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NOTff CE OF APPEAL UNDER SECTION 40(l ) Of 
FISH ERIE I~, c (AMENDMENT) ACCT X1997 (NO.23) 

Name and address of armeliant: 

Victor & Lynda Niorpana, 

Mobile Tel: F-mail address: 

Subject matter of the appeal: 
Aqua,  culture license decision notice, publisilhed in The Southern Saar , darted April 21 
20189, File Ref T 05/590A 

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

Appellant's particular interest 
in the outcome of the appeal: 

1 am a Local Reside;at, with a background in Matlas and Maths physics — Science 
graduate , UCC. Our eldest sown races Laser Radial sailing boats and hanti competed 
successfully in lrelandi and Europe. We study fides Lind en. a eats careff0hy before 
each race and haN e a Good understanndino of Hvdr odyn2mics inn ha v5 rhrouuhout the 
country. 

Outline the grrounds 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 n e mai3ns u nsukable due to Rmiuffn cient Flushing Rate and 
pro%imity to coastline. 

2. Proposed Development dill destroy iocal Bathing Are-a. 
3. SAC / Hnbitats Directive requirement not ►ufifliied. 
4. Odour EHmination has not been addressed . 
5. Concerns about the observations made in reports submitted by the AppHcsnents. 



Y. 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 'Vidal 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 m2  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 992,000kJyear / 80,000m2  = 9.92kg/m=/year = 34gm/m'~/day. 

This is more than double the 15gms/m2/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 Bathn*np Area,  

The proposed site extends left and right of - effectively surrounds - the only local 
bathing and amenity area, which I 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'.) : "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 
b},  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 Reguirement 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 
1.4k.m 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 II 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. ®doter 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 rides —
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. 

5. Concerns about observations and caclnlations m2de in reports 
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 5mm/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 ( 2mm/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 non 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 settle 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 calcuiations.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 l Ogm/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 CD 

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. I 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 20I3 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. 'Fable 4 indicated that 
Biodeposit and faecal settling rates in Dunmanus 13ay 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. 1. 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: E 228.55 
(payable to the Aquaculture :Licences Appeals Board in accordance with the Aquaculture 
Licensing Appeals (Fees) Regulations, 1998 (S.I. No. 449 of 1998))(See Note 2) 

Signed by appellant: 

Victor Morgan_ 

Lynda Morgan 
Date:  

Mote 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 F380.9-2  
Appeal by any other individual or organisation (152.37 
Request for an Oral Hearing (fee payable in addition to appeal fee) 06.18 
In the event that the Board decides not to held an Oral flearine the fee will not he refunded. 
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"Determination of Aauaculture/F oreshore Licensina Ao;olication — T0515-90 

Dunmanus Bay Mussels Ltd has applied'  or an Aquacul 'rure Licence and a Foreshore Licence 
for the cultivation of mussels on Site T05/590A, totalling 20.25 hectares on the foreshore 

between Carbery Island and Drishane Point at outer Dunmanus Bay, Co. Cork. 

The NA nister 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 Ntinisteaconsidered those matters which by virtue of the Fisheries 
(Amendment) Act 1997 ana?other relevant legislatio,i, he was required to hove 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:- 

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 o}= the 
local snore crea; 

c) In general, views of the mussel longline site are obscured and limited from the 
cdjacent scenic routes.- 

d) The landscape character will not be dramatically altered as the development will 
integrc ze with the existing bay, 

e) The aquaculture activity should have a positive effect on the economy of the local 
area: 

}`) 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 J or this project. The reasons and considerations for the 
~/linister's detern~inrxtion are available on the Department's arvebsite; 

~) he site is not located in a 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, Peen Point Shingle SAC and the 
Farranamanagh Lough SAC. The proposed aquaculture activity does not spatially 
overlap wiff) 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 forAquaculture Activities in 

Dunmanus Bay is available on the Depar'tment'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 issuer=s raised during the public and s'tatu'tory consultation phases; 

j) The updated and enhanced Aquaculzure 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 eduiis) culture 

Pauline Robert", Christopher W. Mckindsey l', Gwenaelle Chaillou Philippe Archambault'',:` 
•lnstitut des sciences defamer 6 RimousK Universit6 du Quebec a Rimouskf, 310 alwe des tirsulines, C71 3300. Rimou 4 Qtuebec~ Canada G5L 3A1 
b Frsheries and tkvans Canada, lnstitut Maurice-Lamontagne, 850 route de la mer. CP 1000, Mont-foci. QuOeL, Canada G5H 37.4 
`Qutire de recherche en ghwhimfe des hydrvoosystemes cdtfers. UnfversW du Quebec d Rimousxi, 300 aWe des Ursulines, RimouskL Quebec. Canada G51. 3AI 

A R T I C L E I N F O A B S T R A C T 

Keywords: This study reports the results of a field experiment using benthic mesocosms that examined dose- 
Aqu,aculture dependent effects of mussel biodeposition on the benthic environment. Mesocosms were placed in the 
Dose-dependent response natural sea bottom and subjected to one of eight levels of biodeposition (from 0 to 1400 mussels m Z). 
Biodeposition MOST analyses indicated non-linear (i.e., threshold) effects. Sediment characteristics changed significantly 
Biogeochemiwl fluxes between 200 and 400 mussels tn"21  as did multivariate community structure. Community structure Benthir community 
Threshold effect effects were characterised by changes in abundances of species that are very sensitive or tolerant to 

organic loading. 111e multivariate ATI1 Marine Biotic Index (M-AMBI) indicated that the benthic status 
changed from High to Good in all mesoursms receiving biodeposits. Sediments acted as a sink for oxygen 
(02), but results suggest 02  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. 

tr. 2012 Elsevier Ltd. All rights reserved. 

1. in¢ruduction 

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 
et 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 of organic matter to the 

Corresponding author. Tel.: +418 723 1886x1765; fax: +418 724 1842. 
E-mail addresses: pauline_roben0290gmail.com (P. Robert), chris.mckind cyu') 

dfo-mpo.gc.ra (C.W. Mckindsey), g%venaelle_chaillouougar.gcca (G. Chaillou), 
philippe archambault0ugar.gc ca (P. Archa nbaulO. 

0025-326X/S - sce front matter t, 2012 Elsevier i-td. All rights rescrved. 
http://d.--doi.org/I0.1016/J*.marpoibul.2012.11.003  

bottom (Dame. 1996). Only a portion of the road ingested by bi-
valves is assimilated for respiration, growth, and reproduction, 
the other portion being released as faeces and undigested 
deposits (pseudofaeces) (Navarro 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 el al., 2006; Callier et 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 that benthic macrofaunal communities are altered 
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 (Bola et al., 2000). Species such as 
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Capitella spp. are often found in great abundances in disturbed 
sediments (Tsutsumi,1990) whereas pollution-sensitive ones, such 
as the gastropod Acteocina 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. 2009). 

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 observed 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 models 
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 provide key 
tools for sustainable aquaculture management (McKindsey et al., 
2006). 

2. Materials and methods 

z .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-Entr~e 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, 199 1) lagoons and the tidal amplitude is limited (mean 
0.58 m) (Koutitonsl;y 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 
et 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. 

22. Field experimental design 

A series of 40 benthic mesocosms was installed within a 
20 m 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 x 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 torque. 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 1.25 cm 
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 
mesocosm. 

Mussel (mean length: 58.5 ± 6.0 mm) densities used were 0. 
200, 400, 600, 800, 1000, 1200 and 1400 mussels m Callier 
et 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 g day ' m 2.  Each 
treatment level was replicated five times and live 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 Grassie and Grassle (1976) 
estimated to be between 37 to 50 days at 15 'C. Further, as Callier 
et al. (2009) found little difference in blogeochemical 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 to 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 flowme-
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 -2  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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1400 mussels in = to ensure that the trials ended with ~ 80% 0•, 
remaining to avoid artefacts from hypoxic conditions (Mazouni 
et al., 1998) and was used for all treatment levels. That period of 
Lime was presumed to maintain a final concentration within the 
region of linear oxygen decrease (Grenz et al., 2003). 

2.4. Sample collection and processing 

2.4.1. Sediment characteristics 
Following oxygen and flux measurements, sediment character-

istics were sampled by collecting two sediment cores with 10 mL 
cut-off syringes in each mesocosm and reference location which 
were frozen (-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 %OM 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 (%NTnt) and sediment CT,,,/N-r,,, ratios (C/N). Sediment %NTot 
and C/N ratio were measured with a Costech 4010 elemental ana-
lyser after being dried at 60 -'C for 48 h (Byers et al., 1978).  

2.4.2. Macrofaunal communities 
Macrofaunal communities were sampled by collecting two, 

10 cm deep and 10 cm diameter circular cores and washing their 
content through a sieve with 500 µm mesh. The retained material 
was stored in a 410 buffered formaldehyde 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 (S: 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: I - very sensitive to organic 
enrichment, 11 - indifferent to organic enrichment. III -- tolerant to 
excess organic enrichment, 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 rnultivariate 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, 120 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 of 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 0.81tm GF/F syringe 
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0 filters and frozen (-80 C) In three Falcon tubes. Analyses for dls- 10 
solved total nitrate (EN03) and phosphates (PO4) were done on 
a Bran-Luebbe AutoAnalyser 3 following Tr&guer and Le Corre 
(1975). Measured nutrients were given as concentrations and ben- m 
thic fluxes (F) were then calculated from the slopes of linear Ca  
regression between concentrations and incubation time as follows: E 6 

U_ 
C 
m 
Lm 4 
0 

_ f(cf _ Ci)l V 
F (Tf - Ti) x  A 

G 

be 

abc 

C 
abc 

bG 

n ab ab t~l r=n 

where Ci 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 (—) flux 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-
mutation-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 Irl !-~ 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 
contribution 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 r7  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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Fig: 2. Mean organic miner content (% t5F_ n - 5). water content (% iSE, n 5) and 
grain size (µm tSE, n 5) in the top 2 cm of sediments from reference sites (Rcf) and 
mcsocosms receiving biodeposits from 8 mussel densities (0-1400 mussels m-  =). 
Different letters indicate significant differences between treatment levels based on 
a posteriori pair-wise tests. 

