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Executive summary

The Working Group on Marine Mammal Ecology met in 2022 to address five terms of reference.
Under the first of these, TOR A, new information on cetacean and seal population abundance,
distribution, population/stock structure, was reviewed, including information on vagrant ma-
rine mammal species. This was done to ensure the recording of possible range changes in marine
mammal species in the future.

For cetaceans, an update is given for the different species, providing for a latest estimate for all
species studies. In this report, particular attention is given to the updating of information from
Canadian and US waters, and together with those countries, latest estimates for cetacean species
are provided. For seals, latest monitoring results are given for harbour, grey and Baltic ringed
seals. In addition, where possible, local long-term trends are illustrated for those species, based
on earlier WGMME efforts to assemble these data into the WGMME seal database. For both spe-
cies’ groups, a first account of vagrant species is provided

Unlike earlier reports, cetacean and seal management frameworks in the North Atlantic were
discussed under ToR B, where an overview is given including local management frameworks
and regional conventions regarding marine mammals. Also, implications of the new US Marine
Mammal Protection Act import provisions rule were examined.

ToR C provides an overview of new published information with regards to anthropogenic
threats to marine mammal populations following on from the review by WGMME in 2015 (ICES,
2015) and subsequent updates. These are considered under the following headings: cumulative
effects, fishery interactions, chemical pollution, marine debris, underwater noise, ship strikes
and other physical trauma, tourism, and climate change.

ToR D is a collaboration with WGBIODIV to identify foraging areas and estimate prey consump-
tion by harbour seal, grey seal and harbour porpoise in the North Sea case study area. WGBIODV
plans to further develop multi species models in the North Sea including large predators and
needs information on diet preference for the different species. Based on WGMME 2021, caveats
and limitations that may affect the use of these data are explained and were obtained to pilot
sample datasets to illustrate the available data. There is a need for comparative studies to cali-
brate the estimates derived from these different methods, and develop new methods such as the
use of DNA. The group expects shifts in the diet of marine top predators and therefore the ne-
cessity to ameliorate methods to study this. A workshop on diet studies to be held in association
with other relevant bodies in 2023 is suggested to ensure comparable methods are used.

ToR E is in collaboration with WGBYC to contribute to the Roadmap for ICES PETS bycatch
advice. This is done by reviewing aspects of marine mammal-fishery interactions which are not
fully covered by WGBYC (notably strandings) on marine mammals. The results of the question-
naire held in 2021 are presented, reviewing the benefits and limitations for using strandings to
determine bycatch rates, how best procedures can be improved, whilst identify-ing the need for
better reporting of strandings of seals across the region. The group suggests to (i) develop a best-
practice manual or framework on marine mammal strandings to inform bycatch assessment.
This could be published as a CRR; (ii) to develop a data call and database for such data; and (iii)
to organise a workshop or workshops to develop (i) and (ii) above.
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ToR A: Review and report on any new information
on cetacean and seal population abundance, distri-
bution, population/stock structure, including infor-
mation on vagrant marine mammals

1.1 Cetacean Abundance and Distribution

1.1.1 Large-scale Surveys

An updated version of the report on abundance estimates from the SCANS-III survey in summer
2016 has been published (Hammond et al., 2021). The report contains corrected abundance esti-
mates for several species.

SCANS-IV: The Small Cetaceans in European Atlantic waters and the North Sea (SCANS) survey
is being planned for summer 2022. This project will represent the fourth survey in the SCANS
series, in addition to the Cetacean Offshore Distribution and Abundance (CODA) survey.
SCANS-IV will deliver regionally coordinated synoptic surveys in shelf and offshore waters of
the European Atlantic. It will generate robust abundance estimates for regularly occurring whale
and dolphin species and improve power to detect trends in shelf and offshore species. Coverage
of offshore waters will provide a third estimate (CODA & SCANS-III), which means that trends
in abundance for offshore species could be investigated for the first time. Inclusion of offshore
waters is also critical for species which occur both on and off the shelf, such as the common
dolphin. Funding has been secured from the governments of Denmark, France, Germany, the
Netherlands, Portugal, Spain, Sweden, and the United Kingdom. Part of the available funding
will be used nationally for survey preparation and implementation, in some cases using existing
survey teams and scientists. The outputs of the project are timely for Member States” obligations
for reporting under the Marine Strategy Framework Directive (MSFD Article 8: due 2024) and
the next reporting round under the Habitats Directive (Article 17: 2019 —2024).
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Figure 1.1. Proposed SCANS-IV survey area and anticipated platform coverage. (Note: ObSERVE area is covered inde-
pendently by Ireland)

1.1.2 Regional Surveys

BELGIUM: In 2021, two aerial marine mammal surveys were conducted covering the Belgian
EEZ. The average density of harbour porpoises (Phocoena phocoena) in all Belgian waters was
estimated at 0.81 (0.52-1.28) and 0.78 (0.44-1.35) animals per km? in June and September, respec-
tively.

DENMARK/GERMANY/SWEDEN: In June and July 2020, Germany, Denmark, and Sweden
conducted a dedicated large-scale aerial survey (called MiniSCANS-II) for harbour porpoises in
the management area of the Belt Sea population, i.e. between an east-west line between Denmark
and Sweden at 56.95°N in the Kattegat Sea, and a north-south line between Sweden and Ger-
many at 13.5°E in the southern Baltic Sea. Observers recorded a total of 202 sightings (251 indi-
viduals, of which 16 were calves). The abundance of the Belt Sea population was estimated to be
17 301 harbour porpoises (95% CI = 11 695-25 688; CV = 0.20), with an average density of 0.41
individuals/km? (95% CI = 0.28-0.61). This is the lowest abundance estimate since the first
(SCANS) survey was conducted in 1994. For information on trends, see GERMANY.

ICES
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DENMARK: The annual aerial surveys of harbour porpoises were conducted in Skagerrak in
July 2020 and in the Southern North Sea in August 2020. The surveys are part of the national
monitoring program NOVANA.

In the North Sea, a total of 147 porpoises (including 6 calves) were observed in groups of 1-3
animals, and with an average group size of 1.2 animals (Figure 1.2.1). All calf observations were
within the Natura 2000 sites. The abundance of porpoises in the survey area was estimated to
5345 animals (95% confidence interval: 3895-8310) with a density of 1.20 porpoise/km? (During
the aerial survey in Skagerrak, a total of 22 porpoises (including two calves) were observed in
groups of one or two animals, and with an average group size of 1.22 animals. The observations
were distributed throughout the area with only four porpoise observations within the large
Natura 2000 site “Skagens Gren and Skagerrak” and none within the two other smaller Natura
2000 sites (Figure 1.2.2). In 2020, a total of 2674 porpoises (95% confidence interval: 1513-4216)
were observed with a density of 0.22 porpoise/km? (Table 1.1). This estimate is low compared to
previous surveys and in general, a negative trend is seen from 2011 to 2020.

Table 1). This is comparable with the results from 2019, but higher than the estimates for 2015-
2018. Over the entire monitoring period from 2011-2021, a stable trend of around 4000 porpoises
is shown.

/ DENMARK

Skagerrak <

- e — -

\‘// \
‘1.KBH t
| | DENMARK! 6

Aerial surveys of harbour porpoises 2020

North Sea

0 10 20/

N

-

40!({2 ——

T —su rvey effort

¢ Porpoise calves
A Minke whale

# porpoises: - --EEZ
e ® @ B N2000 site, porpoises
N Survey area

Figure 1.2. Aerial survey of harbour porpoises in A) Skagerrak; July 2020 and B) the Southern North Sea, August 2020.
The green areas indicate Natura 2000 sites designated for harbour porpoises: 1) Yellow Reef, 2) Great Reef, 3) Skagens
Gren and Skagerrak, 4) Southern North Sea and 5) The Wadden Sea with Ribe A, Tved A and Varde A vest for Varde.

During the aerial survey in Skagerrak, a total of 22 porpoises (including two calves) were ob-
served in groups of one or two animals, and with an average group size of 1.22 animals. The
observations were distributed throughout the area with only four porpoise observations within
the large Natura 2000 site “Skagens Gren and Skagerrak” and none within the two other smaller
Natura 2000 sites (Figure 1.2.2). In 2020, a total of 2674 porpoises (95% confidence interval: 1513-
4216) were observed with a density of 0.22 porpoise/km? (Table 1.1). This estimate is low com-
pared to previous surveys and in general, a negative trend is seen from 2011 to 2020.

Table 1.1. Data and results for aerial surveys of porpoises conducted in Skagerrak, July 2020 and in the Southern North
Sea, August 2020. Survey areas are shown in Figure 1.2. CV indicates the coefficient of variation for the abundance of
porpoises.

Survey Area Transect Number of ob- Porpoise abun- Density (por- Average cv
area (km2) length servations dance (95% Cl) poises/km2) group size
(km) _ (95% Cl)

adults  calves
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Skagerrak 12164 804 22 2 2674 (1513-4216) 0.22 (0.12-0.35) 1.22 0.26

North Sea 5345 837 147 7 5929 (3895-8310) 1.11 (0.73-1.55) 1.20 0.19

FAROE ISLANDS: Estimates of cetacean abundance from the NASS 2015 survey are summarised
by North Atlantic Marine Mammal Commission (2020b). A recent analysis based on the NASS
series concluded that there are no long-term trends in long-finned pilot whale abundance in the
Northeast Atlantic (Pike et al., 2019b).

FRANCE: In winter 2021, the second cycle of the SAMM programme (Aerial Survey for Marine
Megafauna) was initiated. The SAMM programme is part of the monitoring program imple-
mented within the framework of the MSFD. The aim is to produce an inventory of the distribu-
tion and abundance of marine megafauna (mammals, seabirds, turtles and other species of large

pelagic fauna) and marine litter, in summer and winter, in French waters. The first cycle took
place in 2011-2012.

Preliminary results from the winter of 2021 are now available for the Atlantic and Channel area
(distribution of sightings and encounter rates), including a comparison with the first cycle in
2011-2012 (Blanchard et al., 2021).

Along the 20 000 km of effort, up to 1200 observations of marine mammals were collected during
this campaign (Figure 1.3). The first results reveal differences for many species. The most striking
concerns the distribution of small dolphins, with higher and above all more extensive encounter
rates in the study area; the group size, on the other hand, is lower. For harbour porpoise and
bottlenose dolphin (Tursiops truncatus), encounter rates in the Western English Channel are also
higher in 2021 (Figure 1.4). Similarly, sightings of Risso's dolphin (Grampus griseus), minke whale
(Balaenoptera acutorostrata) and beaked whales in the Bay of Biscay were significantly higher.
Other species of cetaceans, such as the pilot whale and the sperm whale, were observed less. The
preliminary results should be interpreted with caution due to the difference in the timing be-
tween the surveys of 2011-2012 and 2021.
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Figure 1.3. Marine mammal sightings (collected in effort and transit) during SAMM Il Atlantic-Channel Winter 2021.
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Figure 1.4. Encounter rate for harbour porpoise during SAM | Atlantic-Channel Winter 2012 (left), and SAMM Il Atlantic-
Channel Winter 2021 (right).

GERMANY: In spring 2021, a total of 84 harbour porpoise groups (102 animals, ten calves) were
recorded along 680 km of effort in one survey area in the eastern North Sea (Sylt Outer Reef East,
Figure 1.5a). In summer 2021, a total of 128 harbour porpoise groups (147 animals, including
seven calves) were observed under 1545 km of effort in three areas in the North Sea (Dogger
Bank, Weser-Elbe estuary and Borkum Reef Ground, Figure 1.5b).

One sighting of a white-beaked dolphin (Lagenorhynchus albirostris) group (four animals) was
observed in the Sylt Outer Reef in spring 2021. The south-western Baltic Sea was surveyed in
two areas (Kiel Bight and Fehmarn) in summer 2021 and a total of 17 harbour porpoise groups
(22 animals) were sighted along 588 km of effort (Figure 1.5).
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Figure 1.5. Survey effort and harbour porpoise sightings during aerial surveys in the German North and Baltic Sea during
a) spring 2021 and b) summer 2021. Harbour porpoise group sizes are indicated using group size dependent red circles;
yellow stars mark mother—calf pairs; blue lines indicate covered transect lines (i.e. survey effort).
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Despite a conservation status of high concern and an obligation for protection in the European
Union, the harbour porpoise can be categorised as under-reported in the Baltic Sea region. Iden-
tified as a high regional priority for the HELCOM region, an effort was made to determine trends
in abundance of the Belt Sea harbour porpoise population within the HELCOM BLUES project
(Gilles et al., 2022). Different approaches were applied. The first method followed a simulation
approach from Authier et al. (2020) using available conventional distance sampling (CDS) esti-
mates from four population-wide surveys spanning 2005-2020 (SCANS-II, SCANS-III, and
MiniSCANS, MiniSCANS-II surveys). No trend was observed over this study period. The second
approach used the same survey data, however, a Bayesian trend analysis was used (Nachtsheim
et al., 2021). This method showed a negative trend (-1.2% p.a.; 95% CI: -3.8% - 4.4%) but had a
wide credibility interval and 68.5% probability. To bring results into context, the results of aerial
surveys in the south-western Baltic Sea, were examined for a trend using a similar Bayesian
method for both the western (Kiel and Flensburg Bight) and eastern (Fehmarn Belt) sections of
surveys. This showed high variability in porpoise abundance, and indicated no change in the

western area and a slight increasing usage around Fehmarn. The power to detect a trend in the
population could be increased by enlarging the data (time) series of abundance estimates from
dedicated surveys. Therefore, data from the SCANS 1994 survey will need to be revisited and
also, for the future, the planned SCANS-IV survey in 2022 will cover the area of the Belt Sea
harbour porpoise population.

GREENLAND: Estimates of cetacean abundance from the NASS 2015 survey are summarised by
North Atlantic Marine Mammal Commission (2020b). No cetacean surveys were conducted in
2020-2021, but several specific marine mammal surveys were conducted in parts of coastal
Greenland in 2016-2019 (F. Ugarte, pers. comm.)

ICELAND: The Icelandic Marine and Freshwater Research (MFRI) has in recent years included
systematic observations of cetaceans in ecosystem surveys focused on capelin, providing im-
portant information on cetacean distribution outside the peak summer season covered by the
large scale multi-national NASS surveys 1987-2015). The results from the last two NASS surveys
(2007 and 2015) and abundance estimates from all NASS surveys have been published (NAM-
MCO, 2020ab). The next NASS is at a planning stage and scheduled for the summer of 2024.

In addition to research conducted by the MFRI (e.g. Jourdain et al., 2019), two long-term local
research projects on killer whales are ongoing, one operating around Vestmannaeyjar islands,
south of Iceland and another around Sneefellsnes Peninsula. Both projects focus on various as-
pect of behaviour and feeding ecology. Photo-identification studies have among other things
shown numerous instances of migration between Iceland and Scotland (e.g. Samarra et al., 2017),
and recently revealed an example of even longer-distance movement between Iceland and the
Mediterranean (Mrusczok et al., 2021).

Research on ecological niche partitioning between baleen whales in Icelandic waters was pub-
lished in 2021. This is a part of a collaborative research between the University of Barcelona and
the MFRI, using stable isotope analyses of three elements, nitrogen, carbon and sulphur (Garcia-
Vernet et al., 2021).

Based on aerial surveys over 30 years, Pike and colleagues (2019a) summarised distribution and
abundance patterns in Icelandic waters for minke whales, humpback whales, white-beaked dol-
phins and harbour porpoises. Changes in species’ densities between 1986 and 2016 were used as
indices of relative abundance. Minke whale relative abundance has decreased by up to 75% after
2001 and has remained at a relatively low level since then, particularly in the southwest and
southeast of Iceland. Relative abundance of humpback whales and white-beaked dolphins has
increased over the period 1986-2016, particularly in the northern part of the survey area. Harbour
porpoise relative abundances were calculated for 2007 and 2016 only, and resulted in abundance
estimates of similar magnitude.
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IRELAND: In West Connacht Coast SAC, dedicated line transect surveys for bottlenose dolphins
were carried out in June and August 2021 (Berrow et al., 2021). The Northern and Southern Com-
ponents of the SAC were surveyed simultaneously with different teams. A total of 1767 km of
survey effort was accomplished and dolphins were exclusively observed in the mouth of Killary
Harbour, Ballinakill Bay, and off Cleggan in the Southern Component. From mean group size
estimates, a total number of 181 individuals were encountered and of these, images were ob-
tained from 163 (91%) dolphins that could be identified individually. In addition, five juveniles,
11 calves and two neonates were observed, but not included in mark-recapture modelling. Based
on on-effort photo-ID data, a final best estimate of 197 + 24, CV = 0.12 (95% CI 150-243) was
obtained. By combining the on-effort data with opportunistically collected photo-ID data, an es-
timate of 228 + 21, CV =0.09 (95% CI = 187-270) was obtained. The 2021 abundance estimates are
very similar to those previously derived in the same area, suggesting that the number of bottle-
nose dolphins using the West Connacht Coast SAC since the first abundance estimate in 2009, is
stable.

Against the background of a new National Marine Planning Framework and an increased focus
on renewable sources of energy from the sea, Phase 2 of Ireland’s ObSERVE Programme has now
commenced. This programme comprises extensive aerial surveys for cetaceans, marine birds,
and turtles in Irish inshore and offshore waters between 2021 and 2023, with the completion of
all analysis and reporting due in April 2024. Similar to Phase 1 (ObSERVE aerial), broadscale
surveys will be carried out in two summers and two winters, in addition to finer scale surveys
in the coastal regions three times a year.

NORWAY: A ship-based mosaic survey of Northeast Atlantic cetaceans was conducted over a
5-year period in 2014-2019. The area surveyed extends from the North Sea in the south (southern
boundary at 53°N), to the ice edge of the Barents Sea and the Greenland Sea. Survey vessels were
equipped with two independent observer platforms that detected whales in passing mode and
applied tracking procedures for the target species, common minke whales (Balaenoptera
acutorostrata acutorostrata). The abundance for the total covered area was estimated at 149 722
whales with a CV of 0.152 (Solvang et al., 2021). This abundance estimate has increased by about
50% compared to the three preceding survey periods, i.e. from 101 000 to about 150 000 minke
whales, assumed to be caused mainly by shifts in distribution within the North Atlantic. The
distribution is illustrated in Figure 1.6.

The abundance estimates for all non-target species for which there were sufficient sightings are
presented by Leonard and Qien (2021). The abundance of fin whales (Balaenoptera physalus) is
estimated to be 11 387 (CV=0.17, 95% CI: 8072-16 063), of humpback whales (Megaptera novaean-
gliae) to be 10 708 (CV=0.38, 95% CI: 4906-23 370), of sperm whales (Physeter macrocephalus) to be
5704 (CV=0.26, 95% CI: 3374-9643), of killer whales (Orcinus orca) to be 15 056 (CV=0.29, 95% CI:
8 423-26 914), of harbour porpoises to be 255 929 (CV=0.20, 95% CI: 172 742-379 175), dolphins
of genus Lagenorhynchus to be 192 767 (CV=0.25, 95% CI: 114 033-325 863), and finally of northern
bottlenose whales (Hyperoodon ampullatus) to be 7800 (CV=0.28, 95% CI: 4373-13 913). The distri-
butions of these species are illustrated in figures 1.6-1.14. Species observed in low numbers were
blue whales (Balaenoptera musculus), sei whales (Balaenoptera borealis), bowhead whales (Balaena
mysticetus), and pilot whales (Globicephala melas) (Figure 1.13). The number of blue whale sight-
ings in the three survey cycles has been 11 in 2002-2007, two in 2008-2013 (Leonard and Jien
2020), and 13 in 2014-2018 (Leonard and Jien 2021).
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Figure 1.6. Distribution of common minke whale sightings in the Norwegian ship-based mosaic survey in 2014-2018.
From Solvang et al. (2021).

Figure 1.7. Distribution of fin whale sightings in the Norwegian ship-based mosaic survey in 2014-2018. From Leonard
and @ien (2021).
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Figure 1.8. Distribution of humpback whale sightings in the Norwegian ship-based mosaic survey in 2014-2018. From
Leonard and @ien (2021).
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Figure 1.9. Distribution of sperm whale sightings in the Norwegian ship-based mosaic survey in 2014-2018. From Leonard
and @ien (2021).
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Figure 1.10. Distribution of killer whale sightings in the Norwegian ship-based mosaic survey in 2014-2018. From Leonard
and @ien (2021).

Figure 1.11. Distribution of harbour porpoise sightings in the Norwegian ship-based mosaic survey in 2014-2018. From
Leonard and @ien (2021)
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Figure 1.12. Distribution of Lagenorhynchus spp. sightings in the Norwegian ship-based mosaic survey in 2014-2018.
White-sided dominates in the North Sea and white-beaked in the Barents Sea. From Leonard and @ien (2021).

Figure 1.13. Distribution of northern bottlenose whale sightings in the Norwegian ship-based mosaic survey in 2014-

2018. From Leonard and @ien (2021).
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Figure 1.14. Distribution of sightings of blue whale, sei whale, bowhead whale, and pilot whale in the Norwegian ship-
based mosaic survey in 2014-2018. From Leonard and @ien (2021).

By tagging during 2005-2018, hotspots of six cetacean species and seven seal species in the Green-
land and northern Barents Seas were determined. The cetacean species were bowhead whale,
narwhal (Monodon monoceros), beluga (Delphinapterus leucas), blue whale, fin whale and hump-
back whale. Hotspots were identified for each species and for all species combined, along with
areas of high species richness during summer/autumn (June-December), winter/spring (January-
May) and the full year.

PORTUGAL: Pérez-Jorge et al. (2021) have analysed environmental drivers for probability of oc-
currence and monthly distributions of fin, blue and sei whales in the mid-North Atlantic, using
generalized additive mixed models (GAMMs). The data consisted of 31 satellite tracks from tags
deployed on whales in the Azores from March to July (2008-2016), remotely sensed oceano-
graphic data, and modelled biomass data. The monthly prediction maps for fin whales displayed
the highest probability of occurrence above 50°N, expanding from southwest of the Irminger Sea
to Iceland from March to July. The predicted preferred habitat for blue whales was a narrow
latitudinal band at mid-latitudes (36° to 50°N) in April, expanding towards the northeast during
the following months. Finally, for sei whales, the highest level of occurrence was predicted for
areas above 45°N, from May to August.

SPAIN: During 2021, the Spanish Institute of Oceanography (IEO-CSIC) and AZTI have com-
pleted their annual ship surveys to collect data on top predators in the Bay of Biscay and the
Iberian Coast ecoregion (Tablel. 2). For the first time, IEO also included a top predator observer
in the PECANO0221 survey carried out in the continental shelf waters of the Canary Islands.

13
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Tablel. 2. Ship surveys details carried out in the Bay of Biscay and the Iberian Coast ecoregion by IEO and AZTI.

Survey Organisation Dates Area

PECANO0221 IEO 23 Feb-08 Mar Continental shelf of Canary Islands
PELACUS0321 IEO 25 Mar-18 Apr Continental shelf of Northern Spain
BIOMANO0521 AZTI 30 Apr-24 May Continental shelf and slope of Bay of Biscay
JUVENAQ921 AZTI 02 Sep-30 Sep Continental shelf and slope of Bay of Biscay
IBERAS0921 IEO 16 Sep-21 Sep Continental shelf of Galicia and Portugal

Table 1.3 shows the number of sightings of the cetacean species in each survey. The most fre-
quently registered species in the Bay of Biscay and Iberian Coast ecoregion was the common
dolphin (Delphinus delphis) with 365 sightings, followed by the bottlenose dolphin and the long-
finned pilot whale with 28 and 22 sightings respectively. In the Canary Islands, the most fre-
quently recorded species was the Atlantic spotted dolphin (Stenella frontalis) with 21 sightings,
followed by the short-finned pilot whale (Globicephala macrorhynchus) with 11 sightings.

Table 1.3. Number of cetacean sightings recorded during each ship survey.

