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Name and address of appellant:

Victor & Lynda Morgan,
Beliein y

Mobile Tel: E-mail address: S 48

Subject matter of the appeal:
Aquaculture license decision notice, published in The Southern Star , dated April 21

2018, File Ref TO5/590A

Site Reference Number:-
(as allocated by the Department of Agriculture Fisheries & Food) T05/590A

Appellant’s particular interest

in the outcome of the appeal:

I am a Local Resident, with a background in Maths and Maths physics — Science
graduate , UCC. Our eldest son races Laser Radial sailing boats and has competed
successfully in Ireland and Europe. We study tides and currents carefully before
each race and have a good understanding of Hydrodynamics in bays throughout the

country.

Qutline the grounds of appeal (and. if necessary.

on additional page(s) give full grounds of the
appeal and the reasons. considerations and

arguments on which they are based):

1. Proposed site remains unsuitable due to Insufficient Flushing Rate and
proximity to coastline.

Proposed Development will destroy local Bathing Area.

SAC / Habitats Directive requirement not fulfilled.

Odour Elimination has not been addressed .

o N

Concerns about the observations made in reports submitted by the Applicants.




1. Insufficient Flushing Rate and proximity to the coastline:

The proposed site is in a sheltered location. It is bounded on three sides by Land :
Carbery Island and Furze Island to the West, Dunmanus Bay Shoreline to the South, and
Drishane Harbour to the East. The river that flows into the mouth of the harbour in
Durrus does not have the capacity to assist flushing, and the proposed location relies on
the ebb and flow of the tide.

There is clear evidence of the sheltered nature of the site - a large seal colony resides
there permanently . and there are two sand and shingle bathing areas which have been
formed by sand . crushed shell deposits, and small stoney deposits which have settled
there over time — evidence of a poor Flushing Rate.

Admiralty Chart No 2552-0 ( Dunmanus Bay ) states : No perceptible Tidal Stream

( enclosed ).

The Cronin Millar report submitted in the Application for this license, section 9.1.2,
works with depths -15m to -30m, and observed sea velocities between 0.09m/sec and
0.20 m/sec at the site.

The Velocity and Current readings were taken over a 10 hour period. on one single day.
in October 2012, 3 days after a New Moon - when tides run strong. On 16 August 2012,
the worst storm in 26 years slammed into the cork Coastline.

There was a spike in current readings during a one hour period ( hour 12.05 ) which
affected the average readings.

These results were then used to determine calculations for waste dispersal for the entire
year. Recordings taken over a single 10 hour period are not a fair reflection of the annual
current velocities in the bay, and should not have been used.

The report states that the concentration of waste deposits produced by the farm will settle
between 150m and 600m laterally from the source - from calculations based on water
depths of between -15m to -30m.These lateral extensions are marked out on the attached
Admiralty Chart. They represent the area surrounding and including the site ., into which
sediment is expected to deposit.

Their calculations would be accurate if the sea bed in this catchment area was fairly level,
symmetrical, and was between -15m and -30m throughout the entire zone.

In fact, the depth according to Admiralty Charts varies between -29m and Om in the
catchment area The surface of the sea bed at the location is not symmetrical — verified in



the Bathymetric Survey submitted by Cronin Millar. Onshore winds, currents and tides,
will, with certainty. drive settling waste into shallow water.

Shallow water is marked on Admiralty Charts ( shaded in Blue ) as water less than 10
metres deep. We estimate there is approximately 80,000 m? of shallow water within the
catchment area, where waste is most likely to deposit. It is possible that deposits there
will be in the region of  992,000kg/year / 80,000m? = 9.92kg/m*year = 34gm/m*/day.

This is more than double the 15gms/m?*/day threshold that the report ( section 9.1.3)
recommends, and it will have an unacceptable ecological impact on the sea bed
locally ( Weise et al ) .

It should also be noted that the concentration of waste deposits is likely to be even higher,
because we expect a more extensive Current Velocity Survey would reveal much weaker
velocities over a longer time. The waste will continue to be deposited daily, while
shallow tidal waters will trap it and expose it to the air.

The proximity of the site to the shallow grounds of the Foreshore renders the proposed
development unsuitable.

2. Damage to Local Bathing Area

The proposed site extends left and right of - effectively surrounds - the only local
bathing and amenity area, which | have marked on the attached map. The excrement and
pollution from a mussel farm would totally destroy this amenity and render it unsuitable
for Bathing. The proposal is in direct conflict with EC Council Directive 76/160/EEC
concerning the quality of Bathing Water. which declares on page 2 : “in order to
protect the environment and public health, it is necessary to reduce the pollution of
bathing areas, and to protect such water against further deterioration™

This beach is used by all the locals and their children , and is a social focal point for
most of the year. It's the most popular bathing area in Dunmanus Bay. It has a small
parking area and is used for swimming, snorkling, kayaking, sailing, canoeing, and
diving. In the Summer , annual visitors to the Cashelane holiday homes use it every day.
Last Summer Canadians. English, French, Germans. Italians and Irish people swam there,
including Saoirse Ronan, actress, and David Davin-Power, RTE. The beach is a big
factor in the enjoyment of their Tourist Holiday in Ireland, where families interact and
meet up with locals and friends in a safe and healthy environment.



This Bathing Area falls inside the Lateral Area marked out for waste faecal deposition
by the Applicants. Waste will settle daily in the location due to the proximity of the
mussel farm and the sheltered nature of the bay.

The location is not a Designated Bathing Area, but this is not a requirement. It is a
popular and well known Bathing Area, listed for “leisure Usage™in Cork County
Council’s “Marine Leisure Infrastructure Strategyfor West Cork™ 2008 . Putting a mussel
farm in the proposed location would create an unacceptable waste biodeposit problem
there , unpleasant to swim in. smelly, and slippery to access.

These structures should never be placed in areas where there is shallow tidal water —
which will lead to exposure of the settled waste twice every day, and should never be
placed near bathing areas.

Mussel faecal material is easily suspended in water due to it’s low density, and has been
found to settle extremely slowly ( Saurel, Gascoigne et al 2004 ) . The majority of
filtered and biodeposited material is resuspended immediately ( Smaarl et al 1986 ) .
Mussel beds increase sediment flux both from water column to bed and from the bed
back to the water column, and mussel biodeposits may contribute significantly to the total

suspended load in estuarine and costal environments ( Kautsky and Evans, 1987 ).
The proposed site cannot be picked because mussel faecal material will be carried in the

bathing water for a long time before being deposited . To uphold the EU Directive, this
appeal should be upheld.

3. SAC / Habitats Directive Requirement not fulfilled

Dunmanus Bay is a well known Nursery Bay. The best Scallop spawning ground in the
South West lies here. It is a breeding ground for Prawn, Shrimp Velvet Crab and Lobster.
A seal colony and otters reside near the proposed location. They crawl up onto the
smooth rocks of a small Island here, and their habitat must be protected.

The nearest Natura 2000 site is approx. 2km away from the proposed site, but only about
1.4km away from the predicted waste dispersal zone . We feel that the opinion of the
general public should have been obtained . before any decision was reached, in
accordance with Article 6(3) of the Habitats Directive.

Fishermen have spoken of the sighting of Sea Grass and Coral in the immediate area, but
they were not aware any screening report was being carried out.

There is a harbour seal haulout approx. 200m from the site, but within the expected waste
deposition zone. We feel this must surely have an impact on the seal habitat — and we feel
this was not considered properly.

There is an otter habitat about 600m away from the site, but bordering the waste
deposition zone. We feel this was not considered properly.



We have contacted Seal Rescue Ireland and they have advised that there should be proper
assessment before the development is allowed. Harbour seals are afforded protection
under Annex Il of the EU Habitats Directive.

Ireland is legally mandated to implement MSP — Marine Spatial Planning — which should
proactively seek to engage stakeholders early.
\The Applicant began work in 2013 and had 5 years to prepare their application. We have
4 weeks from seeing a notice in a newspaper to prepare an objection. This is not balanced
or fair — and more time is needed to fully flesh out the facts.

We received no notification from the Department about their decision , despite including
email and postal addresses with our comprehensive objection.

More time and public engagement was needed to properly prepare and consider
Screening Reports before a decision was made — no Licence should be granted until this
is addressed properly.

4. Odour Elimination has not been addressed

The nearest aquaculture farm is about 8km away, close to Durrus village. It is situated
close to tidal coastline, similar to the model proposed in this application. At low tides
there is a terrible smell locally. The odours from the existing aquaculture farm at Low
Water , and especially Low Water Spring Tide is indicative of the difficulty of odour

control when a farm is close to shore.

Low tide water happens twice a day, the water level sinks even further at Spring Tides -
every two weeks. It is a certainty that waste will settle in shallow waters. and this waste
will be exposed to the air as the tide retreats twice every day.

This Application does not demonstrate how odours will be eliminated at LWST.

S. Concerns about observations and caclulations made in reporis
submitted by the Applicants :

We have a number of concerns about figures used to determine the flushing rate and
associated waste footprint.

A figure of 10mm/sec was used as the biodeposit settling rate at Dunmanus Bay. This is
about twice the Smm/sec rate observed by Chamberlain ( 2002), and Hartstein and
Stevens ( 2005) reported settling speeds over 30 mm/sec. Settling rates vary depending




on local conditions and faecal pellet size. The report does not carry out calculations based
on these higher and lower recorded velocities and makes no reference to pellet size.

The Pseudofaeces Settling velocity in Table 4 ( 2Zmm/sec ) has been ignored in their
calculations, and no footprint is given for Pseudofaeces waste .

The biodeposit rate per metre has been interpolated linearly from Table 4. However there
is no evidence that the relationship between biodeposits and mussel line length is Linear
and not exponential. There is recorded and published work to show that benthic
environments respond to biodeposition in a ron linear manner. Therefore the wrong
conclusions may be drawn.

Their calculations are based on Low Water depth -15m to -30m. However the waste
dispersal area has several areas of tidal coastline where water level is Om. Their
calculations are therefore inaccurate.

The seabed in the immediate area is extremely uneven and waste will not seitle or
disperse evenly. It will be carried into areas which are shallow, and no account is taken of
this.

No account is taken of mussel density on differing line lengths used in calculations.No
account is taken of the age or size of the mussels.

The report finds that the acceptable threshold for benthic survival is between 15 to
30gms/m*/day. This is misleading — it suggests a scale of 15 to 30. The widely accepted
level at which the benthic environment is damaged permanently is 15gm/m?/day (Weise
et al ), so the scale is 0 to 15. Many other researchers claim the figure is between3.25
and 10gm/day, or between 4.4 and 8.8 gm/m?*day. These were not considered .

Section 9.4 of the report , Impact on Foreshore : “None Anticipated”. Yet the Foreshore
contains much shallow waters, and lies within the Lateral Area for waste deposit. We
anticipate there will be a significant impact here from waste deposition.

Current velocities for the entire year are extrapolated from readings taken over a 10 hour
period which enjoyed a 2 hour spike which affected the results.

Two people carry out an exploratory dive in the littoral zone in 2013 — the area of the
bay that is close to the shore. | cannot find any coordinates for the area they surveyed,
and a large portion of the bay is close to the shore. Fishermen have recently reported
findings of Coral and Sea Grass in the zone marked out for waste deposition, so maybe
these were missed ? The 2013 report could be flawed or simply out of date.

I am willing to commission a new report, and ask that time is given to properly assess the
Habitat.




Conclusion :

Everything important was calculated from abstracted material. Table 4 indicated that
Biodeposit and faecal settling rates in Dunmanus Bay are “Unknown”, but

Biodeposit and faecal settling velocities in the bay are already measurable at the
Applicant’s current location less than 8km away in Dunmanus Bay — these should have
been recorded, submitted and used in their calculations instead.

Their analysis of the flushing rate in the proposed location is flawed and incomplete, and
does not support the evidence on the ground. The flushing rate is simply too poor in this
area to support aquaculture farms. There is no perceptible tidal stream — and it’s
confirmed clearly on the Admiralty Chart .

We believe the reasons and considerations for the Minister’s determination to grant the
licence, by accepting at face value the calculations and statements within the Applicant’s
reports, was surprising and erroneous. We believe they were not examined carefully
enough, and the calculations contained within were not scrutinised enough.

The ALAB were correct in their reversal of the decision last time due to concerns over
poor flushing rates, and this aspect together with deposits on local tidal foreshore and
bathing area still remain.

His reasons for granting ( a, b, f. g. and i ) are unsound.

The Minister’s determination was therefore unsound, and our appeal should be upheld in
light of proper analysis of the reports submitted.

Documentation, fees and maps are attached.

Please Note :

Visual Aids, Scientific Paper References and appropriate fees are attached with this application. We
are available for any enquiries. We are also available for an Hearing if it will help. Fees for both are
attached.




Fee enclosed: € 228.55
(payable to the Aquaculture :Licences Appeals Board in accordance with the Aquaculture
Licensing Appeals (Fees) Regulations, 1998 (S.1. No. 449 of 1998))(See Note 2)

Signed by appellant:

Victor Morgan

Lynda Morgan ” 2
é,;mé &éfﬂg A Date: /4 =. /{m.y s o

Note 1: This notice should be completed under each heading and duly signed by the appellant and be
accompanied by such documents, particulars or information relating to the appeal as the appellant considers
necessary or appropriate and specifies in the Notice.

Note 2: The fees payable are as follows:

Appeal by licence applicant €380.92

Appeal by any other individual or organisation €152.37

Request for an Oral Hearing (fee payable in addition to appeal fee) €76.18

In the event that the Board decides not to hold an Oral Hearing the fee will not be refunded.
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“Determination of Aquaculture/Foreshore Licensing Application — T05/590

Dunmanus Bay Mussels Ltd has applied for an Aquaculture Licence and a Foreshore Licence
for the cultivation of mussels on Site TO5/590A, totalling 26.25 hectares on the foreshore
between Carbery Island and Drishane Point at outer Dunmanus Bay, Co. Cork.

The Minister for Agriculture, Food and the Marine has determined that it is in the public
interest to grant the Aquaculture and Foreshore Licences sought. In making his
determination, the Miinisteg considered those matters which by virtue of the Fisheries
(Amendment) Act 1997 and other relevant legislation, he was required to have regard. Such
matters include any submissions and observations received in accordance with statutory
provisions. The following are the reasons and considerations for the Minister’s determination
to grant the licences sought:-

q Technical advice is to the effect that the waters are a suitable location for the
operation of a suspended rope mussel culture facility with adequate flushing
rates;

b) There is no significant impact anticipated on existing beneficial usages of the
local shore area;

¢) Ingeneral, views of the mussel longline site are obscured and limited from the
adjacent scenic routes;

d) The landscape character will not be dramatically altered as the development will
integra{e with the existing bay;
L

e) The aguaculture activity should have a positive effect on the economy of the local
area;

f) The Minister has already determined that the aquaculture activity is not likely to
have a significant effect on the environment and that an Environmental Impact
Statement is not required for this project. The reasons and considerations for the
Minister’s determination are available on the Department’s website;

g) The site is not located in o Natura 2000 area but is adjacent to the Dunbeacon
Shingle Special Area of Conservation (SAC) and there are a number of other
Natura 2000 sites in the vicinity, namely the Sheeps Head SAC, the Sheeps Head
to Toe Head Special Protection Area, Reen Point Shingle SAC and the
Farranamanagh Lough SAC. The proposed aquaculture activity does not spatially
overlap with the Natura 2000 sites and there will be no significant effects posed
by the culture of shellfish at this current level, on any of the qualifying interests of
the Natura 2000 sites (The Screening Matrix for Aquaculture Activities in
Dunmanus Bay is available on the Department’s website);



h) Taking account of recommendations requiring full implementation of the
measures set out in the draft Marine Aquaculture Code of Practice prepared by
Invasive Species Ireland;

i) All issues raised during the public and statutory consultation phases;

j) The updated and enhanced Aquaculiure and Foreshore Licences contain terms
and conditions which reflect the environmental protection required under EU and
National law.”
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Dose-dependent response of a benthic system to biodeposition from suspended
blue mussel (Mytilus edulis) culture

Pauline Robert ", Christopher W. Mckindsey °, Gwénaélle Chaillou®, Philippe Archambault **

*Instisur des sciences de la mer @ Rimouskt, Université du Québec & Rimouski, 310 allée des Ursulines, CP 3300, Rimouski, Québec, Canada G5L 3A1
b Fisheries and Oceans Canada, Institut Muurice-Lamontagne, 850 route de la mer, CP 1000, Mont-Joli, Québer, Canada G3H 324
* (haire de recherche en géochimie des hydrogéosystémes ootiers, Université du Québec d Rimouski, 300 allée des Ursulines, Rimouski, Québec, Canada G51. 3A1

ARTICLE INFO ABSTRACT

Keywords:

Agquaculture
Dose-dependent response
Biodeposition
Biogeochemical fluxes
Benthic community
Threshold effect

This study reports the results of a field experiment using benthic mesocosms that examined dose-
dependent effects of mussel biodeposition on the benthic environment. Mesocosms were placed in the
natural sea bottom and subjected to one of eight levels of biodeposition (from 0 to 1400 mussels m 2).
Maost analyses indicated nifi-linear (i.e., threshold) effects. Sediment characteristics changed significantly
between 200 and 400 mussels m™* as did multivariate community structure. Community structure
effects were characterised by changes in abundances of species that are very sensitive or tolerant to
organic loading. The multivariate AZTT Marine Biotic Index (M-AMBI) indicated that the benthic status
changed from High to Good in all mesocosms receiving biodeposits. Sediments acted as a sink for oxygen
(0;), but results suggest 0, sediment demand was not sensitive enough to evaluate organic loading
impacts. Results from this and improved experiments can be used to determine the environmental

carrying capacity of sites for bivalve culture.

© 2012 Elsevier Lid. All rights reserved.

1. Introduction

The influence of biodeposition from farmed bivalves on infaunal
macrofauna communities (e.g., Christensen et al., 2003; Callier
et al., 2008), turbidity (e.g., Black, 2001), nutrient cycles (e.g.,
Kaspar et al, 1985; Mazouni et al,, 1998; Richard et al., 2006;
Thouzeau et al., 2007), primary production (Wong and Levinton,
2004; Peterson et al., 2008), and other benthic-pelagic parameters
(e.g., Hargrave et al., 2008; Forrest et al., 2009) has been well stud-
ied around the world. The observed level of culture-related im-
pacts on the benthic environment varies greatly between studies,
ranging from little (Callier et al., 2007) to great (e.g., Christensen
et al., 2003), the level of impact observed depending on hydrody-
namic conditions, depth, culture structures, and other site-specific
or seasonal factors (Grant et al., 2007; McKindsey et al, 2011; Jansen
el al, 2012). The general consensus is that impacts are largely
restricted to sheltered areas with weak hydrodynamics and high
densities of cultured bivalves (Black, 2001), as is most common
for long-line mussel farms (NRC, 2010).