Table i 
Results of the PERMANOVAs evaluating the effect of mussel biodeposition from 
various treatment levels (TR: Ref, 0. 200, 400, 600, 800. 1000, 1200, 1400; n 9) on 
sediment characteristics: % organic matter, N water content, grain size (µm}, nitrogen 
content (mg: N) and carbon to nitrogen ratio (CJN} significant effects (p <0.05) are 
indicated in bold. 

Variable Source df ht5 F P(perm) 

Organic matter' TR 8 0.692' 2.18 0.0540 
Ermr 35 0.318 

% Water content TR 8 0.037 2.45 OA297 
Error 36 0.037 

Grain size TR 8 19873 839 OAQ01 
Ermr 36 23675 

N TR 8 0.0367 0.82 0.5958 
Error 36 0.0449 

CIN TR 8 2.2963 1.64 0.1479 
Error 36 1.4019 

log(x + 1) 
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Table 2 
Results of the permutational ANOVAs (PERMANOVAs) tcstin;; the effect of mussel 
blodeposition from various treatment levels (TR: Ref, 0, 200. 400. 600, 800. 1000, 
1200,1400-,n 9) and Nlesocosm (ME; n 5) on macrofaunal abundance (N), number 

'n of species (5). Shannon-Weiner diversity i H'). Pielou's eveness a') and the abundance 
Ll of different specim significant cffecus (p < 0.05 j are Indicated In bold. 

Variable Source df MS F P (perm) 

N TR 8 326.74 425 0.0013 
ME(TR) 36 76.67 131 0.1808 
Error 45 58.63 

5 TR 8 29.65 532 <0.001 
ME(TR),  36 5.011 127 0.2254 
Error 45 39.56 

H' TR 8 1298 3.53 0.0047 
N1 Et, TR) 36 0.3681 152 0.0864 
Error 45 0.2416 

)' TR 8 0.2476 1.61 0.1545 
ME(TRI 36 0.1538 136 0.1704 
Error 45 0.1135 

Abundance 
Anqulus Ohs Til 8 29859 3.52 0.0022 

ME(T11; 36 825.67 1.63 0.0216 
Error 45 507.42 

C'apiteila spp. TR 8 13 75.2 1.69 0.1055 
ME(TR) 36 815.65 2.22 <0.001 
Frror 45 367.86 

Polydurn cornuta TR 8 2002.4 5.87 0.0001 
NIE(TR; 36 340.96 0.75 0.7462 
Error 45 456.95 

Pectinaria t;ouldii TR 8 334.68 3.67 0.0077 
NiFJ11, 36 911tk1 0.87 0.6709 
Error 45 104.94 

Acteocina eanaliculota TR 8 1367.7 253 0.0066 
ME(TR) 36 543.38 1.86 0.0047 
Error 45 291.88 

R 0 200 400 600 800 100012001x00 

Treatment (mussels m 2 ) 

Fig. 3. Total CjN ratio (±SF. n 5) and N proportion (a ±SE. n 5` in the top 2 cm of 
sediments from reference sites (Ref) and from mesocosms receiving biodeposits 
from 8 mussel densities (0-1400 mussels m 7). 

3. Resjaltts 

3.1. Sediment characteristics 

Mean sediment %Water and %OM (+SE) ranged from 
23.92±11.34% to 43.96± 9.09'b and 1.24±0.13% 10 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 (1.24±0.13 %OM, 
23.92 ± 1.34 .°.Water) were similar to those from mesocosms with 
densities of 0 (1.47±0.10 QOM, 25.77±1.09 ;Water) to 200 
(1.42 ± 0.12 QOM, 24.73 ± 1.09 %Water) mussels m ' and increased 
thereafter with increasing densities of mussels. Sediment roOM was 
significantly correlated with %Water content (r _ 0.906, 
p<0.0001).  Mean sediment grain size (±SE) ranged from 
58.99 ± 2.86 to 225.67 
± 18.721tm (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 
mesocosms. Grain size was not significantly correlated with either 
QOM (r--0.408) or %Water (r=-0.461). Sediment total car-
bon:nitrogen ratios (CJN±SE) varied from 8.08±0.81 (reference 
sites) to 10.19 ± 0.15 (mussel density 800) and sediment total 
nitrogen content (:MNTpr  ± SE) from 0.03 ± 0.01 % (reference sites)  

to 0.29 ± 0.19% (mussel density 800). Although C/N and bNTnr  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). 

32. Macrofaunal 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 sites 
(abundance: 18.9 ± 5.0 ind, core 1; species: 6.5 ± 0.9 core 1 : 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 levels or show any trends 
related to deposition rate (Table 2). Multivariate community struc-
ture varied significantly among treatment levels (F,n:js;  = 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% of 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 .z  and higher treatment levels, while Polydora 
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Fig. 4. Mean abundance, species richness (number of species) and Shannon-Weiner 
diversity (±SE) of macrofauna from reference sites (Ref) and mesocosms receiving 
biodeposition from 8 mussel densities (0-1400 mussels m Different letters 
indicate significant differences between treatments based on a posteriori pair-wise 
tests. 

comuta 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 Retma 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 (Fig. 6). 
Likewise, the abundance of polychaetes Pectinaria gouldii (very 
sensitive) and P. comuta (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 t ). Although Fig. 7 shows a trend for an increasing proportion 
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 III, those defined as being tolerant to excess organic 
enrichment, differed significantly among treatments (F(8:361 

2.987, P 3 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. 

33. Biogeochemical fluxes at the SWl 

All 02  fluxes were directed from the water column to the sedi-
ment. Values of OZ  consumption (±SE) ranged from 57 ± 8 (mussel 
density: 0) to 111 ± 12 (mussel density 1200) mg m'1  h- 1  but did 
not differ significantly among treatment levels (Table 3) and no 
trends were apparent (Fig. 9). In contrast, the flux of ammonium 
(NH4) showed a net efflux from benthic sediments to the water col-
umn. NH4  fluxes differed significantly between mussel densities 
(Table 3), ranging from a low of 54 ± 40 µmol m ' h ' at reference 
sites to a high of 619 ± 49 µmol m z  h' t  in mesocosms with a mus-
sel density of 1000 m Fluxes of EN03  and PO4  evaluated at the 
SWI (Fig. 9) were directed out of and into bottom sediments, 
respectively for reference sites and the first treatment levels (0 
and 200 mussel in -2). At intermediate mussel density levels (be-
tween 200 and 400 mussels m-  `), the direction of the fluxes chan-
ged for 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(10M) 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 6.91 of the total variation while %N, Si(OH)4  flux, 
Oz  consumption, and water temperature accounted for 3.7%, 3.8%, 
2.610', and 2.31% respectively. Changes in benthic community struc- 
ture between reference sites and mesocosms with mussel densities 
ranging from 0 to 200 M-2   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 (Mytilm edulis) and the 
condition of the benthic environment. Tile. benthic response fol-
lows a non-linear pattern for some sediment Characteristics and 
maerofaunal variables with a tipping point. at a biodeposition rate 
between 200 and 400 mussels m .2  or 4.4 and 8.8 g of biodeposits 
M-:!  clay t.  In 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 'MOM observed, 5.26% 
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Ffg. 5. Multi-dimensional scaling of assemblages of benthic fauna in mesocosms (n 51•  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 mesocosm 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., QOM, Mater, and sediment 
grain size) shows the limited effect of the physical structure of 
the mesocosms. 

42. Evidence for a tipping point 

42.1. 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 IOM 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 CJN 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 (Dahlback 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 (Rullkiitter, 2006). 

42.2. Macrafaunal 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 "Z. 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 a  day 1  (Hargrave et al., 2008; Weise et al., 2009), 
corresponding to about 680 mussels m- 2, 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 -Z  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 '. The gastropod A canaliculata and 
the polychaete A 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 (Giles et al., 2006). This was predicted 
for the polychaetes A comuta (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 Tunberb, 2011). While AMBI values did not vary 
among treatment levels (Slightly disturbed), M-AMBI values shifted 
from High (reference sites and control 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 thus biodeposition may enhance sediment oxygen demand and 
communities responses to increasing biodeposition. The change benthic fluxes at the SW (Hargrave et al., 1993; Mazouni et al., 
in ecological status within mesocosms subjected to biodeposition 1996; Richard et al., 2007). Most theoretical ecological and 
was mostly due a greater proportion of first-order opportunistic geochemical models assume a Iinear relationship between organic 
species in those mesocosms and suggests that very low levels of flux and the rates of 02  and nutrient exchanges at the SWi (Cai and 
biodeposition influence benthic communities. Sayles, 1996; Berelson et al., 2005; Jiang and Gibbs, 2005; Godbold 

and Solan, 2009). However, this assumption does not consider the 
423. Benthic respiration and biogeochemicaf fluxes various feedback loops that develop between biotic and abiotic 

Benthic respiration and nutrient regeneration are linked to sed- processes as organic loading increases. 
iment OM content (Grenz et al., 1991; Hatcher el al., 1991) and 
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Table 3 
Results of PERMANOVAs testina, the effect of mussel biodtposition from various 
treatment levels t7W Ref, 0, 200, 400, 600, 800, 1000. 1200, and 1400 mussels m'. 
n 9) on bioncochcmical !luxes 1 NH,: ammonium; PO.1: phosphates: ENO,: nitrogen 
oxides; Si(OH)4. silicates; 0;  consumption: oxygen consumption). Significant effects 
(p < 0.05) are indicated in bold. 

Variable Source df MS F P (perm) 

Flutes 
NH, TR 8 94524 3.0549 11.0142 

Error 36 30841 

1704  TR 8 5233.1 1.4777 0.1918 
Error 36 3544.9 

N'NO1  TR 8 4804 0.6432 0.8237 
Error 36 74689 

Si(OH?, TR 8 1.4989E5 0.70274 0.6734 
Error 36 2.1329E5 

Ch consumption TR 8 10.49.4 1.033 i 0.423 
Error 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 
02. 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, meiofatlna, bacteria, microphytobenthos, etc.) and meta-
bolic processes (Glud, 2008). Oxygen fluxes, however, did not 
vary significantly among treatment levels. 