Cetacean species PECAN 0221  PELACUS 0321 BIOMAN 0521 JUVENA 0921 IBERAS 0921
Bottlenose dolphin 3 18 7 1 2
Common dolphin 2 189 48 120 8
Striped dolphin 2 2 4

Common/Striped dolphin 2 1
Atlantic spotted dolphin 21

Unidentified dolphin 4 10 4 1
Short-finned pilot whale 11

Long-finned pilot whale 4 8 10

Cuvier's beaked whale 2 2

Unidentified beaked whale 1 1

Sperm whale 2

Minke whale 3

Bryde's whale 4

Fin whale 13

Blue whale 1

Unidentified whale 2 1
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Figure 1.15. Spatial distribution of common and bottlenose dolphins in the Bay of Biscay and Iberian Coast ecoregion
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The spatial distribution of the two most frequently observed dolphin species (common and bot-
tlenose dolphins) in the Bay of Biscay and Iberian Coast ecoregion are shown in Figure 1.15.
Although the spatial coverage between surveys is unequal, there is evidence of a seasonal distri-
bution pattern for both common and bottlenose dolphins in the area. Common dolphins seem to
be quite well distributed along the continental shelf of the Spanish Iberian coast in early spring,
with some aggregations in Galicia and in the central part of Cantabrian coast. In May, they seem
to move towards the slope area, and in September, are covering both the continental shelf and
the slope. By contrast, bottlenose dolphins show preference for more coastal waters, with a
clearer seasonal distribution pattern. In early spring, they are distributed along the entire Span-
ish Iberian coast, while in May, their presence is primarily concentrated in the south-eastern part
of the continental shelf in the Bay of Biscay. In early autumn, the species is almost absent (how-
ever, note that in JUVENAQ921 survey, there is a lack of effort in the western part of Spanish
continental shelf and southern part of French continental shelf). These data will be analysed and
will be available for the next MSFD reporting.

On a more local scale, Methion and Diaz Lopez (2021) have described the distribution and habitat
use of coastal bottlenose and common dolphins in the Ria de Arousa (western Iberian Coast -
Southern Galicia) and adjacent waters of the continental shelf and slope. The analysis of the data
collected from March 2014 to November 2019 show different patterns of occurrence; while bot-
tlenose dolphins were always observed in the bay, common dolphins were mostly observed out-
side (Figure 1.16). During the study period, bottlenose dolphins and common dolphins were
only observed on five occasions at the same time and in the same area, including three occasions
which led to the displacement of the common dolphin(s), and one lethal interaction. Results sug-
gest that bottlenose dolphins killing other cetacean species is likely to be driven by multiple fac-
tors acting together, including competition for food resources, practice for infanticide, sexual
frustration, or to improve fighting skills.

Giralt et al. (2019) applied a species distribution model to assess the habitat suitability of common
dolphins in Northwest Spain. Data were collected during 273 days at sea between the years 2014
and 2017 and resulted in 91 sightings. Tide level and sea surface salinity were determined to be
the main variables driving the distribution of the species in coastal areas especially in waters
over the continental shelf. The study also highlighted most suitable habitat areas for the species.
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Figure 1.16. Study area (Ria de Arousa and surrounding waters, Northwest Spain) with sightings of bottlenose dolphins
(blue dots) and sightings of common dolphins (red triangles) throughout the entire six-year study period (Methion and

Diaz Lépez, 2021).

Until now, the only specific study to determine the population abundance of bottlenose dolphins
using capture-mark-recapture methodology in the area of Rias Baixas (Galicia) has been carried
out in the Ria de Arousa (Methion and Diaz Lopez, 2018). During 170 sampling days distributed
between March 2014 and June 2016, a total of 517 hours and 4 285 km of sampling effort was
obtained. Groups of bottlenose dolphins were detected during 92% of the sampling days, and
97% of the encounters were within the Arousa estuary. The group size ranged between one and
64 individuals (mean 13 +0.6 individuals).
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Table 1.4. Seasonal abundance estimates of bottlenose dolphins in the study area. N = estimation of the marked popu-
lation; SE = standard error; Y = proportion of distinctly marked adult individuals; Nt = total population size; Cl = confidence
interval.

Year Season Number of dolphins identified N SE Y N 95% Cl
2014 Spring 73 76 2.8 0.68 111 107-125
Summer 100 85 3.0 0.69 123 118-138
Autumn 37 50 1.8 0.89 56 55-66
2015 Winter 115 122 6.7 0.85 144 133-166
Spring 46 46 1.8 0.81 57 56-67
Summer 82 68 1.2 0.88 77 76-84
Autumn 40 61 3.5 0.92 66 62-78
2016 Winter 84 87 33 0.75 116 110-130
Spring 114 110 4.0 0.79 139 133-153

The abundance estimates obtained through the analyses of Pollock robust design models, ranged
from 56 (95%CI: 55.2-66.4) in autumn 2014, to 144 (95%CI: 133.1-165.6) in winter 2015 (Table 1.4).
The authors suggest that the pattern of temporal variation in bottlenose dolphin abundance
within the Ria de Arousa, with maximum numbers in winter, could be explained by the peaks
of fish prey availability.

Recently, there have been an increasing number of records of blue whales in the south of Galicia.
Diaz Lopez et al. (2021) have reported five sightings in 2017, six sightings in the 2018-2019 period,
and 20 sightings in 2020. In the framework of BALAENATUR project, 43 days of effort were
carried out between January and October 2020. The presence of blue whales in the area shows a
clear seasonal pattern, with sightings recorded in late summer and early autumn (two in August,
16 in September, and two in October). The spatial distribution of blue whales in the area indicates
a preference for more coastal waters by comparison to the fin whale (Figure 1.17), also present
in the area with a higher number of sightings and during a longer period from June until October.
The presence of these species of baleen whales in this region is highly impacted by upwelling,
which seems to be related to feeding behaviour (Diaz Lépez and Methion, 2019). In recent years,
blue whales have also been observed on the Spanish Iberian continental shelf and slope, indicat-
ing an increasing presence also in these waters.
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Figure 1.17. Spatial distribution of baleen whales in the south of Galicia (Diaz Lopez et al., 2021).

UNITED KINGDOM: Coastal bottlenose dolphins have been monitored in the Moray Firth (East
Scotland) since 1990, and in Cardigan Bay (West Wales) since 2001.

Mark-recapture estimates of the East Coast Scotland population have varied in the range of 87—
244 individuals, with the latest estimate (2019) being 213 individuals (95% highest posterior den-
sity intervals (HPDI): 186-244 individuals) (Cheney et al., 2019). The population has extended its
range in recent years, now occurring regularly and in all months of the year off the coasts of
Northumberland, Durham, and Yorkshire (Sea Watch Foundation, unpublished data). The pop-
ulation is considered to be stable or probably increasing (Cheney et al., 2019; Arso Civil et al.,
2021).

Elsewhere in the North Sea, bottlenose dolphins have either been linked to the East Coast of
Scotland population through photo-ID matches or appear to represent transient groups. In July
2019, nine individuals of a group of 20 bottlenose dolphins observed in the Marsdiep, the Neth-
erlands, were matched with animals from the East Coast of Scotland, some of which were re-
sighted there subsequently, with others photographed later in Danish waters (Hoekendijk et al.,
2021). In summer 2021, a mass stranding of bottlenose dolphins occurred in the Moray Firth, but
none could be matched to local animals, suggesting these also were transients from an offshore
population outside the North Sea.

Annual monitoring of bottlenose dolphins in the Cardigan Bay Special Area of Conservation
(SAC), West Wales, has continued since 2001, with surveys incorporating the wider Cardigan
Bay area occurring in some years from 2005 onwards. Since 2007, there has also been opportun-
istic photo-identification surveys in the coastal waters of North Wales, and occasionally around
the Isle of Man and in Liverpool Bay (Lohrengel et al., 2017). A proportion of the population
inhabiting Cardigan Bay in summer ranges more widely between November and April, occur-
ring particularly off the northern coast of Anglesey, the mainland coast of North Wales, and
further north around the Isle of Man (Feingold and Evans, 2014; Lohrengel et al., 2017).
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Summer mark-recapture estimates for Cardigan Bay SAC have varied in the range of 135-260
individuals. The latest estimate (2019) is 138 individuals (95% confidence interval (CI): 68-303
individuals), indicating a decline over the last ten-year period, but no significant change since
the start of the time series. For the wider Cardigan Bay (including both SACs), summer mark-
recapture estimates have varied in the range of 152-342 individuals, with the latest estimate
(2015) being 222 individuals (95% CI: 184-300 individuals). The estimates in recent years have
been amongst the lowest recorded, and the robust design models indicate some permanent em-
igration from Cardigan Bay (Lohrengel et al., 2017).

Bottlenose dolphins have regularly inhabited the south and southwest coasts of England since
the 1990s, being commonest around Cornwall but rare east of Dorset (Williams et al., 1997; Brere-
ton et al., 2018; Corr, 2020; Evans and Waggitt, 2020b). No systematic photo-identification sur-
veys have been undertaken, but Corr (2020) has estimated the coastal southwest English popu-
lation in the Channel at 40 individuals (95% CI: 30-59) using a Bayesian multi-site method of
mark-recapture analysis.

CANADA: More than 20 species of cetaceans occur in Atlantic Canadian waters, including both
seasonal migrants and year-round residents, and several species at risk (Table 1.5). Extensive
cetacean monitoring efforts are conducted by a number of organizations off eastern Canada, and
include aerial surveys, vessel-based field studies, and passive acoustic monitoring (PAM) from
autonomous stationary and mobile platforms.

There has been much focus on North Atlantic right whales in recent years in particular, largely
driven by an ongoing Unusual Mortality Event that began in 2017' and has involved 21 con-
firmed mortalities in Canadian waters, many of which were attributed to entanglements or ves-
sel strikes (Daoust et al., 2018; Bourque et al., 2020). Critical habitat in Canadian waters was pre-
viously identified for right whales based on historical sightings and traditional feeding areas,
and included Grand Manan Basin in the Bay of Fundy and Roseway Basin off southwest Nova
Scotia (DFO 2014). However, the number of sightings and acoustic detections of right whales in
the Gulf of St. Lawrence has been increasing since 2015 (Simard et al., 2019; DFO, 2019, 2020b;
Pettis et al., 2021), indicating a shift in their summer foraging distribution. The changing distri-
bution of right whales has been associated with a decrease in the availability of their preferred
prey in traditional feeding areas caused by climate change (Meyer-Gutbrod et al., 2015, Record
et al., 2019). Research, monitoring and surveillance activities are conducted by Fisheries and
Oceans Canada (DFO), Transport Canada (TC), and a large number of non-governmental organ-
izations to increase understanding of right whale occurrence in Canadian waters throughout the
year and inform management measures?. Static and dynamic management measures, including
a combination of temporary and seasonal fisheries closures® and vessel speed restriction zones?,
have been implemented off eastern Canada to reduce vessel strikes and entanglements.

1 https://www.fisheries.noaa.gov/national/marine-life-distress/2017-2022-north-atlantic-right-whale-unusual-mortality-

event

2 https://www.dfo-mpo.gc.ca/fisheries-peches/commercial-commerciale/atl-arc/narw-bnan/narw-science-eng.html

3 https://www.dfo-mpo.gc.ca/fisheries-peches/commercial-commerciale/atl-arc/narw-bnan/management-gestion-
eng.html

4 https://tc.canada.ca/en/marine-transportation/navigation-marine-conditions/protecting-north-atlantic-right-whales-

collisions-vessels-gulf-st-lawrence#toc 1
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Table 1.5. List of cetacean species and populations found in Atlantic Canada including their status as assessed by the
Canadian Committee on the Status of Endangered Wildlife in Canada (COSEWIC) and under the Canadian Species at Risk

Act (SARA).
Species/Population COSEWIC Status SARA Status
Mysticetes
Atlantic blue whale Endangered Endangered

Atlantic fin whale

Special Concern

Special Concern

Atlantic sei whale Endangered Not listed
North Atlantic minke whale Not at risk Not listed
Western north Atlantic humpback whale Not at risk Not listed
North Atlantic right whale Endangered Endangered
Eastern Canada-West Greenland bowhead whale Special Concern Not listed
Odontocetes

Sperm whale Not at risk Not listed
Scotian Shelf northern bottlenose whale Endangered Endangered
Davis Strait-Baffin Bay-Labrador Sea northern bottlenose whale Special Concern Not listed

Sowerby’s beaked whale

Special Concern

Special Concern

Cuvier’s beaked whale Not at risk Not listed
True’s beaked whale Not at risk Not listed
St. Lawrence Estuary beluga Endangered Endangered
Narwhal Special Concern Not listed
Northwest Atlantic/Eastern Arctic population killer whale Special Concern Not listed
Long-finned pilot whale Not at risk Not listed
Atlantic white-sided dolphin Not at risk Not listed
Short-beaked common dolphin Not at risk Not listed
White-beaked dolphin Not at risk Not listed
Bottlenose dolphin Not at risk Not listed
Risso’s dolphin Not at risk Not listed
Striped dolphin Not at risk Not listed
Northwest Atlantic harbour porpoise Special Concern Not listed
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Aerial survey efforts conducted by DFO Science off eastern Canada over the past few years have
included large-scale cetacean line-transect surveys such as the Trans North Atlantic Sightings
Survey conducted in 2007 (TNASS; DFO, 2009), the North Atlantic International Sightings Sur-
vey (NAISS) which repeated the TNASS survey design in 2016, and multispecies cetacean sur-
veys conducted annually in the Gulf of St. Lawrence, Bay of Fundy, Scotian Shelf, and off New-
foundland and Labrador in support of right whale monitoring (e.g. see DFO, 2019, 2020b). In
addition, DFO Conservation and Protection and TC conduct marine mammal focused surveil-
lance flights to help monitor fisheries management zones and vessel speed restriction zones2.
NOAA has also conducted aerial photo-identification mark-recapture studies in the Gulf of St.
Lawrence (e.g. Cole et al., 2020; Crowe ef al., 2021). Many of these aerial survey and surveillance
efforts can be viewed on WhaleMap?®: an interactive web-based tool for viewing baleen whale
visual and acoustic detections off eastern Canada and the United States (Johnson et al., 2021).
WhaleMap also hosts baleen whale observations obtained from other sources, such as from ves-
sel-based field surveys, opportunistically reported sightings from mariners and the general pub-
lic, and near real-time acoustic detections from bottom-moored buoys and autonomous gliders.
By opening the “interactive map”, a user can select the date, detection platform, and species of
interest, as well as choose to display platform track-lines (for platforms which have submitted
track-line data).

A summary of the status and trends of marine mammal populations in eastern Canada, includ-
ing 22 Atlantic cetacean populations, can be found in the DFO “State of the Atlantic Ocean” re-
port series, last published in 2017 (see Table 3.5-1; Stenson et al., 2018), but recently updated (to
be published in 2022). Abundance estimates for these species/populations are obtained from
studies conducted by different organisations using various methods. Abundance estimates, ei-
ther exact or approximate, exist for 15/22 populations (abundance remains unknown for seven
populations), although many of these estimates are more than ten years old. Of these populations
for which some data on abundance exist, two are increasing (Western North Atlantic humpback
whales and Eastern Canada-West Greenland bowhead whales), one is stable (Scotian Shelf north-
ern bottlenose whales), one is stable or declining (Atlantic blue whales), and two are declining
(North Atlantic right whales and St. Lawrence Estuary beluga whales).

Since the 2017 report, new abundance and trend information has been obtained for two cetacean
populations: Scotian Shelf northern bottlenose whales and North Atlantic right whales. The most
recent abundance estimates for Scotian Shelf northern bottlenose whales are obtained from
photo-identification mark-recapture models based on data collected from 1988-2019 (Feyrer,
2021). In 2019, the population was estimated to be approximately 174 individuals (left-side dorsal
fin estimate: 174.0, 95% CI: 134.2-167.4; right-side dorsal fin estimate: 172.4, 95% CI: 116.3-238.0).
Over the 30-year study period, the population decreased between 1988-2010 (with estimates of
approximately 113-120 individuals in the 2004-2010 period), and has since been increasing
(Feyrer, 2021). Similarly, North Atlantic right whale abundance estimates are also derived from
photo-identification mark-recapture models (Pace et al., 2017). The most recent population esti-
mate for North Atlantic right whales is 336 individuals (95% CI: 322-350) in 2020, which repre-
sents an 8% decline from the 2019 estimate, and is part of a longer-term decreasing population
trend (Pettis et. al., 2022).

While all marine mammals and their habitat are protected by the general prohibitions of the
Canadian Fisheries Act (FA 1985) and the marine mammal specific regulations outlined under
the Marine Mammal Regulations section of the Fisheries Act (MMR, 1993), additional protection
for at-risk species (Endangered, Threatened, or species of Special Concern) are provided by the
Canadian Species at Risk Act (SARA; SARA, 2002). Of the 24 Atlantic cetacean populations listed

5 https://whalemap.ocean.dal.ca/
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in Table 1.5, 12 have been assessed as at-risk by the Canadian Committee on the Status of Endan-
gered Wildlife in Canada (COSEWIC), and six populations have been formally listed under the
Canadian Species at Risk Act (SARA) as Endangered, Threatened or Special Concern (Table 1.5).

Critical habitat is defined under the SARA as “the habitat that is necessary for the survival or
recovery of a listed wildlife species and that is identified as the species’ critical habitat in the
recovery strategy or in an action plan for the species” (SARA, 2002). Critical habitat has been
identified for three of the Atlantic SARA-listed populations®:

. Part of the lower and upper St. Lawrence Estuary have been identified as critical habitat
for St. Lawrence Estuary beluga whales (DFO, 2012).

. Grand Manan Basin in the Bay of Fundy and Roseway Basin off Southwest Nova Scotia
have been identified as critical habitat for North Atlantic right whales (DFO, 2014).

. The Gully, Shortland and Haldimand canyons along the slope of the eastern Scotian Shelf
have been identified as critical habitat for Scotian Shelf northern bottlenose whales (DFO,
2016).

Additionally, other important habitat (not formally recognised as critical habitat) has been iden-
tified for two of the Atlantic SARA-listed populations:

. Areas in the lower St. Lawrence Estuary and northwest Gulf of St. Lawrence, Honguedo
Strait, Cabot Strait, shelf waters south and southwest of Newfoundland, the Mecatina
Trough area, and the continental shelf edge of Nova Scotia, Newfoundland and the
Grand Banks have been identified as important habitat for Atlantic blue whales” (DFO,
2018).

. The shelf edge areas between the Gully, Shortland and Haldimand canyons have been
identified as important habitat for Scotian Shelf northern bottlenose whales® (DFO,
2020a).

USA: In 1994, the U.S. Marine Mammal Protection Act was re-authorised to require the National
Oceanic and Atmospheric Administration (NOAA) to use science-based research to monitor ma-
rine mammal populations. Specifically, MMPA Section 117 requires regular assessments of stra-
tegic stocks. Table 1.6 summarises the most recent abundance estimates for strategic stocks of
the Western North Atlantic region based on longitudinal studies dating back to 1995 for certain
species and made available via a public website (https://www. fisheries.noaa.gov/national/ma-

rine-mammal-protection/marine-mammal-stock-assessment-reports-species-stock). Despite an
almost 30-year time series for some cetacean stocks, NOAA compiled data often lack the statis-
tical power to detect a trend in abundance due to the relatively imprecise abundance estimates

and/or long survey interval. Additionally, the population size or estimates for portions of the
stock's range are unknown for some species, and therefore a trend analysis cannot be conducted.

6 https://open.canada.ca/data/en/dataset/db177a8c-5d7d-49eb-8290-31e6a45d786¢

7 https://open.canada.ca/data/en/dataset/8fafd919-fcbe-43a3-a911-3d9461273441

8 https://open.canada.ca/data/en/dataset/9fd7d004-970c-11eb-a2£3-1860247f53e3

23


https://www.fisheries.noaa.gov/national/marine-mammal-protection/marine-mammal-stock-assessment-reports-species-stock
https://www.fisheries.noaa.gov/national/marine-mammal-protection/marine-mammal-stock-assessment-reports-species-stock
https://open.canada.ca/data/en/dataset/db177a8c-5d7d-49eb-8290-31e6a45d786c
https://open.canada.ca/data/en/dataset/8fafd919-fcbe-43a3-a911-3d9461273441
https://open.canada.ca/data/en/dataset/9fd7d004-970c-11eb-a2f3-1860247f53e3

24|

ICES SCIENTIFIC REPORTS 4:61

Table 1.6. Abundance estimates and trends for stocks (stock area and subareas) of cetaceans in US waters.

Species Stock area and subareas  Recent Last sur- Abundance trends / comments
abundance vey
estimate year
North Atlantic Western North Atlantic 412 2018 Recovering slowly; An increase in carcass detec-
right whale tions in 2004 and 2005 was a cause for serious
concern (Kraus et al. 2005).
Humpback Gulf of Maine (formerly 1396 2016 Positive trend in abundance; Estimating abun-
whale Western North Atlantic) dance for the Gulf of Maine stock has proved
problematic. Three approaches have been inves-
tigated: mark-recapture estimates, minimum
population size from photo ids, and line-transect
survey estimates. Most of the mark-recapture
estimates were affected by heterogeneity of
sampling, which was heavily focused on the
southwestern Gulf of Maine.
Fin whale Western North Atlantic 6802 2016 This abundance estimate largely represents only
(Central Virginia to New- the U.S. portion of this stock, and a small por-
foundland/Labrador) tion in Canadian waters. In earlier years, there
were insufficient data to determine population
trends for this species.

Florida to lower Bay of 3006 2016

Fundy

Bay of Fundy/Scotian 2235 2016

Shelf

Newfoundland/Labrador 2177 2016
Sei whale Halifax, Nova Scotia to 6292 2010- Population size is unknown for earlier years.
Florida (formerly Western 2013 There are, however, estimates for portions of
North Atlantic) the stock's range. The statistical power to detect
a trend in abundance for this stock is poor due
to the relatively imprecise abundance estimates
and long survey interval. A trend analysis has
not been conducted for this stock.