Suspension-feeding bivalves influence the flux of nutrients and
organic matter between pelagic and benthic systems via their great
filtration capacity and their release ol organic matter to the

* Cormresponding author. Tel.: +418 723 1986x1765; fax: +418 724 1842,
E-mail addresses: paulinc.robert02%@gmail.com (P. Robert), chris.mckindscy@
dio-mpo.geca (CW. Mckindsey), pwenaclle_chaillou®@ugarqoea (G, Chaillou),
philippe_archambault@uqar.qc.ca (P. Archambault),

0025-326X%/S - see front matter © 2012 Elsevier Ltd. All rights reserved.
htrp://dx.doi.org/10.1016/j.marpalbul.2012.11.003

bottom (Dame, 1996). Only a portion of the food ingested by bi-
valves is assimilated for respiration, growth, and reproduction,
the other portion being released as faeces and undigested
deposits (pseudofaeces) (Mavarro and Thompson, 1997). This
material - collectively known as biodeposits - is organically rich
and settles to the bottom and, depending on local hydrodynamic
conditions and the density of bivalves, may lead to organic matter
accumulation under and in the general vicinity of farms that can
exceed the capacity of an area to remineralise the sedimented
biodeposits (Giles et al., 2006; Callier el al., 2006). The decomposi-
tion of this organic matter may lead to increased sediment oxygen
demand and potentially to sulfidic and anoxic conditions near the
sediment-water interface (SWI) (Mazouni et al.,, 1996; Thouzeau
et al., 2007; Valdemarsen et al., 2009), and to changes in
pore-water chemistry (Gehlen et al., 1997; Froelich et al., 1979)
and biogeochemical fluxes at the SWI (Newell, 2004).

Changes in sediment biogeochemical state may, in turn, alter
benthic (Kaspar et al., 1985; Callier et al., 2007) and planktonic
{(Dame, 1996; Newell, 2004) communities. Pearson and Rosenberg
(1978) showed tharbenthic macrofaunal communities are altéred

“when subjected to organic loading: As benthic species vary in their

tolerance to organic enrichment, information on their relative tol-
erances and abundances may be combined and used as indicators
of environmental quality (Borja et al, 2000). Species such as
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Capitella spp. are oiten found in great abundances in disturbed
sediments (Tsutsumi, 1990) whereas pollution-sensitive ones, such
as the gastropod Acteocing sp., may disappear from these sites (Cal-
lier et al,, 2007). The influence of benthic species diversity and abi-
otic variables on ecosystem processes remains poorly understood
and requires further study (Godbold and Solan, 2008).

Although impacts of increased biodeposition due to farmed bi-
valves on benthic communities and biogeochemical fluxes have
been well studied, little attention has focused on dose (flux of sed-
imented matter) -. response (effects) relationships (McKindsey
et al., 2006). Knowledge of this relationship is needed to develop
models to predict benthic responses due to bivalve culture. Callier
et al. (2009) did an experimental field mesocosm study to evaluate
the effects of varying rates of biodeposition from mussels on ben-
thic conditions. Although nutrient flux intensities were expected to
change with increasing biodeposition, only silicate showed a clear
response while ammonium, nitrite, nitrate, phosphate fluxes and
oxygen consumption (i.e., respiration) either did not vary or else
varied randomly with biodeposition rates. A possible explanation
for these results was that the physical structure of the mesocosms
used limited macrofaunal recruitment and migration to and from
the mesocosm. In addition, the relatively small size of the meso-
cosms used (10 cm diameter) may also have reduced water ex-
change with the surrounding ecosystem which may have
exacerbated impacts due to mussel biodeposition. In contrast, clear
trends were ohserved for benthic communities within mesocosms
and suggested that there is a threshold below which communities
are only slightly impacted but beyond which benthic loading has a
dramatic effect. Thus this type of field or “in situ” manipulative
study can provide important information on dose-response rela-
tionships to aid in the development of carrying capacity medels
that integrate benthic ecosystem processes,

The present study evaluates dose-response relationships for bi-
valve culture and the benthic environment. Here, dose is the mus-
sel biodeposition rate to the bottom and response is its effect on
sediment characteristics, nutrient and oxygen fluxes at the SWi,
and benthic infaunal community structure. We used a field exper-
iment as we wished to extrapolate the findings to predict the eco-
logical carrying capacity of the natural benthic environment for
biodeposition in the study site. Indeed, Michaud et al. (2010)
showed that the use of laboratory-based experimental conditions
may alter biogeochemical responses and suggest maintaining
experimental conditions as close to natural conditions as possible.
The field experiment was designed to address some of the issues
identified by Callier et al. (2009) in their work by using larger mes-
ocosms, evaluating a greater range of organic loading, and running
the experiment over a longer period (60 days instead of 50). The
general hypothesis evaluated is that increasing biodeposition influ-
ences benthic conditions only slightly up to a threshold (tipping
point), beyond which they change markedly. It is anticipated that
this type of experiments will provide information needed to devel-
op models for benthic ecological carrying capacity (Inglis et al.,
2000). A marked carrying capacity threshold would pravide key
tools for sustainable aquaculture management (McKindsey et al.,
2006).

2. Materials and metheds
2.1. Experimental site

The study was done in Havre-aux-Maisons Lagoon (HAML),
iles-de-la-Madeleine, eastern Canada (Fig. 1). The lagoon is located
in the centre of the archipelago (47°26'N, 61°50'W) and is open to
the Gulf of St. Lawrence by a channel to the southeast and con-
nected to Grande-Entrée Lagoon to the northeast. Water mixing

is mostly due to persistent winds, which mix the entire water
column of the shallow (ca. 6 m maximum depth, Souchu and
Mayzaud, 1991) lagoons and the tidal amplitude is limited (mean
0.58 m) (Koutitonsky et al, 2002), The experimental site was
500 m from mussel farms that have been present since 1989 and
in an area where bivalves have never been cultured. As Callier
el al. (2008) showed that the benthic communities 300 m away
from the HAML mussel farm where characteristic of less disturbed
conditions, this site was judged to be sufficiently distant from
farms to limit their influence.

2.2. Field experimental design

A series of 40 benthic mesocosms was installed within a
20m x 40 m area on a 5 x 9 grid with each mesocosm being sep-
arated from its nearest neighbour by 5 m to avoid one mesocosm
influencing another. Mesocosms were made of 50 cm high « 60 cm
diameter plastic cylinders and inserted into bottom sediments by
scuba divers applying downward pressure while rotating the cylin-
ders back and forth using a weighted wooden bar for terque. The
mesocosms were inserted 30 ¢cm into the sediments to avoid intru-
sions by lobsters (Lawton and Lavalli, 1995). Mesh cages of the
same diameter as mesocosms and 20 cm high (sides of 1.25cm
weld wire and top and bottom of 1 cm Vexar) were placed on
and attached to the top of each mesocosm. Each cage received
one of 8 pre-defined densities of mussels with density treatments
randomly placed within the grid. Different mussel densities were
assumed to provide a given rate of biodeposition to each
MEesocosm.

Mussel (mean length: 58.5 #6.0 mm) densities used were 0,
200, 400, 600, 800, 1000, 1200 and 1400 mussels m~2, Callier
el al. (2009) showed that biodeposition rates are significantly cor-
related to mussel density such that biodeposition averages
0.022 g day ' mussel ' for this size of mussel. Based on this, the
given treatments were subjected to biodepositional loading at
rates of ca. 0, 4.4, 8.8, 13.2, 17.6, 22, 26.4, 30.8 gday 'm 2 Each
treatment level was replicated five times and five locations were
left undisturbed as references. Cages with mussels were left in
place for ca. 60 days, from June 5 to August 7 2009. This period
of time was chosen based on the generational time of the oppor-
tunist polychaete Capitella spp. that Grassle and Grassle (1976)
estimated to be between 37 to 50 days at 15 °C. Further, as Callier
et al. (2009) found little difference in biogeochemical fluxes in
their 50 days mesocosm experiment, the present experiment was
planned to last for 60 days to create a stronger signal. After this
time, cages were removed from mesocosm bases and incubations
done to measure biogeochemical fluxes and sediment cores taken
to evaluate sediment characteristics and macrofaunal communities.

2.3. Experimental chambers

Removed cages were replaced by incubation chambers that
contained water from the surrounding environment (see incuba-
tion system in Richard et al. (2007)). Incubation chambers fit pre-
cisely on mesocosms Lo create a water-tight seal. The chambers,
associated tubing and multi-parameter probe (YSI 6600) were
made of opaque plastic to avoid photosynthetic activity. A submer-
sible pump created a 2 L min~' circulation (verified by a lowme-
ter) within the mesocosms, a rate that Thouzeau et al. (2007)
found to be sufficient to obtain stable measurements using probes
but low enough to avoid resuspension of particulate matter within
mesocosms. The probe measured oxygen levels (measured as mg
0. m * h ') and physico-chemical measurements such as temper-
ature (°C #0.01) and salinity (+0.01) every minute. Incubations
were done over 40 min. This incubation time was determined
based on trials done using sediments receiving biodeposits from
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occupied by mesocesms or madified in any other way.

1400 mussels m ? to ensure that the trials ended with =80% O,
remaining to avoid artefacts from hypoxic conditions (Mazouni
el al., 1998) and was used for all treatment levels. That period of
tme was presumed to maintain a final concentration within the
region of linear oxygen decrease (Grenz el al,, 2003).

2.4, Sample collection and processing

2.4.1. Sediment characteristics

Following oxygen and flux measurements, sedtmem character-
istics were sampled by collecting two sediment cores with 10 mL
cut-off syringes in each mesocosm and reference location which
were [rozen (—20 *C) until analysed. One core from each mesocosm
was split and part used to determine organic matter (¥OM) and
water (%Water) content and the other part for grain size analysis.
For %0M and %Water, samples were weighed, dried for 48 h at
60 “C and then reweighed. ¥Water is calculated as the difference
between initial and dry weight of the sediment. Dry samples were
ashed for 6 h at 450 °C and reweighed to determine ash free dry
weight (AFDW). Organic matter content is calculated as the differ-
ence between sediment AFDW and dry weight according to Byers
et al. (1978). Sediment grain size was measured with a Beckman
Coulter LS13320 ALM laser diffraction particle size analyser after
preparing the sample with a Calgon solution to remove the
>1 mm fraction and disperse the particles (McCave et al,, 1986).
The second sediment core was used to evaluate total nitrogen con-
tent (%Npq) and sediment Cyo/Ny,, ratios (C/N). Sediment %Ny,
and C/N ratio were measured with a Costech 4010 elemental ana-
lyser after being dried at 60 °C for 48 h (Byers el al., 1978).

2, “Ref” represents reference locations that where sampled but not

2.4.2. Macrofaunal communities

Macrofaunal communities were sampled by collecling two,
10 cm deep and 10 cm diameter circular cores and washing their
content through a sieve with 500 pm mesh. The retained material
was stored in a 4% buffered [ormaldehyde solution until being
sorted. Identifications were done to the lowest taxonomic level
possible. Samples were characterised in terms of total abundance
(N), abundance of dominant species, number of species (5; species
richness), Shannon-Weiner diversity (H'), and Pielou’s evenness
index (J'). Species were classified into ecological groups based on
their tolerance to organic enrichment: | - very sensitive to organic
enrichment, i - indifferent Lo organic enrichment, Ill - tolerant to
excess organic enrichmeni, IV - second-order opportunistic spe-
cies, and V - first-order opportunistic species, to calculate an index
of biotic integrity based on the relative abundance of these differ-
ent groups (AZT] Marine Biotic Index - AMBI; Borja et al., 2000)
and a related multivariate index that also considers species rich-
ness and diversity (M-AMBI; Muxika et al., 2007),

2.4.3. Biogeochemical fluxes

Samples were taken three times during the 40 min incubations
(TO - immediately after setting up the chamber, T20 and T40) with
triplicate 60 mL syringes that fitted precisely into ports on top of
the incubation chambers. The sampled volume was replaced by
ambient water through an adjacent port. The volume ol added
ambient water was negligible compared to the total volume of
the chamber (ca. 72 L) and was not included in nutrient flux calcu-
lations. Ammonium levels were determined using the OPA (ortho-
phtaldialdhehyde) method of Holmes et al. (1999) immediately
following sampling using a 10-AU Turner Designs fluorometer.
The remaining water samples were filtered on 0.8 um GF/F syringe
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filters and frozen (—-80 °C) in three Falcon tubes. Analyses for dis-
solved total nitrate (3°NO;) and phosphates (PO,) were done on
a Bran-Luebbe AutoAnalyser 3 following Tréguer and Le Corre
(1975). Measured nutrients were given as concentrations and ben-
thic fluxes (F) were then calculated from the slopes of linear
regression between concentrations and incubation time as follows:

-]

where (i and Cf are the initial and final concentrations, Ti and Tf cor-
respond to the initial and the final incubation times, V is the volume
of water enclosed in the chamber and A is the surface area of sedi-
ment covered by the incubation chamber. Differences between Cf
and Ci determine the direction of the gradient. A positive (+) flux
indicates a transfer from benthic sediments to the water column
while a negative (—) llux indicates a transfer from the water column
to the sediment.

2.5. Statistical analysis

Variation in univariate metrics due to treatment levels was
evaluated using an hierarchical model and analysed using a Per-
mutational Multivariate Analysis of Variance (PERMANOVA) using
Plymouth Routines in Multivariate Research (PRIMER) v.6 (Clarke
and Gorley, 2001) with PERMANOVA+ (Anderson, 2005) as the per-
multation-based method makes no assumptions about the normal-
ity of the data (Anderson, 2001). Homogeneity of multivariate
dispersion was evaluated using the Permutational analysis of mul-
tivariate dispersions (PERMDISP) routine (Anderson et al.,, 2008)
and demonstrated homogeneous dispersion in most analyses.
When correlations between independent variables were great
(i.e., 0.8 < |r| < 1), environmental variables were log-transformed
to reduce interaction effects in multivariate analyses and simplify
the data for further analyses (Quinn and Keough, 2002). Multivar-
iate community structure was compared among treatment levels
using PERMANOVA. Benthic community data for univariate met-
rics was analysed using raw data for each core where the source
of variation was Treatment (9 levels of mussels density; fixed)
and Mesocosm nested with Treatment (5 mesocosms per treat-
ment; random). Multivariate analyses were done using a one-
way PERMANOVA (Treatment with 9 levels of mussel density;
fixed) from the pooled data from replicate cores taken from the
same mesocosm. Pair-wise multiple comparison tests were used
to identify differences among treatment levels using PERMANOVA.
Variation in multivariate macrofaunal community structure is
shown graphically using non-metric multidimensional scaling
(MDS). Dominant species were determined according to their tol-
erance to organic enrichment, combined with a similarity percent-
ages analysis (SIMPER) (Clarke, 1993) to determine the
contributicn of species to similarity/dissimilarities among treat-
ment levels.

The relationship between multivariate community structure
and environmental variables was examined using the distance-
based multivariate analysis for linear models (DISTLM) routine
(Anderson, 2001; McArdle and Anderson, 2001). The model was
built using a forward selection procedure and adjusted r* selection
criteria for the environmental variables (Anderson et al., 2008). Re-
sults are presented in a distance-based redundancy analysis ordi-
nation (dbRDA; McArdle and Anderson, 2001).
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Table 1

Results of the PERMANOVAS evaluating the effect of mussel hiodeposition from
various treatment levels (TR: Ref, 0, 200, 400, 600, 0O, 1000, 1200, 1400; n - 9) on
sediment characteristics: % organic matter, % water content, grain size (am), nitrogen
content (mg: N) and carbon to nitrogen ratio (C/N). Significant effects (p < 0.05) are
indicated in bold.

Variable Source df MS F P(perm)
% Organic matter” R 8 0.692* 218 0.0540
Error 35 0318
% Water content TR 8 0.037 245 0.0297
Error 36 0.037
Grain size m ] 19873 839 0.0001
Error 36 23675
M ™ a 0.0367 0.82 0.5958
Error 356 0.0449
C/iN ™ 8 22963 1.64 0.1479
Error 36 1.4019

* Jog(x+1).
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3. Results
3.1. Sediment characteristics

Mean sediment XWater and %OM (#SE) ranged from
2392 +1.34% to 43.96+9.09% and 1.24 £0.13% to 5.26 +2.74%,
respectively (Fig. 2), Both variables differed significantly among
mussel densities (Table 1) and generally increased with mussel
density. Values from reference sites (124+0.13 %OM,
23.92 + 1.34 ¥Water) were similar to these from mesocosms with
densities of 0 (1.47+0.10 ¥OM, 25.77 + 1.09 %Water) to 200
(1.42 + 0.12 %0OM, 24.73 + 1.09 ¥Water) mussels m 2 and increased
thereafter with increasing densities of mussels, Sediment ¥OM was
significantly correlated with %Water content (r=0.906,
p<0.0001). Mean sediment grain size (#SE) ranged from
58.59 + 2.86 to 225.67
+18.72 pm (Fig. 2) and differed significantly among mussel density
treatments (Table 1) such that it was similar in reference sites and
mesocosms with 0 mussels and significantly smaller in other
mesccosms. Grain size was not significantly correlated with either
$OM (r=-0.408) or ¥Water (r=-0.461). Sediment total car-
bon:nitrogen ratios (C/N + SE) varied from 8.08 £ 0.81 (reference
sites) to 10.19+0.15 (mussel density 800) and sediment total
nitrogen content (%N +SE) from 0.03 £ 0.01% (reference sites)
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Table 2

Results of the permutational ANOVAs (PERMANOVAS) testing the effect of mussal
biodeposition from various treatment levels (TR: Ref, 0, 200, 400, 600, 800, 1000,
1200, 1400; n - 9) and Mesocosm (ME; nn - 3) on macrofaunal abundance (N), number
of species (S), Shannan-Weiner diversity (H'), Piclou’s eveness (I') and the abundance
of different species, Significant effects (p < 0.05) are indicated in bold.

Variable Source df MS F P (perm)

N TR 8 326.74 425 0.0013
ME(TR) 36 7687 131 0.1808
Error 45 58.63

5 TR 8 29.65 592 <0.001
ME(TR} 36 5.011 127 0.2254
Emor 45 3956

H TR 8 1288 3i53 0.0047
ME(TR) 36 03681 152 0.0864
Emor 45 02416

P g ™ 8 0.2476 1.61 0.1545
ME(TR) 36 0.1538 136 01704
Error 45 0.1135

Abundance

Angulus agilis ™ 8 29859 3.62 0.0022
ME(TR) 36  B2567 163 0.0216
Error 45 507.42

Capitella spp. m B 13752 1.69 01035
ME(TR) 36 815.65 222 <0.001
rrror 45 367.66

Polydora comuta R B 20024 587 0.0001
ME(TR, 36 340.96 075 07462
Errar 45 456.95

Pectinaria gouldii TR 8 334.68 357 0.0077
ME[TR} 36 91.204 047 06709
Error 45 10494

Acteocing canaliculata TR g 1367.7 2.53 0.0066
ME(TR} 36 543,38 186  0.0047
Error 45 291.88

to 0.29 £ 0.19% (mussel density 800). Although C/N and %Ny, did
not differ significantly among mussel density treatments, there
was a trend for the latter variable to be lowest in reference areas
and increase with increasing biodeposition (Fig. 3).

