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Summary

GENIAG aimed tostudy the possibilities for upscaling and streamlining seaweed production as a way
not only to satisfy growing demand from industry but also to promote local economic activity and
developseaweed agaculturein an efficient and environmentally sustainalay. In GENIAL@prk
package6.1 focused on providing an assessment of the impact of a seaweed farms on coastal
ecosystems using a medium sized farm (1.8 ha) in the southwest coast of Irelany (Vatour, Co.

Kerry) and The Netherland&dstern Schet) as case studies.

No negative impactavere detected on abiotic seafloor conditiasther than seasonal/temporal
variability in organic carbon linked to primary production and within site spatidlvidity in both
mean grain size, kurtosis and skewne®bservational data from both test farmiadicatesthat
seaweed farming does not exert a negative influence on its surrounding environment but rather

provide positive ecosystem interactisn

After two full years of monitoring of the test farm we concluded tHatstera marinainder and near

the farm biomass depended largely on location, with deeper areas to the north and west, more
exposed to bottom swell and thus higher turbidity, yielding the lowsestgrass biomass away from
the farm. More importantly, biomass increased towards the farm, where mordesieel conditions

are found and were highest under it. The shallower locations under and away from the farm, to the
east and south yielded the highestagrass biomass values. Spatial variability could not be directly
linked to the effect of the farm but twmatural variability influenced by emlated environmental
parameters, likely light penetration, depth, and turbidity. There was nonetheless sdasuiability

in biomass, to be expected in a benthic primary producer, with highest standing biomass value

recorded in summer and autumn.

Reduced water flow anturbidity within the seaweed farnwas likely responsibléor higher PAR
values recordedinderthe seaweed farm compared to distant controls and were linked to significantly
higherseagrasshootabundance and coverage under the fariherole of seaweed farms coupled
with their defacto role as exclusion zones providipgptection against physicalisturbance from
anchoring or bottom trawlings evidence of their positive effect on the environmgiaicilitating the

conservation of benthic habitatsf high conservation value such as seagrass

Biodiversity withincultivated seaweedwvas high,with species numbersimilar those recordedin
natural kelp bedsvhile limited results @ not indicate significant differences existed in the number

species and their abundancéstween the twocultivated kelp species studiedSeeded dropers
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yielded significantly higher abundance of macroinvertebrdgissimilar number of taxa compared to
unseeded controlsattracting a community dominated by amphipodsssaspp. and thenon-native
Japanesghost shrimpgCaprella muticaecorded in the Irsh and Dutch sites. The latter also hodter
non-native invasive species such as Japanese knot®8aeghssum muticuand the seaquirt Styela
clava Mussel spat wer@abundant during theseaweedyrowing season and took over the assemblage
after the summe, following the degradation of the kelp fronds. Large number of medium sized
mussels and the remnant seaweed holdfast created a complex habitat that attraehest swimming

crabs and brown crabs, both species of commercial interest, wisiet the siteas a nursery.

The surveys conducted at the test farms in Ireland and The Netherlands provide confirmation, in
agreement with previous studies, of the significant positive effectbiodiversity and their role as
nursery habitats fofish and shellfishSane of the species recordéd Irelandincluded commercially
important numbers of juvenilgpollack Pollachius pollachiuand nearthreaten thornback rayRaja
clavaia confirmingthe importance of the activity to mserve natural habitats and populations of
species of conservation concerdowever,although small farms, of the scale currently in Europe, do
not represent a threat to the environmenit is possible that larger farms (in the tens of squared
kilometres) or farms next to each other could have a alative effect, especially on habitats of high

conservation value.

The findings represent evidence of the role of seaweed farming irstiséainable development of
coastal economies and communities, maintaining healthy ecosystems which in turn providbleal
ecosystemservices. This role aligns with Aichi Target 11 on marine biodiversity protection and UN
Sustainable Development Goals (B2 food security and 14 on oceans as \{tadl Gouvello et al.
2017) potentially helping to achieve EU targébs Good Environmental Status (GHSgrifiasFranco

et al. 2014; Hasselstrom et al. 2018)d could play aole in the European Green Deal Strategy
boosting the efficient use of resources by moving to a clean, circular epgn@store biodiversity

and cut pollution(European Commission 201®faximisinghis role and ecosystem services should

be incorporated in management strategiesdashould be considered in the sitelection and licensing

process.
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1 Introduction

The interest in novel natural resources has increased as a response to food demands by a growing
world population. Seaweed has been identified as being one ofséheesources, resulting in an
increased interest in cultivating seaweeds that may deliver a broad range of food but aléoaabn
products(Holdt and Kraan 2011; van den Burg et al. 2016; FAO .2828jveedcultivation is also
becoming increasirg recognised as a more environmentally friendly alternative to wild harvesting,
and it is currently the main source of raw algal prod{Rebours et al. 2014; Moffitt and Caj@ano
2014) Seaweed aguaculture predominantly occur in China and other countries of the Asian,region
dominatingthe sector with over 90% of the gloharoduction(Nayar and Bott 2014; Chung et al. 2017,
Ferdouse et al. 2018; Campbell et al. 2018Furope the seaweed aquaculture sectsrstill in its
infancybut has increased in importance ing last decadéRebours eal. 2014; Buck and Langan 2017,
Stévant et al. 2017Kelp species of the order Laminarialiesparticular(e.g. Saccharina latissima
Laminaria digitata Alaria esculentpare best suited forcultivation intemperate waters in northern

Europe(Reid et al. 2013; Kerrison et al. 2015)

While the mairresearchfocusin kelp ajuaculturehas generally been on improving the efficiency and
scale of the productioof seaweedo satisfy demandBuck and Langan 2017; Araujo et al. 2021)
strain selection andlomestication and product divefgiation (Kim et al. 2019)there isa need to
identifyingthe ecosystem servicawovided by seaweed aquatute andthe prevention of negative
effects(Stévant et al. 2017As a new butapidly expandingector, we are ina good position tdearn
from the experience in other aquaculture ativities, to alignthe licensing and site selection process
with European policyBuschmann et al. 2017; Walls et al. 201 D#spite the existence of a number
of desktop studiesthat have reviewedthe potential environnental interactions of seaweed
aquaculture(Buschmann et al. 2014; Woetlal. 20177; Hasselstrom et al. 2018; Campbell et al. 2019)
there is a dearth of observational studiéem the field and test farms identifying argliantifying
these effectsMost studies are fromisiaand eastern AfricéOlafsson et al. 1995; EkIof et al. 2006a;
Zhang et al. 2009; Liu et al. 2016; Zheng et al. 2@b@)in Europan temperte watersknowledge of
seaweed cultivation impact on natural habitatstarceandsite specific. There igork conducted in
small to medium sized farms irelandby Walls et al(2016, 2017b, aand in Sweden more recently
by Visch et al (2020) suggesing low intensity impactdargely compensated by beneficial effects
However, mitrient limitation models predictsignificant reductions in phytoplankton biomass,

depending on farming intensity and size of the fg@idridge et al. 2012)
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Identifying potential environmental effects of offshore seaweed aquaculture

A key issue to address in an ecosysbased approach tanform licersing seaweed aquaculture
projects, especially when upscaling, isitheffect on the surrounthg coastal ecosystems. The work
of Wood et al. (2017poked at some othese key environmental considerations concluding that, in a
UK context, there was no need to draw up a new regulatory framewotkdiher update existing
marine licensing legislation to include environmental and social considerations. Potential
environmental effects include changes in hydrodynamic conditions, sediment transport patterns in
and around the farm and potential changessiltation rates, seafloor organic enrichment rates and
light penetration that could affect benthic communities and primargducers. Wood et al. (2017)
estimated nemajor population level changes or impacts in the ecosystem but identified numerous
knowledge gaps that needed to be covered by observational studies, from effects on the physical
environment to nutrient dynamics ral marine life. Campbell et al. (2019onducted a similar
systematic review to iderfly the factors that need to be considerinimisingany potential negative
effects from seaweed aquaculture with a view to imfpsite selection and seaweed cultivation
methods used. The elements covered were a close match to those identifiééobd et al. (2017)
including absorption of light, nutrients, carbon, and wave engthg addition of artificial material
(increasing the potential for pollution and entanglement of megafauna) and noise; thasee of
dissolved and particulate organic matter; provision of habitat for diseases, parasites ashtina
species; the releas of reproductive material leading to competition and hybridisation between
domesticated strains and wild populations; and habcreation for plankton, benthos and epi and
megafaunaln agreement withWood et al. (2017), Campbell et al. (2019) identii@dwledge gaps
while providing environmental risk assessment matrices dedisionmaking flow diagrams to
identify impact thresholds and subsequently design monitoring programs that do not burden the

industry unnecessarily.

The factors and potential eftts, negative and positivéhat relate to offshore seaweed aqodture
and which could beconsideredas the foundationto inform the environmental monitoringand
evidence gatherindpllowed by GENIALG (this repacgn be summarised as follows (see dfggure
1):

1. Potential effects on the physical environment

1. Nutrient and pollutant remugal:

A Ameliorateeutrophication or

14
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A Competition with primary producers, reducing phytoplankton and/or macroalgae

and seagrass biomass leading altering trophic fluxes.
2. Wave and current attenuation: coastal protection or erosion

3. Sedimentation: both from altettéon in local carent patterns, enhancing water clarity, as
farms might act as sediment tragg/ood et al. 2017)or by increasig the amount of
dissolved and particulate organic matter, which could in turn increase the provision of
food to opportunistic seabed species from shedding. A potential increase in organic
content would raise biological oxygen demand through increase inrespiration

processes and the reduction of oxygen le@liridge et al. 2012)
2. Potential positive effects on local biodiversity
1. Cultivated seaweed as keystone species:

A Essential habitat for fish and shellfish (spawningugds or settlerent

surfaces)
A Habitat and feeding opportunities for other fauna

A Support of new food webs by presence of cultivated seaweedRseliff et

al. 2016 and refeences thereil
2. Longlines and ancillary structures as artificial habitats:
A Provision of settlement substrate
A Refuge/aggregation devices
A Foraging opportunities for fistjrds,and other predators (e.g. abs)
3. Potential regative effects on local biodiversity
1. Cultivated seaweed:

A Increased deposition of organic matter leading to change in community

composition and biotope type
A Shading limiting benthic primary producers (kelp, seagrass)
A Nutrient competition wih primary producers, e.g. phytoplankton
A Steppingstone$or non-native and invasive species
2. Ancillary structures:

A Abrasion and smothering

15
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A Scouring

A Steppingstonefor non-native/invasivespecies.

>

Depth of header
rope below water
surface, 1.5 m

Water depth at low water, 6-15m

atloor habitat change: physical and biota (+/-) >
Header rope (300 m) DIAGRAM NOT TO SCALE

Figurel Schema of possible intergons between seaweed aquaculture sites and environment considered in the monitoring

conducted at the test farms studied by GENIALG.

Rationaleof GENIALG Task 6.1: Potential impacts of seaweed farming on local ecosystems

Seaweeedominated ecosystemsnd a seaweed farm can be regarded as guexrform a number of
functions, including provision and maintenance of biodiversity, primary and secondary productivity,
carbon and nutrient cycling and water flow attenuation, which are ti@esl in important ecosysim
services. Besides providing valuable biomass, seaweed mariculture, in monoculture or integrated
multi-trophic aquaculture (IMTA) systems, may also provide additional ecosystem funcéiens.
seaweed cultivation is a novel forni otilizing the marine ecgystem it should be approached with

care, despite its expected low environmental impé@eblke et al. 1998; Roberts and Upham 2012)

Whereas the abiotic footprin(e.g. nutrient removal, COfixation) has to some extent been
investigated, the biological consequencesanfe-scalefarming initiatives are fdess foreseeable and
will likely require scrutiny. The attitude of the public to such developments is mt¢avell known.
Thus, GENIALG placemphasis onmonitoring the ecological and social footprints of seaweed
cultivation, with respect to the scalepuf production. These multidisciplinary data will be fed into
models to determine the carrying capacityfafms and quantify the benefits of cultivation using an
ecosystem approach. The knowledge created will be used to develop best préacticeprove

management to maximise economic benefit, biosecurity, and social acceptability
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Work packagé® of GENIALG subdivided into four main taskSpecific Objective 1 of work package 6
G2 a!aasSaa FyR Y2yAl2N) G§KS I8 orsiiokndifg 20 A

gl a 0A
O2aeaitsSvyaéch BRNB@aS&t 2aSydAlf Afy2DIONH aS@Fa &Sk HBS

(V)]

Task 6.1 waitself subdivided into the following subtasks:

1 6.1.1 Measure and monitor potential biotic and abiotic impacts of seaweed cultivation
local ecosystems (NUIG).

1 6.1.2 Assess the importance of gene flow between farms andpoejdlations (SAMS/SNRS).

1 6.1.3 Measure and monitor abiotic factors to validate models and evaluation of farm
footprint. Links to 6.1.1 (NUIG).

The bulk of the workhat NUIG presented in this reportrelates to sbtasks 6.1.1 and 6.1dhd places
emphass on faunal communities and abiotic interactions recorded at test farm for the duration of the
project The data collated as part of subtask 6.1&swsed toidentify potentialphysical changes in
the environment from cultivated seaweeduring the duratimm of the studies parametrise faunal
community and biodiversity data, and validate ecosystem models being developstdyypartners
(e.g.Sintef/WURIn Task 6.2ee Broch et al. 2031

Therewere two deliverables for which NUM&asresponsibleas a partner in the GENIALG project

1 D6.1:Faunal biodiversity datasets, uploaded to European biodiversity database, e.g. through
biodiversity information system for Eurof®lonth 42).

1 D6.2Report or manuscript submitted to peeeviewed journal describing the interactions
and impact of cultivate@lgae and growing structure on faunal community assemblages
(Month 36).

Deliverable 6.1 included biotic and abiotic datasets alyeaploaded to a public repository via the
EMODNET data ingestahile this report constitutes Deliverable 6.2.

Aims and objetivesof this report

Macrophytes, including kelps, as keystone and foundation species positively contribute to biodiversity
(Norderhaug et al. 2005; Christie et al. 200Qutivated seaweed along with ancillary support
structures form a three dimensional habitat that may enhance local biodiversity byrgamy a
substrate for sessile organisms and a sheltered habitat for mobile species, includifafisich et al.

2008; Christie et al. 2009; Wood et al. 2017; Visch et al. 20@tb) the holdfast acts as a habitat fo
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multiple organisms such as crustacedmbiel and Vasquez 2000; Bergman et al. 20Q@13hould
however be taken intoeount that age, morphology and location in the water column of a cultivation
unit do differ from natural kelp forests, altering espies composition and richness and rather than
expanding the natural habitat it forms a novel habitat for seaweed affiligptiegWalls et al. 2016)

In addition, the uptake and excretion of nutrients amgianic compounds by cultivated seaweeds can
alter the phytoplankton composition as well as the benthic commu(fgrini and Bracken 2014,
Wood et al. 2017; Moschears et al. 2017)An increase in biodiversity is also observed in similar forms
of low trophic aquaculture, like shellfish culiion affecting biodiversity on multiple levels and overall
enhancing i{McKindsey et al. 2011, Callier et al. 208)hough general principles on the interactions
between seaweed dtivation and biodiversity ar@asy to visualize, and have been well outlined in
numerous studies/reviews (e.gRoberts and Upham 2012; Hughes et al. 2013; Wood et al. 2017,
Campbell et al. 2019)t remains unclear to what extent these processes cbatg to ecosystem

functioning due to a lack of quantitative data

While the broadaims of Task 6.lh GENIALG wete identify potential impacts (negative or positive)
seaweed farms (the grown algae and the ancillary structures) could bavthe surroundag
environment the present report focusasn. In GENIALG waeviseda scientifically sound survey plan

to evaluate and quantify the condition of the bentlhiabitats, included seagrass beds, locateder

the seaweed cultureperations,anddescribe the biodiversity and faunal communities associated with
the cultivated kép. Monitoring programs were therefore established to gather a broad range of
abiotic and biological data at two tests sites, in Ireland, operated by Dingle Bay Seawegdsd_&.
second one in the Netherlands, operated by Seaweed Harvest Holland.ntlod thiese monitoring
programs was to monitor biodiversity in and around the reference farms, to assess effects of this new
habitat and increase of seaweed biomass, on ditserd other species, including commercial fish and
unwanted invasive species. RHel to these studies, seaweed pathogens and other pests, as well as
the evolution of genetic diversity of wild seaweed populations neighbouring farms were conducted
but arenot covered by this report. Relevant parameters were monitored and used tcatalide

carrying capacity models developed as part of Task 6.2.

Therefore, m this report we present quantitative data on biodiversity obtained during sampling
campaigns atwo tests sites in Ireland and The Netherlawddiated using a comprehensive sudé
surveys andmeasuring equipment (sekigure2). The approach wasrgunded on solid scientific
principles, following BACI desigfi$nderwood 1992accounting for temporal and spatial variability
that could detect how much of the variability observed can tiglauted to the aquaculture activities.

The approach is replble and was used to inform surveys conducted at a second test farm in the
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Eastern Schelde and incorporated into the manual on best practices for seaweed farming developed

GENIALG Deliverable 6.2

by GENIALG as part d@eliverable 6.9.The data presented comprises abroad variety of

measurements, biotic and abiotic and represents an ambitjgiese of work that aims to support

evidencebasedlicensing of new seaweed aquaculture sites and the management of existing ones

using anecosysterbased approach. Ultimately thisstudy broad@&s our understanding of the

ecosystemmpact and potential benefitthis novel form of aquacultureould haveunder the current

climate and biodiversity crisis.
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Figure2 Schematic representation of the instrumentation used attéfs¢ sitesto measure environmental effects of offshore

aquaculture.
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2 Materials and methods

Studykelp species

Representative photographs of both speciesnsidered in tis studyare displayed inFigure 3.
Saccharia latissima(L.) is a brown alga of-2 m length with a <60 cm stipe and an undivided,
waters in the north Pacific and Atlantic oceaf8s,latissimds native to EuropgPeteiro and Freire
2012) occurringin a large range of dbitats, under a wide spectrum of light and temperature

conditions(Heinrich et al. 2012)The species prefers sheltered rocky habitats and is usually absent

from very waveexposed areagMorrissey etal. 2001) f a2 |1y 26y | &S.{aticSmasva dz3a |

currently used for direchuman consumptiorfPeteiro and Freire 2013; Lining and Mortensen 2015
as animal feed dr aquaculture (Troell et al. 2006)and aspecies in integrated muitrophic
aquaculture(Freitas et al. 2016WVild harvesting o8. lattissimabccus inseveral European countries

(e.g.Rodriguez Gonzalez and Tasende 20B@Wwever, natural stocks are limited and, populations

around Atlantic European coasts have declined drastically in recent {faintke and Bartsch 2008;
Bekkby and Moy 2011; Christie et al. 2019; Sagdersen et al. 2019)

Figure3 Cultivated sugar kelp Saccharina latissima (left) and Irish walkdan= esculentdright). Photographs taken at the
test farm located in Ventry Harbour (Ireland) between 2017 and 2019.

