes of bivalves, including oysters, comprise espe-
cially cellulases, amylases and laminarinases (Brock et
al. 1986). Oysters are thus capable of degrading the
major organic components present in detritus (Newell
& Langdon 1986). In particular, Crassostrea virginica
assimilates significant amounts of saltmarsh angio-
sperm carbon (Newell & Langdon 1986, Langdon &
Newell 1990).

Advantages of combined use of IsoSource and
concentration-dependent models

Previous stable isotope studies of suspension-feeder
diets either did not estimate relative contributions, or
quantified source contributions using simple mixing
equations in which no more than 2 sources were impli-
cated (Riera et al. 1999, Page & Lastra 2003). We used
IsoSource-type linear mixing models to statistically
define the feasible relative contributions of end-
members to the diets of these 2 suspension-feeders.

The assimilation of food sources was shown to
vary according to mollusk species and source type
(Tsikhon-Lukanina 1982). The diverse source types
implicated in both Crepidula fornicata and Crassostrea
gigas diets could present dissimilar digestible C and N
fractions, in addition to different elemental content.
Although abundant literature exists on the digestibility
of food for humans or bears (Koch & Phillips 2002,
Newsome et al. 2004), we are unaware of any such
studies on microphage food quality values, and hence
the digestibility of the various C and N fractions. Our

results, obtained by combined use of IsoSource and
concentration-dependent models, described most pro-
bable overlaps between the diets of Crepidula forni-
cata and Crassostrea gigas despite the lack of litera-
ture on digestibility of the different end-members.
Based on the incorporation of C and N concentrations,
results from the concentration-dependant model indi-
cated a greater similarity in the diets of these 2 species,
with a lesser importance of detritus, than did those
from the IsoSource model.

Trophic relationships between Crassosirea gigas and
Crepidula fornicata

Given that Crepidula fornicata and Crassosirea
gigas both feed on seston and, that in contrast to the
oyster (Cognie et al. 2003), C. fornicata does not
appear capable of qualitative selection, diet overlap
appeared highly probable (Beninger et al. 2007). Iso-
tope comparisons confirmed this assumption: the same
food types were ingested on 3 seasonal sampling
dates. However, significant differences in the tissue
isotope deviations of these 2 species in March and July
2003 revealed that diets differed substantially in win-
ter and spring. Similar conclusions—i.e. same source
types but different diets—were reported for these
2 species in the Oosterschelde (The Netherlands; Riera
et al. 2002; Fig. 7). In comparison with our study, the
dietary differences of specimens from the Ooster-
schelde were consistently more pronounced, espe-
cially with respect to carbon deviations. However, sub-
stantial ingestion of macrophyte detritus by these
suspension-feeders has not been previously reported
from other European Atlantic sites (Oosterschelde and
Marennes-Oléron). Interestingly, this corresponds to
reduced presence of macrophytes at these sites (Riera
& Richard 1996, Riera et al. 2002). These observations
bring to attention the need for site-specific diet studies
of these invasive species, in order to obtain a realistic
understanding of their feeding biology in European
coastal ecosystems.

The trophic niche breadth of slipper limpets was
either similar to or broader than that of Pacific oysters,
indicating that Crepidula fornicata is a more generalist
suspension-feeder than Crassosirea gigas. This may be
due, at least in part, to their different capacities for
qualitative selective feeding (Beninger et al. 2007). On
all 3 sampling dates of the present study, the trophic
niches of Crepidula fornicata and Crassostrea gigas
overlapped to variable degrees in Bourgneuf Bay, with
greater overlap in November when niche breadths
were narrower. This high degree of overlap (consis-
tently > 90%) emphasizes the potential for trophic
competition between these 2 invasive species; how-
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ever, competition can only be demonstrated when
resources are limiting for both species. In the absence
of complete source data and functional ecosystem
models, demonstration of actual competition must
therefore rely on specific physiological and isotopic
indices (e.g. shifts in filtration, use of specific diet com-
ponents). The findings of the present study show that
the characteristics of trophic overlap/competition
between Crepidula fornicata and Crassosirea gigas
are likely to be highly variable throughout their sym-
patric range, depending on types and abundances of
local food sources.
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Background

History

Wild oyster (Ostrea edulis) was first documented in Lough Swilly in 1604 when the British
Admiralty report identified that oysters existed in commercial quantities in the bay. There has
been a traditional native oyster fishery in the bay ever since. In 1904 the first comprehensive
survey was conducted and documented in the “Brown Report” which stated that “there are two
natural oyster beds in Lough Swilly one on the north side between Ballygreen Point and
Ardrummon, in the Letterkenny Rural District and the other on the south side of the Lough
between Drumbiy and Ballyaghan.” Recent surveys by O Sullivan and Dennis (2001) and in
2011 by the Marine Institute (Anon 2011) provide updated information on the distribution of
oysters in the Lough. Local knowledge also suggests that there are additional beds not included
in these surveys (Fig. 1).

