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Appendix 8.1 - Scientific basis for indicators — Arctic
Barents Sea

General methods
General methods for fish community data

Datasets from 2004-2020 on fish communities from the benthic trawl survey in BESS was gridded to ensure even
spatial distribution of samples, as described in “General description of methods using BESS data”. Regarding
taxonomic resolution, we followed recommendations in Johannesen et al. (2021). The present dataset on fish from
benthic trawl survey catches consisted of 76 taxa present in the Norwegian sector of the Barents Sea (Figure A.0.1).
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Figure A.0.1 Map showing the assessed area, including the sub-division into polygons in the Arctic part of the Norwegian EEZ in the
Barents Sea.

For community-level trait indicators, we strived to include the majority of the species in the catches, to reflect the
present fish demersal community. A few typically schooling pelagic fish species were removed from the analyses as
they were typically caught in very large numbers in some of the trawls and thus introduced large variability. These were:
Polar cod (Boreogadus saida), Herring (Clupea harengus), capelin (Mallotus villosus), and Atlantic mackerel

(Scomber scombrus). The resulting dataset included 72 taxa. The average biomass density in the Arctic part of the
Barents Sea for each species is shown in Fig. A.0.2.
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Gadus morhua 4
Hippoglossoides platessoides <
elanogrammus aeglefinus o
Reinhardtius hippoglosscides -
Sebastes mentella 4
Amblyraja radiata 4
Anarhichas minor 5
Zparcidae -
Artediellus atlanticus §
Anarhichas lupus -
Anarhichas denticulatus -
Leptoclinus maculatus 4
Leptagonus decagonus -
Triglops nybelini
Lumpenus lampretaeformis 4
Micromesistius poulassou 4
Sebastes norvegicus o
Liparidae 4
Triglops murrayi 4
Sebastes o
Trisopterus esmarkii 4
Eumicrotremus spinosus 4
Triglops pingelii 4
Cottunculus microps
Cyclopterus lumpus 5
Brosme brosme 4
leelus §
Amblyraja hyperborea -
Arclozenus fisso §
Argentina silus 4
Anisarchus medius +
Rajelia fyllae
Pollachius virens o
Somniosus microcephalus - |
Maerourus berglax 5 |
Bathyraja spinicauda 4 |
Sebastes viviparus 5 |
Gymnocanthus tricuspis 5
Eumicrotremus derjugini 4 |
Myoxocephalus scorpius 5 |
Lumpenus fabricii 3
Arctogadus glacialis 4
Ammodyles 4
Salmo salar
Myctophidae - |
Molva molva 5 |
Gaidropsarus argentatus - |
Enchelyopus cimbrius - |
Merlangius merlangus 1
Syngnathidae - |
Gadiculus argenteus q
Cyclopteropsis mcalpini 4 |
Pholis gunnellus < |
Maurolicus muelleri 4 |
Rajella lintea o
Pallachius pollachius 5 |
Pleuronectes platessa |
Phyeis blennoides 4 |
Phrynorhombus norvegicus 5 |
Myxine glutinosa 5 |
Myoxocephalus quadricomis - |
Molva dypterygia 4 |
Microstomus kitt < |
Lophius piscatonius - |
Limanda limanda 4 |
Lepidorhombus whiffiagonis 4 |
Hippoglossus hippoglossus - |
Glyptocephalus cynegiossus o
Gasterosteus aculeatus + |
Etmopterus spinax 4 |
Coryphaenoides rupestris § |
Chimaera monstrosa 4 |

0.0 05 10 15 20 25
average log10 biomass (kg/km2)

Figure A.0.2 Average biomass (log10 kg/km2) of included fish species from bottom trawls in the Arctic part of the Barents Sea.

All community-level trait indicators are weighted by biomass to reflect the ecosystem functioning perspective in the
assessment. However, since these values are influenced by species with high biomass we also provide indicator values
where we remove cod (Gadus morhua), the most influential species in this system, and weight by log transformed
biomasses of each species as supplementary plots.
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Relevant traits for fish have been published for the BarentsSea andwere compiled froma number ofsources
(TableA.0.1).

Table A.0.1 Information on sources for fish trait information, and percent of total biomass and abundance from the BESS survey
included in analyses of different traits.

Trait Number of % % References
taxa biomass abundance
Diet, Habitat Length at 56 99.8 % 98.3 % (Wiedmann et al., 2014; Frainer et al., 2017)
maturation
Fast-slow life history 53 996% 97.3% (Wiedmann et al., 2014)
rank
Life history strategies 69 99.8% 994 % (Beukhof et al., 2019)
Biogeography 64 99.7 % 95.4 % (Andriyashev and Chernova, 1995; Wiedmann et al., 2014; Fossheim et al.,

2015; Mecklenburg et al., 2018)

17/440



Panel-based Assessment of Ecosystem Condition of Norwegian Barents Sea Shelf Ecosystems - Appendices
Appendix 8.1 - Scientific basis for indicators — Arctic Barents Sea

1. Indicator: Annual primary productivity [AIO1]

Ecosystem characteristic: Primary productivity
Phenomenon: Increasing annual primary productivity [AP01]
Main driver: Climate change

1.1 Supplementary metadata
1.2 Supplementary methods
1.3 Plots of indicator values
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Figure A.1.1 The time series of estimated annual primary production in the Arctic part of the Barents Sea. Blue line and shaded areas
indicate fitted linear trend and 95% confidence bands, with equation and R? indicated in black. Red line indicates smoother.
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Figure A.1.2 Annual Primary production in each polygon in the Arctic part of the Barents Sea. Green line and shaded areas indicate
fitted trend and 95% prediction bands from TREC analyses.
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Figure A.1.3 Annual Primary production in each polygon in the Arctic part of the Barents Sea. Blue line and shaded areas indicate
fitted linear trend and 95% confidence bands, with equation and R? indicated in black and smoother in red.
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There are indications of an increase in NPP in polygons 21, 23 and 24 (i.e., in the south and west) from standard linear
analyses and Bayesian-based trend analyses. Although the p-values from the standard linear analyses indicate
significant relationships, this should be treated with caution for short (i.e., 50 < observations) time series. Also, the
Bayesian-based analyses, which are more robust for short time series, come with wide prediction bands, suggesting the
trends are not strong. In addition, there are considerations about the robustness of the estimates themselves, as
satellite based NPP estimates are severely limited by sea ice and cloud cover (opaque to optical ocean color sensors)
at high latitudes. Generally, for >90% of the year all grid cells in the Barents Sea area are covered by ice or clouds in
the time period 1998-2022. This introduces a considerable bias when interpolating data over large temporal and spatial
gaps. Thus, the evidence for the phenomenon is assessed as low for polygons 21, 23 and 24, while it is assessed that
there is no evidence for the phenomenon for the other polygons.

1.4 Background data and supplementary analysis
1.5 Recommendations for future development of the indicator
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2. Indicator: Timing of spring bloom [AI02]

Ecosystem characteristic: Primary productivity
Phenomenon: Earlier start of the spring bloom [AP2]
Main driver: Climate change

2.1 Supplementary metadata

Dalpadado et al. 2020 used 0.5 mg Chl a m-3 as a threshold value for the start of the spring bloom in the Barents Sea

2.2 Supplementary methods
2.3 Plots of indicator values
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Figure A.2.1 The time series of estimated start date of the spring bloom shown with shaded areas indicating + 1 SE.
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Figure A.2.2 Estimated start date of the spring bloom and fitted trend using the best fitted trend approach represented by the red line.
The fitted trend is of degree 1 (linear) with R?=0.02. After fitting, residuals variance was 110.94.
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Figure A.2.3 Estimated start date of the spring bloom in the Arctic part of the Barents Sea with grey shaded area indicating + 1 SE.
Red line and red shaded areas indicate fitted linear trend and 95% confidence bands, with equation and R? indicated in red.
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Timing of spring bloom [AlI02]

Appendix 8.1 - Scientific basis for indicators — Arctic Barents Sea
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Figure A.2.4 Estimated start date of the spring bloom in each polygon in the Arctic part of the Barents Sea with red line indicating

estimated trend using the best fitted trend approach.
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Figure A.2.5 Estimated start date of the spring bloom in each polygon in the Arctic part of the Barents Sea. Red line and red shaded
areas indicate fitted linear trend and 95% confidence bands, with equation and R? indicated in red.
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For the western, most Atlantic-influenced part of the Arctic region (polygons 21, 23 and 24) there is no clear trend in the
data and thus no evidence for an earlier start of the spring bloom. Despite large interannual variability there is a weak
linear trend towards an earlier timing of the spring bloom for the eastern part of the Arctic region (particularly polygon
26) and hence low evidence for this phenomenon to have occurred. There is insufficient data for the two northernmost
polygons 48 and 49 to provide an any reliable assessment of the phenomenon. Thus, over the last two decades, there
is low to no evidence, depending on the subregion, that spring bloom timing has occurred earlier as a result of warming
of the climate in this period. It needs to be noted that other studies have reported an advancement of the spring bloom
by over one month for the ice-covered part of the Barents Sea (Dalpadado et al., 2020; Ingvaldsen et al., 2021). This
apparent discrepancy can be explained by the longer satellite timeseries used in those studies and likely also by
differences in subdividing the Barents Sea region as the easternmost, more ice-covered polygons also showed low
evidence for an earlier bloom timing.

2.4 Background data and supplementary analysis

2.5 Recommendations for future development of the indicator
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3 Indicator: Zooplankton TL < 2.5 [AIO3]

Ecosystem characteristic: Biomass distribution among trophic levels
Phenomenon: Increasing biomass of zooplankton that is predominantly herbivorous [AP03]
Main driver: Climate change

3.1 Supplementary metadata

Table A.3.1: list of krill (Euphausiids) taxa used to calculate low trophic level krill biomass (Meganyctiphanes norvegica and
Meganyctiphanes sp. have been removed)

Krill taxa

Euphausiacea
Euphausiidae
Nematoscelis spp.
Nematoscelis megalops
Nyctiphanes couchii
Thysanoessa inermis
Thysanoessa longicaudata
Thysanoessa raschii
Thysanoessa spp.

Thysanopoda spp.

3.2 Supplementary methods

The indicator is represented by two time series, one on biomass of mesozooplankton (g per m? wet wt.) and one on
biomass of krill (kg/km? wet wt.).

Mesozooplankton is sampled with WP2 as described in in (Melle et al., 2004) and (Skjoldal et al., 2013). Briefly,
samples are divided in two halves with a Motoda plankton splitter, one part for determining the biomass (g dw per m?
dry wt. or m3 dry wt.), and the other half for species identification and abundance estimation. The biomass subsample is
separated into three size fractions using mesh gauzes size of 2000, 1000, and 180 um (for details, see (Skjoldal et al.,
2013)). For this indicator, the sum of the two smaller size fractions of mesozooplankton were used (1000-2000 ym and
180-1000 pm). Average values for the whole ecosystem area were calculated and used for trend analysis (Figures
A.3.1).

Krill is sampled with pelagic trawl and biomass estimated as described by (Eriksen and Dalpadado, 2011). Total
biomass of krill taxa (Table A.3.1 9) was calculated and averaged per polygon (Figures A.3.3 and A.3.4) and for the total
ecosystem area (Figure A.3.2).
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3.3 Plots of indicator values
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Figure A.3.1. The time series of estimated mean biomass of lower trophic level krill (Kg km™? wet wt) (A) and mesozooplankton (g m™
dry wt) (C) shown with light shaded areas indicating + 1 SD only for krill. Red line and dark shaded areas indicate fitted linear trend
and 95% confidence bands, with equation and R? indicated in red. Number of stations are indicated for krill (B) and small and medium
mesozooplankton (D)
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Figure A.3.2. Estimated low trophic level krill biomass (Kg km? wet wt) and fitted trend using the best fitted trend approach
represented by the red line. The fitted trend is of degree 1 (linear) with R?=0.01. Residual variance after fitting was 403.42.
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To assess spatial variability in low trophic level zooplankton biomasses, we calculated the indicator per polygons for krill

(Figure A.3.3). This is not available for mesozooplankton.
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Figure A.3.3 Mean biomass / km? of low trophic level krill (Kg km™2 wet wt) in each polygon in the Arctic part of the Barents Sea
(number on top of each panel) with + 1 SD indicated with light shading. Red line and dark shaded areas indicate fitted linear trend and
95% confidence bands, with equation and R?indicated in red. Stars denote years with low sample size (< 5 trawls).
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Figure A.3.4 Low trophic level krill biomass (Kg km™ wet wt) in each polygon in the Arctic part of the Barents Sea (number on top of
each panel) and fitted trend using the best fitted trend approach represented by the red line.
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There is no evidence that the phenomenon has occurred. For mesozooplankton, interannual variation dominates the
time series with no indications of temporal trends in the data (figures A.3.1). A similar pattern is seen for krill (figures
A.3.1 and A.3.2). At the polygon level, where information is available only for krill, there are no indications of geographic
patterns that should warrant consideration of split evidence for the phenomenon.

3.4 Background data and supplementary analysis
3.5 Recommendations for future development of the indicator
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4 Indicator: Zooplankton TL > 2.5 [AI04]

Ecosystem characteristic: Biomass distribution among trophic levels
Phenomenon: Change in biomass of zooplankton that is predominantly carnivorous [AP04]
Main driver: Climate change

4.1 Supplementary metadata

Table A.4.1a. List of taxa included in the calculations for the biomass of pelagic amphipods.

Pelagic amphipod taxa

Ampelisca spp.
Amphipoda

Eriopisa elongata
Gammarelus homari
Gammaridae
Gammaridea
Gammarus locusta
Hyperia

Hyperia galba
Hyperiidae

Maera loveni
Melitidae

Onisimus glacialis
Stegocephalus
Themisto abyssorum
Themisto compressa
Themisto libellula

Themisto spp.
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Table A.4.1b. List of taxa included in the calculations for the biomass of gelatinous zooplankton (the trawl catches are mainly Cyanea
spp.)

Gelatinous zooplankton taxa

Aglantha digitale
Aurelia aurita
Aurelia spp.
Beroe cucumis
Beroe spp.
Cnidaria
Ctenophora
Cyanea capillata
Cyanea lamarckii
Cyanea spp.
Hydroidolina
Hydrozoa
Leptothecata
Periphylla periphylla
Periphylla sp.
Periphyllidae
Ptychogena sp.
Sarsia sp.
Scyphozoa
Siphonophora
Siphonophorae
Staurostoma mertensii
Staurostoma sp.

Thaliacea

4.2 Supplementary methods

The indicator is built from the biomass (kg/km? wet wt.) of pelagic amphipods (where Themisto libellula is dominating in
the catches) and gelatinous zooplankton (kg/km? wet wt.), respectively, from the pelagic trawl in the BESS. The
biomasses of the different taxa (Table A.4.1a and b) were added for each trawl, then total biomass was averaged for
each group per ecosystem area (figure A.4.1) and per polygon (figure A.4.2). Results from analyses of trends using the
best fitted trend approach are not reported here. These analyses were initially done on a time series of the summed
biomass of amphipods and gelatinous zooplankton, which was later replaced by analyses of the two time series
separately, as it was pointed out that the summed index was largely determined by gelatinous zooplankton biomass.
New analyses using the best fitted trend approach could then not be done on these due to capacity constraints.

35/440



Panel-based Assessment of Ecosystem Condition of Norwegian Barents Sea Shelf Ecosystems - Appendices
Appendix 8.1 - Scientific basis for indicators — Arctic Barents Sea

4.3 Plots of indicator values
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Figure A.4.1. The time series of estimated mean biomass of high trophic level zooplankton (pelagic amphipods and gelatinous
zooplankton, (kg/km? wet wt.) shown with green (amphipod) and grey (jellyfish) shaded areas indicating + 1 SD. Red line and red
shaded areas indicate fitted linear trend and 95% confidence bands, with equation and R? indicated in red.
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Figure A.4.2 Mean biomass (kg/km? wet wt.) of high trophic level zooplankton (amphipod and gelatinous zooplankton) in each
polygon in the Arctic part of the Barents Sea shown with green (amphipod) and grey (jellyfish) shaded areas indicating + 1 SD. Red
line and shaded areas indicate fitted linear trend and 95% confidence bands, with equation and R? indicated in red. Stars denote

years with low sample size (< 5 trawls).
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Based on the patterns of change observed, there is no evidence that the phenomenon has occurred. For amphipods,
there are indications of an increase in biomass based on the fitted linear model (figure A.4.1). This cannot be attributed
to climate warming, as there has been no overall change in climate through the period covered by the time series and a
negative trend in amphipod biomass is predicted from increased warming. For gelatinous zooplankton, interannual
variation dominates the time series with no clear trend (figure A.4.1).

For amphipods, it appears that the positive trend is geographically limited to the polygons in the north-eastern part of
the area (figure A.4.2). For gelatinous zooplankton, there are no patterns in the variation in change over time among

polygons (figure A.4.2).

4.4 Background data and supplementary analysis
4.5 Recommendations for future development of the indicator

38/440



Panel-based Assessment of Ecosystem Condition of Norwegian Barents Sea Shelf Ecosystems - Appendices
Appendix 8.1 - Scientific basis for indicators — Arctic Barents Sea

5 Indicator: Benthic suspensivores [AIO5]

Ecosystem characteristic: Biomass distribution among trophic levels
Phenomenon: Change in biomass of suspension feeding species [AP05]
Main driver: Climate change

5.1 Supplementary metadata

Not relevant.

5.2 Supplementary methods

The indicator is calculated as the weighed sum of suspension feeders’ biomass captured by the BESS bottom trawl.
Suspension feeding was fuzzy coded to represent the propensity of megabenthic species to feed on suspended
material (from 0: never feeds on suspended material, to 3: always feeds on suspended material). Biomass of each
species with a fuzzy code for suspensivory >0 was multiplied by the code’s value. Then, biomasses were added for
each haul and averaged across the ecosystem area.

5.3 Plots of indicator values

21 23 24
= Be+05
30000 ; ';;kr.}{.:-lu_ S50 & 150000 so1 J N 48405 ;EE-{_'J:IL;I{"_U: %
20000 100000 38405
10000 50000 2e+03
-2 l‘: _\l i A 1e+05 ,.-_""_u..
O — ¥ . D " De+00
- ™
> E
C oo 26 42 43
g o))
i = = —TED ~390 ¥ r=—aw I =150 ¥ p=300-21x
%FEQOOG R 1 B000 s e 9000 1B e
g § 20000 4000 _ 6000
2 E 10000 WA_: 2000 _ ek ‘\ Fo]
£a 0 0 o e
£5
> O 47 48 49
@ £ 25000
= 20000 ¢s-510000+250x 60000 T s 60000 ¥z —2100000+1100
R =014 Ro=018 R =022
15000 40000 40000
10000
oty ﬁ 20000 ﬁ i 20000 E ﬁ ,
0 : 0 0 .
2012 2016 2020 2012 2018 2020 2012 2016 2020
Year

Figure A.5.1. The time series of estimated mean biomass of suspension feeding megabenthos shown with shaded areas indicating +
1 SD. The red line represents fitted trend of degree 1 (with 95th confidence interval). Stars denote years with low sample size (< 5
trawls).
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Figure A.5.2. The time series of estimated mean biomass of suspension feeding megabenthos shown with shaded areas indicating +
1 SD. The red line represents fitted trend of degree 1 (with 95th confidence interval).
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Figure A.5.3 Number of stations used in the data. Top: in the whole area. Bottom: per polygon.