Alariaescuénta(L.) Greville is a-4 m length brown alga with an upright and short stipe, and a long
single blade with a yellow visible midrib which helps to distinguish it f&nfatissimguveniles
(Fredersdorf et al. 2009 he distribution ofA. esculentaspans sublittoral zones in the Northern
Hemisphere, in exposed, rocky coasts in both the Pacific and Atlantic oft¢ession etl. 1998;
Kraan et al. 2001)The distributional range is largely limited by the species water temperature

mortality threshold of 18C (Hiscock et al. 2000; Fredersdorf et al. 20@jfshore cuiivation of A.
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esculentausing longlines is usually preferred to wild harvesting of wild populations because of their

ability to attach well to theopes and ease of harve@tlorrissey et al. @01)

Seaveed farms used as tedites
2.1.1 Ventry Harbour

The aim of the study was to evaluate the imptmwt a test farm on the environment by collating in

situ observational data (biotic and abiotic) for the duration of the project, that is at leasgtewing

seasons, i.e. 2017/2018 and 2018/20This studywas carried out in a seaweed farm owned and

operated by Dingle Bay Seaweed Ltd. The site is located off the-smsthcoast of Ireland, in Ventry

Il F ND2dzNE / 2® YSNNE 0OpHc 2The 900 x1200Ppm farm isHoEatet onsthe H M H
southwesterly side of the harboutayingon a northwest to south-east orientationand is accessible

from Cuan PiefFigured; Figure6).

A Ventry }L, \Q{ " A
N Slea Hoaq o, wfw f’ﬁ'ﬁ
B0

CARHOO
I

fair ’ / )

QDmgle Bay ’ -

Cuan Pier

Cuan

Ballyrean

SN Losaton ofinge m “:" ’

500 M ed

Figure4 Map of Ireland showing the seaweed faused as a test site to study the environmental footprint of seaweed cultivation between 2017
and 2019. The farris inVentry Harbour, Co. Kerry and is operated by DiBgleSeaweed Ltd.

The site is fully salingnean32 PPM) andbottom temperaturesranged between 6.10 and 17.67 °C
(Figureb). Water depth within the boundaries of the licensed aquaculture site ranges between 6 m
(CD inits western limit (inner harbour) to ca. 20 m in the eastern, most exposed limit. The site is
generally sheltered from significant wagetion,but it is subjected to considerable bottom swell and
turbulence (pers. Obs. Jose M. RagFranco and Mik&lurphy). The seafloor is primarily sandy with
seagrasgostera marinaneadowdocaed in the southwest of the baynder and in the vicinity of the
farm. This seagrass dominatedrea is unusuafor itsdepth, as it extendfrom the shordine between

CuanPier and Ballyrean in the soutio, depths up to 13 nbelow chart Datunio the north and east
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of the farm making it thedeepest occuience of Zostera marina iBurope(Whelan and Cullinane
1985) There are two protected areas adjacent t&entry Harbourand Ventry Dunesand Parkmore
Poirt proposed Natural Heritage Areand theshoreline of theKilfarnoge Peninsulaithin the Dingle
BaySpatialProtection Area. The bay, where the seaweed farm is locatethtia designged Natura
2000 site.
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Figure5 Salinity (PM) andwater temperature(°C) recorded under the test farm in Ventry Harbour during the-2019
environmental study period.

In total 20 collectors (1.7 mm Dyneema yarn, Schappe Technologézs)seededvith S. latissima
sporgphytes in 09/11/17 and 22//19.0n 4/12/17, he seededcollectors were transported to Ventry
Harbour (Seéigured).

¢KS FTINY Ada RAQGARSR Ayid2z GKNBS asS0irazyas 2N wWof
section approximately 1bnes are usually deployed on a southeastthwest direction, sme as the
licenced site.During the cultivation periodblock 1 of theseaweed farmnwas utilised.The block
consised of 15 ropes, 200 m in length and 10 mm in diamessparated approximaty 15 m from

each other.These longlinegor header ropesysualy sit 1.5 m below the water surface without
seaweed and up to 5m deep at peak biomass and are kept in position by weight blocks and buoys
spaced every 10 m along the longlines. Taysut s similarto other offshore algal culture set ups (see

best practte advice from iBAlgae project iMooney-McAuleyet al. 2016or example) Two longlines

were chosen in the outer edges of the licensed site, Line 1 in the northern section and Line 15 to the
south, theclosestto the shore(Figure6). In addition, Line 7 located in the centre of the site, was also
selected for cultivation. This edge vs centre layout was regarded as representative of the different

hydrodynamic conditions in the site and accounfedpotential spatial variabtly caused by shading,
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nutrient availability and current disruption caused by nearby longlines. The rest of the site is occupied

by longlines cultivated witllaria esculenta

Before the start on next season, on"18eptember2018 20 collectors were seeded wiaccharina
latissimagametophytes originating from wild stocks collected from the shore in Ventry Harbour. The
collectors were deployed on 220ctober 2018usingthe same longlinefrom the previous season
(see Figure6). Subsequent growth of the sporophytes was visually inspected ev&éryexks as part

of the environmental monitoring survey work for WP&ftktunately, the cultivation of5. latissima

in the test farm yielded M sporophyte density this year 48 per meter), likely due to poor
gametophyte growthor contaminationprior to deployment. The collectors and longline were also
heavily colonised byilamentous red algae. A second deployment using three collectors girectl
seeded withS. latissimazoospores in December 2018 yielded the same poor sporophyte growth
(Figure 2)Theecological assessment of seaweed farngngtinuedusing the long lineseeded with

A. esculentaproviding an opportunity tastudy potential speaesspecificdifferences in biodiversity

and habitat creation hence generalising our conclusion

A
Cuan Pier /
R1
- . ~ 30,
g a8 0"7
3 3 ‘ . ' R2
B -" \/,
10"7 R4
» : RS

Figure6 Schematicdngline layout aBlock 1Dingle Bay Seaweedtest farm in Ventry Harbour, co. Kerry (Ireland)

{

2

2.1.2 Schelphoek (Easte Scheldt)

The commercial seaweed farm (Seaweed Harvest Holland) is located in de Schelphoek near Schouwen
Duiveland in the southivest of The Netherlands (51°41'29.2"N 83R.0"E Figure7). The Schelphoek
is a skeltered bay in the Eastern Scheldt, which is affected by tidal movement from the North Sea. The

water is considered brackish as both salt water from Mwth Seaand fesh water from the Dutch
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rivers affect the Eastern Scheldt. The farm consists of 32lloas of about 100 meters long that are
kept afloat with buoys and separated with separators, and the size of the farm is approximately 1
hectare. Different methods are used varying from horizontal to vertical suspension, and from

continuous culture rops to single droppers. The water is approximately 7 meters deep around the

farm.
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Figure7 Map of The Netherlands showing two seaweed farnfing O GA2ya Ay GKS bSUGKSNIlIyRad wf26SNB CIl N
Easten Scheldt a semi enclosed estuarine area, which was investigated during the GENIALG project. [upper] The offshoréfgfm ldat2 NI K { S|
Lyy2gl a2y [ lnadh@NodtbSesldcated &t aparaxii 2km out of theoast andinvestigated through a riional research project

(PROSEAWEED).

Biologicalinteractions
2.1.3 Longline biodiversity studies

Samples were collected describe the biotic assemblage assowiitedultivated seaweeduring the
growing season, from the early stages to @vest peak biomss. This sampling was tied with the
biomass and growtimonitoring work run in paralleib feed on ecologicainodek developed as part
of the GENIALG pext. The samplewere collectedin 2018from Lines 1 (n=2), (n=1) and 15 (n=2)
on April (two visits) May and June. leach visit25 cm ofS. latissimaincluding the holdfastwvere
carefullyremoved fromthe longlinegsee Figurd and 5. The samples wergaced in plastic bags and
stored in cool boxes during transpahdfrozenon return to the laboatory. The samples wetater

defrosted and processl for biodiversity andfaunal community analysid.heselonglines(lines 1, 7
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and 15)were left unharvested over the summer and further samgiles5)were collected in October

2018to quantify the biodivesity andchanges in théaunalassemblagsuccession.

To providemore data to strengthen the statistical analyséscludingmeaningful comparisonsel to
control for temporalandseasonal variabilitya repeat sirvey was conducted during the 2018/a8gl
growing season Theunsuccessful cultivation @. latissiman 2018only A. esculentavasavailable
Thus, thisstudy provide an opportunity to establish intespecific differences in the biodiversity and
faunal assemblage compositi@ssocated with the two most frequently cultivated kelp speciem
Ireland The samplingapproach replicated the 2017/18 seasanllectingfive 25 cnreplicatesamples
of A. esculentdronds and holdfas{Figure8). The samples &re collected in March, ApriMay, and
June 2019dne visit eaclof the four sampling timepoints). The first sampling was conducted earlier
compared to the previous year (2018) to account for the higher water temperatures recordee in
springof 2019 canpared to the same period in 2018ollected on five occasions betweeraktéh and
June 2019. These samplesZ5)were preserved in ethanol and the faufram Line 15, and the five

replicates from the Apréurvey identified.

In both cases thaim was todescribe the biotic assemblage associated during the growing sgason
from the early stages to prbarvest peak biomass and use this opportunity to compare the

assemblages and biodiversity associated with each species.

FAE ... o

Figure8 Photograph showing collection of 25 o esculentdonglinesamples for biodiversity analysis Ventry Harbour
farm, May 2019.
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2.1.3.1 Sampleprocessing and faunal identification

All samples were taken to the laboratory, weighed, and the number of individimplents counted.

The seaweed was then washed over a sieve (0.5 mm mesh size). All the material retained by the sieve
and the seaweed itself were preserved in industrial methylated spirit (IMS), a mixture of 89% ethanol,
6% water and 5% methanol. All mafauna were sorted under a stereoscope into four main
taxonomic groups (Arthropoda, Mollusa@nnelida,andanyother major phyla. Sample identification

was carried out to the lowest possible taxonomic level e.g. species, using a stereoscope and an optical
microscope when necessary. Groups such as nematodes, hydrozoans, bryozoans, and other minor or
less common groups within the main phyla were identified to claster, or family e.g. Ostracoda,
Tanaidaceaor Halacaridae. All names were cratsecked usig WoRMS (World Register of Marine

Species, http://marinespecies.org/).

All the faunal taxa identified were organised in data matrices, and their abundances were arranged
for statistical analysi€olonial species, e.delectra pilosaMembranipora membraaceg Obeliasp.,

and taxaserendipitouslyretained in the sieves (i.e. less than 0.5 mm in size) e.g. Copepoda and
Nematoda, were only considered for calculating the total number of species in the community but not

included in the statisticanalyses

2.1.3.2 Sttistical analyses

Univariate and multivariate statistical analyses were used to investigate the differences in biodiversity
indices and the composition of the faunal assemblages associated with each kelp species, as well as
their temporal vaiability. These analyses were carried out using the openirce softwardRStudigqR

Core Team, 2020). Graphs were created using the R package ggplot2 (Wickhgm, 2016

Biodiversity indices includedtal abundance and total number of taxa in restricted tagmic groups
(Annelids, Arthropods and Mollusclotal abundance of individuals (N), Total number of taxa (S),
ShannokgWiener diversity index (H"), Margalef's species richness index (d) and Pielou's Evenness
index (J")Datawere checked for normality arfibmogeneity évariances. Parametric conditions were

met, and ANCOVA models were conducted to identify significant effects of kelp species and kelp
biomass Correlation was calculated far significant correlation between kelp biomass and water

temperature(°C). Allta 1 & 2 F ydZ t KeLRGKSaSa ¢SNB aasSaasSR

Multivariate analysis were conducted using the R package Vé&gQksanen 2013jo identify any
successional patterns in the macroinvertebrate assemblage associated with each cultivated algal

species, and identify the species responsible for the diffezeretween tle groups. All counts were
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standardized by the total abundance of all individuals in that sample. Amedric multidimensional
scaling (nMDS) algorithm using the Bf2wyrtis similarity coefficient was used to identify groupings

between samples

The relatbnship between the observed macroinvertebrate community present in the kelp species and
the independent environmental variables (water temperature, kelp biomass and the number of
holdfast present in each sample) was studied through a disthased redundacy analysis (dbRDA)
using BrayCurtis similarity coefficient. Permutational MANOVA (PERMANOVA) fixed models were
used to find if the variability in community composition is explained by the various categorical
variables (i.e. Kelp species,giion withinthe farm and months). SIMPER analysis was performed to
determine which specific species contributed the most to the differences between samples and to

identify the predominant species in each month and kelp species.

2.1.4 Biodiversityof growingstructuresand cultivated seaweed: dropper field experiments

Experimental droppers wengsed b testthe faunal colonisation patterns and biodiversity associated

with cultivated seaweed and the growing structareThese droppers consisted of 1 long
polypropylene ropse that would be tied to the farm longlineand kept in position using a small

concrete weight(Figure9). Some of thesalropperswere seeded withS. latissimagametophytes

(n=90) and kept in recirculating seawater t&s under 12/12 light cyclefor three months until

deployment. ¢ KS UGNBIF 0YSyld WaSSRSRQ RNZLILISNE ¢ SSNBE aLIN
latissimastrains used to seed the collectors deployed for biomass harvesting and biodiversity studies.

The same amber ofunseeded(i.e. not sprayed)controls (n=90)were prepaed and submerged in

sterilisedseawater for at least 24 hours.

Figure9 Seeded dropper in the hatchery before deployment (left) and attached to longline orietesasiwo months after
deploymentin Ventry Harbour.
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All droppers wereleployed at thetest farmin Ventry Harbouon 8" March 20T. To test the influence
that the position within the farm might have on colonisation and biodiversitypperswere attached

to Line 1at oneup currentlocation (exposed side of the farm, near the mouth of the harbour) and at
the opposite end of the farm, in its most sheltered side to the wé&kis was repeatebr lines 7
(centre) and 15 (southern edgdh total five eplicate tm droppers seeded (n5) and unseeded
(n=5), were attached to the header ropes at lines 1, 7 anfs&é experimental layout indgure7). Six
months after deployment, threeseeded replicates and unseeded controls were collected by scuba

diversfrom all lines, and botlip current anddown currentpositions(Figure9;Figurel0).

NE
Experimental droppers
Seeded
® Unseeded
Seeded farm area (including extension) 0 100 200
Extent of original farm licenced area i
- ===

Figure10 Map showing the position of the experental dropers, seeded and unseeded controls, deployed in the Ventry
Harbour test farm to assess biodiversity and colonisation patterns associated with seaweed cultivation strivtztpres.
created using QGIS 6.
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Droppers experimental layout-Ventry

PLAN VIEW
Droppers=>5 replicates x 2 types x 4 times= 40
Outer
(Line 1) | Downcurrent | Upcurrent
e & o |
ELY 6M 12M 24M £ 6M 12M 24M
40m 40m

Mid
(Line 7?)

Quter
(Line 15) @ &> ——————0 0060 0 0 o 0 0 o—0—6—-—9

SECTION VIEW

%& GENI Draft v1: José M. Farifias-Franco

Figurell Layout of dropper experiment conducted at Ventry Harbour site, between March and October 2018.

The divers placed the droppers in 0.5 mm mesh size bags, tied both ends with cable tiesthed cu
dropper ropes. In total thirtysix replicates(n=3x2x3x2=36) were collected by in June/July 2018
representing the sixnonth faunal succession and again in October 2018 (n=12) nine months after
deployment for faunistic analysis. These samples weresgmwed in ethanol until they could be
processedand the fauna identified and enumerated. AlirBonth dropper samples were sorted in
2019 into four main taxonomic groups after washing the samples over a sieve (0.5 mm mesh size),
with full identification tospecies level and enumeration completed for linemdl 15.Faunal datasets

were uploaded to the EMODneublic data repository (https://www.emodnéngestion.eu/)

The replicatadroppers left on site over the summer season were collected by diieesonths after
deployment, n October 2018&isingthe approachfollowed in JulyThe samples were preserved in IMS
upon return to the lab. These samples were only partially sorted before the project came to an end.
All statistical analyses ave conducted using RR Development Core Team 20%@¢luding the R

package VegafOksanen 2013)

2.1.5 Effects on benthic primary producensd benthic biodiversity

To assesthe potential effectsfrom the farm on the benthosve followed survey methodolgies laid

out by Davies et al(2001) informed bythe BAChrinciple(i.e. Before After-Controtimpact Gray et

al. 2006; Underwood 2006)BACI aims at differentiating natural variability in thesasured
parametersagainst changes potentially induced from an anthropogenic activity (as the source of
impact) by sampling before and after the activity os;uine area potentially impacted and a distant

control stations of similar characteristibsit unaffected by the activityln the design, 100m transects
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were plottedalong thedirection of the prevalent current and perpendicularly to it, with the farm as
the starting point. Th layout aimed atletecting spatialchanges in the sedimentology and infalina
diversity, from the farm as the source of impact, having a distant cortesisectto the north for
comparisonThese surveys consisted of underwater habdurveys, conducted by SCUBA diusiag
video recording and camera still photograplayddirect seabed sediment sampling by means of grab
sampling from a boaflThese radial sampling locations were positioned as foll@wesvn current(DC)
located on tke western section of the farntp current(UC) on the eastern, more exposedundary;
Orthogonal Mrth (OFN), perpendicular to the farm, on its northern side; Orthogonal SouthSRT
perpendicular to the farm on its southeatge; and Contrdbcated approximately 200 m to the north

of the farm(Figurel2).

)
— — —— — — —

Control )
3¢ OT-N-100

Current

1
|
I
I OT-N-50

A A

3.0 OT-N-25

& wll=-Edgas
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e
l I OT-S—EE
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A | A
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|
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Figurel2 Schematic representation of the seabed surveys conducted at the test farms for GENIALG. In blue seabed transects
surveyed by SCUBA divers ugihgto quadrats Yellow stars represent grab sampling locations. Codes tadiositions:
OT-N=0rthogonal NorthOFS=0rthogonal South; DBswn current UC&Jp current Numbers denote distance from edge of

farm. Transects are 100 m long. Control station is situated approximately 200 m from the edge of the farm.