3.2, Macrofauna! communities

Mean (+SE) benthic macrofauna abundance, species richness,
and Shannon-Weiner diversity varied in similar ways among
treatment levels such that each was greatest in reference siles
(abundance: 18.9 +5.0 ind. core '; species: 6.5 + 0.9 care '; diver-
sity: 1.5+0.2), followed by mesocosms with 0 and 200 mussels
and then decreased significantly in mesocosms receiving biodepo-
sition from greater densities of mussels (Table 2, Fig. 4). Pielou's
evenness did not vary among treatment leveis or show any trends
related to deposition rate (Table 2). Multivariate community struc-
ture varied significantly among treatment levels (Fg.q5,= 1.704,
P(perm) = 0.0004) such that communities in reference sites and
those from mesocosms with 0 mussels differed from mesocosms
with 200 and 400 mussels and all of which differed from all other
treatments (Fig. 5). Multivariate variation among treatments was
largely due to variation in the abundance of a small number of
dominant species. Dominant species were defined as contributing
greatly to differences among treatment levels, measured by a
SIMPER analysis. For example, Acteocina canaliculata was responsi-
ble for >20% ofl the dissimilarity between reference and control
mesocosms and all other mesocosms. Angulus agilis accounted
for 10-27% of the total dissimilarity between mesocosms with
0-400 mussel m ? and higher treatment levels, while Polydora
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cormuta accounted for about 15% and Capitella spp. for 9-23% of the
dissimilarity among the same treatment levels.

The abundance of the molluscs A. agilis and A. canaliculata (for-
mally known as Tellina agilis and Retusa canaliculata, respectively,
and classified as being very sensitive to organic enrichment;
WORMS, 2010; Borja et al.,, 2000) decreased greatly in mesocosms
exposed to biodeposits from greater than 400 mussels m 2 (Fig. 6).
Likewise, the abundance of polychaetes Pectinaria gouldii (very
sensitive) and P. cornuta (second-order opportunistic) were also
less abundant in mesocosms with greater densities of mussels.
The abundance of Capitella spp., a first-order opportunistic species,
showed an increasing trend with increasing biodeposition
although this effect was not statistically significant (Fig. 6). The
relatively great mean abundance of this species in mesocosms with
200 mussels m~* was largely due to one replicate core containing
10 individuals (the mean of all other cores was 0.55 individual
core™'). Although Fig. 7 shows a trend for an increasing praportion
of opportunistic species and decreasing proportion of sensitive

species from reference sites through the greatest density of mus-
sels in mesocosms, only the proportion of communities belonging
to group IlI, those defined as being tolerant to excess organic
enrichment, differed significantly among treatments (Fg.1s
=2.887, P=0.0113). While community condition estimated using
AMBI did not differ among treatment levels (not shown), variation
in M-AMBI scores (Fig. 8) indicated a shift between a High
(reference sites and mussel density 0) to a Good (mussel density:
200-1400) ecological status in treatments in which mesocosms

received biodeposits.

3.3. Biogeochemical fluxes at the SWI

All 0, fluxes were directed from the water column to the sedi-
ment. Values of O, consumption (#SE) ranged from 57 £ 8 (mussel
density: 0) to 111 + 12 (mussel density 1200)mgm *h ! but did
not differ significantly among treatment levels (Table 3) and no
trends were apparent (Fig. 9). In contrast, the flux of ammonium
(NH,) showed a net efflux from benthic sediments to the water col-
umn. NHy fluxes differed significantly between mussel densities
(Table 3), ranging from a low of 54 + 40 pmol m # h ' at reference
sites to a high of 619 + 49 pmol m ? ™' in mesocosms with a mus-
sel density of 1000 m ~*, Fluxes of ¥INO; and PO, evaluated at the
SWI (Fig. 9) were directed out of and into bottom sediments,
respectively for reference sites and the [irst treatment levels (0
and 200 mussel m ?). At intermediate mussel density levels (be-
tween 200 and 400 mussels m™*), the direction of the fluxes chan-
ged [or both nutrients. Mussel density had no significant effect
(Table 3) on the mean flux values but there were trends in their
general directions.

3.4. Relationship between community structure and environmental
variables

As log(%0M) was highly correlated with ¥Water (r= 0.906), the
latter was removed from the DISTLM analysis. Together, all mea-
sured environmental variables accounted for only 19.3% of the to-
tal variation in macrofauna community structure (Table 4). Grain
size accounted for 6.9% of the total variation while %N, Si(OH),4 flux,
0, consumption, and water temperature accounted for 3.7%, 3.8%,
2.6%, and 2.3% respectively. Changes in benthic community struc-
ture between reference sites and mesocosms with mussel densities
ranging from O to 200 m~? were mostly correlated with changes in
grain size whereas community structure from samples from mes-
ocosms receiving biodeposits from greater densities of mussels
varied only slightly along this axis (Fig. 10).

4. Discussion

This study showed a clear dose-response relationship between
biodeposition rates from the blue mussel (Mytilus edulis) and the

condition of the benthic environment. The_ﬁcnlhfcmspnnse Tal~
,and .
rate, .

[lows a non-linear pat for. 50 W rig
uﬁ&'ﬁhﬁ*ﬂﬁlﬁl&smaﬁ’p ping point at a bde'"'i
Be@e@n 200 and 400 mussels m™= or 4.4 and 8.8 g uf biodeposits

TmEday I Il addition, the direction of the flux of several nutrients
also tended to change at this intermediate treatment level, sug-
gesting that the sediments shifted from nutrient sinks to nutrient
sources around this level of enrichment.

4.1. Effects of experimental design on sediment characteristics

This experiment successfully enhanced organic loading to the
sediment surface in a manner similar to how mussel farms in that
area do. For example, the greatest mean XOM observed, 526%
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Fig. 5. Multi-dimensional scaling of assemblages of benthic fauna in mesocosms (n - 5). Pair-wise tests a posteriori defined three groups that differed significantly, as defined
by different symbol fill types (empty, grey, and black). Data for the 2 cores from each mesacosm were pooled.

(mussel density: 1200), is similar to values observed under mussel
lines in previous studies in the area (Callier et al., 2007; Richard
et al,, 2007), showing that the experiment well represented local
conditions. Benthic species tolerant to high organic matter content,
such as Capitella spp., showed enrichment-related responses
similar to those that were expected based on other studies done
in the region (Callier et al., 2007). Similar responses between refer-
ence samples and mesocosms without mussels (mussel density: 0)
for most of measured variables (e.g., ¥OM, ¥Waler, and sediment
grain size) shows the limited effect of the physical structure of
the mesocosms.

4.2, Evidence for a tipping point

4.2.1. Sediment characteristics

Mussel aquaculture has often been suggested to enhance sedi-
mentation rates to the bottom and lead to organic enrichment
(e.g., Kaspar et al, 1985; Stenton-Dozey et al., 2001; Richard
et al., 2006), That %¥OM increased with mussel densities suggests
that the benthic system received a higher level of biodeposition
than it could mineralise in the short term. Sediment grain size also
varied among treatment levels with a clear threshold between 200
and 400 mussels m ?, beyond which sediment grain size was re-
duced. Callier et al. (2008) observed under HAML mussel lines rel-
ative to that in reference locations. We expected C/N ratios in the
upper 2 cm of sediments to increase with increasing deposition
due to differential degradation rates for N-and C-rich compounds
in biodeposits (Dahlbick and Gunnarsson, 1981; Christensen
et al., 2003; Giles et al., 2006) but this effect was not observed.
The observed C/N ratios (means between 8.08 and 10.19) are typ-
ical of freshly deposited marine organic matter (Rullkdtter, 2006).

422, Macrofaunal communities

With the exception of Pielou's eveness, all univariate measures
of macrofaunal community structure showed a clear threshold be-
tween 200 and 400 mussels m~2, Several other studies done on or-
ganic loading have also shown decreased macrofaunal abundance
or biomass beyond a certain level of organic loading, as predicted
by Pearson and Rosenberg (1978) (e.g. Rosenberg, 2001; Christensen
et al., 2003; Richard et al., 2007; Callier et al., 2009). Previous stud-
ies on shellfish farms have suggested there is a threshold of ca. 15 g

of biodeposits m 2 day ' (Hargrave et al., 2008; Weise et al., 2009),
correspending to about 680 mussels m ?, below which benthic
macrofaunal communities are not significantly impacted.

Multivariate benthic community structure varied between
treatment levels such that 3 community types were apparent with
a clear difference between the group formed by reference sites and
control benthocosms with 0 mussels and benthocosms receiving
biodeposits from 600 or more mussels m 2 and an overlap for com-
munities in benthocosms subjected to intermediate levels of bio-
deposition. Changes in macrofauna community structure were
mainly driven by several key species that are either sensitive or
tolerant to organic loading. Although the abundance of the deposit
feeding bivalve A. agilis was relatively low in this study compared
to previous observations in HAML and the adjacent lagoon (Bourget
and Messier, 1982; Callier et al., 2008), its abundance was a func-
tion of treatment level and decreased significantly. Callier et al.
(2009) observed a similar threshold such that the species’'
abundance was reduced in treatments receiving biodeposits from
greater than 255 mussels m 2. The gastropod A. canaliculata and
the polychaete P. gouldii are also classified as very sensitive
species (Borja et al., 2000) and they too had lower abundances in
mesocosms impacted by mussel biodeposition.

Some species may also benefit from biodeposition as it provides
a food source for some organisms which may increase in abun-
dance in enriched zones (Ciles et al., 2006). This was predicted
for the polychaetes P. cornuta (second-order opportunistic species)
and Capitella spp. (first-order opportunistic species) (Borja et al.,
2000), as has been observed in other studies (e.g. Tsutsumi,
1990; Christensen et al., 2003). However, this effect was not clear
in the present study, although Capitella spp. was not recorded from
reference sites and its abundance tended to increase with increas-
ing biodeposition. That the effect was not greater may be due to
the level of organic loading in mesocosms being greater than that
which these species can support or the solid mesocosm walls
may have restricted the recruitment of these and perhaps other
species.

AMBI and M-AMBI are widely used to assess benthic conditions
(e.g., Borja and Tunberg, 2011). While AMBI values did not vary
among treatment levels (Slightly disturbed), M-AMBI values shifted
from High (reference sites and contral mesocosms) to Good status
in mesocosms receiving mussel biodeposits, suggesting that the
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latter index may be more suitable for assessing benthic infaunal
communities responses to increasing biodeposition. The change
in ecological status within mesocosms subjected to biodeposition
was mostly due a greater proportion of first-order opportunistic
species in those mesccosms and suggests that very low levels of
biodeposition influence benthic communities.

4.2.3. Benthic respiration and biogeochemical fluxes
Benthic respiration and nutrient regeneration are linked to sed-
iment OM content (Grenz et al., 1991; Hatcher el al., 1994) and

thus biodeposition may enhance sediment oxygen demand and
benthic fluxes at the SW1 (Hargrave et al,, 1993; Mazouni et al.,
1996; Richard et al., 2007). Most theoretical ecological and
geochemical models assume a linear relationship between organic
flux and the rates of 0; and nutrient exchanges at the SWI (Cai and
Sayles, 1996; Berelson et al., 2005; Jiang and Gibbs, 2005; Godbold
and Solan, 2009). However, this assumption does not consider the
various feedback loops that develop between biotic and abiotic
processes as organic loading increases.
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different ecological groups as defined by Borja et al. (2000) in reference sites (Ref)
and from mesocosms exposed to biodeposition from 8 mussel densities (0-
1400 mussels m~2), The ecological groups correspond to I, species very sensitive to
organic enrichment; I, species indifferent to organic enrichment; I, species
tolerant to organic enrichment; IV, second-order opportunistic species; V, first-
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1400 mussels m *) and reference sites (Ref) (£5E). The empty symbols correspond
to High ecological status and filled symbols to Good ecological status.

Table 3

Results of PERMANOVAs testing the effect of mussel biodeposition from various
treatment levels (TR: Ref, 0, 200, 400, 600, 800, 1000, 1200, and 1400 mussels m %;
n -+ 9) on biogeochemical Aluxes (NH,: ammaenium; POy phesphates; 3°NO;: nitrogen
axides; Si{OH): silicates; 0, consumption: oxygen consumption). Significant effects
(p < 0.05) are indicated in bold.

Variable Source df Ms F P (perm)

Fluxes

NH, TR 8 94524 3.0649 0.0142
Error 36 30841

POy ™ B 5238.1 14777 01918
Emror 36 35449

3 NOy ™ 1] 4804 0.6432 0.8237
Error 36 74689

SI{OH )4 TR 8 1.4988E5 0.70274 0.6734
Errar 36 2.13209E5

0, consumption R B 10.49.4 1.0331 0.423

Errar 36 1015.7

Sediment oxygen demand represents an integrated measure-
ment of multiple processes and large volume incubation chambers,

as used in the current study, integrate multiple variables that may
influence it. In the present study, benthic sediments were a sink for
0. The precise mechanisms that created this were not evaluated
but include aerobic OM remineralisation processes mediated
through various groups of organisms (e.g., infaunal macroinverte-
brates, meiofauna, bacteria, microphytobenthos, etc.} and meta-
bolic processes (Glud, 2008). Oxygen fluxes, however, did not
vary significantly among treatment levels.

That 0, uptake did not increase with biodeposition may be due
to O, concentrations at the SWI-being reduced in mesocosms
receiving greater biodeposition prior to the initiation of incuba-
tions. Reduced oxygen levels may have a variety of effects on 0,
flux, such as decreasing the 0. gradient at the SWI and diffusive
flux, as has been shown by Rasmussen and Jergense (1992), It
may also decrease the depth of the oxic layer and thus reduce
the population of aerébic micro-organisms which could consume
0, and aerobic macrofaunal activity which modifies bioirrigation
processes (Rasmussen and Jorgense, 1992). At a longer time scale,
anaerobic respiration may dominate the system and result in the
accumulation of reduced chemical species such as sulphides (S,
FeS, FeS,) at the SWI which would require 02 to be re-oxidised.
The accumulation of such chemical species seems to have oc-
curred, particularly in higher treatment levels where evidence of
sediment anoxia (black sediment colour and the presence of sul-
phide-oxidising Beggiatoa bacterial mats) was observed by the scu-
ba divers taking samples, These findings support the idea that
sediment oxygen demand may not be sensitive enough to evaluate
the impact of organic loading from mussel culture because of in-
creased activity of the sulphur cycle (Holmer and Kristensen,
1992).

Nutrient concentrations in shallow coastal waters are largely a
function of nutrient regeneration and fluxes from benthic sedi-
ments (Soetaert et al., 2000). The present study showed that
whether sediments acted as sinks for or sources of nutrients Lo
the water column was a function of biodeposition rate. Faeces
and pseudolaeces are known to be a rich source of N and P (Navarro
and Thompson, 1997; Richard et al., 2006) and many studies have
shown increased NH, fluxes with increasing sediment OM content
(Aller and Yingst, 1980; Christensen et al., 2003; Giles and Pilditch,
2006 Callier et al., 2009; Guyondel et al., 2010). Sediments were a
source of NH; to the water column in all treatments,

Although the predicted increases in nutrient fluxes with
increasing OM loading were not statistically signilicant, there
was a clear shift in the direction of fluxes that is consistent with
a change in pore-water nutrient concentration gradients with
increasing OM content. Nitrate release from sediments in meso-
cosms receiving biodeposits from less than 400 mussels m * sug-
gests the development of a nitrification zone near the SWI,
probably where oxygen diffusion oxidises reduced metabolites
such as ammonia. In mesocosms subject to greater biodeposition,
nitrate uptake and denitrification processes occur at the sediment
surface, which is typical of sediments receiving excess organic
matter (Hyacinthe et al., 2001; Chang and Devol, 2009; Hulth
et al,, 2005). Change in macrofaunal communities may also alter
benthic nitrogen cycles and the direction of nitrate exchanges at
the SWI. Release of $"N0O; may be enhanced by macrofaunal bio-
turbation that stimulates oxygen diffusion in suboxic and anoxic
sediments and enhances nitrification (Pearson and Rosenberg,
1978; Jenkins and Kemp, 1984). Thus the low positive and negative
S"NO; fluxes observed in some replicates in the present study may
be due to low macrofaunal abundance and activity. For example,
Capitella spp. is smaller than key bioturbating species and thus can-
not compensate for the loss of the larger species that are largely
responsible for reworking benthic sediments and removing deeper
reduced metabolites and organic matter (Michaud et al., 2005;
Godbold and Solan, 2009).
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Table 4
Relationship hetween multivariate macrofaunal community structure and environ-
mental variables as evaluated with DISTLM.