Maine to Florida in U.S. 627 1999-

waters only 2013

Gulf of St Lawrence en- 717 1995-

trance to Florida 2013

Continental shelf break 28 2016

waters from New Jersey

to south of Nova Scotia

Minke whale  Canadian East Coast (cen- 21968 2016 Earlier abundance estimates only cover U.S. wa-

tral Virginia to Labrador)

ters and slightly beyond into Canadian waters,
and thus does not cover the habitat of the entire
Canadian East Coast stock. A key uncertainty in
the current abundance estimate is the number
of animals in Canadian waters. Additionally, the
current abundance estimate does not account
for availability bias due to submerged animals.
Without a correction for this bias, the abun-
dance estimate is likely biased low. A trend anal-
ysis has not been conducted for this stock.
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Species Stock area and subareas Recent Last sur- Abundance trends / comments
abundance vey
estimate year
Central Virginia to lower 2802 2016
Bay of Fundy
Gulf of St. Lawrence/Bay 6158 2016
of Fundy/Scotian Shelf
Newfoundland/Labrador 13 008 2016
Blue whale Western North Atlantic unknown 1980- Little is known about the population size of blue
2008 whales except for the Gulf of St. Lawrence area.
There are insufficient data to determine popula-
tion trends for this species.
Gulf of Saint Lawrence 402 1980-
Catalogue 2008
Central Virginia to lower 39 2016
Bay of Fundy
Sperm whale North Atlantic (central 4349 2016 Several estimates from selected regions of
Florida to lower Bay of sperm whale habitat exist for select time peri-
Fundy) ods, however, at present there is no reliable es-
timate of total sperm whale abundance for the
entire North Atlantic. A trend analysis has not
been conducted for this stock. There are insuffi-
cient data to determine the population trends
for this species
Central Virginia to lower 3321 2016
Bay of Fundy
Central Florida to Virginia 1028 2016
Dwarfsperm  Western North Atlantic 7750 2016 Estimate for Kogia spp. only. Pygmy sperm
hale & (central Florida to lower whales (Kogia breviceps) and dwarf sperm
\F')V ale Bay of Fund) whales (Kogia sima) are difficult to differentiate
ygmy sperm at sea. The available information is insufficient
whale . . L
to evaluate population trends for this species in
the western North Atlantic.
New Jersey to lower Bay 4548 2016
of Fundy
Central Florida to New 3202 2016
Jersey
Killer whale Western North unknown 2016 The total number of killer whales off the eastern
. U.S. coast is unknown. Killer whales are charac-
Atlantic ; .
terized as uncommon or rare in waters of the
U.S. Atlantic Exclusive Economic Zone (EEZ)
(Katona et al. 1988).
Pygmy killer Western North unknown 2016 The number of pygmy killer whales off the U.S.
. Atlantic coast is unknown since it was rarely
whale Atlantic

seen in any surveys.
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Species Stock area and subareas Recent Last sur- Abundance trends / comments
abundance vey
estimate year
False killer Western North Atlantic 1791 2016 False killer whales are rarely sighted during
whale (central Florida to lower abundance surveys, and the resulting estimates
Bay of Fundy) of abundance are both highly variable between
years and highly uncertain. The rare encounter
rates limit the ability to assess or interpret
trends in population size.
New Jersey to lower Bay 1182 2016
of Fundy
Central Florida to New 609 2016
Jersey
Northern bot-  Western North Atlantic unknown 2016 The total number of northern bottlenose whales
tlenose whale off the eastern U.S. coast is unknown. The status
of northern bottlenose whales relative to OSP in
U.S. Atlantic EEZ is unknown; however, the de-
pletion in Canadian waters in the 1970s may
have impacted U.S. distribution and may be rel-
evant to current status in U.S. waters.
Cuvier's Western North Atlantic 5774 2016 A trend analysis has not been conducted for this
beaked whale  (Central Florida to lower stock. The statistical power to detect a trend in
Bay of Fundy) abundance for this stock is poor due to the rela-
tively imprecise abundance estimates and long
survey interval.
Central Virginia to lower 3897 2016
Bay of Fundy
Central Florida to Virginia 1847 2016
Blainville’s Western North Atlantic 10107 2016 Estimates for Mesoplodon
beaked (Central Florida to lower _
. spp. Within the genus Mesoplodon, there are
whale; Bay of Fundy) . .
four species of beaked whales that reside in the
Gervais northwest Atlantic. These include True's beaked
beaked whale, M. mirus; Gervais' beaked whale, M. eu-
whale; ropaeus; Blainville's beaked whale, M. densiros-
Sowerby’s tris; and Sowerby's beaked whale, M. bidens
W
Mead 1989).
beaked ( )
whale; True’s | Virgini |
beaked whale Central Virginia to lower 6760 2016
Bay of Fundy
Central Florida to Virginia 3347 2016
Melon- Western North Atlantic unknown 2016 The number of melon-headed whales off the
headed whale U.S. Atlantic coast is unknown because they
were rarely seen in any surveys. There are insuf-
ficient data to determine the population trends
for this stock because no estimates of popula-
tion size are available.
Risso's  dol- Western North Atlantic 35439 2016 A trend analysis has not been conducted for this

phin

(Central Florida to Gulf of
St. Lawrence/Bay of
Fundy/Scotian Shelf)

stock. The statistical power to detect a trend in
abundance for this stock is poor due to the rela-
tively imprecise abundance estimates and long
survey interval.
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Species Stock area and subareas Recent Last sur- Abundance trends / comments
abundance vey
estimate year
Central Florida to Central 7245
Virginia
Central Virginia to lower 22175
Bay of Fundy
Gulf of St. Lawrence/Bay 6073
of Fundy/Scotian Shelf
Long-finned Western North Atlantic 39215 2016 A trend analysis has not been conducted for this
pilot whale (Central Virginia to Labra- stock. The statistical power to detect a trend in
dor) abundance for this stock is poor due to the rela-
tively imprecise abundance estimates and long
survey interval.
Central Virginia to Lower 10997 2016
Bay of Fundy
Newfoundland/Labrador 28218 2016
Short-finned Western North Atlantic 28924 2016 There are three available coast-wide abundance
pilot whale (Central Florida to lower estimates for short-finned pilot whales from the
Bay of Fundy) summers of 2004, 2011, and 2016. The resulting
estimates were 24,674 (CV=0.52) in 2004,
21,515 (CV=0.36) in 2011, and 28,924 (CV=0.24)
in 2016 (Garrison and Palka, 2018). A general-
ised linear model indicated no significant trend
in these abundance estimates.
New Jersey to lower Bay 3810 2016
of Fundy
Central Florida to New 25114 2016
Jersey
Atlantic Western North Atlantic 93233 2016 A trend analysis has not been conducted for this
white-sided (Central Virginia to Labra- stock. The statistical power to detect a trend in
dolphin dor) abundance for this stock is poor due to the rela-
tively imprecise abundance estimates and long
survey interval.
Central Virginia to Maine 31912 2016
(US part of Gulf of Maine
population)
Bay of Fundy to Gulf of St. 61321 2016
Lawrence (Canadian part
of Gulf of Maine and all of
Gulf of St. Lawrence pop-
ulation)
Newfoundland and Labra- 0 2016
dor (part of the Labrador
population)
White-beaked Western North Atlantic 536 016 2016 There are insufficient data to determine popula-

dolphin

(Canadian Atlantic wa-
ters)

tion trends for this species. The change in abun-
dance estimates between the DFO 2007 and
2016 aerial surveys in Canadian waters could
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Species Stock area and subareas Recent Last sur- Abundance trends / comments
abundance vey
estimate year
not have resulted from reproduction alone so
immigration from other areas of the north At-
lantic likely occurred.
Bay of Fundy/Scotian 5478 2016
Shelf
Newfoundland/Labrador ~ 530538 2016
Common Western North Atlantic 172974 2016 A trend analysis has not been conducted for this
dolphin (Florida to Newfound- stock. The statistical power to detect a trend in
land/Labrador) abundance for this stock is poor due to the rela-
tively imprecise abundance estimates and long
survey interval (see Appendix IV for a survey his-
tory of this stock).
Central Virginia to lower 80227 2016
Bay of Fundy
Florida to Central Virginia 900 2016
Newfoundland/Labrador 48 574 2016
Bay of Fundy/Scotian 43124 2016
Shelf/Gulf of St. Lawrence
Atlantic Western North Atlantic 39921 2016 There are three available coast-wide abundance
spotted (Central Florida to Bay of estimates for Atlantic spotted dolphins from the
. Fundy) summers of 2004, 2011, and 2016. Each of these
dolphin . . s
is derived from vessel surveys with similar sur-
vey designs and all three used the two-team in-
dependent observer approach to estimate abun-
dance. The resulting estimates were 50,978
(CV=0.42) in 2004, 44,715 (CV=0.43) in 2011,
and 39,921 (CV=0.27) in 2016 (Garrison and
Palka, 2018). A generalized linear model indi-
cated a statistically significant (p=0.011) linear
decrease in these abundance estimates.
New Jersey to Bay of 8247 2016
Fundy
Central Florida to New 31674 2016
Jersey
Pantropical Western North Atlantic 6593 2016 There are three available coast-wide abundance
spotted dol- (Central Florida to lower estimates for pantropical spotted dolphins from
phin Bay of Fundy) the summers of 2004, 2011, and 2016. Each of

these is derived from vessel surveys with similar
survey designs and all three used the two-team
independent observer approach to estimate
abundance. The resulting estimates were 4,439
(CV=0.49) in 2004, 3,333 (CV=0.91) in 2011, and
6,593 (CV=0.52) in 2016 (Garrison and Palka,
2018). A generalized linear model indicated no
statistically significant (p=0.645) linear trend in
these abundance estimates.
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Species Stock area and subareas Recent Last sur- Abundance trends / comments
abundance vey
estimate year
New Jersey to lower Bay 0 2016
of Fundy
Central Florida to New 6593 2016
Jersey
Striped dol- Western North Atlantic 67 036 2016 A trend analysis has not been conducted for this
phin (Florida to lower Bay of stock. The statistical power to detect a trend in
Fundy) abundance for this stock is poor due to the rela-
tively imprecise abundance estimates and long
survey interval.
Central Virginia to lower 42783 2016
Bay of Fundy
Florida to Central Virginia 24 163 2016
Fraser’s dol- Western North Atlantic unknown 2016 There are insufficient data to determine the
phin population trends for this stock because no esti-
mates of population size are available.
Rough- Western North Atlantic 0/136 2016 A trend analysis cannot be conducted for this
toothed (Central Florida to lower stock due to the small number of sightings in
dolphin Bay of Fundy) any single year.
Central Virginia to lower 0 2016
Bay of Fundy
Central Florida to central 0 2016
Virginia
Clymene Western North Atlantic 4237 2016 Clymene dolphins are rarely sighted during
dolphin abundance surveys, and the resulting estimates
of abundance are both highly variable between
years and highly uncertain. The rare encounter
rates limit the ability to assess or interpret
trends in population size.
Spinner Western North Atlantic 4102 2016 The number of spinner dolphins off the U.S. At-
dolphin (central Florida to the lantic coast has not previously been estimated
lower Bay of Fundy) because there have only been three sightings
during recent NMFS surveys. There are insuffi-
cient data to determine the population trends
for this stock because only one estimate of pop-
ulation size is available.
Common bot- Western North Atlantic, 62 851 2016 There are three available coast-wide abundance

tlenose dol-
phin

Offshore (Central Florida
to lower Bay of Fundy)

estimates for offshore common bottlenose dol-
phins from the summers of 2004, 2011, and
2016. The resulting estimates were 54,739
(Cv=0.24) in 2004, 77,532 (CV=0.40) in 2011,
and 62,851 (CV=0.23) in 2016 (Garrison, 2020;
Palka, 2020). A generalized linear model did not
indicate a statistically significant (p=0.646) trend
in these estimates. The high level of uncertainty
in these estimates limits the ability to detect a
statistically significant trend.
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Species Stock area and subareas Recent Last sur- Abundance trends / comments

abundance vey

estimate year
New Jersey to lower Bay 17958 2016
of Fundy
Central Florida to New 44 893 2016
Jersey
Western North Atlantic, 6639 2016 For the Northern Migratory Coastal Stock, the
Northern Migratory resulting mean abundance estimate for 2002—
Coastal Assateague, Vir- 2004 was 8,597 (CV=0.53), and that for 2010—
ginia (37.9°N) to Sandy 2011 was 15,232 (CV=0.35). There was no signif-
Hook, New Jersey icant difference between these estimates and
(40.3°N)) the estimate of 6,639 (CV=0.41) for 2016. There

is limited power to detect a significant change
given the high CV of the estimates, interannual
variability in spatial distribution and stock abun-
dance between 2002 and 2004, and the availa-
bility of only one recent survey (Garrison et al.,

2017a).
Harbor Central Virginia to Gulf of 95543 2016 A trend analysis has not been conducted for this
. St. Lawrence/Bay of stock. The statistical power to detect a trend in
parpolse Fundy/Scotian Shelf abundance for this stock is poor due to the rela-

tively imprecise abundance estimates and long
survey interval.

Central Virginia to Maine 75079 2016

Gulf of St. Lawrence/ Bay 20464 2016
of Fundy/ Scotian Shelf

1.1.3 Acoustic Monitoring

Several countries employ acoustics, particularly passive acoustic monitoring (PAM) to deter-
mine temporal and spatial trends in occurrence of cetacean species to supplement evidence from
visual surveys of distribution and abundance. Recent studies are reported for some countries
below.

ICELAND: Research on northern bottlenose whales continued in 2021, including deployments
of mono and stereo acoustic recorders in deep waters off the east and northeast of Iceland to
study acoustic occurrence and movement directions, and photographic analyses for understand-
ing individual movement, group composition, and age-sex distributions.

IRELAND: Barile et al. (2021) explored the occurrence of Cuvier’s and Sowerby’s beaked whales
along the Irish Shelf Edge based on acoustic records. The authors used GAMs to relate whale
occurrence and a set of oceanographic variables; chlorophyll a concentration (chla in mg/m?3),
standard deviation of sea surface temperature (sdSST in °C), mean relative SST (relSST in °C),
and sea surface height (SSH). For both species, the four oceanographic covariates were retained
in the final selected models. The model results revealed that both Cuvier’'s and Sowerby’s beaked
whale clicks were overall less likely to be detected with increasing chla concentrations. With
increasing relSST, the detection probability of Cuvier’s beaked whale was found to increase as
well, while the detection probability of Sowerby’s beaked whale was found to decrease. For both
species, probabilities of detection were relatively stable throughout the range of sdSST until a
decrease occurred above values of approximately 0.30 °C. The probability of detecting both
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species increased overall as SSH values increased. In addition, for Sowerby’s beaked whales,
there was a clear north-to-south decreasing gradient in probabilities of detection.

PORTUGAL: There is no new information on the abundance and distribution of cetaceans off
the Portuguese mainland, but from the Macaronesian region, Romagosa et al. (2021) have ana-
lysed over five years of data (2008-2012) collected by passive acoustic devices placed on three
submarine sea mountains: Azores, Condor, and Gigante. Acoustic presence of fin, blue and sei
whales showed a marked seasonality. A similar pattern was found across years and locations for
both fin and blue whales, with increasing daily call rates in autumn, reaching a maximum in
winter and decreasing again in spring with no detections in summer. Sei whales showed a dif-
ferent pattern from that of fin and blue whales with the number of calls peaking in spring and
autumn in all locations.

SCOTLAND, UK: Several PAM projects have been carried out in Scottish waters during the last
decade.

In Western Scotland, several PAM projects have been conducted since 2017 (Figure 1.18). The
COMPASS project (recording time: Nov 2017 — June 2022) has deployed Sound traps 300HF and
C-PODs, and in 2021 also F-PODs at some sites. The project aims to detect ambient noise levels
and seasonal and diel patterns from the following species: harbour porpoise (from C-POD and
Sound trap click detector data), delphinids (from C-POD and Sound trap data), Risso’s dolphin
(at Tolsta, NE Lewis MPA), minke whale, humpback whale. The project will also look at C-
POD/F-POD comparisons (in collaboration with SAMOSAS) and C-POD/Sound trap click detec-
tor comparison (D. Risch, pers. comm.).

The SAMOSAS project (recording time: Sep/Oct 2020 — Aug 2021, final report in March 2022)
have deployed RTSYS Sylence LP, C-PODs and F-PODs. The project has examined ambient noise
(monthly averaged TOL and PSD levels for all sites), anthropogenic noise (sonar, seismic and
ship presence) and presence of harbour porpoises, delphinids (without species differentiation),
baleen whales (minke, humpback, fin whale, sei and blue whales) as well as sperm whales (D.
Risch, pers. comm.).

The MarPAMM project (recording time: 2019, report by March 2022) has deployed 5 stations
(contact: Suzanne Beck at AFBI). The project will collect data on the abundance, distribution and
movement of marine protected species, which will be used to produce new habitat maps and
develop models for a range of species (M. Pommier, pers. comm).

The SeaMonitor project (recording time: October 2020 — October 2022) has deployed SoundTraps,
C-PODs and from 2021 also F-PODs (contact: Morgane Pommier/Joanne O’Brien at GMIT). The
analysis will focus on ambient noise levels (temporal trends and soundscape characterization),
harbour porpoise (and maybe delphinids, without species discrimination) temporal patterns of
occurrence across the SeaMonitor array (C-POD and SoundTrap data). Furthermore, it will ex-
amine the influence of the Islay front on the occurrence of cetaceans (porpoises, delphinids and
potentially minke whales) over the Malin Shelf (in collaboration with COMPASS, using data
from some of their sites to supplement SeaMonitor) (M. Pommier, pers. comm.).
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Figure 1.18. Map of location of passive acoustic monitoring stations in Western Scotland 2017-2021.

In Eastern Scotland, the ECOMASS project has been running since 2013 by Marine Scotland Sci-
ence. It is a large-scale strategic project monitoring the effects of offshore wind farm construction
on dolphins and harbour porpoises. Additional objectives are underwater noise level monitoring
(used for MSFD/OSPAR reporting), and general ecology of the cetacean species in the area. An
analysis plan is under development, and ECOMASS data have already been used in several
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publications: on underwater noise levels (Merchant ef al., 2016), cetacean presence and habitat
use (Palmer et al., 2019; Risch et al., 2019), and methodological aspects on acoustic monitoring
(Williamson et al., 2016; Palmer et al., 2017; Van Geel et al., 2020) (K. Brookes, pers. comm, 16 March
2022).

BALTIC SEA: WGMME has reported on passive acoustic monitoring (PAM) of harbour por-
poises using C-PODs in Denmark, Finland, Germany, Poland and Sweden in 2018-2020 (ICES,
2018; 2019; 2020; 2021). The following new information can be added:

DENMARK: The Ministry of Environment is funding the national monitoring of harbour por-
poises in Denmark, carried out by Aarhus University. In the waters around Bornholm, C-PODs
were last deployed 2018-2019 (Sveegaard et al., 2019; Sveegaard, 2020), and the plan is to repeat
this monitoring again in 2023-2024 or during SAMBAH II (if funded).

In the Belt Sea population area, PAM is carried out in six SACs assessed to be most important to
the species. Two SACs are monitored at a time, using five C-POD stations in each area, for a
period of 12-16 months. From 2012 and onward, a general positive trend has been observed in
five of the six sites and in one (in Fehmarn Belt), the detection rates were unchanged. In 2021, the
results from the two sites “Flensborg Fjord and Bredgrund og farvandet omkring Als” and ”Lil-
lebzelt”, were reported. These two sites have been monitored during three periods: 2013-2014,
2015-2016, and 2019-2020. In both sites, detection rates varied across seasons, but in general an
increasing trend was found across the three periods (Hansen and Hegslund, 2021).

FINLAND: PAM for harbour porpoises has been carried out since 2016, funded by the Ministry
of Environment and the Aland Government and operated by Turku University of Applied Sci-
ences. C-PODs are deployed at 11 previous SAMBAH stations and 2-12 additional stations (de-
pending on gear availability), in the offshore area south of the Archipelago Sea and the Aland
Islands. Data show that harbour porpoises are present on a regular and predictable basis in the
monitored area, albeit in small numbers. A report on the status of harbour porpoise in the north-
ern and eastern Baltic Sea is planned to be published.

GERMANY: The long-term monitoring project TopMarine, where PAM in the Baltic Sea is con-
ducted by the German Oceanographic Museum, was continued in 2021 and will at the earliest
end in June 2022. In addition to 15 long-term monitoring stations using C-PODs located from the
island of Fehmarn to the Pomeranian Bay, measurements were carried out at up to 11 stations in
the German North Sea from May to September in 2021. At a subset of all stations, SoundTraps
and F-PODs were deployed in addition to the C-PODs. The project is funded by the German
Federal Agency for Nature Conservation and will be continued (A. Gallus, pers. comm, 17 March
2022).

POLAND: Harbour porpoise monitoring is covered by the State Monitoring Programme on be-
half of the Chief Inspectorate of Environmental Protection. During the 2016—2018 monitoring (24
months), 10 stations were selected at former SAMBAH stations at Pomeranian Bay and Stilo Bank
(five stations in each area) using C-POD devices. Current monitoring (started March 2021) is
running at 15 stations at Pomeranian Bay, Stilo Bank and Gdansk Bay using F-POD devices, as
well as C-POD devices at five of the stations for comparison studies. Monitoring is planned to
be carried out until the end of October 2022, with possible continuation to March 2023 (M. Ma-
linga, pers. comm.).

Hel Marine Station of the University of Gdansk undertake PAM to study the seasonal distribu-
tion and occurrence of harbour porpoises in Polish coastal waters. Data collection began in Oc-
tober 2020, but due to technical problems, it will be extended into 2022 to obtain a full year of
data.
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SWEDEN: The national monitoring programme of harbour porpoises is funded by the Swedish
Agency for Marine and Water Management and carried out by the Swedish Museum of Natural
History (NRM). Data on detection rates are publicly available at Sharkweb, hosted by the Swe-
dish Meteorological and Hydrological Institute (https://sharkweb.smhi.se/). Within the summer
management area of the Baltic Proper harbour porpoise population in the Baltic Sea, continuous
PAM using C-PODs has been carried with smaller adjustments since 2017, focusing on the Baltic
Proper population. In 2021, 10 previous SAMBAH stations were monitored. At the station with
the highest detection rate, two rigs were deployed, each equipped with both a C-POD and an
underwater sound recorder. The sound recordings are carried out by the Swedish Defence Re-

search Agency, FOI, as part of the national monitoring programme of underwater noise. In the
Kattegat Sea, continuous PAM using C-PODs has been carried out at 14 stations located in five
Natura 2000 sites in the Kattegat Sea, focusing on the Belt Sea harbour porpoise population. Fur-
ther, one station located in the southern Skagerrak Sea, within the summer management area of
the North Sea population, was monitored jointly with underwater noise in 2015-2018. This sta-
tion was continued again in summer 2020, and was continuously monitored in 2021.

A comparison of the acoustic detection rates at 12 stations during SAMBAH (2011-2013) and the
national monitoring programme (2017-2020) show that there was a 29% increase in the mean
daily detection rate during May—October (over the breeding season) between the two study pe-
riods (Owen et al., 2021). At the three stations with the highest number of detections, log linear
regression revealed a yearly increase of 2.4% between 2011 and 2019 (-4.4 to +9.6, 95% CI). This
may be indicative of the beginnings of population recovery, or simply an indication that the
decline has stalled. The rate of increase is still well below the potential for porpoise populations,
and unlikely to buffer against any potential increase in pressures in the future. An evaluation of
the first years of monitoring in the Kattegat Sea is carried out in 2021.

In addition to the national monitoring programme in Sweden, some County Administrative
Boards (CABs) carry out local/regional monitoring, and a coordinated regional monitoring pro-
gramme including all CABs within the currently known distribution range of the Baltic Proper
harbour porpoise population was planned to start up in 2021. However, the launch of the pro-
gramme was prevented by the Swedish Armed Forces within most of the relevant area in the
Baltic Sea, and it is currently not known when it can begin. Also, regional PAM data are to be
uploaded to Sharkweb.

In 2021, a common format for PAM data was agreed within HELCOM, and all Contracting Par-
ties carrying out PAM for harbour porpoises as part of their national monitoring programmes
were to upload their national monitoring data before the end of the year. In the process, it has
become evident that there are slight differences among the countries in the methods for data
collection and data processing, and the format allows these. The data will be publicly available
through the HELCOM Biodiversity Database (https://maps.helcom.fi/website/biodiversity/).
Harmonisation across countries has been planned as part of the SAMBAH II project.

Abundance estimates from the SAMBAH project have now been published (Amundin et al.,
2022). By logging porpoise echolocation signals at 298 stations during May 2011-April 2013, cal-
ibrating the loggers’ spatial detection performance at sea, and measuring the click rate of tagged
individuals, an abundance of 71-1105 individuals (95% CI, point estimate 491) was estimated
during May—October within the proposed management borders of the Baltic Proper harbour
porpoise population. The small abundance estimate strongly supports the conclusion that the
Baltic Proper harbour porpoise is facing an extremely high risk of extinction, and highlights the
need for immediate and effective conservation actions through international cooperation. It also
provides a starting point for monitoring the trend of the population abundance to evaluate the
effectiveness of management measures and determine interactions with the larger neighbouring
Belt Sea population. Further, the study offers evidence that design-based passive acoustic
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monitoring can generate reliable estimates of the abundance of rare and cryptic animal popula-
tions across large spatial scales.

In February 2021, a full application was submitted for the SAMBAH II LIFE project to the EU
LIFE programme, after a successful concept note application submitted in May 2020. The con-
sortium involved a total of 17 research organisations and management authorities in Denmark,
Estonia, Finland, Germany, Lithuania, Poland and Sweden. However, the full application was
rejected, and there are currently no open calls where the project fits. With regards to abundance
and distribution, the project objectives were:

. Provide a comprehensive assessment of the status of the Baltic Proper harbour porpoise
population, listing the key conservation actions to secure its survival.

o Provide estimates of population-specific and national GES thresholds and FRVs for the
entire Belt Sea and Baltic Proper porpoise populations where possible.

. Provide updated and more precise abundance estimates of porpoises, by country and
population, and by season, including in waters deeper than 80 m not previously sur-
veyed.

