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Executive summary

Man-made structures(Figure 1) including oil and gas platforms
pipelines, cables, ship wresgrovide additionalhard substrate in the
largely softsediment environment of the North Se&tructures have
been present in the North Sea for many decades and these have bee
colonised by benthic communities and attract fish, seals and seabird:
lookingfor prey, rest, or refuge from predators. Activities at and around
structures may also cause disturbance to the marine environment .
locally that can result in avoidance by moliganismge.g. through
transportation of equipment personneko / from them and associated
noise). The presence of mamade structures can lead to a shift in the
species composition locally and through predapoey interactions |~
potentially alter the functioning of the marine food welbowever, the g
scientific evidenceand tools needed to understand the role of hard »
substrate provided by oil and gas infrastructure in the North Sea — pipsiines e oil & gas platforms
ecosystem and to generate evidenbased approaches for
decommissioningpas beeracking. This gap was recognised by Oil and
Gas UK and the INE programme was set up to fund this research.

INSITE funded the projesty (i A linviesligatingfood web effects due
to manmade structures using COupl&patial Modelling (COSM}o
assess thgotential ecosystem effects ahanmade structures in the
North Sea. Thiproject was led byCefas(https://www.cefas.co.uk]
with the aim to better understandf the presence of mamade
structures might lead to changes locally that can spread through the?
wider ecosystem through predatgurey interactions and dispersdihis

was delivered through the collation of existing datstatistical Depth (m)
modellingof data andthe development of a spadl food webmodel '-./ -~ mo
that can be projected through time. The food web model was used to I100
evaluate scenarios: asking the question, what would happe 0
communities if structuresvere removed through decommissioning? |:|gure2 Bathymetry (source: Def
Which species midibe affected? Are any effects important given that DEM UK EEZ plus EMOIL
climate change and fishing already impact the system greatly? bathymetry)

Figurel. Location of pipelines anc
platforms

Compilation of data was a
significant challengeand
was done in collaboration
with the INSITE
EcoConnect projecData
on manmade structures
and natural habitats
(Figure2) were compiled
and the proportion of
different types estimated
in quarter degree grid
squaes across the North
Sea. In addition, data

were sourced for key stical eff . bability of ¢ . q

environmental  layers Figure3. Statistical effects of structures on probability of occurrence of groups in survey data, ¢
bubbleindicates that the likely occurrence is increased through the presence of structures (with

(temperature, salinity, pypbies indicating larger effect size)

bathymetry and primary
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production) and spatial information on fishing effort (in collaboration with the EU BENTHIS project).
Statistical modellingf survey data, collected by international fisheries surveys and benthic monitoring, was
conducted to identifypreferences for fish and benthos for natusalbstratesand manmade structuresn
addition to theirresponsego change in the environmentngeneral,the survey data indicated that fish, rays

and sharks occurred more often near cables and pipelines than expected given their presence in the natural
environment(e.g.Figure3d). In contrast, these groups were less likely to be found near oil and gas pipelines
than expected. Sharks were more likely to be found near ship wrecks and wind turbines, but many other
groups were less often found in survey data neagcks.

Figured. Schematic showing interactions for haddock (adult, left; juvenile, right) with predators above and prey specie

Decommissioning of mamade structures at the end of their use is generally a condibibtihe licence to
operate In the North Sea, oil and gas platforms are coming to the end of their lifeoptidns for
decommissioning structures, ranging from complete remido leaving in place or during at sea, are being
considered. As structures aremoved from the sea, they will disturb any communities that have become
associated with them, which maipple through the food web to cause ecosystem level effects. To investigate
the potential response of the ecosystem, COSM built a sgiatigporal foodweb model of the North Sea
ecosystem(Figure4 and Figure 5) ranging from phtoplankton to predatory marine mammals that is
embedded within a model environment that includes information on seabed habitats (natural and artificial)
and the water column (salinity and temperature). This model is then used to test scenarios of cHatigg re

to removal of structures, andontrastedto change in the environment and fishing pressuree impact on

the food web ofthe two extremedecommissionin@ptions(i.e. removal ofll structuresversus no change
were testedto determine therange ofresponses that tis novel modelling approactould generate
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Care should be taken interpreting the resudtf this study
as many assumptiorere needed to build such models.

