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Supplementary Figure 1. Locations and status (Oil & Gas Authority 2020a) of (a) all UK platforms
and (b) potential candidates for derogation under OSPAR Decision 98/3; Surrounded by threatened
and/or declining habitats (OSPAR Commission 2018), designated MPAs (OSPAR Commission
2019a), protected reefs by EEA (2013), and protected fish species (JNCC 2016) in the North Sea.
Geospatial layers are overlapped and based on the respective official metadata.



1.2 Supplementary Tables

Supplementary Table 1: Impact on water quality and seabed condition: List of contaminants
deriving from O&G installations and surrounding drill cuttings.

Contaminants/
Disturbances

Findings due to substrate degradation and disturbances

Research
References

o risk of potential release of legacy chemicals during or after

(Suhring, et al.

Chemicals decommissioning 2020)
e used to protect platform substructures against corrosion and consist (Picken, Curtis
mainly of aluminum and/or zinc and Elliott 1997)
Sacrificial . relea}se of contgminants steadily decrease after gbandonm_ent . (Pors, et al. 2011)
anodes e no 3|gn|f|_cant increase of aluminum concentration found in water, but in (Gabelle, et al.
surrounding sediments 2012)
¢ low environmental impact expected, however, evidence limited due to (Kirchgeorg, et al.
lack of monitoring 2018)
ng:l?;[rlwggs & e organic compounds slowly released, but at very low concentrations g;'lrg; georg, etal.

Steel corrosion
& deterioration

o platform substructures consist mainly of steel and some traces of
aluminum and copper or concrete for GBS

o substructures will ultimately deteriorate and fall apart into iron oxide
pieces that will accumulate on the seabed

o estimations: +500 years for steel to fully corrode or concrete legs to fully
fall apart

(Pors, et al. 2011)

(Tornero and
Hanke 2016)
(Shell U.K.
Limited 2017)

o natural degradation and intensive monitoring is the preferred option

(Tornero and

Drill cuttings . - . . . Hanke 2016).
o disturbance (fishing, cable-laying) lead to leaching and spreading of (Henry, Harries,
contaminants et al. 2017)
Dredging o enable oxygen entering the sediment, hence enhancing aerobic microbial ~ (Mestdagh, et al.
operations processes leading to behaviour changes of species L. conchilega 2020)
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Supplementary Table 2: List of recent research works dealing with the influence of man-made
structures including O&G installations and OWFs on the benthic fauna in the Southern North Sea.

. location Substrate . . .
Key species max depth type sampling method/period/analysis Research References
M. acherusicum taxa collection by diving
J. herdmani SNS 0&G period n.a. (Coolen, Bittner, et al.
P. marina 25m (GBS) statistical analysis, data used and compared to 2020)
S. monoculoides (Coolen, van der Weide, et al. 2018)
taxa collection by diving
M. edulis SNS various 2014-2016 (Coolen, Boon, et al.
' 25m statistical analysis and PTM incl. model 2020)
validation with sample data
M. edulis 0&G taxa collection by divin
P. miliaris SNS OWF 20142015 y g (Coolen, van der
M. dianthus 32m Natural L . Weide, et al. 2018)
. statistical analysis
Tubulariidae reefs
taxa collection by diving
C. linearis SNS : 20132015 (Coolen, Lengkeek
. various? - . . and Degraer, et al.
C. mutica 45m statistical analysis, complemented with other
) 2016)
published research data
- SNS . taxa collection by diving (Coolen, Lengkeek
C. smithii 32m shipwrecks 2014, species detection only and Lewis, et al. 2015)
0. edulis SNS various® meta-analysis (Kerckhof, Coolen, et
' n.a. 2001-ctd. al. 2018)
SNS taxa collection by diving
C. pagurus OWF 2012-2014 (Krone, et al. 2017)
29 m e .
statistical analysis
M. edulis taxa collection by diving
Anthozoa® SNS research 2005-2007 (Krone, et al. 2013)
28m platform o .
Jassa spp. statistical analysis
taxa collection by diving I
J. herdmani ZSE’;\I r?w various? 2015-2016 gbg;khmzen, etal.
statistical analysis, DNA extracted
M. edulis SNS/CNS visual by ROV
M. senile 46 m 0&G 2015-2016 (Schutter, et al. 2019)
A. rubens 66 m statistical analysis
Asteroidea®
C. pagurus SNS visual by ROV -
B. undatum depth ioisle 2015 g‘ll'ozdgz,agvllllamson, et
L. holsatus n.a. pip statistical analysis '

