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Appendix S1. Summary of ecological issues in the Barents Sea

The Barents Sea is a zone of transition between the Atlantic and the Arctic, and a region of rapid
climate-related change. It is experiencing biogeochemical and biogeographical changes that are
influencing community composition and energy-flow through food webs. South of the Polar Front the
Barents Sea is free of ice all year, stratification is weak, and nutrients are available to support primary
production in the euphotic zone. Further north, across the shelf-break and out into the deep Arctic
basin, stratification due to the sea-ice freeze/melt cycle has historically limited nutrient supply
(Tremblay and Gagnon 2009). As ice is lost, concomitant changes in underlying waters occur, and
water column irradiance increases (Castellani et al. this volume, in review), further increasing primary
production (Dalpadado et al. 2020).

Present predictions of changes in the upper trophic levels of the Barents Sea food web due to
warming and ice loss are somewhat speculative based on extrapolation from historical data. As the
influence of warmer, Atlantic waters extends from the south west, and Arctic waters recede
northwards, zooplankton and fish community compositions have changed across the Barents Sea,
with an increasing “borealisation” (Fossheim et al. 2015). Both bottom-up and top-down pressures
can arise from these changes. For example, statistical modelling of historical data predicts that krill
biomass in the Barents Sea increases in low-ice years but subsequently declines as higher trophic
level populations respond (Stige et al. 2019). Earlier ice-melt may improve recruitment of the ice-
associated forage fish Boreogadus saida (Polar cod) (Bouchard et al. 2017), and improved visibility in
waters that are more brightly illuminated — along with changes in the size-structure of copepod
communities (Berge et al. 2012) — will likely benefit planktivorous fish (Varpe et al. 2015). Predators of
Polar cod, including seabirds and Delphinapterus leucas (beluga whale) may benefit from increasing
prey abundance (Bouchard et al. 2017), as might Pusa hispida (ringed seal), although these seals
depend on sea ice for breeding so increased prey will be countered by loss of habitat (Haug et al.
2017). Planktivorous whales may benefit from increased zooplankton production (Falk-Petersen et al.
2015), but polar bears (Ursus maritimus) will struggle as ice loss impacts their seal prey and their
ability to hunt (Iversen et al. 2013).
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Appendix S2. Summary of ecosystem models of the Barents Sea

There have been numerous attempts to model food webs and ecosystem processes in the Barents
Sea over the past twenty years. Dynamic multi-species population models, such as Gadget and its
predecessors (Lindstrgm et al. 2009; and references therein), have been used to examine trophic
interactions between small ensembles of key species (e.g. cod, herring, capelin, and minke whales),
particularly to evaluate fishery management strategies. Such models have also been used to make
predictions under climate change scenarios, although these are necessarily limited to assumed
recruitment scenarios, or other directly imposed effects of temperature, food availability, or spatial
overlap between key species (Howell and Bogstad 2010; Howell and Filin 2014).

By contrast, coupled physical/biogeochemical models represent the flow of nutrients through the
entire ecosystem. These models link 3-dimensional general circulation models that capture the
physical environment to a relatively small number of biological model components known as
functional groups (e.g. diatoms, microzooplankton, and mesozooplankton) that represent the totality
of trophically-similar species. Models covering the Barents Sea include SINMOD (Slagstad and
McClimans 2005; Wassman et al 2006), HYCOM-NORWECOM (Samuelsen et al. 2015), and global
models such as NEMO-MEDUSA (Popova et al. 2010, 2012, 2013). A 1-dimensional (vertical) version
of the ECOSMO Il model has been implemented for various stations in the Barents Sea (Benkort et
al. 2020). Typically, physical-biological models do not represent trophic levels higher than
zooplankton, and much of the effort in model validation is focussed on primary production (e.g. Babin
et al. 2015).