That 02  uptake did not increase with biodeposition may be due 
to OZ  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 02  
flux, such as decreasing the 02  gradient at the SWI and diffusive 
flux, as has been shown by Rasmussen and J©rgense (1992). It 
may also decrease the depth of the oxic layer and thus reduce 
the population of aerobic 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 0:!  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 Beggiatoo 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 to 
the water column was a function of biodeposition rate. Faeces 
and pseudofaeces 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 NH4  fluxes with increasing sediment OM content 
(Alter and Yingst, 1980; Christensen et al., 2003; Giles and Pild itch. 
2006 Callier et al., 2009; Guyondet 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 significant, 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 2  sug-
gests the development of a nitrification lone near the SWi, 
probably where oxygen diffusion oxidises reduced metabolites 
such as ammonia. In mesocosms subject to greater biodeposition. 
nitrate uptake and denitrffication processes occur at the sediment 
surface, which is typical of sediments receiving excess organic 
matter (Hyacinthe el. it., 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 S I. Release of EN03  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 

NO3  fluxes observed in some replicates in the present study may 
be due to low macrofaunal abundance and activity. For example, 
Capitefla 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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Increased biodeposition tended to alter the direction of PO4  
fluxes, which were, on average, negative in reference sites and in 
mesocosms with densities of 0-200 mussels m' and became posi- 

Table 4 tive under higher mussel densities. Phosphate may be regenerated Relari tr otuhip between multivariate wcrofaunal community structure and envimn- 
bound to iron ions in thereby its release and sediments, reducing mental variables as evaluated with DLS I.M. 

(Sundby et al., 1992). This process seemed to be dominant in refer- 
ence sites and mesocosms with 0 and 200 mussels m -2  where in- 

Grain size 0.0693 9536.3 3.201 <0.001 fluxes Of PO4 were measured. PO4  efflux is enhanced when 
M KrO. 0.106 5105.5 1.724 0.0657 sediments become anoxic (Krorn and Berner, 1980; Sundby et al.. 
5i(OH)4 0.144 53469 1.842 0.0409 
02  consumption 0.170 3613.6 1Ws3 0.2447 1 9̀92) and Graca et al. (2006) observed higher NH4  and PO4  concen- 
Temperature 0.193 31853 1.107 03409 trations in the pore water of zones affected by long-term anoxia. 

Anoxia and the presence of hydrogen sulphide may reduce the 
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absorption capacity of sediments for phosphorus and result in the 
removal of PO4  in bottom waters (Graca et al., 2006). In the present 
study, the sediment surface was black, and presumably anoxic, in 
mesocosms subjected to biodeposition by the highest mussel den-
sities, indicating reduced sediments and the presence of sulphides, 
thus supporting the hypothesis that reduced or anoxic sediments 
boosted PO4  release. 

The flux of Si(OH)4  may be influenced by mussel feeding and 
biodeposition as siliceous diatom frustules may be present in mus-
sel faeces and pseudofaeces (Navarro and Thompson, 1997). Sili-
cate fluxes were not significantly affected by mussel density, 
although there was a trend for increased efflux of Si(OFI)4  with 
increasing mussel density, as was expected based on numerous 
studies done in mussel culture sites (see review in McKindsey 
et al., 2011), and were lower than values observed in previous 
studies done in the same lagoon (Richard et al., 2007) and in the 
mesocosm study by Callier et al. (2009) in the adjacent lagoon. 
Thus, although Callier et al. (2009) suggested that silicate fluxes 
would be a useful indicator of organic loading due to biodeposition, 
the present study gives only weals support for this suggestion. 

43. Relationship between community structure and environmental 
variables 

Sediment grain size was the best predictor of community struc-
ture. Given that grain size is reduced with increasing biodeposi-
tion, this indicates the important role of mussel biodeposits in 
driving the biological changes identified by the univariate and 
multivariate analysis. However, although sediment grain size ex-
plained the largest portion of the variation in community structure 
of all the variables examined, it explained only 6.9% of the total 
variation in community structure and only 193 of the variation 
in community structure was explained by all the variables consid-
ered. That the majority of the total variation in community struc-
ture was not explained by the model suggests that other 
variables are also likely important in structuring benthic 
communities. 

S. Conclusions 

This study shows that the described in situ field experiment is 
an effective tool to integrate experimentally manipulated treat-
ments and the natural variability and conditions of a system to bet-
ter understand dose-dependent processes. The large variability in 
the observed results likely reflects the natural variability of the 
benthic environment but clear trends are evident. 

The- benthic environment responded to increased organic load-
ing due to biodeposition by mussels in a non-linear manner, with a 

-break in the area of 200-400 mussels m - roughly equivalent to 
4.4-8.8 g of biodeposits day ' m- z.  Most physical sediment 
variables and macrofaunal community metrics changed when 
mesocosms were subject to biodeposition from between 200 and 
400 mussels m 2. Although O Z  consumption did not vary signifi-
cantly among treatment levels, NH4  increased with mussel density 
treatment levels and other biogeochemical fluxes showed the same 
trend, some shifting from influxes to effluxes at ca. 200 to 
400 mussels m '. Of the variation in multivariate community 
structure explained by the various physical variables measured. 
that in reference sites and mesocosms with 0-••400 mussels m-2  
was largely due to variation in sediment grain size but was more 
related to other variables - mostly 01  consumption and N and 
Si(OH)4  efflux - at greater mussel densities. These results may be 
useful to define the ecological carrying capacity of sites for bivalve 
culture and incorporated into models to promote sustainable bi-
valve culture. 
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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 mussel biodeposition on benthic communities 
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Introduction 

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 Linden, 1983). A.lthou0i 
numerous models have been developed to 

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 
on the benthos. There is thus a need to 
determine the benthic  environmental  
c lyin ,_s;ri  Agity , of sites for bivalve 
aquaculture, i.e., "the maximuni level of 

_production «;jhich is-possible without having 
an unacceptable ecological irtpacf ' {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 (Xtylilus edulis) in 
suspended aquaculture and ii) examine the 
effects of short-term mussel biodeposition 
on sandy benthic community characteristics 
using in .situ 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 tubing (10.2 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 controls to measure 
background sedimentation rates. Shell 
treatments were used because sedunentation 
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 µm). 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 6.9 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 6.7 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 
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(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 
µm) seawater (21 - PC, 23 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 comll1un tV 
anal uses . 

'Thirty five sediment cores (PVC pipes, 
73.5 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, 21  

31  41)  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'2  (equivalent to the density of 
mussels found in Quebec aquaculture sites) 
or 0 to 16.3 g dw biodeposits m 2  d"I. 

The experiment was run for ca. 50 
day's (June 12 through August 4-6 2004), at 
which time benthocosms were collected and 
the macrofauna (> 500 µm) 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 C'apitella sp. (37 to 50 days at 15 
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Fig. 1. Benthocosms ( 78.5 cm-  sediment cores) 
exposed to 7 mussel densities (0, 1, 2, 3, 4, 5, 6 
mussels. cagy'). 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 fang 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 Boda et al., 
2000) using AMBI version 4.0 
(http://N ww.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). 

Slatistical 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 ANCGVA, with mean mussel 
mass as the covariate on loglo-transformed 
data. Macrofaunal benthic characteristics 
(species richness, abundance and biomass) 
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among the mussel densities vv-ere compared 
using analysis of variance (ANOXIA). 
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 tip-transformed for all 
multivariate analyses. Of 35 samples. 2 
replicates were lost during the manipulation 
by divers (one each from the n = 1 and n = 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 x 
greater than the next largest abundance for 
this species) and was not included in further 
analyses. 

Results 

Biodeposit proibiction and sedimentation 
rates 

Summarized results on the relationship 
between Af. echdlis size and biodeposit 
production are given in Tables i 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. 

Benihoco.sins and henthic 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 inn .situ for 2 mussel cohorts (0^- and I+) in Great Entry Lagoon 
(GE) during 3 trial antes and for 2 mussel Cohorts (1+ and 2+) in Cascapedia 13ay (CAS) during 2 trial 
dates. Average mussel shell length (em), minimum and maximum biodeposit production rates (mg mussel" 
1 d-1) are given for each mussel cohort. Biodeposition was calculated as the amount o1'material collected in 
sediment traps with mussels less the average sedimentation obtained in the corresponding shell controls 
(sec text for details). Each treatment had 3 replicates on each trial date. 

Site Trial date Mussel size Biodeposit production (mg mussel" d-1) 
(cup) (range, paean, ± SE) 

GE 0+ Aug 14-15 4.0 = 1.1 24-33, 29.1 4.8 
Aug 18-19 4.5 + 0.3 25-75,51.1 — 25.2 
Aug 21-22 5.2 0.33  13-21,17.05.7 

GE 1+ Aug 14-15 6.9--0.2 32-52, 44.4 10.5 
Aug. 18-19 6.7 0.2 65-126, 86.0:t 34.3 
Aug 21-22 6.7 0.3 17-33.24.2 ~ 7.8 

CkS 1+ July 6-7 5.7 0.3 29-58 
July 9-10 5.5--0.3 15-32 

CA.S 2+ July 6-7 6.7:i-- 0.2 45-95 
July 9-10 6.6 ±- 0.4 29-39 



richness (Fib. 2). The greatest biomass was 5000 
recorded in benthocosms receiving 
biodeposits from 1 mussel cage-' (Fig. 2). E 

4000 

Overall, abundance and species richness c 
were negatively correlated with mussel 

=- 3aoo 
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density (Table 3). 2000 
The abundance and biomass of several 

dominant species were correlated with a 1000 
mussel density (see Fig. 3 for abundance 
data; for brevity. results using biomass data 0  
are not shown as they show the same general 
trends). The abundances of the polychaete 10 

Pherusa plumvsa and the bivalve T. agilis ~E a 
were greatest in control benthocosms (i.e., 
no mussel biodeposition) and negatively 6 
correlated with mussel density (Fig. 3, Table m 
3). In contrast, the polychaete C'apitella sp. 4  
was most abundant in benthocosms o 
receiving biodeposition from 6 mussels cage" 2  
1 althou;h this trend was not statistically o  
significant (Fig. 3). 