Although efforts were made tocomparethe model to

scientific data at each stegthere is a paucity adivailable

ecologicalobservationsat and in the local vicinity of
natural and marmadestructures.

With additional data, it would be possible to reduce the
uncertainty in the modelling results.

Figure5. Ecospace modelled relative distribution fudke
(left) and the demersal trawand demersal seinfleet

With theseconsiderationsn mind the key findings from COSM are as follows:

1.

INS

Model simulations indicate that mamade structures have an effect on the local community
composition and these effects can disperse throughout the North Sea ecosystem mediated by
interactions between species.

The removal of oil andag platforms and piges may ultimately contribute to declisén some
groups (rays andand eel¥ but increassin others (sharks, flatfish and roundfish).

The presence of wrecks amdnd turbines appears to have a much greater impact than oil and
gas infrastructure on g, sharkssand eelsflatfish and demersal roundfish.

Importantly, all modelled effects of structures amginor compared to the potential effect of
other pressures such as an increase in temperature on the ecosysterorease in fishing effort
to historic levels

Although the additional habitat provided by platforms and pipelines may be relatively, shigll
difference should not be disregarded at this stagerfon-commercialspecies of conservation
concern since natural variability is by its vemature unmanageable antthe removal of other
structures such as wrecks is unlikely to occur in great amount.

CefasCOSM Final RepartOfficial Sensitive Paged



1. Introduction

TheCefad b{ L ¢ 9 LINRP 2SO0 WLY @SaidA Irhadeisyusturds 2ng CQuBenl ST S O
az2RStfAy3IQ td/lvalfatehabitatpefei@nces of key functional groups of species in the North

Sea; to combine this knowledge with spat@nporal maps and fooeveb dynamics in a statef-the-art

modelling tool; and to explore the role of mamade structures in theystem

Man-made structures includingil and gas platformspipelines, cables, ship wregksovide additionalhard
substrate in the largely seftediment environment of the North Se&tructures have been present in the
North Sea for many decades and tedsave been colonised by benthic communities and attract fish, seals
and seabirds looking fqurey, rest, or refuge from predatoréctvities at and around structuremay also
cause disturbance the marine environment locally (e.g. through noise andsortation to/from them)

that can result in avoidance byobile organismsThe presence of amrmade structures catead to a shift

in the species composition locally and through predagimey interactionsalter thefunctioning of themarine

food web.

Demmmissioning of mammade structures at the end of their use is generally a condition of the licence to
operate (e.g. UNCLOS 1982; OSPAR Decision 98/3; UK Petroleum Act 1998; UK Energy Act 2008). In the Nortt
Sea, oil and gas platforms are coming to the ehtheir life andoptions for decommissioning structures,
ranging from complete removal to leaving in place or dumping af aea being considere(@il & Gas
Authority, 2016. As structures are removed from the sea, they will disturb any communities hiat
become associated with themvhich may ripple through the food web to cause ecosystem level effEats.
investigate the potential response of the ecosyst€dQSM has btih spatiotemporal food web model of

the North Seaecosystem ranging from phyptankton to predatory marine mammalthat isembedded

within a model environment that includes information seabedhabitats (natural and artificial) anthe

water column(salinity and temperature). This model is thased to test scenarios of change titg to
removal of structuresand contrastedto change in the environment arfishing pressureGiven that it was
unknown whether any change in the food web could be detected by such a novel modelling approach, the
project tested extreme options for decamissioning scenarios (i.e. removal of entire categories of structure)

to determine the bounds of deteitn by the model.

Thespatiotemporally dynamic model of thivpod webthat COSM developegtilises theEcopathapproach
(Christensen and Walters 20028hristenseret al. 2014) In this approachabase model is builib represent
predator-preyinteractions between functional groupsithin a single yeaand imposes the restriction that
the mass and energy input and output of all living groupsst balance Themodel is based on two main
equations the firstrelatesto the biological production of a functional groughichshouldbe equal to the
sum ofthe group® mortality from predation and fishing net migration,and biomass accumulatiarin the
second ky equation the consumptionby a functional groupmust meet the demandfor the groupQ a
production and respiration The key input parameterare the biomassand fishery catclof each ofthe
modelledgroups, their productionand consumptionrates, andthe proportion ofeachgroupin the diet of
each of itspredators. Under the assumptiomhat the system is masbalanced Ecopath solves a system of
linear equationgo estimate anymissing parameters.