End-to-end ecosystem models attempt to represent every trophic level. In order to achieve better
representation at higher trophic levels, NORWECOM.E2E includes Individual-Based Models (IBMs)
for particular species of zooplankton and fish that are fully coupled to the underlying physical-
biological NORWECOM model. NORWECOM.E2E has been used to predict climate-driven changes
in the distribution of the copepod Calanus finmarchicus (Skaret et al. 2014), and in evaluating
acoustic/trawl survey designs for mackerel and herring (Holmin et al. 2020). Another end-to-end
model that has been implemented for the Nordic and Barents Sea is Atlantis, a spatially structured
model with physical forcing that represents the flow of nutrients through 53 functional groups and
individual species (Hansen et al. 2016). Atlantis has been used to explore ecosystem perturbation
and management and climate change scenarios (Hansen et al. 2019; Olsen et al. 2019; Nilsen et al.
2020). Several implementations of Ecopath-with-Ecosim (EwWE) have also been developed and tuned
to historical data (Blanchard et al. 2002; Skaret and Pitcher 2016; Bulgakova and Bobyrev 2020).
EwE budgets biomass rather than conserving nutrients throughout the ecosystem, and these
implementations are non-spatial, but as with Atlantis they represent numerous individual species
explicitly.

When modelling the effects of climate change in the Arctic on ecosystem services it is essential to
represent higher trophic levels, including charismatic megafauna such as marine mammals and
seabirds as well as commercially exploited fish stocks. Equally, mass conservation is vital in order to
link higher trophic levels to changes in biogeochemical fluxes, and spatial considerations with
changing ice cover, for example, are also important. Nonetheless, many of the ‘big picture’ questions
regarding sustainability can be addressed without needing to represent individual species or including
all biogeochemical processes.
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Appendix S3. Internal and boundary driving data for the 2010s and 2040s
versions of the StrathE2EPolar model.

Table S1. Details of the internal physical driving data inputs to StrathE2EPolar model. Climatological
annual cycles of monthly averaged values for the 2010s and 2040s models are shown in Figure S1.

Driving data Units Source

Sea surface irradiance UE.m®.d”’ NEMO-MEDUSA input data
Sea temperature °C NEMO-MEDUSA output data
Air temperature °C NEMO-MEDUSA input data

Vertical diffusivity
gradient

m.d ™ (derived from the
vertical diffusivity
(mz.s'l) and mixing
length scale (m))

NEMO-MEDUSA output data

Inshore significant wave
height

m

CERA-20C ‘Ocean

Wave Synoptic Monthly Means’ product
accessed through

ECMWF

Proportion of seabed
disturbed

d" (aggregated over
the three sediment
classes in each zone)

Modelled from sediment grain size and tidal bed
shear stress (Laverick et al. unpublished)
(available for 2010s only, assumed to be
identical in 2040s)

Suspended particulate
matter

g.m”

Globcolour L3b;
ftp://ftp.hermes.acri.fr/GLOB/merged/month/
(available for 2010s only, assumed to be
identical in 2040s)

Ice-free area

proportion of whole
model domain (i.e. ice
cover * zonal area)

NEMO-MEDUSA output data

Ice-free %:

% of each zone ice
free

NEMO-MEDUSA output data

Ice cover %:

Percent sea surface
covered by ice in ice-
affected areas

NEMO-MEDUSA output data

Ice thickness

m

NEMO-MEDUSA output data

Snow thickness

m

NEMO-MEDUSA output data
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Table S2. Details of the external boundary driving data inputs to StrathE2EPolar model.
Climatological annual cycles of monthly averaged values for the 2010s and 2040s models are shown

in Figure S2.

Driving data

Units

Source

External inflows

m° per m® sea surface
of model domain
(derived from
proportion input per
layer volume, layer
thicknesses and
areas)

NEMO-MEDUSA output data

River discharge

m® per m” sea surface
of model domain
(derived from
proportion input to
inshore volume, and
inshore layer thickness
and area)

NEMO-MEDUSA input data

External boundary nitrate | mMN.m™ NEMO-MEDUSA output data (total dissolved

concentration inorganic nitrogen disaggregated into nitrate
and ammonia based on field observational
data)

External boundary mMN.m™~ NEMO-MEDUSA output data (total dissolved

ammonia concentration inorganic nitrogen disaggregated into nitrate
and ammonia based on field observational
data)

External boundary mMN.m™~ NEMO-MEDUSA output data

phytoplankton

concentration

External boundary mMN.m™~ NEMO-MEDUSA output data

detritus concentration

River nitrate mMN.m~ Holmes et al. 2021 (available for 2010s only,

concentration assumed to be identical in 2040s)

River ammonia mMN.m™~ Holmes et al. 2021 (available for 2010s only,

concentration assumed to be identical in 2040s)

River labile detritus mMN.m™~ No data available

concentration

Atmospheric nitrate mMN.m*.d™* EMEP data centre

deposition flux https://www.emep.int/mscw/mscw_moddata.ht
ml (available for 2010s only, assumed to be
identical in 2040s)

Atmospheric ammonia mMN.m*.d™* EMEP data centre

deposition flux

https://www.emep.int/mscw/mscw_moddata.ht
ml (available for 2010s only, assumed to be
identical in 2040s)

Reference for Table S2
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https://www.arcticgreatrivers.org/data (Web material).
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Figure S1. Climatological annual cycles of monthly averaged internal driving data for the 2010s and 2040s StrathE2EPolar models.
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Figure S2. Climatological annual cycles of monthly averaged external boundary driving data for the 2010s and 2040s StrathE2EPolar models.