In total five benthé surveys habitat surveys were conducted for GENIALG in two seasons (2017/18 and
2018/19).These surveys includedbaseline survey conducted orf' September 2017prior to the
deployment ofculture string mid-season surveysonductedon 28/29" March 208, peak biomass
surveys conducted at the time of the harvest thve 4" and 13" July 2a8 and postharvest/pre
seeding survey conducted on"28eptember 208. During the 2018/19 growing seasone additional

benthic survey was condted just before haresting, representing the last seabed survey of the
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project. Grab samples famfaunal analysis and sedimentology were conducted thApril 19 while

underwater habitat monitoring surveys (video and photography) weemgied out in the first week of
May 219

Eachbenthicsurvey consisted of:

a. Five 100 m dive transects surveyed by a diver ysimgo quadratsand video (more than 100

C.

dives, over 500 pitographs collected)During the seafloor habitat surveys SCUBA divers
swam along the transectaid outfrom a boat using a leaded ropgth two buoys attached

to mark the beginning and end of the transects. The diver recorded notes on sediment and
main habitat type, presence of conspicuous fauna or signs of their presence (e.g. burrows)
The divedeployed a 0.25 nd quadrat at random positionstarting directlyunder the farm, at

the edge and every 25 ife.g. under, edge, 25 m, 50 m, 75 m and 100 These quadrats
were photographed using an Olym@iEG®digital camera in an IKEL®&busingand video
recorded using a GoPro Hero 5® camera mounted on the frame. Imagepweessed in the
laboratory, quantifying percentage cover of seagrggesenceand abundance of epifauna

and general characteristics of the habitat and substratum.

Sdiment samples colléed at each of the 21 statiordisplayed irFigurel2using a Van Veen
grab for macrofaunal analysi$he Sample sorting has been completed for all samples and
identification is ongoingn total 315 sediment sampavere collected at the test site, 210 for
infauna analysis and 105 for granulometry/organic matter analysis. Infauna from all 210
sampleswere removedby sieving the sample throughsieve of0.5mm meshdiameter and
sorting the macrofaunanto four main axonomic groups (Annelida, Crustacea, Molluscd, an

other phyla) later identified to species level.

Any seagrass present in the replicate grab samptdiected forgranulometry and organic
content analyses was retained. A#lagrassamples were weighediried and the dry weight
and ash free weight caltated. The analysis for all five seagrass surveys (21 stations x 5
sampling points=105 samples in totallpplemented thecoverage monitoring conducted

usingphoto quadrats

A replication of this methodolgy was tested in May 2018t the Easter Schelde sitBr. Jose M.

FarinasFranco travelled to Yersek&he Netherlandgp meet with Dr. Henrice Jansen (WUR) (authors

in this report) and conduct a trial run of the ecologiceadnitoring work at the site owed by Seaweed

Harvest Holland. The fieldwork was conducted between 7/05/18 and 10/05/18 and included:

w

Seabed habitat video surveys x5
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w UVC surveys along outlenglines.
W Deployment of a baited underwateamera.
W Cdlection of sediment samples &2fl representative stations.

2.1.6 Fish surveys: underwater visual census (UVC) and Remote Baited Cameras (BRUCS)

The use offarm structures and cultivated seaweed bighf species was assessed by means of
underwater visual censusisreys by divergTuya et al. 2005; Murphy dnJenkins 2010; Bosch et al.
2017) These fish surveys wepenductedat the Ventry Harbour farmat three timepointsduring the
2017/18 and 2018/19 seasonsamely 1) beforethe deployment of the seeded materia) at mid-
seasor(February/March)and3) at peak biomass, just before hartieg). In each survey a SCUBA diver
swam alonghree 30 m replicate transects on three different seaweed lintgo outer lines, north
(Line 1) and south (Line 15) and the centre line (Lin&iedootagewas recordedising eHDGoPre®
Hero 5® digitatamerg takingphotographsand notes on fish species present, their numbers and
behaviourif possible Surveys began at one of the longlimaarking the north or southern boundaries
(e.g.the outer longlinesLine 1 or Line 15)he diver started the firsransect at one of théneader
buoys markinghe edges of the farnagainst the direction of the prevailing curremideoing the

longlinesand swimming in a controlled, steady manner to ensure fish were not disturbed.

Using theheader buoys as referencené knowing theywere approximately 10 m apart from each
other, the diver stopped the video recording upon reachingttiied buoy (i.e. 8 m transect length).
To avoid any potential confounding effects the diver contingedmming at the same pace up until
the following buoy, when they started recording the seconahsect and, subsequently, the third and
last transect.The diver was retrieed onto the boat and the process repeated in the remaining two
longlines.Control underwatertransectswere alsosurveyed on nearby seagrass/kelp habitatgere
also collectedn June 2018 and January 2019, respectivlizile in 2018 the three transects were
carried out along longline cultivated witB. latissima as expected,ni 2019 the failure of the
experimentalS. laissimacrop meant that onlyA. esculentavere availabldor the follow-up surveys.
Similar surveys we trialled inthe Schelphoek (Easterrigldg farm run by Seaweed Harvesolland

carried outby WURand NUIQthis report)

Underwater baited camerasere successfully tested in both Ventry Harbour (NUIG) and Schelphoek
(WUR) Qualitative and quantita# S é&@2FyF§¥ RIF G 6SNBE NBO2NRSR | yR

section
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Monitoring of environmental conditions

Gontinuous monitoring of abiotiparameteswas conducted at the test farm Mentry Harbour from
September 201706/09/2017) to October 2019All data loggers wereegularly checked, cleaned and
the data downloaded to provide detailed image of theconditions on site, namely temperature,
salinty, turbidity, irradiance, tidal currentspeed and direction and water quality. Inaddition,
sediments were sample@t regular intervalsin parallel with the benthic infauna surveyfr
granulometric and organic matterontent analysesThese datavere shared with SINTEF in Norway

to inform theirecological models developed as partwadrk package.2 of theGENIALG project

2.1.7 Effects orseafloorphysical properties: granulometrgrganic mattercontent

Seabed sedimentamples were collectedrom a boatusinga small, 2 | (0.25n?) VanVeen grab
Sampling stationsvhere the same ones sampldor benthic fauna characterisationontrol, under

the farm (U), at the edge of the farm (E), and at 25, 50 and 100 meters from the edge of the farm
takenalong fourtransects (p current down current orthogonal north and soudfandare indicated

in Section2.1.5and Figurel2. All samples were kept in a cool box while on transitite laboratory

and frozen (20°C) Granulometric analysis wastied out using aValvern® Mastersize® particle
analyseron three sub samples from sediment samggioide et al. 2012)Raw data was processed to
obtain grain size distribution data using the software GRADISTA{BW80and Pye 2001)

Total organicmatter content n each sample was calculateding the loss of ignition (LOI) method.
Samplesweredried G ™M n p x /s, hedidweightcaic@ladebhkfore beingncineraedl G p p n x /
for another 24 hoursThe organic matter content was then calculated as the difference between the

dry weight and the ash freeeight.

Datawere plotted using QGIS 3.4.1QGIS Development Team 201®pbtain a spatial visualization
of the sediment compositiorThe effect ofseason, location and distanc® sediment composition
and granulometry wagarried out using PERMANOY#nderson 2005)n R(R Development Core
Team 2017using the vegan packag®ksanen 2013)

2.1.8 Hydrodynamicsnd sediment dynamics

A two-dimensional hydrodynamic model was constructed$sesshe impact ofthe test farmon the
hydrodynamics of Ventry Harbauh Depth Integrated Velocity and Soldieansport model (DIVAST)
was used with and without the seawe@ttcorporatingwater depths, current direction, and current
velocities The model only assessed the impact of the farm on flaid but could be later pdated to

incorporate biological and ntient parameters.
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To calibrate the model,wo acoustic doppler profilers (current meters) and turbidity meters were
successfully deployed and retrieved in April 2018 {paevest) and July 2018 (pesarvest) at two
sites (under the farm and between theaie and farm). This wonwas conducted in collaboration
with the School of Earth and Ocean Sciences (NBI&)parate report with the results of the DIVAST

2-dimensional modeis in preparation.

Sediment traps wer@sed tostudy potential alterations tohte sltation dynamics in the area caused

by the presence of thé&arm. In total three set of sediment traps were deployed under the farm and
at the two control stations for a period of 7 to 12 weeks in January/February 2019, Jurizd1gly

and July/October2019. The results from the first two deployments yielded signitigahigher
sediment deposition outside the farm compared to under it. The farm act as a sediment trap itself,

reducing turbidity and sedimentation.

2.1.9 Turbidity and light penetration (Irradnae)

Data loggers measuring temperature (HOBO®, Onset Ltd.), phtiteigally active irradiance (PAR;
Odyssey® Dataflow Systems Ltd.), and conductivity (Seabird Scientific L3¥, SREOCAT®) were
deployed at the Ventry site in September 20The tenperature and PAR loggers were attached to
stainless steel framg§igurel3) and deployed on the seafloor at two control stations ca. 200 m north
and ca. 100m south of the farm, between the farm and the shorelinéhid frame with PAR,
temperature and conductivity loggers was placed on the seafloor, under the centre of the farm.
Finally, one PAR and temperature logger were attached to one of the longlines in the centre of the
farm, just below the sea surface. Tlgdes were programmed to take data every five or ten minutes
for the duration of two full seasons (Sept to Oct19) and were regularly retrieved to download the
data and ensure their maintenance. In addition, turbidity loggers (RBR Ltd.) were depioyey i

2018, before the start of the second season in October 2018, and retrieved in October 2019.
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Figurel3Instrumentation used to monitor abiotic conditions at the test farm in Ventry Harbour: left, Seabird conductimeter,
RBRurbidity logger and PAR logger deployed under the farm; top right: acoustic doppler profiler use to measure direction
and intensity otidal currents; bottom right, Odyssey PAR logger attached to header rope, use to measure irradiance.

2.1.10 Water quality: vidiility, suspendednatter, and nutrient content

Water samples were collected monthdy the Ventry test farnbetween September 201@nd July

2019. The sampling was conducted from a boat at five sampling stations, namely at the centre of the
farm, at two stdéions located 100 m east and west from the edge of the farm (i .current and

‘down current), and at two distant stations perperallar to the prevalent current direction, i.e. one
~200 m to the north (named control), and ~1 km to the western edghefarm, and at the inner

part of Ventry Harbour close to Fionn Tra beach (named Inner Begfrigurel4.

In each sampling station, triplicate water samples were collected at the subsurface (ca. 10 cm deep)
by hand using 500 ml acid washed, HDPE bottles previously rinsed three times, in situ, with sea water.
Three water samples were collectedf the seabed (2 m off bottom)from the boat using a Niskin

Bottle (KC Denmark A/S). The Niskin bottle was manuallyosetred to ca. 1 m off the seabed and

close using a messenger weight. Once hauled back into the boat, three 500 ml HDPE bottles (one for
each replicag) were rinsed three times with the contents of the Niskin bottle before being filled. All
the samples wee placed into a cool box filled with ice packs and transported to the laboratory the
same day. In total, 30 water samples were collected in eachwitie site (N=3 replicates x 2 depths
(surface and bottom) x 5 sampling locations=30). In additionemelarity was estimated in situ, on

the day of the sampling, by means of a Secchi disk.
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Figurel4 Location of water mondring stations in Ventry Harbour, co. Kefotograph: water samples collected usag
Niskin bottle ASecchi disc was used for water clarity measurements.

Upon return to the laboratory, all samples were frozeB0{C) until processed for nutrient and
suspended matter conterdandysis Samples were fully defrosted in a constant temperature room at
~4°Cbefore analyses were carried 50 mfiltrate subsample wasbtained using.45> Ypore size
syringe filterand keptfor nutrient analyses. The remaining sample (=450 ml) was vacuum filtered
through a Whatman glass microfiber filter (0:7Ypore size). Oncthe full volume was filtered, the
filters were oven dried at 108 for 24 hours and weighed to estimate total stisgeed solid (TSS)
content, and then ignited to constant weight at 550°C using loss on ignition (LOI) method to calculate
the inorganic and om@nic fractions of the TS®ntent. Nutrient analyses were conducted-ouse in

NUIG using a microplate spectroghmeter following methodology laidut in (Murphy J and Riley JP
1962; Vargag\lbores and Hernanddzopez 2003; Patey et al. 2008; GaiR@bledoet al. 2014)

All statistical analysesewe conducted using R Development Core Team 2017)
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3 Results

Effect on biodiversity and surrounding habitat¥entry Harbour tesfarm
3.1.1 Biodiversity and community assemblage of cultivated kelp

Observations made bgiivers and visual records of epifauaad colonial taxa found on the fronds
during the sample sorting process (but not included in the quantitative analysis), indicated the
presence of an epifaunal assemblage of bryozodiscfra pilosaMembranipora memianos3,
Hydroids Qbelia geniculath occasional snake locks anemon&semonia viridissponges $ycon
ciliatum), along with the tube building polychaeteklaésa falcatgin the fronds and holdfast crevices
where sediment accumulate@ihese specieepresentd the climax assemblage associated with the
cultivated seaweedn the summer months. As the seaweed deteriorated and grazedupon, the
assemblage transitioned towasda blue musselMytilus edulisdominated one in October, with
associatedanemones Netridium senilg, hydroids and sea squirtsAgcidiella aspersaCorella
parallelogrammad. The longlines and cultivated seaweatiracted several species afustaceans
including shrimp Crangon crangon squat lobster Galatheaspp.) and crabsQancer paguruand
Necora pubex From April tdDctoberhigh numbers of juvenile pollo¢kollachius pollachiushoaling

in groups 06-30 individuals)two-spotted gobiessobiusculufiavescensnd lumpsucker Cyclopterus

lumpus were recorded.

Figurel5 Photographs taken by divedsiring underwater visual census surveys conducted at the Vidatlyourfarm, Left:
Juvenile pollek Pollachius pollachiushelteing in cultivatedSaccharina latissimaRight: Twespotted goby Gobiusculus
flavescens illaria esculentéonglines.Photo: Dr. Jose MaFRfasFranco.
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3.1.1.1 Macroinvertebratebiodiversityin longline seaweed samples

In total 94 distinct macroinvertebrate taxbelonging to seven phyla were recorded across all 25 cm
replicate samples collected in both seasons, in both kelp species. Out of that total, 78 taxa and 17,591
individuals were associated wifh latissimand 7 taxa and 8,934 individuals were founaurltivated

A. esculentaThe mean number of invertebrates associated with each 25 cm section of cultivated
longline was 3,840 individuals (153 ind.*tor 462 ind. kel) for S. latissimaand 5,221 individuals
(209 ind. cmtor 450 ind. k) for A. escienta. There were 16 taxa exclusively foundSinlatissima

and 20 taxa found only iA. esculentae.g. Monocorophium sextonaelThe most common species
included the polychaetdHdarmothoe viridigpolychaete), the mphipods Dexamine theaCaprella
mutica, Jassa falcatad herdmanj J marmorata, Idotea granulosdarthropods) and the gastropod
Rissoa parvdgastropod). Caprellid amphipods included two spedizsmuticaand C. penanti The
non-native Japanese skeleton shrintp, muticawas dominant with adtal of 48 individuals per cm
(1207 individuals) recorded @& latissiman the peak biomass (June) surveys. The abundance of ghost
shrimp inA. esculentasamples, taken also in e, was noticeably lower with 250 individuals per

sample or 10 ind. crh

Truncated data for statistical analyses comprised 60 taxa belonging to seven phyla namely Annelida,
Arthropoda, Bryozoa, Cnidaria, Mollusca, Nematoda and Porifém.samples fronS latissima
yielded 48 taxa whilé. esculentaeturned 50 taxa. Arthropodaas the phylum with greatetiversity

for both kelp species (40.8 taxa$n latissimand 36.5 taxa i\. esculenty followed by Mollusca (28

taxa) and Annelida (16.8 taxa). Afida was the second most diverse group recordediitivated A.
esculentawith 23 differenttaxa, followed by Mollusca with 19 taxa. Overall mean numbers of all taxa
recorded were similar in both kelp species (23.8X5inatissimaand 22.25 inA. esculenta Total
number of taxaincreasedwith time for both kelp species, excefur May, where lover valueswere

of Arthropods and Molluss wereidentified inA. esculentaamplegFigurel6).

z
]

June| |57
May

April

March

Total numer of taxa (S)

Total numer of

S. latissima A. esculenta

S. latissima A. esculenta

@Annelida OArthropoda BMollusca BAnnelida OArthropoda ®Mollusca

Figurel6 Bar plot showingLeft: Total number of taxaRight: Total abodance (Logarithmic scalé) Saccharina latissima
andAlaria esculentamong the sampling months.
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Cumulative numbers of individuals (i.e. total abundance) also increased each month peaking,in

including numbers for those species that were consisiergtorded in all monthd={gurel6).

{ KIyy2yQa QRidheeSNE and évendess (J) values of the macroinvertebrate assemblages

were generally low, indicating high dominance sime taxa (e.gJassa spp.) and not remaikable

different between thawo cultivatedkelp speciesKigurel?). Thesamplesvere similarly rick{d) with

meanvalues 0f2.74 inS.latissimaand 2.75 inA. esculentaa STy { KFIyy2y Q®and A 2RA DS
evennessvere low, albeislightly higher irA. esculentgdH(: 1.36 and J = 0.48, respectivaginpared

to those recorded ir8. latissimaamplegH= 1.29 and J = 0.45).

Richnesgd) increased along the sampled periddhere was an increase ini kidex in the first three
months and a decrease in the month prior to harvest (Table 6.4). J° index showed higher evenness in
April and May forS latissima(~0.5)but decreased to 0.32 in Jun€&igurel7; Tablel). However,
evennesdn the A. esculentaassemblage increased the first months (with a peak of 0.69 in May)

and decreasd in June(J=0.37.

April (DMG)

Total number of taxa

; -

S. latissima A. esculenta S. latissima A. esculenta

Margalef's species richness

n

April (H)

Pielou's evenness
April (J)

Shannon-Wiener's species diversity

S. faﬂ':ssrma A es&u!enta S. laft:ssfma A escin‘enfa

Figurel7 Boxplots of (A) total number of tax8); (B) ShanngiViener's speciediversity (H"); (C) Margalef's species richness
(d); and (D) Pielou's evenness (J°) grouped by kelp species. The horizontal line within each box mark the median and the box
portion of the box plot is defined by two linssthe 25th percentile and 75th pezntile.
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Tablel Biodiversity indiceassociated with cultivateaccharina latissimend Alaria esculera samplesKelp biomasgkg)
represents kelpollectedfrom 25cmsamplesTotal number ofpecies (S), Abundance of individudN), Margalef's species
richness index (d), ShanrgWiener diversity index (H) and Pielou's Evenness index (Jsh&prd mean values (n=4)

Saccharina latissima Alaria esculenta
Variable March Aprii  May June March Aprii May June
Kelpbiomass (Kg) 1 195 206 341 1 306 28 28
Total number of taxS) 10 20.25 29 36 11 19 21 38
Total abundancéN) 113 373.5 2290 12850 131 239.3 201 7128
Margalef's species richneéd) 169 299 310 3.17 144 294 3.02 361

ShannogWiener species diversifH) 089 148 168 1.11 045 175 194 1.30

Pielou's evennesd) 041 053 052 032 022 064 069 0.37

Linear regression modelsdeplotsin Figurel8) showedsignificant (p<@®5)collinearity between total
number of taxa and temperaturand kelp biomass as the independent variables withaRies of 0.61
and 0.8 The relationship between tal abundanceof individuals (N) and both explanatory variables
was more tenuousespedilly for biomass with a poor model fit ¥®.49; p0.05).There was no
significant correlatiometweenbiodiversity (as S) adandkelpbiomass. Howevetemperature was

positively and significantly correlated with both metrics, ¢.g.0.8p<0.00IN" 0.66 p = 0.01
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Figurel8 Scatterplot showing the linear regression between kelp biomass and water temperature with theuholer of

taxa (S) and Total abundance (N3.aRd its corresponding-palues areepresented in the graph. Grey areas represent the
confidence intervals.