There is no evidence for the suggested phenomenon based on these data; trends are weak and inconsistent

5.4 Background data and supplementary analysis

5.5 Recommendations for future development of the indicator
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6 Indicator: O-group fish [AIO6]

Ecosystem characteristic: Biomass distribution among trophic levels
Phenomenon: Increasing biomass of 0-group fish (except for polar cod) [AP06]
Main driver: climate change

6.1 Supplementary metadata

Not relevant.

6.2 Supplementary methods

The indicator is based on the sum of the biomass of zero-group fish species from pelagic trawls from the Barents Sea
Ecosystem Survey. For more detailed description of sampling of zero-group fish during the Barents Sea Ecosystem
Survey see (Eriksen et al., 2011; Eriksen et al., 2020).

Indicator values are mean biomass / km? for the total Arctic part of the Barents Sea, and for each of the polygons
separately.
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6.3 Plots of indicator values
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Figure A.6. 1. Mean (% sd) biomass / km? of zero-group fish in the Arctic part of the Barents Sea (Black dots and grey shading). Linear
regression fit with 95% Cl is shown in blue, and the statistical results are given in the top of each plot. A local smoother is added in
red to assist visual interpretation of non-linear changes during the period. Stars denote years with low sample size (< 5 trawls). A) in
the whole area. B) per polygons.
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There is no evidence that the phenomenon has occurred.

In warm years (i.e., in years with high inflow of Atlantic water masses), there were peaks in the 0-group biomass in
areas particularly affected by fluctuations in inflow of Atlantic water (e.g., polygons 21 and 23). Yet, no clear temporal
trends in 0-group biomass can be detected.

6.4 Background data and supplementary analysis
6.4.1. Species composition within the zero-group fish
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Figure A.6.2 Mean biomass (kg/km?) of zero-group fish species in the Arctic part of the Barents Sea. Numbers at the bars show the
percent of the total biomass for each species, e.g. G. morhua makes up 36% of the total biomass of zero-group fish in the Arctic part.
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Figure A.6.3 Mean biomass of the 6 dominating zero-group fish species in the Arctic part of the Barents Sea.
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6.4.2. Estimated biomass in entire Barents Sea
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Figure A.6.4 Total biomass of 0-group fish species in the Barents Sea, August-October 1993-2020. Different software has been used
to estimate total biomass in the periods 1993-2018, and 2019-2020. (Source: ICES, 2021)

6.5 Recommendations for future development of the indicator

Datasets should be prepared to get as long time-series as possible.
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7 Indicator: Pelagic planktivorous fish [AI07]

Ecosystem characteristic: Biomass distribution among trophic levels
Phenomenon: Decreasing biomass of pelagic planktivorous fish [AP07]
Main driver: climate change

7.1 Supplementary metadata

Not relevant.

7.2 Supplementary methods

Polar cod and capelin are the dominant planktivorous pelagic species in the Arctic part of the Barents Sea, and the
indicator was calculated as the sum of the total stock biomass of these two species. There are no indicator values at the
polygon spatial scale.

7.3 Plots of indicator values
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Figure A.7.1 The black dots and line are the indicator values of the sum of annual total stock biomass of capelin and polar cod. The
red line represents fitted trend of degree 2 (quadratic). After fitting, residuals variance was 3549238.60, R?=0.59.

No evidence that the phenomenon has occurred, as there is no evidence of a decrease in the total biomass of pelagic
fish stocks in the time-period analyzed (1986-2020).

The time series combines the stock biomasses of capelin and polar cod which are completely dominating the mid-
trophic level in Arctic waters. Of the two, capelin dominates the biomass, and we refer to the capelin indicator [Al23] for
the rationale behind the evidence for this indicator.

The most recent estimates from 2021 are not included in the analyses, however they show that the capelin stock
increased considerably, and polar cod stayed high.
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7.4 Background data and supplementary analysis
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Figure A.7.1 Total annual stock biomass of capelin (solid line) and polar cod (stippled line).

7.5 Recommendations for future development of the indicator

Consider using running average, e.g. using 5 years.
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8 Indicator: Low trophic level seabirds [AIO8]

Ecosystem characteristic: Biomass distribution among trophic levels
Phenomenon: Decreasing biomass of low trophic level seabirds [AP08]

Main driver: climate change

8.1 Supplementary metadata

Not relevant.

8.2 Supplementary methods

Only one seabird species is categorized as low trophic level: Little auk (Alle alle), which typically feeds on pelagic
copepods, amphipods and euphasiids. Data on counts from the Barents Sea Ecosystem Survey are aggregated to the
nearest sampling station and converted to biomass/km?. The distribution of indicator values is zero-inflated and mean
values were used as indicator values for both polygons and the total Arctic area. Data on trends in breeding population

size is taken from (Descamps and Strem, 2021).

8.3 Plots of indicator values
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Figure A.8.1 Mean (+ sd) biomass (kg / km?) of little auk (Alle alle) in the Arctic Barents Sea.
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Figure A.8.2 The red line represents fitted trend of degree 3 (cubic). After fitting, residuals variance was 0.03, R?=0.66.
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Figure A.8.3 Mean (t sd) biomass of little auk (Alle alle) in each polygon in the Arctic Barents Sea. Stars denote years with low
sample size (< 5).
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Low trophic level seabirds [Al8]
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Figure A.8.4 Low trophic level seabird in each polygon in the Arctic part of the Barents Sea and fitted trend represented by the red
line.
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There is low evidence that the phenomenon has occurred.

The trend analysis shows a U-shaped trend in the Arctic biomass of little auks with a decreasing trend from 2004 to
2009 and an increasing trend from 2011 to 2020. The overall trend for the period from 2004-2020 is flat. The year-to-
year variation is relatively large, the data is zero-inflated and the polygons have variable coverage among years.
However, the observed U-shaped trend, with 60% of the variation explained, suggests that the dataset is sufficient to
detect a long-term negative trend in the biomass with ecosystem significance. Note that the southern polygons (#
21,23,24,26,42,43) in general show a negative trend while the northernmost polygons (# 47,48,49) show positive or U-
shaped trends. This might suggest a northward displacement of the distribution, possibly related to climate warming.
Population monitoring in colonies at Spitsbergen and Bear Island from 2009-2018 shows a positive trend in the
Spitsbergen colonies and a negative trend in the population from Bear Island (Descamps and Strem, 2021). These
trends are also in line with a northward displacement of the populations. In sum, there is low evidence of an overall
negative trend in the biomass of little auks in the Barents Sea during the last 15 years (2004-2021). This time period
might however be too short to address the impact of climate change on the indicator, and stronger evidence for the
phenomenon could be expected for data covering a longer time period.

8.4 Background data and supplementary analysis
8.5 Recommendations for future development of the indicator

Develop approach for zero-inflated indicator with variable coverage. Develop indicator for addressing changes in
distribution. Explore possibilities to include data on breeding population size.
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9 Indicator: High trophic level seabirds [AI09]

Ecosystem characteristic: Biomass distribution among trophic levels
Phenomenon: Decreasing biomass of high trophic level Arctic seabirds [AP09]
Main driver: climate change, fisheries

9.1 Supplementary metadata

Not relevant.

9.2 Supplementary methods

Four seabird species are classified as high trophic level, typically feeding on small pelagic fish such as capelin and
young herring. Kittiwake (Rissa tridactyla) and thick-billed murre (Uria lomvia) are typical Arctic species, while puffin
(Fratercula arctica) and common murre (Uria aalge) are boreal species. Only the Arctic species are included in the
indicator for the Arctic part of the Barents Sea. Indicator values on species biomasses are estimated from the Barents
Sea Ecosystem Survey as the mean of station values within the area. Indicator values on breeding population sizes at
relevant colonies are given as number of birds as percentage of the average number of birds in the time-series.
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9.3 Plots of indicator values
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Figure A.9.1 A) Mean (+ sd) biomass (kg / km?) of kittiwake (R. tridactyla) in the Arctic Barents Sea from BESS. B) The red line
represents fitted trend of degree 1 (linear). After fitting, residuals variance was 1.72, R?=0.27.
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Figure A.9.2 A) Mean (+ sd) biomass (kg / km?) of thick-billed murre (U. lomvia) in the Arctic Barents Sea from BESS. B) The red line
represents fitted trend of degree 2 (quadratic). After fitting, residuals variance was 1.37, R?=0.34.
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Appendix 8.1 - Scientific basis for indicators — Arctic Barents Sea

Figure A.9.3 Breeding population size of kittiwake (R. tridactyla) at a selection of colonies in Svalbard, Bear Island and Finnmark.
Linear regression fit with 95% Cl is shown in blue, and the statistical results are given in the top of each plot. A local smoother is
added in red to assist visual interpretation of non-linear changes during the period.
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Figure A.9.4 Breeding population size of thick-billed murre (U. lomvia) at a selection of colonies in Svalbard and Bear Island. Linear
regression fit with 95% ClI is shown in blue, and the statistical results are given in the top of each plot. A local smoother is added in
red to assist visual interpretation of non-linear changes during the period.
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Figure A.9.5 Mean (+ sd) biomass (kg / km?) of kittiwake (R. tridactyla) in each polygon in the Arctic Barents Sea. Stars indicate years
with low sample size (<5).
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High trophic level seabirds [Al9]
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Figure A.9.6 Kittiwake (R. tridactyla) in each polygon in the Arctic part of the Barents Sea and fitted trend represented by the red line.
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Figure A.9.7 Mean (+ sd) biomass (kg/km?) of thick-billed murre (U. lomvia) in each polygon in the Arctic Barents Sea. Stars indicate
years with low sample size (<5).
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High trophic level seabirds [AI9]
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Figure A.9.8 Thick-billed murre (U. lomvia) biomass in each polygon in the Arctic part of the Barents Sea and fitted trend represented
by the red line.
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There is intermediate evidence that the phenomenon has occurred.

The trend analysis shows a clear decreasing trend for kittiwakes, with a ca. 50% reduction in the estimated biomass
from 2004 to 2020. The overall negative trend for thick-billed murres is weaker and the trend analysis might indicate an
increase in later years (2016-2020). The year-to-year variation in the data is relatively large and the polygons have a
variable coverage among years. The observed negative trends are supported by population data from SEAPOP key
site colonies in the Barents Sea. Kittiwake colonies on the Norwegian mainland show a clear negative trend since the
1980s (Fauchald et al., 2015; Anker-Nilssen et al., 2021), while the colonies at Spitsbergen and Bear Island are stable
or decreasing (Fauchald et al., 2015; Descamps and Strem, 2021; MOSJ, 2021a). The large populations of thick-billed
murres on Svalbard are decreasing (Fauchald et al., 2015; Descamps and Strem, 2021). The at-sea trends combined
with evidence from breeding colonies at Spitsbergen, Bear Island and the Norwegian mainland, suggest that a
significant decrease in the biomass has occurred. The observed change is probably related to climate change, and
might at least partly be due to a borealization of the ecosystem (Descamps and Strem, 2021).

9.4 Background data and supplementary analysis
9.5 Recommendations for future development of the indicator

Explore possibilities for combining all species into a composite metric instead of analyzing each species separately. It
should be considered to develop an indicator including both Arctic and boreal high trophic level seabird species, but
different expectations with regards to response to climate change for these species will be challenging.
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10 Indicator: Low trophic level mammals [AI10]

Ecosystem characteristic: Biomass distribution among trophic levels
Phenomenon: Decreasing abundance of low trophic level mammals [AP10]
Main driver: overharvesting and climate change

10.1 Supplementary metadata

Not relevant.

10.2 Supplementary methods
10.3 Plots of indicator values
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Figure A.10.1: A) recent and pre-harvesting estimates of walrus populations B) recent and pre-whaling estimates of bowhead whale
populations

63/440



Panel-based Assessment of Ecosystem Condition of Norwegian Barents Sea Shelf Ecosystems - Appendices
Appendix 8.1 - Scientific basis for indicators — Arctic Barents Sea

Both of these populations remain significantly depressed from the natural ecosystem state due to past harvests. The
Spitsbergen bowhead population is currently classified as Endangered because of its size and the ongoing loss of
critical habitat (sea ice). The Svalbard walrus population is classified as Vulnerable, based on the same criteria, despite
the current short-term increasing trend. Both populations are expected to decline in the future based on sea ice losses
and concomitant changes expected in the ecosystem.

10.4 Background data and supplementary analysis

Not relevant.

10.5 Recommendations for future development of the indicator
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11 Indicator: Generalist mammals [AI11]

Ecosystem characteristic: Biomass distribution among trophic levels
Phenomenon: Decreasing abundance of generalist mammals [AP11]
Main driver: overharvesting, climate change

11.1 Supplementary metadata

Not relevant.

11.2 Supplementary methods
11.3 Plots of indicator values
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There is intermediate evidence that the phenomenon has occurred.

The certainty of the indicator is mixed due to variable availability of data. The harp seal population model suggests
some recovery after overhunting during the 1950s and 1960s, but the population has not recovered to its former state
despite very low harvests in recent decades.

The hooded seal population has been drastically reduced and despite protection from commercial harvest is not
showing signs of recovery, likely due to climate change impacts on the ecosystem, Greenlandic subsistence harvesting
and perhaps also some commercial fisheries interactions (i.e. red fish overfishing). For ringed, harbour and bearded
seals, there are no time series data.

11.4 Background data and supplementary analysis

Not relevant.

11.5 Recommendations for future development of the indicator
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12 Indicator: High trophic level mammals [AI12]

Ecosystem characteristic: Biomass distribution among trophic levels
Phenomenon: Decreasing abundance of high trophic level Arctic mammals [AP12]
Main driver: overharvesting, climate change

12.1 Supplementary metadata

Not relevant.

12.2 Supplementary methods
12.3 Plots of indicator values
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Figure A.12.1: recent population estimates and catch and harvest statistics for high trophic levels marine mammals
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Intermediate evidence that the phenomenon has occurred.

Precise estimates of population size pre-harvesting are lacking for all three species considered, although harvest data
for polar bears and white whales are reasonably good. For polar bears, recent population estimates are close to the
upper range of the past harvested statistics (in five year blocks), which implies that the population is still well below its
past levels. Similarly, the current population estimate for white whales is approximately 3% of the recorded harvest.
Data for narwhals is too limited to assess the current vs past situation (i.e. we have no trend information).

12.4 Background data and supplementary analysis

Not relevant.

12.5 Recommendations for future development of the indicator
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13 Indicator: High TL zooplankton functional groups [AI13]

Ecosystem characteristic: Functional groups within trophic levels
Phenomenon: Decreasing biomass of pelagic amphipods relative to gelatinous zooplankton [AP13]
Main driver: Climate change

13.1 Supplementary metadata

Not relevant.

13.2 Supplementary methods

The indicator is built from the ratio of the biomass (kg/km? wet wt.) of pelagic amphipods and gelatinous zooplankton
from the pelagic trawl in the BESS. The biomasses of the different taxa (Table A.4.1a and A.4.1b) were added for each
trawl for jellyfish and amphipod separately. As there were never enough samples with both amphipods and jellyfish,
biomass average for the whole ecosystem area were calculated for both groups (figure A.13.1). Then the final indicator
(ratio of biomass of pelagic amphipods and gelatinous zooplankton) is calculated as the ratio of amphipods to jellyfish
for the ecosystem area (figures A.13.1 and A.13.2). Estimates per polygon has also been done for this indicator (figures
A.13.5) and for pelagic amphipod (figure A.13.4) and gelatinous zooplankton (figure A.13.4) biomass.
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13.3 Plots of indicator values
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Figure A.13.1 The time series of estimated mean biomass (kg/km? wet wt.) of high trophic level zooplankton A) pelagic amphipods
and C) gelatinous zooplankton shown with green (amphipod) and grey (jellyfish) shaded areas indicating + 1 SD. Red line and red
shaded areas indicate fitted linear trend and 95% confidence bands, with equation and R? indicated in red.
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Figure A.13.2 Estimated ratio of biomass of pelagic amphipods (kg/km? wet wt.) to biomass of gelatinous zooplankton (kg/km? wet wt.)
and fitted trend represented estimated by the best fitted trend approach by the red line. The fitted trend is of degree 3 (cubic) with
R2=0.60. Residual variance after fitting was 0.001.
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Figure A.13.3 Mean biomass of pelagic amphipods (kg/km? wet wt.) in each polygon in the Arctic part of the Barents Sea with 1+ SD
with green shaded areas. Red line and red shaded areas indicate fitted linear trend and 95% confidence bands, with equation and R?
indicated in red Stars denote years with low sample size (< 5 trawls).
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Figure A.13.4 Mean biomass of gelatinous zooplankton (kg/km? wet wt.) in each polygon in the Arctic part of the Barents Sea with 1+
SD with green shaded areas. Red line and red shaded areas indicate fitted linear trend and 95% confidence bands, with equation and
R2indicated in red Stars denote years with low sample size (< 5 trawls).
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High TL zooplankton functional groups [Al13]

[ ) M '
1 |
ar

a8 (11

L&

= -
- i A * R e Y rrzﬁ
- — ——— -
o X e [ - [
" e
| B !
0
i =]
£
-
--------- w—

e I = -

b = =

Figure A.13.5 Estimated ratio of biomass of pelagic amphipods (kg/km? wet wt.) to biomass of gelatinous zooplankton (kg/km? wet wt.)
and fitted trend represented estimated by the best fitted trend approach by the red line in each polygon in the Arctic part of the Barents
Sea.
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Figure A.13.6 Mean (+ sd) biomass / km? of pelagic amphipods in each polygon in the Arctic part of the Barents Sea. Stars denote
years with low sample size (< 5 trawls).
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Figure A.13.7 Mean (+ sd) biomass / km? of pelagic gelatinous zooplankton in each polygon in the Arctic part of the Barents Sea.
Stars denote years with low sample size (< 5 trawls).

Based on the patterns of change observed, there is no evidence that the phenomenon has occurred. For amphipods,
there are indications of an increase in biomass based on the fitted linear model (figure A.13.1) and the best fitted trend
approach (figure A.13.2). An increasing trend cannot be attributed to climate warming, as there has been no overall
change in climate through the period covered by the time series and a negative trend in amphipod biomass is predicted
from increased warming. For gelatinous zooplankton, interannual variation dominates the time series with no clear trend
(figure 13.4.1), and there is no clear trend in the ratio between the two time series (figure 13.4.1)

For amphipods, it appears that the positive trend is geographically limited to the polygons in the eastern part of the area
(figure A.4.2, polygons 26, 42, 43, 47 48 and 49). For gelatinous zooplankton, there is no patterns in variation in change
over time among polygons (figure A.4.2).