The foundation for thespatial food web model developal here is the previously published calibrated
temporalonly model (Ecopath with Ecosim) that was quality controlled in accordance with guidance by the
International Council for the Exploration of the Sea (ICES, 20ké)model includes 69 functional groups
from phytoplanktonand benthic groupsat the base of the food web up predatory sharksnd seabirdsin
addition to modelling the predatory mortality between groups the impact ofigliing fleetsare modelled

that represent the international fleets operating in the North S&his publishednodel was extended to
integrate spatial informatiomsing the Ecospace software modulehich effectively replicates Ecopath with
Ecosim food web dynamics over a spatial griccafs, which are linked through dispersal of organisms
Additionaltools to interrogate the model were developed and will foeely available in future releases of

the software.Relationships between functional groups and habitats, including their gffiait particular
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natural substrates and mamade structures were based on empirical analyses of unbiased, if incomplete,
scientific survey data where available.

COSM was funded by the INSITE programme to develop novel science to better undevsseglienes of
the existing marmade structures on the ecosysterand the effects ofemovalof manmade structuresn
structure and function of the North Sea ecosystem. To achieve this, COSM had the following objectives:

1. To collate existing data and knowledge llmkages between hard substrate.

2. To evaluate the habitat preferences of key functional groups of infauna, epifauna and fish in order
to link the distribution of each to substrates and environmental data layers.

3. To develop a statef-the-art modelling tml that links spatidemporal maps with foodveb
dynamics, resolved at a resolution that can represent mmate structures, while at the same time
evaluate the impacts over wider spatial scales.

4. To explore the role of mamade structures on the food web legive to natural variation and other
pressures

COSM successfully collatgghsial information on habitat type (substrates and bathymetry), environment
(temperature, salinity, and primary production) and pressure data (fiskingjnodeled the distribution of
benthic and pelagic ecosystem components from infauna to seabirds. The consumption of prey by functional
groups of predators was modelled in relation to their habitat preferences and the subsequent flow of mass
through the system to higher predatomsas examined when mamade structure were present in the
system and for a range of scenarios relating to removal of structiites change in the system level biomass

of functional groups wasontrasted tomodelled change in these groups dueth® potential effects ofa
change in fishing pressure adde tonatural variabilityin sea watetemperature

This report contains a summary of the scientific outputs of COSM, highlights how COSM helped to deliver
INSITE objectives, demonstrates how sciefnasm COSM can inform on decommissioning strategies, and
identifies further research that can improve on the evidence base in support of decommissioning options.

2. Methods
2.1. Data collating and processing

This project drew on a range of physical, chemicalldalbgical data for iteinalyes, with a strong focus on

the compilation and processing of data relating to physical structures in the North Sea, both natural and man
made. Datasets of natural substrates and nmaade structures were compiled to support tmeodelling
processes. Different types of substrate and structure have the capacity to support a variety of marine
communities, but environmental requirements will differ between species. In many cases it is not merely the
presence of a certain type of subste or structure that will determine the establishment and continued
success (or otherwise) of a community, but also the spatial extent and/or connectivity of those features. In
order to assess the combined influence of rmmaade structures and natural bstrates on marine
communities, it was necessary to examine the spatial relationships between these features. Spatial data were
processed using ArcMap v10Http://www.esri.com/) and statistical analyses were condest in R yersion
3.3.2201610-31).