Current arrangements for governance and regulation of the fishery

The Lough Swilly Wild Oyster Development Association was formed in 2000 to represent the
interests of fishermen licensed to gather wild oysters on the Swilly beds. Subsequently the
Lough Swilly Wild Oyster Society Limited (LSWOSL) was formed as a friendly Society
registered with the Irish Co-operative Organisation Society Limited. It has 29 members from
the wild oyster (Ostrea edulis) fishing community. The Society currently has no legal authority
to manage the fishery but has been active in promoting the conservation and management of

wild oyster in L Swilly since 2000.

All oyster fishermen are required to hold dredge licences issued by Inland Fisheries Ireland
(IFT) which specifies the season during which the dredge can be used. In addition the oyster
fishing vessel should be registered on the National Sea Fishing Register administered by The
Department of Agriculture, Food and Marine (DAFM) and hold the requisite bivalve or
polyvalent capacity. Annually up to 30 oyster dredge licences have been issued to traditional
fishermen in the locality to dredge for oysters (Table 1).



Table 1. Number of dredge licences issued annually for fishing of oysters in L. Swilly

Year Number of Licences Issued
2012 24
2011 22
2010 16
2009 21
2008 27
2007 28
2006 30

The fishery is regulated by minimum landing size of 76mm and by a closed season from June

1* to August 30™, These regulations are enforced by IFL

Current status of oyster stocks and fisheries in Lough Swilly

In March 2011 a limited survey of the oyster populations of Lough Swilly was undertaken by
the Marine Institute and BIM. This was not comprehensive and excluded sites already licensed
for aquaculture. This survey indicated that the wild oyster population was at a low level and
that previous fishing had resulted in removal of a high proportion of larger oysters (>76mm).
The survey also indicated that a naturalised Pacific oyster (Crassostrea gigas) population was
established, occurred in the native oyster bed at various densities and was of multiple year
classes. A second survey was completed in November 2011 and included both wild Oyster
beds and aquaculture sites. This confirmed and extended the conclusions of the March 2011
survey that generally stocks were low and that Pacific oysters were widespread. The surveys
also showed however that some annual recruitment was occurring and growth rates appear to

be strong (Anon 2012).

Output from the fishery has varied annually depending on stock availability, fishing effort and
market price. As recently as 2008 55 tons of oysters were taken. The really significant
development in the fishery has been the landing of 300 tonnes of naturalised Pacific oyster in
2010. This fishery continued in 2011 (Table 2).



Table 2. Estimated annual output of oysters from Lough Swilly 2006-2011. Data for 2011 is

incomplete.
Year Tonnage sales
2011 4 Tons Ostrea edulis; 15 Tons Pacific oyster (*yr to date)
2010 40 Tons Ostrea edulis; 300 Tons Pacific oyster
2009 45-50 Tons Ostrea edulis
2008 55 Tons Ostrea edulis
2007 Unknown
2006 Unknown
Current challenges

There are several major challenges facing the oyster stocks and oyster fishery in L. Swilly.

There is no comprehensive plan the Lough that would afford protection to the native
oyster stocks and fisheries.

There is no legal mechanism currently in place that could limit the number of vessels
fishing for oysters, the total fishing effort or the annual outtake. Other oyster fisheries
in the country have either a fishery order which authorises the local co-op to manage
the fishery or they have an aquaculture licence which gives them this same authority
Scientific advice and data provision to inform management of the fishery has been
weak

Licences (for shellfish other than wild oysters) have been granted to aquaculture
activities which overlap wild oyster habitat. Some of these licenced areas are extensive.
Relaying of mussel and trestle production of Pacific oyster are the main activities in
these sites

There are a number of Aquaculture sites that are apparently licensed, but not being
utilised but cannot be fished by native oyster fishermen even though there may be
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