13.4 Background data and supplementary analysis
13.5 Recommendations for future development of the indicator
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14 Indicator: Benthic habitat engineers [Al14]

Ecosystem characteristic: Functional groups within trophic levels
Phenomenon: Decreasing biomass of benthic habitat engineers [AP14]
Main driver: bottom trawling

14.1 Supplementary metadata

Table A.14.1 List of taxa considered as habitat engineers based on expert knowledge. Cni.: Cnidaria; Por.: Porifera; Ech.
Echinodermata; Tun. Tunicea

Cni. Octocorallia Umbellula encrinus

Cni. Octocorallia Paragorgia arborea

Por. Demospongia Stryphnus ponderosus
Ech. Ophiuroidea Gorgonocephalus arcticus
Ech. Crinoidea Heliometra glacialis

Ech. Crinoidea Poliometra prolixa

Cni. Octocorallia Isidella lofotensis

Por. Demospongia Geodia macandrewii
Por. Demospongia Geodia barretti

Tun. Ascidiacea Ciona intestinalis

Por. Demospongia Antho dichotoma

Por. Demospongia Asconema foliatum

Por. Demospongia Stylocordyla borealis
Por. Demospongia Asbestopluma pennatula

14.2 Supplementary methods

The indicator is calculated as the sum of habitat forming taxa biomass captured by the BESS bottom trawl. Biomasses
were added for each haul and averaged across the ecosystem area.
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14.3 Plots of indicator values
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Figure A.14.1 Mean (+sd) biomass / km? of megabenthic habitat engineers in each polygon in the Arctic part of the Barents Sea. Stars
denote years with low sample size (< 5 trawls). The red line represents fitted trend of degree 1 (confidence interval 95%).
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Figure A.14.2 Mean (+sd) biomass / km? of megabenthic habitat engineers in the Arctic part of the Barents Sea. The red line
represents fitted trend of degree 1 (confidence interval 95%).
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Figure A.14.3 Number of stations used in the data. A) in the whole area. B) per polygons.

There is a slight decreasing trend in some of the polygons, but with strong interannual variability that, given that habitat
engineers are expected to be relatively long-lived, reflects a patchy distribution and varied seabed habitats. Long
timelines, and an analysis of sensitivity of the indicators’ value to the outlier catches of Geodia, are needed before
knowing if data are suitable for this indicator. There is thus low evidence that the phenomenon has occurred. Given the
polygon-wise slight to strong decrease in most of the polygons, we may be able to suggest that the evidence for the
phenomenon is regional.

14.4 Background data and supplementary analysis
14.5 Recommendations for future development of the indicator

80/440



Panel-based Assessment of Ecosystem Condition of Norwegian Barents Sea Shelf Ecosystems - Appendices
Appendix 8.1 - Scientific basis for indicators — Arctic Barents Sea

15 Indicator: Fish size [AI15]

Ecosystem characteristic: Functional groups within trophic levels
Phenomenon: Increasing body length at maturity across species in a community [AP15]
Main driver: climate change

15.1 Supplementary metadata

Not relevant.

15.2 Supplementary methods

Values of body length at maturation for each species were collected from the literature (Wiedmann et al., 2014). To get
a value of the fish community length at maturation, biomass weighted body length was calculated for each bottom trawl
haul in the Barents Sea Ecosystem Survey. Indicator values are the mean of community weighted mean size at
maturation, using biomass for weighting, for the Arctic part of the Barents Sea and for each polygon separately.
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15.3 Plots of indicator values
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Figure A.15.1 Mean (* sd) biomass weighted length at maturation for demersal fish communities in the Arctic part of the Barents Sea
(Black dots and grey shading). Linear regression fit with 95% Cl is shown in blue, and the statistical results are given in the top of

each plot. A local smoother is added in red to assist visual interpretation of non-linear changes during the period. Stars denote years
with low sample size (< 5 trawls). A) in the whole area. B) per polygons.
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To explore the influence of species with high biomass on the indicator values and trend, we provide the following plot
using log biomass of each species for weighting, and not including cod.
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Figure A.15.2 Mean (t sd) log biomass weighted length at maturation for demersal fish communities excluding cod in the Arctic part of
the Barents Sea (Black dots and grey shading). Linear regression fit with 95% Cl is shown in blue, and the statistical results are given
in the top of each plot. A local smoother is added in red to assist visual interpretation of non-linear changes during the period. Stars
denote years with low sample size (< 5 trawls). A) in the whole area. B) per polygons.
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There is no evidence that the phenomenon has occurred.

Polygon-specific data indicate a small increase in body length at maturity in polygons 21 and 23. However, when
looking at the whole community level, i.e., log transformed biomass and without cod, there is no observed temporal
trends in the community body length.

15.4 Background data and supplementary analysis
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Figure A.15.3 Mean biomass of demersal fish species in the Arctic part of the Barents sea. Species included in this indicator are in
blue.

15.5 Recommendations for future development of the indicator

The trait information used is the best available for the region, but the indicator may be improved by including
information directly observed from the survey, taking into account spatial and temporal variation in trait values.
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16 Indicator: Fish life history [Al16]

Ecosystem characteristic: Functional groups within trophic levels
Phenomenon: Increasing slow life, periodic species [AP16]
Main driver: climate change

16.1 Supplementary metadata

Not relevant.

16.2 Supplementary methods

Two complimentary approaches are included for assessing possible changes in the composition of life history strategies
in the demersal fish community.

First, is based on the equilibrium-periodic-opportunistic framework (Winemiller and Rose, 1992), which links three
strategies characterized by trade-offs between fecundity, juvenile survival and generation time to environmental stability
and predictability. We selected a number of biological traits to characterize species life-history strategies: maximum
length, lifespan, fecundity, offspring size, growth (K), and parental care. We used an archetypal analysis to define the
three life-history strategies based on extremal points (i.e., archetypes), and then assess for each species how much
each life-history strategy contributes to its approximation, following the method of (Pecuchet et al., 2017). Indicator
values are the biomass proportion of each of the three strategies to identify changes in life history composition.

The second approach is based on the fast- slow life history continuum. A number of traits (offspring size, fecundity, age
at maturity, maximum age, and length at maturity) were used, in a Redundancy analysis (RDA) constrained by body
size, to rank species along the fast-slow continuum (Wiedmann et al., 2014). High rank values translate to slower life
history strategies. Indicator values are calculated as the biomass weighted rank value for the demersal fish community
in each station.
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16.3 Plots of indicator values

Focusing on plots for periodic life history strategy and fast-slow continuum since these are expected to change
according to the phenomenon.
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Figure A.16.1 Mean (x sd) biomass proportion of the periodic life history strategy in the Arctic part of the Barents Sea (Black dots and
grey shading). Linear regression fit with 95% ClI is shown in blue, and the statistical results are given in the top of each plot. A local
smoother is added in red to assist visual interpretation of non-linear changes during the period. Stars denote years with low sample
size (< 5 trawls). A) in the whole area. B) per polygons.
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Figure A.16.2 Mean (+ sd) biomass weighted fast-slow life history rank value in the Arctic part of the Barents Sea (Black dots and grey
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Figure A.16.3 Median biomass proportion of three different life history strategies in each of the polygons in the Arctic part of the
Barents Sea. Stars denote years with low sample size (<5 trawls).
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Figure A.16.4 Median biomass of three different life history strategies in each of the polygons in the Arctic part of the Barents Sea.
Stars denote years with low sample size (<5 trawls).
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Figure A.16.5 Mean (* sd) log biomass proportion of the periodic life history strategy excluding cod in the Arctic part of the Barents
Sea (Black dots and grey shading). Linear regression fit with 95% Cl is shown in blue, and the statistical results are given in the top of
each plot. A local smoother is added in red to assist visual interpretation of non-linear changes during the period. Stars denote years
with low sample size (< 5 trawls). A) in the whole area. B) per polygons.
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Figure A.16.6 Mean (* sd) log biomass weighted fast-slow life history rank value excluding cod in the Arctic part of the Barents Sea
(Black dots and grey shading). Linear regression fit with 95% Cl is shown in blue, and the statistical results are given in the top of
each plot. A local smoother is added in red to assist visual interpretation of non-linear changes during the period. Stars denote years
with low sample size (< 5 trawls). A) in the whole area. B) per polygons.
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No evidence that the phenomenon has occurred.

There is no overall change in the indicator value during the time-period from which we have observations. There was an
increase in Periodic relative biomass from the beginning of the times-series (2004 ) until 2014, but a decrease since
2014. There is a trend of increasing slow-life biomass, but with low evidence (p=0.053). The same conclusion of no
overall change in the indicator values for the Periodic and slow-fast is found for the “whole community” metrics, i.e., log-
transformed biomass without cod (Figure A.16.5, Figure A.16.6).

To explore the influence of species with high biomass on the indicator values and trend, we provide the following plot
using log biomass of each species for weighting, and not including cod. The phenomenon focuses on changes in
periodic species and in the fast-slow continuum, and plots for these are included here.

16.4 Background data and supplementary analysis

16.4.1 Biomass proportion of all three life history strategies

0.8 -
0.6 —— equilibrium
0.4 —— periodic

opportunistic
0.2

Proportion of fish
life history strategies biomass

Figure A.16.7 Mean biomass proportion of each of the three life history strategies in the Arctic part of the Barents Sea.
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16.4.2 Biomass of each life history strategy and total biomass
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Figure A.16. 8 Mean (* sd) biomass of three different life history strategies the Arctic part of the Barents Sea
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16.4.3 Average biomass of included species
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Figure A.16.9 Mean biomass of demersal fish species in the Arctic part of the Barents Sea. Blue bars denote species included in A)
the three life history strategies, B) the fast-slow life history continuum.

16.5 Recommendations for future development of the indicator
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17 Indicator: Fish habitat use [AI17]

Ecosystem characteristic: Functional groups within trophic levels
Phenomenon: Change in proportion of benthic fish [AP17]
Main driver: climate change

17.1 Supplementary metadata

Not relevant.

17.2 Supplementary methods

For habitat classification, fish caught in demersal trawl were classified as either pelagic, benthic or bentho-pelagic.
Information on habitat use was taken from the literature (Wiedmann et al., 2014; Frainer et al., 2021). The indicator was
calculated as the biomass proportion of benthic species only (i.e. not including bentho-pelagic species). Indicator values
are mean values for the total Arctic part of the Barents Sea and for separate polygons.
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17.3 Plots of indicator values
A)

Appendix 8.1 - Scientific basis for indicators — Arctic Barents Sea
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Figure A.17. 1 Mean (£ sd) biomass proportion of benthic fish species in the Arctic part of the Barents Sea (Black dots and grey
shading). Linear regression fit with 95% ClI is shown in blue, and the statistical results are given in the top of each plot. A local
smoother is added in red to assist visual interpretation of non-linear changes during the period. Stars denote years with low sample
size (< 5 trawls). A) in the whole area. B) per polygons.
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Figure A.17.2 Median (+ mad) of benthic fish species biomass (A) and total biomass (B) in polygons in the Arctic Barents Sea. Stars
denote years with low sample size (< 5 trawls).
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To explore the influence of species with high biomass on the indicator values and trend, we provide the following plot
using log biomass of each species for weighting, and not including cod.
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Figure A.17.3 Mean ( sd) log biomass proportion of benthic fish species excluding cod in the Arctic part of the Barents Sea (Black
dots and grey shading). Linear regression fit with 95% Cl is shown in blue, and the statistical results are given in the top of each plot.
A local smoother is added in red to assist visual interpretation of non-linear changes during the period. Stars denote years with low
sample size (< 5 trawls). A) in the whole area. B) per polygons.

102/440



Panel-based Assessment of Ecosystem Condition of Norwegian Barents Sea Shelf Ecosystems - Appendices
Appendix 8.1 - Scientific basis for indicators — Arctic Barents Sea

Low evidence that the phenomenon has occurred.

There is no clear, overall temporal trend in the proportion of benthic fish. Yet, positive trends occurred in some of the
polygons most influenced by Arctic climate condition (e.g., polygons 42, 47 and 48).

17.4 Background data and supplementary analysis
17.4.1. Benthic and total fish biomass

Arctic Barents Sea

i g

Total biomass in
demersal trawl (kg/km?)
¢ =
. 8§ 8

2005 2010 2015 2020

¥
(]

=]

e :

demersal trawl (kg/km?)
=

Benthic species hiomass in

2005 2010 2015 2020
Year

Figure A.17. 4 Mean (+ sd) benthic fish species biomass (A) and total biomass (B) in the Arctic Barents Sea.
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17.4.2 Average biomass of included species
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Figure A.17.5 Mean biomass of demersal fish species in the Arctic part of the Barents sea. Red bars denote species classified as
benthic species.

17.5 Recommendations for future development of the indicator
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18 Indicator: Seabird feeding types [AI18]

Ecosystem characteristic: Functional groups within trophic levels
Phenomenon: Decreasing proportion of diving to surface feeding seabirds [AP18]
Main driver: fisheries

18.1 Supplementary metadata

Not relevant.

18.2 Supplementary methods

The nine most common seabird species were classified as either diving or surface feeding following the classification in
(Fauchald et al., 2011). Using abundance information from the Barents Sea Ecosystem Survey, the proportion of diving
seabirds was estimated and used for the indicator calculation. Before calculating the proportion, single species
abundances were log-transformed and min-max normalized, and then summed within each feeding category. The
indicator value is expressed as the percent of diving birds.

Due to non-normal distributions, the medians of sample values were used as indicator values for polygons, while mean
values were used for the total Arctic part of the Barents Sea.
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18.3 Plots of indicator values
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Figure A.18.1 A) Mean (t sd) percent diving seabirds based on abundance in the Arctic Barents Sea. B) The red line represents fitted
trend of degree 3 (cubic). After fitting, residuals variance was 23.74, R?*=0.70.
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Figure A.18.2 Median (+ mad) percent diving seabirds based on abundance in each of the polygons in the Arctic Barents Sea. Stars
denote years with low sample size (<5).
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Seabird feeding types [Al18]
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Figure A.18.3 Seabird feeding type in each polygon in the Arctic part of the Barents Sea and fitted trend represented by the red line.
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Figure A.18.4 Median sum of normalized logged counts of diving (solid line) and surface feeding (stippled line) seabird species in
each of the polygons in the Arctic Barents Sea. Stars denote years with low sample size (<5).
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Insufficient data.

The trend analysis indicates a U-shaped trend in the proportion of diving to surface feeding species with a minimum in
2010-2011. The data show no evidence of a long term decrease in the indicator. The trend is similar to the trend found
in the sub-arctic Barents Sea (see Appendix 8.2). The recent implementation of strict regulation of the pelagic fisheries
and an effective discard ban in the Barents Sea (Gullestad et al., 2013) would favour an increasing proportion of diving
seabirds, i.e., an increasing indicator. The discard ban was gradually implemented during a period from 1987s to 2009
(Gullestad et al., 2015), and could have been important for the increasing trend observed from 2011 onward. The long-
term development of the indicator is not known, and it is possible that discards from the fisheries combined with
unsustainable pelagic fisheries of capelin and herring during the 1960s to 1980 had impact on the proportion of diving
to surface feeding seabirds in the ecosystem (see for example Krasnov and Barrett 1995). The recent development in
this indicator could therefore reflect a long-term recovery from fishery induced disturbance 50 years ago. The data
series are accordingly too short to allow a proper analysis of the phenomenon and there is accordingly insufficient data
to conclude.

18.4 Background data and supplementary analysis

= i
o0 o

Abundance of
seabird feeding types
o
o»

o
IS

2005 2010 2015 2020

Figure A.18. 5 Mean sum of normalized logged counts of diving (solid line) and surface feeding (stippled line) seabird species in the
Arctic Barents Sea.
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Figure A.18. 6. Mean abundance of single seabird species in the Arctic Barents Sea. Diving species in upper panel and surface

feeding species in lower panel.

18.5 Recommendations for future development of the indicator

Include similar analyses using population monitoring data of the same species from SEAPOP monitoring key sites to

increase the length of the time series and strengthen the knowledge base.
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19 Indicator: Marine mammal bioturbation [AI19]

Ecosystem characteristic: Functional groups within trophic levels

Phenomenon: Decreasing abundance of mammals involved in bioturbation [AP19]

Main driver: Climate change

19.1 Supplementary metadata

Not relevant.

19.2 Supplementary methods
19.3 Plots of indicator values
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Figure A.19.1 Recent and pre-harvesting estimates of walrus, and recent population estimates and catch statistics of white whales,
species that are participating in Arctic seafloor bioturbation.

Intermediate evidence that the phenomenon has occurred.
Recent estimates for both walruses and white whales are extremely low compared to pre-harvesting estimates (or
harvest statistics), which would indicate high evidence. However, there is limited knowledge about the ecosystem

implications of the low population sizes and thus the evidece is rated as intermediate.

19.4 Background data and supplementary analysis

Not relevant.

19.5 Recommendations for future development of the indicator
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20 Indicator: Pelagic amphipods [AI20]

Ecosystem characteristic: Functionally important species and biophysical structures
Phenomenon: Decreasing biomass of Arctic pelagic amphipod species [AP20]
Main driver: Climate change

20.1 Supplementary metadata

Not relevant.

20.2 Supplementary methods

Indicator, and data analyses are the same as for pelagic amphipods in indicator 13 above.

20.3 Plots of indicator values

b4 23 24
&0
&0 % 18
40 4 10
D [ ]
[
B 26 42 a3
=3 .
E 2p 0.4 1z
E
o 15 0.3 8
7] 0.2
E 10 : .
2 5§ 0.1
c A
% 0 oo = [+
m
= a7 48 43
40
30
30 [2i]
20
20 40
10 10 an M
0 0 a
2005 2010 2015 2020 2006 2010 2015 2020 20056 2010 2015 2020
Year

Figure A.20.1 Mean (+ sd) biomass / km? of amphipods in each polygon in the Arctic part of the Barents Sea. Stars denote years with
low sample size (< 5 trawls).
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Pelagic amphipods [Al20]
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Figure A.20.2 Pelagic amphipods in each polygon in the Arctic part of the Barents Sea and fitted trend represented by the red line.
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There is no evidence that the phenomenon has occurred, as there are indications of an increase in biomass based on
the fitted linear model (figure A.13.1) and the best fitted trend approach (figure A.13.2). It appears that the positive
trend is geographically limited to the polygons in the eastern part of the area (figure A.4.2, polygons 26, 42, 43, 47 and
48 but not 49).

20.4 Background data and supplementary analysis
20.5 Recommendations for future development of the indicator
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21 Indicator: Krill [AI21]

Ecosystem characteristic: Functionally important species and biophysical structures
Phenomenon: Increasing biomass of krill [AP21]
Main driver: Climate change

21.1 Supplementary metadata

Not relevant.

21.2 Supplementary methods

Data is virtually identical to krill time series in indicator Al03. It includes in addition a few observations of
Meganyctiphanes species which had virtually no effect on the time series.

21.3 Plots of indicator values

There is no evidence that the phenomenon has occurred, see assessment of the krill time series under indicator Al03,
Zooplankton TL < 2.5.

21.4 Background data and supplementary analysis

Not relevant.

21.5 Recommendations for future development of the indicator
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22 Indicator: Polar cod [AI22]

Ecosystem characteristic: Functionally important species and biophysical structures
Phenomenon: Decreasing biomass of the polar cod stock [AP22]
Main driver: climate change

22.1 Supplementary metadata

Not relevant.

22.2 Supplementary methods

Indicator values are from estimates of the polar cod stock in the Barents Sea in autumn from the Barents Sea
Ecosystem Survey (Meeren and Prozorkevich, 2021).