Data layers were prepared for the statistical modelling and Ecospaegpskdr the following features:
bathymetry, natural substrates, manade structures (oil and gas platforms; subsurface structures; wind
turbines;wrecks; pipelines; submarine cables), salinity, temperature, primary production, fishing effort and
marine protected areagFigure6 and Figure7). A range of spatial resolutions were considered and
compromise chosefD.25 x 0.25 decimal degree gri balance the need t@apture theeffects ofsmall

scale features whilenodeling broad scaldistributionsover the whole North Sed-or full information on

RFEGlI &a2dNDS&8 F'yR LINROS&aaAay3d 4SS ' yy.SE wm a5 Gl O2f
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Figure 6. Key datalayers prepared for modelling studies showing locations of -made structures(gridded at 0.25 degree
resolution)and natural habitat. For further details seébe Annex(Data processing and compilatipn

Influence of
c man-made
) structures in
the ecosystem
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Figure7. Key data lagrs prepared fomodellingstudies showing environmental drivers and fishing effort maps. For fudbtils
see Annex 1.

2.2. Statistical Analyses

Firstly,fish abundancéom scientific surveys conductedduarters 1 (since 1983) and quarter 3 (since 1998)
were investigated tadentify whether fishspecies were distributediifferently spatially within the year
Quarterly distributions were merged when there was no significant difference betwesn following a
Mantel spatial correlation test (with 5% significance leveéhvironmental and structure information were
subsequently linked to the dataased on theispatial and temporato-occurrence Data were grouped into
decadal periods to average ointerannual variability due to recruitment and fishing pressure effectd
account for the fact that not all structures were present throughout the time series.

Initial data exploration made use of pairwise correlation plots and simple linear modeis/dstigate
potential relationships in the data. Correlations between functional groups and the presence of either
pipelines and cables were nfidund to bedissimilarand given the limitations of the data to survey at these

Influence of
) structures in
the ecosystem
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locations and the uncertaintyegarding the coverage of the structures, the presence data for pipelines and
cableswere combined in to a single explanatory varialfBeneralized Additive Mode{&AMs)were chosen

to model relationships betweefish surveydata and explanatory variablesince these models are able to
capture the norinearand norrmonotonic relationshipsbserved in the exploratory data analygsad allow

for flexibility in the error structure chosein contrast to simple linear model&AMs allowthe nature of the
relationship between the response and the set of explanatory varigablemerge from the dataather than
imposing aparametric relationshipupon them However,there is a risk that such data driven models will
result in unrealistic relationshgowhen the dataunderpinning them are highly variabl€ mitigate against

this risk,the maximum number of knots eachspline was limited a# to prevent the GAM over fitting to

the noise in the dataAs part ofa stepwisedeletion approach to the selectioof explanatory variablesa
shrinkagealgorithm was implemented to enable smoothers to be shrunk to zeftere possible (Wood
2017) Three model types were subsequently run to assess which predictor variables (environmental and
physical) were significantly leed to the distribution of fish species usitigg W3 T8 OG A 2y FTNRY (K
package in R:

M1. Adetection’ non-detectionmodel (Binomiadistribution for errors logit-link)
M2. An abundance model excluding ndetections (Gamma distribution for errgieg-link)
M3. An abundancevith non-detectionmodel (Negative binomialistribution for errors loglink)

M1 was considered most appropriate for species rarely detected in the survey, while & most
explanatory typec could be used for species that were numerous and occurred frequently. M2 can be
combined with M1 in awo-stagemodelling process for species that are not numerous in the dataset or are
numerous but do not meet the statisticalequirements of the M3 model.

Modelgoodness of fit was assessimiough:

9 varianceinflation factors to assess multbllinearity;

1 semivariograms to assess spatial independence of the resiguals

9 partial residual plots for predictote identify if patterns remain that were not captured by the model
and its error structure
percentage of deviance explained by the models
predictive performance was measured through the Area UndeRtbeeiver Operating Characteristic
(ROCEurve

Fitted models were used to assesspiricallythe impact of removing hard structures on tbhecurrenceof
species bynaking predictiongcross the North Segrid (all 0.25 x 0.25 degree cells) with all significant terms
in the model and with mamade structuresemoved

1
T

The relationships between response and predictors (i.e. thmootherg determined from simple
detection/non-detection models were retainedor input into the Ecospace modad link presence of
functional grou directly to theenvironmental andnanmadestructure spatiallayers(see below).