Community stnicture. Community 25 
structure differed significantly among 

N 20 
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Fig. 2.  Mean . c, n bc.nthic mac.rufaunal abundance. ~ 15 ~ 
species richness, and biomass (t SE, n = 4 to 5 ) 
measured in benthocosms exposed to E 

10 

biodeposition from 7 densities of mussels (0, 1, a  
2, 3, 4. 5, 6 mussels cage-1).   Different letters 5 

indicate significant dif1cre:nces between 0  
treatments. Data are standardized (lT1 -), except 
for species richness (reported as number of 
species per benthocosm). —►  
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Mussel density (cage') 
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'fable 2. Results of the linear regression analysis of: (i) biodeposit production 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 h 

Dependent (y) Independent (x) a 6 r' p n 

(i) Biodeposit production Mussel tissue DW (log10, g) 
(login, mg g 1  tissue d 1)  14 to 15 August -0.691 1.625 0.762 0.005 8 

18 to 19 August 4.809 1.832 0.714 0.001 11 
2I to 22 August -1.060 1.316 0.656 0.001 7 

(H) Sinking velocity (cm s -1) faecal pellet size (mm) 
Width 0.589 0.328 0.426 0.000 235 
Length 0.037 0.761 0.129 0.000 235 
Area 0.029 0.783 0.193 0.000 235 
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Fig. 3. Mean abundance (average t 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-2  (n = 
6 mussels bentho-cosm ' ). 
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Table 3. Results of the significant relationships 
between 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 0.250 0.004 
S 0.277 0.002 
Abundance 

Tellina agilis 0.268 0.002 
Pherusa phimosa 0.322 0.001 
Polydora ciliata 0.161 0.023 
Pectinaria granuhita 0.123 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 duality. 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 velocity of 1.0 ± 0.3 cm 
S i  for .:1I e(bilis faecal pellets measured in 
this studv was about twice that Observed by 
Chamberlain (2002) 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 & Stevens (2005). reported that 
faecal pellets ffoni' 6 cin individuals. of t}ie 
sable -species settled at 3.0 0.4 cm s 1. ' 

Abundance Stress = 0.20 
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Fig. 4. MD5 on abundance; data cif communities 
from benthocosms exposed to biodeposition 
from 7 densities of mussels (0, 1, 2, 3, 4. 5, 6 
mussels cage-' ).: 0 (U), 1 (j), 2 (A ), 3 (4), 4 (d), 
5 (0) and 6 (10) mussels cage:'. 
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Fig. 3. 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 chi Pilditch 2004). 

11facrc faunal 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-2  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 (Dahlback 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. 

ICES CM 2008/1-1:16 

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 
Linden, 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. 

C onchisions 
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 

R' = 0.682, P = 0.022 
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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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0186901, 03,6804 to Irish National Grid Reference point 
085782, 036245 to the first mentioned point 
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z .0 INTRODUCTION 

!: i s irtsh k.:1 trr► n7ert Foley to support The gr.: wyl* . and development of agjacuit-ire as a 
sustawable. reliable food Croot.iGt1V-n industry Fcod Harvest 202'C sets an amb.tious target of 
u-icreasing aquaculture volume p-oduction by '8`.,, oy 2020 Tn':s is a a ff+rut+ target to realise 
dUe to the curreni constraints asso:iated with EU Conservation Directives 

Dunruanus Bay Mussels LtJ proposes to instal; and operate a m.issel farm in Dunman~,s Bay, 
Co Co,k n the body of water t:ehveen Carbery Island and Drishane Paint The instarlat on and 
operation of this farm w,!' regii+~e an Aquaculture Licence from the Departmart of Agricul?!.- re 
Food and the Mar pie i DAFM under the Fisher es k;t 1997 and re evant Statutor~v ents  
TI ­e proposed licenced site will ;,`1corpor•ate an area ct approyirvately 26.25 hectares. 

1 Environmental lM ct_Assessrrient 
A full Ervirorlmental Impact Assessment ;EIA~ is not required for tits developmen; as it fat s 
below the thresholds as outlired In the role cant plan ling and f.sherles leg!siat+rsr►  

it Is a'-SO `deP1 url,kely that the competent aUthonty w il require a fall EIA due to the fact that the 
developmen; site does riot fall within any sensit ve des► g~-iated areas and 1; rejatively r-,innr in 
scale 

For the purposes a1  a more compete aquaculture lice-!ce aop,icatirn this report has oeen 
create(] tO provide- sul.̀ plen;Wrilary e-,v -or°ren,a irformatron Jar ~. us environmental Wateg(:irles 
are examined, the r pacts therein assessed and rn t+gattc ► n measures are proposed :vhere 
rE'q Li i r_.d 

1 .2 , :pp cat'Cn History 

Dunn,anus Bay Mussels previo_isly applied for an aquaculture licence for this site for Which 
DAFkl issued a Notice of N inrsterla Dccislor to ~.1ra► lt an Aquaculture Lr+cence and Carlpanlon 
R-),esnc re Licence on 20 Decemhjer 2L. 1 '1 (Ref T51503 ►  This notice vvas acpealed by Th ~­d 
Par+ies to N.F. Aquaculture Licen,-e Appea!s Bcard i."%L.AB) and their appeal Was .iphe,d b f  

LAB 

Tn* revised application is fir a slightly modifle a sma' er site The con,--erns of t.ne appel► an°s 
and ALAB s Technical Advisor have been considered an the re-design of the proposed site and 
the preparation of We :application cocwiientat:on In partrcL.~ar .t is noted that AL AB s Technical 
Adviser recd^,mended t'la` fuilhi-r m• estigaticnc ;•1Gra re-JUIred with ari apvapnate extens on 
of `:me tc ccinsiue- the dec.s;an f,-lily .441 ..AB refuse:] he li c  ce t' sls  worth • r .. t c~n~ outrr~h. ! s ~...o war `~ ro~i .g 
that ail the DAFM advisors .3r d. rer-o^,mended grant!ng of the I!+^ence including oiz.: 
EfA )=ire-Screening E:~pie~' Par iel 

?Site, Se-ect:on 

In opinion sL pc.r'_' • tb r- ~ t  ~ ~ ;,;z s  ~~s  - • t s a ' :~ ~, ...IGvai+, ~~~.f1 1 '3 2,.5~_~ r• .silt da~o l-  5 Sit is L'vilui„  

:he ;c cat.or', and cpe,at on C r ea . p .. ed ,  t ~ S~.SN~ ;d,.c:, rope ~ nl ►.Js~~l ~,ult_~' ~a '1II,y i-t•; a~tirn,.. tr tii~~ 
and rc+evant appk;;ation docur en.rati Jr 'he operation, :rill rot any sigr;ti4ant impact on 
the enviror" pent it Danrnanias Bay Pre c ;nsultat.ons ,vah the- relevant statutor,,r bodes have 
helped to de',?rmir, the s:ze In_a •̀ r.)r and type of proposed aauarUltur_ operation 

0 



2.0 PHYSICAL ENVIRONMENT 

The proposed site is located between Carbery Island 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 D.Ari manus Bay are outlined in Table 1 below 

Tide MLW~ i  MtWN t.1HVVN N1  VATS j 
Level (CD)_ : +3.40m 1- 4.2 60.tTi + -I 1 om T 0 4Orr 

T,jb?c 1 TidalLeve;S it) Ounrnanus :18y 

7 7 <Zd7 PZ=A 

The sea bed at the site of the proposed development is 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 varies between -15m and -30m CD The survey drawing is enclosed in the Appendix of 
this report. 

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

The survey was earned out on 19/10/20 -12  The predicted tide levels on that date were as 
outlined in Table 2. 

r Tide 
, 

"-'LW HW LW HW ! 
C \ Level (CD) +0.30rn +3 40m j . +0.30m +3.20rn 

Y. Time 01 38 07 .46 1404 210 1 't 
- iv~V1 ahk! 2 Tidal l_ v^I; inbununnnus Say on 19 Odobe 2012 

Currents were surveyed at the west and east extremities of the site In general, current 
velocities decreased 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 0 i 3m/s 0 20m1s 

(0.25 knots] (0 40 knots) 
Ebb Tide Average Direction 185'' (south) 56 ('north east) 
Flood Tide Average Current ' 0.09m/s 0 12m/s 

i (n 18 knots) (0 23 knots) 
Flood Tide Average Direction 192" (south) 152` (south) 

Z Iida►  L.v is ,n  GLOM nu_ Eav --n I  (; rtlu c,1 -01 

Its estirnated that the currents at the site may be 50"c lower r_lurma neap tides 

tb 



4 Waves 
Detailed wave ►"cdel!jng has r-*,  been varr;ed out at this site 

It is anticipated (based wi surveys at similar bays; in '.yes' Cork) that e.-Ylrern, a :'taste heigf !s in 
tie area cou,d reach up '0 Fr—  Tr-ese wa'ies would o, lginate as ciifsho,e sv--,el:s propagating 
D!.nmanus Bay from west to east It ",a.v the assumed that same kcal prctectlon -s -.rov:ded by 
Carbery Island ard Fume islana 

5 V ,.11 n 2 

A design wind speed of 25 2nVs i i wor d 6.1ratio n. 50 year retursi pentad) shall be used 
This is based on ES 6399- 

Foreshore Ins ection 
The intertidal foreshore ad.acent to the proposed site conOpr►ses c;f steep rcc_* i- utcrops 

2 i Aguaculture S- tes 
There are a number of ether aquaculture saes located in Gu,-Imanus Bay Tney are located 
vinlarily in tic Inner Dunmanus Barr area The applicant successrull~ operates a number 0" 
these sites 



3.0 NATURAL HABITAT'S 

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 mussel farm were unsuited for 
nesting for peregrine falcons and chough. The skerries at Carrigphillip and Mucklagh Rocks 
may be suited for nesting by Artic Terns Full details of the findings are contained with the 
relevant report. 