22.3 Plots of indicator values
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Figure A.22.1 The black dots and line are the indicator values of annual total stock biomass of polar cod (in 1000 tonnes). The red line
represents fitted trend of degree 2 (quadratic). After fitting, residuals variance was 206381.95, R?=0.35.
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No evidence that the phenomenon has occurred.

There has been a decrease in the polar cod stock biomass since c. 2000, but the last two years (2020, 2021) the stock
seems to have increased to high levels again, hence the conclusion of no evidence for a decreasing polar cod stock
during the studied time-period. There are uncertainties in the time-series related to how large proportion of the total
polar cod stock that is actually covered each year, and the estimates from the beginning of the time-series are likely
more uncertain than estimates from the more recent period. Thus, the increase in the beginning of the time series is
more uncertain than the decline in the 2000-2010"ies and the last years increase.

22.4 Background data and supplementary analysis

Not relevant.

22.5 Recommendations for future development of the indicator

Develop estimates with higher spatial resolution and estimates of the polar cod biomass in the Norwegian part of the
Barents Sea.
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23 Indicator: Capelin [AI23]

Ecosystem characteristic: Functionally important species and biophysical structures
Phenomenon: Decreasing biomass of the capelin stock [AP23]
Main driver: climate change, fisheries

23.1 Supplementary metadata

Not relevant.

23.2 Supplementary methods

The indicator value is the running average of annual total stock biomass estimates, using a sliding window of three
years, based on generation time.

23.3 Plots of indicator values
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Figure A.23.1 The black dots and line are the indicator values of three year running average of annual total stock biomass of capelin
(in 1000 tonnes). The red line represents fitted trend of degree 3 (cubic). After fitting, residuals variance was 1802414.40, R?=0.49.
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No evidence that the phenomenon has occurred.

There was a decreasing trend in the biomass of capelin since the 1970s and 1980s. After that there is not a clear trend
but large fluctuations. The high level of the capelin stock in the early years of the survey (pre-1983) was likely mainly a
result of a low NEA cod stock and very low abundance of NSS herring, both at least in part caused by heavy fishing.
The early high stock level can therefore not be regarded as a reference state for the capelin stock.

23.4 Background data and supplementary analysis
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Figure A.23.2 Comparison of annual total stock estimates (stippled line) and three-year running average (solid line).

23.5 Recommendations for future development of the indicator

Explore possibilities to develop phenomena related to frequency and/or duration of low biomass periods.
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24 Indicator: Cod [AI24]

Ecosystem characteristic: Functionally important species and biophysical structures
Phenomenon: Change in cod total stock size [AP24]
Main driver: climate change (increase), fisheries (decrease)

24.1 Supplementary metadata

Not relevant.

24.2 Supplementary methods

The indicator value is the eight-year running average of annual total stock biomass estimates, based on generation
time.

24.3 Plots of indicator value
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Figure A.24.1 The black dots and line are the indicator values of eight year running average of annual total stock biomass of NEA cod
(in 1000 tonnes). The red line represents fitted trend of degree 3 (cubic). After fitting, residuals variance was 90780.83, R*=0.86.
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No evidence for the occurrence of the phenomenon.

The time-series of cod stock size starts in 1946, and the state of the cod stock at that time might be considered a
reference state since the fishing pressure during WW2 was low. The cod stock size first showed a decreasing trend
from 1946 to the early 1980s, likely caused by heavy fishing pressure. From the late 1980s to 2013 the stock

size increased as a result of a combination of less intensive fishery and ocean warming (Kjesbu et al., 2014). In 2013
the cod stock was at its largest, and at levels similar to the situation in the period after WW2. The decrease in stock
size the last years is likely related to the recent cooling in the Barents Sea, and cannot be attributed to increasing
human pressure. Thus, the present stock size is assessed as being similar to a reference condition (after WW2)
(EP=none), taking into account natural variation in population size and “medium-term” climatic fluctuations.

24.4 Background data and supplementary analysis
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Figure A.24.2 Comparison of annual total stock estimates (stippled line) and eight-year running average (solid line).

24.5 Recommendations for future development of the indicator
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25 Indicator: Cod size structure [AI25]

Ecosystem characteristic: Functionally important species and biophysical structures
Phenomenon: Decreasing biomass of large cod [AP25]
Main driver: fisheries

25.1 Supplementary metadata

Not relevant.

25.2 Supplementary methods

Age was used as a proxy for body size, and the indicator is calculated as the biomass proportion of seven year old cod
and older. The total annual biomass of each age group is estimated for the whole North East Arctic cod stock in Barents
Sea by ICES (ICES, 2020).

25.3 Plots of indicator values
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Figure A.25.1 The black dots and line are the indicator values of the biomass percentage of large cod (> 6 years). The red line
represents fitted trend of degree 3 (cubic). After fitting, residuals variance was 161.41, R?=0.44.

No evidence that the phenomenon has occurred.

There is no evidence for the phenomenon, as the proportion of large cod has increased in the most recent period and is
similar to the “after WW2” low fishing pressure conditions. Especially during the most recent period (since 2012), large
cod has made up a large proportion (60-75%) of the total biomass. The biomass of large cod shows a similar trend as
the change in cod stock size with a decrease followed by an increase. The trends in cod size structure are caused by
increased followed by reduced fishing pressure.
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25.4 Background data and supplementary analysis
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Figure A.25.2 Biomass of large cod (> 6 years; solid line) compared to total stock biomass (stippled line).

25.5 Recommendations for future development of the indicator
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26 Indicator: Cod distribution [AI26]

Ecosystem characteristic: Functionally important species and biophysical structures
Phenomenon: Increasing biomass in the Arctic Barents Sea [AP26]
Main driver: climate change

26.1 Supplementary metadata

Not relevant.

26.2 Supplementary methods

The indicator is calculated as the average biomass / km? of cod in bottom trawl catches from the Arctic part of the
Barents Sea, using data from the Barents Sea Ecosystem Survey. Standard deviations are relatively high due to large
variation in biomass densities between trawls.

26.3 Plots of indicator values
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Figure A.26.1 Mean (+ sd) biomass of cod in the Arctic part of the Barents Sea.
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Figure A.26.2 The red line represents fitted trend of degree 3 (cubic). After fitting, residuals variance was 90780.83, R?*=0.86.

High level of evidence that the phenomenon has occurred.

There is high evidence that the average density (kg/km?) of cod in the Arctic Barents Sea increased in the beginning of
the time series, and then seems to have stabilized at relatively high values. Average cod biomass per km? increased
about 3 times from 2004 to 2010 and has declined somewhat after that. The main driver of the increase is likely
warming waters which makes more habitat available for feeding cod. But also larger population size, following reduced
fishing pressure, may contribute to more fish utilizing feeding areas in the north (Ellingsen et al., 2020).

The results here are supported by reports mapping the distribution of cod in the Barents Sea (ICES, 2021). In the most
recent report from WGIBAR it is concluded that cod expanded its distribution area to the north and northeast during the
period from 2004-2013, while the northern limit of the distribution area in the Barents Sea has shifted considerably
southwards again since 2013 (Fig. A.26.4). This change is likely both related to decreased stock size (Fig. A.26C) and
lower temperature in the area (Fig A.26.1-4). However, the distribution area along the western and northern coast of
Svalbard was stable despite temperature decrease also in this area. The reason for the difference in development
between the areas is likely that in the northern Barents Sea the temperature has now fallen below 0° C, while it is still
above 0° C NW of Svalbard.

126/440



Panel-based Assessment of Ecosystem Condition of Norwegian Barents Sea Shelf Ecosystems - Appendices
Appendix 8.1 - Scientific basis for indicators — Arctic Barents Sea

26.4 Background data and supplementary analysis
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Figure A.26.3. Comparison of trend in average biomass density (kg/km?) of cod in the Arctic part of the Barents Sea with densities in
the Sub-Arctic part and with total stock biomass estimates (from ICES). A) Ratio of the mean density (kg/km?) of cod in the Arctic vs.
the Sub-Arctic part within the Norwegian sector of the Barents Sea, from BESS in August-September. All values are larger than 1,
indicating overall higher densities of cod in the Arctic compared to the Sub-Arctic part. B) Mean biomass density (kg/km?) trends in
Arctic (solid) and Sub-Arctic areas (stippled), from BESS in August-September. C) Total cod stock biomass estimates for the entire
Barents Sea, from ICES.
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Figure A.26.4. Geographical distribution of cod from the Barents Sea Ecosystem Survey in 2004, 2013 and 2020 (WGIBAR report
2021).

26.5 Recommendations for future development of the indicator

Other possibilities of relevant indicator values should be explored, such as number of polygons occupied in the Arctic
Barents Sea, the northernmost latitude, and the latitude of center of gravity of the distribution.

Also data from the Joint winter survey in January-March can be used to describe fluctuations in distribution at another
time of the year.

129/440



Panel-based Assessment of Ecosystem Condition of Norwegian Barents Sea Shelf Ecosystems - Appendices
Appendix 8.1 - Scientific basis for indicators — Arctic Barents Sea

27 Indicator: Bottom thermal niches [AI27]

Ecosystem characteristic: Landscape-ecological patterns
Phenomenon: Decreasing area of bottom cold-water temperature niches [AP27]
Major driver: Climate change

27.1 Supplementary metadata

Not relevant.

27.2 Supplementary method

Temperature observations for the annual autumn ecosystem surveys and other cruises between August and October
were received from the Norwegian Marine Data Centre (NMDC) and cover 1970 to 2019. In addition to the quality
control performed by NMDC, the station data was de-spiked and significant instabilities removed. Bottom temperatures
are a mean over the 30 m closest to the bottom depth for each individual CTD cast. The bottom depth is either given by
the echosounder depth of each CTD cast or the depth of the International Bathymetric Chart of the Arctic Ocean
(IBCAO3.0). The bottom temperatures were gridded onto a 25 km polar stereographic grid covering the Barents Sea
using objective mapping to remove biases due to clustered sampling in small areas. Years when less than 70% of the
area of the Arctic/sub-Arctic region or any individual polygon was covered by gridded observations were disregarded.
The mask for this criterium was computed using mean 50 — 200 m temperatures and used for all other variables for
consistency. Area of temperature niches at the bottom were computed by identifying grid cells with sub-surface (T<0 °
C) temperatures. The indicator has been calculated for the entire arctic part, and no calculations have been conducted
on individual sub-regions.

27.3 Plots of indicator values
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Figure A.27.1 Estimated area covered with cold-water (T<0 o C) temperature niches at bottom. Means and standard deviations for
1970-1990 and 2004-2019 are shown by red lines and pale red boxes with actual values shown in red. Linear trends 1970-2019 and
2004-2019 are shown in blue when statistically significant at the 95% level (with actual values also in blue).
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High evidence that the phenomenon has occurred over the period 1970-2019 but low evidence that the phenomenon
has occurred over the period 2004-2019.

Data on exists from 1970, meaning that quantitative information for the indicator exists only for part of the reference
condition. Despite strong interannual variability during the part of the reference period available, there is a strong (-
1.8*1000 km? yr'") negative trend in the indicator when evaluating the 1970-2019 period. The mean area of cold-water
(T<0° C) temperature niches at bottom reduced to almost 20 % from the reference period available (1970-1990) to the
most recent period (2004-2019). Thus, over the last five decades, there is high evidence that area covered by cold-
water temperature niches at bottom has decreased considerable concurrent with warming of the climate in this period.
In the phenomenon, it is described that changes of this magnitude will likely trigged changes of ecosystem significance.

Evaluating the period 2004-2019 reveal a significant positive trend in area covered by cold-water temperature niches.
Concomitant with the most recent decrease in temperature, the indicator strongly increased giving no evidence that the
phenomenon occurred when evaluating the 2004-2019 period.

The phenomenon has occurred regionally.

27.4 Background data and supplementary analysis

Not relevant.

27.5 Recommendations for future development of the indicator

Due to substantial short- and long-term variability and changes in the system, the assessment of the phenomenon is
critically dependent on the chosen assessment period. Moreover, the defined reference period (1960-1990) does not
represent nature not affected by humans, as anthropogenic impacts started before 1960, and accelerated during 1960-
1990. Future developments should include a refined definition of assessment period. It is critical to consider how
assessment of abiotic phenomena starting at different times are to be combined with each other, and with assessments
of biotic phenomena which often are evaluated over shorter time periods due to lack of historic time series.
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28 Indicator: Sea ice area [AI28]

Ecosystem characteristic: Landscape-ecological patternsand abiotic factors
Phenomenon: Decreasing sea ice area in winter and summer [AP28]
Main driver: Climate change

28.1 Supplementary metadata

Not relevant.

28.2 Supplementary methods

The used dataset is generated from brightness temperature data derived from the following sensors: the Nimbus-7
Scanning Multichannel Microwave Radiometer (SMMR), the Defense Meteorological Satellite Program (DMSP) -F8, -
F11 and -F13 Special Sensor Microwave/Imagers (SSM/I), and the DMSP-F17 Special Sensor Microwave
Imager/Sounder (SSMIS). The data is provided in the polar stereographic projection at a grid cell size of 25 km x 25 km.
The product is designed to provide a consistent time series of sea ice concentration (the fraction of ocean area covered
by sea ice) spanning the coverage of several passive microwave instruments. The data is generated using the NASA
Team algorithm developed by the Oceans and Ice Branch, Laboratory for Hydrospheric Processes at NASA Goddard
Space Flight Center. The data include gridded daily (every other day for SMMR data) and monthly averaged sea ice
concentrations. The present indicator sea ice area only includes monthly averaged data.

Sea ice concentration is the percent areal coverage of ice within the data element (grid cell). Sea ice extent is the
integral sum of the areas of all grid cells with at least 15% ice concentration, while sea ice area is the integral sum of
the product of ice concentration and area of all grid cells with at least 15% ice concentration, i.e. sum of the area of
each cell multiplied by the fractional concentration for that cell (see, e.g. (Comiso, 2006)). A cut-off at 15% ice
concentration is commonly used for delineating the ice edge, as it provides the most consistent agreement between
satellite and ground observations (e.g. (Comiso, 2012)).

Time-series of inter-annual variability of sea ice area in April (annual sea ice maximum) and September (annual sea ice
minimum) are plotted for squared boxes (oriented along latitudes and longitudes) covering all selected Arctic polygons.

For four separate boxes over several selected polygons the average area, covered by sea ice in April and September, is
expressed as % of total area for each squared box (oriented along latitudes and longitudes).

Selected Arctic polygons are: #23, #24, #26 (Box #1); #42, #43, #47 (Box #2); #48, #49 (Box #3); #21 (Box #4).
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28.3 Plots of indicator values
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Figure A.28.1 Interannual variability of sea-ice area in a box (81.65-73.64°N; 8.21-38.0°E) covering all selected polygons for the
period of 1979-2020 in April. Linear trend (blue line) with 95% confidence intervals (blue shading) with R 2 = 0.34 is shown (with
actual value also in blue). Means and standard deviations for the periods of 1979-1990 and 2011-2020 are shown by red lines with
actual values in red, in 1000 km? yr.
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Figure A.28.2 Interannual variability of sea-ice area in a box (81.65-73.64°N; 8.21-38.0°E) covering all selected polygons for the
period of 1979-2020 in September. Linear trend (blue line) with 95% confidence intervals (blue shading) with R 2 = 0.08 is shown
(with actual values also inblue). Means and standard deviations for the periods of 1979-1990 and 2011-2020 are shown by red lines
with actual values in red, in 1000 km? yr.
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Figure A.28.3 Interannual variability of sea ice area (%) in boxes covering selected polygons for 1979-2020 in April (left) and
September (right). Linear trends (blue lines) with 95% confidence intervals (blue shading) are shown (with actual values also in blue).
Means and standard deviations for the periods of 1979-1990 and 2011-2020 are shown by red lines with actual values also in red.
Note that due to generally low levels of sea ice area in the boxes 1, 2 and 4 in September, the vertical axis is scaled here from 0 to
5% in order to visualize changes.
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High evidence that the phenomenon has occurred for April.
Intermediate/low evidence that the phenomenon has occurred in September.

Over the last four decades, there is high evidence that sea ice area in April has decreased considerable concurrent with

warming of the climate in this period.

Despite substantial interannual variability in sea ice area, there is a clear decreasing trend (-2.7*1000 km? yr -1} in the
indicator for April in the period of 1979-2020, while for September, when sea ice area levels in general are very low in
the region, the decreasing trend is relatively weak (-0.6*1000 km?yr -"). So, in 1979-2020 there is high evidence that
sea ice area in April has decreased considerably, while for September the decrease is weaker, at much lower total

levels, close to 0 kmZ.

The phenomenon appears to have occurred regionally (decreasing trend in all polygons). Concomitant with the recent

increase in sea water and air temperatures, and reorganization of atmospheric and water circulation, sea ice area has
decreased in the recent years. However, the levels of sea ice area in the Barents Sea are also influenced by advected
sea ice drifting into the area (or the other way around).

For the period 2004-2020 there is a weak decreasing trend (-0.8*1000 km? yr -') in the indicator for September,
whereas for April there is a moderate positive trend (1.6*1000 km? yr -1). However, interannual variability of sea ice area
in the region is relatively high, which limits conclusions from trends calculated over this time interval.
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28.4 Background data and supplementary analysis
A)

A g

Figure A.28.4 Map A: The numbering of the four diagrams (boxes) connects to the following colors in the map: 1: pink; 2: green; 3:
blue; 4 yellow, see map A. Map B: An example of the calculation of the domain for Box #1 is shown here. This was done in the same
way for the other boxes.
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28.5 Recommendations for future development of the indicator

In the future we plan to use the Ocean and Sea Ice Satellite Application Facilities (OSI SAF) data of sea ice
concentration (SIC) (https://osi-saf.eumetsat.int/products/sea-ice-products), which has higher spatial resolution
compared with the NSIDC dataset. The OSI SAF SIC dataset is presented on two grids, at 10 km and 12.5 km spatial
sampling for the period 1979-present. In addition, it will be considered to use new synthetic aperture radar (SAR)
satellite products, with higher resolution compared to passive microwave sensors.
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29 Indicator: Arctic amphipod [AI29]

Ecosystem characteristic: Biological diversity
Name of phenomenon: Decrease in biomass of the Arctic amphipod Themisto libellula [AP29]
Main driver: Climate change

29.1 Supplementary metadata

Not relevant.

29.2 Supplementary methods

Amphipod's biomass is estimated from catches in the pelagic trawl during the BESS. The taxonomy of krill is recorded
in the pelagic trawl only since 2014.
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29.3 Plots of indicator values
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Figure A.29.1. The time series of estimated biomass of Themisto libellula shown with shaded areas indicating + 1 SD.
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Figure A.29.2 Themisto libellula time series and fitted trend represented by the red line. The fitted trend is of degree 1 (linear) with
R2=0.05. Residual variance after fitting was 1.55.
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Themisto libellula, Arctip amphipod [Al29]
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Figure A.29.4 Themisto libellula in each polygon in the Arctic part of the Barents Sea and fitted trend represented by the red line.