. Provide monthly maps of porpoise density (i.e. not only detections) across the survey
area.

. Investigate whether the abundance and distribution of the Baltic Proper population has
changed during the last decade.

. Provide knowledge on the spatio-temporal impact of prey quantity and quality on por-
poise density and echolocation behaviour.

. Test a novel method for acoustic identification of calves and, if successful, identify when
calving takes place in the Baltic Proper population.

J Provide a Baltic-wide harmonised method for acoustic monitoring of porpoises by EU
Member States.

In addjition to this, the project would also address questions related to the threats of bycatch and
underwater noise, and for increased public awareness. Improvement of the management of the
Baltic Proper harbour porpoise population, including provision of data needed for the reporting
according to the MSFD and the Habitats Directive, and the development of MSFD indicators,
rely heavily on the accomplishment of the SAMBAH II project.

CANADA: PAM efforts to monitor the occurrence of cetaceans off eastern Canada have grown
substantially in the past few years. These include data collection using archival bottom-moored
PAM systems, and development and implementation of near real-time PAM systems on buoy
and glider platforms. As an example of the increasing PAM efforts, DFO maintained three PAM
sites off Nova Scotia annually in the 2012-2014 period, which has increased to 11-13 PAM sites
maintained annually off Nova Scotia in recent years (the metadata associated with these deploy-
ments off Nova Scotia has been submitted to the International Quiet Ocean Experiment and can
be viewed on their website under “Fixed Autonomous Systems”?). Acoustic monitoring pro-
grammes have similarly been expanding in other regions off eastern Canada such as in the St.
Lawrence Estuary, Gulf of St. Lawrence, and off Newfoundland and Labrador. For one particu-
larly large PAM study, JASCO Applied Sciences deployed and maintained 20 PAM stations off
Nova Scotia, Newfoundland and Labrador over a two-year period from 2015-2017 and analysed
these for presence of calls produced by a variety of baleen and toothed whales (Delarue et al.,
2018). Acoustic monitoring efforts from bottom-moored archival systems such as these have pro-
vided information on the seasonal occurrence of blue, fin, sei, humpback and right whales (e.g.
Davis et al., 2017, 2020; Kowarski et al., 2017; Moors-Murphy et al., 2019; Simard et al., 2016, 2019),

9 https://www.iqoe.org/systems
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as well as beaked whales (e.g. Stanistreet et al., 2017, 2021), belugas (e.g. Giard et al., 2020) and
other cetaceans in Atlantic Canada (e.g. Delarue et al., 2018), providing detection data for sperm
whales, delphinid clicks and whistles, and harbour porpoise. Some of these analysed data can be
viewed on NOAA'’s online tool for storing and viewing confirmed acoustic detections of ceta-
ceans: the Passive Acoustic Cetacean Map’®. Oceanographic buoys in the Gulf of St. Lawrence!!
and deployments of Slocum gliders equipped with acoustic recorders'? have been providing near
real-time acoustic detections of right whales to inform management measures in the Gulf of St.
Lawrence and other areas off Nova Scotia, which can be viewed on WhaleMap?.

1.14 Cetacean Strandings

BELGIUM: In 2021, a total of 79 harbour porpoises were found stranded. No overall assessment
has been made of causes of death yet, but at least 14 died due to grey seal predation. No other
cetacean species was found washed ashore. The yearly number of stranded harbour porpoises
in Belgium between 1970 and 2021 is shown in Figure 1.19.
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Figure 1.19. Yearly number of stranded porpoises in Belgium, 1970-2021; 1970-1989 is total number recorded for this
period (Data RBINS).

FRANCE: Information on strandings along all French coasts is available through the national
strandings database (in French): http://pelagis.in2p3.fr/public/histo-carto/index.php.

GERMANY: A review of cetacean strandings along the German North Sea coastline and the
lower reaches of the major rivers discharging into the German Bight, covering the years 1604-
2017, has been carried out by Kinze ef al. (2021). Records have been found of 19 cetacean species

10 https://apps-nefsc.fisheries.noaa.gov/pacm/#/

11 https://slgo.ca/viking/?1g=en

12 http://dcs.whoi.edu/

ICES


http://pelagis.in2p3.fr/public/histo-carto/index.php
https://apps-nefsc.fisheries.noaa.gov/pacm/#/
https://slgo.ca/viking/?lg=en
http://dcs.whoi.edu/

ICES

WGMME 2022

that either stranded dead or were put to death. The harbour porpoise is the commonest species,
with written sources dating back to at least 1651, although with statistical data only available
from 1990. The other 18 documented species are: white-beaked dolphin, bottlenose dolphin, At-
lantic white-sided dolphin (Lagenorhynchus acutus), common dolphin, striped dolphin (Stenella
coeruleoalba), Risso’s dolphin, long-finned pilot whale, killer whale, beluga whale, narwhal, Sow-
erby’s beaked whale (Mesoplodon bidens), northern bottlenose whale, sperm whale, minke whale,
sei whale, fin whale, blue whale, and humpback whale. The review corrects several false species
identifications earlier introduced to the literature based on incorrect scientific or ambiguous Ger-
man vernacular names, and recovers lost records of beluga whale, northern bottlenose whale,
sperm whale and fin whale.

NETHERLANDS: In 2021, a total of 739 cetaceans were recorded stranded, of which 731 harbour
porpoises (www.walvis-strandingen.nl). This is the third highest number recorded since 1990
(ICES, 2021). The other species recorded were fin whale (one), minke whale (one), sperm whale
(one), Sowerby’s beaked whale (two), bottlenose dolphin (one), white-sided dolphin (one), and
an unidentified dolphin (one).

NORWAY: In 2020, an unusual high frequency of cetacean strandings occurred from 28 March
to 2 May (Bjerge et al., 2020). In total, six sperm whales, four humpback whales, two northern
bottlenose whales, two long-finned pilot whales, one fin whale and one unknown large whale,
together with one white-beaked dolphin and a harbour porpoise were found stranded during
these days. One of the strandings occurred in southern Norway, the rest between 65.67°N and
70.24°N in northern Norway. Twelve of the 18 carcasses were sampled. This is an unusual num-
ber of strandings in a relatively small area over a short period of time and the cause is unclear.

ICELAND: A total of 43 stranding events of cetaceans was recorded by the MFRI in 2021, includ-
ing a mass stranding of long-finned pilot whales (60 animals), and nine single strandings of
sperm whales.

SWEDEN: In total, 31 stranded harbour porpoises were collected during 2021 and examined by
necropsy. Similar to previous years, bycatch (confirmed or probable, n=12) was the most com-
mon cause of death. Causes of death were assigned as follows: bycatch (confirmed n=10 and
probable n=2), infectious disease (n=3), abandoned (n= 3 neonates), emaciation (n=1), predation
(n=1, predator species not confirmed), stillborn (n=1), drowning (n=1, unknown cause), unknown
(n=5) and unsuitable material (n=4, advanced autolysis). Of note, one of the stranded porpoises
originated from well within the Baltic Proper on the island of Oland, and most likely came from
the critically endangered Baltic Sea population. The total number of porpoises reported stranded
in Sweden in 2021 was at least 31 animals, but these data have not yet been compiled (A. Nei-
manis, pers. comm.).

Additionally, a young, male humpback whale washed up dead on the Baltic island of Oland in
April and was sampled in the field. In June 2021, a young female northern bottlenose whale
stranded dead just north of Gothenburg on the west coast of Sweden and was necropsied. Cause
of death was not definitely determined due to advanced autolysis, but severe haemorrhaging
consistent with blunt trauma was observed (A. Neimanis, pers. comm.).

UNITED KINGDOM: In Scotland, the Scottish Marine Animal Stranding Scheme (SMASS) op-
erates an opportunistic surveillance programme aiming to identify, quantify and understand
threats and pressures on marine animals in Scottish waters. The programme largely relies on
opportunistic reporting by stakeholders and members of the public and therefore maintaining
and developing public awareness and engagement has been an active component to the work.
Consequently, any apparent increase in incidence of these species is likely to be at least partially
attributable to an increased reporting effort over the past decade. A map of rare and/or vagrant
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species reported to SMASS from 2010 to the end of 2021 (see Table 1) can be accessed here:
https://batchgeo.com/map/b033c55491cc8c084a228d018401cf2b

CANADA: A number of cetacean species are associated with carcasses, live stranding events,
entanglements, entrapments, injuries, and other similar incidents reported off eastern Canada.
Data on documented marine mammal incidents and mortalities are mainly collected and tracked
by marine animal response organisations that maintain marine animal incident reporting hot-
lines in the Atlantic Provinces. A recent report released by the Marine Animal Response Society
examines data collected by incident reporting hotlines in Nova Scotia, New Brunswick, Prince
Edward Island, Quebec, Newfoundland and Labrador over the period of 2004-2019 (Wimmer
and Maclean, 2021). The report summarises information for 3,139 incidents over this time period,
involving 25 cetacean species (with humpback whales, minke whales, beluga whales and har-
bour porpoise comprising the majority of incidents), and highlights that the limited data sug-
gests human-caused threats are impacting many (if not all) cetacean species off Atlantic Canada
and that the number of reported incidents is expected to increase.

1.1.5 Vagrant Cetacean Species

In this section, (non-exhaustive) information on vagrant species within the Atlantic is compiled
with a focus on the years 2010-2021. Vagrant species are here loosely defined as species found
outside their natural geographical range, taking historical records into account.

Bowhead whale: In the East Atlantic, a bowhead whale was first seen off the coast of St. Agnes,
Isles of Scilly (UK) in February 2015, then off Marazion, Cornwall (UK) in May 2016, in County
Down (Northern Ireland) in May 2016, Brittany (France) also in May 2016, then the following
year in Co. Cork (Ireland) in April 2017, at Ostende (Belgium) in March — April 2017, and Vlis-
singen (The Netherlands) in April 2017 (Haelters, 2017; Evans and Waggitt, 2020b). Images taken
on 1st April in Belgian waters showed that the animal was entangled by its tail, probably by a
bottom set gill net. No efforts were undertaken to disentangle it due to adverse weather condi-
tions and lack of available experience and equipment. At least some if not all of the sightings
were believed to be the same individual (de Boer at al., 2017; Evans and Waggitt, 2020b). The
sighting in Belgian waters was the first of this species in the North Sea (Haelters, 2017).

In the West Atlantic, a bowhead whale, identified as being the same individual, has been ob-
served 13 times in the Gulf of Maine (both Canadian and US waters) in 2012, 2014 and 2017, far
south of the normal range of this species (Accardo et al., 2018).

North Atlantic right whale: There has been a North Atlantic right whale recorded on several occa-
sions off the north Biscay coast (France). The recognisable individual was born in 2008, travelled
from the north-east coast of the United States to near Reykjavik in Iceland in March 2019, then
back to Cape Cod Bay, then in June 2019 appeared off the French coast at Penmarch (Evans and
Waggitt, 2020b). A North Atlantic right whale, possibly the same individual, was seen in the
same area in July 2020 (Sea Watch Foundation, unpublished data). A 4-metre long North Atlantic
right whale calf (with foetal folds) appeared at El Hierro in the Canary Islands in December 2020
(N. Aguilar, pers. comm.).

Sei whale: This species was observed in Hobro, Eastern Denmark, in 2018 (C. C. Kinze, pers.
comm).

Humpback whale: Since 2008, there are a few observations of humpback whales in the Baltic Sea.
In July 2008, one individual was observed among fishing vessels in The Sound between Denmark
and Sweden in July, and again two weeks later off the island of Bornholm in the southern Baltic
(probably the same individual). In August 2014 one individual was sighted off the island of Faro
north of Gotland, Sweden, in the northern Baltic Proper, and again in March 2015 in the Bothnian
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Sea (probably the same individual) (Lysén and Lundin, 2017). In May 2016, one or two hump-
back whales were observed in the archipelago of Gryt at the Swedish east coast (occasionally at
7-10 m depth) in the Baltic Proper. Yet another likely observation was made in the same area in
September the same year. In September 2017, two sightings were made of a probable humpback
whale off Bullerdn in Stockholm archipelago, Sweden. In May 2018, a humpback whale was ob-
served in Nordmalingsfjérden, between Umed and Ornskéldsvik along the Swedish coast of the
northern Bothnian Sea. The following day, a humpback whale (probably the same individual)
became entangled in static net close to the Finnish village of Vasa. It was released by the coast
guard, and a few days later caught again in a hoop net off Raumo, 250 km south of Vasa, and
was released again. In September 2018, at least two humpback whales were sighted off Sand-
hamn in the Stockholm archipelago, Sweden (www.valar.se).

Over the last ten years, sightings of humpbacks have been steadily increasing in the North Sea
(Leopold et al., 2016) and also around the British Isles (Evans and Waggitt, 2020b).

Dwarf sperm whale: An individual live-stranded in Mounts Bay, Cornwall (UK) in October 2011.
It was re-floated and went back out to sea. This was the first record of the species in the UK
(Evans and Waggitt, 2020b). A dwarf sperm whale was found stranded at Ribeira in Galicia
(northwest Spain) in March 2019, following a re-floated live stranding 1.3 km away in the previ-
ous month (Covelo and Lopez, 2021). In France, there was a live sighting in 2010, and a live
stranding at Anglet in November 2015 (Van Canneyt et al., 2016).

Pygmy sperm whale (Kogia breviceps): Strandings of single individuals have been found in 2011
(Argyll and Bute, West Scotland, 2013 (Aberdeenshire, East Scotland), 2014 (Shetland), and 2016
(Highland, Northwest Scotland) (A Brownlow, pers. comm).

Beluga: In May 2014, a much-decomposed unidentified cetacean, later identified as a beluga, was
found in Lunan Bay, Angus, East Scotland (A. Brownlow, pers. comm.). Prior to this the last rec-
orded beluga strandings in UK occurred in October 1932 and three in 1949. However, since 2015,
there have been four confirmed live sightings: one in July 2015 in Co. Antrim (Northern Ireland),
one in August 2015 off the coast of Northumberland (North-east England), one visiting the
Thames Estuary, London (UK) between September 2018 and May 2019 (Anonymous, 2021), and
the most recent off Unst, Shetland (Scotland) in July 2021. In Danish waters, a beluga was ob-
served in the Little Belt in 2011 and 2012 (C. C. Kinze, pers. comm.).

Narwhal: An individual swam up the River Scheldt (Belgium) in March 2016, and was subse-
quently found dead the following month (Haelters et al., 2018). The animal, a juvenile male of
likely 5 to 6 years old. It is the most southerly record ever in the North-East Atlantic region, and
the first record of a narwhal in the North Sea for the last 70 years. In the North-West Atlantic, a
narwhal has been observed in the St Lawrence River (Canada) every year from 2016 to 2020 in
company of belugas (Nunny and Simmonds, 2020).

Fraser’s dolphin (Lagenodelphis hosei): A mass stranding of 11 individuals of this tropical species
occurred in north Brittany (France) in 1984, and there was a single stranding record from the
Outer Hebrides (Northwest Scotland) in 1996 (Evans, 2020), but there have been no records in
northern Europe since then.

True’s beaked whale: The first record of the species in the UK was an individual found stranded in
Kearvaig Bay, Sutherland (West Scotland) in January 2020 (Kitchener et al., 2020).

Other beaked whale species: In 2020, ASCOBANS made a compilation of stranded beaked whales
from France to Sweden in 1970-2019 (Dolman et al., 2021). Since then, a Sowerby’s beaked whale
has stranded at the island of Ocker at the Swedish west coast in July 2020, and a freshly dead
Sowerby’s beaked whale was found on the northern shore of the island of Alrg in Horsens Fjord
at the Danish east coast in August 2021 (C. C. Kinze, pers. comm.). Also, a northern bottlenose
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whale died in the harbour of Kolding at the Danish in east coast in January 2022 (C. C. Kinze,
pers. comm.). Around the British Isles, northern bottlenose whales occasionally come into shelf
seas, mainly within the Hebrides, but also sometimes in the North Sea and English Channel (Ev-
ans and Waggitt, 2020b).

CANADA: Wimmer and Maclean (2021) provide some information on incidents involving re-
ported vagrant cetaceans (which they consider a live animal outside of their normal range for
which intervention may be required) off eastern Canada. Vagrants represent 4% of incidents re-
ported over the 2004-2019 period, and mainly involved young belugas occurring in areas outside
their normal range (such as off Nova Scotia and Newfoundland) that sometimes have a tendency
to try and initiate close contact with vessels’/humans which may warrant response actions (e.g.
see the Whale Stewardship Project?3).

1.1.6 Cetacean Population Structure

FAROE ISLANDS: Ongoing tagging of pilot whales is expected to reveal new information on
distribution and stock structure of the species (B. Mikkelsen, pers. comm.).

ICELAND: Research on stock structure of several cetacean species, including fin whales, sei
whales, humpback whales, common minke whales, killer whale and harbour porpoises is ongo-
ing using genetic and other methods (e.g. Huijser et al., 2018, Smith et al., 2021, Olsen et al., 2022,
MEFRI unpublished information, Vighi ef al., 2019, Gaulffier et al., 2020). Several instances of hy-
bridization between blue and fin whales have been documented in recent years, and the first
example of a 2nd generation hybrid (between fin/blue hybrid and a fin whale) was discovered
in 2020 (Pampoulie et al., 2021).

Bottlenose dolphin

Dinis et al. (2021) explored large-scale movements of common bottlenose dolphins in the Atlantic
by comparing bottlenose dolphin photo-identification catalogues from the Azores, Madeira, The
Canary Islands and the Portuguese continental shelf. Results showed individual matches, the
majority between Madeira and the Canary Islands (n = 23) that are relatively close archipelagos,
but also three matches between Azores and Madeira. No matches were found between the Ca-
nary Islands and the Azores, nor between Madeira and Sagres (southwest tip of the Iberian Pen-
insula). The identified large movements of bottlenose dolphins in the Macaronesia region sup-
port the high level of gene flow described for oceanic bottlenose dolphins inhabiting the North
Atlantic. The authors underline the need for a review of the marine protected areas established
for the species within the three archipelagos, taking the dynamics of the long-term movements
into account.

Louis et al. (2021) analysed complete genomes of 57 bottlenose dolphins to address repeated ad-
aptation to novel environments (i.e. coastal habitats). The authors found that ancient alleles pre-
sent in pelagic populations were selected in geographically distant coastal populations, indicat-
ing parallel adaptation during coastal habitat colonisation in previous interglacial periods. The
authors hypothesise that ancient genetic variation has been the source of past adaptation and
may be critical for species to cope with the current global climatic change.

Harbour porpoise
Ben Chehida et al. (2020) investigated patterns of population structure of harbour porpoises
across the North Atlantic and Black Sea by analysing 10 microsatellite loci and a quarter of the
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mitochondrial DNA of 925 porpoises. Four main mtDNA lineages equally divergent from each
other were found: Black Sea, Iberia-Mauritania, North East Atlantic, and West Greenland. The
West Greenland lineage, carried by a single individual, was described for the first time. In the
Bay of Biscay, the highest mtDNA diversity of all geographical regions was found due to haplo-
types from P. p. phocoena mixing with those from Iberia-Mauritania. This confirmed previously
reported hybridisation between the two subspecies and the predominantly northward gene flow.
The study supports previous evidence of female philopatry since isolation by distance was
higher at mitochondrial DNA (maternally inherited) than nuclear DNA (inherited from both
parents). A bioclimatic model was used to predict harbour porpoise habitat suitability in the
North East Atlantic for the year 2050. The model used sea ice concentration, depth, and sea sur-
face temperature as predicted by the IPCC as variables in the niche envelope. The model pre-
dicted that abiotic environmental suitability for this particular species will not change dramati-
cally compared with the present one.

Tiedemann et al. (2017) analysed 196 harbour porpoises from the North and Baltic Seas via
ddRAD-sequencing. Of these, 109 specimens were genotyped at the same 2518 informative Sin-
gle Nucleotide Polymorphisms (SNPs). These were jointly analysed with 37 specimens from the
area previously typed at 1874 SNP loci (Lah et al., 2016). Major findings are:

. There is a clear genetic distinction between the porpoise populations of the North Sea
and Baltic Sea, with a transition zone in the Kattegat.

. Within the Baltic Sea, there are two subpopulations, one western in the Belt Sea and one
eastern in the Baltic Proper.

. Within the Belt Sea, all specimens were assigned to the western Baltic subpopulation.

. Within the Baltic Proper, 65-70% of the specimens were assigned to the local Baltic Proper

subpopulation, about 10% were inferred to be migrants from the Belt Sea subpopulation,
and for 20-25% of the specimens, no consistent assignment was possible.

Altogether, there are now 4000 new informative SNP markers which could form the basis of an
informative SNP panel for population assignment of further specimens (e.g. strandings). The
specimens analysed here cover a period of 30 years. It would be desirable to have more recent
samples analysed from the Baltic Proper population.

1.2 Seal Abundance and Distribution

1.2.1 Seal Abundance

In many ICES areas, seal populations are surveyed regularly, providing for a comprehensive
long-term monitoring of these pinnipeds. This is mostly the case for the more temperate species
including harbour, grey and ringed seals in the North Atlantic and Baltic Sea. The numbers of
these species are described annually based on available data, and added to the “seal database”
of the WGMME. This is the basis for the graphs indicating the long-term trends. Trends in harp
and hooded seals are described in the WGHARP reports (ICES, 2019a). The group discussed that
in the future, other species should be reported to allow for observations of trends with respect to
global changes. Therefore, vagrants observed are included in this report (see Table 1.10).

Tables 1.7-1.9 summarise the most recent available seal survey data, analogous to what WGMME
has presented in previous years. In the following, assessments of population status and devel-
opments are presented individually for the different countries or management units and differ-
ent species, including trajectories of (available) counts. Unless it is stated otherwise that a figure
refers to a population abundance estimate, numbers of seals reported are those counted on haul
outs, which do not include seals at sea during surveys.
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Table 1.7. Recent harbour seal survey data.

Country Recent Sur- Moult Breeding References
vey Year(s
v (s) (All seals) (Pups)
NORWAY North of 62N 2021 4922 Nilssen et al., 2021
South of 62N 2016-2018 1054 Nilssen and Bjgrge, 2019
Finnmark 2012-2013 981 Nilssen and Bjgrge, 20173,
b
Skagerrak 2016-2018 543 Nilssen and Bjgrge, 2019
Svalbard 2009-2010 1888 Merkel et al. 2013
ICELAND 2020 10319 Granquist, 2021
WADDEN SEA 2021 26 838 10903 Galatius et al., 2021a
DUTCH 2019-2020 1274 199 (2019) Hoekstein et al. 2021
DELTA AREA
FRANCE Mainland 2021 1319 301 Poncet et al., in press
UK
Scotland 2016-2019 26 846 SCOS, 2021
England and Wales 2016-2019 3886 SCOS, 2021
* SE England
2021* 3639
Northern Ireland 2018 1012 SCOS, 2021
IRELAND 2017-2018 4007 Morris and Duck, 2019
USA 2018 47 371 (estimate) Sigourney et al., 2021
CANADA south of Labrador 1970s 12 700 NAMMCO
Estuary and Gulf of St ~ 1994-2000 4000-5000
Lawrence
FRANCE Saint-Pierre et Mique- 2021 1069 NA DTAM,; Vincent, C,
lon (NW Atlantic) unpublished data
SWEDEN & Skagerrak east coast 2021 2877 Swedish Museum of Nat.
Hist.
DENMARK
Kattegat/ Danish 2021 8419 Swedish Museum of Nat.
Straits Hist., Aarhus University
Southwestern Baltic 2021 1181 Aarhus University
Limfjord 2021 1043 429 Aarhus University
Kalmarsund 2021 2049 Swedish Museum of Nat.

Hist.
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Table 1.8. Recent grey seal survey data.