3 2 Cetaceans  — Harbour Seals 'Phoca Vitulina) 
According to National Parks and Wildlife Service "Harbour Seal  Populafion Morntoring 29009-
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 Carraigphillip and 
Mucklagh Rocks In recent years 27 and 20 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 Ottyr~ 
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 shoreline. The closest otter holt is 
likely to be on Holt Island which is approximately 700m from the proposed farm The mussel 
farm is unlikely to create any disturbance to the otter community 

3.4 Scallops &_Nephrops  
The Screening Report identified that the seabed at the site had a poor species community It 
identified Nephrops as the dominant species It is 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 far►,i The 
applicant is willing to facilitate the continuation of scallop fishing within the boundaries of the 
proposed licence area, subject to agreement. This acco; nrnodation currently exists in inner 
Dunmanus Harbour, whereby Dunmanus Bay Mussels Ltd_ allow, by agreement, local 
fishe-i-man to fish between the lines of their existing mussel farnis. 

3 5 Biotoxolociv 
The Marine Institute carries out weekly inspections of toxin levels 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 products are safe for burian Consur;iption. It is expected that this practice will be 
extended to cuter Dunmanus Harbour after the farm is established. 



4.0 EXISTING RESOURCES 

1'ur'Ibe.- cif rza!Ufal and manmade resource r' ~ r ~ c►c c w..~ a(e ':1~.1 d In t'~E lCc~.ativri ~~ ~h pr~pw..ec 
d :ve1c,PrP.ent 

41 Adjacent Land Resources 
The site is located immediately rorth and vest or the to-leln lands o` Cashelfean and K► 'comare. 
T lie land pnrrar lr comprises agricultural :and and areas of overgrown gorse There are 
aporoxirnately 1C No hoLlse5 ,vithir I km of the proposed s,te. 

y Road Network 
The laid south of the proposed deve'oprnent site .s a,cessed via the 8.591 road from Dun-us A, 
number of narrow ti,rrd class roads are aisr found in the locality Farm operatir•ns will not use 
trese roads Access to the proposed site will be by water from Durrus Pier. 

4 3 Ad;acent Intertidal Foreshore: Resources 
The intertrdal foreshore comprises crrimar.1y rocky outcrops There is a small pier located in 
Dr:snane to the south of ,he proposed site A lcess to tie pier from the water is tidally 
dependant. Tne oter is occasionally Used by loca,, small scale insnore fisherman The 
developrnent will not have any impact on the ver or pier users 

1f r1c: ;t' 7 C E V 11! 6- 

A small strand is located east cf the site. adjacent to the pier This beach mar Lea .Ised for 
Gc asions I ~, a a a e=r fly! the I, r v a + ~ ,, ~ ! j ~~ bath n,  and ri .,y,., . t~e lai.;ntvl~ :~g and :,f :~ pia boat a ~.. ,. ,~~~i~.cs. 

Tt' s area i r' 7 ii _;'3t] as n bathing area i- the --ur C%.'ufZt Q , rc~  
+antry L cal Area Ply,` k Co,inty Cc..lrtcil'C  r.. 

c~'tvk (.Ia^,~•ar'•; CICISi s`.1 =s tha; t`it:"e is tee I«' _ . ._:~ ;fie at Kilcori''a-f-r' It further states 
that tree Fain"a-v r-Is-3 ; "'`~ ►;fi~,r1;1 . 

T I 



Ima-4N 2 J!r,r?d 31  Cashefs an 

4.4 Adjacent  VYater  Resources 
Dunmanus Bay is used for small scale fisheries and some leisure boating Piers at Ahakista 
and Durrus are used for access to the bay There are a number of licenced aquaculture sites 
Lp¢rational in Dunmanus Bay inner 

T'he area occupied by the site of the pruoosed development is used, on an ad hoc basis, by 
inshore fishermen The applicant. Dunmanus Bay Mussels, is willing to accommodate inshore 
fisherman to continue to fish the area after the farm is installed This arrangement currently 
exists and works well between the applicant and inshore fishermen at their sites in Dunmanus 
Bay Inn-er. 

Angling and inshore fishing activities also take place throughout the bay. 



5.0 STATUTORY DESIGNATIONS 

A literature review cf stat-jtcry designations ,,-vas c;,arried ox  as par' of tt,  s recort The results C f 
this are outlined it  sections 5 1 to, 5 4 oeio."! 

5 1--statutory Dell. natiors 
T~tere are no Natiral Heritage Areas tNHAc proposed Nati.,ral Hes!tage Areas ipNHA,. Spey 4 
Areas of Conservation %SAC. , or Specs! Prole^t;on Areas ~ SPA: at -he site of the proposed 
aevelopmert. The nearest na:L;rai designat on areas to the site of me proposed oev'elopri2n: 
a,  e as `ollows 

• D"nbe-acon Shingle SAC is located apnroXir-ately 6kro nor;t-.. east of the site 
• O,>en s Islanc pNHA is Ioc.atea approx ►nateiy 2 5kr, north o,;  the site 
• Sheep's Head to Toe Head SPA is located a; the west of the Mizen Penirsula and 

Durimar:us Pen► ,isu:a 
• Sheep's hea;_i pNNr, s o--a-ed on DunrnanL.s Periir,sula to *11-e  Ncrth 

There are no desiarrater bah n,g areas rear tine proposeo dev lopmert 

5.2 Scenic Routes 
The lane imimed:ate'y sou'l' or the  site is desiggnateo as a scenic: landscape in the Corti Coun*  

tDeveiepment Ran 2009 Scenic rcmte S 107 ana S 106 are located adjacent to tne: site and 
Sc(nn,,c. RaLlte S 109 :s oc3t>rd or Sheeps HPa:1 Pe ninsuia tc. the incirttl 

:5 3 Water Quality Status 
The EPA Water Qua,.ty ir, treta,nd 200;'.2009 report ider)tff.es D~it- manus as a s~e,.Iish 
production area will,  A and B class fica'ion 

The site of the proposed develoriment does not fall under the category of a designated oath r,g 
area There is ni-_ water qualitv designatii:r ojithin DUn►nanus Bay foilowir;g reference to EPA 
Bathing Water Quality 2009 The closest designated Goco ''Water Quality designation it EPA 
:later Quality .,n Ireland :'007-2009  .c Barley Cove. apprcxmnately 15~rm south west 

T -ie EPr-% does ict ,rov de_ a sta-..is fcl -, I )LJIif7 ?tlUS flay ; reiation to Trar:siticnal anrd Coastal 
Waters E ologic~ai Status Rcarirawater Barr to the south ~as a mooe~ate statLrs 

In 2003,  the minister for  the Envircrimert Her tage and Local GD e,*mment. signed thi 
DunmanL:s Inner Pc ","itior Rer.1t1:.`to ; Prcgrarnme T^+S prograrnme ryas implemmerted tc 
i-m prove otater qL.alrIv " the designated shellfish growuing waters ii' Dunma ..~_-s Bay i'lner 

5 4 Local Area Plar-s Ccunty Development  'Plat- 
A 'ti ougn olanning pe'11*11s: ;ar, s ►ict re ~i. re:1 for offshore aqua - Lilture Ie eiopme-t the 
relevant area plar's wa-e as pa,  :'f -1,e p► l7~CsS The Cork COL!'It`i- 
Dewe;cpr nen: F.an ;2OGQO t CDF i ana the Bartry "rea Fla;, 120111  ►  LAP) does not :nclud 
any res`r'cr-ons re;ation to aquaculture de.,, ,-do=rm? try L--ay The LAP recognise 
aqL, ;culture as an econom ic strengtt-  of area and states tha! tn_ strategy is to p,-remote 
further arowth and de-vetooment ir tuts sec'o-  The C DP states that the Bantr} area ,, .a.-: 

roc r;;~?-, :~1 ~61 CsLj:., 1:~ r .'r:.:~ - it ls:.,  states that r ac-;r ,._.uw!  
~C ✓~'fmment Ctoli!'i  

ti3 



-6.0 STTE-SEL-ECTION 

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

i i

6.1 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 U of this report 

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

6.2 Access to Site 
Dunmanus Bay Mussels operates from Durrus Pier. This pier is approximately 9kni or S 
nautical miles north east of the site. There is no pier infrastructure in the vicinity of the proposed 
St`,e 

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 issues 

6 4 Alternative Sites 
Alternative saes within D inmans is Bay were exar mr-ed The f.-n2! cite. vas (Dictated by the MSn 
to satisfy navigational safety issues The applicant already operates sites within the bay. 



7.0 PROPOSED WORKS 

i PhYsiCal lr'i'asti ucture 
The works will comprise the Installation cf 18 no longlines each of a length of 220m as 

W 

indicated on tl,e orawings that form part of this application Each ongl!ne :will comprise ? ro 
220in long head rope ;singrehead rope) Droppers will bang vertically from the longlines at 
approximat-ely 800rnrn saac, ng The droppers upon whic-h ti :e rnussEls wtfl grow, will be 
appr-,x°mately 8rr long ar,a 12mm diameter Buoyancy to the !o gl1i ra system will be pr:: vfded 
by 21GLttre polyethylere barrels at spacings r{ 3m. to 4rn 

~nchcrage to the Long lines will be providea by 40mm diameter polypropylene ropes connected 
to approximately 8rtt of chair that will in turn be connected to a 8 tonne concrete anchor 
Dam-per we,ghts and trawl balls w A be provided to the anchorage system also 

T c provide ravigaVon warnings. Floatex 120OPE Light ways will be installed in the four 
corners of the site The proposed lamp standards will tie subject to approval from the 
Commissioner of Insh Lights (CILI These buoys will be anchored with 28rnm anchor chains 
connected to a 5 tonne concrete anchor block on the sea bed. 

All matenats will be brought t,, '_he s!te from Durrus Pier 4vnere the applicant currently operates 
trorr 

7 2 Construction Metho-dologI  
The s-te will be installed by the app: cant using existing plant and machinery A crane will be 
used to :!rcp 5 tonne Concrete anchor oincks on the sea bed The :o.cation of the blocks will be 
confir-ried .using GPS Apprioximately 8nn of chain and anchor ~ores ~will be attached to the 
anchor blocks before deployment. 