P. bernhardus

Varl_atlon O.f SNS fixed& mobile visual by ROV (Todd, Lavallin and

sessile/motile 2014 ;

; 49m 0&G L . Macreadie 2018)

invertebrates statistical analysis

M. edulis visual by ROV

M. senile SNS 0&G period n.a. (van d_er Stap, Coolen
. 43 m L . and Lindeboom 2016)

A. digitatum statistical analysis

avarious substrate types include any kind of anthropogenic hard substrate and natural reefs; correct taxonomic rank of marine
invertebrates: "family, cclass



Supplementary Table 3: List of recent research works dealing with the influence of man-made
structures including O&G installations and OWFs on the benthic fauna in the Central and Southern
North Sea (NS).

. location Substrate . . .
Key species max depth type sampling method/period/analysis Research References
_ West-coast artificial taxa collection by diving (Rouse, Porter and
F. foliacea Scotland period n.a. -
reef L . Wilding 2020)
depth n.a. statistical analysis
NNS meta-analysis (Bergmark and
L. pertusa depth n.a. 0&G period n.a Jorgensen 2014)
Cnidaria®
Mollusca® NNS taxa collection by diving and visual by ROV
Annelida® 185 m 0&G 2009-2018 (Gates, et al. 2019)
Arthropoda® statistical analysis, observation
Echinodermata®
C. smithii
Bryozoa®
Hydrozoa® CNS visual by ROV
Actiniariad NNS pipeline  2012-2013 gag%égy and Hayes
S. triqueter 164 m statistical analysis
A. rubens
Paguridae®
NS simulation based on research data (Henry, Mayorga-
L. pertusa from 80 m 0&G 2010-2012 A dam{z, ot a)ll 2%18)
to 200 m PTM modelling only ' '
A. digitatum
E. esculentus simulation based on research data
L. pertusa NS . . 2001-2010 .
M. dianthus depth n.a. varous™ — ppy modelling only, based on (van der (Tidbury, et al. 2020)
C. fornicata Molen, et al. 2018)

Porifera spp.

@various substrate types include any kind of anthropogenic hard substrate and natural reefs; correct taxonomic rank of marine
invertebrates: "phylum, °class, %rder, ¢family
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Supplementary Table 4: List of epifauna species with greatest abundance on man-made structures
in the Southern North Sea including O&G installations and OWFs.

Species & community ecology

Findings of species’ significant behaviour

Research References

M. acherusicum

‘;' r;ﬁ;?m:m abundance e significant on O&G (GBS = concrete) (Coolen, Bittner, et al. 2020)
S. monoculoides
M. senile ag?g:g;ge ¢ dominated community biomass on O&G (GBS) (Coolen, Bittner, et al. 2020)
o . ¢ low percentage on O&G (GBS), not registered .
Non-native spp. detection in the Netherlands, but native in NS (Coolen, Bittner, et al. 2020)
M. edulis e M. edulis: pos. correlation with richness
P. m!llarls abundance  ® P. miliaris: pos. correlation with richness (Coolen, van der Weide, et al.
M. dianthus e M. dianthus: neg. correlation with richness 2018)
Tubulariidae® e all significant on O&G/OWF/natural reefs
C. mutica . (Coolen, Lengkeek and
(non-native) detection e only on nearshore OWF Degraer, et al, 2016)
_— . . . (Coolen, Lengkeek and

C. smithii detection e first record on shipwreck offshore Lewis, et al. 2015)
0. edulis detection e relict populations on O&G/OWF (Kerckhof, Coolen, et al.

' recovery e potential to recover 2018)
C. pagurus abundance e significant among crustaceans on OWF

Liocarcinus spp.