Country Recent Sur- Moult Breeding References
vey Year(s
v (s) (All seals) (Pups)
NORWAY Troms & Finnmark 2020-2021 275 Kjell Nilssen (unpublished
data)
Mid Norway 62N-68N  2018-2020 404 Kjell Nilssen (unpublished
data)
Norway south of 62N 2017 35 Nilssen and Bjgrge, 2017a, b
ICELAND 2017 6269 1452 Granquist and Hauksson,
2019a
WADDEN SEA 2021 9069 1927 Brasseur et al., 2021
(2020-2021)
DUTCH DELTA 2020 1550 23 Hoekstein et al., 2021
AREA (2019-2020)
FRANCE Mainland 2021 2602 91 Poncet et al., in press
UK Inner Hebrides 2019 4455 SCOS, 2021
Outer Hebrides 2019 16 083 SCOS, 2021
NW Scotland 2019 609 SCOS, 2021
Scottish North Sea 2019, 32213 SCOS, 2021;
2004* * Shetland
English North Sea 2019 10725 National Trust, Lincolnshire
Wildlife Trust, Natural Eng-
land, Friends of Horsey
Seals
SW England & Wales 2019 2750 SCOS, 2021
REPUBLIC OF 2012 7284 2100 O Cadhla et al., 2013
IRELAND
CANADA Sable Island 2016 83594 den Heyer et al., 2017
Gulf of St Lawrence + 2016 15090 den Heyer, etal., 2017;
eastern Canada Hammill et al., 2017
FRANCE Saint-Pierre et Mique- 2021 180* 0 DTAM,; C. Vincent, un-
lon (NW Atlantic) published data
* Summer counts (harbour
seal moult)
USA USA east coast 2019 6253 Wood et al., 2019
BALTIC Baltic 2020 42 000 HELCOM
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Table 1.9: Recent ringed seal survey data.

Country Survey Moult (All References
Year(s) seals)
SWEDEN, Bothnian Bay 2018 9919 HELCOM (close to normal ice conditions)
FINLAND
Bothnian Bay 2021 11509 HELCOM (unusual ice conditions)
2015 19936 2015: the highest unusual result
ESTONIA, Gulf of Finland 2021 116 M. Verevkin, pers. comm. (suitable ice only
FINLAND, on Russian side)
RUSSIA
ESTONIA, Gulf of Riga 2021 1029 1. Jissi, M. JUssi, pers. comm.
LATVIA
FINLAND Finnish Archipelago 2018 122, popula- M. Kunnasranta, pers. comm.
Sea tion estimate
200-300
ICELAND

Harbour seal

The Icelandic harbour seal (Phoca vitulina) population is currently in decline, decreasing from an
estimated abundance of 33 000 animals in the first census in 1980 to 7700 animals in 2016, which
historically is the lowest estimate observed (Figure 1.20). New data from surveys carried out in
2018 and 2020 show an increase in the estimated population size to around 9400 individuals in
2018 (Granquist and Hauksson, 2019b) and 10 319 individuals in 2020 (Granquist, 2021). Despite
the increase, this number is still below the set management target of a population size of 12 000
harbour seals.

ICES



ICES | WGMME 2022 | 45

Harbour seals - moult count

&
~

30000- hE
25000- s
20000- .

15000- ®

Number
N\
P
1

10000- ~ e

5000-
O,
1979 1982 1985 1988 1991 1994 1997 2000 2003 2006 2009 2012 2015 2018 2021
Year
< Iceland

Figure 1.20. The trend of survey results of harbour seals in Iceland, estimated population abundance.

Grey seal

The Icelandic grey seal population has been surveyed at irregular intervals since 1982 when the
population abundance was estimated to be 9000 animals. The latest estimate from 2017 indicated
a population abundance of 6269 animals, based on a pup survey yielding 1452 pups (Figure 1.21;
Granquist and Hauksson, 2019a).
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Figure 1.21. The trend of counted grey seal pups in Iceland.

Annual marine mammal bycatch in the lumpsucker fishery based on observations from 2014-
2018 was estimated at 3223 (1225-5221) animals, comprising 1389 (903-1875) harbour seals, 989
(405-1573) grey seals, 240 (82-398) harp seals, 49 (1-98) ringed seals, and 28 (10-46) bearded
seals. These estimates are per year and are stratified by management area (ICES, 2019b). There is
some discussion within NAMMCO on the accuracy of the estimated bycatch of this specific fish-
ery. There is concern that mortality due to the lumpsucker fishery is affecting the Icelandic har-
bour and grey seal populations, especially as other fisheries also occur in the area. In addition to
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this threat, growing tourism including seal watching could affect the seals in the area (Granquist
and Sigurjonsdottir, 2014).

BALTIC SEA:

Ringed seal

Ringed seal (Pusa hispida ssp. botnica) breeding and moulting distribution is related to sea ice in
winter and spring. Their breeding success is highly dependent on sufficient ice cover and over-
lying snow layer through the breeding and nursing season. After breeding, they haul out scat-
tered on ice for their annual moult. Favourable ice-conditions usually occur to some extent every
year in the Bothnian Bay, where the moult surveys have been carried out since 1988 using line-
transect methodology. In years with largely normal ice-conditions the number of hauled out in-
dividuals during the surveys has increased from around 2000 in 1988 to 9919 in 2018 (Figure
1.22), corresponding to an annual average population increase of 4.7%. The increase rate has been
slightly higher in the latter half of the period (2004-2018: 5.6% per year). Nevertheless, both in-
crease rates are clearly below the intrinsic growth rate for this species. In the last decade, anom-
alous survey results were obtained, considered to be a result of early ice breakup (2013, 2014,
2015, 2017, 2019, 2020 and 2021). These data points were therefore excluded from the trend anal-
ysis. It is also questionable if the data points from 2016 and 2018 should be included. The result
for 2016 fits the trend based on the earlier data-points, but the surveyed sample of the ice-covered
area was only 6.5% then, while 13% is needed for moderate random variation (Harkdnen and
Lunneryd, 1992). The result for 2018 is at a somewhat higher level compared to the trend, but in
the absence of comparable data points it is impossible to observe true changes in the population
growth rate as well as to judge if these individual data points are comparable or not.

It is still unclear how early ice breakup affects the obtained results, and besides their deviation
from results for ‘normal’ ice years, there is a large amount of variation in counts among ‘anom-
alous’ ice years. The situation was discussed in the WGMME 2018 report (ICES, 2018).

The ringed seal subpopulation in the Bothnian Bay is the largest in the Baltic. It is recovering
from a population decline during the 20% century due to hunting and subsequent reproductive
problems caused by contaminants. However, recently raised hunting quotas and deteriorating
ice conditions increase the pressures on this subpopulation. It is concerning that the deteriorating
ice conditions affecting breeding success are also compromising monitoring data, making im-
pacts on abundance trends difficult to assess.
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Figure 1.22. Trends of estimated numbers of ringed seals hauled out on sea ice and haul-outs during moult surveys in the
Baltic. Counts in years during which the ice conditions resulted in unusual results are represented with *.

Southern ringed seal populations in the Baltic Sea: As a result of population declines during the 20th
century, Baltic ringed seals were divided into four subpopulations. In addition to the largest
subpopulation in the Bothnian Bay, three Baltic ringed seal subpopulations can be found: in the
Gulf of Finland, the Gulf of Riga, and the Finnish Archipelago Sea. The three southern subpop-
ulations are currently threatened with extinction, largely as a result of reduced breeding success
caused by decreased extent and duration of sea ice with less snow compared to historical winter
averages.

For the southern subpopulations, traditional surveys have been impossible in most recent years.
The lack of monitoring data provides a severely fragmented view of population development.
The few survey results indicate stable or decreasing trends. The status of the southern ringed
seals as well as the roles of climate warming and other pressures were discussed in the WGMME
2018 report (ICES, 2018).

In 2021, two replicate aerial surveys in the Russian area of Gulf of Finland produced hauled out
population estimates of 135 and 96 (averaging 116). This indicates that the population in the Gulf
of Finland is very small, but has not decreased recently.

In other southern areas, no aerial surveys were carried out due to lack of ice. Instead, land haul-
outs in the Vdindmeri area in western Estonia were surveyed from land or boat (I. Jiissi, personal
communication). The result of 1029 ringed seals in 2021 is in line with recent results from aerial
surveys (2013: 1077 +449, 2018: 1152) as well as counts in ice-free conditions (2008: 1055; 2014:
1010, 2016: 834; 2019: 884: 1134; Figure 21). Based on those series, it can be concluded that the
subpopulation in the Gulf of Riga has been rather stable since the first aerial survey in 1996 when
the survey, in good ice conditions, produced an estimate of 1407+ 590 ringed seals on ice
(Harkonen et al. 1998).

Boat and land-based surveys have also been developed in the Finnish Archipelago Sea, but map-
ping of the land haul outs has not yet covered the whole area.

Lack of ice has become most common in the southern areas of ringed seal distribution during the
moulting time, and advanced ice break-up has resulted in population estimates in the Bothnian
Bay that are not comparable to earlier results. Alternative monitoring techniques need to be de-
veloped for all the areas. Boat surveys in ice-free circumstances tend to produce similar
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abundance estimates to the aerial transect surveys over ice in the southern areas, but the method
is difficult to apply in the Bothnian Bay, where the potential survey area is markedly larger.
Instead a correction factor for ice-conditions is needed as a first step.

Harbour seal

Harbour seals in the Baltic (HELCOM) area (Denmark and Sweden) are surveyed annually using
replicate annual aerial surveys during the moulting period in August (Figure 1.23). They are split
into four management units: Limfjord, Kattegat and the Danish Belt Sea, Southwestern Baltic,
and Baltic Proper (Kalmarsund).

LIMFJORD: The number of harbour seals counted in Limfjord has fluctuated around 1000 since
the early 1990s and, thus, the numbers appear to be fluctuating around a carrying capacity. Ge-
netic analyses indicate that the seals in the fjord originate from two different populations: (1) the
population originally inhabiting the fjord, primarily found in the Central Limfjord, before a
storm opened the passage to the North Sea in 1825; and (2) seals from the Wadden Sea (Olsen et
al., 2014). It is not known to what extent the seals from the Wadden Sea use the fjord for other
purposes than hauling out, and to what extent they interbreed with the native seal population.
A proper assessment of the Limfjord harbour seals is contingent on clarification of these issues.
In 2021, 1043 seals were counted in the fjord, 641 of these in the central part (Aarhus University).

KATTEGAT and the DANISH BELT SEA: The harbour seal population in Kattegat and the north-
ern Danish Belt Sea experienced two dramatic mass mortality events due to PDV when more
than 50% and about 30% of the population died in 1988 and 2002, respectively (Harkonen et al.,
2006). Unusually large numbers also died in 2007, but the reason for this mortality remains un-
clear (Harkonen ef al., 2007). In spring and summer of 2014, some seals appearing to show signs
of pneumonia were found in Sweden and Denmark. Avian influenza H10N7 was isolated from
a number of these seals (Zohari et al., 2014; Krog et al., 2015; Bodewes et al., 2016). The rate of
increase between the two PDV epidemics was close to 12% per year, as in the adjacent North Sea
populations. The annual population growth rate in Kattegat and the Danish Belt Sea remained
close to 12% per year until 2010, but data suggest that it is levelling off, even if the increased
mortality in 2014 due to the influenza epidemic is taken into account (Zohari et al., 2014; Krog et
al., 2015; Bodewes et al., 2016). This is likely to be caused by density dependence, indicating that
the population is approaching carrying capacity.

In response to the OSPAR data-call 2021, the border between Kattegat and Skagerrak reporting
units was updated to follow the HELCOM sub-basin borders. In practice, this meant moving the
border northwards along the Swedish coast. For consistency, the same geographical areas were
applied also to this ICES WGMME reporting, with Skagerrak reported under Atlantic Scandina-
via. The variable for the reporting was also changed from “trimmed mean” (mean of two highest
daily counts) to mean of all complete counts. The results were recalculated for all the years pre-
sented (1978-present), leading to differences (less smoothed results) from earlier reports. The
mean number of seals counted in the two-three replicate surveys was 10 825 in 2019 (Aarhus
University, Swedish Museum of Natural History), but only 7529 in 2020, possibly due to hot
weather and high level of disturbance from recreational boats. However, in 2021, the result of
8419 was still relatively low.
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Figure 1.23. Trends of moult counts of harbour seals in the Kattegat and the Danish Belt Sea (Danish Straits), Southwest-
ern Baltic, Limfjord and Kalmarsund.

SOUTHWESTERN BALTIC: This population appears to have been growing exponentially since
it was first surveyed in 1990 (Galatius et al., 2021b). A mean of 1181 seals were counted in the
area in 2021 (Aarhus University).

BALTIC PROPER/KALMARSUND: The harbour seal population in Kalmarsund is genetically
divergent from adjacent harbour seal populations (Goodman et al., 1998) and experienced a se-
vere bottleneck in the 1970s when only some 30 seals were counted. Long-term isolation and
small numbers have resulted in low genetic variation in this population (Harkonen et al., 2006).
The population has increased annually by ca. 9% since 1975, and 2 049 harbour seals were
counted in 2021 (Swedish Museum of Natural History). In contrast to other harbour seal report-
ing units, the maximum result of replicate surveys is used for the Kalmarsund population.

Grey seal

Monitoring of the grey seal population in the Baltic Sea (Halichoerus grypus ssp. grypus) is coor-
dinated internationally during the moulting season, with coverage of the entire Baltic moulting
distribution of the species. The maximum number (not corrected for individuals in the water)
counted during 2-3 replicate surveys in each sea area is used for assessing abundance and trends.
The grey seal population in the Baltic has been growing throughout the span of the coordinated
surveys (starting in 2003; Figure 1.24), although levelling off was suspected in the middle of 2010s
when the result for the whole Baltic was just over 30 000 for four years. Then around 38 000 seals
were counted in 2019, 40 000 in 2020, and 42 000 in 2021, indicating that the population is still
growing (HELCOM EG MAMA).

The growth has been most pronounced in the southern and western parts of the moulting distri-
bution until very recently, when a regional exchange from central Sweden to southwestern Fin-
land occurred, possibly due to increased hunting pressure in the Swedish area.
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Figure 1.24. Trends for results of moult counts of grey seals in subareas of the Baltic Sea.

Of the hauled-out population, around 80% were found in the core moulting area in the central
Baltic Proper (archipelagos of central Sweden, southwestern Finland, and western Estonia). Out-
side the breeding and moulting seasons, grey seals travel and forage in other areas too. As the
size of the population has increased, its range has expanded to also include the southern Baltic,
where grey seals have been breeding regularly, although in small numbers, since 2003 (Galatius
et al., 2020). In most recent years, pups have also been observed in the Kattegat area. (Galatius et
al., 2020). This expansion has brought Baltic grey seals in contact with the Atlantic subspecies,
and there are strong indications of hybridisation between the two groups based on microsatellite
data from the southern Baltic (Fietz et al., 2016).

Grey seals use islands for breeding in the Central Baltic in years when the ice cover is limited
due to mild winters. The numbers of pups born on land is negatively correlated with maximum
ice cover in the Baltic Sea, as ice is the preferred breeding platform (Jiissi et. al., 2008). Pup surveys
on the Estonian west coast have only been systematic since 1990, and among years without
coastal ice during the breeding season in February-March, there is an increasing trend (Figure
1.25).

In 2021, a complete survey of grey seal pups born on land along the ice-free coastal areas of
Sweden was carried out. It revealed an important land breeding area in the Stockholm archipel-
ago, which supports the earlier impression based on knowledge from Estonia and Finland that
the core land breeding area for the Baltic grey seals is in the northern parts of the main Baltic
Proper. Minor land breeding areas were found along the whole Swedish area of the Baltic Proper,
but no land breeding areas were found in the Bothnian Sea. However, a few observations of grey
seal pups on Bothnian Bay ice were made from ice-breakers.
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Figure 1.25. Trends of counts of grey seal pups in West Estonia in years without ice in the breeding areas and of Central
Sweden.

ATLANTIC SCANDINAVIA

Harbour seal

In parallel with the Kattegat population, the Skagerrak harbour seal population collapsed by
roughly 50% during the PDV epidemics in 1988 and 2002. Before the two collapses, the popula-
tion increased at high rates, indicating no factors restricting growth. After the latter collapse, the
rate of increase has been lower, which may indicate that the population is approaching carrying
capacity. The number of harbour seals along the eastern coast of Skagerrak (starting from the
eastern half of the Oslo Fjord in the north) counted during the moult was 5276 in 2019, 3865 in
2020 and 2877 in 2021 (Figure 1.26). The low result in 2020 was thought to have resulted from a
combination of hot weather and high level of disturbance from recreational boats, but the result
in 2021 was even lower. Along the northern coast of Skagerrak (west of the Oslo Fjord), the har-
bour seal numbers (animals counted during moult) have decreased from 680 in 2008-2015 to 543
in 2016-2018.

Along the Norwegian west coast, south of 62°N, the harbour seal count increased from 860 in
2011-2015 to 1054 in 2018 (Nilssen and Bjerge, 2019). Counts in the northern Norwegian areas
(north of 62°N) conducted between 2019 and 2021 yielded a count of 4922 harbour seals (Nilssen
et al., 2021).
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Figure 1.26. Trends of moult counts of harbour seals in the Skagerrak and Norwegian coast.

Grey seal

From the early 1960s to 2010, the numbers of grey seals have increased in Norway. Based on pup
production estimates from 2006 to 2008, a total population (including pups) of 8740 (95% CI:
7320-10 170) animals in 2011 was estimated by modelling (Jigard et al., 2012). However, a sig-
nificant reduction in pup production has been observed between 62°N and 68°N in Trendelag
and Nordland counties (mid-Norway) in 2014-2015 (Nilssen and Bjerge, 2017). In other areas
along the coast, pup production has been stable (Figure 1.27). A new survey was carried out in
mid-Norway in 2018, which confirmed that pup production was low
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Figure 1.27. Trends of counts of grey seal pups in Norway.
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The significant reduction in pup production in mid-Norway suggests a dramatic decline in the
Norwegian grey seal abundance to a total population of 3850 (95% CI: 3504—4196) individuals,
when scaling pup production using a multiplier of 5.7 (Nilssen and Bjerge, 2019). The most prob-
able reason behind the reduced pup production is high bycatches of grey seals in gillnet fisheries
for mainly monkfish, but also in cod gillnets.

CONTINENTAL COAST, WADDEN SEA TO FRANCE

Harbour seal

WADDEN SEA (Denmark, Germany, the Netherlands): Harbour seal surveys in the Wadden Sea
are coordinated among Danish, German and Dutch scientists. Brasseur et al. (2018) examined a
40-year time-series (1974-2014) of harbour seal moult counts in the Wadden Sea to study under-
lying processes of recovery, and demonstrated the influence of historical regional differences in
management regimes on the recovery of this population. Mortality rates were close to 50% dur-
ing both PDV epidemics in 1988 and 2002, and between and after the epidemics, population
growth rate has been closed to the maximum intrinsic exponential growth rate of harbour seals
at 12-13%.

Since 2012, the trend levelled off with a median annual growth rate of 1.6%. In contrast, pup
counts continue to increase (Figure 1.28). In 2021, 26 838 harbour seals were counted during
moult surveys (Galatius ef al., 2021a). Pup counts in 2021 increased to 10 903 pups counted, rep-
resenting nearly 41% of the moult counts. The cause of this apparent mismatch between the good
pup production and the stagnating population growth is unclear. Either mortality in this popu-
lation is equivalent to the pup production, as there is no growth despite increasing pup produc-
tion, or a substantial change in haul-out behaviour has occurred which could have affected the
survey results. Either way, there is a clear indication of a recent change in the population.

Results from Brasseur et al. (2018) indicate interesting exchanges between the different regions
of the Wadden Sea with disproportionally high pup production relative to moult counts in the
German states, while after the breeding period, seals redistribute throughout the area. As the
entire Wadden Sea area is monitored synchronously, lack of growth is unlikely to be an artefact
of redistribution of the animals. Future efforts should concentrate on understanding the mecha-
nisms underlying these changes in population trends.
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Figure 1.28. Trends of counts of moulting harbour seals (left) and harbour seal pups (right) in the Wadden Sea.
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SOUTHERN NETHERLANDS, BELGIUM and FRANCE: The growing harbour seal colony in
the Dutch Delta area in the southern Netherlands is thought to be connected to the Wadden Sea
population as there are insufficient local births (199 pups in 2019) to explain its growth (Figure
1.29). Telemetry data show regular exchange between this area and the Wadden Sea. Moreover,
although there is a lack of systematic stranding data, an average of 80 dead harbour seals are
reported annually in the area (Brasseur, 2018). Over 1274 animals were counted in the Dutch
Delta area in 2019 (Hoekstein et al., 2021), and numbers have been growing at almost 15% annu-
ally since 2002. Exchanges may also occur with French and southern English colonies.

In 2021, seal counts amounted to a maximum of 1319 harbour seals in the colonies on the French
coast from Normandy to the Belgian border (data compiled by S. Poncet, in press). Until 2015,
the average rate of increase of harbour seals in the Northeast Channel (southern North Sea) was
15% per year (Vincent et al., 2017). From 2017 to 2020, the maximum number of harbour seals
counted during the moult in the main colonies of the area seemed to level off (around 600 seals);
in 2021 however, the abundance of harbour seals in the main colony (Baie de Somme) increased
again (to a maximum of 755 in July 2021).

In Belgium, there are no true seal colonies, however tens of animals strand annually along the
coasts (99 in 2021, dead and dying, and excluding seals that were taken to a rehabilitation facil-
ity). The number of harbour seals observed hauling out in Belgium, especially in the port of
Nieuwpoort, is rising and seals are seen daily. In 2021, around 18 harbour seals are regularly
observed hauled out. As in previous years, multiple animals were injured by fishing gear includ-
ing hooks and rope (RBINS unpubl.; Haelters et al., 2021).
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Figure 1.29. Trends of counts of moulting harbour seals and harbour seal pups in the Dutch Delta, and French and Belgium
Coasts.

Grey seal

After centuries of almost complete absence, grey seals have shown a remarkable recovery
throughout the southernmost North Sea including the Wadden Sea area, where more than 9000
were counted during the moult in 2021 (Brasseur et al., 2021). In the same area, 1927 pups were
counted in the winter of 2020/2021 (Brasseur et al., 2021; Figure 1.30). Colonies started in Ger-
many and the Netherlands in the 1980s and have since expanded to Denmark. The growth rate
of the breeding population is higher than might be expected based on local recruitment, and is
thus thought to be partially fuelled by immigration from the UK (Brasseur et al., 2015). During
the moult, the majority of the grey seals counted in the Wadden Sea are counted in the Nether-
lands (~75%), while recently, counts in the German Wadden Sea (especially Helgoland and the
Kachelotplate) have grown in importance (>20%), as have the numbers in Denmark (~3.5%).
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During the breeding season, a relatively large proportion (almost 47%) of pups are now born in

Germany.
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Figure 1.30. Trends of moulting grey seals and grey seal pups in the Wadden Sea.

The difference in relative distribution might be indicative of the importance of the exchange with
the UK population. Possibly seals from the UK use the Dutch area more than other parts of the

Wadden Sea.

DUTCH DELTA AREA: As is the case for harbour seals, grey seal numbers have been growing
in the Dutch Delta area, despite there being no pups produced, and an apparent high mortality
rate (~40 deaths reported per year). Since 2018 however, some births have been recorded in the
area though numbers are still low and do not match the large number of animals seen during the
moult. In December 2019 23 pups were counted. The continuous growth in grey seal numbers
suggests a constant exchange between this area, the Wadden Sea and the UK, where numbers
are growing, or southwards towards Belgium and France. In 2020, a maximum moult count of
1550 grey seals in the Delta area was reported and 23 pups have been recorded (Hoekstein et al.,
2021). The continuous growth in grey seal numbers suggests a constant exchange between this
area, the Wadden Sea and the UK, where numbers are growing, or southwards towards Belgium

and France.