2.3. Ecospace Model set up and testing

Ecospace is a spatial simulation tool within the Ecopath with Ecosim software environment- (EwE
http://www.ecopath.org/). The three main components of the software are: Ecopath static, mass
balanced snapshot of the ecosystem; Ecosantime dynamic simulation module for policy exploration; and
Ecospace a spatial and temporal dynamic module. EWE has been desdloontinuously for 30 years and
since 2011 the Ecopath Research and Development Consortium has encouradeeelopment of the
opensource software.

The Ecopath base model represents the system (including biomass and catch) during the base year of 1991.
This base model has been projected forward temporally in Ecosim usingéines data (environmental data

and fishing mortality) to calibrate the model to biomass data for functional granpg¥ 2 N G KS Y2 RSt
Nbzy ¢ O6L/9{ HnmMcUL O etk Baraefess dradh DS keph(iRchiding Eopdim fitted
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http://www.ecopath.org/

vulnerabilities) but requires additional input data layers and parametiergenerate a consistent spatial
model. Here we detail the key data and parameters included in the Ecospace model.

Envirormental forcing dataand fishing impacts

For multistagegroups (cod, haddock, whiting, saithe and herring),-spatialized recruitment timeeries
(1991:2013) used by Ecosim to drive the interannual production of juvenile groups were retained and, for
forward simulations, fixed at their final valueSemporal environmental forcing (i.e. temperature and
salinity) functions for producers and consumers were replaced with spatial layers in the Ecospace modules
using an average annual map basedspatiotemporal data for the hindcast periotllan-made structures

were assumed present throughout the model period. For other data layers (bathymetry, natural substrates,
primary production) see SectionAnhnex 1.

Fishing effort time series were retaineain the ICERey run so that Ecospace projections were based on
the most recent fishing effort levels rather than the Ecopath base values. Spatial patterns of fishing fleets
were guided by cost functions based on the inverse of observed fishing efftigdiyseethe Annex)with

an additional high penalty for beam trawlers in the northern North Sea since the fleet targets sole and plaice
in the southern North Sea only. Ecospace was then allowed to predict the fine scale spatial distribution of
fishing efbrt given the distribution of the target species. Fleets were given the freedom to fish in each
substrate type (sand, mud, muddy sand, coarse, mixgith) the exception oNephropgrawlers that do not
generally fish in thenixed areas and pots that do ngénerally operate in mudnuddy sandr sand habitats.

2 KSNB NRpOl1& YR o02dzf RSNE ¢SNB LINBaSyidas 2yfte 3ISIENA
to fish. Where masmade structures were preseiemersal trawlers and seiners, drift and fixeeks, gears
dzaAAy3d K221 azx LR { wedhoyfighwithirgtiierg®iNglbuttis eBainings fleets (dredgers,
pelagic trawlers, beam trawlersndustrial trawlers Nephropstrawlers, shrimp trawlery were generally
excludedfrom fishingin the area Exceptionally, lwrimp trawlers were allowed to fish when pipelines and
cablesonlywere present.

Habitat usage anddragingcapacity

In the EWE Ecospace software, pe¢ease version 6.6 used for CO®lgbitats are linked to functional groups

in two ways. Firstly, a base affinity value can be specifiethérEcospacé I oliatat& 2 NI 3A y 3 dzd |
that represents what proportion of the habitat is potentially directly useful to the functional gridue that

since the publication of Christensenal.(2014) model grid cells can combine fractions of multiple habitats,

and species can have fractional affinities for each habitat teeondly a habitatapacityfunction can be

supplied to alter the effetive foraging arena in the habitat based on a relationship with a third variable
(typically an environmental data layeguch that in relatively poor habitats a predator will havenach
reducedability to forage successfully.

Habitat foraging capacityan thus be determined by combining different hypothesis.

i. Base capacity for each functional group is always defined, and, assuming that no prior conditions
exist, is initialized at 1 across tmeodelled area. This base foraging capacity can be altered to
introduce likelihood distributions, optionally through the spatial temporal framework.

ii.  Optionally, for selected functional groups, species affinities for habitats (suchtasal substrates
and manmade structure} across the map can be considered via traginal Ecospace habitat
foraging usage system. Here, the additive effect of cell habitat coverage and species habitat affinities
amount to a habitat capacity multiplier onto the base capacity.

iii.  Optionally, for selected functional groups, functional respes to environmental drivers can be
included in the modking approach as described in Christenstral. (2014), acting as a habitat
capacity multiplier onto the base capacity, too."