Appendix S4. Fishing gears represented in StrathE2EPolar

Table S3. Fishing gears represented in StrathE2EPolar and their selectivity for the various

harvestable guilds in the model. Black cells indicate the main guild captured by each gear

and grey cells show the various by-catch guilds. Guild code: PF = planktivorous fish,, DF =
demersal fish, MF = migratory fish (mackerel), SDB -= suspension and deposit feeding
benthos, CSB — carnivorous and scavenge feeding benthos, CZ = cantivorous zooplankton,
BD — birds, PN = pinnipeds, CT = cetaceans, KP = macrophytes (kelp).

Gear category

Pelagic trawls and seines

Demersal otter trawl

PF

DF

MF

SDB | CSB

Cz

BD

PN

CT

KP

Demersal seine

Demersal gillnets

Longlines and jigging

Recreational and subsistence fishing

Shrimp trawls

Creels

Mollusc dredges

—

Harpoons

Rifles

Kelp harvester




Appendix S5. Observational data assembled as the target for optimization of the StrathE2EPolar, and comparison with the
‘best-fit’ model.

Table S4. Observational data assembled as the target for optimization of the StrathE2EPolar model by simulated annealing. The data are
available as a csv file within the StrathE2EPolar R package. Also shown are the corresponding best-fit model values from the model. The
overall likelihood of the observations given the model setup and driving data was 0.506.

Observed | SD of Best-fit Units Description Region Time period Source
value observed | model
value value
868 43 843 | MMN m?y" Annual new primary Barents Sea ICES WGIBAR 2019 (189mgC m™ d™*
production by phytoplankton 2010-2018 | annual average 2010-2018 converted to
annual nitrogen units)
457 22.8 1.73 | mMNm?y" Annual total primary Barents Sea 010-2018 | Benkort etal. 2020
- production by ice algae
320 128 284 | gCm*y Annual within forest net Northern Norway General Sjatun et al. 1995, Dommasnes et al.
production of macrophytes 2001
396 158 844 | MMN m?y™ Annual ominivorous Barents Sea 1990-1995 Blanchard et al.. 2002
zooplankton gross production
60.9 24.4 214 | MMNm?y" Annual carnivorous Barents Sea 1990-1995 Blanchard et al. 2002
zooplankton gross production
3.18 1.27 224 | mMMN m?y™ Annual planktivorous fish Barents Sea Dommasnes et al 2001 and data from
gross production 2011-2017 | Protozorkevich, and van der Meeren
2020.
2.64 1.06 3.72 | MMN m?y™ Annual demersal fish gross Barents Sea Dommasnes et al 2001 and data from
production 2011-2017 | Protozorkevich, and van der Meeren
2020.
386 154 434 | mMMN m?y™ Annual susp/dep benthos Barents Sea 1990-1995 Blanchard et al ..2002
gross production
35.4 141 195 | mMNm?y" Annual carn/scan benthos Barents Sea Blanchard et al 2002
gross production 1990-1995
0.0126 | 5.04E-03 0.0042 | MMN m?y™ Annual net production of birds | Barents Sea 1997 | Dommasnes et al. 2001
0.0153 | 6.14E-03 0.00899 | MMN m?y™ Annual net production of Barents Sea 1997 Dommasnes et al. 2001
pinnipeds
0.0202 | 8.08E-03 0.0148 | mMMN m?y™ Annual net production of Barents Sea 1997 Dommasnes et al 2001
cetaceans
1.22E-04 | 4.88E-05 0.00016 | MMN m™y™ Annual net production of Barents Sea 2000-2009 Kovacs et al. 2009, Suprenand et al 2018

maritime mammals




2.15

0.86

0.1287

mMMN m?y"