BELGIUM and FRANCE: Occasionally a few grey seals (two) are seen to haul out on the Belgian
coasts (Haelters et al. 2021). The maximum moult count along the French coasts was 2602 in 2021,
and on the breeding sites, 91 pups were observed (Figure 1.31; data compiled by S. Poncet, in
press). The maximum number of grey seals counted in France increased sharply since 2020 (2 602
vs. 1350): while seal counts increase in a number of colonies along the French coast, this is mainly
due to the observation in 2021 of a larger number of seals at Walde (Northern France), most
probably linked to the proximity to the large haulout site of Goodwin Sands (England). Numer-
ous exchanges with the UK and the Wadden Sea have been recorded using telemetry. Wind farm
projects are planned in the Channel along the French coasts, and more tracking and monitoring
of the seal colonies will be carried out in both the eastern Channel and Normandy in the coming

years.
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Figure 1.31. Trends of moult counts of grey seals (left) and grey seal pups (right) in the Dutch Delta Area, and France and
Belgium Coasts.

UK and REPUBLIC OF IRELAND

Harbour seal

Scotland, Northern Ireland and Southeast (SE) England account for the majority of UK harbour
seals, with only small populations elsewhere (South England, Northeast England). A recent
study (Carroll et al. 2020) combining genetics, movement and population trend data indicated
that the UK population belongs to two distinct metapopulations: northern (Scotland, Northern
Ireland) and southern (SE England) with the latter being part of the continental Europe group.
These metapopulations encompass differing population trends.

Harbour seal populations in the UK are primarily monitored via August moult counts largely at
the scale of Seal Management Units (SMUs). Annual surveys are conducted covering different
areas, with the aim of covering the Scottish and English SMUs within a five-year period. More
frequent surveys are conducted in areas of continuing decline (e.g. Orkney), and the populations
in SE England, and in the Moray Firth and Firth of Tay in East Scotland are surveyed annually.
No large-scale surveys of harbour seals in Scotland were undertaken in 2020 due to COVID re-
strictions. In England, a survey of the East Anglian coast was undertaken in 2020 and a series of
three surveys across the Southeast England SMU were carried out in 2021.

The UK harbour seal population has remained reasonably stable over the last 25 years; the latest
UK count total from surveys conducted between 2016 and 2019 (with the addition of 2021 data
for the Southeast of England) was 31 497 (SCOS, 2021), giving rise to an estimated population of
43 750 (approximate 95% CI: 36 000-58 700).

NORTHERN UK.: Counts in the northern metapopulation show varying trends from continuing
decline (Orkney & North Coast, East Scotland SMUs), depleted but stable (Shetland, Moray
Firth), stable (Western Isles, Southwest Scotland) with indications of an increase (West Scotland)
(Figure 1.32). The latest counts (2019) covered Orkney, Shetland and the north section of the
Moray Firth SMU, completing the round-Scotland survey round, which started in 2016 produc-
ing an overall count of 26 846. This is just over 5% higher than the previous Scotland census in
2011-2015, but almost 10% lower than the highest Scotland total counted in 1996-1997.

NORTHERN IRELAND: The latest count of 1012 (2018) in Northern Ireland indicates little
change in population since the previous count in 2011 (948). Research is ongoing into the proxi-
mate and ultimate cause of the declines in Scotland. The rate of decline suggest that they are, in
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part, due to increased adult mortality. Ultimate causes under investigation are bio-toxins, grey
seal competition and predation.

SOUTH-EAST ENGLAND: The UK component of the southern metapopulation, almost entirely
in SE England SMU, had been showing sustained increases, punctuated by PDV epidemics in
1988 and 2002. However, the latest SE England count of 3505 (2021) continues the previously
described trend whereby the 2019 count (3752) was approximately 25% lower than the counts of
the last three years and similar to the post epidemic minimum counts in 2004-2006. This is driven
by a particularly low count for The Wash, a Special Area of Conservation (SAC), which until
2019 accounted for around 75% of the Southeast population. Given the substantial variation in
the proportion of the population hauled out, further data are urgently required to confirm the
decline and quantify the rate. The reasons behind such levelling off and potential decline are
unclear, but the relative abundance of grey seals may be a factor; the ratio of harbour: grey seals
in SE England SMU has changed from 10:1 in 1988 to 1:10 in 2019. Pup counts have been con-
ducted within this SAC between 2001 and 2019. Although the pup production trend had been
increasing, there is evidence this may have levelled off in recent years (Thompson, 2019).
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Figure 1.32. Trends of moulting harbour seals in the subareas of the UK.
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Figure 1.33. Trends of moulting harbour seals in the subareas of the Republic of Ireland.

REPUBLIC OF IRELAND: In the Republic of Ireland, 4007 harbour seals were counted in August
2017 and 2018, using aerial thermal imaging (Figure 1.33). This number represents an increase
relative to the two previous surveys of 2003 (3489 seals) and 2011-2012 (2955 seals). As in previ-
ous surveys, most seals were counted in the West region.

Grey seal

The UK grey seal population appears to comprise one metapopulation that extends into the rest
of Europe. Indeed, there are considerable movements between UK Seal Management Units, Ire-
land, and the continent (Brasseur et al., 2015; Russell and Carter, 2021). Population size is esti-
mated using a Bayesian state-space population dynamics model (Thomas, 2020) in which prior
information on vital rates (Russell et al., 2020) is combined with two sources of data: (1) a region-
specific time series of pup production, and (2) ‘independent’ estimates of grey seal population
(2008, 2014 and 2017; independent from pup production) which are derived by combining Au-
gust counts and an estimate of the proportion of the population available to count (from telem-
etry data). The population model incorporates ca. 90% of UK pup production and thus the output
provides trends, but not absolute estimates, of regional pup production and abundance. Scaling
up the output of the population model provides a UK population estimate (individuals of age
1+) in 2020 of 157 500 (approximate 95% CI 146 000-169 400; SCOS, 2021). This estimate includes
the recent pup production estimates from aerial surveyed colonies across Scotland and the east
coast of England as well as aerial and ground surveyed colonies in the North Sea. Grey seal moult
count trends for subareas in the UK are shown in Figure 1.34.
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Figure 1.34. Trends of moulting grey seals in the subareas of the UK.

The delayed 2018 Scottish aerial pup survey was successfully carried out in 2019. This data along-
side aerial and ground count data from Northeast and Southeast England has been incorporated
into the latest pup production model. Notwithstanding changes in aerial survey methods which
are associated with a jump in pup production between 2010 and 2012, pup production appears
to have levelled off in three (Inner Hebrides c. 2000, Outer Hebrides mid-1990s, Orkney early
2000s) of the pup monitoring regions with only the North Sea showing continued increase (Rus-
sell et al., 2019). Grey seal pup count trends for subareas in the UK are shown in Figure 1.35, and

for Republic of Ireland in Figure 1.36.
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Figure 1.35. Trends of estimated pup production of grey seals in subareas of the UK.
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Figure 1.36. Trends of pup counts of grey seals in the subareas of the Republic of Ireland.

REPUBLIC OF IRELAND: Based on a total count of 2 081 new-born grey seal pups during the
period 2009 — 2012 (Figure 1.36), the abundance of grey seals in Ireland was estimated at 7 284 -
9 365 seals of all ages. Compared with previous observations, this suggests a sustained growth
in abundance since the mid-1990s, possibly since the early 1980s (O Cadhla et al., 2013). It is
probable that this growth has continued since then, as 3 698 grey seals were counted during the
August harbour seal surveys in 2017-2018, compared to a count of 2 964 in the corresponding
2011-2012 surveys (Morris and Duck, 2019).

NORTH AMERICA

Harbour seal

UNITED STATES: Based on pup surveys, Sigourney et al. (2021) applied a Bayesian hierarchical
model to estimate harbour seal abundance trends in the Gulf of Maine over the years 19932018
(Figure 1.37). Before 2001, non-pup annual growth rate was estimated at 2.1 % with a probability
of positive growth of 97%. Between 2001 and 2012, estimated annual growth of non-pups de-
creased to —1.9% with a posterior probability of negative growth of 95%. Between 2012 and 2018,
posterior estimates of growth rate were close to 0, suggesting little change in abundance of non-

pups.
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Figure 1.37. Trends of pup counts of harbour seals in the Gulf of Maine.

Estimates of growth for pups were at 9.4% annually between 1993 and 2001 with posterior prob-
ability of positive growth of >99%. These estimates were close to zero between 2001 and 2012 and
reached a low of -2.5% per year with a posterior probability of negative growth of 0.94 at the end
of the time-series suggesting a decrease in pup abundance between 2012 and 2018 (Figure 1.38).
The total number of harbour seals in Maine in 2018 was estimated to be 61 336 (CV = 0.08).

SAINT-PIERRE AND MIQUELON (French territory south of Newfoundland, Canada): In Saint-
Pierre and Miquelon, 1069 harbour seals were counted along the shore in early September, 2021.
Satellite telemetry conducted in 2020 and 2021 showed that harbour seals captured in Saint-
Pierre et Miquelon and tracked from October to February/March spent most of their time around
the archipelago, but several of them moved along the coast of Newfoundland (Canada), or fur-
ther south at sea for foraging (Figure 1.39; C. Vincent, in prep.).
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Figure 1.38: Trends of moulting harbour seals in Maine.
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Figure 1.39: Satellite tracking of 10 harbour seals from Saint-Pierre et Miquelon in 2019 and 2020 (from October to Feb-
ruary/March). Each colour represents one individual. Vincent et al. (in prep).

Grey seal

CANADA: Grey seal population trends are assessed from counts of pups during the breeding
season. In 2016, the pup production on Sable Island accounted for 85% of the estimated total
number of pups born in Canadian waters, with 11% in the Gulf of St Lawrence and 4% along the
coast of Nova Scotia. The total estimated Canadian grey seal population in 2016 was 424 300 (95%
CI=263 600-578 300), with a Sable Island and coastal Nova Scotia herd of 380 300 (95%
CI=234 000-517 200), and 44 100 (95% CI=29 600-61 100) for Gulf of St Lawrence stock. This esti-
mate was 4% lower than in 2014 (Hammiill ef al., 2014; 2017)

UNITED STATES: A smaller, but growing number of grey seal pups are born along the US east
coast in Maine and Massachusetts. The number of pups born at US breeding colonies can be used
to approximate the total size (pups and adults) of the grey seal population in US waters, based
on the ratio of total population size to pups in Canadian waters (4.3:1). Using this approach, the
abundance estimate in US waters is 27 131 (95% CI: 22 162 — 33 215) animals in 2017 (Hayes ef al.,
2018). There is uncertainty regarding this abundance level in the US because life-history param-
eters that influence the ratio of pups to total abundance in this portion of the population are
unknown. It also does not reflect seasonal changes in stock abundance in the northeast region
for a transboundary stock. For example, roughly 24 000 seals were observed in south-eastern
Massachusetts alone in 2015 (Pace et al., 2019), and 28 000 — 40 000 grey seals were estimated in
south-eastern Massachusetts in 2015, using correction factors applied to seal counts visible in
Google Earth imagery (Moxley et al., 2017). Observed counts of grey seal pups from the North
American east coast are shown in Figure 39.

ICES



ICES | WGMME 2022 | 63

Grey seals - pup count

80000- .
70000- L
60000- .

50000- o

40000- o

Number

30000- >
20000- .
10000- B A B

4 —~l
P [ n

0- 0B — 006 & GrOO— & ETOP e ot b e At
1961 1966 1971 1976 1981 1986 1991 1996 2001 2006 2011 2016

Year

+1 Canada Gulf of St Lawrence + eastern shore Canada < Canada Sable Island Massachusetts <+ Massachusetts, Maine

Figure 1.40. Trends of pup counts of grey seals in subareas of North America.

The grey seal pup counts from the US coast in 2008—-2014 do not include Seal Island, which is the
2nd largest breeding site, in theory a few hundred pups would have been missed. The most
recent grey seal pup count for the US East Coast reported 6253 pups in 2018-2019 across Mus-
keget Island, Nomans Island, Green Island, Great Point, Monomoy Island, Matinicus Rock, Seal
Island, Wooden Ball and Mt. Desert Rock (Wood et al., 2019). Figure 1.40 shows trends in pup
counts of grey seals in North America.

SAINT-PIERRE and MIQUELON: Grey seals haul out during most of the year in the archipelago,
but disappear during the breeding season (winter). Satellite tracking shows that most go to Sable
Island to breed (see Figure 1.41 for the most recent tracking). Grey seal numbers in the archipel-
ago were only censused once in 2021 (180 grey seals in September 2021). Censuses are yet too
irregular to assess trends in abundance.
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Figure 1.41. Satellite tracking of two grey seal females from Saint-Pierre et Miquelon (from October 2020 to January
2021). Each colour represents one individual. Vincent et al. (in prep).

GREENLAND and BARENTS SEA: The distribution of 13 species of marine mammals, six pin-
nipeds, six cetaceans and polar bear has been assessed in a large-scale tagging study presented
in Hamilton et al. (2021). By combining the results of multiple tagging data sets, general species
distribution as well as individual hot spots could be identified, highlighting several areas of po-
tential special conservation interest in the Greenland and the Barents Seas. For example, for har-
bour seals, local hotspots were identified in north-western Svalbard (Hamilton et al., 2021).

Harbour seal

Greenlandic harbour seals (Phoca vitulina) have been hunted to near extinction in West Green-
land. A small population about 50+ animals (42 seen in August 2019) live in the south-eastern
part (from Cape Farwell to around 62°N). Harbour seals are also seen further north along the
east coast, especially around 63-64°N, but the moulting and breeding sites for these seals are still
not located and there is no estimate of their numbers. On the west coast, there is a known breed-
ing/moulting site with 20+ seals (a group of 17-19 adult seals seen June 2020), located in a fjord
(Majorariaq - 62°38N, 50°05W). At another site (Kangerlussuaq - 67°00N, 50°43W), which had
hundreds of harbour seals in the 1960s have each year during 2019-2021, 2 adult seals and a new
born pup were seen in June. A few harbour seals are also regularly seen at other localities along
the west coast, indicating that there are a few more stocks, but their breeding/moulting sites have
still not been located and there is no estimate of their numbers.
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FAROE ISLANDS

Grey seal

With an isolated breeding population, the grey seal is the only pinniped in the Faroe archipelago.
Due to human impact and limited breeding space, this population has never increased to high
numbers. During historical time, grey seals have been hunted by the locals, also during bounty
hunts. Their survival from this relatively intensive pressure may be attributed mainly to their
difficult accessibility during breeding in winter, which occurs partly in caves. In more recent
years, seals have been culled in relatively high numbers around salmon farms, but this practice
was banned in 2020. By-catch is very low, due to the absence of gillnet fishery efforts in shallow
waters. A project with the aim of obtaining a total count of the grey seal population in summer
was initiated in 2018. A preliminary minimum uncorrected total count, using the highest num-
bers in each of four main survey areas (surveys in 2018, 2019 and 2021) is 604 grey seals. The
census will continue, aiming to correct for availability and movements between areas (expected
to be neutral) from telemetry studies.

1.2.2 Seal Monitoring and Management

DENMARK: Galatius et al. (2021b) used GLMs to investigate the effects of timing and weather
variables on harbour seal moult counts in the southwestern Baltic Sea, based on surveys con-
ducted between 1990 and 2020. Survey date within the 16-day survey window was the most
important variable, with higher counts observed earlier in August. Cloud cover, wind speed and
temperature were also included in the final model, with fewer seals predicted on land on cloudy
and windy days as well as on clear, calm days. These latter effects are likely related to tempera-
ture regulation of the seals during the moult. Power analyses suggested that correction for sur-
vey conditions would allow detection of a one percentage point annual change in population
growth rate with 80% power up to four years sooner than without taking conditions into account.

POLAND: Kielpinska and Kowalski (2021) proposed a model allowing calculation of grey seal
culling rates in different regions of the Baltic Sea, to mitigate seal-fisheries conflicts without sac-
rificing distribution targets in terms of numbers of colonies. The model was criticised by Galatius
et al. (2021c), who found that it included several flawed assumptions with regard to grey seal
biology, that the modelling itself was not transparent and that the authors did not include infor-
mation or experiences from past marine mammal culling campaigns and ecosystem modelling
of the relationships between grey seals and their prey in the Baltic Sea.

UNITED KINGDOM: Langley et al. (2021) investigated the performance of three open source
pattern recognition software algorithms for harbour seal photo-ID, namely ExtractCompare, (IS)-
S-3 Pattern and Wild-ID. The cumulative density function (CDF —a measure of successfully scor-
ing matching images higher than non-matching images) was highest for Wild-ID (CDF1 = 0.34-
0.58), followed by ExtractCompare (CDF1 =0.24-0.36) and (IS)-S-3 pattern (CDF1 = 0.02-0.3). The
highest performing aspects in ExtractCompare were left heads, whereas in (IS)-S-3 Pat-tern and
Wild-ID these were front heads. Overall, Wild-ID outperformed both ExtractCompare and (IS)-
S-3 Pattern under tested scenarios.

1.23 Seal Population Structure

DENMARK: Liu et al. (2022) investigated range-wide population genomics of harbour seals us-
ing ca 13 500 SNPs from 286 individuals from 22 localities. The results point to a North Pacific
origin of the species with subsequent colonisation of the Atlantic via the Canadian Arctic. From
there, the species spread across the North Atlantic in a stepping-stone fashion, accompanied by
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successive loss of genetic diversity. The latest groups to branch off were harbour seals in the
southern North Sea. There was fine-scale genetic structure observed at both regional and local
scales, consistent with the strong philopatry of the species. In the Atlantic, three major groups
stood out: the western Atlantic, the Arctic (Greenland, Iceland and Svalbard) and the eastern
Atlantic.

IRELAND: Work is being undertaken on assessing the genetic population structure in both har-
bour and grey seals in western European waters at the Galway-Mayo Institute of Technology,
Ireland, as part of the PhD thesis of Kristina Steinmetz.

Harbour seal

Harbour seals (Phoca vitulina) occurring in Irish waters are currently viewed as a single nation-
wide panmictic population (and hence management unit, MU), though this assumption is not
based on knowledge of population structure, due to a lack of available genetic data. Thus, the
present study used mitochondrial control region sequences and 9-11 microsatellite loci from har-
bour seals from Ireland and Northern Ireland (up to n=123) and adjacent UK/European waters
(up to n=289) to provide insights into the genetic population structure and diversity of harbour
seals in the studied areas. Within the island of Ireland, genetic analyses revealed the presence of
three genetically distinct putative populations characterised by high genetic diversity, hereby
defined as: North-western and Northern Ireland (NWNI), Southwestern Ireland (SWI) and East-
ern Ireland (EI). Using previously published and newly generated data, a subsequent wider scale
analysis revealed that the Irish SWI and EI putative populations were genetically distinct from
neighbouring UK/European areas, whereas seals from the NWNI area could not be distinguished
from a previously identified northern UK metapopulation. Migration rate estimates showed that
NWNI receives migrants from Northwest Scotland, with NWNI acting as a genetic source for
both SWI and EI The present study provides the most comprehensive genetic assessment of
harbour seals in European waters to date, with findings indicating that conservation strategies
for harbour seals in Irish waters should be amended to accommodate at least three genetically
distinct putative populations/MUs. The use of interdisciplinary approaches considering ecolog-
ical as well as genetic parameters is recommended for future assessments and delineation of
units of ecological relevance for conservation management purposes.

Grey seal

Delineation of MUs for grey seals (Halichoerus grypus) in the Northeast Atlantic has largely been
based on movement patterns identified by telemetry data, as significant geographical sampling
gaps have hindered the thorough assessment of population genetic structure. We addressed
these sampling gaps by generating mitochondrial (up to 456bp of the control region) and nuclear
data (11 microsatellites) from seals in areas that had not been previously studied, including Ire-
land, Northern Ireland, southwest England and the German / Danish North Sea coasts. New
mitochondrial data were merged with previously published data to generate an unprecedent-
edly large dataset of over 2000 individuals. Both mitochondrial and nuclear diversity were high
in all sub-regions. Genetic structuring results revealed that grey seals from Ireland and Northern
Ireland are part of the same interbreeding population. Southwest England and the southern
North Sea (Germany, Denmark) were identified as source areas of migrants to Ireland/ Northern
Ireland, though it may be possible that the southern North Sea shares a common source of mi-
grants not included within the nuclear analysis, rather than representing a direct source for Ire-
land/ Northern Ireland. Based on genetic findings, two distinct MUs are proposed for the North-
east Atlantic: (i) Faroe Islands, Scotland and Greater North Sea; and (ii) Northern Ireland, Ire-
land, southwestern UK (Cornwall), and France. While further sampling will be required to accu-
rately delimit the boundaries between these MUs, two transition zones are hereby proposed: (i)
Northwest Scotland and (ii) the English Channel/ southern (Dutch) North Sea. To account for
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potential ongoing admixture between the proposed MUs (and hence a shift or even eventually
disappearing of the proposed boundaries), continued monitoring and assessment of regional
population structure using a multidisciplinary framework is advised.

1.2.4 Vagrant Seal Species

Seals are highly mobile species and naturally utilise a wide range of habitats (Cronin et al., 2013;
Jones et al., 2015). However, until now ICES WGMME (for example ICES 2021) only reported
seals occurring within their assumed natural range. As global changes are expected, the group
agreed to annually also report the vagrant species observed. Table 1.10 summarises the first ef-
fort to do so and will be completed in the following years.

While it is natural that within certain spatial limits seals travel over long distances to explore
their habitat, and utilise different types of resources (Carter et al., 2019; Peschko et al., 2020), due
to different reasons, occasionally seals travel beyond their natural range (Bester, 2021). Animals
seen outside their natural range are termed “vagrant” and underlying mechanisms for such be-
haviour can be complex and are usually difficult to characterise.

In order to detect an increase in such events e.g. as the result of climatic changes, it is necessary
to keep records of such sightings which may seem as a “one off” event seen from the small local
scale, but may be an emerging pattern when looked at from a large spatial scale. Therefore, it
was decided during the annual WGMME meeting, that a collation of such sightings should be
initialised in order to enable an assessment over a large spatial scale (Table 1.10).

Table 1.10. Sighting data of vagrant seal species.