3.1.1.2 Macroinvertebrateassemblageand successioin cultivated seaweed
Distancebased redundancy analysis was performed with standardized data to examine the
differentiation between thesamples, related to the predictor variables. None of the environmental

variables had a significant impact on the samples and their community compoditibie).

Table2 Summary of the dbRDmodel relating the abundance matrix and the matrix of explanatory factors. -Vakips
are shown as indicators of the significance of the model, the CAP1 and CAP2 axes, and the independent variables. The
proportion of variance explained by the CAP1 @AdP2 axes is also indicated.

Df SS F Pr(>F)

Model significance

Model 3 0.466 1.072 0.396
Axes significance

CAP1 1 0.279 1.929 0.464

CAP2 1 0.118 0.816 0.829
Explanatory variables

Holdfast 1 0.121 0.838 0.533

Biomass 1 0.163 0.124 0.337

Water Temp. 1 0.182 1.254 0.249

PERMANOVA analysissults showed thatkelp species and position within the farm, and their

interaction, are not significant factors explaining community compositicable3). Position within
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the farm was marginally not significaat (p=0.07)and the MDS plots shows a separatiogtween

assemblages found aexposed duter) and sheltered (centre) farm longlin@&gurel9).

Table3 Multivariate analysis of variance (PERMANOVA) showing the effect of each variable (Kelp species and Position) in
the faunal assemblages associated with April samples. (Df=degrees of freedom; SS=sums of squares; MS=mean square).

Factor Df SS MS  F.Model R Pr(>F)
Kelp species 1 4730 4730 1.12 0.16 0.20
Position 1 52.78 52.78 1.25 0.17 0.07
Kelp species * Position 1 32.26 32.26 0.76 0.11 0.97
Residuals 4 168.65 42.16 0.56
position
© Exposed
ol . Shelterad
w0
o
= kelp_specie
. aes
A AR5 A ca
00- 3 o
R3 5
Azs
0.4 0.0 0.4
MDS1

Figurel9 nMDS ordination gnah based on BrayCurtis similarity coefficient of standardized fauna data taken on April. The
position of the samples in the farm is represented in different colours. Alaria esculenta (Aes) is represented by circles and
Saccharina lagisima (Slat) by triagles.

SIMPER analysiBable4) identified seven taxaeingresponsiblefor more than 70% of the variation

in the assemblagdsetween monthslargely due to different abundancebhree taxa were Arthropods
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(namelyCaprellaspp.,Idoteaspp. and Ischyroceridae), three were MollusE@(dia lineataHiatella
arctica,andMytilus edulisand one Annelida (Oligochaeta). Differencesumbers of Ischyroceridae
amphipodsand M. eduliswere consistently responsible fdhe bulk of the dissimilarities when
comparing the Marclassemblage with subsequent months (up to 70% between the March and June
samples). Other taxa included oligochaetes and the isogottasp. (MarchApril), andCaprellaspp.
(March-May). As diversityncreased with timenew taxa explained the changes beten these late
Spring/early Summearommunities (e.g. the bivalldiatella arcticaand the nudibranchrjordia lineata

seeFigure20).

e Y

Figure20 The nudibranch Fjordia lineata feeding on hydrdidéullaria indivisa growing on longline structures used to
cultivate kelp. Ventry Harbour test farm, co. Kerry (Ireland). Photo: Dr. JoswiRagFranco.

Usingkelp speciesm@wn as the graping factor SIMPERIentified 46.61% dissimilarities, largely the
result of taxa being present in both assemblages but with different abundances. Seven taxa that
accounted for 70% of the differences between months, explained ~80% of diveutantribution
between kelp species. Ischyroceridae &ndedulisalso contributed to most dissimilarities with more
than 50% of the cumulative contribution. The biggest difference in average dissimilarity corresponded
to Ischyroceridae, with 14.50%, dio Mytilus edilis,with 9.26%. The rest of the taxa presented lower

and more even average dissimilarifyapleb).
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Table4 SIMPER analysis comparing dissimilarities in community composition betwedrsrsantpled. The taxa showed is
contributing to the ~70% of the dissimilariigtween two months.

Average
dissimilarity Average relative Average relative Cumulative
(%) abundance Month 1 abundance Month 2 contribution (%)
a) March vs April
Ischyroeridae 16.78 0.856 0.521 43.06
Mytilus edulis 7.51 0.008 0.158 62.34
Oligochaeta 2.31 0 0.046 68.26
Idoteaspp. 2.26 0.021 0.052 74.07
b) March vs May
Ischyroceridae 32.08 0.856 0.215 44.01
Mytilus edulis 10.11 0.008 0.21 57.88
Caprellaspp. 9.02 0 0.18 70.25
¢) March vs June
Ischyroceridae 16.8 0.856 0.52 36.65
Mytilus edulis 16.58 0.008 0.339 72.84
d) April vs May
Ischyroceridae 15.3 0.521 0.215 28.88
Caprellaspp. 9.02 0.006 0.18 45.89
Oligochaeta 7.34 0.046 0.147 59.74
Mytilus edulis 4.55 0.158 0.21 68.33
Idotea spp. 2.37 0.052 0.021 72.81
e) April vs June
Mytilus edulis 9.72 0.158 0.339 28.05
Ischyroceridae 5.92 0.521 0.52 45.12
Hiatella arctica 3.12 0.065 0.003 54.13
Idoteaspp. 2.42 0.052 0.006 61.1
Oligochaeta 2.29 0.046 0 67.7
Fjiorda lineata 2.02 0 0.041 73.51
f) May vs June
Ischyroceridae 15.29 0.215 0.52 28.26
Mytilus edulis 9.69 0.21 0.339 46.18
Caprellaspp. 9.02 0.18 0.033 62.85
Oligochaeta 7.34 0.147 0 76.42
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Table5 SIMEER analysis results of Saccharina latissima vs Alaria esculenta. The taxa showed is contributing to the ~80% of
the dissimilarity between both kelp species.

Average relative Average relative

Average abundance abundance Cumulative
dissimilarity (%) contribution (%)
S. latissima A.esculenta

Ischyroceridae 14.50 0.489 0.567 31.11
Mytilus edulis 9.26 0.232 0.126 50.97
Caprellaspp. 4.99 0.101 0.009 61.67
Oligochaeta 4.25 0.016 0.081 70.79
Hiatella arctica 2.09 0.022 0.049 75.26
Idoteaspp 1.77 0.009 0.041 79.06
Fjordia lineata 1.70 0.024 0.020 82.70

3.1.2 Biotic interactionscomparison betweeropestructures and cultivated seaweed

Sorting and identification of the macroinvertebrates foundhe 1-m longdroppers deployed in the
VentryHarbourtest fam revealedhighcumulativeabundances ofssociatednacrofaunaafter three
months in the field (Marclg July)with atotal 166,815 individual invertebrates belonging 81 taxa.
Faunal assemblages associated to seeded and unseeded droppers were dominttecamphipod
Jassaspp. (77,624 individuals), blue mussebsMytilus edulis(67,934 ind.) and the noenative
Japanese ghost shrim@aprella muticg15,111 ind.). According to the results of the SIMPER analysis
(Table7), the main dissimilarities between the assemblages corresponded to much higher average
abundances for the dominant specidagsapp.,M. edulis C. muticaDexamine theaCopepods and
Rissoa parvarepresenting 98% of the cumulative abundandeshdin the droppers witts. latissima

compared to the bare controls.

Droppersseededwith sugar kelgporophytes/ieldedmore than128,747individualsand 25taxawhile
the total abundance inunseeded controlsvas 38,068 individuals belonging td9 taxa While
biodiversity was higher in seeded droppers compared to controls, for all indices calcutaies
noticeably higher in theup currentdroppers compared to th&own currentlocations except for
evenness (JseeTable6 andFigure21).Meana | NB I f S T T €) & seBdedZufopidera Wiak 04,0

45



\‘%? GENI GENIALG Deliverable 6.2

slightly higler than unseeded dropper®01) Similarly{ K+ yy 2 y Q Rk B&idtElroipérs 61 Q0
exceededcontrols (1 and (@5, respectivelyyhilemeant A St 2 dzQa vé&a@rSaygiidiyahighed WO
in seeded droppers (03} compared to unseeded contrd8.40).

Seeded droppers located in the outep currentside of the farm yielded one order of magnitude
higher abundance of ntaoinvertebrates compared to those droppers located in the westdawn
current section of the farm (104,507 ind. compared to 240 ind.). Similarly, unseeded control
droppers in theup current position yielded 31,172 invertebrates compared to 6,896 \iitials
recorded in thedown currentsection. Biodiversity indices were also higher inapecurrentlocations
for both seeded ad unseeded droppers. However, evenness scores were higher dotke current

droppers, seeded and unseeddeiqure?1).
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Figure21 Boxplots for biodiversity recorded from seeded and unseeded droppers deployed at the Ventry test farm between

March and July 2018. A) Total taxa (S); B) Log transformed total abundéimdividuals (N); ShannénA Sy SNIng RA @S NE&
01 QUT YR 50 tASt2dza S@SyySaa owoad [20FiGA2y NBLNBaSyida Lk
of the farm.
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Table6 Summary of biodiversity indices aswsted with seeded and unseeded dropgardily 2018 after three months

deployment
Dropper Treatment Location S N d H J
L1.UCU.3A Unseeded Upcurrent 17 12559 1.70 0.84 0.30
L1.UCU.3B Unseeded Upcurrent 10 7195 1.01 0.76 0.33
L1.UCU.3C Unseeded Upcurrert 10 11418 0.96 0.82 0.36
L1.UCS.3A Seeded Upcurrent 17 34901 1.53 0.97 0.34
L1.UCS.3B Seeded Upcurrent 15 29993 1.36 0.99 0.36
L1.UCS.3C Seeded Upcurrent 13 39613 1.13 1.20 0.47
L1.DCU.3A Unseeded Downcurren 8 4957 0.82 0.60 0.29
L1.DCU.3B Unseeded Downcurren 6 1260 0.70 0.63 0.35
L1.DCU.3C Unseeded Downcurren 3 679 0.31 0.85 0.77
L1.DCS.3A Seeded Downcurren 6 4673 0.59 0.88 0.49
L1.DCS.3B Seeded Downcurren 8 7035 0.79 0.94 0.45
L1.DCS.3C Seeded Downcurren 9 12532 0.85 1.03 0.47

The generalisetinear models indicated significant effect of seaweed and position in the farm in the

total abundance of individuals (N) found in the samples (p<0.001). The number of taxa (S) and
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position in the farm (p=0.08None of the factors afféed the generally low evenness of these early
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communities associated with cultivated seaweed and the farm structures (p=0.69 and p=0.16,

respectively).
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Table7 Results of SIMPER analy$alues represeraverage abundance fdaxa recorded iunseededbare ropejand
unseededs. latissimpdropper samples collected from the test farm in Ventry Harbour, co. Kerry

Unseeded Seeded Cumulative

Jassaspp. 2588.167 1.04E+04 0.4744
Mytilus edulis 3461.833  7.86E-03 0.8316
Caprella mutica 89 2.43E+03 0.949
Dexamine thea 76 2.08E+01 0.9599
Copepoda 39 2.42E+02 0.9705
Rissoa parva 11.6667 1.69E+02 0.9796
Annelida 41.6667 1.88E+02 0.9875
Harpacticoida 4.5 5.30E+01 0.9928
Dexaminidae 4.3333 5.77E+01 0.9952
Polcera quadrilineata 0 5.05E+01 0.9972
Nematoda 15.6667 2.67E+01 0.9988
Amphipoda 7.5 0.00E+00 0.9992
Stenothoesp. 1 5.33E+00 0.9995
Cirripedia 1.3333 8.33E01 0.9996
Galatheasp. 0 8.33E01 0.9996
Caprellaspp. 1.1667 0.00E+00 0.9997
Lacuna vincta 0 1.67E+00 0.9998
Musculus.subpictus 0.5 3.33E01 0.9998
Anomia ephippium 0.5 1.67E01 0.9998
Skeneopsis planorbis 0 3.33E01 0.9999
Dotosp. 0 5.00E01 0.9999
Rissoasp. 0.3333 0.00E+00 0.9999
Idoteasp. 0.1667 1.67E01 0.9999
Palliolumsp. 0 3.33E01 0.9999
Idotea balthica 0 3.33E01 1

Pleocemata 0 3.33E01 1

Acaridae 0.1667 0.00E+00 1

Pseudamussium peslutrae 0.1667 0.00E+00 1

Hiatella arctica 0 1.67E01 1

Cumacea 0 1.67E01 1

Nine months after deployment, in October 2018)e kelp dominat& habitat transitionedto one
structured byblue musselsfollowing the degradation of the sugar kelp fronds, whisbnetheless
retained their holdfastThe cultivated kelp holdfastdded structural complexity tahe mussel matrix,
forming a type of biogeit structure that attracted substantial numbers of commercially important
edible Cancer paguruand velvet swimming cralddecora puberecorded feeding on théonglines
anddropperscovered by musels These mixed biogenitartificial structures(effectively reefs) were
used asnursery ground by these species dsdicated by the presence of high numbers of crab

juveniles in the samplggigure2?).

48



@; GENI GENIALG Deliverable 6.2

Figure22 Velvet swimming crab Necopaber and edible craBancer pagurugere commonly recordeC. pagurugn high
numbersas juveniles) witim the musseMytilus edulisdominated droppers collected from the Ventry site in October 2018,
nine months after deployment.

3.1.3 Potential effects omenthic primary producers: seagrass beds

3.1.3.1 Seagrass biomagsom removalsamples

Seagrasbeds were recordednder the test farm in Ventry Harbour and withthre 100 m radiugrea
surveyed but they wereprevalentto the south and east becomingaturally morescarceand less
dense with depth and exposure, e.g. to the north and gt habitat transitioning to ioturbated
fine to medium sandrequently disturbed by bottom currents and swédlb the southwesthe seafloor
transitions from medium sand to largeblders andthe dominant habitatare kelp Laminariaspp.
beds Seagrass were indirectly monitored as pafrthe benthic grab sampling surveys conducted at

five time points during the 2022019 period (see methodolo@nd Figurel2).

Mean wet seagrass biomass across the aité sampling pointavas 0.65 kg m(dry weight 29 g m),

with a maximumvalue of 43kghipp n Y FTNRBY (GKS SR3IS 2. Higaskalue I N Qa
were recordedn the downcurrentand southfarm sectiors, rangng from 0 kg n¥ to 4.2 kg n¥ and

4.3kg m?, respectively. To the north and east (upcurretmarinabiomasswvas comparatively low,

values ranged from 0 to 1.9 and 1.39 kg.mhe control stations yielded the lowesgagras biomass

recorded, with a maximum valug 0.22 kg . Variability in seagrass biomass was explainetinby

of sampling (seasqmas display in Figure 18 showing significant decreases in the winteaagdpring

survey$ andsampling location in rel&n to the farm (e.gup current down current north, south) as

significant factors in the model §0.001; p<0.01) but not by distance from the farm. Seagrass biomass
wastherefore not significantly diérent under the farm compared to distant contrafglicating the

presence of the farm is not a factor in explaining decreases in biomass and abund@noeapiinain
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locations, withvalues of biomass higher under and near the farm decreasing away franditargely

unchanged in the shallower areas.

Seagrasshoot density followed a similar pattern although the models indicated distance from the

farm was a significarfactor in explaining thevariability due to the significant decreases in seagrass

away from the farm in the deeper areas (north afmvn current Figure23).
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Figure23 Boxplotsfor seagass biomass (top) and density (bottoratorded in the Ventry Harbour test fagaabedsurvey

area between 2017 and 2018) and C) Temporal changes in seagrass; B) arsgddipl changes in measured seagrass

abundance, fronthe farm(0 m) to 100m.

Shootdensity values ranged from O in areas north and east of the farm, to a maximum oShd@®

m2recorded at the western edge of the farm, on tthewn currenttransect. Mean density was 1,077

shoots ni2. In agreement with the biomass values recordedjhbist densities of seagrass were

recorded to the south (mean 16998oots m?) and west of the farm (1643.5hoots n1?). The values

recorded in the north and east sections were 757.76 and 4088t n?, respectively. Highest

densities were generallgecorded in September 2017 and July 20E®(re23C). The potential effect

of the farm on the underiyng seagrass beds was not apparent based on the densities recorded, e.g.
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1,548shoots were recorded on average der the farm on its eastern edge while 1,433 and 1,062

shoots m? were recorded 50 and 100 m from it, respectively. Similarly, in the soutlioeethe

average density was 1,680001ts n1? while 50 m and 100 m to south 1587 and 1&Fipots N> were

recorded (seeFigure23D). To the north and e (i.e WzLIOdZNNB Yy G Q0 YSIy aSI 3IN} aa |
under and near the farm compared to most distant stations, e.g.sHe®ts m?under the farm in its

northern edge cmpared to 384 and 64hoots m? respectively recorded 100 and 200 m to the north.

On the eastern edgeup curren) mean seagrass density was Bbbots m?which gradually decreased

to 12.8shoots m? 100 m to the east.

3.1.3.2 Analysis of photo quadrats: seagsasoverage

Quadrat photographstaken by diversbetween 2017 and 2019 painted similar picture to that
presented by theseagras®iomass and density data: seagrasd/entry Harbouis largelimited to
the area under the farm, between the farm and theostline to the south angatchthat extends ca.
100 m to the west~100 m to the north and ~30m to the east from the edge of the f@igure24;
Figure25).

@& GENI

Figure24 Map showing the location of the Ventry Harbour test farm and the positions gftth® quadratstations along
100 m radial transect$?hotographs are representative of the conditions, with higeeagrasZostera marina&overagen
the down current(wesf and OIN (South) transects and lowesiverage to the north and ea Google Inc.).
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On these areas, coverage was relatively high with mean values between 30% and 9BPaGOR0%
to 95% (Downcurrent). The control transects 828 north of the farm ylded the lowest seagrass
cover, ranging from a mean cover of 35% during the 2017 baseline to 11% in the April 28h8vpist
surveys Table8; Figure24).

Table8 Summary of mean coveatios of seagrass rewded from0.25 n# photo quadratsduring the benthic surveys
conducted at the Ventry Harbour test farm and surrounding area between 2017 and 2019.