There is insufficient data, as the data series is too short to detect a trend.
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29.4 Background data and supplementary analysis
29.5 Recommendations for future development of the indicator
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30 Indicator: Cold-water Benthos [AI30]

Ecosystem characteristic: Biological diversity

Appendix 8.1 - Scientific basis for indicators — Arctic Barents Sea

Name of phenomenon: Decreasing proportion of Arctic benthos species [AP30]

Main driver: Climate change

30.1 Supplementary metadata

Table A.30.1 Species with cold and warm affinities

Acanthonotozoma cristatum
Bathybiaster vexillifer
Boreomysis arctica
Buccinum angulosum
Buccinum ciliatum
Byblis gaimardi
Chionoecetes opilio
Cirroteuthis muelleri
Colossendeis angusta
Colus turgidulus
Cuspidaria arctica
Eupyrgus scaber
Eurythenes gryllus
Eusirus holmi
Gorgonocephalus arcticus
Hymenodora glacialis
Leucothoe spinicarpa
Liljeborgia fissicornis
Nuculana pernula
Ophiopleura borealis
Paragorgia arborea
Phippsiella similis
Poraniomorpha tumida
Psilaster andromeda
Saduria sabini
Solaster endeca
Solaster syrtensis
Tylaster willei

Umbellula encrinus

Antho dichotoma
Bolocera tuediae
Brisaster fragilis
Caryophyllia smithii
Ceramaster granularis
Echinus acutus
Echinus esculentus
Geodia barretti

Geodia macandrewii
Geryon trispinosus
Hippasteria phrygiana
Karnekampia sulcatum
Laetmonice filicornis
Leptychaster arcticus
Lithodes maja
Macandrevia cranium
Munida bamffica
Pandalus montagui
Paralithodes camtschaticus
Parastichopus tremulus
Pedicellaster typicus
Pelonaia corrugata
Pseudarchaster parelii
Pycnogonum litorale
Radiella hemisphaericum
Spatangus purpureus
Stephanasterias albula
Stichastrella rosea
Stryphnus ponderosus

Tedania suctoria
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30.2 Supplementary methods

Not relevant.

30.3 Plots of indicator values
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Figure A. 30.1 Proportion of mean ( sd) biomass / km? of climate sensitive megabenthos in each polygon in the Arctic part of the
Barents Sea. Stars denote years with low sample size (< 5 trawls). The dotted lines represent fitted trend of degree 1 (with 95%
confidence intervals).
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Figure A.30.2 Proportion of mean (£ sd) biomass / km? of climate sensitive megabenthos in the Arctic part of the Barents Sea. The
dotted lines represents fitted trend of degree 1 (with 95% confidence intervals).
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Figure A.30.3 Mean (+ sd) biomass / km? of climate sensitive megabenthos in each polygon in the Arctic part of the Barents Sea.
Stars denote years with low sample size (< 5 trawls).
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Figure A.30.4 Number of stations used in the data. Top: in the whole area. Bottom: per polygon.

Low evidence that the phenomenon has occurred.

This phenomenon is better evaluated using the relative biomass indicator (Arctic to total biomass proportion), but the
biomass data itself are also informative. Biomass of Arctic taxa from many polygons, especially those polygons having
particularly high biomass. There is low-moderate evidence for this general trend, although interannual and spatial
variability is high. Despite increased total biomass of Arctic taxa, the biomass proportion of Arctic taxa exhibits a
consistent decline in many polygons, including those with the greatest total biomass. Due to the high spatial and
temporal variability present, and the sensitivity of the indicator to which taxa are included as 'sensitive Arctic taxa,’ we
suggest the evidence for this indicator is low.
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30.4 Background data and supplementary analysis
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Figure A.30.5 Mean (£ sd) biomass / km? of climate sensitive megabenthos in the Arctic part of the Barents Sea

30.5 Recommendations for future development of the indicator
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31 Indicator: Arctic fish species [AI31]

Ecosystem characteristic: Biological diversity
Phenomenon: Decreasing abundance of Arctic fish species [AP31]
Main driver: climate change

31.1 Supplementary metadata

Not relevant.

31.2 Supplementary methods

Fish species biogeographic classification was collected from the literature (Andriyashev and Chernova, 1995;
Wiedmann et al., 2014; Fossheim et al., 2015; Mecklenburg et al., 2018). The indicator is the sum of the min-max
normalized log transformed abundances of Arctic and mainly Arctic species in demersal trawls from the Barents Sea
Ecosystem Survey. Using normalized log abundances gives all species equal influence on the overall trend. Indicator
values are the mean values in the total Arctic part of the Barents Sea and in separate polygons.
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31.3 Plots of indicator values
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Figure A.31.1 Mean (* sd) sum of normalised log transformed abundances of Arctic fish species in demersal trawls the Arctic Barents
Sea (Black dots and grey shading). Linear regression fit with 95% Cl is shown in blue, and the statistical results are given in the top of
each plot. A local smoother is added in red to assist visual interpretation of non-linear changes during the period. Stars denote years

with low sample size (< 5 trawls). A) in the whole area. B) per polygons.
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Figure A.31.2 Mean (* sd) percentage based on abundances of Arctic fish species in demersal trawls the Arctic Barents Sea (Black
dots and grey shading). Linear regression fit with 95% Cl is shown in blue, and the statistical results are given in the top of each plot.
A local smoother is added in red to assist visual interpretation of non-linear changes during the period. Stars denote years with low
sample size (< 5 trawls). A) in the whole area. B) per polygons.
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Figure A.31.3 Mean (+ sd) total abundance of Arctic fish species in demersal trawls the Arctic Barents Sea (Black dots and grey
shading). Linear regression fit with 95% ClI is shown in blue, and the statistical results are given in the top of each plot. A local
smoother is added in red to assist visual interpretation of non-linear changes during the period. Stars denote years with low sample
size (< 5 trawls). A) in the whole area. B) per polygons.
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There is no evidence that the phenomenon has occurred across the Arctic part of the Barents Sea, and low evidence
the phenomenon has occurred in the northern polygons (47, 48).

The abundance of Arctic fish species has fluctuated over time, decreasing in years of high water temperature
(particularly in the time period 2010-2014) and returning to higher values in years of lower water temperature. However,
polygon-specific analyses indicate that the areas northeast of Svalbard (polygons 47 and 48), which are characterized
by being colder and normally harboring a greater amount of Arctic fish, are the ones that have had a larger reduction in
the abundance of Arctic fish. In particular, polygon 47 had the proportion of Arctic fish individuals decreased from about
45 to nearly 10% over the data period (Fig. A. 31.2). Polygon 48 has also experienced a decrease in the proportion of
Arctic fish individuals from 2004-2014, but that proportion returned to higher levels in the past two years. Overall, for
these two polygons, there is low evidence that the phenomenon has happened. Polygon 49, which is located just north
of Svalbard, has experienced a small increase in the abundance and proportion of Arctic fish (Fig. A.31.2, Fig. A.31.3),
consistent with northward displacement of Arctic species. The other polygons, all located either south or west of
Svalbard, do not show a significant amount of Arctic fish individuals throughout the data series.

31.4 Background data and supplementary analysis
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Figure A.31.4 Mean abundance of demersal fish species in the Arctic part of the Barents Sea. Blue bars denote species classified as
Arctic species.

31.5 Recommendations for future development of the indicator
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32 Indicator: Fish sensitive to fisheries [AI32]

Ecosystem characteristic: Biological diversity
Phenomenon: Decreasing abundance of species sensitive to fisheries [AP32]
Main driver: fisheries

32.1 Supplementary metadata

Not relevant.

32.2 Supplementary methods

Based on life history strategy information (see indicator Al16 fish life history), nine fish species (or taxa) were identified
as sensitive to increased mortality from fisheries. These are typically equilibrium strategy species, with slow life
histories. We included the top 12 equilibrium species but removed the most uncommon ones. The included taxa are:
Greenland shark (Somniosus microcephalus), Velvet belly lanternshark (Etmopterus spinax), Rabbit fish (Chimaera
monstrosa), Spinytail skate (Bathyraja spinicauda), Thorny skate (Amblyraja radiata), and Redfishes (Sebastes
mentella, Sebastes norvegicus, Sebastes viviparus, Sebastes spp.). The indicator value is the sum of min-max
normalized log transformed abundances of these species in each bottom trawl from the Barents Sea Ecosystem
Survey.
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32.3 Plots of indicator values
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Figure A.32.1 Mean (+ sd) of the sum of normalised log transformed abundances of fish species sensitive to fisheries in demersal
trawls the Arctic Barents Sea (Black dots and grey shading). Linear regression fit with 95% CI is shown in blue, and the statistical
results are given in the top of each plot. A local smoother is added in red to assist visual interpretation of non-linear changes during
the period. Stars denote years with low sample size (< 5 trawls). A) in the whole area. B) per polygons.
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Figure A.32.2 Mean ( sd) proportion (%) based on abundances of fish species sensitive to fisheries in demersal trawls the Arctic
Barents Sea (Black dots and grey shading). Linear regression fit with 95% ClI is shown in blue, and the statistical results are given in
the top of each plot. A local smoother is added in red to assist visual interpretation of non-linear changes during the period. Stars
denote years with low sample size (< 5 trawls). A) in the whole area. B) per polygons.
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Figure A.32.3 Mean abundance of single fish species/taxa sensitive to fisheries in each polygon in the Arctic Barents Sea. Stars
denote years with low sample size (< 5 trawls).
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No evidence that the phenomenon has occurred (EP = none)

There is an increasing trend in the biomass of fish sensitive to fisheries during the time-period from which we have
observations. The phenomenon specified a decrease of the biomass of the fish sensitive to fisheries as a response to
increasing fishing pressure, as there is no sign of decrease but rather of an increase, there is no evidence of the
phenomenon. The increase in biomass is not spatially homogeneous but was especially evident in the northern and

western coast around Svalbard (polygons 21, 49).
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32.4 Background data and supplementary analysis
32.4.1 Individual species abundances
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Figure A.32. 4 Mean (* sd) abundance of the most common fish species/taxa sensitive to fisheries in the Arctic Barents Sea.
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32.5 Recommendations for future development of the indicator

The indicator value is based on nine taxa identified as sensitive to fishing pressure based on the equilibrium life history
strategy (Pecuchet et al., 2017). In future assessments this approach to estimate sensitivity to fisheries should be
compared to others, such as the “Average-life-history-trait” metric (Greenstreet et al., 2012), “Proportion failing to
spawn” metric (ICES, 2016), and “Fishing reducing SSB to 25%” metric (Rindorf et al., 2020). In addition, the effects of
the threshold level for including species as being sensitive to fisheries should be explored. The included nine taxa here
should be seen as a minimum,_and it should also be considered to separate elasmobranchs into a separate indicator.
Fish species that are sensitive to fisheries are also often among the most rare, and the actual data availability for each
of the included species should be explored and species with too sparse data removed. It is recommended to consider
the approach used in OSPAR for the Fish community indicator (FC1) “Recovery in the population abundance of
sensitive fish” in the coming Quality Status Report 2023

1 https://oap.ospar.org/en/ospar-assessments/quality-status-reports/qsr-2023/
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33 Indicator: Seabirds sensitive to pollution [AI33]

Ecosystem characteristic: Biological diversity
Phenomenon: Decreasing abundance of Glaucous gull [AP33]
Main driver: pollution

33.1 Supplementary metadata

Not relevant.

33.2 Supplementary methods

Glaucous gull (Larus hyperboreus) is the seabird species most sensitive to pollution in the Barents Sea and is used as
an indicator species of pollution sensitive seabirds. Indicator values on the density of L. hyperboreus from the Barents
Sea Ecosystem survey were zero-inflated, and indicator values were estimated as the mean of station values within
each area. Indicator values on breeding population sizes in colonies in Kongsfjorden (Svalbard) and Bear Island are
given as number of birds as percentage of the average number of birds in the time-series.

162/440



Panel-based Assessment of Ecosystem Condition of Norwegian Barents Sea Shelf Ecosystems - Appendices
Appendix 8.1 - Scientific basis for indicators — Arctic Barents Sea

33.3 Plots of indicator values
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Figure A.33.1 A) Mean (+ sd) abundance (log count/km?) of Larus hyperboreus in the Arctic Barents Sea. B) The red line represents
fitted trend of degree 2 (quadratic). After fitting, residuals variance was 0.004, R?=0.32.
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Figure A.33.2 Breeding population size of glaucous gull (L. hyperboreus) in colonies on Svalbard and Bear Island. Linear regression
fit with 95% Cl is shown as solid lines, and the statistical results are given in the top of the plot. A local smoother is added as stippled
lines to assist visual interpretation of non-linear changes during the period.
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Figure A.33.3 Mean (+ sd) abundance (log count/km?) of Larus hyperboreus in each polygon in the Arctic Barents Sea. Stars denote
years with low sample size (<5).
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Seabirds sensitive to pollution [Al33]
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Figure A.33.4 Pollution sensitive seabirds in each polygon in the Arctic part of the Barents Sea and fitted trend represented by the red
line.
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Intermediate evidence that the phenomenon has occurred.

The trend analysis suggests an initial increasing and subsequent decreasing trend in the abundance of glaucous gull
with @ maximum in 2011-2012. The overall trend for the period from 2004-2020 is flat. The year-to-year variation is
relatively large, the data is zero-inflated and the polygons have variable coverage among years. Population monitoring
at Spitsbergen and Bear Island show diverging trends with a strong long term decrease on Bear Island (1987-2020)
and an increase on Spitsbergen from 2005 to 2020 (MOSJ, 2021b). Due to reduced emissions, the level of long-
transported persistent organic pollutants POPs in the Arctic have been decreasing since well before the Stockholm
convention was implemented in the early 2000s. This apply to legacy POPs such as PCB, HCH and DDT (AMAP,
2015). However, the decrease has levelled off and the concentrations are, in some parts of the Arctic, increasing again,
partly due to climate change (AMAP, 2018). As a consequence of reduced levels of POPs, a positive response in the
indicator could be expected, at least since the early 2000s. The Glaucous gull population on Bear Island is however still
slightly decreasing. This could be due to increased predation from Arctic fox and increased competition with Arctic
skuas (Mosj 2021). However, the decrease in the population during the 1980s and 1990s was at least partly due to high
levels of PCBs (Erikstad and Strem, 2012). Apparently, the population has not yet recovered, and the population is
therefore still influenced by historic emissions of POPs. It is therefore concluded that there is high evidence that the
phenomenon has occurred, but that there are limited ecosystem effects of the observed changes.

33.4 Background data and supplementary analysis
33.5 Recommendations for future development of the indicator
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34 Indicator: Arctic seabirds [AI34]

Ecosystem characteristic: Biological diversity
Phenomenon: Decreasing abundance of Arctic seabird species [AP34]
Main driver: climate change

34.1 Supplementary metadata

Not relevant.

34.2 Supplementary methods

Species were classified to biogeographic groups from the literature (Descamps and Strem, 2021), and three of the
common species in the Barents Sea were classified as Arctic: thick-billed murre (Uria lomvia), little auk (Alle alle),
glaucous gull (Larus hyperboreus). Composite indicator values are the sum of min-max normalized log transformed
abundances of the three species at each station in the Barents Sea Ecosystem Survey. Due to non-normal
distributions, the medians of sample values were used as indicator values for polygons, while mean values were used
for the total Arctic part of the Barents Sea.

Indicator values on breeding population sizes of thick-billed murre and glaucous gull in relevant colonies on Svalbard
and Bear Island are given as number of birds as percentage of the average number of birds in the time-series. Results
on trends in breeding populations of little auk are taken from (Descamps and Strem, 2021).
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34.3 Plots of indicator values
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Figure A.34.1 A) Mean (+ sd) sum of normalised log transformed abundances of three Arctic seabird species in the Arctic Barents
Sea. B) The red line represents fitted trend of degree 1 (linear). After fitting, residuals variance was 0.01, R?=0.06.
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Figure A.34.2 Breeding population size of thick-billed murre (U. lomvia) at a selection of colonies in Svalbard and Bear Island. Linear
regression fit with 95% Cl is shown in blue, and the statistical results are given in the top of each plot. A local smoother is added in
red to assist visual interpretation of non-linear changes during the period.
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Figure A.34.3 Breeding population size of glaucous gull (L. hyperboreus) in colonies on Svalbard and Bear Island. Linear regression
fit with 95% Cl is shown as solid lines, and the statistical results are given in the top of the plot. A local smoother is added as stippled
lines to assist visual interpretation of non-linear changes during the period.
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Figure A.34.4 Median (+ mad) sum of normalised log transformed abundances of three Arctic seabird species in each polygon in the
Arctic Barents Sea. Stars denote years with low sample size (<5).
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Figure A.34.5 Climate sensitive seabirds in each polygon in the Arctic part of the Barents Sea and fitted trend represented by the red
line.
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Polygon 21 Polygon 23

Figure A.34.6 Median sum of normalized log abundance of Arctic (solid), Arcto-boreal (stippled) and Boreal (dotted) seabirds in each
polygon in the Arctic Barents Sea. Stars indicate years with low sample size (<5).
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Intermediate evidence that the phenomenon has occurred.

In total the trend analysis showed no significant trend in the biomass of the three Arctic seabird species. The trend of
thick-billed murre was negative, no trend for little auks or glaucous gull. Due to a borealization of the ecosystem, it was
expected a decreasing trend in the indicator. Note that there was generally a decrease in the indicator in southern
polygons (# 23, 24, 26, 42, 43, 47), while the trend was flat in the north (#21, 48, 48). This is what we expect from a
borealization of the ecosystem. The year-to-year variation in the data is relatively large and the polygons have a
variable coverage among years. Data are zero-inflated. Population monitoring of little auks in colonies at Spitsbergen
and Bear Island from 2009-2018 show a positive trend in the Spitsbergen colonies and a negative trend in the Bear
Island population (Descamps and Strgm, 2021). The large populations of thick-billed murres on Svalbard are decreasing
(Fauchald et al., 2015; Descamps and Strgm, 2021). The glaucous gull population on Bear Island has been decreasing
since 1987 while there has been an increase in a population on Spitsbergen from 2005 (MOSJ, 2021b). Note that the
glaucous gull population is probably also affected by pollution (Indicator Al33). Overall, population trend analyses
suggest that there is an ongoing decline in the Arctic seabird populations on Svalbard (Descamps and Strgm, 2021). In
conclusion, based on the population studies (Descamps and Strgm, 2021), there is relatively high evidence that the
phenomenon has occurred. However, the trends are relatively weak, and the ecosystem effects are interpreted as
limited.

34.4 Background data and supplementary analysis
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Figure A.34.7 Mean sum of normalized log abundance (count/km?) of Arctic (solid), Arcto-boreal (stippled) and Boreal (dotted)
seabirds in the Arctic Barents Sea.
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Figure A.34.8 Mean abundance of single species of a) Arctic, b) Arcto-boreal, c) Boreal seabirds in the Arctic Barents Sea from

BESS.

34.5 Recommendations for future development of the indicator

The possibility to integrate breeding population estimates and density estimates from BESS should be explored.
Polygon-level analyses suffer from low sample sizes, and for spatial analyses larger areas should be considered.
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35 Indicator: Marine mammals sensitive to pollution [AI35]

Ecosystem characteristic: Biological diversity
Phenomenon: Decreasing abundance of mammal species sensitive to pollution [AP35]
Main driver: pollution

35.1 Supplementary metadata

Not relevant.

35.2 Supplementary methods
35.3 Plots of indicator values

Refer to plots of indicators on low, high TL and generalist marine mammals for plots of narwhals, polar bears, ringed
seals and white whales.