Variable Prop (cumulative) S5 (Trace) F P

Grain size 0.0693 96363 3201 <0.001
% Nyoe 0.106 51055 1.724 0.0657
Si(OH), 0.144 53469 1842 0.0409
0, consumption 0.17¢ 36136 1253 0.2447
Temperature 0.193 31853 1107 03408

Increased biodeposition tended to alter the direction of PO,
fluxes, which were, on average, negative in reference sites and in
mesocasms with densities of 0-200 mussels m 2 and became posi-
tive under higher mussel densities. Phosphate may be regenerated
and bound to iron ions in sediments, thereby reducing its release
(Sundby et al., 1992). This process seemed to be dominant in refer-
ence sites and mesocosms with 0 and 200 mussels m * where in-
fluxes of POs were measured. POy efflux is enhanced when
sediments become anoxic (Krom and Berner, 1980; Sundby et al.,
1992) and Graca et al. (2006) observed higher NH; and PO, concen-
trations in the pore water of zones alfected by long-term anoxia.
Anoxia and the presence of hydrogen sulphide may reduce the
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Fig. 10. Relationships between measured environmental variables and variation in benthic communities. Plot represents results of a distance-based redundancy analysis
(dbRDA) ordination of benthic community with environmental variables plotted as vectors. The X and Y axes account for 41.2% and 307 of the fitted variation, respectively.

absorption capacity of sediments for phosphorus and result in the 5. Conclusions

removal of PO, in bottom waters (Graca et al., 2006). In the present

study, the sediment surface was black, and presumably anoxic, in - This study shows that the described in situ field experiment is
mesocosms subjected to biodeposition by the highest mussel den- an effective tool to integrate experimentally manipulated treat-
sities, indicating reduced sediments and the presence of sulphides, ments and the natural variability and conditions of a system to bet-
thus supporting the hypothesis that reduced or anoxic sediments ter understand dose-dependent processes. The large variability in

boosted PO, release. the observed results likely reflects the natural variability of the
The flux of Si(OH); may be influenced by mussel feeding and benthic environment but clear trends are evident.

biodepaosition as siliceous diatom frustules may be present in mus- {Thé Benthic environment reésponded o incréased organiciload-

sel faeces and pseudofaeces (Navarro and Thompson, 1997). Sili- fiif ingdue 1o biodepasition by mussels in a non-linear manner, with'a

cate fluxes were not significantly affected by mussel density, {I| “break in the area of 200-400 mussels m * - roughly equivalent to
although there was a trend for increased efflux of Si(OH); with BY' 44-88g of biodeposits day 'm 2 Most physical sediment
increasing mussel density, as was expected based on numerous |} variables and macrofaunal community metrics changed when
studies done in mussel culture sites (see review in McKindsey mesocosms were subject to biodeposition from between 200 and
et al., 2011), and were lower than values observed in previous ||\ 400 mussels m 2. Although O, consumption did not vary signifi-
studies done in the same lagoon (Richard et al.,, 2007) and in the A cantly among treatment levels, NH; increased with mussel density
mesocosm study by Callier et al. (2009) in the adjacent lagoon. || treatment levels and other biogeochemical fluxes showed the same
Thus, although Callier et al. (2009) suggested that silicate fluxes trend, some shifting from influxes to effluxes at ca. 200 to
would be a useful indicator of organic loading due to biodeposition, 400 mussels m 2, Of the variation in multivariate community

the present study gives only weak support for this suggestion. structure explained by the various physical variables measured,

that in reference sites and mesocosms with 0-400 mussels m ™2
4.3. Relationship between community structure and environmental was largely due to variation in'sediment grain size but was mare
vartzblas related to other variables - mostly O, consumption and N and

Si[OH)4 efflux - at greater mussel densities. These results may be

Sediment grain size was the best predictor of community struc- | useful to deﬁ_ne the ecolog?cal carrying capacity of sites fpr biva[v.e
ture. Given that grain size is reduced with increasing biodeposi- |\ culture and incorporated into models to promote sustainable bi-
tion, this indicates the important role of mussel biodeposits in valve culture.

driving the biological changes identified by the univariate and
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Abstract. Much work has examined the influence of benthic loading from suspended bivalve
culture on benthic infaunal communities. However, little effort has been directed at determining
the production of biodeposits and dose-dependent effects of biodeposition on such communities.
A study was done to determine the mussel size-dependent production of biodeposits in situ and
characterize biodeposit sedimentation dynamics. Based on the results of this study, an in situ
manipulative experiment was done to evaluate the dose-dependent response of biodeposition on
sandy benthic infaunal community structure. Benthic communities sampled with sediment cores
were used to create mesocosms which were exposed over 50 days to 7 different levels of mussel
biodeposition by varying the densities of mussels (0, 1, 2, 3. 4, 5, 6 mussels, equivalent to 0, 127,
255, 382, 510, 637 and 764 mussels m-2). Benthic communities responded as would be predicted
from the Pearson & Rosenberg (1978) model of organic enrichment. The abundance and biomass
of opportunistic species (Capitella sp.) were observed to increase in the mesocosms exposed to
the highest mussel density. Sensitive species such as Tellina agilis and Pherusa plumosa tended to
decrease in abundance and biomass with increasing mussel density. These results are discussed
with respect to their importance to predictive ecological modelling for bivalve aquaculture.

Keywords: mussel aquaculture, biodeposit production, organic enrichment, benthic effects,
mesocosm, AMBI

Highlights related to the theme objective:
- Mussel biodeposit production and settlement dynamics determined for dispersal estimates
- Evaluation of dose-response effects of farmed musse! biodeposition on benthic communities
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Introduction determine production carrying capacity (i.e..
maximizing production) (e.g., Campbell and
Newell, 1998), less effort has been directed

at modelling effects of bivalve biodeposition

Bivalve aquaculture production is
growing worldwide and concerns about its

impact on the environment are increasing.
Environmental influences of bivalve
aquaculture are mainly related to the
filtration of the plankton and seston (Dame,
1996) and the production of organically-rich
faeces and pseudofaeces by the bivalves that
may accumulate on the bottom (e.g.,
Mattsson and Lindén, 1983). Although
numerous models have been developed to

on the benthos. There is thus a need to
determine the ‘benthic  environmental
carrying “capacity_ of sites for bivalve
aquaculture, i.e., “the maximum level of
_production which is possible without having
_an_ unacceptable ecological impact™ (see
review by McKindsey et al., 2006).

The extent and intensity of benthic
effects depend on many factors, including
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the age and size of culture operations,
species being cultivated, bivalve density,
local hydrodynamic conditions and
topography, which vary considerably
between sites, making general conclusions
about the influence of bivalve culture on the
benthic environment difficult to establish.
The accumulation and decomposition of
biodeposits from bivalve culture may affect
the abundance, biomass and diversity of
benthic communities, generally according to
the Pearson and Rosenberg (1978) model of
organic enrichment. However, there are
critical information gaps with respect to the
etiology of bivalve aquaculture benthic
effects. At the basic level, there is little
information available on the production of
biodeposits by bivalves in culture. Dose-
response  relationships  for  bivalve
aquaculture, where “dose™ is the flux of
biodeposition to the bottom and the
“response” is chemical, physical or
biological in nature, are also lacking
(McKindsey et al., 2006). Such empirical
studies are needed to better predict benthic
changes and to help guide managers in
setting density limits to maintain a given
benthic condition.

The aim of this study was to
investigate i) the size-specific production
and sedimentation dynamics of biodeposits
produced by mussels (Mytilus edulis) in
suspended aquaculture and ii) examine the
effects of short-term mussel biodeposition
on sandy benthic community characteristics
using in sitn  mesocosms. Biodeposit
production and  sedimentation  were
evaluated in 2 sites. Benthic communities
and related parameters within mesocosms
were examined following exposure to 7
mussel biodeposition rates for 50 days that
simulate conditions in Quebec mussel
aquaculture sites in a single location.

Methods
Biodeposit production and sedimentation

rates
Biodeposition by different mussel
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cohorts was evaluated in situ by placing a
fixed number of mussels within cylindrical
vexar cages fitted into the top of sediment
traps made of PVC fubing (102 cm
diameter, 76.2 cm height). The number of
mussels used ensured that ca. 2/3 of the cage
area was covered by a layer of mussels.
Sediment traps containing dead mussels
were used as conirols to measure
background sedimentation rates. Shell
treatments were used because sedimentation
rates may be altered by the mussel shells
physically blocking a part of the trap area
and modifying the hydrodynamics at the trap
entrance. Traps were retrieved following 24
h periods and the contents filtered through
pre-burned and pre-weighed glassfiber filters
(Whatman GF/F, 0.7 pm). Filters were
rinsed with ammonium formate, dried to
constant weight, and weighed. Biodeposition
was calculated as the amount of material
collected in the sediment traps with mussels
less the average sedimentation obtained in
the corresponding shell controls, and
expressed as biodeposit production per
individual mussel.

Each treatment had three replicates in
each experimental location on each trial
date. Rates were evaluated on three trial
dates in Great Entry Lagoon. Magdalen
Islands (GE), in 2003 and on two trial dates
in Cascapedia Bay, baie-des-Chaleurs
(CAS). in 2005. The sediment traps were
deployed on the bottom 800 m outside of the
mussel farm in GE and hung on empty
backlines in CAS. Experimental cages in GE
each contained 6 mussels measuring 4.0 to
5.2 cm in length or 3 mussels measuring 6.7
to 69 cm for 0+ and 1+ mussels,
respectively. Experimental cages in CAS
each contained 6 mussels measuring 5.5 to
5.7 cm in length or 3 mussels measuring 6.6
to 67 cm for 1+ and 2+ mussels,
respectively. These size ranges were selected
based on preliminary field measurements of
mussels on mussel lines at that time.

The sinking velocity of biodeposits
was evaluated only in GE. Faecal pellets
were collected for 5 size classes of mussels



International Council for the Exploration of the Sea
Theme H: Ecological Carrying Capacity in shellfish Culture

(3. 4, 5, 6 and 7 cm shell length, 3 mussels
trap”') using sediment traps as described
above. The sinking speed of randomly
chosen faecal pellets collected from the
sediment traps was evaluated in a cylindrical
glass sedimentation column (45 cm height,
10.5 cm diameter) filled with filtered (0.7
pm) seawater (21 = 1°C, 28 psu) by
measuring the time needed for faecal pellets
to pass between 2 marks separated by 10 cm.
The dimensions and sinking speed of at least
25 randomly chosen faecal pellets were
measured for each mussel size class.

Local biodeposition rates were
predicted based on the number and size of
mussels on mussel lines in the study
locations combined with  measured
biodeposit production and settlement
velocities and local hydrodynamic regime
(see Callier et al., 2006).

Benthocosms and  benthic
analyses

Thirty five sediment cores (PVC pipes,
78.5 cm” cross-section area and 20 cm high,
filled with benthic sediments to 17cm) were
collected by SCUBA divers from a 5 m deep
area with a sandy bottom in GE. Cores were
fitted with PVC caps on both the tops and
bottoms and transported to experimental
racks — iron bars fitted with plastic caps
secured at 40 cm intervals open end up to act
as holders for the sediment cores -
“benthocosms™ (Fig. 1). Biodeposition was
modified experimentally by placing 0, 1, 2,
3, 4, 5, or 6 mussels within cylindrical vexar
cages fitted into the top of cores (5 replicates
per mussel density), corresponding to 0 to
764 mussels m™ (equivalent to the density of
mussels found in Quebec aquaculture sites)
or 0 to 16.8 g dw biodeposits m™ d”'.

The experiment was run for ca. 50
days (June 12 through August 4-6 2004), at
which time benthocosms were collected and
the macrofauna (> 500 pm) quantified. The
period of 50 days was selected based on the
turnover rate of one of the indicator species
present in the general area, the opportunist
polychaete Capitella sp. (37 to 50 days at 15

community
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6 mussels in cage

Intact sediment coras

Fig. 1. Benthocosms (78.5 cm® sediment cores)
exposed to 7 mussel densitics (0, 1, 2, 3,4, 5,6
mussels. cage™). Five replicates per mussel
density were placed randomly at 40 cm intervals
along an iron support (diagram not to scale).

°C, Grassle and Grassle, 1974). The
experiment was done > 2 km from the
mussel farm in GE and on the far side of a
navigation channel and therefore not
otherwise under the influence of mussel
biodeposition. :

Sites were characterised in terms of
total abundance, total biomass and the
number of species (species richness).
Species were classified into ecological
groups based on their sensitivity to organic
enrichment to calculate a global index of
community status (AMBI — see Borja et al.,
2000) using AMBI  version 4.0
(http://www.azti.es). The AMBI index was
combined with richness and a diversity
index (Shannon Wiener) to give a
multivariate index (M-AMBI — see Muxika
et al., 2007).

Statistical analysis

The relationships between: (i) mussel
size and biodeposit production, (ii) mussel
size and faecal pellet size, and (iii) faecal
pellet size and sinking velocity were
evaluated by linear regression. Variations in
biodeposit production between dates were
evaluated by ANCOVA, with mean mussel
mass as the covariate on logo-transformed
data. Macrofaunal benthic characteristics
(species richness, abundance and biomass)
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among the mussel densities were compared
using analysis of variance (ANOVA).
Nonparametric multivariate analyses of
community structure (based on counts and
biomass)., including  multi-dimensional
scaling (MDS) were done using PRIMER
version 5.2.9 (Clarke and Warwick, 1994)
and DISTLM (McArdle and Anderson,
2001. Data were +V-transformed for all
multivariate analyses. Of 35 samples, 2
replicates were lost during the manipulation
by divers (one each fromthen=1andn=4
mussel treatments). A further replicate
(from the n = 5 mussel treatment) was
considered as an extreme outlier (with a
density of one species - Tellina agilis > 10
greater than the next largest abundance for
this species) and was not included in further
analyses.

Results

Biodeposit production and sedimentation
rates :
Summarized results on the relationship
between M. edulis size and biodeposit
production are given in Tables 1 and 2. Both
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background and biodeposit-related
sedimentation rates varied among sampling
dates and locations (Table 1). Although
larger mussels within a location produced a
greater mass of biodeposits relative to that
produced by smaller ones, biodeposit
production per unit mussel biomass showed
the opposite trend (data not shown). This
relationship was further elucidated by size-
based production and sedimentation
evaluations, as outlined in Table 2.
Sedimentation rates were best described by
faecal pellet width, the two variables being
positively correlated.

Benthocosms and  benthic  community
analyses

Total abundance differed significantly
among mussel density treatments such that
abundance was greatest in  control
benthocosms and generally decreased
thereafter, with the lowest abundance
recorded in benthocosm with 3 mussels
cage’ (Fig. 2, Table 3). Control
benthocosms had the greatest species
richness and benthocosms with 3 and 4
mussels cage”' had the smallest species

Table 1. Biodeposit production measured in situ for 2 mussel cohorts (0+ and 1+) in Great Entry Lagoon
(GE) during 3 trial dates and for 2 mussel cohorts (1+ and 2+) in Cascapedia Bay (CAS) during 2 trial
dates. Average mussel shell length (ecm), minimum and maximum biodeposit production rates (mg mussel’
' d') are given for each mussel cohort. Biodeposition was calculated as the amount of material collected in
sediment traps with mussels Iess the average sedimentation obtained in the corresponding shell controls
(see text for details). Each treatment had 3 replicates on each trial date.

" 2 Mussel size  Biodeposit production (mg mussei™ d™)
Site Trial'date (em) (range, mean, = SE)
GE 0+ Aug 14-15 40=1.1 24-32,29.1 =48
Aug 18-19 45+03 75-75,51.1=2582
Aug 21-22 5203 13-21, 17.0 £5.7
GE 1+ Aug 14-15 6.9=0.2 32-32,444 =105
Aug 18-19 6.7=0.2 63-126, 86.0 = 34.3
Aug 21-22 6.7=0.3 17-33,242 7.8
CAS 1+ July6-7 57+0.3 29-58
July 9-10 5503 15-32
CAS 2+  July 6-7 6.7+0.2 45-95
July 9-10 6.6=04 29-39
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Table 2. Results of the linear regression analysis of: (i) biodeposit preduction DW as a function of mussel
tissue DW on different sampling dates, and (ii) sinking velocity as a function of faecal pellet size. For all

analyses: y=ax+b

Dependent (y)

Independent (x)

(i) Biodeposit production
(logy, mg g ' tissue d ')

(i) Sinking velocity (cms™)

Mussel tissue DW (log,o, g)

14 10 15 August
18 to 19 August
21 to 22 August

Faecal peliet size (mm)

Width
Length
Area

-0.691 1.625 0.762 0.005 8
-0.809 1.832 0.714 0.001 11
-1.060 1316 0.656 0.001

0.589 0.328 0.426 0.000 235
0.037 0.761 0.128 0,000 235
0.029 0.783 0.193 0.000 235

richness (Fig. 2). The greatest biomass was
recorded in  benthocosms  receiving
biodeposits from 1 mussel cage™ (Fig. 2).
QOverall, abundance and species richness
were negatively comrelated with mussel
density (Table 3).

The abundance and biomass of several
dominant species were correlated with
mussel density (see Fig. 3 for abundance
data; for brevity. results using biomass data
are not shown as they show the same general
trends). The abundances of the polychaete
Pherusa plumosa and the bivalve T. agilis
were greatest in control benthocosms (i.e.,
no mussel biodeposition) and negatively
correlated with mussel density (Fig. 3, Table
3). In contrast, the polychaete Capitella sp.
was most abundant in benthocosms
receiving biodeposition from 6 mussels cage’
L although this trend was not statistically
significant (Fig. 3).

Community  structure. Community
structure  differed significantly among

Fig. 2. Mecan benthic macrofaunal abundance,
species richness, and biomass (£ SE,n=4105)
measured  in benthocosms  exposed  to
biodeposition from 7 densities of mussels (0, 1,
2, 3, 4, 5, 6 mussels cage™). Different letters
indicate  significant  differences  between
treatments. Data are standardized (m™). except
for species richness (reported as number of
specics per benthocosm). —
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Fig. 3. Mean abundance (average = SE, n = 4 to 5) of dominant species in benthocosms exposed
to biodeposition from 7 densities of mussels (0, 1. 2, 3, 4. 5. 6 mussels cage™). Different letters

indicate significant differences between treatments.

treatments (Fig. 4, p = 0.036). That in
control benthocosms (0 mussels) differed
from those exposed to biodeposition from 3,
4 and 6 mussels and communities from
benthocosms with 2 mussels differed from
those with 6 mussels.

Ecological  groups.  Benthocosms
receiving the greatest level of biodeposition
had the greatest proportion of second-order

opportunistic species (data not shown).
Accordingly, M-AMBI was significantly
negatively correlated to mussel density (Fig.
5) and the disturbance classification
indicated a shift between a slightly disturbed
to a moderately disturbed community
structure at a density of 764 mussels m™ (n =
6 mussels benthocosm™).
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Table 3. Results of the significant relationships
beiween mussel  biodeposition rates in
benthocosms and various parameters describing
the communities within them, including
abundance (N) and taxonomic richness (S), and
the abundance of individual species.

* Variable r p
N 0250  0.004
s - 0.277 0.002
Abundance :

Tellina agilis 0.268  0.002
Pherusa plumosa 0322 0.001
Polydora ciliata 0.161  0.023

Pectinaria granulata  0.122 0,050

Discussion

The effect of organic enrichment on
benthic marine communities has been well
documented (Pearson and Rosenberg, 1978).
However, organic enrichment related to
bivalve farming does not always follow the
general organic enrichment model described
by Pearson and Rosenberg (1978) (e.g..
Grant et al., 1995). Further, there is a lack of
information on  the  dose-response
relationship between bivalve biodeposition
rates and benthic variables. The aim of this
study was therefore to provide some useful
information on  the dose-response
relationship between mussel biodeposition
rates and macrofaunal communities.

Biodeposit production and sedimentation
rates

Biodeposit production was shown to
be a function of M. edulis size with smaller
mussels producing more biodeposits per unit
body mass than do large mussels. This has
been explained by the higher clearance rates
of younger mussels compared to older ones
(Tsuchiya 1980).

Biodeposit production differed
considerably between sampling dates, and
this may be related to changes in food
quantity and quality. as has been observed in
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previous studies (Tenore & Dunstan 1973).
Although several studies have shown
relationships between environmental
conditions and mussel metabolism, a field
study that measured daily seston availability
and several environmental parameters
showed that these factors explained only
28% of the variation in daily ingestion rates
of mussels (Cranford & Hill 1999) and so
this likely cannot explain the variations
observed. But his does underline the
importance of doing such experiments
several times to better understand the natural
variation in biodeposit production and, by
extension, sedimentation rates.