Each of these 3 options were utilised hdoe fish and benthic groupahere data allowedsee belowand
Box1). In contrast, functional groups of plankton, meiofauna, microflora, seabirds, seals and whales were
not impact positively or negatively by any (natural or artificial) habitat type.
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Box1. Modelling steps to determine habitat capacity of a functionalugr, using turbot as an example

Base habitat
(prior knowledge) p Natural substrates Artificial substrate \-\
(Additive effects of habitats)
Species affinities for man-

Species affinities for natural made structures

habitats (statistical model of

(based on proportion of the probability of occurrence of

x habitatsampled by surveys L] + species given natural habitat o

where the species is present) using gridded data 0.25 x

e.g. forturbot at mud/muddy 0.25 degrees)

sandvalue=0.12 and mixed 0.32 eg. forturbot near pipelines

\. value=0 W
-
Environmental effects Avoidance/disturbance effects
(multiplicative effects, for tu rbo.t |.n cludes ~ (multiplicative, for turbot includes platforms and wrecks)
depth, temperature and salinity)
g
.8
@ m
2 < o
X | : X| =3
3 T ¥
8 %
=
(1] :
T MR platforms
Platform (area of grid cell
o 8

depth (m) depth

f

Modelled habitatcapacity

v

i. Base capacity

For the majority of group$67 of 69 groupspase capacity was set at 1 across the map. ForHigaly
exploited speies cod and herring, generating acceptalsigatial distributionsfor the adult stageproved
problematicdespite implementing both habitat affinities (ii) and functional response functions @ge B
capacities were given spatial patte(Rigure8) following a review of their known spatial distributi@nd
detailed examination of the survey dat@€@od have been founth commercial catcllatato have shied
distribution in recent decades due to the combined effects of climate change and fishing prest$utiee
stock nowresiding largely in the north of their rangéth previous hotspots in the 1970s/1980s noticeable
off the English coastEngelhardet al. 2014). Herring have a known migration such that addge 3+)
typically feed in the northern North Sewhile juvenilegage 1)are restricted totheir nursery area in the
south-easern North Sea (Ellet al.2012)

structures in
the ecosystem

CefasCOSM Final RepartOfficial Sensitive Pagel6



Figure8. Base capacityfrom low, 0, to high capacity, 19r herring adult (left) and cod adult (right)

ii.  Speciesffinitiesfor natural and artificiahabitats

For each functional group present in the survey datahitat affinity values for natural substred were
identified by estimating the proportion of the sampled substrate in which each functional group was found
to occu (Table 1) ForNephrops affinity was set at 1 foshud/muddy san@habitat given that burrowing
activity is limited to these substias.

Areas with marmade structures were poorly samplegl the available surveyso affinities for these habitats

by functional groups of fistvere identified by predictive modellingf gridded data (using the 0.25 x 0.25
decimal degree grid) with bothatural andartificial habitat as predictors angresenceabsence dataas
responsgM1 above)Where models were considered informativlagetprobability of occurrence of the group

over the North Sea was contrasted between predictions where-made structures were included in the
LINBRAOG2NE 2NJ 6KSY WNBY2OSRQ O0ADPSd @I fdzSa 2F LINBR
in occurrence between the predictions was thus attributable to degree of affinity for thestructures. To
estimatethe affinityvalue,for a structure when presena correction was made tdetermineavalue that is

not dependent on the number of structures present (tlee absolutechange irpredictive occurrence was

divided by the proportion of celis the grid with the specific type of structure presént

Data were insufficient to follow the predictive approach for benthic groups. To explore the possible food web
effects of structures due to the addition of artificial benthic habitat, the affinity for smeatle structures was

set to 1 for the following epibenthic grouplsirge crabsepifaunal macrobenthos (mobile grazershrimp,

small mobile epifauna (swarming crustacears)d ®ssile epifauna. The remaining infaunal groups were not
attributed any affirity for manmade structure due to a lack of information on the likely impact on these
groups.
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Tablel. Affinities for natural substrate and manade structuresoded in Ecospace (greethigh, blue =low).