Year Place and country Numberof = Comment Ref*.
individuals

BEARDED SEAL

1988 Yerseke (NL) 1 in rehab. B)

2010 Yell (Shetland, UK) 1 E)

2011 Baltasound, Unst (Shetland, UK) 1 E)

2011 Aberdeenshire (E Scotland, UK) 1 E)

2011 - Firth of Tay (E Scotland, UK) 1 E)

2012

2013 Yell (Shetland, UK) 1 E)

2017 Timoleague (IE) 1 E)

2018 Lerwick (Shetland, UK) 1 E)

2020 Caithness (UK) 1 E)
HARP SEAL

1987 Rottumerplaat; Texel, Grevelingen, Den 6 juveniles & adults B)

Oever, Veerse Dam, Ameland, Renesse
(NL)
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Year Place and country Numberof = Comment Ref*.
individuals
1990 Terschelling, Den Helder (NL) 2 juvenile, adult: rehab. B)
1994 Zurich; Brouwersdam; Terschelling (NL) 3 juveniles rehab. B)
1995 Brouwersdam (NL) 1 died in rehab. B)
1996 Texel (NL) 1 dead B)
1997 Terschelling (NL) 1 juvenile rehab. B)
2000 Terschelling (NL) 1 dead B)
2001 Kloosterburen (NL) 1 juvenile rehab. B)
2003 Middelkerke (BE) 1 female; died in rehab. G)
2003 Middelkerke (BE) 1 G)
2005 Voorne (NL) 2 adult B)
2006 Zeebrugge (BE) 1 G)
2006 Harlingen (NL) 1 juvenile B)
2016 Den Oever (NL) 1 adult rehab. B)
2019 Westerschouwen; Noordwijk aan Zee 2 juvenile rehab.; adult dead B)
(NL)
HOODED SEAL
1981 Rilland (NL) 1 juvenile B)
1982 Ouwerkerk (NL) 1 juvenile B)
1988 St Phillipsland, Renesse (NL) 2 juveniles B)
1989 Gent/Doornik (BE) 1 female; died in rehab. G)
1990 Vlieland (NL) 1 juvenile rehab. B)
1996 Schleswig-Holstein coast (DE) 1 D)
1996 Texel, Frewert, Scheveningen, Vlieland 4 B)
(NL)
1997 Den Helder, Callantsoog (NL) 2 juveniles, one dead B)
1998 Schleswig-Holstein coast (DE) 1 D)
1998 Vlieland, Den Helder, Terschelling (NL) 3 juveniles, rehab. B)
1999 Heist (BE) 1 male G)
2000 Knokke (BE) 1 female; died in rehab. G)
2000 Lauwersoog, (NL) 1 B)
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Year Place and country Numberof = Comment Ref*.
individuals
2001 Schleswig-Holstein coast (DE) 1 D)
2003 Middelkerke (BE) 1 male; died in rehab. G)
2004 Arnhem (NL) 1 B)
2005 Camperduin, Terschelling, Balgzand, 4 B)
Westvoorne (NL)
2010 Rottumeroog (NL) 1 B)
2011 Schleswig-Holstein coast (DE) 1 D)
2011 North Yorkshire (E England, UK) 1 recorded before in DE E)
2013 Hartlepool (NE England, UK) 1 E)
2013 Maasvlakte (NL) 1 B)
2014 Baarland, Texel (NL) 2 B)
2018 Scheveningen (NL) 1 B)
RINGED SEAL
1972 Breskens, Rilland (NL) 2 B)
1973 Engelsmanplaat (NL) 1 B)
1977 Ameland, Zierikzee, Ameland (NL) 3 B)
1979 Schiermonnikoog (NL) 1 B)
1980 Oosterschelde, Sliedracht (NL) 2 both in rehab. B)
1982 Westvoorne, Oosterhout (NL) 2 both in rehab. B)
1985 Terneuzen, Moddergat Terneuzen (NL) 3 B)
1986 Ameland (NL) 1 B)
1987 Wenduine (BE) 1 female; taken to rehab. G)
1987 Kallo (BE) 1 taken to rehab. G)
1987 Zeebrugge (BE) 1 taken to rehab. G)
1988 Ouddorp (NL) 1 B)
1989 De Haan (BE) 1 taken to rehab. G)
1990 Breezanddijk, Texel (NL) 2 B)
1991 Berkheide, Wassenaar (NL) 2 B)
1993 Zoutelande (NL) 1 B)
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Year Place and country Numberof = Comment Ref*.
individuals
1994 Schiermonnikoog, Grevelingen (NL) 2 B)
1994 Belgium 2 G)
1996 Schiermonnikoog (NL) 1 B)
1998 Schiermonnikoog, Vlieland (NL) 2 B)
2000 Katwijk (NL) 1 B)
2002 Terschelling (NL) 1 B)
2007 Wierum Zaandam, Zoutelande (NL) 3 B)
2008 Terschelling, Texel (NL) 3 B)
2009 Vlieland (NL) 1 B)
2011 Vlieland (NL) 1 B)
2013 Ameland, Vlieland (NL) 2 B)
2015 Utrecht (NL) 1 rehab. B)
2016 Plymouth (SW England, UK) 1 E)
2018 Borssele (NL) 1 dead B)
2019 Amsterdam (NL) 1 rehab. B)
2021 Cove Bay (E Scotland, UK) 1 in rehab. released in Shetland E)
WALRUS
1926 Den Helder (NL) 1 adult male B)
1945 Zeebrugge (BE) 1 killed on beach G)
1960 Sylt (DE) 1 A)
1976 Zeebrugge (BE) 1 G)
1976 Texel, Colijnsplaat (NL) 2 1 male, same animal in Belgium? B)
1977 Texel, Oosterschelde (NL) 2 B)
1979 Texel (NL) 1 swimming B)
1981 Terschelling (NL) 1 rehab. B)
1982 Den Helder (NL) 2 B)
1983 Sylt (DE) 1 A)
1993 ljmuiden (NL) 1 B)
1998 Sylt (DE) 1 A)
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Year Place and country Numberof = Comment Ref*.
individuals
1998 Juist (DE) 1 A)
1998 Ameland(NL) 1 B)
2012 Camperduin (NL) 1 B)
2013 North Ronaldsay (Orkney, UK) 1 E)
2018 Sanday and North Ronaldsay (Orkney, 1 E)
UK)
2018 Skerries (Shetland, UK) 1 E)
2021 Valencia Island (Co. Kerry, IE) young male named “Wally” E)
2021 Pembrokeshire (Wales, UK) E)
2021 Cornwall (England, UK) E)
2021 Les Sables-d'Olonne (FR) E)
2021 Bilbao and Santander (ES) E)
2021 Cornwall (England, UK) E)
2021 Co. Cork (IE) E)
2021 Iceland F)
2021 Denmark 1 young female named “Wanda or Q)
Freya”

2021 East Frisian Islands (DE) D)
2021 Den Helder (NL) D)
2021 Seahouses, (Northumberland, UK) D)
2021 - Shetland, (UK) E)
2022

2022 Hvide Sand (DK) C)

GREY SEAL
2022 Motril (ES) 1 H)

*References: A) beachexplorer.org; B) Broekhuizen, S., Spoelstra, K., Thissen, J.B., Canters, K.J., Buys, J.C., 2016. Atlas

van de Nederlandse zoogdieren. Naturalis Biodiversity Center; Updated with waarneming.nl; C) Fiskeri- og Sgfartsmu-
seet; D) ITAW Germany pers. comm.; E) P.G.H. Evans pers. comm.; F) ‘Out of Habitat’ Marine Mammals Workshop Re-
port. (2021).; G) J. Haelters pers. comm. H) www.theolivepress.es
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ToR B: Review and report on any new information
on seal and cetacean management frameworks in
the North Atlantic

2.1 High-level summary of earlier reports

Seal and cetacean management frameworks in the European Union are covered by the European
Common Fisheries Policy (in particular amendments under Regulation 1380/2013), the Habitats
Directive (Directive 92/43/EEC), Regulation 2019/1241 (which has replaced Regulation 812/2004),
and the Marine Strategy Framework Directive (Directive 2008/56/EC) among others.

Marine Strategy Framework Directive (2008/56/EC)

WGMME has reported in previous years on the development of common indicators and targets
for the Marine Strategy Framework Directive (MSFD; e.g. ICES, 2020c and reference therein). In
2018, Member States reported to the European Commission on the Good Environmental Status
(GES) of marine ecosystems (Palialexis and Boschetti, 2021). Marine mammals had more com-
plete assessments and good regional coordination for GES determination compared to the pre-
vious reporting cycle in 2012. The four-seal species recorded, including grey seal (Halichoerus
grypus), harbour seal (Phoca vitulina), Mediterranean monk seal (Monachus monachus) and Baltic
ringed seal (Phoca hispida botnica) are well studied and reported by almost all Member States
where they occur. The small toothed cetacean species are sparsely reported apart from four spe-
cies (common Delphinus delphis and striped dolphin Stenella coeruleoalba, coastal bottlenose dol-
phin Tursiops truncatus, and harbour porpoise Phocoena phocoena). Only three species (out of 12
registered species) were reported amongst deep-diving cetaceans (long-finned pilot whale Glo-
bicephala melas, sperm whale Physeter macrocephalus and Cuvier’s beaked whale Ziphius caviros-
tris). Those that were not reported have distributions beyond coastal waters in the Northeast
Atlantic. A similar pattern occurs for the baleen whales, where only two member states reported
three out of the seven species distributed in offshore waters (Palialexis and Boschetti, 2021).

Habitats Directive (92/43/EEC)

WGMME has reported in previous years on the EU Habitats Directive (HD), which set out spe-
cific requirements for Member States with regard to the protection of marine mammals (e.g.
ICES, 2021c). Article 17 of the HD requires Member States to report every six years on progress
with respect to the implementation of the HD. Monitoring of conservation status is an obligation
arising from Article 11 of the HD for all habitats listed in Annex I, and species listed in Annex II,
IV and V. All marine mammal species are listed under Annex IV. Grey seals (Halichoerus grypus),
harbour seals (Phoca vitulina), Mediterranean monk seals (Monachus monachus), bottlenose dol-
phins and harbour porpoises are listed under Annex II. The latest reporting from Member States
under Article 17 is available for 2012-2018 at https://nature-art17.eionet.europa.eu/article17/

In the latest reporting, marine mammals as a group had the highest proportion of unknown as-
sessments under Article 17 due to a lack of appropriate monitoring (EEA, 2020). This is particu-
larly true for cetaceans, for which, apart from species listed on Annex II, the range, population
size, and suitable habitat area are unknown in the majority of Member States (EEA 2020). Marine
mammals, including the common dolphin and harbour porpoise are most noticeably affected by
bycatch and marine harvesting activities (EEA, 2020). Seal bycatch is less well reported (ToR E),
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thus its effect on the populations is unknown. As a consequence, EU frameworks and other
groups have mostly concentrated their efforts on cetacean bycatch.

Data Collection Framework (Common Fisheries Policy, CFP)

EU Regulation 2019/1241 requests Member States to "take the necessary steps to collect scientific
data on incidental catches of sensitive species” and, given "scientific evidence, validated by ICES,
the Scientific, technical and economic committee for fisheries (STECF), or in the framework of
GFCM, of negative impacts of fishing gear on sensitive species”, to "submit joint recommenda-
tions for additional mitigation measures for the reduction of incidental catches". The relevant
objectives of this regulation include: (i) to ensure that incidental catches of sensitive marine spe-
cies, including those listed under Directives 92/43/EEC and 2009/147/EC (Habitats and Bird Di-
rectives,, that are a result of fishing, are minimised and where possible eliminated so that they
do not represent a threat to the conservation status of these species, and (ii) to ensure, including
by using appropriate incentives, that the negative environmental impacts of fishing on marine
habitats are minimized. Its targets include: incidental catches of marine mammals, marine rep-
tiles, seabirds and other non-commercially exploited species do not exceed levels provided for
in Union legislation and international agreements that are binding on the Union.

The objectives of CFP amendments under Regulation 1380/2013 include implementation of the
ecosystem based approach to fisheries management so as to ensure that negative impacts of fish-
ing activities on the marine ecosystem are minimized, and there is coherence with the Union
environmental legislation, in particular with the objective of achieving GES under the MSFD (see
above).

In 2019, STECF was requested to provide a holistic review of the effectiveness of the current
regulation based on ICES advice and other sources of information in terms of mitigating bycatch
of cetaceans (STECF, 2019). Among other things, STECF was requested to provide a summary of
candidate thresholds (removals limits) for the cetacean species most typically caught as bycatch.
STECF (2019) stressed that setting thresholds for anthropogenic removals require clear conser-
vation objectives and targets. There is, however, a lack of agreed conservation objectives at the
EU scale (ICES, 2014b). The continued absence of action on conservation objectives is impeding
the use of procedures to compute thresholds (see Palialexis et al., 2021 for an overview of thresh-
old setting methods). STECF (2019) reiterates the advice presented in ICES (20144, b) that the
European Commission establishes a process involving policy, scientists, managers and other
stakeholders to compute bycatch thresholds based first on agreement of conservation objectives.
Integral to management is a clear understanding of the conservation and management objectives
to be achieved. Currently, those specified in European environmental legislation require further
definition to be able to be used quantitatively in the modelling approaches to threshold setting
(ICES 2014a, b; STECF 2019).

STECEF (2019) concluded that the requirements to establish a system of surveillance of incidental
capture under the HD appears to have been overshadowed by other monitoring requirements
(Article 11'#) and those in the (now repealed) Regulation (EU) 812/2004. STECF (2019) concluded
that this regulation should have included all fleet segments - all vessels regardless of size in all
EU waters in order to enable a robust assessment of the overall impact of fisheries on cetaceans.
Dedicated marine mammal observer programmes are needed to remove the downward bias in
bycatch estimates generated from the non-dedicated monitoring of cetacean bycatch under the
Data Collection Framework.

14 Article 11 of the Habitats Directive requires Member States to monitor the habitats and species listed in the annexes
(habitats in the Annex I and species in the Annexes II, IV and V).
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Regulation (EU) 812/2004 was repealed in 2019 with the introduction of Regulation (EU)
2019/1241 on the conservation of fisheries resources and the protection of marine ecosystems
through technical measures (hereafter referred to as ‘Technical Measures’). Article 3 sets the ob-
jectives, including, among others, to ‘ensure that incidental catches of sensitive marine species,
including those listed under Directives 92/43/EEC and 2009/147/EC, that are a result of fishing,
are minimised and where possible eliminated so that they do not represent a threat to the con-
servation status of these species’. Article 4 sets targets, including ‘incidental catches of marine
mammals, marine reptiles, seabirds and other non-commercially exploited species do not exceed
levels provided for in Union legislation and international agreements that are binding on the
Union.” New legislations are further detailed in ICES (2020b, 2020c).

STECF (2019) concluded that the carryover of the monitoring requirements of Regulation (EU)
812/2004 into the proposed Technical Measures Regulation in Annex XIII is unhelpful as it does
not remedy the deficiencies with respect to marine mammal bycatch monitoring (see also STEFC,
2021 or EC, 2021). Bycatch has been highlighted as the greatest anthropogenic threat to Baltic
harbour porpoises in the Baltic Sea, Iberian harbour porpoises in the Iberian Peninsula, and com-
mon dolphins in the Northeast Atlantic.

ASCOBANS

The Agreement on the Conservation of Small Cetaceans of the Baltic, North East Atlantic, Irish
and North Seas (ASCOBANS) is a daughter instrument to the Convention on Migratory Species
(CMS or Bonn Convention) and entered into force in 1994.

The North Sea Group is a working group of the ASCOBANS Advisory Committee and is the
Steering Group for the ASCOBANS Conservation Plan for the Harbour Porpoise in the North
Sea, whilst the Jastarnia Group is the equivalent Steering Group for the ASCOBANS Recovery
Plan for Baltic Harbour Porpoises, and for the Conservation Plan for the Harbour Porpoise Pop-
ulation in the Western Baltic, the Belt Sea and the Kattegat. WGMME previously reported on the
Jastarnia Plan (ICES, 2021c).

ASCOBANS also provides a platform within which to form a coordinated transboundary ap-
proach to the conservation of a species via a Species Action Plan (SAP). In 2019, a SAP was agreed
for the common dolphin in the Northeast Atlantic (ASCOBANS 2020). The SAP aims to
strengthen the evidence base and make management decisions at an appropriate spatial and
transboundary scale for this wide-ranging species.

With respect to cetacean bycatch, ASCOBANS passed two resolutions, one in 2000 (Resolution
3.3 on Incidental Take of Small Cetaceans) and the other in 2006 (Resolution 5.5 on Incidental
Take of Small Cetaceans) which

. defines “unacceptable interactions” as being, in the short term, a total anthropogenic re-
moval above 1.7% of the best available estimate of abundance (Res.3.3); and

. underlines the intermediate precautionary objective to reduce by-catches to less than 1%
of the best available population estimate (Res.3.3 and Res.5.5).

A joint ASCOBANS-ACCOBAMS working group on bycatcvh was established in 2019, and held
a two-day workshop in February 2021 to identify conservation priorities. Following this, the 26th
Advisory Committee of ASCOBANS agreed in 2021 to organize an ‘Expert workshop to recom-
mend small cetacean conservation objectives in relation to anthropogenic removals’. The aim of

this two-part workshop is to decide an appropriate conservation objective for small cetacean
species (ASCOBANS, 2021a).
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The European Union Biodiversity Strategy for 2030

The EU Biodiversity Strategy for 2030'> (EUBS, 2030) is an aspirational long-term plan for pro-
tecting nature and reversing the degradation of ecosystems in the European Union. The EUBS
2030 contains specific commitments and actions to be delivered by 2030 including (i) establishing
a larger EU-wide network of protected areas on land and at sea; (ii) launching an EU nature
restoration plan or (iii) introducing measures to enable the necessary transformative change for
restoration.

EUBS 2030 plans to achieve a target of 30% of European marine waters under protection, with
10% strictly protected. Currently, 12.4% of the EU marine area is designated as a Marine Pro-
tected Area (WWF, 2019). To achieve the target, the surface of the EU marine area to be desig-
nated as a Marine Protected Area needs to increase two-fold. However, the European Environ-
mental Agency reported that less than 1% of European Marine Protected Areas could be consid-
ered marine reserves with full protection (e.g. through fishing bans), and that management of
Marine Protected Areas needed to be strengthened (EEA, 2019).

The European Court of Auditors critically reviewed the effectiveness of marine protection policy
in the EU in 2020: marine ecosystems in the EU have not been restored to GES, nor is fishing
being practiced at sustainable levels (Anon., 2020). In particular, the European Court of Auditors
concluded that

J EU protection rules have not led to the recovery of significant ecosystems and habitats;

o the network of marine protected areas was not representative of the EU’s diverse seas
and sometimes provided little protection;

. in practice, the provisions to coordinate fisheries policy with environmental policy had

not worked as intended (see also OceanCare, 2021), and the species and habitats pro-
tected by birds and habitats directives were based on outdated threat assessments.

EUBS 2030 is relevant to seal and cetacean management because their protection is primarily
driven by the HD via the establishment of protected areas (Natura 2000 sites) for species listed
on Annex II of the directive (see above).

Finally, the European Commission is to adopt an Action Plan to conserve fisheries resources and
protect marine ecosystems’®. The plan, announced in the EUBS 2030, aims to outline where action
is needed to address the bycatch of sensitive species (including all marine mammals) through
technical measures such as area closures, gear changes and mitigation measures. After a public
consultation in late 2021, its adoption is planned for spring 2022.

Assessment Units

WGMME previously reported on assessment units (ICES, 2018; 2019; 2020c). These assessment
units were discussed within several fora, including the OSPAR Marine Mammal Expert Group
(OMMEG;, see section 1.3 below). These updated assessment units will serve to assess ecological
status in the QSR 2023. ICES (2020c, 2021c) provided a recent description of management frame-
works for both seals and cetaceans under the two regional sea conventions HELCOM and
OSPAR. Local seal management frameworks are detailed below in 2.2.

15 https://ec.europa.eu/environment/strategy/biodiversity-strategy-2030_en

16 https://ec.europa.eu/oceans-and-fisheries/news/action-plan-conserve-fisheries-resources-and-protect-marine-ecosys-
tems-your-opinion-counts-take-part-2021-10-25_en
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2.1.1 Hunting of marine mammals

WGMME has previously reported on marine mammal hunting (e.g. ICES, 2019). Hunting of ce-
taceans does not occur within the regions under consideration. However, minke whales are taken
during the Norwegian whaling activities directly to the north of the North Sea, and fin and minke
whales in Icelandic waters. In the Faroes, long-finned pilot whale (Globicephala melas) and on
occasions, Atlantic white-sided dolphin (Lagenorhyunchus acutus), bottlenose dolphin, Risso’s
dolphin Grampus griseus), and northern bottlenose whale (Hyperoodon ampullatus) are taken in
drive fisheries (see https://www.whaling.fo/en/regulated/450-years-of-statistics/catches/). In
September 2021, a type of whale hunting which involves the beaching and slaughtering of
whales (a so called 'Grindadrap' or 'grind’), was carried out at Skalabotnur beach in the Faroe
Islands. This traditional hunt usually involves the long-finned pilot whale and occasionally the
Atlantic white-sided dolphin. The September 2021 grind is believed to be the largest one, involv-
ing the take of over 1,400 Atlantic white-sided dolphins (ASCOBANS, 2021b). In 2019 and 2020,
10 and 35 dolphins were killed. Contracting parties to ASCOBANS (save Denmark who did not
partake in the vote) agreed to send a letter from the ASCOBANS Secretariat to Denmark and the
Faroe Islands on the practice of the grind, indicating therein their preference for applying the
same strict cetacean protection as other EU member states.

Deliberate killing of small cetaceans (e.g. common dolphins, bottlenose dolphins) occasionally
occurs when fishers regard these as in conflict with their activities. In the latter part of the 20th
century, this was quite common amongst French fishers either as bait or for human consumption
(Baulaz and Morin-Repingay, 2015). There have been no reports in recent years but some strand-
ings of common dolphins on the French Atlantic seaboard are highly suggestive of meat being
taken from carcasses for human consumption.

Hunting of seals occurs in Iceland, Norway, Sweden and Finland, with three species (grey, har-
bour, and ringed seal) taken within their range (HELCOM, 2009; 2018). Seals are often killed
because they are perceived to be a threat to some human activity, for example, by taking fish of
commercial value. For this reason, grey seals are culled under licence in the Baltic (HELCOM,
2009; 2018), and both grey and harbour seals have been taken in Scotland (Greater North Sea and
Celtic Seas regions) under the Marine (Scotland) Act 2010 (OSPAR, 2010; Marine Scotland, 2010).
Some unlicensed/illegal killing of seals almost certainly also has occurred, although probably
much reduced from former times, for example, of monk seals in Macaronesia (Madeira: Kara-
manlidis ef al., 2016). In the UK, it has been legal to kill seals under certain conditions without
licence under the Conservation of Seals Act 1970. In the EU, there is a ban on commercially im-
porting harp and hooded seal pup skins and any products containing such skin.

For the status in the US, see section 2.4 below on the ‘US Marine Mammal Protection Act import
provisions rule’.

UNITED KINGDOM

It is an offence to intentionally or recklessly kill, injure or take a seal in UK waters. However,
there is a general exemption for taking a seal that is disabled for the sole purpose of tending and
releasing it when no longer disabled, or killing a seal that is so seriously disabled that there is no
reasonable chance of its recovering. As of 1 March 2021 amendments made to the Conservation
of Seals Act 1970, the Wildlife (Northern Ireland) Order 1985 by Schedule 9 of the Fisheries Act
2020, and in Scotland via the Animals and Wildlife (Penalties, Protections, and Poweers) (Scot-
land) Act 2020, amending the Marine (Scotland) Act (2010), all came into force. Individual seals
can no longer be controlled (killed red.) under the ‘netsman’s defence’ as this defence was re-
moved from the legislation as of 1 March 2021.
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The trading and importing of seal products is regulated for all species of pinnipeds by the Seal
Products Regulations 2010. The regulations introduced a ban on commercially importing and
marketing all seal products and any related products. The ban applies to all seal products unless
any of the following are true. If they:

. result from traditional hunts conducted by Inuit and other indigenous communities and
contribute to their subsistence.

o result from hunts regulated under national law with the sole purpose of the sustainable
management of marine resources and where the products are marketed on a non-profit
basis.

J are exclusively for the personal use of travellers or their families and only occasionally
imported.

BALTIC SEA

Hunting for seals as a resource has probably been going on in the Baltic Sea region for as long as
humans and seals have co-existed (Stora, 2002). At the end of the 19th century, a bounty system
was introduced in several countries with the aim of reducing problems for fisheries, while at the
same time providing an important income for hunters. The size of the grey seal population in
the Baltic Sea was greatly reduced by hunting in the first half of the 20th century (Harding and
Harkonen, 1999, Kokko et al., 1999). Following protection measures, including a ban on hunting,
and improved environmental conditions, the Baltic Sea seal populations recovered. The grey seal
population size increased from only a few thousand seals in the 1980s to more than 40,000
counted individuals in 2021 (this report).

The management of the Baltic Sea seal populations falls under the remit of The Convention on
Biological Diversity, The Bern Convention, The Bonn Convention and The Convention on the
Protection of the Marine Environment of the Baltic Sea Area (Helsinki Convention, HELCOM),
as well as national legislations. The ringed seal is listed in Annex V, while harbour and grey seal
are listed in Annex II and Annex V in the EU Habitats Directive. Exploitation of seals can only
be allowed if the status of the populations is monitored to ensure favourable conservation status.
HELCOM Recommendations have been a key tool in the conservation and management of seals
in the Baltic Sea since the 1980s. Recommendation 3/3 was adopted in 1982, Recommendation
9/1 was adopted in 1988 and the latest Recommendation 27-28/2 was adopted in 2006 (HELCOM,
1982; HELCOM, 1988; HELCOM, 2006).