=“Although increasing with-mussel size,
the average sinking velogity of 1.0 = 0.3 cm |
s ! for M. edulis faecal pellets measured in"

this study was about twice that observed by

Chamberlain (”002) for 4.2 cm M. edulis
individuals. Our results were within the 0.2
to 4.5 cm s ' range observed for the mussel
Perna canaliculus measuring 2.7 to 11.4 cm
(Giles & Pilditch 2004). De Jong (1994)
reported that faecal pellets of P. canaliculus
settled at a rate of 1.2 + 0.1 cm s . although
the size of the mussels studied was not given
and Hartstein & Stev ‘ens (2005) reported that
faecal pellets from 6 cm individuals of the
sarie species settled at'3:0 = 04 ¢m s .7

Abundance 0 Stress =020

v
A®
A @

%% ©

=

Fig. 4. MDS on abundance data of communities
from benthocosms exposed to biodeposition
from 7 densitics of mussels (0, 1, 2, 3, 4, 5, 6
mussels cage™).: 0(0), 1 (1), 2(2), 3(V), 4(9),
5 () and 6 (@) mussels cage™.
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Fig. 5. Linear relationships between the biotic
index (AMBI) and mussel density. Data from
the 5 replicates at each level were pooled.

Variations in sinking velocity may be due in
part to variations in food quality, which has
been shown to influence faecal pellet
density. For example, faecal pellets from
mussels fed on diets with a high silt content
sank more rapidly than those from mussels
fed on mostly algal diets (Chamberlain 2002,
Miller et al. 2002, Giles & Pilditch 2004).

Macrofaunal response

This part of the study was done to
simulate biodeposition conditions in bivalve
aquaculture farms in eastern Canada. Miron
et al. (2005) have, for example, observed
mussel densities ranging from 0.16 to 0.70
kg m~ in Prince Edward Island and the
mussel density in GE was ca 575 mussels
per linear metre of longline (Callier et al.,
2006). This range of densities is relatively
low as compared to other countries. For
example, mussel densities are ca. 24 kg m™
in Sweden (Dahlbick and Gunnarsson,
1981) and 175 kg m™ in raft culture in South
Africa (Stenton-Dozey et al, 1999).
However, the different levels of deposition
and associated organic loading that were
created in experimental benthocosms in the
present study were great enough to influence
the biological and chemical environments
within them.
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Overall, abundance and species
richness decreased with  increasing
biodeposition in accordance with the
Pearson and Rosenberg (1978) general
model of organic enrichment and as
observed in other studies (e.g., Mattsson and
Lindén, 1983; Chamberlain et al., 2001;
Callier et al., 2007).

Only P. plumosa and T. agilis showed
significant (negative) trends with mussel
density. Both are classified as being
sensitive to pollution. Although not
statistically significant, Capitella sp. clearly
responded to increased biodeposition. The
present experiment was run over 50 days.
which corresponds to the life span of
Capitella sp. (37 to 50 days at 15 °C, Grassle
& Grassle 1974). That the abundance of this
species was not increased substantially
except for at the greatest biodeposition rate
suggests that there may be a threshold or
organic loading below which this species
does not react.

Classifying species * into ecological
groups showed that opportunistic species
dominated the benthocosms exposed to the
greatest level of deposition. The related
biotic index — M-AMBI - responded clearly
to increased biodeposition rates and may
therefore be a useful tool for assessing the
effect of bivalve farming on the benthic
environment, thus extending observations by
Muxika et al. (2005) as to the generality
utility of AMBI for detecting various
sources of disturbance, including finfish
aquaculture, to include the influence of
bivalve aquaculture — even at the relatively
low densities farmed in eastern Canada.

Conclusions

The use of cores probably limits the
generalisation of the observed effects. Only
Capitella sp. showed an increase in
abundance with increased biodeposition and
this perhaps only because its life history
allowed it to increase its local (benthocosm-
scale) abundance via self recruitment.
Trends in abundances for other species were
mostly decreases at greater biodeposition
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levels. This may represent a lack of
recruitment from within or outside of the
benthocosms. However, relative
comparisons between the treatments are
valid as all treatments were similar in the
way they were manipulated (excepting
biodeposition levels). Another experimental
design would be needed to allow for the
recruitment to the sediments to be better
represented within the study.

The results of this manipulative
experiment are an important first step
towards evaluating the environmental
carrying capacity of sites for bivalve
aquaculture. Further research is needed to
extend the generality of the findings and to
the range of biodeposition increase as well
as to reduce potential experimental artefacts.
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| Full text

Metabolic activity and functional
diversity changes in sediment
prokaryotic communities organically
enriched with mussel biodeposits.

Pollet T, et al. PLoS One. 2015.
Show full citation

Abstract

This experimental microcosm study reports the
influence of organic enrichmenis by mussel
biodeposits on the metabolic activity and functional
diversity of benthic prokaryotic communities. The
different biodeposit enrichment regimes created, which
mimicked the quantity of faeces and pseudo-faeces
potentially deposited below mussel farms, show a
clear stimulatory effect of this organic enrichment on
prokaryotic metabolic activity. This effect was detected
once a certain level of biodeposition was attained with
a tipping point estimated between 3.25 and 10 g day-1

‘m-2. Prokaryotic communities recovered their initial
metabolic activity by 11 days afier the cessation of
biodeposit additions. However, their functional
diversity remained greater than prior to the
disturbance suggesting that mussel biodeposit
enrichment may disturb the functioning and perhaps
the role of prokaryotic communities in benthic
ecosystems. This manipulative approach provided
new information on the influence of mussel
biodeposition on benthic prokaryotic communities and
dose-response relationships and may support the
development of carrying capacity models for bivalve
culture.

PMID: 25923715 [Indexed for MEDLINE]
PMC4414560

PMCID:

Full text
[ Free PMC article
[ Full text at journal site

Similar articles

Responses of benthic
macrofauna and
biogeochemical fluxes to
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Conditional outcomes of
facilitation by a habitat-
modifying subtidal bivalve.
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Invasive dreissenid
mussels and benthic algae
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sediment bacterial
communities.
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Sediment bacteria: who's
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Psychrophilic prokaryote
structural-functional
relationships,
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evolution within marine
sediment.
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AOQUACULTERE - LICENSING UNDER

FISHERIES (AMENDMENT) ACT 1997 as amended

and

FORESHORE ACT 1933 as amended

ipplicacion Fori for an Aquacidtire and Foreshore Licence for

u single specific site.
If o Licenee is required for more than one site a separate
application form must be completed for cach site.

Important Mote

sectinn 4 of the Fisherios and boreshore { Ymcndmenty Set, 1995 1N, 32 0f 1995
prohibits any persen making an application tor an Aquaculture | icence from
commenang aguacalture pperations until doby heeased under the Ficheros
Chmenduents Aot 1997 (N0l 23 of 1997 and prosides that a breeach of that
prahibition will cause the application to fail,

A enpe ot an T oviroamental Bmpact Statement should be enclosed. it required.
with all sew. reviow and renew al apphications. See Guidance Yotes Section 3.

Yquacnliure & Foreshare Managemaent Bivision,
Nepartment of Agriculture. Food and the Marine,
Sational Seatoad € entrg,
Clonakilty. Co, Cork
Lelephone: (123 KES9Sik
Fax: {023)8821782

Hevised 2003

—



ADUACULTURE AND FORFSHORE LICENCE APPLICATION FORM, lor putposey of
FISHERIE S AMESDAMENT) ACT, 1997 and FORESHORE ACT, 1933
NB: The uceompanving Guidance Notes shouid be | For Oftice Use )
read before completing this form. — /o er e
| Application Ret No. L 2 /0!
Nore: Details proniied m Parta 1 and 2 will be made /
anedlahle for public inspection. Details provided i Thle of Receips (Depr Sty

Parts 3 and 4 and any other mfarmation supplicd P e
will notbe released except as may be required by gl
. . e X ¥;
v ncluding the | reedom of Information Act 1997 - ~
a- amended R SRS T
USE BLOCK CAPITALSIN BLACK INK 3 ‘i . “4
" = 5 %,
PLEASE N o
P R . =
) il MLE AP s SR
. . . e T 5 Ll
| I'y pe af Applicant (tick one) T e
D Sale frader L S s J
[Facmership . l
r : .
Compan |, ¥ !
Co-Olpcrative l '
' g | | T
Otlier Plegse speeris- [ |

PART 1: PRELIMINARY DETAILLS

Applicant’s Name(s)

| Dunmanus Bay Mussles Ltd.
Address:

© Dromdufi West,
Bantry,
Co. Cork

3

Address

Address

Neldre oo



H

(ontact i Lshi‘ of uujume (if d:lfcrt.nt from aboy ey
Cantact Nane ~ Shane McCarthy

Oruanisation N oif Cronin Millar Consulting Engineers (Agent)
apphicaple: _
Vdidress lvy Fort House

5 Cathedral Place
Cobh
Co. Cork

" PART 1: PRELIMINARY DETAILS '
1YPE OF APPL I« VTION = plesse i cate rewenant 1y e o applican o
Phis Agpevincarion §orm - sa'id £ 6 caeh tape o H" e - Sew Guidance Note 3
Lo Sguaciheage Tacepee i v i
Tl ] bk 1 g
it Bopsbit [isenae 31 Marige Basdd ; . _H—
v R 1R et fapg | L
1 Rere R (AT Y BT [
TYPE OF AUACHLETURE N tRadpre Yo 52
Tndicate the relesant v pe of applivation swith a rick,
i STARING -BASNED
Finfish o T8 VIR U o Y 1 S
Shefifish  Selboidul v o B 2 Y e )
fatereidead T s Bane X3 ind 2 2N
Seanwced tguatic Plagis Yqguatic E-o® (Bt T2 i d S BN
Eish b ood '
i LAND-RASED
Finfish _—‘ Sheflfisg . upd - P T e 2
viuatic Plant . Aguatic Bish Food . On Fonftarts T diane o WY
ifi) TRIAL T NI ’ O o dp el Ban Lahes

P o

and
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2.2 MARINE-BASED SHELLFISH AQUACULTURE

When filling out this section refer also to 2.2A and Guidance Note 3.3 {or informatien on
Conditions and Decuments reguired with this application type

- Proposed Site Location
h it Dunmanus Bay
{1 U ouniy Cork

(1) 05 Map No- CK 139

giCoy or Irshe Tramsserse Mercator 1My or Tantude/D ongide inowhich case specity
shether | TRSSD or WO Sete !

tis) Co-ordinates of Site (please specifv coordmate reference ssatem vsed eo drish Qo

IT™ Fos
1) 485,662; 536,503 X
2) 486,781; 537,062 P
3) 486,875 536,874 |25¢

4) 485,756; 536,315 L

(33 Stre ot Site theuresy 26.25 hectare
fua) Species qeariniat and scentiie mansy amd schedher nanye or nonenate species Eaee Guidanes
TR (T I |
Vi el (Mytilus Edulis)
(vai) Wohether praduction wol he subgidal opanter tida Sub-Tidal

it Please supply detanls ol €0 source of seed ¢ g sold batcherny and Tocation and thy means o
coalleetton aind itroduevion o citnr

Natural Spat Collection on stockings

B bty cetdamle B Sl on Bl i s s Datiin i g Adaine s Bt a5 e Y- B o el B 20
Floadba Shdiorn e s s o 0 S b Bt Yk e e
P Mailiod of calture {rope tresths ptemine! botiven extenim e, athors

Rop2

Cad Propeeed samber of Boes tapes e sthies s pur st fas o dres i

3 blocks of 6 No. 220m long longlines

) Proposed Procuctvn Founmge

Year 1 0 Year? '190 | Yeard 230 | Yyeard | 250 Yzar 3 250
iaari ) Pleasd cuthoe the reaang for cits selecibo

Sheltarad location. close access to Durrus Pler,




th ) waing trestles pasine atatline the phy s dhiaracteris SR BRI (ERUN [ 05 o | TR PUTRE BT ol PR o

weeell o ree dodl Uy e, dlaak 00 direer Bamas cess geapinan o el prosid® Pleas.

Human Consumption

cags T s e e vl I'['I e Thee o Bt P iaiobiee o f *LE e | _;‘.;"'
1 dressad
See Environmental Report appendead to application

w s T i e bt d o Dlesidsntted Shahiie ) W seers Nt s Fofor teobeurd e ™
ey B

Yooy SN v

1t yes oo

It ne canline 1w e he 8o ‘-;!;'.'. hu it f:*\l- (L e S ] R RS (U [ T (ATHIC

prorseath i it e iyt Devigeated Shall it Warer, Area™

Sheltered location. close access to Durrus P!(-‘.’l' good history of growth in
Dunmanus Bay, applicant currently operates site in Inner Dunmanus
Harbour, good environmental status.

v Hos the areabeer Cassafied andes T o d Safers Legistae” 1hae Brva v Sl

;f

sesd Wb as
P ctierent o g s TN E e and & g dhed e el specten atielied 't e

Yes, Mussels B {Class:ﬁed Bivalve Mollusc F’FOdl!Cthﬂ Area in ireland)

e bethie sime Lespted o adprcosi g aenatve e wor SE Y ovees ol Prodeats Aren v S A

_-».p._‘_ = |1 1 of t N L \_ _ | 1 it ] i |£‘l l‘ ‘.2 3
No

' N '\:‘-r ol dAT ] r 11 3] 1.1 i 1y |' .
Soves poase oy tul adaradis

No

e 81 O e g sad e st e sttt TS ered il e v e et Tpe g e 5wl ot

See anronmenta! Report appended. No procpssmg will ceeur.

N/A

v Wkl are Pean g e L T L Sl s D e !#"."_
Asterlas: Vulgaris {sea starq) Nur'ci.a tapilius (dog whelk), jeliyfish, fish
iarvae.

wnitd st e sk b vt Be waed foowentr D thierr
Active momtormg bottom of roes {drcppers) will be an adequate distance
from the sea bed

See Part 224 for deth of dicmmeantation o be tnchaded soith thas applicetion ope



| 2.2A DOCUMENTATION REQUIRED FOR MARINE-BASED SHELLFISH '
AQUACULTURE
(to be included separately with a Licence Application {or a new siie or for a renewal or
review of an existing Licence) |

I An appropriate Ordnance Serves Map (recommeondation is a map to the Scale of
P LO0 L 10,566, e, cquivalent to a sivinch mapl. “otc The proposed noces rame 1
(her site from the pablie road aceoss Ddal fore-hors must ala Do shown o the mag.

J—

2. Seale drawing of the stractures to be wsed and the lavout of the farm,
Mhe praposed site draseings must illustrate all site stooctures above and below the waler
including mooring blochs. trecommended seales normally 110G for structures and 1200
tor Livout ) (See Guidance Note 3.3.27)

ta

The prescribed application fee (See Guidance Note Section 4)

4. I the applicant is g limited Company within the meantng of the Companies Act 1963,
as amended, the Certificate of Incorporation and Memaorandum and Articles of
Association

S0 W the applicant is a Co-operative, the Certificate of Incorparation and Rules of the
Co-operative Saciety

G, Eovirepmental Impact Statement (i eoquired) o certzin cases- See Guidance Notes
Section 331

= |

Alien Speeies dossier { where required) - See Guidance Notes Section 3.3.1

) NOW COMPLETE PARTS 2.6, 3,4 AND 5 PLEASFE



2.6 Employment. Qualifications, Fxperience, ete
_TO BF FILLFD IN BY ALL AQUACL LTURE APPLICANTS

Pacaie prodiede atls oof s pent®net, ondli ic 1007 s of Shie appd <t andd acs hes pors el sl gie =7

(VIO E6: LR LA 8l 30 swd

Dunmanus Bay Mussels have been in operation for 8 years.
Applicants operate similar sites in Inner Dunmanus Bay and Baniry Bay.
Directors have over 20 years' experience operating in aguaculture development

and management.
i e wpdtienti o Pl e gy rde dot!s oF pre comed enplinrivnr coatt o Bt BR T jr e g |
5'--.:“} madd ot g5 o (I | ;
H $HS T - R e ] Proa~g Py tle carrant and fidlre Jdesasts !
i
, The proposed development will create 3 jobs during the five week construction
: phase. .
|

Employment levels will vary during the operational phase. Greatest

employment will be created during thinning and harvesting phases. '

: FULLTIME JOBS !
Yooar 1 Yoiur 1 \!'.,": . 1 Y ar 4 1

|

|

| PART TIME JOBS,
| Y war



PART 5 DECLARATION AND SiGNING

N&: Reper to Gaidancee Note Section 3.3 and Section 4 - Guidunce an Declaration aind Signing
and Annual Aquacidiure and Foreshore Livence Fees

Wihas 1s 2 renewat roview have you mwet all heence canditions of the existing aguaculiure hcence? If

applivable. explun wors con bed nd complicd sag gl condit) s

1 W hereby deciare the information provaded in Parts 1. 20 and 4 abeve 1o be true
o the best of my oue keoswledge T We enclose an appheation tee® of’ ¢93 27
with this application

Niaturet v o Apphicanti~ i, o f Pt 9‘-' S
(Tlease state capacity of pursons
stemmge an behialt ot 4 Company Co-op: -

Brian Murnane,

Director, Dunmanus Bay Mussels Lid.

e 28 November 2013

NB A persons named on this Jicenee application must sign and date this application form,
Only the existing licence holder(s) can apply for the renvwal review of an Aquaculture Licence.

“Preferred method of pazment 15 by Chiegque s ehanh diat e tee should be made payable o the Depariment

ot Avriclture, Fovd and the Macme

Refer 1o Guidance Note Section 4 - Guidance on Aguacalture and Foreshore Livence Fees

Thie application farm ~hoenld be teew arded, sith the reguired documents apd applcatson fe 1

Aquacuiture Licensing

Sguaceliure & Foreshore Management Division
Department of Agricalture, Fond and the Marine
National Reafoud Centre

¢ lenakiin

o, Unrh



PART 5: APPLICATION DOCUMENTATION

The tollowing documents are enclosed with this apphication:
NB: Refer to Guiduance Note Section 3.3 - Guidance on Application Documentation

' Nu.

l
|
|
|
|

|

|

N

»

[ =]

o, T R

f

' DOC UMF\T A l"!(l\
An appropriate Ordnance Survey Map
(recommendation is @ map to the scale of

L 10000/10: 10,560, i.e., equivalent to a six inch map)

Secale drawing of the structures to be used and the
layout of the farm (recommended scales normally
1:100 for structures and 1:260 for layout )

The presc l‘lb{d application fee

Environmental Impact Statement (E IS) if required

Water Quality Analysis chorl, if appropriate
Decision of Planaing Authority under the Planning
" Acts, if requived

'Q opy of Licence under Section 4 of the L ocal
Government (Water Pollution) Act, 1977 - Effluent
Discharge, il vequired

I the aj;blicant is Iimitéti-l'(nmpan) within the

meaning of the Companies Aet 1963, as amended, a

- copy of the Certificate of Incorporation and
. Memorandum and Articles of Association,

Y

- T the applicant is a Co-aperative, a copy of the

Certificate of Incorporation and Rules of the Co-

10

i

uﬂerail\ ¢ Society
lnugmtcd Pest \lanaﬂement Plan, if rtqmrcd
Alien Species documentation, if rcquued

14

YES

v

INO

N/A

u\-x
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1 NO.SITE AT DU BAY CO.CORK

Co-ordinates & Area
Site T05/590A (26.3 Ha)

The area seawerd of the high water mark and enclosed by a line drawn from Irish
National Grid Reference paint

085688, 036433 o irish National Grid Referance point
086807, 036592 (o Irish National Grid Reference point
086201, 036804 1o Irish National Grid Reference point
085782, 036245 (o the first mentioned poinL.
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Dunmanus Bay Mussels Ltd

Aquaculture Licence Application

Supplementary Information
and Environmental Report

Date 06 December 2013

Job No s

LT%)
h

Cliart Cunmanug Bay Mussele Lig




Contents

10 introduction

20  Physical Enviranment

3.0  Natural Habitats

40 Existing Resources

50  Statutory Designations

6.0 Site Selection

70 Proposed Works

B0 Landscape and Visual Environment

a0  Potental Impacts and Mitigation Measures

References

Appendices

Revision Control Table & Document History Record

Rev. Date
1 06422013

Description & Reasaon for [ssue

Gguacuiture Lcence Apphealion

10

11

13

21

Qrig. Chkd. App.