From a work. barge the anchor ropes will be tied to 1 headrope which be 2200 long The 
head-open ~%% Il then 't e connected to L 101. pnlye~-tnylene barrels at 3m to 4m spacing 

The Process will be repeated fo r  all the of"err r"es It is %Stirnated that the tristallatior works will 
take approximately '. moth 

7 3 Operation Wort s 
The operation ,rvorks comprise cf thr-er distin.-A stages 

Z. 3 ? Seed (Scat i Collection 
Seeds will be roliected via n3turat spat fall L)Ilerction Peuslabie Spairusn spa: collector *ope will 
be suspended it tare Jaru.ary and ear'y Februan~ Ti,!s rope is reusable th a circa 25 yea 
lifespan 

7.3.2 Thi;.niria 
ti ,'When the rnusse's have  g -Own o r3ei'v ecr? 1 ,- r-nm . i-d ~ it r 3 F'"' _,~ `' 'I S `I i I, t n r 4 ll ,..to --C- Pe at, e~ r~t~~ 
tt;e harrestr^rg vessel and the mussels are str°taped fro;rr the rove The rope is washed and 
stc;ed tar reuse tl~e fo:love, -ig season The mussels are sorted a grad,ng rnaYhir.e and 
sorted into two sizes The Missels are then placed won a grove rope (Ne;~4 Zealand) and a 
biodegradable cotton sock The rope is hung at 800mria spacing with a 7 r:n drop This 
process is repeated in the sL r-trer After approv',-ate'; 12 monti,s, when the n-usselc ha-je 
arowr,  tc rrrcarket. 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 
ni,ussels ary removed fror7 the rope and the rape is washed and stored for reuse The mussels 
are washed R.nd graded and bagged into *1 tonne bags. The bags are then placed onto pallets 
for onward t ransportatir.).n Tlie N ,v ?ealand rope also has a hfesp3n of circa 25 years 

1,71;1ye 4 f.fFV Multe-w? ►n :a7w -1 Klon+ Ge:Pr 

^l'orks will be car. % out frct.~ ^J!~l P~ F ~uirean:z. a 15m!~~^g f;shing Vessel refit-fi;tcU to 
a :cormmodate mussel harvesting plant 
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6.0 LANDSCAPE AND VISUAL'  NVIRONMENT 

I 17•F,ar tS Orl lar,CfscaNc 3rd VISUai are addressed separate ~. 

1 Landscape 
The Cork County Courtiic Draft Landscape Strategy cOD'i' identifies zrie iancscape clara.: ter 
areas of County Cork, The site of the proposed development falls irto Type 4 -Rugged Ridge- 
O,c-n nstaias..  in the strategy The site falls :,ito Sheeps Head -- Mizen Head Landscape 
Character area and ,s identified as being irlc eaMeri rugged. peninsalar rralge -  in the area of the 
r-)roposed development It states teat the landscape value s - very high' the, landscape 
sensit vity as 'vtt q•• ?~ijjh and the landscape importance as naFlOna. 1 ' 

Tne landscape character `v:ll ro`, be dramatically altered by the proposal as the development 
'v:llll fritegrate wit~n the ex!st,ng baylharbour Ail Fnfrasiructure wilt, be installed be.;~w. at. o;-  onl, 
slightly above water ;evlel The view of the water eaoe and the bay will not be altered b, the. 
presence of the farm 

It is unlikely that the Scenic Lardscape DesiUnateen or the Scenic Rcads de-Sfgnatior ~vvill 
change due to the proposed developmWnt 

The main visual receptors o` the proposed developmen* will be residential properties :n the 
►;r. arty and users o' the srnall strand east of the development 

6.2-1- Zone  of Visua; Influence 
P-,e area of study for v.Sual envy: ope; for a visual assessment may extend tc the who,e of the 
area from wh,ch the developmert is visib"e nowever it is generally limited to the {distance fresh 
the development within wh ► cri the v.ew is expected to be of interest or concern 

~. z,-}re of visual ► rfluenee is ,I-e area within which a proposed developrnert rrtav have ar-
IT-1,jence or effect on visua, amenity A visual receptor may Ge 9 physical landscape resoi,ce.. 
special interest or viewer gr,:)up t1l at expect an effect 

The Zone of Visual Influence was assessed during a field surlrey to determine the locations 
wt-ere there are potential impacts on the visual environment S!x Ioca:;ons were assesses ir, 
terms of visua4 impact, as per Figure 1 



6,2.2 Visual Representations 

Images 5 to 17 present vfevis from the various viewpoints (as per Figure 1), with visual 

representations shown thereafter 
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8 2.3 Residential Pro2grrhes  
Less than 20 residential properfies are located within 1 km of the proposed development Some 
of these will have clear views of all or part of the development. The main visual impact wi► i 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 higher elevations 

8.2 4 Strand 
H small strand is located to the east of the proposed development Here. users will have 
unobstructed views of th>r 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 
development 

8 3 Visual  and Landscare  Impact  Mitigation Measures and Design Mitigation  Features 
In order to reduce any potential impact on visual amenities. the following mitigation measures 
or design featured are proposed 

I The site will not be located near other farms which reduces the impact can landscape, in 
accordance with the Department of Marine and Natural Resources 'Guidellnes f6f 
Landscape and Visual As.aessrrrt.nt vt iu!arne (Itiacultur-c" 

2) The development will not be located within the central focus of the bay 
3) The longlines as proposed run parallel with the existing coastline, thus reducing 

fragmentation of the water surface v 

4) Simp!e 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 
5) Navigation Sighting will not be visually negative and will not be out of context within the 

bay 
) Floating buoys used will be "battleship grey" 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, 
g) Lines will be installed taut, so they do not become misshaped over time Also, the 

anchor blocks have been adequately sized so as to avoid drag of the lines. 
10) lnte-rmediate anchors will be installed to prevent bowing of the lines, if required 



9.0 PREDICTED IMPACTS & MITIGATION MEASURES 
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?.1.2 Biode ositien Dispersion 
Table 4 indicates that faeces settling velocities of approximately IQ 0 mm/s have been 
recorded at previous study sites For the purposes of this report. we will assume a biodeposit 
settling velocity at the Dunmanus site Of 10 0 r rn/s This yields the following settling times at 
the Dunmanus site* 

Low Water. -15m CD contour, settling time = 1,500s (or 25minutes) 
High Water, -30m CD ccntour, settling tinie = 3.000s (or 50minutes) 

Section 2.3 of this report indicates that Current velocities at th;; site range Netween 0.09;n/s to 
0 20m/s_ This yields the following potential settling distances from the site 

Minimum. 1,500s x 0 09ni/s = 135m (laterally) from the source 
Maximum 3,000s .x 0 20mis = 500m (late-rally) from the source 

This equates to an affected footprint of 0.319kni" to 0 515km'. 

The concentration of deposits over the seabed is therefore- 

Maximum: 992,070 kg/year 1319,200m' = 3 103 kg/ m'/year = 8.515 g/m'/day 
Minimum: 992,070 kg/year 1514 500m ` = -1 928 kg/ m`/year = 5 283 gim'iday 

Allowing for neap tides, the maximum concentration of biodeposition may be in the region of 
8.5g/ rn~/day 

These calculations do not take into a;,count wave induced currents and water movements 
caused by wind effects, which will have a positive impact on biodeposition The calculations 
also assume that the site will have 100%; harvestable size mussels on the droppers, which wiE1 
not be the case. 

9.1.3 Detectable Irnna Ct 
Weise et al states that benthic stat:.is may become disturbed when biodeposition rates are in 
the range of circa 15 to 309/m-iday. The estimated concentration rates fall 'Nell below this 
4..ritena. It can therefo, a be stated that the proposed farm will not have a detrimental impact orl 
the exiting benthic community Composition, 

9.2 Inloact on Human Health  
Mytilus edu{is are `iltear feeders and remove toxins anj bacteria from the water in which they 
inhabit. Mussel- are not a generator of toxins. They riay  ingest toxins froir the water and 
convert to biodeposits The proposed farm will not have an effect on human health due to 
bathing activities. 

Constjmption of shellfish containing DSP. PSP and ASP toxins can affect human health. These 
A oxins are causer by enrichment arA algal blooms, During occasions when algae blcoms are 
present in the locality, harvesting of mussels is not permitted. A rign-cus shellfish rnonjioring 
programme is managed by the Sea Fisheries Protection Authority (SFPA). 