Functional Group
Baleen whales
Toothed whales

Seals
Surface-feeding seabirds
Juvenile sharks

Spurdog
Large piscivorous sharks
Small sharks

Juvenile rays
Starry ray + others
Thornback & Spotted ray

Skate + cuckoo ray
Cod (juvenile 0-2)
Cod (adult)

Whiting (juvenile 0-1)
Whiting (adult)
Haddock (juvenile 0-1)
Haddock (adult)
Saithe (juwvenile 0-3)
Saithe (adult)

Hake

Blue whiting

Norway pout

Other gadoids (large)
Other gadoids (small)
Monkfish

Gurnards

Herring (juvenile 0-1)
Herring (adult)

Sprat
Mackerel
Horse mackerel

Sandeels

Plaice

Dab
Long-rough dab
Flounder

Sole

Lemon sole
Witch
Turbot

Megrim

Halibut

Dragonets

Catfish {Wolf-fish}

Large demersal fish

Small demersal fish

Miscellaneous filterfeeding pelagic fish
squid & cuttlefish

Fish larvae

Carnivorous zooplankton

Herbivorous & Omnivorous zooplankton (copepods)
Gelatinous zooplankton

Large crabs

Nephrops
Epifaunal macrobenthos (mobile grazers)
Infaunal macrobenthos

Shrimp
Small mobile epifauna (swarming crustaceans)
Small infauna {polychaetes)

Sessile epifauna
Meiofauna
Benthic microflora (incl Bacteria protozoa))

Planktonic microflora (incl Bacteria protozoa)
Diving seabirds
Phytoplankton

iii.  Functional responses

Habitat capacity functionfor each species grouffish and benthosjvere identified by GAM analysétype
M1 above) where the relationship between the probability of occurrence of the speciedatidpresence
of manmade structures anénvironmental prelictors (depth, water column salinity and temperature) was
modelled by smooth splinedVhere significant, iese splines were thenonsidered for directodng in
Ecospace For the marmade structures relationshipsthat demonstrate potential negative effex of

Influence of
) structures in
the ecosystem
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structureswere selected for inclusioin Ecospace in order to represent behavioural effects to noise and
disturbance. Overwhelmingly ogitive relationships with structuresvere not included since these
relationships werealreadycoded using the hatit affinity linkage (see ii above) and this simpler approach
was considered suitable to represent the additional habitat offered by structitersitive runs were made

to investigate the impact of simplifying the model ibgluding/excludingplines Sinrulations were made to
evaluate the capability of the runs to capture the expected distributions and where issues were identified
responses were removed or modified accordingly. A limitation of the current implementation of the
functional responses in Ecame is that each is given the same relative weighting (i.e. a response with
relation to depth is equal to a response function with relation to another variable such as temperature).
Functions that had minimal impact or overly strong impact on the resubipatial distribution were
ultimately removedAdult cod, herring and haddocldepth functions, plus adult cettmperatureand adult
whiting-salinityresponses were manually edited to trinthe uncertainends of splines away and in the case

of cod and heiing altered to emphasise the desired difference in juvenile/adult distributidhe final set of
functions used aréndicatedin Table2. Habitat capacity functions (included where filled) for environmental
variables (positive and negative responses) and presence ofmaae structures (negativresponses).able

2 and an example ifigure9.

Diriver histogram & response function
— 018
1.0 L 0.16
- 0.14
08
- 012 5
2 06 - 010 3
o =
(=1 —_
] L 008 &
= 04 =
: L 006
- 0.04
0z
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0.0 0.00
50 100 150 200 250 300 350
Map values

Figure9. An example of a habitat capacity function, here for adult whiting depth preference (line) versus a histogram of depth values
(bars)within the Ecospace base map. Whitiage givena preference(response > 0.8jor depths<200 m, but with a maximum
preference above the mode of depths in the grid.
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Table2. Habitat capacity functions (included where filled) for environmental variables (positive and negative responses) and presence
of manmade structures (negaté/responses).