SMC AC AL

No part of this decuraoat miay he re-prodisced or transouiied in any o o steee Durany wimeval System ef any
adtue without wrilten peamsana of Ciome Mdlar Corsulting Enginsers as copvnaht holden, @xceni as agrend for

wae o s specific prysct

|k



1.0 INTRODUCTION

It is Insh Government policy to support the growth and devalopment of aguaculture as a
sustainable. reliable focd production mdustry Food Harvest 202C sets an amb tious target of
ncreasing aquaculture volume production by 78% by 2020 This 1s a difficutt target to realise
due to the current constraints associated with EU Conservation Directives

Dunmanus Bay Mussels Lta proposes to instali and operate a massel farm in Dunmanus Bay.
Co Cork nthe body of water between Carbery island and Drishane Pont The instailaten and
operation of this farm wil' requice an Aguaculture Licence from the Department of Agnculture
Foed and the Mar ne (DAFM; under the Fisheres Act 1997 and re evant Statutory Instruments
The proposed licenced site will incorporate an area of approximately 26.25 hectares.

1 i Environmenial Impact Assessment
A full Environmental Impact Assessment (EIA) is not required for tris development as it fal's
belew the thresholds as outlined in the relevant plarming and fishenies legisiation

it 15 a:50 very unlikaly that the competent authonty wil require a full EIA due to the fact that the
development site does not fall within any sensit ve designated areas and s refatively runor in
scale

For the purposes of a more comp.ets aquaculiure hoence application tnys raport has oeen
createa ta provide supplementary environmenia informaticn Var cus environmanial categories
are examined the mipacts theren assessed and m tigat on measures are proposad whera
required

1.2 Applcaticn History

Dunmanus Bay Mussels previously applied for an aguaculture icence for this site. for which
DAFM issued a Notice of Ministerial Decision to Grant an Aguaculture Licence and Companion
Foresncre Licence on 20 December 2011 (Ref T5/503) This notice was appealed by Thid
Parties to the Aquaculture Licence Appeals Board (ALAB) and their appeal was uphe.d by
ALAB

Trus revised applhcation is for a shightly modified sma'er site The concens of the appelians
and ALAB s Technical Advisor have been consiaered n the re-design of the proposed site and
tne preparation of the apphication documentation In particuiar t 1s noted that ALAB's Technical
Adviser recommended that further investigations were required with an appropriate extens on
of time o consider the decision fully ALAB rafusea the licence outright It s alse worth roung
that all the DAFM advisors and consuteas recommeanded granting of the licence including the
EIA Pre-Screening Expen: Panel

1 2 Site Seecton

In our opinion. supperted by relevant technica assessment data, tH's site s whoily suitab's for
ithe iccation and cpe-ation of a suspendec rope mussel culture facility As outhnad in this rapon
and rsievant appiication documentatior. the eperation will not have any significant impact on
the environment it Dunmanus Bay Pre consultaticns with the relevant statutory bod.es have
helped to delermine the size lozat’on and type of propesed aquaculturs operation

")



2.0 PHYSICAL ENVIRONMENT

The proposed site is located between Carbery Istand and Drishane Point in Dunmanus Bay,
west Cork The site is located approximately 7 miles south west of the village of Durrus along
the southern coastline of the bay

2.1 Tidal Levels
The tidal levels in Dunmanus Bay are outlined in Table 1 below

Tide MLWS | MLWN _ MHWN | MHWS j
Level (CD) | +3.40m | #260m +#1.10m | +0.40m i
Tabla 1 Twdal Levels i Dunmaznus Say
22 Sea Bed
The sea bed at the site of the proposed development 1s rocky with some areas of cobbles and
gravels

A hydrographic survey was carried out at the site of the proposed development The sea bed
level varnies between -15m and -30m CD The survey drawing is enclased in the Appendix of
this report

2.3 Currents
A study of current flows in Dunmanus Bay was carried out by Hydroagraphic Surveys Ltd The
result of this analysis is enclosed in the Appendix of this report

The survey was carned out on 18/10/2012 The pradicted tide levels on that date were as

outhined in Table 2 T —
& Tide W | HW - W HW
T Level(CD) | +0.30m | +340m | +030m +3 20m
Qe  Time 0138 0746 | 1404 20 11
b\u\\l\ 2 e Tahle 2' Tidal Levals in Dunmanus Bay on 19 Octaber 2012

Currents were surveyed at the west and east extremities of the site [n general, current
velocities decreasad with depth Table 3 below summarises the results recorded on the day of

surveying.
[ Point CM 01 (West) CM 02 (East) |
Ebb Tide Average Current ~ 013m/s | . 020mis
| (0.25knots) | (040 knots)
Ebb Tide Average Direction 185" (south) I 56 (north east)
Flood Tide Average Current 0.09m/s | 0 12m/s
(D 18knots) | (D23 knots)
Flood Tide Average Direction E 192" (south) ) 162" (south)

Tabie 3 Tidat Laveis in Dunmanus Bay on 16 Octoper 2017

It is estimated that the currents at the site may be 50% lower during neap ides
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2 4 \Waves
Detailed wave modelling has not been carried aut at this site

itis anticipated (based on surveys at similar bays in west Cork) that extreme wave heights in
the area coud reach up o 3 5m Threse waves wolld criginate as offshore swel's propagating
Dunmanus Bay from west to east It may be assumed that same [ccal pretection 's provided by
Cartery Island and Furze Island

2 5 Wind
A design wind speed of 25 2mfs (1 hour wind duration. 50 year return period) shall be used
This s based on BS §338-2

2 & Forashore Inspection
The intertidal feresnore adiacent to the proposed site comprises of steep rock outcrops

2 7 Aguacullure Stes

There are a number of cther aguaculture sites located in Dunmanus Bay Tney are located
primarily in the Inner Dunmanus Bay arza The applicant successfully cperates a number of
these sites



3.0 NATURAL HABITATS

As part of the Habitats Directive Screening Report a literary review and on-site observations
were carried out to determine natural habitats that may be affected by the proposed
development

3 1 Birds

It was found that the habitats in the vicinity of the proposed musse! farm were unsuited for
nesting for peregrnne falcons and chough. The skerries at Carngphillip and Mucklagh Racks
may be suited for nesting by Artic Terns  Fuli details of the findings are contained with the
relevant report. :

3 2 Cetaceans — Harbour Seals (Phoca Vitulina)

According to Naticnal Parks and Wildlife Service “Harbour Seal Population Monitoning 2003-
2012 Report No. 1" a maximum of 34 No. harbour seals were counted in Dunmanus Bay The
principal sites for Harbour seals were found in the inner reaches of the bay at Carraigphilp and
Mucklagh Racks In racent years 27 and 29 Harbour seals were recorded on 15th Sept 2007
and 18th Sept 2008 respectively Full details of the findings are contained with the relevant
report

3 3 Otters

There is likely to be considerable otter activity in the general vicinity of the proposed farm,
although this activity is likely to occur along the shallower shoraline. The closest otter holt s
likely to be on Holt Island which is approximately 700m from the proposed farm The mussel
farm is uniikely to create any disturbance to the ofter community

3.4 Scaliops & Nephrops

The Screening Report identified that the seabed al the site had a poor species community It
identified Nephrops as the dominant species It 1s anticipated that the Nephrops will feed on the
mussel pseudo faeces

It is possible that there is some limited scallop fishing in the vicinity of the proposed farm The
applicant 1s willing to facilitate the continuation of scallop fishing within the boundaries of the
proposed hicence area, subject to agreement This accommodation currently exists in inner
Dunmanus Harbour, whereby Dunmanus Bay Mussels Ltd. allow, by agreement, local
fisherman to fish between the lines of therr existing mussel farms.

3 5 Biotoxology

The Manne Institute cames out weekly inspections of toxin lzvels in various sites around
Ireland, including Dunmanus Bay. They monitor toxin levels in waters, to ensure that the levels
are below a minimum threshold before shellfish are harvested. This ensures that the
aquaculture preducts are safe for human consumption. It 1s expected that this practice will be
extended to outer Dunmanus Harbour after the farm is established.



4.0 EXISTING RESOURCES

A number of existing natural and manmade resources are fo
evelopment

ind in the locatien of the proposed

4 1 Adjacert Land Rescurces

The site I1s located immediately rorth and west of the town iands of Cashelfean and Kicomans
The land primarly comprises agricultural land and areas of overgrown gerse There are
approximately 2C No houses within 1km of the proposed site

4 2 Road Network

The land south of the proposed development site is accessed via the R591 road from Durrus A
number of narrow third class roads are also found In the locality Farm operations will not us=
these roads Access to the propesed site will be by water from Durrus Pier.

4 3 Adiacent Intertidal Foreshare Resources

The intertrdal foreshore comprisas primarly rocky outcrops There is a small pier located in
Drisnane to the south of the proposed site Access to the pier from the water is tidally
dependant. The pier is occasionally used by loca, small scale insnore fisherman The
development will net have any impact on the prer or pler users

image 1 Fer 3t Duchane

A small strand 1s located east of the site. adjacent to the pier This beach may be used for
cccasional bathing and as an area for the launch ng and recovery of smail boats ano d nghies

Ths area is not listeq as a bathing area in the current Cork County Developmant Plan or the
Bantry Loca! Area Plan Cork County Council's “Mannz L eisure infrastructure Strateqgy for West
Cork” {January 2C08) states that there is um teg leisure usage at Kilcomane It further states

that the pnimary use is tor “fishing

I
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imaye 2 Strand at Cashelfean

4.4 Adjacent Water Resources

Dunmanus Bay is used for small scale fishenes and some leisure boating Piers at Ahakista
and Durrus are used for access to the bay Ther2 are a number of licenced aquaculture sites
cperational in Dunmanus Bay Inner

The area occup:ed by the site of the proposed development i1s used, on an ad hoc basis, by
inshore fishermen The applicant, Dunmanus Bay Mussels, i1s willing to accommodate inshore
fisherman to continue to fish the area after the farm 1s installed. This arrangement currently
exists and works well between the applicant and inshore fishermen at their sites in Dunmanus
Bay Inner.

Angling and inshore fishing achtivities also take place throughout the bay
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5.0 STATUTORY DESIGNATIONS

A literature review of statutery designatiors was carned out as part of th s report The ~esults of
this are outlinec i sections 5 1 to £ 4 peiow

5 1 Statutery Designations

There are ne Natural Heritage Areas (NHA) proposed Natural Hentage Areas (pNHA), Special
Areas of Conservation {SAC) or Specia! Protection Areas {SPA! at *he site of the proposed
development. The rearest natural designat on areas to the site of the proposad asvelopment
are as follows

» Dunbesacon Shingle SAC 1s located approxirately Bkm north 2ast of the site

+ Owans lslana pNHA is locatea approx mately 2 Skm north of the site

* Sheep's Head to Toe Head SPA is locatea at the west of the Mizen Peninsula and
Durmanus Peninsuia

« Sheep's head pNHA s ocated on Dunmanus Peninsula te the North

There are no designatsa bath ng areas near the proposea development

5.2 Scenic Routes

The land immed:ately south of the site 1s designatsa as a scenic landscape 0 the Cork County
Deveicpment Pian 2009 Scenic route $107 ana S106 are located adjacent to the site and
Scenic Route S10% 15 ocated on Sheeps Head Peninsuia to the north

5 3 Water Quaity Status
The EPA Water Quatty in lretand 2007-20069 report identd.es Dunmanus as a shelfish
production area with A and B class fication

The site of the proposed development does not fall under the category of a designated bath rg
area There s nc water gualty designation within Dunmanus Bay foilowing reference to EPA
Bathing Water Qualty 2009 The ciosest designated Gooa Water Quality designation in EPA
Water Quality .n lreland 2007-200% s Barley Cove. approximately 15km south west

Tne EPA does nct nrovide a status for Dunmanus Bay 1 rziation to Trarsiticnal and Coastal
Waters Ecological Status Rearirgwater Bay to the soutih bas a moagerate status

In 2008 the minister for the Envircnmert Hertage and Local Gavernment signed thg
Cunmanus Inner Po''ution Reduction Pregrammea Tris prograrmime was imolemented to
mprove water guality n the designated shellfish growng waters in Dunmanus Bay Inner

5 4 Local Area Plars and Ceunty Development Plar

Althougn planning permissiorn 's not requred for ofishore aguaculture developments the
relevant area plars were reviewed as part of the assessment process The current Cork County
Daveicpmen: Pian (2002 (CDPi ana the Bartry Loca! Area P.an (2011, (LAP) does not include
any restr ctons . relation to aquacuiture development in Dunmanus Bay The LAP recognis2s
aquaculture as an economic strength of the area and states tha! the strategy i to promote
further growth and develooment in this sector The CDP states that tne Bantry area s an
mporiant focaton for marine and aquaculture mdustnes It also states that In accordance wilh
Government policy the Council vall support and promaote the sustanable develapment of the

aquacultire sectar 1 arder o mazsmnze ¢s contribution to jobs and growth
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6.0 SITE SECECTION

A number of factors contribute to selecting an appropnate site for the development and
operation of a longline suspended culture farm.

5.1 Site Suitability
The site has been selected due to the relative shelter provided by Carbery Island and Furze
island There Is adequate site flushing as outlined in section 9 0 of this report

Dunmanus Bay Mussels currently operates a site in the mner harbour (adjacent to Mannion's
Island) Access to the new proposed site, availability of plant and machinery and labour
resources s therefore conveniently located

6.2 Access to Site

Dunmanus Bay Mussels operates from Durrus Pier. This pier is approximately Skm or 5
nautical miles north east of the site. There 1s no pier infrastructure in the vicinity of the propased
site

6 3 Navigation
Extensive consultations with the Marine Survey Office (MSO) were previously held The

outcome of this consultation assisted in determining a location for the proposed development
that would satisfy navigational safety 1ssues

8 4 Alternative Sites
Alternative sites within Dunmanus Bay were examined The fina! site was dictated by the MSO
to satisfy navigational safety issues The applicant already operates sites within the bay

2\



7.0 PROPOSED WORKS

71 Physical Infrastructure

The works wili comprise the instaliation ¢f 18 nc longlines each of a length of 220m as
ingicated on the arawings that form part of this application Each ongline will comprise * ro
220m lorg head roepe {singiehead rope) Droppers will hang vertically from the langlines at
approximately 800mm spacing The droppers uponr which the mussels will grow, will be
approx'mately 8rr long ara 1Zmm diameter Buoyancy to the longline system will be provided
by 21C0Litre polyethylere barre's at spacings of 3m to 4m

Ancherage to the long iines will be provided by 40mm diameter polypropylene ropes connected
to approximately 8m of chair that will in turn be connected to a 5 tonne concrete anchor
Damper weights and trawl balls w ! be provided tc the anchorage system also

Te provide navigaton warrungs. Floatex 1200PE Light Buoys will be installed in the four
corners of the site The propesed lamp standards will be subject to approval from the
Commussioner of Irish Lights (CIL) These buoys wili be anchorad with 28mm anchor chains
conneacted to a 5 tonna concrete anchor block on the sea bed.