Zcover_  Zcover_ Zcover_ Zcover Zcover_

Sample Date Month Locatim 0-25m  2550m  50-75m _75 Mean
100m

2017Baseline  06/09/2017 September Control 0.29 0.43 0.04 0.63 0.35
2017 Baseline  05/09/2017 September Upcurrent 0.09 0.09 0.00 0.00 0.04
2017 Baseline  05/09/2017 September Downcurren  0.71 0.09 0.00 0.00 0.20
2017 Baseline  05/09/2017 September OTN 0.73 0.54 0.38 0.42 051
2017 Baseline  06/09/2017 September OTS 0.97 0.98 0.96 1.00 0.98
2018 +3months  30/03/2018 March Control 0.04 0.09 0.06 0.19 0.09
2018 +3months  29/03/2018 March Upcurrent 0.52 0.46 0.67 0.48 0.53
2018 +3months  30/03/2018 March Downcurrent  0.87 0.63 0.66 0.00 0.54
2018 +3months  26/03/2018 March OTN 0.16 0.04 0.00 0.00 0.05
2018 +3months  29/03/2018 March OTS 041 0.30 0.15 0.29 0.29
2018 +6months  04/07/2018 Juy Control 0.19 0.19 0.10 0.14 0.15
2018 +6months  04/07/2018 July Upcurrent 0.30 0.09 0.00 0.00 0.10
2018 +6months  11/07/2018 July Downcurrent ~ 0.99 1.00 0.86 0.94 0.95
2018 +6months  04/07/2018 July OTN 0.86 0.66 0.79 0.63 0.73
2018 +6months  11/07/2018 July OTS 0.99 0.99 0.96 1.00 0.98
2018+12months 03/10/2018 October  Control 0.00 0.00 0.00 0.00 0.00
2018 +12months 04/10/2018 October ~ Upcurrent 0.40 0.41 0.35 0.25 0.35
2018 +12months 03/10/2018 October Downcurrent ~ 0.46 0.63 0.72 0.58 0.60
2018 +12ronths  04/10/2018 October ~ OTN 0.50 0.34 0.46 0.35 0.41
2018 +12months 04/10/2018 October ~ OTS 0.60 0.78 0.70 0.75 0.71
2019 +6months  01/05/2019 May Control 0.18 0.10 0.04 0.11 0.11
2019 +6months  01/05/2019 May Upcurrent 0.00 0.00 0.00 0.00 0.00
2019 +6nonths  02/05/2019 May Downcurrent  0.59 0.44 0.48 0.60 0.53
2019 +6months  01/05/2019 May OTN 0.45 0.46 0.26 0.26 0.36
2019 +6months  01/05/2019 May OTS 0.70 0.73 0.75 0.69 0.72

Seagraspercentagecover varied seasonally, with lowest coverage recolidedarch 2018 and April
2019 and highest valuescordedin the summer and early autunsurveys Figure25). Seagrass was
generallysparserto the north and eastpercentagecover ranging from 4 to 50% in tleasten (UC)
section and 5 75%alongthe north (OFN) transects. In these areas to the north and west, seagrass
was generallydense and had ligher coverage in the vicinity of theaweedfarm, thinning out

towards the control station 200 m to the north and@pximately 30 m away from the edge of the
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farm to the east, where theseagrass patchesnded giving way to a sandy, ripple seabed with
numerous tracks made by mobile fauriagure25; Figure26; Table8). Depth along the north transect
increasel from ~10 m CD to 11 m CD, and more notidgaliong theup currenttransect ranging from
10 m to 12 m away from the farmthedown currentandsouthern transectsvere inslightly shallower
water, starting at depths of ~10 m (CD) and ending in ~8 m of water, (@ph potentially

contributing to thehealthier condition of the seagrass recorded there.

Location

e Control

e DC

e OT-N

OT-S

e UC

Zostera coverage
L J]o

[ B
— Contour lines
| Seeded blocks

0 200 400 600 m
e —

Figure25 Temporaland spatial variability irseagrass percentage covierthe Ventry harbour survey arealculated from
photo quadrats A) September 2017 (+2 monihsstharves); B) March 2018 (+3 months post seedingl-seasor; C)July
2018 (harvest/peak biomass); DgtGber 2018 (posharvest/pre-seeding); EApril 2019 (prenarvest/peak biomass).
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Baseline Zostera coverage
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3.1.3.3 Mobile fauna recordeih video transect surys

Ventry Harbour

In total 35 faunal taxa were recorded ithe video footage remrded across alfive surveys and
transects(N=25)(seeTable9; Figurel). These taxa belonged to five major phyla, namely Cnidaria (1),
Polychaete Anelids (3), Arthropoda(11), Gastropod Molluscgll and Bivalves (1), Echinoderms (4)
and Chordates (9 taxa)The mostfrequently recorded speciesvere fish, namelysand goby
Pomatoschistus minutyswo-spotted gobiesGobiusculus flavescerend juvenilepollackPollachius
pollachius the latter recorded ifSeptember 2017 and, inigh numbersin April 2018 Other taxa
frequently encounteredincluded crabsMaja brachydactyla Cancer pagurysNecora puberand
Corystes cassivelaun(@@nly recorded in the spring, in March 2018 amutiA2019, burrowed in the
sand). Of interest was the presence of thornback rBgja clavataand lesser spotted catshark

Sqliorhinus caniculaecorded under and near the farm from July 2018 onwdsgeFigure27).

Figure27 Photographs of the representative benthic fauna recorded by divers during the benthic surveys carried out under
and in the vicinity of the test seaweed farm in Ventry Harbour, co. Kerry (Ireland). All photos: M. BageasFranco

The most abundangpecies werdish, chieflyjuvenile pollackP. pollachiusvith 590 individuals582

of which were recordediuring harvestn the July 201§eak biomassurveys These pollack were
associated with areas of seagrass intihsects except the controllThe second most abundant
species weretwo-spotted gobiesG. flavesceng436 indviduals, recorded predominantly in the
September 2017 baseline survey and dutamgl after the 2018 hanat (July and October). The third

most alundant taxa weresand gobie®. minutuswith 193 individualsmost of which were recorded
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during the October 2018 postarvest survey sandy areas in the control, upcurrent and OT North
transects.The crabC. casselaunuswas abundanin sandy areas ding the April 2019 surveys (24
specimens out of a total of 27 recordelliring the study period) along with the common starfish

Asterias rubeng§l2 individuals out of 16).

Total abundance of individualsas highest during theJuly 2018 surveys tallying &9 individuad
recorded along the transectpredominantly fishin total 355 individuals, mostlg. flavescensvere
recorded in September 2017 followed B$8 individualsin October 2018§mostly P. minutug, 63in
May 2019 an®6 in March 2018Diversity was highest in March 2018 (16 taxa), followed by October
2018 (12),July 2018 and May 203%elded bothl1taxa and September 2011had the lowest diversity
with 10 taxa.

Theareas closest to the far (within 25 m)reported the highestabundance of faura with over 590
individuals 2550 m more than71, 160 between 50 and 75 m ard300 individualbetween 75 and
100 m away from the farnherichest areas in fauna were tltmwncurrent and upcurrent transects
with 592 and 303individuals recordegdfollowed by OTS (187)OT N (152)The ontrol transect was

overall poor in faunal abundance witd6individuals recorded cumulatively in alirveys
Eastern Schelde

No quantitative datais available from the baseline benthic alwhgline surveys conducted Hte site

in May 2018. The sediment consisted of mwith a shallow redox layer, predominantly hypoxic or
anoxic, ancho apparent visualt@ange along the transects surveyigansects in the inner bay and
those close to a mussel farpotentially affectedby heavy organic loads and low oxygen conditions.
At the time blooms ofPhaeocystispp. algae were common, particularly in the inner, less exposed
areas of tlis shallow enclosed embaymel8igns of bioturbating activity were observed, for example
polychaete casts (probably Arenicola sppand bivalve burrows ¢ockle Cerastodermaspp. and
Macoma balthicq but overall, the seabed habitats were species po&ome epifaunal taxa were
recorded during the benthic dive surveys, namely green Gabinus maenasburrowing anemones

Cerianthusspp. and occasional mussels Mytilus edulis, probably fremearby farm.

Although no fish were recorded during the dive surveys conducted along the outer seaweedt lines
the time (harvest had just concludedinphipodslassapp. and their tubes wereanmonly recorded
in high abundancesn them,along with musseld. edulisand a variety of filamentous red seaweeds

Of note was the presence of narative species includingapanese knotwee8argassunsp.clumps
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(as drift)whichhosted great numbers of thalso nomative amphipodCaprella muticaPacific oysters

Crassostregigasand the invasive sea squBtyela clavdFigure28).

Figure28 Nonnative speies associated with seaweed farms: Top [@éprella muticaTop right:Crassostregigas Bottom
left: Styela clavaBottom right:Sargassum muticum
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Table9 Fauna recorded in video transect footage recorded at the Vertrlyddr test site between 2017 and 2019. In total five surveys were condatdigd 100 m transects (N=25).

2017 Baseline 2018 +3months 2018 +6months 2018 +12months 2019 +6months
Septemier March July October May
Control UC DC OTN OTFS Control UC DC OTN OTS Control UC DC OTN OTS Control UC DC OTN OTS Control UC DC OTN OoTS
Cnidaria
Cnidaria indet. 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0
Annelida
Polychaeta
Myxicda infundibulum 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Chaetopterus variopedatus 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Acromegalommaesiculosum 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Arthropoda
Malacostraca
Isopoda indet. 0 0 0 0 0 0 0o o 0 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0
Crab indet. 0 0 0 0 0 0 0o o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 0 1
Macropodia rostrata 0 1 0 0 0 2 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Pagurussp. 0 0 0 0 0 1 0o o 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
Corystes cassivelaunus 0 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 9 9 6 0
Necora puber 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 2 4 0 0 1 0 0
Cancer pagurus 0 1 0 0 0 0 0o o 1 0 1 0 0 0 0 1 0 0 0 4 0 0 0 0 0
Maja brachydactyla 0 2 0 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 1 0 2 0 0 0
Atelecyclus rotundatus 0 0 0 0 0 0 0o o 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Hyasaraneus 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Liocarcinus depurator 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0
Mollusca
Gastropoda
Carronella pellucida 0 0 0 0 0 2 0o o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Acanthocardia aculeata 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Euspira nitida 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0
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Rissoa membranacea
Bivalvia

Pecten maximus
Echinodermata
Asteroidea
Marthasterias glacialis
Astropecterirregularis
Ophiura ophiura
Asterias rubens
Chordata
Elasmobranchii

Raja clavata
Scyliorhinus canicula
Actinopteri
Pomatoschistus minutus
Pollachius pollachius
Gobiusculus flavescens
Symphodusp.
Symphodus melops
Pleuronectes platessa
Mycteroperca rubra
Fish indet.

Benthic fish indet.
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Abiotic interactions Ventry Harbour test farm

3.1.4 Effects on seafloor physical properties: granulometry and organic medteient

3.1.4.1 Granulometry

The seabednder theVentry Harboutest farm and surrounding areavas heavily dominated by sand
mostly medium san@i.e. 250p n 1 > Y 3 NI, Awfth RriveladaS df Bheldand25H p n . P Y
in its easternmost sectiamheexception weresomestations east of the farmup current under the
farm and 100 m from the edg&vhichyielded 76.28 and 39.76 % of mimdthe 2017 baseline samples
The fraction of gavel emained absent owvery low in all samples analyséBigure 29). Highest
percentages of fine sediment fraction were consistently recorded indben currentstations,
located in the most sheltered side tife farmto the north easttowards the inner, more sheltered
section of Ventry Harbouwhere, althoughsandwas the dominant fraction the mud component
couldbe as high as 24 (Figre 13 Figure30). Underthe farmand awayfrom it to the South along
OT-Sthe percentage of mud increased %34% 100n from the edgein an area where fine silt is
probably retained by the thick seagrassds present thereTo the north, OIN and theControlsite
were predominantly sandy (ové&X0%) withmud representing less than 7% in all samples collected
(Figure29).

Mean grain sizacross all stations was p n , within themedium sandtategory The lowest average

values were recorded ithe down currentstationsin the 2017 baseline, 2018 mid-seasorand 2019

peak biomasperiods(267¢cHom >YT Y SRA dz¥nd Soth oF the/f&m @OF)\affenthe

20My KIFNBSadGz Ay {SLII SYO0SNI usSeaped i ¥h@dwy cultentargap > Y T
had amean grain sizé 2 6 SNJ G KIFy Hpn > vonténFidm&particles(iR.®é kYR >YKS
diameter)was generallyhigher compared to all other areasegadless of sampling periodvean

sediment grain sizacross all stationsinder the farmwas similar to the global man @ p n ,i®.Y

medium sand)lower than the value recorded at the control statian 1 n , als¢¢medium sandind

similar to the mean valueecorded 100 m from the edge of the farms 1 0 t¥rpofation maps

of seabedmean grain size across the surveyasaee displayedrigure31.

Statistical analysifable10) showedno significant differences in the dominant sediment type along
the distancegradientaway fromthe farm (Distance factor, pseudgas1~=1.0715 P=0.39)or (to a
lesser degreedetween sampling periodSeason factor, pseue@s 41=2.6085 p=006). Locatiorand

its interaction with seasowere a significantly factofTablel0;
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Tablell, p=0.001)largely due tathe dominance of finer santh the down currentstations west of
the farm and the area between the farmnd the shoreline in the Autumn of 2018verall, the
evidencegathered between 2017 and 2019 thie Ventry test site provides no indication aflirect
effectfrom the kelp farmon seabed omposition varability being dependent of seasonal and spatial
variability likely influenced by topograph depth storm eventsand prevdling hydrodynamic

conditions at the site

Figure29 Maps of all sampled sites per location: A)tlprent(UC); B) Dowiaurrent (DC); C) Orthogonabrth (OTN); D)
Orthogonaisouth (OTS); and E) Control. Pie charts show the sediment composition: green for gravel, white for sand and black
for mud (empty chads represent no data available). The colour of the gpresents the season: white for Baseline, blue for
Midseason, green for Peak and black for Réatvest.
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Percentage of mud/silt
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Figure 30 IDW maps showing typical mud content (left) and sedimtgpes under the Ventry Harbour test farm and
surroundng area.
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Figure31 Interpolation map of mean grain size for each season: A) Baseline; B) Midseason; C) Peaki@y&xisDark
tones represent low values. The colour of sites represents the location: purple for U@, biDered for OTN, green for OTS
and white for @ntrol.
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Tablel0 PERMANOVA analysis of the mean grain size in sediment samples from the seaweed farm in Ventafu@ay. p
were obtained using 999 permutations

Source df SS MS PsudoF p

Season 3 8537 2845.5 2.6085 0.063
Location 4 100044 25011.0 22.9276 0.001 rrk
Distance 4 4675 1168.8 1.0715 0.389

Season x Location 12 173599 14466.6 13.2615 0.001 bl
Season x Distance 12 9189 765.8 0.7020 0.764
Residuals 46 50180 10909 - -

Total 81 346224 - - -

Tablell Pairwise comparison of mean grain size among locations. The average distances between pairs of conditions was
calculated using the Euclidean distance algorithm

Pairwise comparison df SS FModel p p adjusted
UCvs DC 1 3.91627E+04 8.514190349 0.005 0.05

OTS vs OTN 1 1.769987e+04  8.687872320 0.001 0.01 *
OTN vs DC 1 9.018982e+04  47.267536675 0.001 0.01 *
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3.1.4.2 Organic matterin seabed sediment samples

Thepercentage of organic matt€ir QM) in sedimentsvaslow across site$<3%jFigure31) but slightly
increasedin each of the surveys conducted duritige studied period Figure32; Figure33). TOM
valuesranged from 1.24%in the 2017 laseline,1.45%in the March 2018Vlidseason, 74%in the
2018Peakbiomasssampling in July (before harvest)d two months after harvesSgptembe2018),
to finally increase to 2.53% the sampling conducted in the piearvest sirvey in April 2019.

In the Sepember 2017 baseline surveyganicmatter contents in sediments were lowest in the
currentand north sectiong~1% in bothwhile the areas south (OTS), west (DG 260 m noth of
the farm (control)were slightly more enriched (~1.5%)uringmid 2018 growingeasonTOGn the
sediment was more heterogeneous among sampled sites, with higher valhrepared to the
September 2017 samplesspecially in thelown currernt section(mean TOC=1.7%An increase in
TOC was registered across all aress before and after the 2018 harvest, witip to 2.55%TOGn
OTS50, while the T® content in the OTNtransect, near the farm and in locations DC and UC
remained between 1.26% and 2.0Z@&TNE and D@5 respectively), and 1.68% in the contritter
the harvest Eeptember 2018JOC peaked neare@TN, with 2.63% of TOC in OBY, and in the
rest of the locations it remained latively high, decreasing in Control and DC, with 1.19%CiBMas
the lowest valueln April 2019there was a noticeable increase in organic matter in the sedimémts
all areas including the control, with mean values ranging from 2.3% north of timetée®.1% to the
south.Generallythere was a slighpositive distance gradient in theeanorganic fraction present in
the sedimentswith highest values recorded under the fafin891.98%) compared to distant (100m)
stations (.5-1.8%). This gradient was most noticeabléhim peak angost-harvestbiomass samiing

periods towards the north and south of the farrfrigure33).

Significant differences were found for WCaccording to Seasom & 0.001) and to the interaction
betweenthe factorsSeason and Locatiop € 0.00) (Tablel12). The paiwise comparison resulted in
significant differences between seasons Baseline and-Bieakass p < 0.006), Baseline and Peost
harvest p < 0.006), Midseason and Pebiomass f < 0.®27), and béveen Midseason and Post
harvest p < 0.036) Tablel2;

Tablel3).
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Figure32 Interpolation map of TOM (%) for each season: A) Baseline; Beasion; C) Peak; D) Rétrvest. Dark tones

represent low values. The colour of sites represents the location: purple for UC, blue for DC, red for OTN, green for OTS and
white for Control.
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Figure33Boxplotsfor organic mattercontent (%) in sediments sampled in Ventry Harbour between 2017 and 2VE3uég
recorded from the farm (under/Om) to the outer distatations (100 m) and control (200 m). B) Tempoaaiation in each
area monitored. X axis represents sampling poimasnely: 201709-07 (Baseline 2017), 20438-08 (Mid 2018 season), 2018
07-03 (peak biomass 201801809-24 (postharvest 2018) and peak biomass/pre 2019 harvest.
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Tablel2 PERMANOVA analysis oM@ sediment samples from theageed farm in Ventry Bay-yalues were obtained
using 999 permutations.

Source df SS MS PseudoF p

Season 3 3.7486 1.24952 20.7928 0.001 ek
Location 4 0.3297 0.08242 1.3714 0.249
Distance 4 0.2625 0.06562 1.0919 0.373
Season x Location 12 3.6386 0.30322 5.0458 0.001 ok
Season x Distance 12 0.2837 0.02364 0.3934 0.962
Residuals 48 2.8845 0.06009 - -

Total 83 11.1475 - - -

Tablel3 Pairwise comparison of Tamong seasons. The average distances between pairs otioosdias calculated
using the Euclidean distance algorithm

Pairwise comparison df SS F Model p p adjusted
Baseline vs Pedhkiomass 1 2.635210e+00  3.267817e+01  0.001 0.006 *
Baseline vs Podtarvest 1 2.604291e+00  2.493273e+01  0.001 0.006 *

Midseason 8 Peakbiomass 1 9.158582e01 1.137414e+01 0.004 0.027

Midseason vs Postarvest 1 8.976680e01 8.603911e+00 0.006 0.036

3.1.5 Hydrodynamicsind sediment dynamics

3.1.5.1 Summary of hydrodynamic model results

The following represent a summary of the results & #D hydrodynamic simulation and the acoustic
data collected in the field used to calibrate the mod&lfull report with the details results of the

model is in preparation.