93 Irnoact on Local Fisheries  
The may a miiu Dr impact. jr1 Thy i-Q lr.illing to 

accommodate inshore fisherman to Contimie to fish the area after the farm is installed This 

7 L 



a r- ranaernent --Urrently exisis and U1 , KS ti" ell L-,E- o4eF-, rl ins ~~~E'•il ;~~'? ~"~~ ' la; . 't' it '1Eir}l~'~ 
their s fes 1r. Dinmanus Day Inner 

a 4 Irnroact on Foresh-pre- 
None anticipated 

9 5 1mcact oi LarA Uses 
i; is anticipated t`~a►  the r~rcioase~l L7t"VC lupmer+t L`Jfll l'a1i(. 'leallglr~fe E-11Lia~t on xi~'# ir 3 land uses 
as "he site dces not en^r.--)acl,,-  or,  the -:~ ~d 

a o Impac; or. Emaloy TLee,- ; 
The proposed deve+oprnent will have a rx-.-s Live impact cn emp oym+rn, as it support 
exist.-no )obs ar,-: --reate ne':~d local emp:cyniew 'ppo,-unit.es This 1:iii ti,, ave n- _ _ rrpact 
-i-. the local economy as other irdirect Jcbs ,-A, :: SU rip rted 

97 I-rgact on Traffic 
The site will not have any impact or-  ti aff c in the locality aajacent to the development as all 
, i* *s access m be carried out frorr DurruS Pier Via various vessels as `., ^ere rs no,  
certhing iacil•ty immediately ad}acen't to the site 

8 inicart or~ N-a-l;oatlion 
The proposed site :rVitl have a imp - '1 navigati r Thy c~1~1_.,~se 4.te lies well to the 

euV-1 of the '1a'Yiyation Dunrraf•,,s lr1~►~r Local grist ::ice -,se!s will ce able to 
no—  ogate the southern of t-le site ar.d the shoreline The foilowing additiona ►  
-mitigation measures are proposed 

it The applicant will deploy navigatior ,bucys to the satisfaction of the Deciartiment of 
Agrici.iture Food and Marine the Commissioner of Irish Lialh!s and the Marine Sur~e7 
~7ffi.^.e 

r• illarir't nctii..e 1,'',iill Fe a;J'ler-hsed wittt ,he DE-parkment cf T -arlsnoi - 
ansVuct cn works 
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UrFr u Fitrat 

The Habitat_ Directive promotes a hierarchy or avoidance, indigatton and compensatory measures 
Firstly, the proposed scheme should aim to avoid ary negative imparts or, European sites by 
identlfylrg possible irnpacts early in the plan rnak.ng, and writ!ng the plan in order to avoid such 
;rrpacts Secondly rnitlgatron measures should be developed, if necessary, during the AA process 
to `he paint wl<ere pia adverse i;rpa~tr-, an the site(s) rerna.n Wheie a proposed scheme is still likely 
to result in adverse effects and no alternative: solutlors are ide~rrtliled, if the prcpused scheme is 
required for imperative reasons of overrld.ng  pub,lc interest (IROP1 test') under Article 6 (4) of the 
Habitats Directive then comaeri =atlon measures are required to offset any remaining adverse effect. 

As part of this assessment, rianne survey was unde-t3ken on the 1::`" f.ugust 2013 usitug a 
.combination of SC:t-1E3A arcs direct ct~sE~~vatlon dui:rig foi;:.vat~tr within tr:~ I:ttoral zone The survey
corrirnenced at 10 00 (mid-tile) and continued through to lov: tide (HW 06.26 3 Orn, LW 12 49 0 8m) 
Marine habitats were classified according to JNCC Marine Habitat Classl`,cr tion fur Bntaln and 
Ira-'arid (Version 04 rib) and the Heritage Council Classific;3tion (Fossitt, 2000) 

2 STAGE 1: SCREEN ING3 

2.1 Nat:ura Sites Identified 

Tie locaticv of thc- proposes mussel farro is riot witnin any designated Natura 20000 sits':, the 
nearest site being over 2krn away The Incatlor, of the proposed deve op .er` rta'ative %n- dr.>signa!ed 
areas Is shown ir, Figure 1 

Figure 1. Proposed Mussel Farrn at Dusmanus Bay in relation to Designate€! Gbnservation 
areas isource: NPWS Niapviewer) 
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Table 1 Natura 2000 sites in the general vicinity of the proposed Mussel Farm._ 
S t,: Name Site Designated Frrncipal Int-IrGst 
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2.2 Description of the Project and Location 

22 1 Project Location 
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Figure 2. Aerial view showing proposed Mussel Farm location outiined in red. 
(Source: CMCE) 

L~ S 



EirEcr. Fina? 2C i "•at} 1-1 

2.2.2 Project Description 

Physical Infrastructure 
The works will comprise the irstallation of 18 No longlines, each of a length of ??f}- Earn rongl;ne 
will comprise 1 No 220rr, long head rape (single head rope) Dropeers will harig verti`ally from the 
longl•n=-s at approxirn3,~41y 800rrml spacing. The droppers, upon wh..cl, th~a mussels ,Y yt I grow will be 
approximately 6m long a i2mrn dia►n eter SuoyanLy to the 1,.)ngline system will be provide,  by 
Z 1 CL itre polyethylene bar---pis at spacing's of 3rn to 4m 

Anchorage 'o the long line.:: will be pro,/tded oy 40mm diameter colynropy'•ere ro: - .onr Ected ;k-~ 
approximately 8m of chain tha: w:il in turn Ilie connec-'ed to a s tonne conr..rZ- -- j+::-  tun tlailpt,(-  
~0.tergnts and trawl balls wily be provided to the anchorage cyst-n'! also 

To provide navigationa{ warnings 4 no Floatex 1200PF Light Buoys wil; be, installed in the four 
corners of the site_ The proposes; lamp standards will be subject to approval from the Commissioner 
of Irish Lights. These buoys will be anchored with 28min anchor chains r:onrected to a 5 tonne 
concrete anchor b'ocks on the sea bed 

All materials will be transported to the site limn 1 Citrrr:as Fier v✓he -:~ th., appiic.-ant currertiy operates 
fr oni 

Construction Methodology 
1-he site vrill be instal'ed by the applicant us.ng  their existing Plant and machinery :'~ crane will be 
used to drop 5 tonne concrete anchor blocks on the sea bed Ts'ie locarion of `he bior_ks will be 
confirmed usinn GPS. AFYp=oximately Rrn of chain and ;ain;hor ropes will bil attached to tree anchar 
Mocks before deployment 

l✓ rUm a work barge. the zanchar ropes ,.ill be tied t:; 1 taeadnope which will oe 220rn long. The 
headrojv es w 11 then be c;o►intrcted to 7 i {J+itre polyethylene barrels at 31,1 to 4m Spacing. 

The process will tae repeated for all tote Bathe,  1 ties it is es'imated that the i istall3tion works will to}• ~• 
approximately I month ' 

Operation Works 
The cjperatiun twarks eompise of three distract stages as fnliows 

Seed {Spat) Collection 
Seeds w► li be collected via natwai spat fall colk-1,0on Rewia. le Srar~ish spa: rt. e wili be 
suspended n late . anuar, and early February  ThiS rope is reus3bie wr`.fi a csi--a 25 year iifespan 

Thinning 
.rilhen the mussels have grcv.n is bet-ween 11.71mm and 1 3mn , the cdlec_to rope: is hauled into tale 
harvesting vessel and the m:asseis are stripped from the rope The rape is warned and str:red for 
reuse the following season The mussels :are: sorted thfough a grading irachin~e,  and snited into twe 
sizes The mussels are then placed on a grow rope (New Zealand  ana a biodegradable cotton sock-
Tr ,:- rope is,  hung at 8.00 in spactria w-itti a  617 m drop This cr,.,ces~- is reveat;-=d ir the summer 
After approximately when the mussels have grown to marl•.et si-M tli;; y are harvested 

Harvesting 
When Vie musses ha,~v grawn ".(-) market  s~ e the repY,  is fi::3►_rI1,-:--*,J into harvesting vessel and 
mussels are removed from the rope and the rul,F' is .washed and =+to; i -~imse The rnuSsels are 
washed ar'd car adcd and bagged into 1 tonne bags The bags art- t~ien (laced Cntu pallets for  
onward transoorto--tion The New Z-•-•a'and -ape also has a l;fesnan of `ires 25  years. 
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south of the proposed site is a+so we[ s triad for bc~tli holi. couch. zrd forag rg usage The site itself 
is in water too deep to support foraging by otter 

A variety of ce acaan species. have been recorded in Dunmanus Bay .n recent years, with results 
compiled by the Irish Whale and Dolphin (3roup presented in Table .3 for the period 20107-20.11 2 
(Source, BPS Tect-ni,:al Advisor,  Report 76,13163) 

Table 3. Cetacean activity recorded fror;i Dunrnanus Bay during the period 2007-112. 

Date 

June,  2012 
August 20 11 
Ault ust 2011 
Ju'.y 2011 
A%gqust 2010 
Jun=e 2010 
hJlay 2014 
S~Pterrber 2009 
March 2009 
Septe nber 2006 

' Seatembei 2048 
uept~ember 2008 
June 2007 
September 2007 

Species f Number of 

. ` irt~ividu3is 

^wMe species  
hled.urn wha!e species_ 1  
Minker whales (Balaenoptera aeutcrostrat 2 
M lke whales (Bq aengp=.cra acutorostratal 1 1 
Wlza'e species. 1 

. Nlinke whales (Balaenoptera acutorestrata) 1 
Whair? sUectes i l  
Ma!e species t 
Cornmon dolphin (PL!phif)us dek-his) 100 

. Unku whales (Ba'aeri ptera acutorostrat.1 ' 3 
~Mtrrtkr whaler, (Balaenoptcra awtorosir=!;)j 2 

13ottleno:7e dolphin jursiops truncatil") ! 
i Comman rolphtn ([7elphinus detphr_} 1 h 

On the basis of the data recorder!, it can be surmised that periodic oc.Cijrren^e of smal to medium 
sized cetaceans occurs within D;. timanus Bay on an occasional oasts primarily during the rummer 
period Uniden'ifird whale species recorded are IiKely to be fviinke whales the most widespreaC of 
t`ie baleen whales and the spe^-es most frequently encowitered in inshore envi-onments 1 he 
sporadic oCCUrrence of cetaceans withm the Bay sLiggests movements are I,kely to be primarily 
asscc.iated with movements in puisu► t of fish prey. All cetacean species ate afforded protection 
+.miter Annex ICJ of the EU Habitats f iir:.:tr1e 

Figure ~ Harbour seals hauled out on Muc klagh Rocks during sits survey. 

CIA 
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2.2• E Birds 
A r t.Iir'ei o.i f;;Hd li''JU HC''it~'r arc me E'u 6' ds are rer.-Dreri iITO . 
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'~i-in t,  „f the p,o cse i -'tds~Ft f,- ,r r r ;, F - c na b; De eg i-i.: %. r•1 or a,  I:t  
thcjat-  We sl

o e 
'es of Cafrig~h ► sii7 x1'17 mt -,. a' 4 ti !-;~GK : ?'. 1:e-  S. ted rt;,r neStiriq r,, ATti,; iwi ,'' 

Corn,  cra tits , l  !7~/~~•1'~r'%rtY a !! : i'r,r,  !~,^ r 1 ~ r rr r •.; ~  

{ ,..{ 
~ c,

* 
3r h (~+ ^~?s;~' i_i~ LSI'7~ l..c+i.ic'~r I.i rC a 1•, ~~~t,1C~'`au"I 

a tem ora-,  rcost site +J11~tr1 L`le +'~ t.'~.i Yl= 1.`~fi '1M 'u-her f Ri t r~ r ~- Y Ll~ ,  
1 J.. 