Intermediate evidence that the phenomenon has occurred. Toxic chemical loads are very high in polar bears and white
whales in the Svalbard area, suggesting that they are likely impacting the health of these animals, but the link to
survivorship and reproductive parameters is lacking.

35.4 Background data and supplementary analysis
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Figure A.35.1 Concentration in PCB-153 and oxychlordane of polar bears. Source: MOSJ
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Figure A.35.2 Concentration in PCB-153, DDE and chlordane of ringed seals. Source: MOSJ

35.5 Recommendations for future development of the indicator
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36 Indicator: Arctic mammals [AI36]

Ecosystem characteristic: Biological diversity
Phenomenon: Decreasing abundance of Arctic mammal species [AP36]
Main driver: pollution

36.1 Supplementary metadata

Not relevant.

36.2 Supplementary methods
36.3 Plots of indicator values

Refer to plots of indicators on low, high TL and generalist marine mammals.
Intermediate evidence that the phenomenon has occurred.

From previous plots we can say polar bears, white whales, narwhals; walruses, hooded and harp seals have not
recovered from previous over harvesting pressures. Low population levels might represent a threat in some cased to
their genetic diversity and thus their population viability (particularly when under threat from climate change and other
stressors) in turn affecting Arctic biodiversity.

36.4 Background data and supplementary analysis

Not relevant.

36.5 Recommendations for future development of the indicator
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37 Indicator: Temperature [AI37]

Ecosystem characteristic: Abiotic factors
Phenomenon: Increase in temperature of the water column [AP37]
Main driver: Climate change

37.1 Supplementary metadata

Not relevant.

37.2 Supplementary methods

Temperature and salinity observations for the annual autumn ecosystem surveys and other cruises between August and
October were received from the Norwegian Marine Data Centre (NMDC) and cover 1970 to 2019. In addition to the
quality control performed by NMDC, the station data was de-spiked and significant instabilities removed. For the mean
temperatures, we used data fields that were gridded onto a 25 km polar stereographic grid covering the Barents Sea
using objective mapping to remove biases due to clustered sampling in small areas. Years when less than 70% of the
area of the Arctic/sub-Arctic region or any individual polygon was covered by gridded observations were disregarded.
The mask for this criterium was computed using mean 50 — 200 m temperatures and used for all other variables for
consistency.

Bottom temperatures are a mean over the 30 m closest to the bottom depth for each individual CTD cast. The bottom
depth is either given by the echosounder depth of each CTD cast or the depth of the International Bathymetric Chart of
the Arctic Ocean (IBCAO3.0). The bottom temperatures were then gridded onto the same 25 km polar stereographic
grid used for the 3-D temperature fields and subsequently averaged over the Atlantis polygons.

37.3 Plots of indicator values
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Figure A.37.1 Mean temperature between 0 and 30 meters. Means and standard deviations for 1970-1990 and 2004-2019 are shown
by red lines and pale red boxes with actual shown in red. Linear trends 1970-2019 and 2004-2019 are shown in blue when
statistically significant at the 95% level (with actual values also in blue).
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Figure A.37.2 Mean temperature between 30 and 100 meters. Means and standard deviations for 1970-1990 and 2004-2019 are
shown by red lines and pale red boxes with actual shown in red. Linear trends 1970-2019 and 2004-2019 are shown in blue when
statistically significant at the 95% level (with actual values also in blue).
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Figure A.37.3 Mean temperature between 100 and 200 meters. Means and standard deviations for 1970-1990 and 2004-2019 are
shown by red lines and pale red boxes with actual shown in red. Linear trends 1970-2019 and 2004-2019 are shown in blue when
statistically significant at the 95% level (with actual values also in blue).
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Figure A.37.4. Mean bottom temperature. Means and standard deviations for 1970-1990 and 2004-2019 are shown by red lines and
pale red boxes with actual shown in red. Linear trends 1970-2019 and 2004-2019 are shown in blue when statistically significant at
the 95% level (with actual values also in blue).
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Figure A.37.5 Mean temperature between 0 and 30 meters for each polygon in the Arctic part of the Barents Sea. Means and
standard deviations for 1970-1990 and 2004-2019 are shown by red lines and pale red boxes with actual shown in red. Linear trends
1970-2019 and 2004-2019 are shown in blue when statistically significant at the 95% level (with actual values also in blue).
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Figure A.37.6 Mean temperature between 30 and 100 meters for each polygon in the Arctic part of the Barents Sea. Means and
standard deviations for 1970-1990 and 2004-2019 are shown by red lines and pale red boxes with actual shown in red. Linear trends
1970-2019 and 2004-2019 are shown in blue when statistically significant at the 95% level (with actual values also in blue).
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Figure A.37.7 Mean temperature between 100 and 200 meters for each polygon in the Arctic part of the Barents Sea. Means and
standard deviations for 1970-1990 and 2004-2019 are shown by red lines and pale red boxes with actual shown in red. Linear trends
1970-2019 and 2004-2019 are shown in blue when statistically significant at the 95% level (with actual values also in blue).
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Figure A.37.8 Mean bottom temperature for each polygon in the Arctic part of the Barents Sea. Means and standard deviations for
1970-1990 and 2004-2019 are shown by red lines and pale red boxes with actual shown in red. Linear trends 1970-2019 and 2004-
2019 are shown in blue when statistically significant at the 95% level (with actual values also in blue).
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High evidence that the phenomenon has occurred for all depth ranges considered over the period 1970-2019, no
evidence that the phenomenon has occurred for any of the depth ranges considered over the period 2004-2019.

While there is considerable interannual variability over the observational time period (1970-2019), all depth ranges
display significant positive temperature trends over this period that range from 0.028 to 0.032 °C yr''. While the period
2004-2019 is consistently warmer than 1970-1990, i.e., the part of the nominal reference period 1960-1990 covered by
the available temperature observations, there are no significant trends over this time period at the regional level. The
warming trend continues past 2004. However, temperatures during this period generally peak between 2013 and 2016
with a cooling towards the end of the observational time series in 2019, concurrent with an expansion of sea ice.
Notable exceptions are bottom temperatures in polygons 48 and 49 that show significant cooling trends over the 2004-
2019 period. Data coverage in polygon 49 before 2004 is too low to draw any conclusions about the temperature
development 1970-2019.

For the depth ranges 0-30 m, 30-100m, and 100-200m the phenomenon has occurred regionally. For bottom
temperatures the phenomenon has occurred locally.

37.4 Background data and supplementary analysis
37.5 Recommendations for future development of the indicator

Due to substantial short- and long-term variability and changes in the system, the assessment of the phenomenon is
critically dependent on the chosen assessment period. Moreover, the defined reference period (1960-1990) does not
represent nature not affected by humans, as anthropogenic impacts started before 1960, and accelerated during 1960-
1990. Future developments should include a refined definition of assessment period. It is critical to consider how
assessment of abiotic phenomena starting at different times are to be combined with each other, and with assessments
of biotic phenomena which often are evaluated over shorter time periods due to lack of historic time series.

The Atlantis polygons used as the basis for this assessment form the basis of a numerical model. In some cases,
boundaries overlap bathymetric features like ridges or the shelf slope in the north, leading to the inclusion of
observations that represent a different oceanic regime. A division into sub-areas that are tailored to be used with
observations like the WGIBAR polygons would improve this.
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38 Indicator: Area of water masses [ AI38 ]

Ecosystem characteristic: Abiotic factors
Phenomenon: Decreasing area covered by Arctic water [ AP38 ]
Main driver: Climate change

38.1 Supplementary metadata

Not relevant.

38.2 Supplementary methods

Temperature observations for the annual autumn ecosystem surveys and other cruises between August and October
were received from the Norwegian Marine Data Centre (NMDC) and cover 1970 to 2019. In addition to the quality
control performed by NMDC, the station data was de-spiked and significant instabilities removed. The temperature data
were gridded onto a 25 km polar stereographic grid covering the Barents Sea using objective mapping to remove biases
due to clustered sampling in small areas. Years when less than 70% of the area of the Arctic/sub-Arctic region or any
individual polygon was covered by gridded observations were disregarded. The mask for this criterium was computed
using mean 50 — 200 m temperatures and used for all other variables for consistency. Area of Arctic Water masses
were calculated based on mean 50-200 m temperatures by identifying grid cells with sub-surface (T<0 ° C)
temperatures. The indicator was calculated for the entire arctic part, and no calculations were conducted on individual

sub-regions.

38.3 Plots of indicator values

0.8 [1040 hm® gt

AW Area [1000 km?]

T4.74+25.8 45.6-+25.7

L L=l 1HTS 1340 19458 1530 THES 2000 anos amin Fubit] mean

Figure A.38.1 Estimated area covered by Arctic Water in the water column. Means and standard deviations for 1970-1990 and 2004-
2019 are shown by red lines and pale red boxes with actual shown in red. Linear trends 1970-2019 and 2004-2019 are shown in blue
when statistically significant at the 95% level (with actual values also in blue).

High evidence that the phenomenon has occurred over the period 1970-2019 but low evidence that the phenomenon

has occurred over the period 2004-2019.

Data exists from 1970, meaning that quantitative information for the indicator exists only for part of the reference
condition. However, there is a strong (-0.8*1000 km? yr'') decreasing trend in the data, and the mean Arctic Water area
reduced with 61 % from the reference period available (1970-1990) to the most recent period (2004-2019). Thus, over
the last five decades, there is high evidence that area covered with Arctic Water has decreased considerable concurrent
with warming of the climate in this period. In the phenomenon, it is described that changes of this magnitude will likely

trigged changes of ecosystem significance.
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Evaluating the period 2004-2019 reveal no significant trend in area covered with Arctic Water. Concomitant with the
most recent decrease in temperature, the area covered with Arctic Water strongly increased, and there is no evidence
that the phenomenon occurred when evaluating the 2004-2019 period.

The phenomenon has occurred regionally.

38.4 Background data and supplementary analysis

Not relevant. Or fill in if needed. This can for example be the “raw” indicator values in case the indicator is a ratio. Data
that will help to interpret changes in the indicator can be added here.

38.5 Recommendations for future development of the indicator

Due to substantial short- and long-term variability and changes in the system, the assessment of the phenomenon is
critically dependent on the chosen assessment period. Moreover, the defined reference period (1960-1990) does not
represent nature not affected by humans, as anthropogenic impacts started before 1960, and accelerated during 1960-
1990. Future developments should include a refined definition of assessment period. It is critical to consider how
assessment of abiotic phenomena starting at different times are to be combined with each other, and with assessments
of biotic phenomena which often are evaluated over shorter time periods due to lack of historic time series.
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39 Indicator: Freshwater content [AI39]

Ecosystem characteristic: Abiotic factors
Phenomenon: Decreasing freshwater content [AP39]
Main driver: Climate change

39.1 Supplementary metadata

Not relevant.

39.2 Supplementary methods

Salinity observations for the annual autumn ecosystem surveys and other cruises between August and October were
received from the Norwegian Marine Data Centre (NMDC) and cover 1970 to 2019. In addition to the quality control
performed by NMDC, the station data was de-spiked and significant instabilities removed. The salinity data was
gridded onto a 25 km polar stereographic grid covering the Barents Sea using objective mapping to remove biases due
to clustered sampling in small areas. Years when less than 70% of the area of the Arctic/sub-Arctic region or any
individual polygon was covered by gridded observations were disregarded. The mask for this criterium was computed
using mean 50—-200 m temperatures and used for all other variables for consistency. Freshwater content was calculated
per unit area for the top 100m from gridded practical salinity fields with a reference practical salinity of 35. The unit is
[m].

39.3 Plots of indicator values
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Figure A.39.1 The time series of estimated freshwater content. Means and standard deviations for 1970-1990 and 2004-2019 are
shown by red lines and pale red boxes with actual shown in red. Linear trends 1970-2019 and 2004-2019 are shown in blue when
statistically significant at the 95% level (with actual values also in blue).
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Figure A.39.2 Freshwater content in each polygon in the Arctic Barents Sea. Means and standard deviations for 1970-1990 and 2004-
2019 are shown by red lines and pale red boxes with actual shown in red. Linear trends 1970-2019 and 2004-2019 are shown in blue
when statistically significant at the 95% level (with actual values also in blue).

High evidence that the phenomenon has occurred regionally over the period 1970 — 2019 but no evidence that the
phenomenon has occurred regionally over the period 2004 — 2019.

The freshwater content over the upper 100 m has high interannual variability, with a long-term significant decline over
the period 1970-2019 of 6.8 cm m™2 decade™ for the Arctic region overall (Fig. A.47.1). The freshwater content is
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varying around a lower mean value of 1.0 m m™2 in the period 2004—2019 compared with 1.2 m m™2 in the part of the
reference period we have data for (1970-1990). There is no significant trend in the 2004—2019 period for the Arctic
region overall, but it does occur regionally. Given the much higher values just prior to 2004, there has likely been a
significant decline over a slightly longer period (e.g., 2000-2019).

High evidence that the phenomenon has occurred locally, both over the entire period 1970 — 2019, and over the latter
2004 — 2019 period, but not in all regions.

There are substantial differences between the regions in amount of freshwater content in the upper 100 m (Fig.
A.47.2). This has a large impact on the stratification of the water column. Moreover, regions with very low freshwater
content are more sensitive to declines in freshwater input, and is more prone to shifting over to an Atlantic warm, mixed
and sea-ice free type of water column, with lasting very high impact on the ecosystem. The polygons are not following
entirely the true bathymetrical boundaries that separate regions naturally. How the data have currently been split into
polygons, there are two polygons with very low freshwater content below 1 m through most of the time series (Polygons
42 and 43). These two polygons have a significant decline over the entire time series and an extremely low freshwater
content in 2004-2019, below 0.5 m on average. Further north, Polygons 47 and 48 have much higher freshwater
contents that varied around 2-3 m m~2 in the reference period. Polygon 47, covering Storbanken, has a significant long-
term decline of 12 cm m~2 decade™" in freshwater content, and a mean value over 2004—2019 which is about 0.5 m
lower than that of the reference period. Polygon 48 has kept a high freshwater content but shows a significant and
strong decline of 6.9 cm m™ decade™" over the latter time period, 2004-2019 (Fig. A.39.2).

From literature it is known that the 2010—2016-mean freshwater content in the upper 100 m in the Storbanken and
Olgabassenget area of the northern Barents Sea was 32 % or nearly 2o lower than the long-term 1970-1999-mean
and declining 0.5 to 1.5 m m™2 in the entire northern Barents Sea from 2000 to 2016 (Lind et al., 2018). However, sea
ice inflows in 2018 and 2019 have again given a rise in the freshwater content, seen as about a meter of local
freshwater content increase measured in late summer 2019 in the area northeast of Svalbard (Aaboe et al., 2021).
There is also evidence of increased freshwater content in several of the polygons and the sea ice inflows were also
substantial in the latest years (Ingvaldsen et al., 2021), contributing to increasing the freshwater content where sea ice
melts (Lind et al., 2018).

39.4 Background data and supplementary analysis
39.5 Recommendations for future development of the indicator
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40 Indicator: Stratification [AI40]

Ecosystem characteristic: Abiotic factors
Phenomenon: Decreasing stratification of the upper water column [AP40]
Main driver: Climate change

40.1 Supplementary metadata

Not relevant.

40.2 Supplementary methods

Temperature and salinity observations for the annual autumn ecosystem surveys and other cruises between August and
October were received from the Norwegian Marine Data Centre (NMDC) and cover 1970 to 2019. In addition to the
quality control performed by NMDC, the station data was de-spiked and significant instabilities removed. Maximum of
the Brunt—Vaisala frequency (N2), or buoyancy frequency, in the top 100 m of the water column was calculated from
stations data to preserve the vertical density structure and then averaged for each polygon. The unit is [s™"].
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40.3 Plots of indicator values
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Figure A.40.1 The time series of stratification of the upper water column. Means and standard deviations for 1970-1990 and 2004-
2019 are shown by red lines and pale red boxes with actual shown in red. Linear trends 1970-2019 and 2004-2019 are shown in blue
when statistically significant at the 95% level (with actual values also in blue).
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Figure A.40.2. Stratification in each polygon in the Arctic Barents Sea. Means and standard deviations for 1970-1990 and 2004-2019
are shown by red lines and pale red boxes with actual shown in red. Linear trends 1970-2019 and 2004-2019 are shown in blue when
statistically significant at the 95% level (with actual values also in blue).
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Intermediate evidence that the phenomenon has occurred over the period 1970-2019 but no evidence for the period
2004-2019.

Data exists from 1970, meaning that quantitative information for the indicator exists only for part of the reference
condition. The maximum stratification shows large interannual and decadal variability, with clearly stronger stratification
in some years during 1995-2003 than before and after. Due to the non-linear changes in the indicator, the assessment
of the phenomenon is highly dependent on the time periods chosen for evaluation. There is no significant trend
considering the full 1970-2019 period or the 2004-2019 period. However, stratification has decreased from the 1970-
1990 period to the 2004-2019 period concurrent with warming of the climate and sea ice loss in this period, implying
high evidence that the expected changes have occurred. It is uncertain whether changes of this magnitude will trigger
changes of ecosystem significance, and the evidence of the phenomenon is therefore set to intermediate.

40.4 Background data and supplementary analysis
40.5 Recommendations for future development of the indicator

Due to substantial short- and long-term variability and changes in the system, the assessment of the phenomenon is
critically dependent on the chosen assessment period. Moreover, the defined reference period (1960-1990) does not
represent nature not affected by humans, as anthropogenic impacts started before 1960, and accelerated during 1960-
1990. Future developments should include a refined definition of assessment period. It is critical to consider how
assessment of abiotic phenomena starting at different times are to be combined with each other, and with assessments
of biotic phenomena which often are evaluated over shorter time periods due to lack of historic time series.

The Atlantis polygons used as the basis for this assessment form the basis of a numerical model. In some cases,
boundaries overlap bathymetric features like ridges or the shelf slope in the north, leading to the inclusion of
observations that represent a different oceanic regime. A division into sub-areas that are tailored to be used with
observations like the WGIBAR polygons would improve this.
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41 Indicator: pH [Al41]

Ecosystem characteristic: Abiotic factors
Phenomenon: Decreasing pH [AP41]
Main driver: Climate change

41.1 Supplementary metadata

Data are published in “Vannmiljg” and NMDC on the following doi:

https://doi.org/10.21335/NMDC-1738969988

41.2 Supplementary methods

Mean values for the Arctic water mass (T<0 ° C) were calculated in the area between 76-80 ° N, 20 ° E to 34 ° E, from
observations of total alkalinity and total dissolved inorganic carbon between 2013 and 2020 obtained through the
observational program “Monitoring ocean acidification in Norwegian waters”, funded by the Norwegian Environment
Agency. Details of the analytical methods and calculations for pH on a total scale is found in the annual reports for the
above-mentioned program in (Chierici et al., 2016; Chierici et al., 2017; Jones et al., 2018; Jones et al., 2019; Jones et
al., 2020; Skjelvan et al., 2021)

41.3 Plots of indicator values
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Figure A.41.1 The time series of pH in the period 2013 to 2020 in the Arctic core waters (T<0 ° C). The linear fit (red line) is based on
annual mean pH values (black squares) from observational data (circles). The blue hashed lines denote the area of 95% confidence.