Observations from the modelsdicatedcurrent velocity is attenuated within thi&arm up to 31%and

up to 34%in the area adjacent to the farnThe introduction of the farm in the motéM2) results in
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flow beingdiverted around the farmThere is a phase lag between both modeith increased water

circulation in centre of harbouaind flow direction revesingbetween both modelsPrevious studies
attribute possible causes to the incised frictional resistance exerted by the seaweed which forces

the water to diverge around the farm, accelerating the current speeds. There is alsalantguiase
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Figure34 Two-dimensional hydrodynamic model current velocity vector nthpsg flood (top and ebb (bottom) tides in
Ventry Harbour. M1= Model without farm; M2=Model with faofmstruction.

Both models indicated few large velocity vectors concentrated around the southwest corner of the
mouth of Ventry, where flows coming into the harbour cgimidflood are forced around the
peninsula at a sharp angleeeFigure34). Thiseventforces currents towards the centre of the harbour
and produces lowilow conditions in the area immediately behind the endltd peninsula. As water
exits the harbour, the currents are more evenly distributed among the mouth and do not exhibit the
same forcing conditions as with the rAfidod flows. This area is where the seaweed farm was present,

and the complex bathymetry isken into consideration.

Physical data from the acoustic AW@Gfiler indicated he average current velocities outside of the
seaweed farm are generally unchanged for both the M1 and M2 conditions. The exospsi@uring
the period between 50 and 150 hos, where M2 experiences higher velocity magnitudes. Flow

velocities during thiperiod hal an average increase of up to 60%, whereas the rest of the measured
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values only averagkan increase of 6%. This period correspedido springtide and could be

influenced by the deeper and stronger currents.

The Nortek Aguadopm® acoustic profile deployed under theseaweed farmyecordedan average
decrease of 14% in current velocitidhere was not distinct velocity deviation as evident in the
AWAC location, whbh suggests that these flows are not strongly influenced by spring @iasent

direction,however, is noticeably more consistent during M1 conditions.

The observations indicatetthat the model underestimated current speeds while physical data was
subjeced to stronger environmental conditions (noisy). Both model fialdl measurementshowed
flow decrease within farmof gnaller magnitude for physical datd4%9 and no apparent fow

direction reversal in physical data

3.1.5.2 Sediment deposition study

Sedimentaccumulationsvere obtained from triplicatesediment trapsdeployedin the test farm in
Ventry Harboumver seven weekéetween 9" January 2019 to 26February2019 indicating less
sedimentation under the test farm compared to the controldean dry gdiment weight deposited
under the farm was 72.1 g while controls yielded 91.8 g (north control station) and 317.2 g (control

south stations)Figure35).

Sediment deposition

7-week deployment Sediment deposition
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Figure 35 Sediment deposition under the Ventmst farm and at two controls, to the north and soutteft: boxplots
representingrange intotal dry sediment (yellow) and organic matter contentelgrin the three replicate sediment traps
deployed; RightSediment dposition rate during the studied ped @49 days).

According to GLMs position was a significant factgr{§16.82; p<0.001). According to the pbstc
analyses the significance was due to the significantly higher depositions recorded in the south cont
station compared to the norther earol and the undeifarm locations (p<0.001). Although higher
deposition was recorded in the control north compared to the values recorded under the farm these

differences were not statistically significant (p=0.86).
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LOI analyses indicated the organiacfian in the deposited sediment was minimal, ranging from 1.3%
to 2.5% across all positions but highest in the control south station, located within a seagrass bed
(Figure35). These results indicate sediment depedion the seafloor under and near the test farm

was predominantly sand.

3.1.6 Water turbidity andsuspended matter

Twoe S I NE @f mohidweter samplig at the Ventry Harbour test farmevealed that ambient
total suspended matter content is naturally higbver 50 mg. Across the sampled period,ean
concentrations of TSS in water samples were similar regardless of ppsitio63.2 mg'lin thecentre
of the farm, 51.1 mgt (Control, ~200 m to the north), 52.01 mig(Downcurrent station)50.3 nyg I*
(up current more exposed location ~100 m to the east) and 47.7higthe Inner Bay; 1 km to the
west of the farmSeasonallyhighest TS8oncentrations inthe water column were recorded in winter,
e.g. 64 mglin December 2017 an@ctober 2.8, decreasing in thepring andsummer periods, e.qg.
31 mg tin April 2018 and 12.4 mg in May 2018 (bothduring active seaweed cultivation season).
Mean off bottom turbidity across all stations and sampling periods was marginally righgrared
to sub surface values (51.4 and 50.2 rhigbpectively)Monthly resultsfor TSS are displayedfigure
36.

Calculations of ash free weight faater sampldiltrates indicated total particulate suspended matter
in Ventry Harbour is predominantly inorganicriature (i.e. sand) with particulate inorganic matter
(PIM)fractionranging betweer87% mean PIM content in the centre station to 89% PIM irdthen
current station. Particulate organic matter (ggercentage off SSyvas consistently under 28% across
all gations sampled in all months. Highest POM fraction was recorded in the Inner Bay station in May
2018 (28%jyvhile lowest (0.01%) was recorded in the centre of the far@dtober 2018. On average
highest POM caent was recorded in the centre of the faramd the up currentstation (13%)while

in the remaining sites POM varied between 11 and 128asonally POMas generally lowesturing

the autumn period (after the harvestwith the exceptionof the sampling ara within the farmand
Inner Bay in June 201ghich recorded an increase in POM content in water samples near batom
26%and 43%compared to all other sitesOverall,there were no differences across all sampling
stations and seasona average POM conte in water samples (~12%). Monthly results for POM in

water samples are displayed kiigure37
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Figure36 Variation in total suspended solids (m§ measured from monthly water samplesllected at water stations in
and around the test farm in Ventry Harbour between September 201 2w@p@019.
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Figure37 Variation in Particle Organic Matter (POM) (#6m TSS valuaseasured from monthly water samples collected
at water stations in and around the test farm in Ventry Harbour between September 2017 and July 2019.

3.1.7 Nutrients
Generally,there was an increasintrend in ammonia (as NH4+) concentrations in water samples

collected at the Ventry Harbour sites between sapber 2017 taJuly 2019Highest concentrations
were recorded inAugust2018 (0.36 Mm) and lowest in October 2017 (0.03Mm)ith lowest
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concentrations inAutumn/Winter and highest in SummerOverall there were no substantial
differences in ammonia concemttions between sitegiith mean value ~0.15mM
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Figure38 Total ammonia (NH4+) concentrations in water samples in Ventry Harbour.
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Dissolved inorganic nitroggiDIN)concentrations irseawaterremained relatively constariietween
Sepgember 2017 to July 201®ith highest concentrations the winter(0.01mM February 2018xnd
lowest in Summef0.002 mM May 2019)here were no substantial difference@sDINconcentrations
between sites with mean valugetween 0.9 mM (Contro) and 0026 mM (Inner Bay. Bottom DIN
concentrations were lower on average (R@mM) compared to subsurface mean values 2a.60M).
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Figure39 Totaldissolved inorganic nitroggiDIN) concentrations in water samples in Ventry Harbour.
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Phosphates were generally found at concentrations below the detection thresimuddemained
relatively constantand very lowbetween September 2017 to July 2019 wsbme slight peaks in
December 20170004 Mm)and lowest in in Summe#.8*10°mM in Jure 2019) Overall there were

no substantial differences iphosphat concentrations between sites with mean value between
0.0009mM (Dowrcurrent) and 0.@4 mM (Inner Bay. Surfaceconcentrations werdower on average
(0.0009 mMM) compared tanear bottommean values (0.012 mM).
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Figure40 Total phosphte concentrations in water samples in Ventry Harbour.

3.1.8 Light penetration (Irradiancegnd Turbidity

Measurements of PAR recorded by the light loggers deployed on the seabed yielatedayble the
valuesof irradiance eaching thebenthos under the farm compared to controls outside farm, even in
the shallower (4.5 m CD) south control station locatedi®sgn the farm and the shorelindlean PAR
values for the duration of the monitoringeriod 5 months) were highest in the subsurfdogging
stationin Line 1(~1.5 to 3 m depending on seaweed weightt?3.13mol n1? s*. Mean PAR recorded
under the seawed farm, under Line 7 approximately in the centre of the cultivated ares1¥.59

mol n? s, Mean PAR measurements the loggers attached to the frames deployed in the control
stations were3.36 mol n? s* (Control North, ~200 m from the northern farm boundary) &9 mol

m2 s (Control South)The highest meaRAR value recded in any day during the monitoring period
was 207 mol M stin the subsurfacestation, followed by 128 mol rhs? reachingthe seafloor under

the farm, 30 mol n? st in the seafloor south and north controls. Seigure41.
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Figure41 Boxplots for PAR measurements obtained between September 2017 and October 2019 at the Ventry Harbour test
farm in Co. Kerry, Ireland.

Daily mean PAR valsi®llowed a typical seasonal pattern with highestiues recorded during the
summer months, with loger daylight periods and more frequent clear skies, decreasing in the autumn
and winter.It should be noted that the suburface logger experienced a dedayPAR values due to
the development ofalgal bidilms during the warmer summer monthenly to return to normal
ambient values after the logger waganually cleaned in each monthly visit to the sidjch explains
the peaks and throughs Rgure42. Whilelight attenuation under farndid occur,this was likehdue

to depth and not to shading by ovgihg seaweedas daily logger readings showedearbottom
irradiance under the farnibeingconsistentlyhigher compared to distant control§igure 42). Light
(PAR) monitoringesults were matched by turbidity readings by the RBRidity sensos (Figure43).
The data indicated very high natural twiliiy at the sitewith peakreadings ove 1000 mgtduring
Autumn and Winter when stormy conditiomgere more common. Nonetheless, turbidity was overall
higher outside the farm compared to under with mean turbidity values of 310 migbutside the

farm compared to 14eng I* under it
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Fgure42 Daily mean Rotosynthetically Active Irradiance (PARJuesrecorded at three locations in the Ventry Harbour site
between September 2017 and October 2019
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Figure43 Turbidity (mgof suspended miter per |) recorded under the test farm in Ventry Harbour and a control station
located ~100 m to the south. The values are transformed from native NTU values after calibration in theolgborat
Deployment was intermittent between January and Octobd920ith some data gaps.
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Eastern Schelde test farm

3.1.9 Biological footprint

3.1.9.1 Sampling campaign 1

After the field investigations it was decided that benthic surveys are not relevant fositais his is
because of its terrestrial history (see Materials & Meth@@ction) and other impacts, such as nearby
shellfish farming. Grab samples have therefoot been further analysed in the lab (taxonomy and

sediment characteristics), and video and photo material has been stored but not further analysed.

During the diing transects within the (harvested) farm, hardly any fish was obsertedever,the
baited remote underwater video system (BRUV) seemed effective in attracting fish within the first
minute of deployment at the seaweed farm site. The fish assemblages doenénated by horse
mackerel Trachurus trachurgsand bigscale sand smeltAtherina boyer). Fish number peaked at
about 5 to 6 minutes. The visibility worsened throughout the deployment and therefore the presented
number of horse mackerel is likely amderestimation. In addition, three types of jellyfish were
identified: sea goosedrry (Pleurobrachia pileQs barrel jellyfish Rhizostoma pulmoand moon
jellyfish @urelia auritd. Maximum number of fish visible in the video frame at any time during a 15

second interval was approximately 10 to 15 individuals.

3.1.9.2 Sampling campaign 2

Envionmental conditions are presented in the annex. A total of 15276 individuals were found on the
12 ropes, representing (at least) 13 different specid®e most abundant spexs on the inshore farm
were amphipods from the genudassaGammarusandCaprelh (Figure44). These species were found

on seeded and noseeded linesCaprella muticas the only introduced species that wiggind in this
samples, all other species are native to the Eastern Scheétdtever,during the baseline sampling
campaign conducted Other fauna species that were found in the fegre far less abundant than the
before mentioned amphipod specigSyclopteus lumpusthe only fish species that was found on the
farm, was only found on the seeded lines, both in the centre and on the edge of the farm. Despite that
an individual fish wa observed during the sampling for sessile faufeble14), and the promising
results obtained during a pilot test in 2018 (see redmytTonk et al. (2019)no fish were observed
when the BRUV system (baited camera) was deployed in April 2019.
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Figure44 Most abundant species associateiwthe seaweed ropes: Amphipods &ssasp., b)Gammarussp. ¢ Caprella
mutica Eastern Schelde test farm.

The abundance identified on the ropes differed significantly between the two locations and between
seeded and noseeded linesKigure45; Tablel4). Highesthumbers of individuals vere found on the
non-seeded lines on the edgd the farm. A factor explaining these results could be that the ropes on
the edge of the farm were containing a significant biomass of wild seaweeiti®sia wild seaweeds
amphipods seemed to be very abundaltore individuals were found on the seaweeagt®wn in the

outer edge than on the ones grown in the centre of the fafig@re45A). The difference between
seeded and norseeded ropes was dependeoh the position in the farm. In the centre of the farm
significantly more animals were found on the seeded ropes than on theseeded ropesHKigure
45A). The opposite was sbrved on the outer edge of the farnrigure45A). Generally, species
richness on seeded ropes was higher than on-seeded onegFigure45B) at both locations in the

farm.

A two-way ANOVA was conducted that examined the effect of location and presence of seeded
seaweed on faunakaindance and species diversity. For fauna abundance there was a statistically
significant interaction effect between location and presence of sdeskaweed, . g= 21.473, p =

.002. The main effect of location was also statistically significant (8%, @ile the main effect of the
presence of seeded seaweed was not statistically significant (p=.340). For species diversity, there was
a statistcally significant interaction effect for location and presence of seeded seaweed asqell, F

= 10.268, p.012. The main effect for location is not statistically significant (p=.316), while the main

effect of the presence of seeded seaweed is staafificsignificant (p=.001).
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Figure45In = seaweed cultivated in the middle of the farm (N=3). Out = seaweed cultivated on the outer edge of the farm.
= nonseeded line. + = seeded line. A. Average number of detected indiyiguabpe. B. Total number of detected species
per treatment. Bstern Schelde test farm.

Tablel4 Fauna observed on the ropes from centre (in) and the edge (out) of the farm for seeded (+) and ufseeded (
droppers (N=3 for eachaatment) Eastern Schelde test farm.

order species In- In+ Out Out+
Amphipods Gammarus locusta 2+3.5 158+25.9  321+176.7 178+33
Amphipods Jassap. 41+10.3 731+387.8 1859+499  1148+533
Amphipods Caprellasp. 14+16.1 46+42 547+174.8 20+9.8
Isopods Unkrown species 1+0.6

Isopods Idotea balthica 2+1 2+3.5 1+1
Tanaidacea Unknown species 1+1.2 1+0.6
Decapoda Carideasp. 1+0.6

Worms Leptoplana tremellaris 1+1.2

Worms Lepidonotus squamatuy 1+1.2 616 1+0.6
Worms Round worm sp. 5+3.5 4+1.7 2423 2+1
Fish Cyclopterus lumpus 4+2.5 1+0.6
Bivalves Mytilus edulis 1 1+1.2

Biofouling X X

# individuals 62+18.6 948+351.1 2732+548.3 1350+541.8
# different species 5 11 7 8
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3.1.9.3 Sampling campaign 3

The abundance was three to four times lég on ropes that were deployed in theeginning of the
culture cycle, and diversity was also higher for the ropes deployed in Noveirddae]5). Although

a total of 44 different species have been observed, it wlaar that two phyla were dominating:
Arthropoda and Mollusca. Within the phylurthropoda Jassaspp. (J. marmorata, and J.falcata)

were dominant whileMytilus edulisvas the mostbundant and frequently recordedolluscspecies
associated with the seeeed ropes.Jassaspp. abundance varied between 15024+5110 for ropes
deployed in November and 4687+1877 for ropes deplayeBebruary. Abundance dytilus edulis

also decreased from ropes deployed in November (25578+6918) to February (6155+2561). It thus

seems evident that immersion time increases the biodiversity estimates.

Tablel5 Summary of fauna observed on the ropes (1m) deployed in respectively November and February, Eastern Schelde
test farm.

phylum Abundance November Abundance February
Annelida 436 £ 14 102 + 36
Arthropoda 15164 + 2971 5328 + 1494
Bryozoa 165 + 53 45 £57
Mollusca 23344 + 6739 6164 + 2085
Nemertea 48 +34 0
Polychaeta 560 + 161 1+£2

Total abundance 43927 + 10860 11640 = 3353
Total number of species 39 23
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3.1.10 Abiotic parametrisation

3.1.10.1 Temperature

Daily average temperature was similar at 0, 1 amd @epth (igure46). Daily average temperature
raised from 7°C in the end of February to up to 15°C in the endrof hvas also similar in the middle

of the farm and the outer edge, with an exception of thaface temperature in ApriF{gure46A).

temperature (°C)
]

mmmmmmmmmmmmmmmmmm

s Om_in == (0m_Out e IM_iN e 1m_out —

Figure46 Daily average temperature measured HOBO loggers. A: Daily averagmteerature at the surface in the middle
(green) and outer edge (black) of the farm. B. Daily average temperature at 1m depth in the middle (green) and outer edge
(black) of the farm. C. Daily average temperature at 2m dépttne middle (green) and outedge (black) of the farm.
Eastern Scheldarm.

3.1.10.2 Light

The measured daily average irradiance differed significantly in the middle and outer edge of the farm
(Figure4?). In April, irrgliance was higher in the outer edge of the farm (black) than in the middle
(green), especially at the surface and at 1m de(pilgure47B). This result suggests that the growing

seaweed biomass and the cultivatiomnustures decrease the available amount of light.
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Figure47Daily average irradiance measured by HOBO loggers. A: Daily average irradiance at the surface in the middle (green)
and outer edge (black) of the farm. B. Daily averauggliance at 1m depth in the middle (green) and outer edge (black) of

the farm. C. Dity average irradiance at 2m depth in the middle (green) and outer edge (black) of the farm. Eastern Schelde
farm.
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3.1.10.3 Current speed

Current speed differed at the two measmnent locations(Figure48). In agreement withcurrent
measurements obtained dhe Irish test site in Ventry Harboumrcentsat the Schelphoek fariwere
higher in the outer edgeompared tothe middle, suggestinthat the current condibns may be

altered by the growing seaweed biomass and farming structures.
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Figure48 Daily average current speed in the middle (green) and outer edge (black) of the farm

3.1.10.4 Nutrients

Dissolved inorganic nitgen (DIN) concentrations in the seawater increased from December 2018 to
February 2019Kigure49). In December, DIN concentrations were slightly higher outside of the farm,

whereas in January and February they wiigher in the middle of the farm.