P. bernhardus

reproduction

C. pagurus: using OWF as nursery grounds

(Krone, et al. 2017)

M. edulis
Anthozoa® abundance e significant on research platform (Krone, et al. 2013)
Jassa spp.
M. edulis biomass * d_om_mated commur_uty bloma.s:s‘ on s_tructL_Jre” (Krone, et al. 2013)
¢ significant production/export: “Mytilusation

M. edulis
M. senile abundance e significant on O&G (Schutter, et al. 2019)
A. rubens
M. Ie|dy|_ detection " CNS on 0&G .. (Schutter, et al. 2019)
(non-native) e occur seasonally due to rising temperatures
P. bernhardus abundance e significant on newly installed O&G g(l;gg()j Williamson, et al.
A. rubens
E. esculentus A (Todd, Lavallin and
C. pagurus abundance e significant on O&G Macreadie 2018)
P. bernhardus

. abundance . Lo (Todd, Lavallin and
M. senile biomass dominated community biomass on O&G Macreadie 2018)

. (Todd, Lavallin and

B. undatum reproduction e egg masses found on O&G Macreadie 2018)
M. edulis (van der Stap, Coolen and
M. s_er}lle abundance e significant on O&G Lindeboom 2016)
A. digitatum

correct taxonomic rank of marine invertebrates: 2family, bclass



Supplementary Table 5: List of epifauna species with greatest abundance on man-made structures

in the Central and Northern North Sea including O&G and OWFs.

Species & community ecology Findings of species’ significant behaviour Research References
C. smithii
Bryozoa?
Hydrozoa®
Actiniaria® abundance ¢ significant on pipelines (Lacey and Hayes 2020)
S. triqueter
A. rubens
Paguridae?
Cnidaria®
Mollusca? biomass
Annelida? . e significant on O&G (Gates, et al. 2019)
richness
Arthropoda?
Echinodermata?
L. pertusa recovery e strong potential to form cold-water coral reefs  (Bergmark and
' reproduction on obsolete O&G in NNS Jargensen 2014)
L. pertusa recovery e strong potential to form cold-water coral reefs  (Henry, Mayorga-
' reproduction on obsolete O&G in NS Adame, et al. 2018)

correct taxonomic rank of marine invertebrates: 2phylum, °class, corder, ¢family
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Supplementary Table 6: List of epifauna species and their community ecology influenced by water
depth in relation to man-made structures including O&G installations and OWFs across the North
Sea.

Species & community ecology Findings due to water depth Research References
M. eqll_Jlls_ . buildup of vertical zonation: non-linear (Coolen, van der Weide,
P. miliaris richness distribution, peak at intermediate depths et al. 2018)
M. dianthus P P '
Non-native spp. detection ¢ higher percentage in the intertidal zone (Coolen, van der Weide,
et al. 2018)
M. edulis abundance e highest in the upper 10 m (Krone, et al. 2017)
M. edulis o Dbuildup of vertical zonation (from surface to
Anthozoa? abundance bottom): Mytilus, Mytilus-Jassa, Anthozoa- (Krone, et al. 2013)
Jassa spp. Jassa, Anthozoa
Variation of richness . .
species diversity ¢ higher in bottom zone compared to surface zone (Schutter, et al. 2019)
Motile atr)ili:mzrslge ¢ highest in bottom zone (Todd, Lavallin and
invertebrates o g Macreadie 2018)
diversity
. abundance ¢ Dbuildup of vertical zonation (from surface to :
Sessile . s - Lo . . (Todd, Lavallin and
invertebrates rl_chne_ss bottom): infralittoral, circalittoral, epi-benthic Macreadie 2018)
diversity assemblages
M. edu_lls ) o buildup of vertical zonation: non-linear (van der Stap, Coolen
M. senile richness distribution, peak at intermediate depths and Lindeboom 2016)
A. digitatum P P
;;Zré?:son of abundance e strong correlation with depth and latitude (Lacey and Hayes 2020)

correct taxonomic rank of marine invertebrates: 2class



Supplementary Table 7: List of epifauna species and their community ecology influenced by
substrate type effects in relation to man-made structures including O&G installations and OWFs
across the North Sea.