Annual consumption of

Barents Sea

Dommasnes et al. 2001

; ! ' 1997
planktivorous fish by fish
1.500 0.600 0.06088 | mMMN m™y™ Annual consumption of Barents Sea 1997 Dommasnes et al. 2001
demersal fish by fish
14.8 5.9 15.32 | mMN m™y™ Annual consumption of Barents Sea Dommasnes et al 2001
omnivorous zooplankton by 1997
fish and fish larvae
51.8 20.7 62.60 | MMN m?y™ Annual consumption of omniv Barents Sea Blanchard et al 2002
zooplankton by carn 1990-1995
zooplankton
3.26 1.30 3.797 | mMMN m?y™ Annual consumption of Barents Sea Dommasnes et al 2001
) 1997
benthos by fish
1.38 0.55 0.029 | MMN m?y™ Annual food consumption by Barents Sea 1995-2005 Gabrielsen 2009
birds )
0.77 0.31 0.668 | dimensionless Proportion planktivorous fish in | Barents Sea 1997 Dommasnes et al 2001
diet of birds
0.04 0.016 0.0145 | dimensionless Proportion demersal fish in Barents Sea 1997 Dommasnes et al 2001
diet of birds
0.045 0.018 0.00511 | dimensionless Proportion migratory fish in Barents Sea 1997 Dommasnes et al 2001
diet of birds
0.001 0.0004 0.00101 | dimensionless Proportion discards in diet of Barents Sea 1997 Dommasnes et al 2001
birds
3.18 1.27 0.0616 | MMN m?y™ Annual food consumption by Barents Sea 1997 Dommasnes et al 2001
pinnipeds
0.40 0.16 0.545 | dimensionless Proportion planktivorous fish in | Barents Sea 1997 Dommasnes et al 2001
diet of pinnipeds
0.098 0.039 0.0544 | dimensionless Proportion demersal fish in Barents Sea 1997 Dommasnes et al 2001
diet of pinnipeds
0.011 0.0044 0.00064 | dimensionless Proportion migratory fish in Barents Sea 1997 Dommasnes et al 2001
diet of pinnipeds
3.040 1.22 0.10881 | mMMN m?y™ Annual food consumption by Barents Sea 1997 Dommasnes et al 2001
cetaceans
0.254 0.102 0.453 | dimensionless Proportion planktivorous fish in | Barents Sea 1997 Dommasnes et al 2001
diet of cetaceans
0.109 0.043 0.0782 | dimensionless Proportion demersal fish in Barents Sea 1997 Dommasnes et al 2001
diet of cetaceans
0.117 0.047 0.0114 | dimensionless Proportion migratory fish in Barents Sea 1997 Dommasnes et al 2001
diet of cetaceans
0.502 0.201 0.457 | dimensionless Proportion omni and carn zoo Barents Sea 1997 Dommasnes et al 2001
in diet of cetaceans
2.47E-03 0.001 0.0010 | mMN/m2/y Annual food consumption by Barents Sea 2000-2009 Kovacs et al 2009, Suprenand et al 2018