Phosphate concentrations in seawaterere similarfrom December 2018 to February 2018nly
slightly higher on the outside of the farm in December, whereas in January and February higher

concentrations were detected ifé middle of the farmKigure49B)

w
o

0.9

IS
[

08

&

0.7

[l

0.6

o

0.5

0.4

o

0.3

wn

0.2

o

DIN concentration (umol/L)
= - 5] [ w w
w
Phosphate concentration (umol/L)

0.1

o w

0.0
December January February December January February

M inside M OQutside M Inside M Outside

Figure49 Nutrient concentrations (umol/L) in the Eastern Scheldt (N=3). A. Dissolved inorganic nitroge?iGNING;). B.
Phosphate.

80



@9 GENI GENIALG Deliverable 6.2 e

4 Discussion

OneoftheYl Ay 202S00A@®Sa 2F (GKS 62N)] O2yRdzOGSR |
LI O1 I 3S ¢ dnitdr bigdiversitylirtandiaréund the reference farms, to assess effects of this
new habitat and increase of seaweed biomass, on dives$itgher species, including commercial fish

and unwanted invasive speciesb

The present study represents a comprehensive accatfirthe temporal and spatial variability in
environmentalconditionsunder and near tw medium sizedeaweed farm$ocated inEuope: a 1.8
ha farm in the southwest coast of Ireland ahdhafarm in the southwest coast of The Netherlands.
Thesurveyapproachspecificallyfocusseson identifying trends that could be linked to direeffects
from the presence ofultivated seawee@dnd ancillary structures as the drivers of that variabilitiie
aim of the suveys conducted between 2017 and 2048s todemonstrae that cultivated kelp can
replicate the function that wild seaweeds can haveéagstone or foundation species and ecosystem
engineers, altering the biophysical environment through their presence and rthle in ecosystem
functions and chemicgbrocessese.g. nutrient removal, energy dampeninigod web dynamics,
effects on seabedcomposition and organic matter depositionhagling effects and effects on
biodiversity The study thugontributes to increase the evidence base that can be used in infbane
seaweed specific marine licensing systerumopeand elsewhereThe outputsontributed to inform

the advice for monitorig including irDeliverable 6.9 of GENIALG (Tett et al 2021)

Adding to the results ofecentevidencebasedstudies from SwedefHasselstrom et al. 2018; Visch
et al. 2020b, cand previous work from Ventry Harbqgureland(Walls et al. 2016, 2017#)is study
increases th&nowledge on tie environmental effects and potential ecosystservicegprovided by
seaweed These results were used ather reports published by GENIALG, nanaglgrying capacity
and nutrient uptake models (Broch et al, in prep) and ecosystem service valuttidre (made
available from www.genialgproject.eu)Theresults obtained are igeneral agreementvith desk
basedstudies(Wood et al. 2017; Hasselstrom et al. 2018; Campbell et al. 201®}¥ite-specific
studies that report a largelpositive effect on the environmentwith cultivated kelp pramoting,
supporting and regulating ecosystem servicge references in Wood et al. (2017) and Chasipet
al. (2019) and more recently the studies by Viethl. (2020c)By increasindpiodiversity,the farms
play a role in local food web dynamigdaying a nursery role fguvenile fish and other commercial
fish speciesaand protecting autotrophidenthic habitats such as seagrass beds from direct physical
impacts, e.g. potting, trawling arghchoring. The indirect positive effect that seawdartmshave in

promoting the conservatiorof natural seaweed habitats by removing pressures from them by direct
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harvestingshould also beconsidered While there ishistory of impacts fromshallow seaweed
aquaculture inAsia and Kicalargely a result of nutrient competition, siltation and diredirasion of
benthic communities(e.g. EKI6f et al. 2005, 2006 and references therairese effects were note
recordedin the type ofoffshore aquaculture sites that are common in Atlantic Europe, i.e. those

considered in this study

Effectsof seaweed aquaglture on biodiversity

Fom the qualitative and quantitative biodiversitglata collected in the test farms, via direct
observations by divers and sampling, e@clude thaseaweed cultivation increases species richness
and contradick the ideathat one-speciesaquaculture is somewhat similar to barremonocultures
found in terrestrial habitats Biodiversityrecorded in both test farmseened however strongly
affected by a broad variety of parameters including the timing of seeding, timing of harvest, and
position within the farm(Walls et al. 2017b; Visch et al. 2020B)otic iichness and diversity in
seaweed dominated habita&re usuallynot dependant on the number of seaweed species, although
the composition of the faunal assemblagefates and DeWreede 2007; Walls et al. 20T} study
providedevidence thathe biodiversityof the faunal assemblages associated withtithe kelpspecies
studiedSaccharina latissimand Alariaesculentas similar, not very high compared to other biogenic
habitats(for exampleModiolus modioluseefs, sed-arifasFranco et & 2013)but on par with natural
kelp bedqWalls et al. 2016)

It should be emphdsed that although, in theory, the test farnvgere monoculturesmost of the
longline samples had a variety of other seawgeelsent within the holdfast of the cultivated species,
largely red filamentous taxaln the Eastern Schelde studgiodiversity difered between lines
cultivated in the centre and outer edge of the farm, but differences between the seeded anrd non
seeded linesvere also detecteds did the study from Ventry HarbauRopes that contained awveed
showed higher species richnessnfirmingthe ecosystem engineeringffect of the seaweeds the

habitat forming speciesn addition to that fromthe cultivation structures.

4.1.1 Cultivated seaweed and growing structures as habitat for marine fauna
Resultsfrom infaunal and epifaunal analysid culivated seaweed sampleare similar to those
reported byothers(Walls etal. 2016; Visch et al. 2020b and references thersitgwing a community
dominated by tube buildingmphipodsthe dominant element of the fouling community in seeed
grown in sheltered sites, followed by bryozoahgdroidsand colonialtunicates(Figure50). This was
also shown for three sites in Norway where number of specieS.itatissimacultivation varied

between 49 and 64 per plant, and abundance between 227883 individuals r (Christie et al.
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2009). The sigrficantly higher abundances and number of spedesnd in seded droppers
compared to unseeded controls configtihe cumulativehabitat forming effecbf the grown seaweed
as the foundation speciedhe timing of the deployment dahe seeded lines in autumor winter
allows for maximum growth of the kelpefore seawater temperature increases facilitatiggpwth

and settlement of planktonic larvae and colonisation of these new habitats.

Taxonomic anlgsisof the dropperand longline sampke from Ventry and 8helphoek(this report)
showed that the communities associated with cultivated seaweed are largely dominated by
amphipods and musselitially during the growing season structured the seaweedtself as the
habitat forming taxaand later after the sumer solely by mussels and remaining holdf&stventry,

M. eduliswasclearly more abundant i%. latissimasamples in June compared £ sculentdn the
same month but different yearsFactors including temperature affect the annual spat recruitment
events for M. edulisand the difference might not be due to either kelp species being preferred by
swimmingM. edulisas a settlement substratéBayne 1964, Filgueira et al. 2014; Capelle et al. 2019)
Nonetheless it is possible that the more complex surfaicéne S. latissimas indeed more attractive

for pediveligers as a settlement substratempared to the smoother fronds @&. escunta, which
could be the reason for thalifferences in biodiversity and faunal assemblagespeciallythe
abundance of bryozoans and other fgpinal speciesassociated with eackelp speciegFigure50).

For examfe, the sea maMembranipora membranaceia an epiphytic bryozoan whose presence in
the algae fronds can cause the weakening and loss of blades and canopy (@ixsityet al. 1981;
Denley and Metaxas 201,79nd produce a decrease in the value of the kelp biomass for the industry

(Forde et al. 2016)The presence ofhis bryozoan was notable among ti® latissimasamples

collected in 2018 but was anecdotic Anesculentasamples collected in 2019.

Figure50 Left Frond of cultivated sugar kelp S. lattissima heavily colonised by amphipes, totyozoans andolonial
tunicates. Longlines left unharvested over the summer pededsloped into a biogenic habitat formed by mussels and left
over kelp holdfast. Noticdé presence divo-spotted gobiess. flavescenand edible cral. pagurus
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The effect of surface complexity on settlement of planktonic larvae is well kn@an Buck and
Buchholz 2005and in kelp species with roughsurface e.g.Laminaria hyperboreahave a more
diverse epibiotic community compardd species with smoother surface suchlasdigitata(Blight
and Thompson 2008; Walls et al. 201)imary and secondary laminaebitkbnia radiata(Jennings
and Steinberg 1997Bodiversityin the frondcould be strongly influenced by the presence of different
bacterial biofilms known to affect larval settlement behaviowgvering thesurfaces of either kelp
specieqOrlov 1997)

These differences isurvey timingoossiblyexplainmusseldeingabsent inthe May 2020East Saelde
samplescompared tothe previousseason inApril when they were found in high abundancekhe
sampling moment will influence the abundance of certain species, sudWiytkis edulis which
reproduce between March and May, depending on water tempereguand settle from April tdune
(Capelle et al. 2019; Capelt620) Therefore, the fauna sampling in 2019 was likely to early to find
any Mytilus edulisand possibly other species, while in 2020 mussels were very dominant on the

seaweed ropes.

The relationship between biodiversignd the presence of habitat fming mussels and kelp, even at

low densities, has been widely documented in the wild for musfedsifiasFranco et al. 2018b;
Coolen et al. 202@nd kelp (this studyChristie et al. (2009); Walls et al.( 201Bhe presence of two
habitat forming ecosystem engineetke cultivated kelp and the blue mussels, has a cumulative effect

in the biodiversity as the habitat complexity increases by the presenceewices in the holdfast and
mussel byssal threadandbetween the musse|svhich are used by crevice faundile the sediment
accumulated serves as suitable habitat to detritus feeding infaama the surface of thefronds
available for settlement of epifauhapecies(FarifiasFranco et al. 2013; Teagle et al. 2018)ch
attraction of species ialso observed in similar activities including shellfish cultivation. Wijsman et al.
(2009) showed that shellfish aquaculture attracts a broad variety of species and encountered 55 taxa
on suspended mussel cultivation (n=6) and 49 on mussel spat coll¢otdi@) situated in the same
in-shore estuary as the seaweed farm presented in this research. The number of species found in our

study roughly comply to the numbers found in those studies.

The dropper and longline samples collected in October 2018 weréultptprocessed at the time of

the writing of this report but field observations and partial sorting in the laboratory confirmed that

0KS YdzaaSt WNBSTQ O2YYdzyAadé GKIFIG RSOStE2LISR 2y (2
by decapodsof commerciaimportance, predominantly edible crabancer pagurysselvet swimming

crabNecora pubeand squat lobsteGalatheasp. Thus, the mixture of kelp holdfast and tightly packed
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mussels replicate the complex interstitial structures of natural mussel and kelpdrediling the
same opportunities for refuge and food these crab and lobster species seek in tH€wifunito and

Boncavage 1989; Lindsey et al. 2006; Bertolini et al. 2018; Comnaito2&t1 8)Figure50).

Nonetheless, timeis an important factor on the longevity of the impact on biodiversity. With
cultivation substrates being psent only for a limited period (late autumn until late spring) and fully
extracted during the harvest, the increase of biodiversity in the watanroalis primarily boosting
opportunistic specieanless the holdfast and mussels are left on the ropesninimise these impacts,
the existence of suitable habitats that can accommodate migrants displaced bgrttwval of the
cultivated kelp should beonsideredin anecosysterbasedapproach to site selection of seaweed
farms.In the case of the Ventry sitajith seagrass and kelp bedsarthe farm, it is likely that these
impacts are minimal considering that the fish observed using kékp longlines ha probably
immigrated from nearby habitatswhere they were observed in high abundances. These local
migrations have indeed been recorded for both fish species recorded in the VentrEsilayescens
andP. pollachiugHeino et al. 2012; Furnesand Unsworth 2020)

/| 2y&ARSNI GA2y (2 tSIF@AYy3 NRBLISAE 2N fAySa dzyid2dzOKS
WY I { dzNR& ( & @in ahabitaiBa &t al. @B 18) found that partial harvesting of Bielatissima

and A. esculentabiomass could be very advantageous and economically beneficial, as there was no

need to reseed the lines the following seasons due to the naturgroeth of the kelp biomass.

Alternative coppicing or harvesting the blades leaving the holdfagtromote natural regeneration

and recruitment, or growing algal polycultures that can be harvested at different times of the year
(Campbell et al. 2019an be arefficient and economically beneficialternative to provide raw

produce removing the needor cleaning and reseeding and maximisbigdiversity and ecosystem

service provisioriBak et al. 2018)

4.1.1.1 Presence of invasive species

Non-native species were recorded in both test sitesVentry HarbouCaprella muticathe Japanese
skeleton shrimp, wathe only nonnative taxa observed while in the East Schelde Hiere were at
least four nonnative species found associated with the structutbe Japanese knotweed Sargassum
muticum, C. mutica(itself associated with theon-native S. muticunp, the Pacific oysteCrassostra
gigasand thegloballyinvasive tunicateStyela clavaall species that originate in the NE Pacific region
(Goldstien et al. 2010, 2011)

Caprella muticavasfrequently recorded in hig abundances and was the dominant capredliithird

most abundant invertebratg§secondmost abundantif M. eduliswere excludel) in longline and
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droppersamples predominantly associated with the kelp afidhmentous redseaweedsgyrowing on

the longlinesand substantially outnumbed native caprellics. Thiscaprellid amphipodhative to the
sub-boreal waters of the nortiwest Padic Oceanoften found associated with areas of human
activity; marinas, harbours and aquaculture si{Bsischbaum and Gutow 2005; Ashton et al. 2007,
2008) Its dispersion is likely linked to vessel movemédtsok et al. 2007gnd thefirst record of the
species in Irish waters was in 2004 in the west coast associated with salmor{Ta&emey et al. 2004;
Minchin and Holmes 2006Pue to its possibility of attaching to boat hulls, engines, poles, etc. its
range spread in the past few years and is present elsewheregindoats (Cook et al., 2007). This
species is also inhabiting algae and mussel or tubeworm reefs and is a strong competitor of the native

European caprelli€aprella lineariboth under laboratory and field conditions (Cook et al., 2007).

Of note is thepreserce in theEast Schelde farm of the invasive Amative sea squirStyela clava
whichoriginatesin the NW Pacifi¢Goldstien etal. 2011) The first recordof the speciesn European
waters was observeth the Plymouth Sound (UK) in 195&iaincethen it hasspread throughout the
NE Atlantic(Litzen 1998)The species was not recorded in the Iriskt but was observed by divers
during thebaseline surveys carried out in the East Schetdeveedarm in 2018 commonly attached
to clumps ofSargassum mutian, itself an invasive species and a known vector of dispersés.for

clava Styela clavas fast growing, large and can outcompete nativeicate specieglLitzen 1998)

Thepresence oPacific oysteCrassostregigasin the farm wagprobably serendipitous, growing on
strands ofSargassunspp. or being caught in them if dislodged frdme nearby shoreline, where they
were commonly observed. Pacific oyst&sgigasare well stablished in The Netherlandsxpanding
rapidly and creating eghsive biogenic reef structures.t@bugh it is consideregotentially an
invasive specieseprodudng thanks tovater temperatures reaching their spawning and recruitment
threshold(Guy and Roberts 201,aheir role in theecosystem functioning of the areétsey colonise

has beergenerdly regarded as positive, promoting water quality and enhancing biodiversity, with no
obvious effectoutcompetingother bivalves and, in facthey have been known tdacilitate the
settlemert of native mussel#. edulisand endangerednative oystersOstrea eduligTroost 2010;

Walles et al. 2016; Zwerschke et al. 2016; Christianen et al. 2018)

4.1.2 Seaweed farms as essential fish habitats

Seaweed habitattypically act as aurseriesfor juvenile fish(Stereck et al. 2002; Smale et al. 2013;
Seitz et al. 2013; Lotze et al. 20889 seaweedarms may thereforeeplicate that functionFshcan
be attracted to the physical structure acting as fish aggregation de(d3), as they do to mussel

farms (Mascorda Cabre et al. 202 Bnd somestudies have docunrged this effect,describing the
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impactof seaweed farming in fish assemblagBergman et al. 2001\though the positive décts of
seaweed farms@ing as nurseries for fish have been predidvgextrapolating the observations from
natural kelp habitatais essential fish habitafe.g.(Wood et al. 2017}here are few studies that have
specifically focus odocumenting these effeatith some providinganecdotalevidence (e.g(Visch et
al. 2020areporting the presence of lumpfisByclopterus lumpgsThe surveys conducted at Ventry
Harbour provide solid evidence tthe use ofakelpfarmas a nursery area bishjuveniles ofat least
two speciesfrequently recorded in relatively high numbers, polld@&llachius pollachiuand two-

spotted gobyGobiusculus flavesceras well as lumpfis@. lumpus

Twaspotted gobiesG. flavescensre usually found in kel@and seagraséabitats allyear round
although are more commornn the summer monthsvhen additional recruits arrive from deeper
waters(Fossa antlelge 1991; Furness and Unsworth 2020)e presence d. flavescenwas noted

in the longlinesduring at peak kelp biomasand, considering the abundance of these fish in the
seagrass habitats underneatturing the summer it is possiblyoth habitatsare connectedfish
utilising the kelpfarm opportunisticallyas a feedingground, for reproductive purposeéSmith and
Heemstra 1986)and asa refuge from prediors such as. pollachiugrather than as an FADhe diet

of G. flavescensonsists predominantlpn small invertebrates, such as amphipaisd copepods
(Utne-Palm 1999)the dominant fauna recorded in the cultivat&dlp. There is other omnivorous fish
that in addition to the fouling organisms include in thaiets small fish and, therefore, would benefit
from the fish species that are attracted by the macroinvertebrate assemblage. For example, the
lumpsuckelC. lumpsand pollackP. pollachiusrequently recorded in the farm and the seagrass beds
nearby durig the summer and early autumfeed both on small crustaceans, molluscs, and small fish
(Fossa and Helge 1991; Imsland et al. 20T&e population ginamics of pllack an species of
commercial importanceis generally poorly known butvidence fromthe few studies that exist
suggestit undergoesseasonal migrations frordeeper water where they have their spawniagd
feeding grounds tehallower watemwhere the juvenileare usuallyfrequentlyfound in the summer,
associated with kelp and seagrass habi{@isnannsson et al. 2007; Heino et al. 2012; Pita et al. 2018;
Furness and Unsworth 2020)