Functional Group
Baleen whales
Toothed whales
Seals

Surface-feeding seabirds
Juvenile sharks

Spurdog

Large piscivorous sharks
Small sharks

Juvenile rays

Starry ray + others
Thornback & Spotted ray
Skate + cuckoo ray
Cod (juvenile 0-2)
Cod (adult)

Whiting (juvenile 0-1)
wWhiting {adult)
Haddock (juvenile 0-1)
Haddock (adult)
Saithe (juvenile 0-3)
Saithe (adult)

Hake

Blue whiting

MNorway pout

Other gadoids (large)
Other gadoids {small)
Monkfish

Gurnards

Herring (juvenile 0-1)
Herring {adult)

Sprat

Mackerel

Horse mackerel

Sandeels

Plaice

Dab

Long-rough dab
Flounder

Sole

Lemon sole

Witch

Turbot

Megrim

Halibut

Dragonets

Catfish {Wolf-fish)
Large demersal fish
Small demersal fish
Miscellaneous filterfeeding pelagic fish
Squid & cuttlefish
Fish larvae

|

Carnivorous zooplankton

Herbivorous & Omnivorous zooplankton (copepods)
Gelatinous zooplankton

Large crabs

Mephrops

Epifaunal macrobenthos (mobile grazers)
Infaunal macrobenthos

Shrimp

Small mobile epifauna (swarming crustaceans)
Small infauna (polychaetes)

Sessile epifauna

Meiofauna

|

Benthic microflora (incl Bacteria protozoa))
Planktonic microflora (incl Bacteria protozoa)
Diving seabirds

Phytoplankton
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Dispersal parameters

The dispersal of functional groups from cell to adjacent cell allow to model groups to move in monthly time
steps towards their favourable habitats and areas of abundant prey and to avoid risk of predid®).(
Ecospacdispersal parameters for functional groups were adopted following Mackinson and Daskolov (2007)
with the exception of one mukstage group: herring. Herring actively migrate anetadult and juvenile
stages thus have centres in differing areas of the North Sea. To mimic this migration, their base dispersal
rates were increased to very high values (10000 and 100000 km/year for adults and juveniles respectively)
to enable the modeto attain the differing spatial distribution of adults and juveniles.

Box2. An overview (using the twatage group herring as an example) of the faeeb modelling steps that allow fish to distribute
throughout the North Sea, grogpinitially prefer areas of high modelled habitat capacity (see box 1) but disperse to areas of high
prey and low predator abundance

Modelled Final herring
habitat capacity distribution

Mortality by Removals
Attraction toward predatorsand through catchby
prey groups dispersalaway fishing fleets

F¢ '

Influence of

structures in
the ecosystem
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2.4. Ecospace Model Assessment

The model wagnitialised through a0-yearspinup and thenrun from the base yedior 40 yeargo reach
equilibrium conditions. At this point the spatial distribution of each functional group is output from the
model (Figure10) and compared to survey datg@average spatial pattern in years 202016) to screenfor

poor predictive performance of thEcospacenodel using a Mantel spatial correlation with 999 permutations
to test the significance level. In the final model fit, 35 ®dfdnctional group$83%) with data showed positive
correlation with p < 0.05The remaining 7 functional groups were investigated visually and considered
acceptable since each modelled pattern was consistent with the distribution of the group eitheistdracil
period, prior to the current exploited state, or for the distribution in a particular season.

AN |

Surface-feeding
seabirds

Halibut Catfish (Wolf-fish)
Figurel0. Modelled distributions of functional groups at equilibrium
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) structures in
the ecosystem

CefasCOSM Final RepartOfficial Sensitive Page22



Figurell. (Cont.) Modelled distributions of functional groups at equilibrium

2.5. Ecospace Model Scenarios

To explore the impact of mamade structures on the functioning of the North Sea food web, the model
was simulated forward unddive simple management scenarios:

S1: No removal of structurewith fishing effort at 2014 levels
S2: Complete emoval of patformsand pipelineswith fishing effort at 2014 levels
S3: Complete emoval of patforms, pipelines anccableswith fishing effort at 2014 levels
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