maritime mammals




0.750

0.300

0.855

dimensionless

Proportion pinnipeds in diet of

Barents Sea

Kovacs et al 2009, Suprenand et al 2018

- 2000-2009
maritime mammals
0.100 0.040 0.129 | dimensionless Proportion cetaceans in diet of | Barents Sea 2000-2009 Kovacs et al 2009, Suprenand et al 2018
maritime mammals
0.175 0.0116 0.169 | mMMN m™y™ Annual planktivorous fish Barents Sea 2011-2019 Norwegian Fisheries Directorate, STECF,
landings (live weight) ICES/FAO
0.323 0.032 0.330 | MMN m?y™ Annual demersal fish landings | Barents Sea Norwegian Fisheries Directorate, STECF,
. . 2011-2019
(live weight) ICES/FAO
0.0016 0.0002 0.0016 | MMN m™ y'l Annual migratory fish landings | Barents Sea 2011-2019 Norwegian Fisheries Directorate, STECF,
(live weight) ICES/FAO
2.18E-07 | 2.18E-08 | 2.10E-07 | mMMN m™ y'l Annual susp/dep benthos Barents Sea Norwegian Fisheries Directorate, STECF,
: ; : 2011-2019
landings (live weight) ICES/FAO
0.015 0.0015 0.0160 | MMN m?y™ Annual carn/scav benthos Barents Sea Norwegian Fisheries Directorate, STECF,
: - . 2011-2019
landings (live weight) ICES/FAO
1.56E-07 1.56E-08 1.57E-07 | mMMN m™ y'l Annual carn zooplankton Barents Sea 2011-2019 Norwegian Fisheries Directorate, STECF,
landings (live weight) ICES/FAO
8.60E-05 | 3.44E-05 | 7.70E-05 | mMMN m™ y'l Annual pinniped landings by Barents Sea Norwegian Fisheries Directorate, STECF,
2011-2019
seal hunters ICES/FAO
9.06E-04 | 3.62E-04 0.00092 | MMN m? y'l Annual cetacean landings by Barents Sea Norwegian Fisheries Directorate, STECF,
2011-2019
whale hunters ICES/FAO
0.650 0.260 0.787 |y~ Annual CARBON gross PB Northern Norway Sjgtun et al 1995, Dommasnes et al
i General
ratio of macrophytes 2001
10.0 4.0 7.75 y'1 Annual gross PB ratio larvae General value Mackinson and Daskalov 2007
General
of susp/dep benthos
10.0 4.0 8.84 y'l Annual gross PB ratio larvae General value Mackinson and Daskalov 2007
General
of carn/scav benthos
6.44 2.58 853 | y" Annual gross PB ratio Barents Sea Blanchard et al 2002
. 1990-1995
susp/dep feeding benthos
2.42 0.97 2221 | y* Annual gross PB ratio Barents Sea Blanchard et al 2002
. 1990-1995
carn/scav feeding benthos
10.0 4.0 8.83 |y Annual gross PB ratio omniv Barents and 1997 Dommasnes et al 2001
zooplankton Norwegian Sea
2.814 1.126 2.293 | y* Annual gross PB ratio carniv Barents and 1997 Dommasnes et al 2001
zooplankton Norwegian Sea
4.0 1.6 0.979 |y’ Annual gross PB ratio larvae General value Mackinson and Daskalov 2007
. : General
of planktivorous fish
4.0 1.6 3.762 | y" Annual gross PB ratio larvae General value Mackinson and Daskalov 2007
. General
of demersal fish
0.640 0.256 0.601 | y* Annual gross PB ratio Barents and Dommasnes et al 2001
; i . 1997
planktivorous fish Norwegian Sea
1.049 0.420 0.147 | y™* Annual gross PB ratio Barents and 1997 Dommasnes et al 2001

demersal fish

Norwegian Sea




0.600

0.240

0.332

Annual gross PB ratio

Barents and

Dommasnes et al 2001

: : . 1997
migratory fish Norwegian Sea
1.00 0.40 0.338 | y*' Annual net PB ratio birds Barents and 1997 Dommasnes et al 2001
Norwegian Sea
0.07 0.028 0.124 | y* Annual net PB ratio pinnipeds Barents and 1997 Dommasnes et al 2001
Norwegian Sea
0.04 0.016 0.0326 | y*' Annual net PB ratio cetaceans | Barents and 1997 Dommasnes et al 2001
Norwegian Sea
0.15 0.060 0.0591 |y Annual net PB ratio maritime Beaufort Sea General Suprenand et al 2018
mammals
0.30 0.10 0.316 | dimensionless | Annual average proportion of General value Abdullah and Fredriksen 2004
macrophyte C uptake which is General
exuded
0.12 0.20 0.116 | dimensionless Annual average molar NC ratio | General value G Sjotun et al 1996, Broch and Slagstad
eneral
of macrophytes 2012
90.7 36.3 87.1 | MMNm?y" Annual water and sediment Chuchi Sea 2013 | McTigue et al 2016
denitrification
0.0320 0.0033 0.0316 | dimensionless Proportion of demersal fish Barents Sea 2011-2019 Norwegian Fisheries Directorate, STECF,
catch discarded ICES/FAO
1.90 0.54 2.01 | MMN m”® Feb Mar average ammonia Fram Strait General Thomas et al 1995
conc in sea ice when present
18.6 10.2 20.8 | MMN m”® Annual average ammonia Barents Sea Freitas et al 2020
conc in porewater of mud gs 2017
0.12mm
0.903 0.287 0.804 | mMMN m~® Feb Mar average nitrate conc Fram Strait General Thomas et al 1995
in sea ice when present
4.02 1.44 3.183 | MMN m™ Annual average nitrate conc in | Barents Sea 2017 Freitas et al 2020
porewater of mud gs 0.12mm
0.0353 0.00715 0.0318 | % gN (g dry Annual average organic N Barents Sea Laverick et al. submitted
sed)'l content of sand gs 0.25mm General
(0.19-0.43mm)
0.1360 0.0272 0.121 | % gN (g dry Annual average organic N Barents Sea Laverick et al. submitted
sed)'1 content of mud gs 0.12mm General
(0.03-0.07mm)
5.50 0.764 6.649 | mMMN m™ Average winter (Nov-Feb) Barents Sea 2010-2019 BODC, ICES and Norwegian Polar
nitrate conc shallow layer Institute data centres
3.06 2.08 1.586 | mMN m~ Average summer (May-Aug) Barents Sea 2010-2019 BODC, ICES and Norwegian Polar
nitrate conc shallow layer Institute data centres
9.64 2.11 7.459 | mMN m? Average summer (May-Aug) Barents Sea 2010-2019 BODC, ICES and Norwegian Polar
nitrate conc deep layer Institute data centres
0.216 0.264 0.456 | mMMN m~™ Average summer (April-Sept) Offshore ice Arctic General Melinkov et al. 2002, Thomas et al.1995,