 1~ I 
t 

f ..tt tl:~' • -t.:ti'► .; -r -p r. Pa--  3t tfi 
rJ14r.# ~i~C~l i~t~i .~. i~!ll fin S 

~•
f -  F' r f . ^1 ~' r ,r•. - i r• •- .iS"  

r;ISS":t'',:~t jFC:'~'s arC _: r'#In+✓~ ,si!,~rei~CSs  

2.3 Identification of potential impacts ' 
On y' those aeve.Ioprlier: ft;~-kjfe:_ ''gat r,av-7- 'h!= ,^tE'1t:rsl t^ IM-  a;_t C-C,  `v r 3tuit~'a a to  

:tie 1 er' r r CI{c r.~ -~ :a r~ " • r f f7 ttftz.t IU~t~ a i•S j._r C A r,l-,i'T,ber of tact"~ - r►~•r  
~• ~. 31  .,E v zrrl sserf ^c'l. -r. d fifJf ti'3"a t:~i ~, C rl ,;r',s t r ^F 1  g.. •_~ 1„fr „ ~G 7L'• ci,C ~S 5'7'erl c~S 

~d i''' t f'1 aT t.l`l ll tr' ~lrterl 1.3: `r`l C,S t  ! 1 yr f -^ ~ t .. ~?d _._ ,1',,;1" tit' }~feJ=vCF'~ Qlti•„r~ -.C~i-;.tli- { r~•1 't-:. N.ai f ~ ~ :J'~i~ 
►l~rw':~'rb tri *he a ea ; 1d ar ~~t=r31! :rt it i r' tca..J 

• Dii,cct and 'n• ie~:t :.Ss •s' i' ul;.~ =̂ 

• D isturbarice t: rab td's 

• 1.) starbance ! s e,,• e i 

• V.J3ter Quq! y 

?' .~(~.~̂ f~ir l ~' C' N _ .. 1t .t 'r i► ,.3r  •_ ._ .`t ,f.. ~ :' .•~' . '' -.!• .f. '1. t L ~ l;.tt~pi.•~-t -, i ,_t-~rI 1 •r- 

Table: 1. Likely direct, indirect or secondary impacts of the project (either alone or in 
combination with other plans or projectsl on Natura 2000 sites within 10km radius of the site:. 
Size and scale ' ^u proposed v:rru. ovr ti)E• ia:ion of  ! SNa frlt.SSe 

t'.~fi~~ rites ta-t,  cf a le'*Ioty -!f aSSOC 3te.4, 3r1C:"iC)rS 

Land-take: ;t'e  tiP1:.; ,S ,1 U,k ~~~ .. a:r! ...!!•' f'7t ~.~ c~ t •:,~ti fl ~ , 
it--nq trey ttett'i Ex;st'^g harbu,_tr 
i Lit. t•,1 V. I. La  

Distance from Nafura 2000 sites ; ,usse fartr; t'~ acnn--xirnate.iy 2-Tv! =r. ,̀r:• tnr 
F-;irt St rage SAC and 

Resource requ i rements {water miis's►_1  farrr All' U`1!AS ria4d'al",  
abstraction, etc.i c-oe r, t. ,',a; Nr s`aLle ~~~e ~;'~~; ; 

►~ti't^ :~f a:';.y ~'1 c.'t :1 1 t;c.a• ::: `,1 .r r, ~r31s[ c5 i'~~~ 3~''_f 
feeds rr cP~  :r tiJ•ij be used in V1,_-  f rGr.~UctJCIr.  

i ~ ~rti iir'~I 'ia ' :~~;t ri I V4, ~ takes ii i  -a -F, fro T± a 
;1' ~~,;.-:jir"~ '~. ~ }~ .r!':~i~F'! ; 11:.-'fr? ►  •. ;~ :i  ._ ...i i j>~ ~ xl~'i'' •' ~,tit'i Y{  
Ir' U i., ~ 

Emissions idis oral to land. water '~'r ii,~.: -"11-  

or airj ci t~ia►--_n ','~f-Ir ►; . ,~ ,=,'a~ _ _'r~'r~- •i~=- =~~t ~a:' iii' ~, 
r-Jr~i:-~-•~ra.i:~1µ~ _ rl cis=:1: ::! ~1,,,_ r,.., *-, r~rr„5 -,, 1:7'3•~~ - 
~,cw _t~r_=a~ ~~S  r. ~~_~f--'t••~~ '1 '-F-  : rn_ ~,_ _ ~ _._ r-'A,, :a~:::;~ r,. 

txcavatiorl requirement's Tt`c-re a`e v ,_,  c~,  L ?vc,i'-n  
~C`.C:L'r:.' Cr: tit :t.,~t~ r~t~+..f1'. r._i r... t t.~ y - ,ii r'!~ I •̀r!:'~i ~tY.ii'tr,  
"i.t '~ SC:t, Te'1 ~c~.. •~ _'t. j ? sa ri'.'"1  !,l ;;,li r :'' is r:' a _ 3  

r'~ Transportatio roquirEirients r.l~ .'~_firz ., ,! ~1 ('?:T, 4L  vi." c•;'r i IIi~ ' ii~i'J'f":%3ii : ~"r i 'ltd 
f .'_`I.'i ~ ~'~ .:3u,i r~~`~-f `.:~~''_ i~ ~'-_ ,.-,~r•2jr r"i ~~ 

Duration of construction, i ~;!~ t '"`.!''y I;~c: ~l .;li ..,' j ~~ t-ri•c ~-: : I:: t:a  
operation. decommissioning, e;t~. ►", tt"i: f ,:! ~ ;= c,:.,• -: r 1 : `i: ttAl '- 
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Reduction of habitat area There reduction in habitat as a result of the footprint of the 
mussel farm is considered not s!gni€icant as It is suspended 
within the wat,: r column viith only; a sm- all number of ar'chors 
on the seabed 

Fable Z. Description of likely charges to any Natura 2000 sites within a 10km radius of the 

_ site arising as a result of disturbance, fragmentation, etc. 
Disturbance to key species I A harbour seal haulcmt is located at Car rigphillip and 

Murklagh Ftracks a;cncg the southern shareline of Dunniarus 
Bray in the vicinity of the pr000sed Mussel fern-  The 
distance to the mussel farm is app roximately 2t?Om at its 
nearest po-nt. Harbour seals would be ex:~ec tell to habituate 
to ongoing activities at the mussel farm though may 
potentially be subject to are initial disturbance phase. 

1 1  Utter activity is unlikely to be affected in any way by the 
proposed development 
Cetacean activity which is sporadic within the Bay is also 
unlikely to- be affected Iii any way by the proposed farm 

Habitat or species fragiTICIltation The proposed works w 11 neat result in any habitat or species 
fragmentation effects 

Reduction in species density The works w II not resulz In any significant rE?ducticii,  in 
speci=:s density. 

Changes in key indicators of The works will not result in any changes to key ► ndicators of 
conservation value (ater quality conseivdtiuri vaiu=.: 
etc.) 
Ciimate change The works wi!l not give rise to any potential for effects or-, 

~ cltrtldt~ 

Table 3. Description of likely impacts on the Natura 2000 site within a 'lflkri3 radials of the sire 
as a whole_ in terms of structure and functions. 

Key relationships that define the The proposed wcrks gill ncit res"alt iii ariy significant impacts 
structure of the sites fin the Natura 2000 -iehtirark 
Key relationships that define the The proposed tivcri  s will not result in any significant 
function of the site a teration cf the functioning of the Platura 2000 network 

2.3.1 Direct and indirect loss of habitats 
There will G+? no direct r,r Indirect loss o` fl3ultai wtthit' tnc,  i~lar~lr ?i_00 nC~work as a resu ' '-~f Vic- 
proposed musse' farm diexv= iopmen, The proposed development I ,,  sufficiertly fur removed >iom 
any Natura site to avoid any affect In ter ins of fragmentation 

2.3.2 Disturbance to habitats 
There i5 nr rtsM. of causing cisturearice to habitats wttnin the des,gnated area network during th- 
onstructiori or operation works asscc!ated with th mussel farm The passag Y of bu-3ts to and f i orn 

the mussel farm from the existing piei at Durrus will not re,4 irs ally disturbance to f,,abir at-, it any of 
the surrounding t' !Wra 21000 sites 

2.3.3 Disturbance to Marine Mammals 
T here is likely to tie c:^r.siderable ot--; autmty In :fie vii<irity of the or~opasr,{} maasel farm ttic;ugl, 
such activity will oc. crimarrly the shallower coastal stretch Gold Is!and whic~ is located a snort 
r-jistanr_e (000m?southwestof'the proposed farm Iocatlor) is repor`ed to be regularly used by otter 
and is ikely to contain, a bolt site Hovv-ever tN-,  mussel farm 15 uril-kely to result in any di ,turbanc,e 
to ott.Nrs or in any way alter loan r-- sources for thine ArneX. it  

A harbour seai h auiout rc:;urs on trill C-ilrigph- llip and Mac.) l3gh ROB :'; alJ"~3 sucIt`leM 51110reliiie 
;1f Dllnr7larius Bav i'1 ti i .. vicio,ty lit  the pi'i32osed IVII;ssel fa'tM°  Wltii tl ~ i~C2 ~=` ~ _ '"d at t' .-. r 
location it :`00G by t17 NP\/VS

drn 
 

1 nt a:.tly be;s on the farm during trio e; an Sr1rT:?i"t praise Lin-' iKely to calise 
MSSOMMINI- Mce.10 cisturoar,c& ;o the e i s al the h_iulo:r trcuon it Iii 3r%cipated that We :animals will 

tlockiy i abituc--ted .o toe artivitti  Car, 4-e i- limn sit'._: Evidence of nault cd oA haibour 

!1;000 
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