Species & community ecology

Findings due to substrate material/type

Research References

large overlap in communities between GBS
(=concrete) and steel O&G/OWF

Variation of abundance low overlap in communities between GBS and sandy ~ (Coolen, Bittner, et al.
species seabed 2020)
o relative large overlap in communities between GBS
and natural reefs in Borkum Reef Grounds
;;ig?;'son of unigueness e 23 % of species on GBS locally unique (;égg;en, Bittner, et al.
M. senile biomass e 12 times higher on GBS than in sandy seabed (Zggg;en, Bittner, et al.
M. edulis e no great differentiation between rock and steel
P .miliaris richness  ® gradient from deep rocks to shallow steel (Coolen, van der Weide,
M dianthus no great differentiation between artificial and natural et al. 2018)
' substrates
Variation of o large overlap in communities on steel and rock (Coolen, van der Weide
species abundance e large overlap in communities between young OWF and et al 20’18) '
old 0&G '
C. linearis
(native) abundance minor overlap of habitat preference (offshore vs. (Coolen, Lengkeek and
C. mutica nearshore) leading to co-existing potential Degraer, et al. 2016)
(non-native)
¢ highest at monopiles with scour protection: two times
C. pagurus abundance higher than on tripod and six times higher than on (Krone, et al. 2017)
jacket (all OWF)
Sessile abundance low overlap in communities between fixed and mobile (Todd, Lavallin and
invertebrates 0&G Macreadie 2018)
. ... e higher in complex, voided reef block habitats (Rouse, Porter and
F. foliacea productivity compared to simple blocks (all artificial) Wilding 2020)
Variation of large overlap in communities between O&G and
invertebrates abundance surrounding coarse/mixed seabed (Gates, etal. 2019)
Porifera spp. abundance e high in surrounding seabed, not found on O&G (Gates, et al. 2019)
Variation of richness higher on Link-lok/concrete mattresses
invertebrates abundance low overlap in communities between pipelines and (Lacey and Hayes 2020)
sandy seabed
L. pertusa abundance not only found on natural reefs, but also on O&G far (Henry, Mayorga-

offshore

Adame, et al. 2018)
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Supplementary Table 8: List of epifauna species and their community ecology influenced by
location or substrate inter-connectivity effects in relation to man-made structures including O&G
installations and OWFs across the North Sea.

Species & community ecology Findings due to location and inter-connectivity Research References

e no clear connectivity pattern between hard substrates in
SNS: PTM showing connectivity that is not validated by
genetic data
M. edulis dispersal e PTM predicts locations greater than 85 km offshore to be
isolated from coastal communities, but actual species
found 181 km offshore
¢ no correlation between isolation and distance

¢ no correlation between isolation and distance
J. herdmani dispersal ¢ no correlation between artificial substrates and genetic
connectivity

¢ higher in CNS than in SNS

(Coolen, Boon, et al.
2020)

(Luttikhuizen, et al.
2019)

;;aeré?élson of abundance e medium overlap in communities between CNS and SNS, (Schutter, et al. 2019)
significant clustering
L. pertusa dispersal e PTM showing strong potential of O&G infrastructure to  (Henry, Mayorga-

form highly interconnected coral ecosystem networks Adame, et al. 2018)

e PTM showing clear connectivity between all kind of
hard substrates across NS:
(2) Full removal of all O&G infrastructure leading to 60 %
Variation of dispersal reduction in connectivity across NS
species (2) Decommissioning as per OSPAR Convention leading to
complete loss of connectivity in CNS
(3) SNS is well connected, removal of O&G infrastructure
in SNS leading to loss of connectivity between CNS/SNS

PTM: Particle Tracking Model; SNS/CNS/NNS: Southern/Central/Northern North Sea

(Tidbury, et al. 2020)

10



Supplementary Table 9: List of epifauna species and their community ecology influenced by
temporal and disturbance effects in relation to man-made structures including i.a. Oil & Gas (O&G)
installations and offshore wind farms (OWF) across the North Sea.

Species & community ecology Findings due to temporal and disturbance effects Research References

M. edulis e no difference between old O&G and young :

P. miliaris richness OWF differences between sampling months (Coolen, van der Weide,

. et al. 2018)

M. dianthus

0. edulis abundance sensitive to bottom trawling or sand/gravel (Kerckhof, Coolen, et al.
extractions 2018)

M. edulis

Anthozoa® biomass e differences between sampling months (Krone, et al. 2013)

Jassa spp.