chlorophyll in offshore sea ice

Schunemann 2004, Ehrlich et al. 2020,




Lange et al.2016, Gradinger and Zhang
1997; assuming_Redfield_and_
carbon:chlorophyll = 20 g.g™*
3.099 1.525 2.231 | mMMN m™ Average summer (April-Sept) Landfast ice Arctic Appolonio 1965, Lange et al. 2015,
chlorophyll in inshore sea ice General Campbell et al. 2015, Schunemann 2004;
assuming_Redfield_and_
carbon:chlorophyll = 20 g.g'l
1.33E-05 | 5.33E-06 | 1.39E-05 | MMNm~y" Annual bycatch of birds Barents Sea 2000-2019 | Synthesis of literature data
9.70E-06 | 3.88E-06 | 1.10E-05 | mMN m?y™ Annual bycatch of pinnipeds Barents Sea 2006-2014 | Synthesis of literature data
2.38E-05 | 9.53E-06 | 2.41E-05 | mMN m~ y'l Annual bycatch of cetaceans Barents Sea 2000-2019 | Synthesis of literature data
0.15 0.05 0.147 | dimensionless Proportion of macrophyte New Zealand Zemke White et al 2005
annual nitrogen uptake General
exported as beachcast
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Figure S3. Comparison between the ‘best fit' 2010s StrathE2EPolar model results, and the
observational target data used for computational parameter optimization. Red box and whiskers are
the modal results and their credible intervals derived from likelihood weighted Monte Carlo analysis,
black are the observational target data and their standard deviations (uncertainties). Boxes for each
measure represent the inter-quartile ranges, whiskers span 0.5% — 99.5% intervals.
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Appendix S6. Methods for acoustic data processing

Raw data were read using the pyEcholab Python (version 3.7) package (https://github.com/Cl-
CMG/pyEcholab) and processed using the Echopy Python package (https://github.com/open-ocean-
sounding/echopy). Processing included identifying seabed (and removing detections at and below it),
subtracting background noise, removing pings that were attenuated or that included transient noise,
masking impulse noise (interference from other sound sources) and removing data that contained
false bottom echoes (Ryan et al. 2015). Nautical-Area Scattering Coefficient (NASC, m? nmi?:
average received echo energy over a given depth range scaled up to a square nautical mile) values
were computed for the remaining data averaged over 1 km along track intervals (station data were not
analysed) between 15 m (maximum vessel draft plus echosounder near-field for all surveys, vessels
and frequencies) and 400 m (lower extent of model domain).

NASC values at 18 kHz were used as a proxy for fish biomass. At this frequency the contribution of
smaller scatterers such as zooplankton is expected to be < 1%. Fish, on the other hand, which have
gas-filled swim bladders, are very strong acoustic targets and will likely make up the majority of the
received echo energy at this frequency (Proud et al. 2019). NASC values at 120 kHz and where
NASC 120 kHz > 38 kHz > 18 kHz (i.e. Rayleigh scattering from small targets such as zooplankton)
were used as a proxy for macro-zooplankton biomass (similar methods are used to discriminate
Antarctic krill/’zooplankton from fish in the Southern Ocean, see Brierley et al. 1998).
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Figure S4. Barents Sea Ecosystem Survey tracks (2011-2016) overlaid onto the inshore and offshore
zones of the StrathE2EPolar model.
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