Intermediate evidence that the phenomenon has occurred.

The linear fit in the relatively short time period from 2013 to 2020 shows a significant trend of decreasing pH of 0.0022
yr -1in the Arctic waters. This is a similar to the rate compared to the global ocean mean pH decrease rate (0.002 yr ",
Copernicus Marine). From this time series it is also obvious that minimum pH values decrease with increased
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frequency, the trend based on minimum values show a three times faster pH decrease rate of ~0.006 yr -' (Fig.A.41.1).
Consequently, the observed trend is as expected and is caused by the increased atmospheric CO , due to human
activities.

41.4 Background data and supplementary analysis

Not relevant.

41.5 Recommendations for future development of the indicator

The observations are performed in end of summer (August to September) and may be affected by biotic processes.
This contributes to the large interannual variability and spread within one year (shown as whiskers Fig. A. 41.1),
resulting in limitation for trend analysis in the period between 2013 and 2020. It is crucial to continue with observations
and should cover seasonal variability, to follow the trends and develop regional models for prediction of pH trends in the
Arctic region.
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42 Indicator: Aragonite saturation [Al42]

Ecosystem characteristic: Abiotic factors
Phenomenon: Decreasing pH [AP42]
Main driver: Climate change

42.1 Supplementary metadata

Data are published in “Vannmiljg” and NMDC on the following doi:

https://doi.org/10.21335/NMDC-1738969988

42.2 Supplementary methods

Mean values for the Arctic water mass (T<0 ° C) were calculated in the area between 77-80 ° N, 20 ° E to 34 ° E, from
observations of total alkalinity and total dissolved inorganic carbon between 2013 and 2020 obtained through the
observational program “Monitoring ocean acidification in Norwegian waters”, funded by the Norwegian Environment
Agency. Details of the analytical methods and calculations for aragonite saturation (QAr) is found in the annual reports
for the above-mentioned program in (Chierici et al., 2016; Chierici et al., 2017; Jones et al., 2018; Jones et al., 2019;
Jones et al., 2020; Skjelvan et al., 2021)

42.3 Plots of indicator values
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Figure A.42.1 The time series of aragonite saturation (QAr=WAr) in the period 2013 to 2020 in the Arctic core waters (T<0 ° C, >40
m). The linear fit (red line) is based on annual mean values (black squares) from observational data (circles). The blue hashed lines
denote the area of 95% confidence.
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Intermediate evidence that the phenomenon has occurred.

The linear fit in the relatively short time period from 2013 to 2020 shows a trend of decreasing QAr of 0.0037 yr -'in the
Arctic waters which is slower than what has been observed in the interior of the Arctic Ocean of -0.018 yr -1 (Ulfsbo et
al., 2018) and in the Nordic seas (-0.012 yr -1 Fransner et al., in review). However, the time series show that minimum
QAr values decrease with increased frequency, and the trend based on minimum values show a significantly faster QAr
decrease rate of ~0.020 yr -'. Moreover, the higher frequency of QAr< 1.4, result in negative effects on calcification for
the Arctic butterfly snail L.helicina, as has been observed in the Canadian Arctic (Bednarsek et al., 2021; Niemi et al.,
2021).

Decreased QAr is as expected but potentially at a slower rate in this relatively short time span. One explanation can be
that the observations are from other regions and different depth intervals. Jones et al. (2020) also reported on
increasing total alkalinity which evens out the effect caused by increasing ocean CO , concentrations, thus resulting in
the slower decrease rate.

42.4 Background data and supplementary analysis

Not relevant.

42.5 Recommendations for future development of the indicator

The observations are performed in end of summer (August to September) and are and have been affected by biotic
processes, resulting in higher values relative to fall and winter values. In the end of the year vertical mixing and
respiration generally lowers QAr substantially (Chierici et al., 2013). Observations show large interannual variability and
the area lack historical data thus it is difficult to assess the current trend in a longer perspective and to perform
prognoses.

It is crucial to continue with observations and should cover seasonal variability, to follow the trends and develop regional
models for prediction of QAr trends in the Arctic region. Observational evidence on the biological effects needs to be
developed, both on organism level and ecosystem level. Recent report from field studies show evidence for negative
effects on calcification in Arctic species such as pteropods ((Bednarsek et al., 2021; Niemi et al., 2021).
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Appendix 8.2 - Scientific basis for indicators — Sub-
Arctic Barents Sea

General methods

General methods for fish community data

Datasets from 2004-2020 on fish communities from the benthic trawl survey in BESS was gridded to ensure even
spatial distribution of samples, as described in “General description of methods using BESS data”. Regarding
taxonomic resolution, we followed recommendations in (Johannesen et al., 2021). The present dataset on fish from
benthic trawl survey catches consisted of 76 taxa present in the Norwegian sector of the Barents Sea (Figure S.0.1).
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Figure S.0.1. Map showing the assessed area, including the sub-division into polygons in the sub-Arctic part of the Norwegian EEZ in
the Barents Sea.

For community-level trait indicators, we strived to include the majority of the species in the catches, to reflect the
present fish demersal community. A few typically schooling pelagic fish species were removed from the analyses as
they were typically caught in very large numbers in some of the trawls and thus introduced large variability. These were:
Polar cod (Boreogadus saida), Herring (Clupea harengus), capelin (Mallotus villosus), and Atlantic mackerel

(Scomber scombrus). The resulting dataset included 72 taxa. The average biomass density in the Sub-Arctic part of
the Barents Sea for each species is shown in Fig. S.0.2.
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Gadus morhua 4
Sebastes mentella 4
Hippoglossoides platessoides 5
elanogrammus aeglefinus 4
Micromesistius poutassou o
Trisopterus esmarkii 4
Reinhardtius hippoglosscides -
Amblyraja radiata <
Argentina silus 4
Zoarcidae 4
Pallachius virens 4
Sebastes viviparus 4
Sebastes norvegicus 4
Anarhichas denticulatus -
Brosme brosme
Sebastes
Artediellus atlanlicus 5
Anarhichas minor q
Anarhichas lupus 4
Gadiculus argenteus 5
Rajella fyllae -
Bathyraja spinicauda 4
Microstomus kitt 5
Liparidae 5
Arclozenus risso o
Cottunculus microps 4
Lumpenus lampretaeformis 4
Macrourus berglax 4
Leptagonus decagonus 4
Triglops murrayi 4
Leptoclinus maculatus 4
Molva molva 4
Chimaera monstrosa -
Merlangius merlangus -
Cyclopterus lumpus
Hippoglossus hippoglossus 4
nchelyopus cimbrius o
Lophius piscatorius 4
Pleuronectes platessa 4 |
Phycis blennoides - |
Glyptocephalus cynoglossus o
Lepidorhombus whiffiagonis <
Myctophidae -
Ambiyraja hyperborea
Gaidropsarus argentatus 4 |
Anisarchus medius 4 1
Etmopterus spinax = |
Icelus 5 |
Molva dypterygia 4 |
Pollachius pollachius <
Syngnathidae -
Triglops pingelii 4
Ammodytes -
Gasterosteus aculeatus -
Limanda limanda 4
Rajella lintea
Myxine glutinosa 4
Maurolicus mueller 4
Salmo salar 4
Coryphaenoides rupestris 4 |
Myoxocephalus quadricomis 5 |
Arctogadus glacialis o |
Triglops nybelini 4 |
Phrynarhambus norvegicus < |
Somniosus microcephalus 4 |
Pholis gunnellus 4 |
Myoxocephalus scorpius 5 |
Lumpenus fabricii 4
Gymnocanthus tricuspis 4 |
Eumicrotremus spinosus 5 |
Eumicrotremus derjugini - |
Cyclopteropsis mecalpini 4 |

0.0 05 10 15 2.0
average log10 biomass (kg/km2)

Figure S.0.2. Average biomass (log10 kg/km2) of included fish species from bottom trawls in the Arctic part of the Barents Sea.

All community-level trait indicators are weighted by biomass to reflect the ecosystem functioning perspective in the
assessment. However, since these values are influenced by species with high biomass we also provide indicator values
where we remove cod (Gadus morhua), the most influential species in this system, and weight by log transformed
biomasses of each species as supplementary plots.
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Relevant traits for fish have been published for the BarentsSea, andwere compiled from a number ofsources
(TableS.0.1).

Table S.0.1 Information on sources for fish trait information, and percent of total biomass and abundance from the BESS survey
included in analyses of different traits.

Trait Number of % % References
taxa biomass abundance
Diet, Habitat Length at 56 99.8 % 98.3 % (Wiedmann et al., 2014; Frainer et al., 2017)
maturation
Fast-slow life history 53 996% 97.3% (Wiedmann et al., 2014)
rank
Life history strategies 69 99.8% 994 % (Beukhof et al., 2019)
Biogeography 64 99.7 % 95.4 % (Andriyashev and Chernova, 1995; Wiedmann et al., 2014; Fossheim et al.,

2015; Mecklenburg et al., 2018)
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1 Indicator: Annual primary productivity [SIO1]

Ecosystem characteristic: Primary productivity
Phenomenon: Stable and later decreasing annual primary productivity [SP01]
Main driver: Climate change

1.1 Supplementary metadata

Not relevant.

1.2 Supplementary methods
1.3 Plots of indicator values
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Figure S.1.1 The time series of estimated annual primary production in the sub-Arctic part of the Barents Sea. Blue line and shaded
areas indicate fitted linear trend and 95% confidence bands, with equation and R? indicated in black. Red line indicates smoother.
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Sub-Arctic: Best fit with TREC
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Figure S.1.2 Annual Primary production in each polygon in the sub-Arctic part of the Barents Sea. Green line and shaded areas
indicate fitted trend and 95% prediction bands from TREC analyses.
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Figure S.1.3 Annual Primary production in each polygon in the sub-Arctic part of the Barents Sea. Blue line and shaded areas
indicate fitted linear trend and 95% confidence bands, with equation and R? indicated in black and smoother in red.

There is a weak tendency for an increase in annual primary production across the region. Thus, there is no evidence
that annual net primary production has remained stable and later decreased over the last two decades.

1.4 Background data and supplementary analysis
1.5 Recommendations for future development of the indicator
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2 Indicator: Timing of spring bloom [SI02]

Ecosystem characteristic: Primary productivity
Phenomenon: Earlier start of the spring bloom [SP02]
Main driver: Climate change

2.1 Supplementary metadata

Not relevant.

2.2 Supplementary methods
2.3 Plots of indicator values
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Figure S.2.1 The time series of estimated start date of the spring bloom shown with shaded areas indicating + 1 SE.
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Figure S.2.2 Estimated date for start of the spring bloom and fitted trend using the best fitted trend approach represented by the red
line. The fitted trend is of degree 1 (linear) with R>=0.00001. Residual variance after fitting was 210.10.
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Figure S.2.3 Estimated start date of the spring bloom in the Arctic part of the Barents Sea with grey shaded area indicating + 1 SE.
Red line and red shaded areas indicate fitted linear trend and 95% confidence bands, with equation and R? indicated in red.
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Timing of spring bloom [S102]

003 am 2020 003 201 2020

Figure S.2.4 Estimated start date of the spring bloom in each polygon in the Subarctic part of the Barents Sea with the red line
indicating the trend estimated using the best fitted trend approach.
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Figure S.2.5 Estimated start date of the spring bloom in each polygon in the sub-Arctic part of the Barents Sea. Red line and red
shaded areas indicate fitted linear trend and 95% confidence bands, with equation and R? indicated in red.

There is no clear trend in the data and thus no evidence for an earlier start of the spring bloom.

2.4 Background data and supplementary analysis
2.5 Recommendations for future development of the indicator
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3 Indicator: Zooplankton TL < 2.5 [SI03]

Ecosystem characteristic: Biomass distribution among trophic levels
Phenomenon: Decreasing biomass of zooplankton that is predominantly herbivorous [SP3]
Main driver: Climate change

3.1 Supplementary metadata

Table S.3.1 list of krill taxa used to calculate total krill biomass

Euphausiacea
Euphausiidae
Meganyctiphanes norvegica
Meganyctiphanes spp.
Nematoscelis spp.
Nematoscelis megalops
Nyctiphanes couchii
Thysanoessa inermis
Thysanoessa longicaudata
Thysanoessa raschii
Thysanoessa spp.

Thysanopoda spp.

3.2 Supplementary methods

The indicator is represented by two time series, one on biomass of mesozooplankton (g m2dry wt.) and one on
biomass of krill (kg/km? wet wt.).

Mesozooplankton is sampled with WP2 as described in in (Melle et al., 2004; Skjoldal et al., 2013). Briefly, samples are
divided into two halves with a Motoda plankton splitter, one part for determining the biomass (g m 2 dry wt.), and the
other half for species identification and abundance estimation. The biomass subsample is separated into three size
fractions using mesh gauzes of 2000, 1000, and 180 um (for details, see (Skjoldal et al., 2013)). For this indicator, the
sum of the two smaller size fractions of mesozooplankton was used (1000-2000 um and 180-1000 uym). Average values
for the whole ecosystem area were calculated (Figure S.3.1) and used for trend analysis.

Krill is sampled with pelagic trawl and biomass estimated as described by (Eriksen and Dalpadado, 2011). Total
biomass of krill taxa (Table S.3.1) was calculated by summing individual species biomass per haul. The krill catches
were dominated by Thysanoessa spp. (particularly T. inermis), and it was assumed that 70% of the krill fraction in the
Subarctic Norwegian Barents Sea was the herbivorous Thysanoessa inermis, while the other 30% was mainly the
carnivorous Meganyctiphanes norvegica. Thus, for this indicator, total krill biomass was multiplied by 0.7 then averaged
per polygon (Figures S.3.3 and S.3.4) and for the total ecosystem area (Figures S.3.1, S.3.2, note that trends were not
estimated for mesozooplankton using the best fitted trend approach as corrections to the data were done late in the
process and the analyses could not redone after this due to capacity problems).
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3.3 Plots of indicator values
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Figure S.3.1 The time series of estimated mean biomass of low trophic level krill (kg wet wt. km™) (A) and mesozooplankton (g dry wt
km?) (C) shown with light shaded areas indicating + 1 SD only for krill. Red line and red shaded areas indicate fitted linear trend and
95% confidence interval, with equation and R? indicated in red. Number of stations are indicated for krill (B) and small and medium
mesozooplankton (D)
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Figure S.3.2 Estimated krill biomass (kg wet wt. km™2) and fitted trend using best fitted trend approach represented by the red line. The
fitted trend is of degree 2 (quadratic) with R?=0.27. Residual variance after fitting was 46.38.
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Figure S.3.3 Mean biomass of low trophic level krill (kg wet wt. km™) in each polygon (number on top of each panel) in the sub-Arctic
part of the Barents Sea with + 1SD shown with light shading. Red line and red shaded areas indicate fitted linear trend and 95%
confidence interval, with equation and R? indicated in red. Stars denote years with low sample size (< 5 trawls).
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Zooplankton WM TL < 2.5[SI03]
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Figure S.3.4 Mean biomass of low trophic level krill (kg wet wt. km™) in each polygon in the Subarctic part of the Barents Sea (number
on top of each panel) shown with fitted trends estimated using the best fitted trend approach represented by the red line.
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There is no evidence that the phenomenon has occurred as there is no indication of a negative trend in either of the
two time-series (figures S.3.1 and S.3.2).

Data on polygon level is given for low trophic level krill. Interannual variation rather than trends over longer periods
appears to be dominating in all polygons (figure S.3.3 and S.3.2.4), thus there are no indications that a split category for
phenomenon evidence assessment should be further considered.

3.4 Background data and supplementary analysis
3.5 Recommendations for future development of the indicator
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4 Indicator: Zooplankton TL > 2.5 [SI04]

Ecosystem characteristic: Biomass distribution among trophic levels
Phenomenon: Increasing biomass of zooplankton that is predominantly carnivorous [SP04]
Main driver: Climate change

4.1 Supplementary metadata

Table S.4.1 List of taxa included in the calculations for the biomass of gelatinous zooplankton (the trawl catches are mainly Cyanea
spp.)

Gelatinous zooplankton taxa
Aglantha digitale
Aurelia aurita
Aurelia sp.

Beroe cucumis
Beroe sp.

Cnidaria
Ctenophora

Cyanea capillata
Cyanea lamarckii
Cyanea sp.
Hydroidolina
Hydrozoa
Leptothecata
Periphylla periphylla
Periphylla sp.
Periphyllidae
Ptychogena sp.
Sarsia sp.
Scyphozoa
Siphonophora
Siphonophorae
Staurostoma mertensii
Staurostoma sp.

Thaliacea

221/440



Panel-based Assessment of Ecosystem Condition of Norwegian Barents Sea Shelf Ecosystems - Appendices
Appendix 8.2 - Scientific basis for indicators — Sub-Arctic Barents Sea

4.2 Supplementary methods

The indicator is built from the biomass (kg/km? wet wt.) of carnivorous krill and gelatinous zooplankton from the pelagic
trawl in the BESS. The biomasses of the different taxa (Tables S.3.1 and S.4.1) were added for each trawl, then total
biomass was averaged per polygon or per ecosystem area. It was assumed that 70% of the krill fraction in the Subarctic
Norwegian Barents Sea was mainly the herbivorous Thysanoessa inermis, while the other 30% was mainly the
carnivorous Meganyctiphanes norvegica. Thus, for this indicator, total krill biomass was multiplied by 0.3. The two time-
series are presented individually and not as a combined metric. Plots with trend estimated using the best fitted trend
approach are not included as they had been done on the combined metric only in an earlier version and could not be
recalculated later due to capacity constraints.

4.3 Plots of indicator values
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Figure S.4.1. The time series of estimated mean biomass (kg wet wt. km™2) of high trophic level zooplankton (carnivorous
Meganyctiphanes norvegica and gelatinous zooplankton (mainly dominated by Cyanea spp.) shown with grey (jellyfish) and yellow
(krill) shaded areas indicating + 1 SD. Red line and red shaded areas indicate fitted linear trend and 95% confidence interval, with
equation and R?indicated in red.
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Figure S.4.2 Mean biomass (kg wet wt. km™) of high trophic level zooplankton (high trophic level krill and gelatinous zooplankton) in
each polygon (number on top of each panel) in the sub-Arctic part of the Barents Sea with grey (jellyfish) and yellow (krill) shading.
Red line and red shaded areas indicate fitted linear trend and 95% confidence band, with equation and R?indicated in red. Stars
denote years with low sample size (< 5 trawls).

Based on the patterns of change observed, there is no evidence that the phenomenon has occurred. For gelatinous
zooplankton, there is no evidence of a trend in the time series based on the fitted linear model (figure S.4.1). Similarly,
for carnivorous krill, interannual variation dominates the time series with no clear trend based on the fitted linear model
(figure S.4.1).

At the polygon level, there is a tendency for increasing gelatinous zooplankton biomass in the northern and eastern
polygons (25, 30, 41 and 40) and no change or slight decrease in the southwestern coastal area (polygons 5 and 27).
Most of the positive trends are weak, polygon 41 being the only exception. For carnivorous krill, there is no pattern in
variation in change over time among polygons (figure S.4.2). Overall, the results from the polygon level analyses do not
indicate that a split category should be considered for the assessment of this phenomenon.