M. conile richness e increases with communit (van der Stap, Coolen and

R creases community age Lindeboom 2016)
A. digitatum
abundance no differences between pre/post installation of
Variation of richness mobile O&G (Todd, Williamson, et al.
species diversity differences between laid and trenched pipeline:  2020)

significant decrease after trenching
correct taxonomic rank of marine invertebrates: 2class

11
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Supplementary Table 10: List of recent research works dealing with the influence of man-made
structures including O&G installations and OWFs on various fish species across the North Sea.

location Substrate

. . . .
Key species max depth type sampling method/period/analysis Research References
Variation of SNS/CNS simulation based on research data
. depth OWF 2010-2012 (Barbut, et al. 2020)
flatfishes X . .
n.a. Particle tracking modelling only
Variation of fish SNS OWF taxa collection by dive transects & line (Kerckhof, Rumes and
species Depth wrecks fishing Degraer 2018)
P n.a. 2001-2017, descriptive analysis g
taxa collection by line gear & data collection
Atlantic cod SNS OWF steel by tagging, acoustic (Reubens, Degraer and
. & - . Vincx 2014)
Pouting 24 m concrete telemetry & visual observation (Reubens, et al. 2013)
2011-2012, statistical analysis ' '
Whiting SNS taxa collection by gillnets
Common dab OWF 2001 (pre-installation) & 2009 (post- (Stenberg, et al. 2015)
135m . . - -
Sandeels installation), statistical analysis
Variation of fish depth 0&G \Zlgfgl by ROV (Todd, Williamson, et
species n.a. pipeline statistical analysis al. 2020)
Atlantic cod SNS flxed_& visual by ROV (Todd, Lavallin and
Pollack 49m mobile 2014 Macreadie 2018)
Common ling 0&G statistical analysis
Common dab SNS taxa collection by gillnets & data collection (van Hal, Griffioen
Common sole 21m OWF by sonar and van Keeken 2017)
Atlantic cod 2011, statistical analysis
. CNS ceased data collecthn _by monltorm_g syste_m: (Fujii and Jamieson
Saithe oceanographic instrumentation & time-lapse
103 m 0&G - . 2016)
photography 2014, statistical analysis
ceased taxa collection by fish traps at O&G, data
Saithe CNS collection by using bottom trawl survey at
0&G (Fujii 2016)
Haddock NNS & open water (Fujii 2015)
Atlantic cod 103 m 2010-2014 (2012 survey) |
open water L )
statistical analysis
Atlantic cod CNS 0&G data collection by electronic tags & fisheries
. NNS OWF .
European plaice denth Cables surveys (Wright, et al. 2020)
Thornback ray ng wrecks 1993-2010, statistical analysis

*scientific names: Atlantic cod (G. morhua), Common dab (L. limanda), Common ling (M. molva), Common sole (S. solea),
European plaice (P. platessa), Haddock (M. aeglefinus), Pollack (P. pollachius), Pouting (T. luscus), Saithe (P. virens), Sandeels
(Ammodytidae spp), Thornback ray (R. clavata), Whiting (M. merlangus)

12



Supplementary Table 11: List of fish species with greatest abundance at man-made structures
including O&G installations and OWFs across the North Sea.