All matenals will be brought to the site from Durrus Pier where the apphicant currently operates
from

7 2 Constructien Methodology

The site will be installed by the appicant using existing plant and machinery A crane will be
used o drop & tonne concrete anchor blocks on the sea bed The |ocation of the blocks will be
confirmed .using GPS Approximately 8m of chain and anchor sopes will be attached to the
anchor blocks before daployment

From a work barge the anchor ropes will be tied to 1 headrope which will be 220m long The
headropes wl then be connectad to 2101tre polyetnylene barreis at 3m to 4m spacing

The process will be repeated for all the other 'res It is estimated that the instaliatior works will

take approximately ' menth

7 3 Operation Works
The cperation works compnise of three dishinct stages

T 3 1 Seed (Spat! Collection

Seeds will be coliected via natural spat fall collection Reusabie Spamsn spat collector “ope will
be suspended I late January and eary February This rope s reusable wth a circa 25 year
ifespan

7.3.2 Thunning

Wher the mussels hava grown to netwesn 10mm ard 13mm the coliactor rope i€ haved into
the harvesting vessel ard the musseis are strpped from the rope The rope 1s washed and
stcrea for rause the follow ng season The mussels are sarted through 2 grading machire and
sorted into two sizes The mussels are then placed on a grow rope (New Zealand) and &
biodegradable cotton sock. The rope 1s hung at 800mm spacing with a 8/7 m drop This
process is repeated in the summer After approx mate'y 12 months, when the mussels have
growr tc market s.ze they are harvested



7.3.3 Harvesting

When the mussels have grown to market size, the rope is hauled into the harvesting vessel and
mussels are removed from the rope and the rope is washed and stored for reuse The mussels
are washed and graded and bagged into 1 tonne bags. The bags are then placed onte pallets

for onward transportation. The New Zealand rope also has a lifespan of circa 25 years

L Y

Image 4 Work Gear

Image 3 )‘FV Muireaonn

Works will be carried out from MFV Muireann. a 15m !ong fishing vessel retre-fitted to
accommodate mussel harvesting plant



8.0 LANDSCAPE AND VISUAL ENVIRONMENT

‘E.
s
8]

N landscape ard visual are addressed separalehy

& 1 Landscape

The Cork County Ceunci Drafi Landscape Strategy 2007 identfies the lanascaps character
areas of County Cork The site of the proposed development falls irto Type 4 "Rugged Ridge
Papmnsuias in tne strateqy The site falls .nto Sheeps Head — Mizen Head Landscaps
Character area and is (dentified as being ndenled rugged petinsular nidge 1n the area of the
proposed development It states that the landscape value s vary high the landscaps

sensit vity as 'vary Tigh and the landscape impertance as narnonal '

ne lanascape cnaracter will rot be dramatically altered by the proposal as the develepmeant
~ill integrate with the existing bay/harbour All infrastruciure wil) be installed below. at. or only
si:ghtly above water level The view of the water edge and the bay will not be altered by the
presence of the farm

it 1s unlikely that the Scenic Landscape Designaticn or the Scenic Roads designation will
change due to the proposea development

{2 Visual

The main visual receptors of the proposed development will be residential properties n the
Incality and usars of the small strand east of the development

8 2 1 Zone of Visuai Influgnce

The area of study (or visual enveope} for a visual as 5-’: sment may extena to the whoe of the
area from which the de';elcph:ert s visible nowever it 1s generally imuted to fhe: distance from
the cevelopment within whicn the v.ew s expecied to t‘~:- of interast or concernr

A zore of visual influence is the area within which a propased developmert may have ar
inf.uence or effect on visua, amenity A visual receptor may e a physical lar o:,mpc rTesodce
special interest or viewer group that will expect an effect

Thz Zone of Visual Influence was assessead during a figld survey to determine t
wirere there are potential impacts on the visual environment Six locations were assessed in
terms of visual impact as per Figure 1

B SE— |
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8.2.2 Visual Representations
Images 5 to 17 present views from the various viewpoints (as per Figure 1), with visual
representations shown thereaiter '
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g 2.3 Residential Properties

Less than 20 residential properties are located within 1km of the proposed development Some
of these will have clear views of all or part of the development. The main visual impact wili be of
vessels berthed at the farm during operations The view of vessels will not be out of context
given the nature of the existing site

The view of the floats will be more apparent from tigher elevations

8.2 4 Sitrand

A small strand is located to the east of the proposed development Here, users will have
unobstructed views of the proposed development The main visual impact will be of vessels
berthed at the farm during operations This view will not be out of context given the nature of
the existing site

The floats will not be highly visible due to the low elevation of the receptor over the
davelopment

g 3 Visual and Landscape Impact Mitigation Measures and Dasian Mitigation Features
in order to reduce any potential impact on visual amenities. the following mitigation measures
or design features are proposed

1)  The site wili not be iocated near other farms which reduces the impact on landscape, in
accordance with the Department of Marine and Natural Resources ‘Guidelines for
Landscape and Visual Assessment of Manne Aquaculture”

2) The development will not be located within the central focus of the bay

3) The longhnes as proposed run parallel with the existing coastline, thus reducing
fragmentation of the water surface

4) Simple linear lines are proposed This suits the elongated nature of the peninsulas

5) Shore based activities will take place at the existing Durrus Pier and not in the vicinity of
this site

g) Navigation lighting will net be visually negative and will not be out of context within the
bay

7) Fioating buoys used will be “battleship arey” in colour, so as to match the existing visual
environment. This will mean that they are less visually obtrusive.

8) Care will be made to ensure lines are accurately installed This will ensure the lines are
parallel,

9) Lines will be installed taut, so they do not become misshaped over time Alse, the
anchor blocks have been adeguately sized so as to avoid drag of the lines.

10) Intermediate anchers will be installed to prevent bowing of the lines, if requirsd
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5.0 PREDICTED IMPACTS & MITIGATION MEASURES

G 1 Biodepostition and Impact on Benthic Community Comgosition
Shalifish farming resuts in the bio-deposttion of fagces and pseudo fasces on the sea bed
can affect existing sedimenrt characteristics ana tenthic commiunity compostion

The volume of bis-sed mentator on the sea bea is very much site specific. 1t 1s difficult to
accuratey forecas! seaimentation on a site as it is aependant cn ex stirg water qua‘ty, farm
size mussel density. currerts. wave actlon nuir ents ana other vanabies It s cons dered that
shelifish farming has less of an mpact on the envirenment than fin fish farming as no external
feed is added tewever they do occupy a iarger footprint

The dynanucs of bio-deposition (ircluding fasces ard psaudo faces) are not fully understood
and not easily modelled For the purposes of this study first prnciples ware used to determine
the rate of bic-deposition dispersior and accumulation of bio-deposits Reference 1s made to
Weise et al "Meadellmg the bindeposition from suspended shellfish aguaculturs and a88essing
benthic effects 2003 That study was carnied out at shelifish sites in Canada To date no
similar studies can be sourced in Ireland, so the worst case scenaric’ figures from this report
are used

Site GE 1+ (2003} CAS (2005) Dunmanus Bay
Ste Sze kv 28 . - S -
‘ L;rgm$ Dimensions 200 Nz ‘onalnes 156 N jorghines 18 No orglnes
' long 142m ‘ong 220m. ong
2 amater 02 diamiste S dmdareter
Im dropper lengte & 5m droppes ength Tm drepper isrgth
Overall iength of " aEEr 1100m 1925m
Drappers per
langline
‘DepthsfLorgbne 1 Em “Um " Zm
below Water Level
B odeposi 284 56 & T Uplnowr
produstign
~kgilonghinz day) ) .
Faeces Sstfing 100 E30 B0 Linkapwa
Velcoily imms)
Psevdnfacces RO A M Unknowr
Setting Yelocty
M7 S

o1 * Biodepositicn Gensratior

Upon examuinaton of Table 4. t may be interpolated that approximately 0 07 8ke o blodepost
per metre of dropper per day may be produced It can thersfore bie apporoxmated tha
174kgliongline per day of biodeposit may be gererated at ihe proposed site in Dunmanus Thus
2guatzs to approvmately & 7 18kg of biodepasit generated 2aily at the site This equates o
approamately 882Tonres!year
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8 1.2 Biodeposition Dispersion

Table 4 indicates that faeces settling velocities of approximately 1G 0 mmi/s have been
recorded at previous study sites. For the purposes of this report. we will assume a biedeposit
settling velocity at the Dunmanus site of 10 0 mm/s This yislds the following sefthng times at
the Dunmanus site

Low Water, -15m CD coniour, seitiing time = 1,500s (or 25minutes)
High Water, -30m CD centour, seltling time = 3.000s (or 50minutes)

Sectien 2.3 of this report Indicates that current velocities at the site range betweaen 0.09m/s (o
0 20m/s. This yields the following potential setthng distances from the site

Minimumn: 1,500s x 0 0Sm/s = 135m (laterally) from the source
Maximum 3,000s x 0 20m/s = 600m (laterally) from the source

This equates to an affecled footprint of 0.31%km" to € 515km’
The concentration of deposits over the s2abed 15 therefore:

Maximum: 992 070 kg/year/ 319,200m" = 3 108 kg/ m‘/year = 8.515 g/m’/day
Minimum: 992 070 kgiysar / 514 500m” = 1 928 kg/ m*fyear = 5 283 gim’iday

Allowing for neap tides, the maximum concentration of biodepesition may be in the region of
8.5g/ m°Iday

These calculations do not take into account wave induced currents and water movements
caused by wind effects, which wiii have a paositive impact on biodeposition The calculations
also assume that the site will have 100% harvestable size mussels on the droppers, which wiil
not be the case.

9.1.3 Detlectable impact

Weise et al states that benthic status may become disturbed when biodeposition ratas are in
the range of circa 15 to 30g/im*/day. The estimated concentration rates fall well below this
critena. it can therefora be stated that the proposed farm will not have a detnmental impact on
the exiting banthic community compaosttion.

9.2 lmpact on Human Health

Mytilus eduiis are filter feeders and remove toxins and bacteria from the water in which they
inhabit. Mussels are not a generator of toxins. They may ingest toxins from the water and
convert to biodeposits. The proposed farm will not have an effect on human heaith due to
bathing activities

Consumption of shelifish containing DSP, PSP and ASP toxins can affact human health. These
toxins are caused by ennichment and algal blooms. Duning occasions whean zlgae blcoms are
present in the locality, harvesting of musseis is not permitted. A rigorous shellfish manitonng
programme is managed by the Sea Fisheres Protaction Authority (SFPA).

8 2 lmpact on Local Fisheres
The davelcpment may have a minor impgact on local f.sherez The spplicant 1s wiling to
accommodats inshere fisharman to conlinue to fish the area after the farm 1s instatled This

g {A



arrangement currently exists and works well between the applicant and 'nshore fishermen at
theu sites ir Dunmanrus Bay Inpe-

& 4 Impact cn Foreshais
Nane anticipated

9 5 Imeact on Land Uses
i is anticipated that the proposead gevelopment will have neghgiple impact on exstrg tand uses
as the site does nat encroach on the and

3 8 Impact or Employment

The proposed devalopment will have a pestive impact cn emp oymen: as it will nelp support
exsting Jobs ara create new local empioyment opporumitas This wili have 2 postive mpact
or the local economy as other irdirect jobs w ' be supported

& 7 immpact on Traffic

The site will not have any impact or traff.c in the [oeality adjacent to the development as all
works access wii be carmed out from Durrus Pler via vanious vessels as there 1S no appropriate
perthing facilty immadiately adjacent to the sits

4 8 Impact on Navigation

The preposed site will have nymimal impac: 01 navigatiorn The propose site hes well to the
south of the navigation channe! 1o Dunmarus Inrer Local inshaie vessels will e able to
navigate between the southern sice of the site and the shoreline The fellowing additional
mutigaticn measures are proposed

= The applicant wiil deploy navigatior buoys to the satisfaction of the Deoartment of
Agricu'ture Food and Manne the Commussioner of insh Lights and the Marnine Survey
Office

« A manne notice will be advertised with the Depanment of Transpot regarding the
construction works

* A public rotice will be advertisea in a iocally read newspapsr

= The United Kingdom Hydrograchic CfF ce will be nat fise s¢ amendments can be maae to
the local navigation charts

9 2 tmpact on Statutory Designations
The proposed deve apment will rot impact upen of changs ary statutory des.gnations

2 10 Pailution
Recyclab e matana's will bie used Jur =g eoth the canstruchion and operational phasss as far
b

as possible Nyien migsh will net be used for tne lorgline stockings

& hydrocarbon spu! cigan-up kit will pe avai able on the wark beat at all imss This wii epsure
ttar ary potential hydracarten spills are containad and approprately maraged
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1 INTRODUCTION
This report has been preparea by Pau Murphy of EvrEcc Environmer'a Corsiitants 1 assoc ation
wih Cronm Miliar Cons: Jtng Engireers on benaf of Dunmanus Musse's Lid to determing the

poental efects f ay of the propossd deveopment of a musse! farm i Dunrranus Bay on the
Natura 2000 netwark  The purpose of ths assessment 1$ 1o determing the Ippropnatensss o
ciiewise of the pmu‘s_m scheme in the context of the gonservation status of stes des gnataa
u’1".=-r the: Natu-a 2300 netwark

1.1 Regulatory Context

Tne Councit Directive 8242 EEC or tre Conservauon of Natural Habeats and o Wild Faura and
Flora beter krown as "The Habtas Drectve -provdes the framework for fegal protecton for
habtats and spezies of European impertarce  &rucles 3 ¢ 9@ provide the egislative means (o
protect habitats and speces of Communty interest trrough the establishment ard codservation of
a~ El-wde retwor< of stes vrown as Natura 2000 Trese are Specal Areas of Canservation

SACs! designated unaer the Haotats Directive and Specia Pfftactmn Areas 15FPAs gesignatea

T*er te Consenvation of Wild Birds Directve T9403FEC) (beter xnowr as The Biras Disct va

“ile £(30and 2 4y of the Habitats Directve set out the dea Sisiormasing ests for plars ana projects
ely 12 affect Natura 2000 stes tAnmea 11, Artcle® 3 estachsres the requairement far Appropriate
Assessment

Ay plan or proenl act dirsctiy connected with o neressary o the managemant at the Natura

20007 site but hkaly 1o have a sigrficant cfiedt erean sidpss i ".u’/fu..l:?}}‘ 0r i r"'v'-‘fmn—k"-r‘ with
otter pfans and projacts shia be subected fo apon ;.sh:ua agsessment of s rmphcaticons fir the g
i view of the sife’s conserny .ir-ur- ofyectivet 'n hgnt of e coaciusions of the asae S&ITEN r of 'hrf

imrigation for the st god supect o ”v DIOVSICns of raragraph 4 toe compsten nation
authantas sha agree o e Gat o o - after having ascenansd
of the site concemed Bl

el

1.2 Stages of Article 8 Assessment
Th's Screen ng Report ard Natura I'vpart Statermer: bas peen unsertaken r Accordance wit h ‘he

Eurgpean Commissior Mathodeiogiea! Gu ﬂjﬁi‘? cr e provsor of Artce 830 ard & ; the
Hab’ats' Dre—-:.:ue 92/43 FEC i2C 2001 sessment of plans and Lrgects sigof l,(iﬂ“ mmu
Natura 2000 site - ﬂ.ﬂ ‘-.f.’:-:'.-d«."ag}* &/ -_.;{udarw.r: an fie prowesieas of S e 8150 amd 14) of the r*f:!‘lfl‘u

Dwrestye GOMEE ang tne BEuropean Commissor Guidante  Alara g Natura 2000 Sifes In

G ':rnp y N it :n-: -“r.l gaitens under Athce 6 3, and fol owing the abcove G:,:lj-:.m;::_ this AA has
Leen structired as a stage oy stage approach as “aliows

Screening
° Rescrplon of the proposed projest
° 'dentif caton of Nat.ura 2000 sites pote “hizlly impacted
® Zentification and description of i div dual and wuru 2t ve ampacts wEly 1o resuit
from the promat
® Assessnert of the ¢ gr flwarce ot ident's ¢ TRACts an S$its rragnty
. Exzlusion of Natura stes fror e assessment process where f car be of ecively
concldes that there wil B¢ ro sgnfeantnpacts
Appropriate Assessment
® Descrpton of i Natu2 2000 stes that wil be cons dered furher o the A4
. Descrptiar of s.gnf cart impacts o0 the conserat ~r ‘eaturs of these sres ! waly 1o

zocur from ihe sshame

B Detals of 1easarss to avee oo g2t any 5 37 4T3t amnants

* Assessment of Alta-natve Se n-t cos . f apelic arh'

. -rammat r of aternative soluticrs uf apolicaola)

° AssessTert whe's ro ashemative sOUNCRS reTam 3179 yhers advese impacts
remam

. The 'IROPI test’ dmpsrative Reasons o Ouernding Polic onterest and

sempensatany meas.arss

o BIG d(!lﬁfhef Y- :

ax
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The Habstats Directive promates a hierarchy of avoidance. mifigation and compensatory measures
Firstly, the propesed scheme should aim to avaid any negative impacts on European sites by
identfying possible impacts early 0 the plan making, and wntng the plan in order to avoid such
impacts  Secondly mitigation measures should bz developed. if necessary. dunng the AA process
to the pont where no adverse impasts on the site(s) reman Where a proposed scheme 1s still likely
to result 1 adverse effects and no alternative solutiors are identified, if the proposed scheme 13
required for imperative reasons of evernding pubic interest (IRCP} tast) under Article 6 {(4) of the
Habitats Directive then compensation measures ar2 required to offset any remaining advarse effect.

As part of this assessment, manne surveéy was undettaken on tne 147 August 2013 using a
combinabion of SCUBA and dwect cbservation dunng low water within the Ittoral zone The survey
commenced 2t 10 00 (mid-tide) and continued through to low'tide (HW 08 26 3 Sm, LW 12 49 0 8m)
Marine hahitats were classified according to JNCC Manne Habitat Classificaton for Britan and
freland (Version 04 05) and the Heritage Council Classification (Fossitt, 2000)

2. STAGE 1: SCREENING

.4 | Natura Sites ldentified

The location of the proposec mussal farm is not witnin any designated Natura 20000 site, the
raaraest site baing aver 2km away  The location of the proposed deve opmient relative (o designated
areas 1s shown in Figure 1

Figure 1. Proposed Mussel Farm at Dunmanus Bay in relation to Designated Conservation
areas {source: NPWS Mapviewer)
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Tzble * detals the Natura 2000 sres that gre within the genera’ v 2 nty of tre proposes mussel farm

Table 1. Natura 2000 sites in the generai vicinity of the proposed Mussel Farm_

Site Name ‘Site  Designated Principa! Interest
o Code Status —
LremibeEacon Sl EA TR ] =AC o Perspeal vegetation of stony Danks

o Keddsrmanear salt meadows (cuncetalia
rantae
« Futopean dry heaths
o AUyvat forests wath A'nes glabipnsa &nd
At

Frannugs excelsior 1A no-Padmr, Al
incange Sa cion albae)

Reen 7o Shungle T s02z81 SAC o Coaslal agoons
s Perennia vegetalion of £ony Danks
a  Mdediterranean sal! meadows Clunceta a
mantmi}
7 = Surppean dry heaths o
Fargnramanigh Laugh ug2189 SAC «  Coastal lagacrs
o X - s Peranmal vegetat or of stury banks
snecp 3 Head to [oe H2as Jodtes S e Preragnne 1Falio pemgrmus:
z Chnugh 'F"_hr.'-‘.‘ o },‘;'r?.-.‘u.""'_:-

2.2 Description of the Project and Location

221 Project Location

Tie proec: nvcives the establshmert of & musse. ora-ine farm aong the soutnért shore of
Ounmanus Bay isee Figure 2 which shows the losaton of the propesea musse! farm on the
Adruralty Ghart

Figure 2. Aerial view showing proposed Mussel Farm location outiined in red.
(Source: CMCE)
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22.2 Project Description

Physical Infrastructure

The works will compnse the irstallation of 18 No longlines, each of a length of 220 Each longline
wi'l comprise 1 No 220m long head roge (single head rope) Droprers will hang vertically from the
jonghn=s at appraxmately 300m spacing. The droppers, upon wh.eh the musse's vl grow will be
approximately 6m long with & 12mim diamatar Buoyancy te the longline system will be provided by
210Litre polyethylene barrals at spacing’s of 3 to 4m

Anchorage ‘o the long lines will be provided oy 40mm diameter polypropy'ene ropes connected o
approximately 8m of chain that will in turn be connecied tc a & tonne concrete anchor Damper
waignts and frawl balls wil be provided to the anchorage system also

To provide navigatienal warnings. ¢ no Floatex 1200PE Light Buoys will be installed in the four
corners of the site. The propased lamp standards will be subject to approval fram the Comimussioner
of Irish Lights. These buoys will be anchored with 28mm anchor chains connected to a2 5 tonne
concrete anchor b'ocks on the sea bed

All matenals will be transported to the site from Durrus Pler. where the applicant currertly opeiates
from

Construction Methodology

The site will be installed by the applicant using their exising plant and machinery A crane will be
tsed to drop 5 tonne concrete anchor blocks on the sea bed Tne lecation of the biocks will be
confirmed using GPS. Approximately 8m of chain and anchor ropes will be attached to the anchor
biocks before deployment

From @ work barga. the anchor ropes will be tied to 1 headrope which will pe 220m iong The
headropes wil then be connected to 2 104tre polyethylene barrels at 3m to 4m spacing.