Various echniques are available to investigate marine biodiversity of mobile fauna. For a long time,
studies have been based mainly on extractive methods, such as fishing or dredging. However, due to
technical progress in video cameras, sensors, battery life r@fodmation storage, novel techniques

have become accessible and affordable for most usermguhe last decades (reviewed by Murphy

and Jenkins 2010). Camera imagery has thus become a powerful tool for studying marine biodiversity

on different scales, &m individuals to entire ecosystems. Despite these promising applications, as
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well as initid pilot tests at our study sit€Tonk et al. 2019attraction of fish was not confirmed with
baited camera systesin the Schelphoekarm. The test of the baited camera in the Ventry site was
limited to one opportunistic deployment in July 2019 for a limited pertidur deployments under
the farm and at the northern control station ca. 200 m from the farm). Algfothe diversity and
aburdance of fish recorded were haery high, possibly a result of the bait used, it did produce some
results with shoals of sandeAmmodytesspp. and two lessespotted catsharlSgliorhinus canicula

recorded under the farm

4.1.3 Effecs on benthic habitats ardodiversity
4.1.3.1 Benthicautotrophic habitatsseagrass beds

Oneof the main concernabout the potential negative effects thaeaweed aguaculturean have on
benthic autotrophic habitats (e.g. kelp beds and seagrass meadows)tibntigation due toshading

and nutrient competitionWood et al. 2017; Campbell et al. 201®)me studies have foundeaweed
aguaculturehaving significant negative effect on seagrass habitats, reducing seagrass biomass and
shoot densityEKI6f et al. 2005, 2006b,.d)hose studiefhowever, were carried out in tropical lagoons

in Africa and Asia, wherenglinesand supporting structuresit in very shallow water oplsuspended

0.15 m above theseagrass causing a direct impact through shading and abra@mseconditions

are not comparable to thosgenerallyfound inthe majority ofoffshore kelp farms in Europe and

North America, where longlines usually float just under the surface,are spaced (in Ventry

approximatelyl5m between each othgmandplacedin deeper water

The test farm in Ventry Harbour was unique iningelocated in a seagrass bed, a habitat of
conservation importance and high biodivergiBale et al. 2007ensitive to anthropogenic stressors,
including physical abrasiofpuarte 2002; Dale et al. 20Q07§)roviding an excellent opportunity to
assess the potential impacts of seaweed aquaculture esghabitats and the potential ramificatien

in the granting of licenses and site selection procd3sevious sitdies in the area, limited in extent
and replication, found neffect from the farmon seagrass biomass and thus concluded that the
seaweed growingperations were not dhreat to the conservation status of the seagrass beds from

the seaweed farm operati@(Walls et al. 2017a)

The surveys conducted in the area as part of the GENIALG p(tjestreport) were more extensive
and amlbitious in scope andncluded measurements of seagrass coverage as well as biomass and
irradiance. The resultshowed seagrass coveragad biomasaunder the farm were as high, if not
higher, compared to distant statiomghere seagrass became sparser anttpir. The distribution is

likely affected by factorknown to limit the extent of seagragsg.light attenuation withincreasing
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depth turbidity caused bymore expoed conditions away from the protection of the farwjth

bottom swellincreasingsedimen resuspensiorfVan Der Heide et al. 2007)

While Walls et al.(2017a)found no effect in biomasom the seaweed farm thauthors did not
investigated the potentiafactors, for exampldy monitoringlight availability and turbidityWhile
Visch et al(2020a)found reductions of upo 40%in light availability under a small seaweed farm in
Sweden this attenuation hadot effect on oxygen uptak@om primary producer@and noapparent
effects on maile epifaunaor infauna, whib were richer compared tthe controls Themonitoring
we carried out in Ventry Harbodound the opposite effect, witthigher irradiancgas PARYyalues
under the farmcompared to the controls, even those in shallower watéris likely that the seaweed
farm acts as a sedimentap based on the lower turbidity and sediment deposition levels recorded
under it compared to the highly dynamic areas outwith the faithese effectare likely caused by
the observedreductions in current flows within itboundaries an effect reportedn kelp farms
elsewhere(Liu et al. 2016)These observations indicate tifi@m promotes water clarity, confirming
its role as a sediment trap hypothesed by othergWood et al. 201and references therejrincreasing
light availability PAR for primary producersinderneah, whichbenefit for enhanced water clarity,
less siltation andpotential smotheringin an embayment known for its turbidity and sediment

accretion(Author Pers. Obk.

Offshore seaweed farmsan have an additional, positive effect on local ecosystersdeterrentsto

boat navigation,anchoring andottom trawling, sources ophysical impactsesponsible foseagrass
habitat declinesvorldwide (Riesen and Reise 1982; Neckles et al. 2005; La Manna et al. 2015; de los
Santos et al. 2019)n the 1980sseagrass beds were reported as the dominant habitabss the
whole Ventry Harbouembayment(Whelan and Cullinane 198%lthough the present study did not
attempt to map the current extent of the seagrass beds in the, baged on the data collected, we
believe thehabitat hasheensubstantiallyreduced now limitedto the south of thebay, roughly to the
area where the farmsilocated andetween the farm and the shoreline. Ventry harbour is a known
boatanchoring poineand potting and other forms of fishing due ocdn the baylt is possible that, in
addition toits effectas a sedirant trap,the farm is actings de facto exclusion zofer other vessels
promoting the protection and conservation of sensitive habitats as other studies have demonstrated
e.g.recowery ofbiodiversity and Polychaeteefs within windfarmg(Pearce et al. 2014; Coates et al.
2016).
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4.1.3.2 Benthiomobile fauna

In Ventry Harbour mobilspecies recorded durindpe seabed habitats surveys were similar to those
observal directly associated with the cultivated seaweed overhead smolided predominantly
juvenile pollockP. pollachiusand twaspotted gobiess. flavescensTheir utilisatiorof the habitat did

not appear to be affected by thiarm, but their appearance andistribution wasdependent on the
extent of the seagrass habitats and seaddost fishrecorded on site first appear in Apa$ isolated
individuals or in small groups but as water temperatfamd seagrass biomassjcreasel their
numbers increasedegecially P. pollachius which were recorded in large (e.g. over 100 individuals)
shoalsin the seagrassneadows(Figure51). Flatfish, sand gobiesandeel Ammodytessp. were
limited to the sandy areas to the nortind east of the farm while opportunistic scavengers such as
lesserspotted @atsharkS. caniculandthe near threaterthornback rayRaja clavatgEllis 2016yvere
more ubiquitous, but moreommonly encountered under the farm and its vicinity (50 m radius) during
most dive surveysGoldsinnyCtenolabrus rupestriand Corkwing wrass8ymphods melopswere

common in thearea butlimited to the kelp dominated habitatsutside the boundaries of the farm.

Figure51 PollackPollachius pollachiysvenles recorded in seagrass meadows ca. 25 m from théasouedge of the Ventry
Harbour seaweed farnSnakelock aemonesAnemonia viridisJuly 2018.

Othermobilefauna recordedunder the farm and its vicinity included spider cidhja brachydactyla
and edible crab C. paguruswith their distribution either influenced by the increased feeding
opportunities providedhe seagrass meadows and the occasional longlir®y seasonality, while the
masked cralCorystes cassivelaunpeesence was seasonal, and aghiabitat driven, preferring the

sandy areas to the east of the farfirhe presence dishand mobile faunainder and near the seaweed
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farm with no apparent negative effect but rather an attraction effetich has beemneportedin other

seaweed farms of siilar sizeby Visch et al(2020a)

The effect of seaweed fims asfish nurseries has been documented befgi@egman et al. 2001;
ZemkeWhite and Smith 2006}t is possiblghat the nearby presence of seagrass and kelp habitats
represent donor sites of fish that found the farm suitable habitat and feeding ground. Whifatthe

of these fish after the harvest iofentially a negative effedt is plausible thathe nearby habitas

can absorb the fish once the seaweed is removee. €fifect of the harvesieeds to be considered
with attentionin seaweed farmplacedlocated in areathat lacksuitable habitatdo absorbdisplaced

fish populations after the seaweed biomass is rentbve

4.1.3.3 Benthic infaunal communities

It was not possible to quantify spatial and temporal variability in benthic infaunal communities, and
the potential effects of the seaweed farms studietije to logistical and time limitations. While
replicates for sedimenindicated that the organic component as POM suggest that the farm might
have a neutral effect on benthic communities with organic matter pathways having a variety of origins,
not solelyfrom the farm, butlikely fromseagrass and kelp beds that domi@atljacent areasJudging

by visual observations obtained during the surveys and the results of the sedimentology and organic
matter analysis showing homogeneity across the studied area, ameirder the benthic infaunal
communities largely influenced by the environmental factors, are unlikely to be subject to negative
effects from the seaweed farmExisting quantitative studies indicate the effect by seaweed
aquaculture on benthic communés is not only neutral but positive, with significant increases in
benthic quality indices compared to control statio(gisch et al. 2020aand therefore we can

hypothesise that is also the case in Ventry Harbour.

No evidence of drift or decaying ketpat could have originated fromthe seaweed aquaculture
activities was reportel during the surveysn Ventry Harbourbut numerous fragments of kelp
Laminariaspp.,Sacchoriza polyschidaad Sachharina latissimalong with drift seagrass bladesere
commonly recordedn the autumn and winter surveys followirsgorm events.The farmnonetheless
provided organic inputs from the epifauna growing on the longlines (anemones, red seaweeds,
mussels and associated taxa) which also attracted scavengers and opportunistiopeddtother
pelagic fauna in agreement with the results reporfeain Sweden byisch et al(2020a) However,

it should be noted that mussels present on the longlines in both test famdsiearby mussel farms

in the Eatern Schelde site, are also a source of organic matter. Mussels prpdaado faeceshat

might alter benthic communitie€McKindsey et al. 2011; Mascorda Cabre et al. 28Rhpugh these
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interactions and potential cumulative effects are likely to be site specific, with impacts depending on

the area and volume occupied byose activities and local emenmental conditions.

Impact on abiotic benthic parameters

4.1.4 Seabedediment sizand organic matter

Aquacultureinstallations interfere with locahydrodynamic patternsncreasing drag and altering
current speed and directigrgenerally reducingvater flow (Grant and Bacher 2001; Fan et &09;
Aldridge et al. 202). As aresult of thesealtered current patternssome studies have found that
seaweed farms capotentially alter local sediment dynamicand thus the sediment structure and
composition of the seafloor in the surroundingBos et al.2007; Petersen et al. 2008; Liu et al.
2016)The potential knoclon effects of such changes could & increase in turbidity that can affect

benthic primary producers ahanges in the biodiversity and structure of infauassemblages

This studyhowever, demonstrated that sedimentunder and near mediumized seaweedarmscan
remainunaffected by thé& presence In Ventry Harbour o significantemporal variationwasfound

in sediment textural parameters (mean grain size, skewness and kyriosigeement with similar
studiesfrom China where sediment did not varied during seeding, harvesting or after harv@sting
et al. 2016)

There wasome indicatiorof localisedncreasein organicmatter content inseabed seiinentsunder

and near theVentry farmat peak biomassnd post-harvestsurveys Others(EKI6f et al. 2006d)ave

also recorded organic enrichment in shallow seaweed farms in the troptdhe majority of stuées

have found no effects on organic matter contentsabed samples as a result of seaweed farming
(Buschmann et al. 2014, Liu et al. 2010is difficult to ascribe these spikes in organic matter content

to the farm and the most likely source are the biogenic habitats émggrass) that dominathe area

or the abundance of drift kelpecorded after autumn and winter storms, which are the most likely
sources of organic carbon and detrital mater@@ganic matter in and around the tefirm site are
nonetheless low (espealiy if compared with thee recorded in areasith finfishaquaculture)at less

than 4% which is in agreement with other studies in seaweed aquaculture(kitest al. 2016)In
comparison, the organic fraction from suspended salidseawater sapleswas on average 13% at

the centre of the site with values generally under 28% but as high as 48%. Ventry Harbour is a highly
dynamic environment, the seafloor being subjectftequent bottom swell and turbid conditions as
demonstrated by the readinggbtained from the currentmeters These hydrodynamic conditions
might result in the quick removal of any organic material deposited by the currents and resuspension

of sand. Basedrothe higher values of irradiance recorded under the farm and higheilifisiecords
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from Secchi disksignificantly lowesediment amounts captured by the sediment traps under the farm
and low turbidity readings, that the seaweed is acting as a sedirtrap retaining most of the

suspended material observed in the water sdagg§Zhou et al. 2006; Wood et al. 2017)

4.1.5 Effectsontidal flow, water clarity and siltation

While most studiesuggestbased on the effect of natural kelp beds on tidal energy and wave
dampeningcultivated seaweed are expectad act as a wave dampening device promoting coastal
protection and minimising erosionof tidal flats(Jackson 1997; Gaylord et al. 2007; Barbier et al. 2019)
Similar to other studiethat reporta reduction invater flow within the boundaries of seaweed farms
(Grant and Bacher 2001; Zeng et al. 2015eL al. 2016jield data collected from both tests sitasso
indicated substantial reductions ofirrent speeds within the seaweed farnis Ventry Harboufield
data andhydrodynamic models prediet up to 31% reductions within the farm. However, current
flow was diveted around the farm structure leading to current speed increasesp to 34% which
aligns with the results of other models developed seaweed farm@ Chinashowing an increasi
current velocities around the farrand under the farnarea(Grant and Bacher 2001; Zeng et al. 2015)
In the case of the Ventry Harbour studies (this report) turbidgyspended matter contenand
sediment deposition around the farm whagher compared t@reas within the farm. Ventry Harbour
is an embayment subgted to naturalinstability and the presence of the farm could further
exacerbate these conditions in intertidal and shallow subtaaas between the farm and the
shoreline. Thus, thesesultscould indicatethat in fact an increase in coastal erosigrpossible and
shouldpromptto approach with cautiortlaimsof coastal protection as de-facto ecosystem service
provided by seawes aquaculture farmsreinforang the importance ofsite-specific studie and

hydrodynamic modelto inform thesite selecion and farm desigimprocess.
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5 Conclusions

This study improves our understanding of seaweed farming impacts on surrounding ecosystems
using two farm sites to gather evidencEhe surveys conducted at the test farms in Ireland and The
Netherlands provile confirmationof the significantpositive effect seaweed aquaculturbas in local
ecosystemsprovidinghabitat for a diverse faunal communitand itsrole to support populations of
commercially important fish and shellfish specighe findings repres# evidence of the role of
seaweedarmingcan play irthe sustainable development of coastal economies and communities, by
highlightingits role in supporting economies andiaintaining healthy ecosystemsnd providing
valuableservices This role aligns ih Aichi Target 11 on marine biadirsity protection and UN
Sustainable Development Goals (SD@&)a2l security and 14 on oceans as wé&k Gouvello et al.
2017) potentially helping to achieve EU targets for Good Environmental Status ([&i8asFranco

et al. 2014; Hasselstrom et al. 201&)d could play a rolén the European Green Deal Strategy
boosting the efficiehuse of resources by moving to a clean, circular economy, restore biodiversity

and cut pollution(European Commission 2019)

Confirmation was provided othe increase in water claritpy the test kelpfarm, the reduction of
siltation andenhancementof biodiversity directly through the provision of artificial structures for
settlement and habitat and food by the cultivation of seaweed, and indirectly by facilitatiag t
presence ofwutotrophic habitats of high conservation importance, i.e. seagrass. lFadbfer studies
are encouagedin new and prospective seaweed farms, including the potential for INOTfacilitate

longterm ecological dataepresentative of site.

Environmental monitoring as a requiremenit seaweedaquaculture specifiicensing process could

be a very valuale exercise in providing evident® use as a benchmark to establish impEsagainst
appropriate controls Having appropriate temporal and spatial controls wilielp differentiate
anthropogeniedriven change fronseasonal and natural spatial variabiliggvery new site would be

an opportunity to collate data to further increase the ability to detect impacts and effects and improve
guidance.Monitoring and especially the development of full environmental impaassessments
could be necesay where the proposed sites are within marine protected araad should follow

robustBefore After Control Impact (BA@hethodologiegUnderwood 1992; Gray et al. 2006)

The recommendation iotestblish the scale of the monitoring depending on the conservation value
of the area. The establishment of distant control stations is crucial. A robust, future proof, baseline

monitoring program can be established at benthic and water column levedsiiBim aim would be
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to tackle known environmental interactions with 1) the benthic environment, focusing on biotic and
abiotic elements; 2) water quality; 3) description of the biofouling communities including the

detection of invasive nomative species4) genetic and pathogen interactions.

Although the deployment of infrastructure on the seabed would nonetheless require a licevnsald

be necessary to establish if the mooringsd boating activities€.g. through anchoringhight affect
fragile benhic communities, for example sgiaass or other biogenic habitats of high conservation
importance in addition to any cumulative effects caused by the growth of seaweed iBetfides
direct physical effects, which should be a@ljothe overallimpactfrom the farms expectedto be
minimal, or even positive, as observed during the GENIALG projecttdvliogi can include the
deployment of instrumentation to determine nutrient levels, temperature, PAR and currents. The
position of sediment traps at regular intervals could help establish organic matter inputs into the

sediment.

Follow up surveys along with seaweed growth monitoring surweydd help detect impats following
ecosystem models. The intensity of the survey protocols can be determined by the scale and
dimensions of the farm and edifshed following the first period of sampling. BACI approach and
detection of spatial gradients can be accomplisheddipwing survey design with sampling stations
regularly spaced from the source of impact, with transedeployedalong the direction b the
prevalent currents and perpendicular to them. These surveys would incorporate sedsar@piing

for granulometricand organic carbon content analysis (1 replicate) and faunistic samples replicates.
The latter would be used to define faunal assemblagmposition and biodiversity indices and impact
and natural variability investigated using univariate (GLMMS, GLAMonanova) and multivariate

(PCA, MDA, PCO, LD8)explain shifts in faunal assemblage composition caused by the farm.

In line with the recommendations provided liy GENIARG(Tett et al. 2021jve suggesto continue
exiging environmental monitoring programmesr begin new oness research partnership between
academia and industrip develop best practicand document site specific baselines for responsible
managementBy incorporating environental baseline and operational monitoring surveys as part of
the licensing conditionsask can be minimisegensuringprovisionof ecosystem services by tifi@rm
that can bemonetisedand claimed by theowner or operator Supporting diversity as part of the
farm management (e.g. coppicing, fallowingyjomoting multispecies aquaculture and IMTA could

be facilitated bypayment for biodiversity similar tthe EUWParming forNatura 200@ LINF @&ilNJ Y &

2

https://ec.europa.eu/environment/nature/natura2000/management/docs/FARMING%20FOR%20NATURA%20
2000final%20guidance.pdf
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in landbasal agriculture Seeking opportunities with other aquaculture activitieler example
collocation of native oysteDstrea eduligquaculturein seaweed farmsgould provide opportunities

to maximise biodiversity and environmentastoration (FarifiasFranco et al. 2018a; Pogoda et al.
2019) Following up on the results from GENIALG, ca@d BACImonitoring programs could help
detect and quantify these ecosystem services, e.g. biodiversity enheerde protection of natural
habitats, role as carbon sinks and nursery habitats for commercial species, that could be used to
highlight the enwionmental benefits of these activities, increase social acceptance and support the

expansion of the industry.
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