Species & community ecology  Findings of species’ significant behaviour

Research References

Variation of fish

25 different species observed at OWF and less

(Kerckhof, Rumes and

species richness at wrecks Degraer 2018)
Variation of fish detection  ° first records of obligate hard substrate fish (Kerckhof, Rumes and
species species uncommon to Belgian Sea though Degraer 2018)
e showing high residency, site fidelity at OWF, :
Atlantic cod abundance confirming early work (Jergensen, Lgkkeborg ggili?ens’ Degraer and Vinex
and Soldal 2002)
Atlantic cod (Reubens, Degraer and Vincx
Pouting abundance e strongly attracted towards OWF 2014)
Atlantic cod food web prey dominated in stomach for both species: (Reubens, Degraer and Vincx
Pouting e J. herdmani and P. longicornis (good quality)  2014)
Atlantic cod abundance ° significant within 50 m of OWF (97 % of all (Reubens, et al. 2013)
records) ' '
Whiting
Common dab abundance e significant at OWF (Stenberg, et al. 2015)
Sandeels
Atlantic cod ;
Common ling abundance e significant at O&G, dominated by Atlantic cod (Jggg},\b?evgg'&f nd
Pollack
Atlantic cod reproduction Lumpsucker brooding eggs on O&G and (Todd, Lavallin and
Lumpsucker juveniles of Atlantic cod spotted at 0&G Macreadie 2018)
Common sole - (van Hal, Griffioen and van
Atlantic cod abundance e significant at OWF Keeken 2017)
Goldsinny -
wrasse detection e first records in Belgian Sea &/: :k:? I2,(§31r7|;f|oen and van
Grey triggerfish
Saithe biological e showing diurnal rhythm of vertical movements (Fujii and Jamieson 2016)
thythm at O&G, confirming early work (Soldal 2002) J
Saithe
Haddock abundance e significant at O&G, dominated by saithe (Fujii 2016)
Atlantic cod
Saithe prey dominated in stomach in respective order:
Haddock food web g‘;ﬁ?jf;‘gg:?&i?) & pouting (trawl) (Fujii 2016)
Atlantic cod

unidentified fish (O&G)

13
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Supplementary Table 12: List of fish species and their community ecology influenced by water
depth and temporal effects in relation to man-made structures including O&G installations and
OWFs across the North Sea.

Species & community ecology  Findings due to water depth and temporal effects ~ Research References
o Dbuildup of vertical zonation: benthic fish (bottom

Variation of fish abundance zone), benthopelagic fish (live in bottom zone but  (Kerckhof, Rumes and
species do not rest there), pelagic fish (live in mid-depth or Degraer 2018)
surface zone)
Atlantic cod . . - . .
Common lin abundance  ® highest in bottom zone, pollack also significantin ~ (Todd, Lavallin and
Pollack g surface zone Macreadie 2018)
o peak at around 3—4 am at mid-depth and 34 pm at
Saithe abundance bottom of O&G, confirming early work (Soldal (Fujii and Jamieson 2016)
2002)
Saithe ¢ highest in bottom zone varying with season and
Haddock abundance Ighest | Zone varying wi (Fujiii 2015)
Atlantic cod year (correlated with temperature)
o spatial-temporal movement pattern: highest in
Atlantic cod abundance surface zone in winter/spring and highest in (Wright, et al. 2020)
bottom zone in autumn/winter
European plaice abundance e highest in surface zone (Wright, et al. 2020)

14



Supplementary Table 13: List of fish species and their community ecology influenced by temporal
and disturbance effects in relation to man-made structures including O&G installations and OWFs
across the North Sea.

Species & community ecology  Findings due to temporal and disturbance effects Research References

e seasonal movement pattern: high in summer/
Atlantic cod abundance autumn (feeding season), very low in winter (Reubens, et al. 2013)
(spawning season)

Whiting . . .
Common dab abundance ?I%r?;ggrfg;mt changes due to installation of OWF (Stenberg, et al. 2015)
Sandeels

o significant increase from pre-installation to post-

Variation of fish a_bundance m_stallatlon of mobile Q&G (short term)_ _ (Todd, Williamson, et al,
. richness o differences between laid and trenched pipeline:
species S L . . 2020)
diversity significant increase after trenching except for
whiting
Variation of fish . o fish schools in April observed at OWF, none in (van Hal, Griffioen and
. aggregation
species summer van Keeken 2017)
saithe diff in stomach content bet i
Haddock food web * v:ar eirr?nz?e;;g:aﬁmac content between Species (Fujii 2016)
Atlantic cod ying y
Saithe e seasonal movement pattern: high and constant
Haddock abundance from spring to autumn, very low in winter (Fujii 2015)
Atlantic cod except for saithe

15
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Supplementary Table 14: List of fish species and their community ecology influenced by substrate
site/type and temporal effects in relation to man-made structures including O&G installations and

OWEFs across the North Sea.