The process will be repeated for all the other Ines L is esumated that the installaton works will take
approximately 1 month ’ |

Operation Works
The cperation works compnse af three distinct stages as follows

Seed {Spat) Coliection
Seads will be collectad via naturzi spal fall collection Reusaple Sparmzh spas collector rape will be
suspended n late Januzry and early February This rope 1s reusabie with a cirza 25 year Ifespan

Thinning

When the mussels have grown o between 10mm and 13mm the collecior rope s hauled mto the
harvesting vessel and the mussels aie stnpped from the rope The repe 1s wasned and stared for
reuse the following season The mussels are sorted through 2 rading machine and sortad into two
sizes The mussels ars then placed on a giow rope (Naw Zealand) ang 2 biodearadable cotton snck
The rope is hung at B00Omm spacing with & 6/7 m drop This process 15 repeated in the summer
After approximately. when the mussels have grown to markeat size they are harvested

Harvesting

When the musses have grown o market sze the rope is hauled into the harvasting vessel and
raussals are removad from the rop2 and the rope 15 washed and storad for reuse The mussels are
washad and graded and bagged wnto 1 tonne bags The bags are then plazed anto pallets for
onward transportation The New Zea'and rope also has a liespan of circa 25 years.
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223 Description of the Existing Marine Environment

To evaluate and ciassify the manne erviranment in the lozaton ana wiCinily of g propossd mussel
farm & SCUBA surve; was camec cut oy Dr Lowse Szally ard Psu Mu ghy on the 14" August
2013 Two separate transecis ware surveyen ronmng from rort w south aormss e & sludy area at
approvmately ore thrrd ntarvas The Botope Classification assignad to the site s burrewing
magafauna ‘:n'*‘ Maxmie.ena lankester: n crzalttoral mud /S5 SMU CF Mi MegMar) based or
Lantiar et al» 2004 wh ch getne tre bictsee as fal owe

o cfantocal stable mud disbnotve pepulstons of mejafauna may ne fund Trese typealy
innctade Naphiaps rorvegicus Calorans masandreae znd Callianzssa sunter-anea Large mounds
formed by the echiuwan Masmuelena lankeste’ arg «iso frequent i His titops. The seapen
Jrgulana murabils miay Gogur ecoasienally in ths brrops But not i the same abundance e
SpnMeg fo which Me -“.'cu 15 cinsaly th;.* nfaunal species may nchude Nephiys hysiros
Chastozone setosa Ampniura ch ae and Abra alha

'[i

Tne site lozaucn s r=atively uniform - depth rangirg fromr between approximalay 27 o 30 metsrs
-ne'ow chart datumi The substrate .5 undulatng mus ssdimar! witn nn sgr of 2nowa  The
daminant orgar sm is tne Duniin Bay prawn Nephrops nonsegicus & 1» Buirows recorden al densities
of approximnately 8 m” which al! appeared to contain |ve ndwidsas Otherw se the site 5 -—-1ass:‘led
as a reiatvely speLies psor communty Tne natoraly rare b. Jrrowing anemcne Pachycenanth
muitichcatus was recorded within Dunmarus Bay in the 1997's (Mick Bleffar pers com) though no
2vdence ¢f this species was record=d durng the current survey Tare ? presents a ist of species
racarded angd ther ra gt ve anudance

Table 2. Species recorded during SCUBA survey at Dunmanus Bay

Species . Abundance Comment
Nephrops aarvegivuy . Apunnan . Domunant orgae am
Cerritnug ey,  Hczasiona’
Carris Mgy _ Rare _ 7 _
Eclem mar mus Present _ . Sogie mdiviaus!
Larice conchileg: Bare S
AGerhune Gifd o Prasén Hogs bly a auft speumen

The adjacent sharelne in e vomity of the proposed mussel farm cons sts of exposed bedrock
forming a low-lying shcie wir oncasiona skermes and outcropping slets Tre stte s moderate'y
exposed Mough scre sneter s proviced by Ca t;».—:.ry sand to the west The ntertda: zone cosists
prmarly of barmacles limpets musses and fuccd seaweens arj 15 massfied as moderately
exposed rotky snores {(LRZ, accarding to tre Hentage Counail © ass foatier (Fasstt 2000

224 Description of the Existing Terrestrial Environmerit

"ne adacent larg nses megular y 1 the south and nas extensive scrub-woodiand Lover & the
egstern nar consistirg of 2 ruture of wiinw (Saux spp ), occasiora! ok 1QUErSUS rabur) & 1
haattorm (Cratacqus monogynat o'ackthorn (Prunus simosa) and gorse 'u.-{u-n sutonaeis!  Furthe

west ﬂ*e € are areas cf siceous ary ana wet neath (MM 12 with "nd‘rm A-lna volgans) and
purpie mear-grass (Moria caeruleat on arsas of shalow pearack with r.ur-‘hes. fdenes pracken
F—'rbr. T aguiinum; (MG ) and patches of goise sorab (WS

225 Marine Mammals
Dy the survey camed aut i August 2013 atetal of O narbau

L}

ou' onamenidal skermes ts the south o tne proposaed side «
Racles vgs2 bigurs Trs most recent slevey dats ava gk e fros w‘- N atm, et ‘
IF 24 hatoour seas et racorded o Duanmangs 22y o 2202 wich the man rac ogts oosted at

Car-gohtip and Mucklash Recks

The asarest grey sez nauiout i ﬁ-.:r"t*-".,.s Bayiswib» R gwatar Bay wmih has ,J"_-. 5ea
b3t=C as one of its Corsercat on mierests as a des grated SAC isie code No S00191  Grey seal
wouid be arpacted o farage wib D unmanus Bay 0N 2 180Lla” tass arg a ¢ staEry male seal was
cragent of Cold .slard durng tne sur vey 't Augast 2013 8oth barbowur ard gre; sea (Halichoerus

grytus @re sted urder Arnar i of the EU Habeats Drectve

1

Ofer LUl Jufre 3ve epored as oeng witdesors

Cudls

€ dw thon Gardanaus Bay aag f.ll’-‘m-‘- ‘5 evigenree trat
“west of re piooesed ste 15 used as 3 r,:af‘ far r'.‘-f:"i‘ T shorelns 1wt
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south of the proposed site 15 also wel switad jfor both holt, couch ard foraging usage  The site itself
is in water too deep to support faraging by ofter

A variety of cetacean species have besen recorded in Dunmanus Bay .n recent years, with results
compiled by the Insh Whale and Dolphin Group presented in Table 3 for the penod 2007-2012
(Source, RPS Tachnical Advisors Report 761262)

Table 3. Cetacean activity recorded from Dunmanus Bay during the period 2007-12.

E Date Species Number of |
1 ) 7 individuals |
June 2012 C.ommon dolphin (Delphmus delphis) 25
August 2011 l Whale species o 2 . ?
_August 2011 _ Meadiim whale species 1 |
CJuly 2011 Minke whales (Balaenoptera acutorostrata) 2 )
_August 2010 Minke whales (Balaenopiera acutorgstrata) [ i
June 2010 | Whale speocies { i
| May 2010 . Minke whales (Balzenoptera acutorostiata) 1
September 2003 . Whale species ) ) i
March 2009 . Whale spacies B _ 1 I
September 2006  Cemmon dolphin (Delphinus delghis) : 100 l
! September 2008 . Minke whales (Balaenaptera acutorostiata) 3
. September 2008 | Minke whales (Balaenaptera acutorostrata) 2
_June 2007 | Bottlenose dolphin (Tursiops truncatis) ’ 5 :
Seplember 2007 | Commuon aolphin (Delphinus deiptus) i5

On the basis of tne data recordec. it can be surmised that periodic occurrence of smal to medium
sized cetaceans occurs within Dunmanus Bay an an occasional basis pnmarily during the summer
penod Undentifizd whale species recorded are Ikely to be Minke whales the most widespread of
the balean wha'es and the spenes mast frequantly encounterad in inshore enviranments  1ne
sporadic occurrence of cetaceans within the Bay sugaests movements are lkely to b= primarily
assocated with mavements in pursuit of fish prey. All cetacean species are afforded protection
under Annex IV of the EU Habitats Diractive

|
iy

Figure 3. Harbour seals hauled out on Mijcklagh Rocks during site gurvey.
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226 Birds

A number of bird speces isted under Annex ' of the EU Brds Drective are recortea from the
Ounmanus Bay area nciuding peregrine falcon  Faicg peregrinus)  chougn (Pyrrhaocra s
pyrrficearax; and vanious tern species inc ud ng Archic terr (Sterma paradis=a:  The nabitats in the
vicinty of the praposed mussel farm are Unsuted for nestng by oeregnne facor and chougn
though the sketries of Carmigphiip ard Muck agh Rocks may ke suted for nesting Ly Arctic tein
Cerrrcrants (Phalacronsras phaiairocaras) were chservea wsing Carrigphlio and Mucklagn Racks
&s a temporary roost site during e ste survey whe ‘urther offshorg within the cper part of the bz,
Manx shearwaters 1Puffinus puffiius) were opservedir fight along with sTallar numbers of ganners
(Mistus bassanus) Both species are confinga to o¥snore s'anas for breeding

2.3 dentification of potential impacts

Ony thaose developmen: features that have *he potental to impact on feaiuies and censervauonr
objectves of the identified Natura sites are cons dersa A number of factsrs were examinegd at tris
stage ara demsesed or carred foraard for appropnate sssessment as ralesanr Tne iolow g areas
werg exarined i relaton 1o potential 'mpacts frum tre procosed deve spment o the Naturs 2000
nefwork nthe @tea and ars dealt wiih in dotad telow

=Ty

© Oirect and 'nd rect ioss of habiats
° Drsturkance Lo nabtals

® D sturbance 4 speges

o Watar Qual ty

° Aar Clsaity

® Hydraogweal changes

A sammary of Ine potental mpacts or tre Natura 2000 retwork & presersan » Tanics 146 3

e

Table 1. Likely direct, indirect or secondary impacts of the project (either alone or in
combination with other plans or projects) on Natura 2000 sites within 10km radius of the site.

Size and scale Tne proposed works inveive the nstalation of 18No Musse

iondlnes each of a lengtn of 220 wit assocated anchors
_dard nav gationa lightng o
Land-take The warks invo ve the estani shiment of a f oating network of
fong ines vatn anchors to the seabes  Existing harbour
_ nfrastructure wi, be uinised f2- orshare weres
Distance from Natura 2000 sites The proposed musse: farm s approvimately 2«m ‘rem tne
rearest designated sites 1Reen Point Skingle SAC and
Farraramanagh Luagh SAC:

Resource requiremeants {water © The propaszd musse! farm will unlis= raturaly cosur ng
abstraction, atc.} spat-fa . w th mussele grown 1o nanvestatle size ouer a

pencd of aporoxately 2 years witis onghnes No amfc
feeds or other subeta~ces wil be usad i the r produetior
Fenod.c thimning ana firal narvesting wil taks place from a
dedicates wark vessel aperat ng rom e existing pier at
_ Durius
Emissions (disposal to land, waler  Woie e usse s feea o0 ratarahy cooornng food reseues
or air} sf plar<on wahin T watsr colume the arif cralty high
Us2ado'aenes prodaced by the musse s as they grow ke
o e
Excavation requirements There ave no ercavalion iequirements assooiatad with the
develeptent tha.gn ancnor g of the wraine msial aton
2nd assor ated naggaivna tghtng will reguire anchors ara
_ _chaim tamoor 0 positicn _ )
Transportation requirgments All warks weil pe carred out ‘rom MV Murreane a 15m eng
fsming vessel retro-flten te asremmaoate Mmusse
. hanveshing plart . = : _
Duration of construction, The entire instal'auon works are gxgected 12 ve comp eted
operation, decommissioning, e3 witmr a Pssea oF 1 moent

(v

q

0
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' Reduction of hahitat area | There reduction in habitat as a result of the footprint of the

! mussel farm is considered not significant as it 1s suspended
within the water column with only 2 small number of anchors
on the seabed

Table 2. Description of likely changes to any Matura 2000 sites within 2 10km radius of the
site arising as a result of disturbance, fragmentation, etc.

Disturbance to key species A harbour seal haulout 1s located at Carrlgphrlltp and

Mucklagh Rocks aiong the southern shorehng of Dunmarus

| Bay in the vicinity of the proposed Mussea! farm The

: distance to the mussel farm is approximately 200m at its
nearest pont. Harbour seals woutd be expected to habituate

| to ongoing activities at the mussel farm though may
potenhially be subject to an initial disturbance phase
Otter activity 1s unlikely to be affected 1n any way by the
propased development

’ Cetacean activity which 1s sporadic within the Bay 1s also
uniikely to be affected in any way by the proposed farm

| Habitat or species fragmentation The proposed works wil not result in any habitat or species
| _ fragmentation effects
' Reduction in species density The works w Il not result in any significant reduction in
; - specizs density.
Changes in key indicators of The works will not result in any changes to key indicators of
conservalion value {water quality congeivdlion vaiuve
etc.) , o
Ciamate change | The works wil not awe i3e to any polenhal for affects on
l _ B | cimate

Table 3. Dascription of likely impacts on the Natura 2000 site within a 10km radius of the site
as a whole in terms of structure and functions.
Key relationships that definethe | The proposed weris will not r2sult in any stgnlflna'l! impacts

. structure of the sites ‘on the Natura 2000 network
r Key relattonshlps thatdefinethe | The proposed werks will not rasult in any significant
| function of the site | alteraton of the functioning of the Natura 2000 network

2.3.1  Direct and indirect loss of habitats

Thers will be no drect or indirect loss of namitat within tne Natara 2000 natwork 3s a result of the
proposed musse! famm development  The proposed development s sufficiertly far removed from
any Natura site ta avoid any affect in termis of fragmantation

2.3.2 Disturbance to habitats
There 1s no nsk of causing cisturbance to habitats within the desgnated area netwark during the
construction or operation works asscoated with the mussel farm The passags of boats to and from
the mussal farm from the existing pier at Durrus will not result in any disturbanrce to Fabitats ir any of
the surrgunding Natura 2000 sites

2.3.3 Dusturbance to Marine Mammals

There 1s likely t0 te considerable otier actvity i the vicimty of the proposad mussel farmn though
such activity will be primanly the shallower coastal stratch Cold Island which s located a short
distance (cT00m southwest of the proposed farm locator) s reported ta be reguiarly used by olter
and 1s dkely ta contain a halt site However the mussel farm is unikealy to result in any disturbance
to ofters of in any way alter food resources for these Annex il isted species

A harbour s2ai hauiout ccours an the Carmgontlhip and Mucklagh Roces alorg the Ouhnrn shoreline
of Dunmanus 83x in th vicinty J“hﬂ proposed Mussel fann wﬁhu' .

A oo

I AL T
& s =

lnu activ tes on the farm dur. ] :nn. staplsnmert phase ar= mely to cause
) ol o msmmar ce to the cess af the i :ul(JJ thouan it 15 antcipated that the ammals will
guickly become habmuated to the actvity on the farm site Evidence of naulad oul harbour seals

i
|

|

]
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toerarg cose human azuvity 2xsts from runeroLs locat ans arcund te country woud ng wihan
tre Kenmare R ver SAC wnah has up o 127 Harbour sea s recordad

There are cciasional ecords of 2 varety of small and medium sized 2etacears fromr Dunmanus
Bay. the maporty of wach occur over the sumimer menths Trere s no “egu &l Jtheaten of the
walz2rs r e v oty nf the prapesed musse’ farm and no impacts are ant cozsted on any cetacean
species as 3 resalt of the proposed developmerts The nfrastrutture gssoniated weh the mussel
farm duss not pose & th-'-s.-at of ertargiement o ary celaceans

Guven the above ro Impacts 32 artcipated on 3%y matne mamrmal speces from the proposen
WOTKS

234 Water Quality

Tne Biotape Classification ass.gnea to the subtida siement of the proposed mussel fanm site s
ourrowng megalfauna ane Masmuelicna ui!‘fﬁ&.&"-n'r mooirca toral mud (85 SMU CFMu Ma2gMax)
‘Nater cepths 0 the site are n the region of 27 to 30m and the sie s classified a8 moderately
exposed  While the ‘arres Tussels wil feed on na‘."al y cceurning food reserves of p ankton within
tre water ce'urrn the antficialy Mign concertraton of musseis wil gve rse to increasing sads of
pseudofaaces produced by the mussels as they grow tc maturty This wil seftle cut 1o some extant
an the sea bed though due to the depth of water in cemoination with tdal movements and wind and
wave actior the area of depositor 15 Lkely 1o be greater than the footprnt of the proposea musse
farm The exsu~g commurity cf Nephrops rorvegicus s likely to feed to some extent on this ‘oo
reserve though cther spec.es may tecome more widasoreas inc uding crabs | Carcnus maenas and
Necora pubery Tne proposed mussel farm may cver tre gue rse 12 an aiteraton of the bentr -
faldid Lo Tl by vt thie vio ity

2.3.5 Hydrological changes

There wik be no hydrological charges ta the area or *o any Natwra 2000 site as a rasult of the
proposed wussel farm The structures assoc atea waln the ope-atisn are prmanly flgatng (wit the
exzeptar of the anthorsr ard wil notimpede o ater flow regimes n any way

2.4 Conclus'ion

It can be concluded that the s wil be no sign fcant impact a' sing from the rroposed musset farm an
the Natura 200 retwork

The harbour seal bau'sut on the adg@cert Camagerifsp and Muck'agh F-‘.-:v'as Mdy sJ47Rr wmporary
disturkance aunng the nima ste set up phase of e musse farm tcugh o @ al’t'ClC‘Blr':{} nat the
seas wi ~ap dly habitiate 1o the actuity associated with the farm ang continue to Liise the locatior

based on trer tolerance to actetes at otter locatons araund tie country hu mpass are
antuupated on ary olner rasre mammal spet 25 from the proposed muasse farm noi n.ng ate ard
cetacears

Thee wil be no mpact or birds from the gropssed mussei farm

Thera s ne nsk of Impact ng on water quanty w.thin ary N a 2N

& Fay are SJdTcienty
wstant from the proposed musse farT ocaton 1-Zkmt Loca sec bl i up of pseudoiasces may
zgour @ th a resalant 'acalised trarge nthe bentric bab communty though th's wil 1ot affect any

iesgnatec conse~vat o- sreds

Therz wil 2 ne i“vdrrai-g al Thanies ' the area or 10 3%y Natura 2000 ate as 2 restt of the
rraposed rrasse fa'm

Whig « can be concuaded trat thers wil e ro sigmficart wrpa on N-ﬂ.n.a 2000 stes 0
geference 1 INe requirement to avo d ~sas cf poiabon o urnesessay ¢ ‘iwwnav ce witnin the marine
gnvironment a sute of best practice -r-.—rJ!m_; procaduies wi b2 adopted o _arm:. the estaohsnmer:

ard cperatan of thefacid,
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