4.4 Background data and supplementary analysis
4.5 Recommendations for future development of the indicator
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5 Indicator: Benthic suspensivores [SI05]

Ecosystem characteristic: Biomass distribution among trophic levels
Phenomenon: Change in biomass of suspension feeding species [SP05]
Main driver: Climate change

5.1 Supplementary metadata

Not relevant.

5.2 Supplementary methods

The indicator is calculated as the weighed sum of suspension feeders’ biomass captured by the BESS bottom trawl.
Suspension feeding was fuzzy coded to represent the propensity of megabenthic species to feed on suspended
material (from O: never feeds on suspended material, to 3: always feeds on suspended material). Biomass of each
species with a fuzzy code for suspensivory >0 was multiplied by the code’s value. Then, biomasses were added for
each haul and averaged across the ecosystem area.

5.3 Plots of indicator values
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Figure S.5.1. Mean (+ sd) biomass / km? of suspension - feeding megabenthos in each polygon in the sub-Arctic part of the Barents
Sea. Stars denote years with low sample size (< 5 trawls). The red line represents fitted trend of degree 1 (with 95% th confidence
interval).
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Figure S.5.2 Mean (£ sd) biomass / km? of suspension-feeding megabenthos in the whole sub-arctic area. The red line represents
fitted trend of degree 1 (with 95 th confidence interval).
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Figure S.5.3 number of stations used in the data. Top: in the whole area. Bottom: per polygon.
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Low evidence that the phenomenon has occurred.

All polygons show increasing trends but with high interannual variability. However, those samples include outlier catches
of Geodia, which are characteristic for those areas, benefit from increasing temperatures, and might drive the strong
slope of this indicator. Further work will assess the robustness of the slope to those outliers. This evidence for this

phenomenon is thus low.

5.4 Background data and supplementary analysis
5.5 Recommendations for future development of the indicator
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6 Indicator: O-group fish [SI06]

Ecosystem characteristic: Biomass distribution among trophic levels
Phenomenon: Increasing biomass of 0-group fish [SP06]
Main driver: climate change (Fisheries mentioned but expected to be of minor importance)

6.1 Supplementary metadata

Not relevant.

6.2 Supplementary methods

The indicator is based on the sum of the biomass of zero-group fish species from pelagic trawls from the Barents Sea
Ecosystem Survey. For more detailed description of sampling of zero-group fish during the Barents Sea Ecosystem
Survey see (Eriksen et al., 2011; Eriksen et al., 2020)

Indicator values are mean biomass / km? for the total Sub-Arctic part of the Barents Sea, and for each of the polygons
separately.
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6.3 Plots of indicator values
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Figure S.6.1. Mean (+ sd) biomass / km 2 of zero-group fish in the Sub-Arctic part of the Barents Sea (Black dots and grey shading).
Linear regression fit with 95% Cl is shown in blue, and the statistical results are given in the top of each plot. A local smoother is
added in red to assist visual interpretation of non-linear changes during the period. Stars denote years with low sample size (< 5
trawls). Top: For the area as a whole. Bottom: per polygon.

No evidence that the phenomenon has occurred.

An overall clear decrease occurred, whereas the phenomenon was increasing biomass of 0-group fish biomass. The
decrease of 0-group biomass was most pronounced in polygons 25 and 41 (5 and 27 but few data).
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6.4 Background data and supplementary analysis
6.4.1. Species composition within the 0-group fish
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Figure S.6.2 Mean biomass (kg/km?) of zero-group fish species in the Sub-Arctic part of the Barents Sea. Numbers at the bars show
the percent of the total biomass for each species, e.g. G. morhua makes up 35% of the total biomass of zero-group fish in the Sub-
Arctic part.
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Sub-Arctic zerogroup fish
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Figure S.6.3 Mean biomass / km? of the 6 dominating zero-group fish species in the Sub-Arctic part of the Barents Sea.
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6.4.2. Estimated biomass in entire Barents Sea
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Figure S.6.4 Total biomass of 0-group fish species in the Barents Sea, August-October 1993-2020. (Source: (ICES, 2021)). Different
software has been used to estimate total biomass in the periods 1993-2018, and 2019-2020.

6.5 Recommendations for future development of the indicator

Datasets should be prepared to get as long time-series as possible.
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7 Indicator: Pelagic planktivorous fish [SI07]

Ecosystem characteristic: Biomass distribution among trophic levels
Phenomenon: Change in biomass of pelagic planktivorous fish [SP07]
Main driver: climate change, fisheries

7.1 Supplementary metadata

Not relevant.

7.2 Supplementary methods

Herring, capelin and blue whiting are the dominant planktivorous pelagic species in the Sub-Arctic part of the Barents
Sea, and the indicator was calculated as the sum of the total stock biomass of these three species. There are no
indicator values at the polygon spatial scale.

The sum of all three species could only be calculated from 2004 which is the start of the time series for blue whiting.
However, we add longer time series of individual species below.

7.3 Plots of indicator values
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Figure S.7.1 The black dots and line are the indicator values of the sum of annual total stock biomass of herring, capelin and blue
whiting. The red line represents fitted trend of degree 1 (linear). After fitting, residuals variance was 1495980.00, R?*=0.03.

No evidence for the phenomenon, large variation mainly driven by the capelin stock.

Herring and capelin are the most abundant pelagic species in the Barents Sea sub-Arctic with some contribution from
blue whiting. The time series of these species combined showed here only goes back to 2004 and no evidence of
decreasing or increasing biomass is evident during this period.
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7.4 Background data and supplementary analysis
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Figure A.7.1 Total annual stock biomass of capelin (solid line), herring (stippled line, missing data from 2002 and 2018) and blue
whiting (dotted line).

7.5 Recommendations for future development of the indicator
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8 Indicator: High trophic level seabirds [SIO8]

Ecosystem characteristic: Biomass distribution among trophic levels
Phenomenon: Change in biomass of high trophic level seabirds [SP08]
Main driver: climate change, fisheries

8.1 Supplementary metadata

Not relevant.

8.2 Supplementary methods

Four seabird species are classified as high trophic level, typically feeding on small pelagic fish such as capelin and
young herring. Kittiwake (Rissa tridactyla) and thick-billed murre (Uria lomvia) are typical Arctic species, while puffin
(Fratercula arctica) and common murre (Uria aalge) are Boreal species. Only the Boreal species are included in the
indicator for the Sub-Arctic part of the Barents Sea. Indicator values on species biomasses are estimated from the
Barents Sea Ecosystem Survey as the mean of station values within the area. Indicator values on breeding population
sizes at colonies in Finnmark and on Bjgrngya are given as number of birds in percent of the average number of birds
in the time-series.
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8.3 Plots of indicator value
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Figure S.8.1 A) Mean (+ sd) biomass (kg / km?) of puffin (Fratercula arctica) in the Sub-Arctic Barents Sea. B) The red line represents
fitted trend of degree 1 (linear). After fitting, residuals variance was 0.11 R?=0.05.
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Figure S.8.2 A) Mean (+ sd) biomass (kg / km?) of common murre (Uria aalge) in the Sub-Arctic Barents Sea. B) The red line
represents fitted trend of degree 1 (linear). After fitting, residuals variance was 0.02, R?=0.02.
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Figure S.8.3 Breeding population size of puffin (F. arctica) in colonies in Finnmark. Linear regression fit with 95% Cl is shown as solid
lines, and the statistical results are given at the bottom of the plot. A local smoother is added as stippled lines to assist visual
interpretation of non-linear changes during the period.
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Figure S.8.4 Breeding population size of common murre (U. aalge) at a selection of colonies in Finnmark and on Bjgrngya. Linear
regression fit with 95% Cl is shown in blue, and the statistical results are given in the top of each plot. A local smoother is added in
red to assist visual interpretation of non-linear changes during the period.
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Figure S.8.5 Mean (+ sd) biomass (kg / km?) of puffin (F. arctica) in each polygon in the Sub-Arctic Barents Sea. Stars indicate years
with low sample size (<5).
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High trophic level seabirds [SI8]

12— [ - = =
1
% I
Y ! oA | il
o | t |
I. { | 5
(| 04 [ i 1
[ 1 i I |
T |
I'| pat A—d. | |
ol | \ A | XK 1 |
:|. 'I 25 - Y _" 1 II 1 II
\ P ] | f A 8 2? |
o '._‘ f \ il | ™ f |
L I.' i IR 02 f I 1k [
[+ -\ / 1 . JI- | | | bt |'I II| !
l". T 1 .—"" N - .p %] & IL'| g 1 N
Ll w \ -
- R . b~
@ s o =
i) i i ] Fri i 250
L T = - or e
1
H| ! o8 |
| 1
7 | | i1
| | 1% | I
L1 I + | i
| | | oat |l
¥ | | 1 [ %
| 1 # | 1
4 [ ' 84l | il ), !
| | _,r.' * I |l "
| ! L | |
3 Pl !
I 30 o3 f VR I N
. | f 1 I
Y T [ : IR
4 | ! e I 17
& L - ) &gk =4 (LR} 1 i '
TS A~~~ a0
"/ Y - ¥ b S - -
ol e =1 i ol i
2004 FolH] 2030 i k) v
¥ = =
1 ]
!
|
o | | |
i
(]
8} |
3 | |
|
\\l—i | o
o | \ [ ! o
\ | oa
\ =t =
oz = I T
% i |
. -
g 41
o = i b
Foe] i 205

Figure S.8.6 Puffin (F. arctica) biomass in each polygon in the Sub-Arctic part of the Barents Sea and fitted trend represented by the
red line.
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Figure S.8.7 Mean (+ sd) biomass (kg / km 2) of common murre (U. aalge) in each polygon in the Sub-Arctic Barents Sea. Stars
indicate years with low sample size (<5).
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High trophic level seabirds [SI8]
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Figure S.8.8 Common murre (U. aalge) biomass in each polygon in the Sub-Arctic part of the Barents Sea and fitted trend
represented by the red line.

Intermediate evidence that the phenomenon has occurred.

The trend analysis showed no significant trend in the biomass of the two high-trophic seabird species. A positive trend
in the biomass of these species was expected under climate warming. Competition with pelagic fisheries would suggest
a decreasing trend. The year-to-year variation in the data is relatively large and the polygons have a variable coverage
among years. Data are zero-inflated. The data series is too short to interpret effects from fisheries and possibly also
climate change. The common guillemot population in the Barents Sea was decimated (>80% decrease) by starvation
after the collapse in the capelin stock in 1986 (Vader et al., 1990; Krasnov and Barrett, 1995; Erikstad et al., 2013). The
collapse in the capelin stock was at least partly related to high fishing pressure and unsustainable pelagic fisheries in
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the Barents Sea from 1972 to 1985 (Hjermann et al., 2004). Preceding and partly during the mass starvation incident,
thousands of guillemots drowned in fishing nets during the spring cod fishery in Finnmark (Strann et al., 1991;
Christensen-Dalsgaard et al., 2008) and the driftnet salmon fishery in Finnmark (Barrett and Golovkin, 2000). Since
then, the Barents Sea population has recovered with increasing or stable trends in Finnmark and a strong increasing
trend on Bear Islandjgrngya (Fauchald et al., 2015; Anker-Nilssen et al., 2021; Descamps and Strem, 2021). The
population is recovering but is still considerably smaller than the historic population (Brun, 1979; Fauchald et al., 2015).
The large Atlantic puffin populations along the coast of northern Norway depend on drifting fish larvae during breeding.
Herring is especially important. The fishery induced collapse in the NSS herring stock in 1968 (Hamre, 1990), and the
subsequent long-term failure in recruitment, was strongly related to breeding failure and population declines in puffin
(Durant et al., 2003; Anker-Nilssen and Aarvak, 2006). From 1980 the breeding populations of Atlantic puffin along the
Norwegian coast have been stable or decreasing (Fauchald et al., 2015; Anker-Nilssen et al., 2021). The populations of
Atlantic puffin and common guillemot were negatively affected by pelagic fisheries and fishery by-catch in the period
from 1960-1989. The populations are still recovering from this perturbation and it is concluded that there is high level of
evidence that the phenomenon has occurred. However, the improved sustainability in the fisheries and the present
recovery of common guillemots, suggest that the phenomenon currently has limited ecosystem significance.

8.4 Background data and supplementary analysis
8.5 Recommendations for future development of the indicator

Explore possibilities for combining all species into a composite metric instead of analyzing each species separately. It
should be considered to develop an indicator including both Arctic and boreal high trophic level seabird species, but
different expectations with regards to response to climate change for these species will be challenging.
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9 Indicator: Low trophic level mammals [SI09]

Ecosystem characteristic: Biomass distribution among trophic levels
Phenomenon: Change in abundance of low trophic level mammals [SP09]
Main driver: climate change, past over-harvesting

9.1 Supplementary metadata

Not relevant.

9.2 Supplementary methods

These data are a time series, from 2004 to 2020, of the sighting rate of fin whale and blue whale observed during
BESS transects. Line-transect surveys were conducted by trained observers onboard BESS vessels. Sighting rates
were calculated simply by dividing the number of sighted individuals by the survey effort (km). Blue whales were not
observed in the Sub-Arctic Barents Sea during this period, and the indicator is currently based only on sighting rates of
fin whales.

9.3 Plots of indicator values
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Figure A. 9.2 Sighting rate of fin whales during BESS surveys from 2004-2020. The red line represents fitted trend. R 2 is 0.43. The
blue bands are 95% confidence intervals

There is no evidence for occurrence of phenomenon.

There is no clear trend in the sighting rates of low-trophic level marine mammals, as the confidence intervals are wide
compared to the estimated trend. Data are only available for fin whales. While the reference population size for fin
whales is not known, they are thought to be recovering and may be approaching historical population levels. The
timeseries used here is likely to short to fully capture the trend. In addition to recovering from historic hunting, climate
change may also contribute to the increasing fin whale population. Blue whales were not observed captured in the Sub-
Arctic regions of the BESS survey as sightings are generally rare and they are typically sighting further north on the
surveys. The blue whale populations remain significantly depressed from the natural ecosystem state due to past
harvests. The blue whale population is currently classified as Endangered.
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9.4 Background data and supplementary analysis

Not relevant.

9.5 Recommendations for future development of the indicator

Abundance estimates should be developed based on the sighting rates, to be able to compare with population
estimates published elsewhere.

244/440



Panel-based Assessment of Ecosystem Condition of Norwegian Barents Sea Shelf Ecosystems - Appendices
Appendix 8.2 - Scientific basis for indicators — Sub-Arctic Barents Sea

10 Indicator: Generalist mammals [SI10]

Ecosystem characteristic: Biomass distribution among trophic levels
Phenomenon: Change in abundance of generalist mammals [SP10]
Main driver: climate change, harvesting

10.1 Supplementary metadata

Not relevant.

10.2 Supplementary methods

These data are a time series, from 2004 to 2020, of the sighting rate of minke whales and humpback whales observed
during BESS transects. Line-transect surveys were conducted by trained observers onboard BESS vessels. Sighting
rates were calculated simply by dividing the number of sighted individuals by the survey effort (km).

10.3 Plots of indicator values
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Figure A. 10.2. Sighting rate of minke whales (A) and humpback whales (B) during BESS surveys from 2004-2020. The red lines
represent fitted trends with R 2 of. 0.21 and 0.61, respectively. The blue bands are 95% confidence intervals.
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No evidence that the phenomenon has occurred.

These data do not show clear trends, as the confidence intervals are wide compared to the estimated trends. This is
likely due to the short time series and the variability within the data. The sighting rates are not modelled to account for
factors affecting sightability of species, though survey effort was restricted to reasonable conditions (Beaufort Sea State
4 or less and at least 1000 m of visibility). Both species show a slight decreasing trend, however, if earlier data were
available, it would likely show an increase, the largest change in these populations is thought to have occurred earlier,
prior to 2004.

10.4 Background data and supplementary analysis

Not relevant.

10.5 Recommendations for future development of the indicator

Abundance estimates should be developed based on the sighting rates, to be able to compare with population
estimates published elsewhere.
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11 Indicator: High trophic level mammals [SI11]

Ecosystem characteristic: Biomass distribution among trophic levels
Phenomenon: Change in abundance of high trophic level mammals [SP11]
Main driver: climate change, interaction with fisheries, pollution

11.1 Supplementary metadata

Not relevant.

11.2 Supplementary methods

These data are a time series, from 2004 to 2020, of the sighting rate of species observed during BESS transects. Line-
transect surveys were conducted by trained observers onboard BESS vessels. Sighting rates were calculated simply by
dividing the number of sighted individuals by the survey effort (km). Currently the indicator includes data on killer
whales, white-beaked dolphins, harbour porpoises, and sperm whales. Other marine mammal species can also be
classified as feeding on high trophic levels: bottlenose whales, harp seals, harbour seals and grey seals, and can be
included when observed.

11.3 Plots of indicator values
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Figure A. 11.2. Sighting rate of killer whales (A), white-beaked dolphins (B), harbour porpoises (C), and sperm whales (D) during
BESS surveys from 2004-2020. The red lines represent fitted trends with R 2 of 0.063, 0.024, 0.13, and 0.067, respectively. The blue
bands are 95% confidence intervals.

No evidence that the phenomenon has occurred.

There are no clear trends in the data, as the confidence intervals are wide compared with the estimated trends. The
slight increase in sperm whale sightings is likely due to changes in distribution, not population abundance. This
indicator is complicated by the fact that these populations are not fixed, but highly mobile and show high seasonal
variation in their distributions. The certainty of the indicator is mixed due to the short time series and the variability
within the data. The sighting rates are not modelled to account for factors affecting sightability of species, though
survey effort was restricted to reasonable conditions (Beaufort Sea State 4 or less and at least 1000 m of visibility).
Harbour seal and grey seal data trends were not fitted due to the infrequency of survey coverage.
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11.4 Background data and supplementary analysis

Not relevant.

11.5 Recommendations for future development of the indicator

Counts of coastal sub-arctic seal species (harbour and grey seals) are conducted over multiple years, providing too
little data for trend analysis. It may be possible to include them in future assessments.

Abundance estimates should be developed based on the sighting rates, to be able to compare with population

estimates published elsewhere.
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12 Indicator: High TL zooplankton functional groups [SI12]

Ecosystem characteristic: Functional groups within trophic levels
Phenomenon: Change in biomass of carnivorous krill relative to gelatinous zooplankton [SP12]
Main driver: Climate change

12.1 Supplementary metadata

Not relevant.

12.2 Supplementary methods

The indicator is built from the biomass (kg/km? wet wt.) of high trophic level krill and gelatinous zooplankton from the
pelagic trawl in the BESS. The biomasses of the different taxa (Tables S.3.1 and S.4.1) were added for each trawl for
jellyfish and krill separately. As there were not enough samples with both krill and jellyfish, biomass average for the
whole ecosystem area or polygon were calculated for both groups. It was assumed that 70% of the krill fraction in the
Subarctic Norwegian Barents Sea was the herbivorous Thysanoessa inermis, while the other 30% was mainly the
carnivorous Meganyctiphanes norvegica. Thus, for this indicator, total krill biomass was multiplied by 0.3. Analyses
have been done for each group separately and for ratio of krill to jellyfish biomass.
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12.3 Plots of indicator values
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Figure S. 12.1 The time series of estimated mean