Species & community ecology  Findings due to site/type and temporal effects

Research References

Variation of . PTM showing potential overlap between potential
flatfishes dispersal spawning grounds and future OWF sites (Barbut, etal. 2020)
;gaeré?;lson of fish diversity e OWTF: higher at turbines, decline with distance (Stenberg, et al. 2015)
g;:;g;?? dab abundance e OWF: higher at turbines, decline with distance (Stenberg, et al. 2015)
Whiting abundance e OWF: lower at turbines, increase with distance (Stenberg, et al. 2015)
: ; o larger at OWF than on sandy bottom varying (van Hal, Griffioen
Atlantic cod body size seasonally and van Keeken 2017)
Atlantic cod . (van Hal, Griffioen
Pouting abundance e higher at OWF than on sandy bottom and van Keeken 2017)
Flatfish species . (van Hal, Griffioen
Whiting abundance e higher on sandy bottom than at OWF and van Keeken 2017)
. e stomach content varies between O&G and open water
Saithe food web across CNS/NNS, but showing seasonal overlap (Fujii 2016)
Saithe abundance  ° higher and more constant over the seasons at O&G (Fujii 2015)
than in open water

Haddock ¢ higher and more constant over the seasons in open
Atlantic cod abundance water than at O&G (Fujii 2015)

e positive correlation with density of cables varying

. seasonally .
Atlantic cod abundance ¢ negative correlation with density of wrecks varying (Wright, et al. 2020)
seasonally
European plaice abundance  ° positive correlation with density of O&G and cables (Wright, et al. 2020)
pean p varying seasonally ' '

e positive correlation with density of wrecks varying

Thornback ray abundance seasonally (Wright, et al. 2020)

negative correlation with density of O&G and cables
varying seasonally

16



Supplementary Table 15: List of recent research works dealing with the influence of man-made
structures including O&G installations and OWFs on various fish species across the North Sea.

Mammals/sharks location Substrate sampling method/period/analysis Research References
max depth type
visual observation & acoustic detection by
CNS manned & PAM (2 y) & taxa identification by eDNA (Delefosse, Jacobsen
Harbour porpoise 46 m unmanned  continued work (Delefosse, Rahbek, et al. ot al 2020)’ '
66 m 0&G 2018) '
descriptive statistics
Harbour porpoise . .
Dolphins CNS manned 85 visual observation (Delefosse, Rahbek, et
Whales 46m unmanne 201_3—'2015 . al. 2018)
66 m 0&G statistical analysis '
Seals
GPS tracking data
Seals SNS new O.WF 2008-2012: different tagging periods (Russell, et al. 2014)
pipeline L L
descriptive statistics
. NS . . .
Dolphins N-E 0&G visual/acoustic detection by ROV (Todd, Lazar, et al.
Seals . subsea 1998-2019
Sharks Allantic pipeline descriptive statistics 2020)
353 m
C'Vﬂgﬁ;;r porpoise fixed & visual observation during daylight &
Dolohins SNS mobile acoustic detection by PAM (Todd, Warley and
P 30m 2004-2014 (PAM in 2014) Todd 2016)
Seals, 0&G L o
descriptive statistics
Sharks
fixed & acoustic detection by PAM
Harbour porpoise fglg\l r?] mobile 2004-2006 gggg;j Pearse, etal.
0&G statistical analysis

PAM: Passive Acoustic Monitoring
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Supplementary Table 16: List of marine mammals and sharks sighted at man-made structures
including O&G installations and OWFs across the North Sea.

Findings of species’ behaviour due to interactions with

Species® anthropocentric hard substrate Research References
¢ highest abundance of mammals at/near O&G in NS
¢ mainly observed during night by PAM from July to
January, while eDNA confirmed presence of prey (Delefosse, Jacobsen, et al.
species (mackerel, whiting) at 0&G 2020)
Harbour porpoise o pronounced diel pattern in echolocation activity: (Delefosse, Rahbek, et al. 2018)
foraging at O&G during night; not supported by (Todd, Warley and Todd 2016)
observations (Osiecka, Jones and Wahlberg 2020) (Todd, Pearse, et al. 2009)

e sightings increased from North to South in CNS
e sightings increased with areal footprint of 0&G

White-sided e sightings increased with deoth (Delefosse, Rahbek, et al. 2018)
White beaked dolphins ghting P (Todd, Warley and Todd 2016)

Minke/Killer o significant abundance of minke whales at/near O&G (Delefosse, Rahbek, et al. 2018)

Pilot whales (Todd, Warley and Todd 2016)
o strongly associated with pipelines using for navigation (Delefosse, Rahbek, et al. 2018)
Common seal and foraging confirmed by observation & GPS data (Russell, et al. 2014)
Grey seal ¢ sightings increased with depth (Todd, Lazar, et al. 2020)
o foraging at OWF showing grid-like movement pattern  (Todd, Warley and Todd 2016)
Basking shark (Todd, Lazar, et al. 2020)

Porbeagle shark * travelling along pipeline (Todd, Warley and Todd 2016)

* scientific names: Harbour porpoise (P. phocoena), Atlantic white-sided dolphin (L. acutus), White beaked dolphin

(L. albirostris), Common dolphin (D. delphis), Bottlenose dolphin (T. truncatus), Minke whale (B. acutorostrata), Killer whale (O.
orca), Pilot whales (Globicephala spp.), Common seal (P. vitulina), Grey seal (H. grypus), Basking shark (C. maximus), Porbeagle
shark (L. nasus)
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Supplementary Table 17: List of recent research works dealing with the interactions between
fisheries and man-made structures including O&G installations and OWFs across the North Sea.

Interaction

Findings due to interactions with anthropocentric hard
substrate

Research References

Safety zones

also called exclusion zones of 500 m automatically
established around O&G installations (active/non-active)
any fishing activities prohibited in such zones

no restrictions applied to pipelines; restrictions may be
defined for OWF on a case-by-case basis

(Petroleum Act 1987 )

Hazardous incidents

majority of incidents occur in NNS and on muddy
substrate

80 % of incidents related to debris/wires/pipelines and
occur near pipelines or wrecks

probability of fishing gear incident with pipeline: 7.86E-5

(Rouse, Hayes and
Wilding 2020)

Deliberate, regular
interactions

36 % of all fishing trips of Scottish demersal fleet occur
within 200 m of a pipeline over a 5-year period
compromise pipeline integrity, increase risk of gear
snagging

(Rouse, Kafas, et al. 2018)

Co-location potential

high for crab/lobster fisheries within OWF
fisheries concerns: site-specific risk and safety issues
no existing collaboration of stakeholders

(Hooper, Ashley and
Austen 2015)
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Supplementary Table 18: List of threatened and/or declining species & habitats (OSPAR) filtered
for protected species and habitats recently found on, at or in the close vicinity of O&G installations.

Species & habitats Findings in literature Research
References
Invertebrates
. . . Invalid source
Ocean quahog e found near O&G, especially in designated MPAs specified.
: Supplementary
Ostrea edulis e found on O&G Table 4
Fish
. . . Supplementary
Atlantic cod e shown significant residency at 0&G Table 11
. Supplementary
Thornback ray e sighted near O&G, but prefers wrecks Table 14

Mammals and sharks

Supplementary

Harbour porpoise e sighted regularly at O&G, especially in designated MPAs Table 16
. . - Supplementary
Basking shark o sighted near pipelines Table 16
. L Supplementary
Porbeagle shark e sighted near pipelines Table 16
Habitats

o found next to O&G, abundance potentially increased due to the Supplementary

Deep-sea sponge o . . g . Table 7
aggregations p:ox1r21ty of designated MPAs and using O&G as “stepping Supplementary

stones Figure 1
Intertidal Mytilus edulis e massive colonies found on O&G, due to biomass export to Supplementary
beds on mixed and sandy surrounding sediment potentially form Mytilus beds in Table 4
sediments shallower water

Supplementary

Lophelia pertusa reefs colonies found on O&G, reefs found near O&G, strong potential Table 5

to form reefs around O&G Supplementary
Figure 1
Modiolus modiolus beds ¢ abundance potential near/at O&G IS::JgpuprI:Tentary
Ostrea edulis beds e potential to recover and form beds around O&G _Srzglp)gimentary
Sabellaria spinulosa reefs e  abundance potential near/at 0&G ﬁ:JgpuprI;Tentary
Sea-pen and burrowing . Supplementary
megafauna communities abundance potential near/at 0&G Figure 1
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