Following the recovery of the seal populations in the late 20th—early 21st century, damage to
commercial catches and fishing gear caused by (grey) seals increased. The recommendation 9/1
was controversial since it recommended a ban of hunting at the same time as seal hunting was
an increasingly urgent matter for some stakeholders both in Sweden and in Finland in the late
1990s. Effective stakeholder lobbying resulted in the reintroduction of seal hunting as a manage-
ment measure. In 1995, an exemption was introduced under which permits for limited hunting
could be issued for scientific purposes, for evaluations of the effects of the hunt, and, in excep-
tional cases, to minimize seal-induced damage (HELCOM, 1995). Seal hunting was then consid-
ered to be in line with the HELCOM rules and a research hunt study was initiated in Sweden in
1997 (Westerberg et al., 2006).

The latest recommendation (27-28/2) recognized national management plans as suitable to ad-
dress regional differences in priorities of seal management, and recommended their develop-
ment and implementation under overarching population level long-term objectives and the fol-
lowing reference levels (HELCOM, 2006; HELCOM, 2018):

. Limit Reference Level: The population size where the long-term persistence of the pop-
ulation is ensured. No hunting licenses should be issued when population size < LRL;
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. Precautionary Approach Level: The population size where the population is at maximum
productivity level. Hunting licences can only be issued if a significant positive long-term
growth can be observed, and special care needs to be taken to avoid jeopardizing of the
long-term population growth;

. Target Reference Level: The population size where the population growth rate starts to
level off to an asymptotic population level, approaching the current carrying capacity
level. Hunting licences can be issued if the long-term objectives of the General Manage-
ment principles are not compromised.

Although no effects in terms of reduced damage to fishing gear could be observed in the research
hunt study, hunting of grey seals, in the form of protection hunting, was reintroduced in Sweden
in 2001 (Westerberg et al., 2006). Protection hunting of harbour seals in the Kattegat and ringed
seals in the Bothnian Bay started in 2009 and 2016, respectively. However, special personal per-
mits for protection hunting of single seals were assigned before the more general, regional, quo-
tas were introduced (2001, 2009 and 2016). In Finland and Aland, the recent history of seal hunt-
ing overall follows similar patterns as in Sweden: going from a ban on hunting in the 1970s-1980s
to some form of hunting during the late 1990s-early 2000s to deal with increasing conflicts be-
tween fisheries and growing grey seal populations. The objective of the protection hunt was to
reduce damage to fishing gear and catches, based on the theory that it is a limited number of
seals that are the main cause of damage. Initially, the protection hunt took place in specific seal
damage areas but later (2015 for grey seals), hunting was only allowed in the vicinity of ‘a place
where fishing is conducted and where seals have caused damage to fishing gear or taken catch
from the gear’.

In 2020, licensed hunting of grey seals was introduced in Sweden, and continued in 2021. The
purpose of licence hunting, i.e. population regulation hunting, is to reduce conflicts between
grey seals and humans in regions with high seal abundance by regulating the population accord-
ing to the objective justified and set out in the management plan. The Swedish Environmental
Protection Agency may decide on a licensed hunting, provided that the hunt is carried out in a
controlled manner, that there is no other appropriate solution, and that the hunt does not jeop-
ardise the conservation status of the seal population.

When licensed hunting started, a common quota for the entire Swedish Baltic Sea was allocated
(n=2000), in contrast to previous years when county-specific maximum numbers were allocated.
During recent years, the quotas for grey seals have been 2000 in Sweden, 1050 in Finland and 500
in Aland. The quotas for ringed seals were 420 in Sweden and 375 in Finland. The quota for
harbour seals was 340 in the Kattegat. The quantities of seals reported shot vary between years,
but typically are around half (31-67%) of the grey seal quota, >50% of the ringed seal quota and
<50% of the harbour seal quota is filled. The recent hunting of grey seals in Sweden is carried out
between April and January, of ringed seals: between May and January, and of harbour seals
between July and May. More details on the hunting of grey seals in the Baltic Sea will be pre-
sented in an upcoming report (Lundstrom, 2022).

In connection with the decision on the licensed hunting of grey seals, the Swedish Government
commissioned the Swedish Agency for Marine and Water Management (SwAM) and the Swe-
dish Environmental Protection Agency to revise the national management plan for grey seals
(Havs- och Vattenmyndigheten, 2012; Havs- och Vattenmyndigheten, 2019; Naturvardsverket,
2001). In the revised management plan, besides the overall management objectives of favourable
conservation status and neutral or positive impact on human interests, three additional objec-
tives to further clarify the management of grey seals in the Baltic Sea were defined:

o Knowledge and dialogue on the role of seals in the ecosystem, including their impact on
fish and fisheries, in a regional and national perspective, will be increased;
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. Conditions for coexistence between the grey seal population with a favourable conserva-
tion status and sustainable fisheries will be improved;
. Management measures, including hunting, will be evaluated scientifically to ensure that

the objectives of the management plan are met.

National management plans exist also in Finland, Aland and Denmark (Ministry of Agriculture
and Forestry, 2007, Alands Landskapsregering. 2007, Miljestyrelsen, 2020).

FAROE ISLANDS

In the Faroe Islands, no management plan exists for grey seals. This isolated population, the only
pinniped breeding in the islands, is not subject to recreational hunting or significant bycatch
pressure. But, historically, a limited harvest has occurred, and bounty hunts have also periodi-
cally been in action, the motivation being reducing numbers and competition with fishermen.
With the development of the aquaculture industry, grey seals were culled as a protective act
around fish farms, a removal that seemed to prevent the population from increasing in numbers.
However, culling of grey seals around fish farms was banned by law in 2020. A census was ini-
tiated in 2018, in order to count the total population during summer. This survey, which also
includes photo monitoring and satellite tracking, is ingoing and may deliver an abundance esti-
mate within the next two years.

ICELAND

In Iceland, a new regulation for seal hunting in Iceland was enacted in 2019 to ban all seal hunt-
ing due to the sensitive status of the harbour seal and grey seal populations. It is, however, pos-
sible for landowners to apply for exemptions for so-called traditional utilization of seals (Minis-
try of Industry and Innovation, 2019). Prior to 2019, there was no hunting management system
in effect for seal hunting in Iceland and registration of seal hunting statistics was not compulsory
(Granquist and Hauksson, 2016).

GREENLAND

There are four species that are common in Greenland: ringed seal, harp seal, hooded seal and
bearded seal. Only ringed seals and harp seals are hunted in large number, and the hunt is be-
lieved to bet sustainable. Harbour seals were once common, but overhunting resulted in the spe-
cies becoming critically endangered in Greenland. Harbour seals have been protected since 2010;
their confirmed distribution is limited to South Greenland, with very few observations outside
of the Cape Farewell area.

Advice on catch levels for harp and hooded seals are given by an ICES/NAFO/NAMMCO work-
ing group. Hooded seals that breed in the Greenland Sea are protected against hunting, because
they were reduced in the years following the Second World War. The catch numbers of the other
stocks have been below the estimated allowable catch for many years (ICES, 2019c).

Adpvice on ringed seals and bearded seals in the Atlantic region is given by NAMMCO. Unlike
the harp and hooded seals that breed concentrated at high densities in the same areas every year,
ringed and bearded seals are spread out all over the Arctic, and the ringed seals give birth in
lairs that they dig out in the snow. And as a result, there are not the same opportunities to mon-
itor the populations. Their distribution over very wide areas, however, protects them against
overharvest, because the hunt is only in a small fraction of their habitat. An evaluation of the
ringed seal situation was undertaken by NAMMCO in 1996 (NAMMCO, 1996). A new evalua-
tion on ringed seals will be madeby NAMMCO in autumn 2022. The situation for bearded seals
has never been thoroughly evaluated by NAMMCO, but a joint NAMMCO - CAFF working
group with the purpose to evaluate thestatus of bearded seals, is planned for May 2022
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NORWAY

In Norway, harbour and grey seals are hunted based on given quotas in local management areas
along the coast (Figure 2.1). In the management plans, target levels of the populations were given
and the hunting quota level set to ca. 5% of the abundance estimates (less or more based on
increase/decrease in the populations). The hunt is stopped if the populations decline to <50% of
the target levels. There is a system for annual reporting on shot animals (including struck and
lost seals). In mid-Norway, the hunt on grey seals was stopped due to very low abundance as-
sessments (<50% under target level) in 2015, probably caused by high bycatches in gillnet fisher-
ies.

Figure 2.1. Management areas for grey seals (left) and harbour seals (right) in Norway.

During the period 2007-2020, grey seal quotas and catches have varied: in the southern area; the
quota has been 60 seals and catches 12-65 seals; mid area quotas have varied from 0-905 and
catches 0-210 seals; in the north area, quotas have varied from 140-225 and catches from 4-240
seals. In 2009-2020, total harbour seal quotas have been 425-704 and catches 159-585 seals.

2.2 Regional Sea Conventions, and Marine Mammal indica-
tors under OSPAR and HELCOM

OSPAR

WGMME has reported previously on the OSPAR common indicators (e.g. ICES, 2016). There are
four common indicators related to marine mammals, and two candidate indicators (‘marine
mammal bycatch in OSPAR region I) and ‘Persistent chemicals in marine mammals’, which
WGMME reported on previously; e.g. ICES, 2020c). Assessments of the common indicators will
inform the upcoming OSPAR Quality Status Report of 2023 (QSR 2023). The objective of QSR
2023 is to (i) assess the environmental status of the Northeast Atlantic against the objectives of
the North East Atlantic Environmental Strategy 2010-2020 (NEAES, 2020); (ii) evaluate any up-
dated or additional objectives from NEAES 2020-2030; and (iii) identify the priority elements for
actions to achieve OSPAR’s vision for a clean, healthy, biologically diverse sea, used sustainably.
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QSR 2023 can be used by Contracting Parties that are also EU Member States to support their
reporting MSFD obligations for 2024.

There are currently two common indicators for seals: M3 (harbour and grey) seal abundance and
distribution, and M5 grey seal pup production. The assessment of seal abundance and distribu-
tion aims to determine if populations are in a healthy state, with no long-term decrease in pop-
ulation size, beyond natural variability. Assessments of pup production examine trends in the
number of grey seal pups born at long-established breeding sites. Assessments of these two com-
mon indicators for the Quality Status Report 2023 were signed off at the meeting of the OSPAR
Biodiversity Committee (BDC) in April 2022.

There are currently two common indicators for cetaceans: M4 cetacean abundance and distribu-
tion, and M6 marine mammal bycatch. The assessment of cetacean abundance and distribution
aims to determine if populations are in a healthy state, with no long-term decrease in population
size, beyond natural variability. Assessment of these common indicators for the QSR 2023 was
signed off at the meeting of BDC in April 2022. The assessment of marine mammal bycatch aims
to determine the impact of fisheries bycatch on the long-term viability of harbour porpoises,
common dolphins and grey seals in the Northeast Atlantic. The assessment of common indicator
M6 was not signed off at BDC in April 2022: it was, however, agreed to further clarify the assess-
ment text with respect to conservation objectives to address some remaining reservations from
contracting parties.

A new pilot indicator “Trends and Status of PCBs in marine mammals” is going to be developed
under OSPAR HASEC, with OSPAR BDC being informed of the development. This pilot indica-
tor is led by Koen Parmentier (BE) and Marianna Pinzone (DE). Upon complete development
and operationalization, this indicator will both inform on the health of marine mammals and
that of the marine environment. This pilot indicator is also of MSFD relevance, especially with
respect to Descriptor 8 (contaminants).

NEAES 2020-2030

OSPAR NEAES 2030 sets out collective objectives for OSPAR contracting parties to tackle biodi-
versity loss, pollution (including marine litter) and climate change in the OSPAR Maritime Area.
Of relevance to marine mammal management is Strategic Objective 7: « ensure that uses of the
marine environment are sustainable, through the integrated management of current and emerg-
ing human activities, including addressing their cumulative impacts. » In particular, « OSPAR
will work with relevant competent authorities and other stakeholders to minimise, and where
possible eliminate, incidental bycatch of marine mammals, birds, turtles and fish so that it does
not represent a threat to the protection and conservation of these species and will work towards
strengthening the evidence base concerning incidental bycatch by 2025 » (5706). This objective
aligns with the outcomes of the 2019 joint OSPAR-HELCOM workshop on bycatch (see ICES,
2020c). This workshop recommended, inter alia, the following conservation objective: "Minimise
and where possible eliminate incidental catches of all marine mammal and bird species such that
they do not represent a threat to the conservation status of these species"; and proposed as a
management objective that "the mortality rate from incidental catches should be below levels
which threaten any protected species, such that their long-term viability is ensured".

HELCOM

WGMME has previously reported on HELCOM core indicators (e.g. ICES, 2020c). In the Baltic
Sea, HELCOM uses three core indicators for seals: Population trends and abundance of seals,
Distribution of Baltic seals, and Reproductive Status of Seals. The evaluation of the indicators is
based on the data from the standardized aerial monitoring during the moult and on more scat-
tered information on breeding and foraging distributions. The Population trends and abundance
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of seals evaluates the state of the seal populations in each management unit. The reproductive
status of seals in the Baltic Sea is assessed as in good status when the annual reproductive rate
(i.e. the proportion of females pregnant/showing postpartum pregnancy signs per year) is at least
90% for harbour seals of five years and older, and grey and ringed seals of six years and older.
A reproductive rate of 90% is defined as the threshold for each of these parameters as this is
indicative of increasing populations.

HELCOM has a core indicator for marine mammal bycatch: Number of drowned mammals and
waterbirds in fishing gear. This indicator aims to provide an evaluation of whether the number
of incidentally by-caught marine mammals are below mortality levels that the long-term viability
of populations in the HELCOM area is not threatened.

HOLAS Il

The HELCOM Holistic Assessments provide a comprehensive overview of the ecosystem health
of the entire Baltic Sea over a specific time span. The third Holistic Assessment of the Baltic Sea
(HOLAS III) covers the assessment period 2016-2021 and is expected to be published in 2023.

Sveegaard et al. (2022) provided a new map of harbour porpoise presence within the HELCOM
area for HOLAS-IIIL. The map was based on data from telemetry and visual surveys for the Belt
Sea population and passive acoustic monitoring (SAMBAH and national surveys) and national
expert judgement for the Baltic Proper population (see also ToR A for new information on abun-
dance).

WADDEN SEA SEAL AGREEMENT (Denmark, Germany and the Netherlands)

The protection of seals in the Wadden Sea is regulated by the Agreement on the Conservation of
Seals in the Wadden Sea (Wadden Sea Seal Agreement, WSSA) between Denmark, Germany and
the Netherlands. The agreement was implemented in 1990 and was the first international, legally
binding agreement under the auspices of the UN Convention on the Conservation of Migratory
Species of Wild Animals (CMS). The Trilateral Wadden Sea Cooperation’s aim with the agree-
ment was to achieve and maintain a favourable conservation status for the Wadden Sea harbour
seal population through close collaboration in research and monitoring and by increasing public
awareness of seals. As grey seals have become more abundant since the signing of the Wadden
Sea Seal Agreement, they have been included in the Seal Management Plan elaborated under the
Wadden Sea Seal Agreement, while they are not covered by the Agreement itself.

The Seal Management Plan builds on the Seal Agreement and contains objectives and action
points on research and monitoring, taking of seals, rehabilitation, habitat protection, pollution,
and increase of public awareness. The plan covers the Wadden Sea population of harbour seal
and has been extended to cover the grey seals in the Wadden Sea, including both the breeding
colonies and the grey seals from other colonies migrating in and out of the area.

The aim of the Seal Management Plan is to restore and maintain viable seal stocks and a natural
reproduction capacity, including the survival of juveniles of the two seal species. A comprehen-
sive set of suggested actions is included based on scientific research and changes in the conser-
vation needs of the Wadden Sea seals. The SMP seeks a balance between conservation and eco-
nomic development and management of the area. Every five years, the signatories amend the
plan in order to meet the challenge of protecting these iconic species of the Wadden Sea. Among
the actions covered by the SMP are:

o Coordination of research and monitoring of the seals, including anthropogenic effects.
. Prohibition of taking of seals from the Wadden Sea (with exceptions for scientific pur-
poses and euthanisation)
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. Research on habitat use and feeding ecology supporting measures for protection of hab-
itats, including a network of protected areas including haul-outs and migration corri-
dors, protection from disturbances and effects from outside the protected areas

. Reduction of pollution, and research into the sources/effects of pollutants

. Raising public awareness.

2.3 US Marine Mammal Protection Act import provisions
rule

The US Marine Mammal Protection Act (MMPA) now includes provisions to reduce marine
mammal bycatch associated with fisheries that supply imports to the US (Williams et al., 2016).
The MMPA bans imports of commercial fish or fish products caught in commercial fisheries re-
sulting in the accidental killing or serious injury (bycatch) of marine mammals in excess of US
standards. After a five-year, one-time exemption (beginning January 2017) and from 1 January
2022, harvesting nations must apply to the US National Marine Fisheries Service (NMFS) for a
‘comparability finding” whereby NMFS must assess that the harvesting nation regulates bycatch
of marine mammal with measures comparable in effectiveness to the US MMPA. The assessment
of comparability is based on

. the prohibition of the intentional killing or serious injury of marine mammals in all fish-
eries;
. the existence of programs to assess marine mammal stocks, estimate bycatch, calculate

bycatch limits, and reduce total bycatch below the bycatch limit for fisheries that have
interactions with marine mammals; or

. the implementation of alternative measures comparable in effectiveness for those fisher-
ies.

The import provisions provide incentives and opportunities to reduce marine mammal bycatch.
Bering et al. (2022) provided a first analysis of this new rule (hereafter, the Import Rule) on har-
vesting nations at the close of 2021. After identifying harvesting nations most likely to lose eco-
nomically if denied a comparability finding, Bering et al. (2022) broadly classified some 20 na-
tions into three main groups depending on their approaches to marine mammal monitoring,
fisheries management and enforcement capacity. The first group had fisheries and marine mam-
mal management programs along with a strong enforcement capacity. This group has a high
likelihood of being granted a comparability finding. The second had some general provisions for
bycatch management un fisheries but was lacking data on marine mammals and specific policies
on marine mammal protection or bycatch. The third group had less robust fishery management
programs, little enforcement capacity, and little or no data on marine mammal or bycatch. China,
as the world’s leading exporter nation of fish and sea products, was discussed separately.

LENFEST OCEAN PROGRAM

Many of the harvesting nations may not have sufficient data or regulatory capacity to monitor,
evaluate, and reduce marine mammal mortality (Bering et al., 2022). A dedicated research pro-
gram was funded in 2018 by the Lenfest Ocean Program to develop scientific tools (including
user-friendly software) to evaluate data sets and methods for determining bycatch rates for ma-
rine mammal populations (https://www.lenfestocean.org/fr/research-projects/developing-rec-
ommendations-to-estimate-bycatch-for-the-marine-mammal-protection-act).



https://www.lenfestocean.org/fr/research-projects/developing-recommendations-to-estimate-bycatch-for-the-marine-mammal-protection-act
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Figure 2.2. Flow chart outlining the conceptual framework for assessing and managing bycatch of marine mammals
(Wade et al., 2021; source: https://www.frontiersin.org/files/Articles/757330/fmars-08-757330-HTML-r1/im-
age_m/fmars-08-757330-g001.jpg)

The output of this project includes several review papers published in a special issue of the sci-
entific journal Frontiers in Marine Science (https://www.frontiersin.org/research-topics/20611/as-
sessment-approaches-to-support-bycatch-management-for-marine-mammals#articles) and an R
shiny app to assist harvesting nations so that they can evaluate potential management strategies
(https://msiple.shinyapps.io/mmrefpoints/).

In particular, Wade et al. (2021) outlined a framework for assessing and managing marine mam-
mal bycatch (Figure 2.2). The steps involved include (i) collecting data on the abundance (com-
prehensively reviewed in Hammond et al., 2021b), (ii) estimating bycatch of marine fauna and
on fisheries that are known or suspected to cause bycatch mammals (comprehensively reviewed
in Moore et al., 2021); and assessing the impact of bycatch in relation to reference points or re-
movals limits (an example of which is provided by Genu et al., 2021). More information of the
outcomes of the Lenfest Ocean program are available at https://www.youtube.com/user/len-
festocean.
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EFFECT OF THE US IMPORT RULE IN ICES COUNTRIES

WGMME designed a short questionnaire to inquire about the implementation of the US import

rule in ICES countries. Results are summarized in Table 2.1.

Table 2.1: Summary of received answers on the implementation of the US Import Rule (NA: not available).

Country Response Export to US? Submitted comparability  Any legislation change to
(applicability of Im- finding meet requirements of the
port Rule) application? Import Rule?

Belgium no NA NA NA

Denmark yes yes yes no

Faroes yes yes yes yes

Finland no NA NA NA

France yes yes yes no

Germany yes no no

Greenland yes yes yes no

Ireland yes yes yes no

The Netherlands yes yes yes no

Norway no NA NA NA

Poland no NA NA NA

Portugal no NA NA NA

Spain yes yes yes no

Sweden yes yes yes no

United Kingdom yes yes yes yes

10 countries out of 15 provided an answer. The majority of countries responding reported to
have submitted a comparability finding application for at least one of their fisheries (9 out of 10):
the country that did not do so (Germany), does not export fish products to the USA. Applications
were mainly submitted by ministries in charge of fisheries or agriculture. A minority (2 out 9) of
countries, which had submitted an application, had made legislative changes to meet the require-
ments on the import rule, although some did not exclude the option. Changes made were with
respect to the management of seals (culling ban enforcement) and the monitoring of interactions

between marine mammals and fisheries.

ICES
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Brief questionnaire regarding the US Marine Mammal Protection Act (MMPA) import provisions

From 01 Jan 2022, after a five-year exemption period, a new US import rule (US Marine Mammal Protection
Act (MMPA) import provisions; hereafter the Rule) has been coming into effect. This means that any foreign
fish nation which produces, imports, processes, or re-exports fish or fish/seafood products (also from aquacul-
ture) to the United States needs to enforce fishery or protected species conservation and management regula-
tions to address incidental mortality as well as measures to address intentional mortality and serious injury of
marine mammals. These products can only be imported to the US if the nation has applied for and received a
‘comparability finding’ from the National Marine Fisheries Service (NMFS). NMFS emphasizes the need for
calculation of a bycatch removal level, like the Potential Biological Removal in the US. The methods used to
calculate allowable removal levels of a marine mammal must be based on recent data.

Sources:
https://www .federalregister.gov/documents/2016/08/15/2016-19158/fish-and-fish-product-import-provisions-
of-the-marine-mammal-protection-act

https://media.fisheries.noaa.gov/dam-migration/mmpa _import rule compli-

ance guide april 2019 eng 508.pdf
Questions

Did your country apply to receive a comparability finding for the fishery?

If yes

a) can you provide some more information on the current status of the process (comparability finding
has been granted...) and the fisheries / marine mammal species involved?

b) did the process led to any change in monitoring or management (e.g. ban on shootings of problematic
animals depredating aquacultures? new legislation on either the protection of marine mammals or
the regulation of fisheries, including aquaculture? new monitoring requirements? new surveys to as-
sess marine mammal populations?)

¢) doyouknow who was involved in the process (Ministry in charge of fisheries? Ministry in charge of
the protection/conservation of marine mammals?) ?

If no (multiple answers are possible), is it because

d) your country does not export fish/seafood product to the US (note that the Rule still apply if a coun-
try process fish/seafood that it has imported from elsewhere and export the end product to the US)?

e) of alack of legislation on marine mammal protection in your country (the Rule requires the strict pro-
hibition of intentional killing of marine mammals)?

f)  of alack of monitoring of marine mammal stocks/populations in your country?

g) of alack of monitoring of marine mammal interactions with fisheries in your country?

h) of unknown reasons

i)  of other reasons: please describe any other reasons

BOX 1. Short questionnaire sent by WGMME to investigate the effect of the US import provision

This short survey was carried out as countries which have submitted an application have yet to
have feedback from the US National Marine Fisheries Service (NMFS). Results nevertheless point
to a majority of countries to have applied at this stage without legislative changes. This result
aligns with findings from Bering et al. (2022), who noted that developed countries had a strong
enforcement capacity and little obstacle to apply for a comparability finding.

2.4 Acknowledgements

We would like to thank the following for providing supporting information on management:
Mathieu Rateau (France), Jenny Renell (ASCOBANS Secretariat), Aqqalu Rosing-Asvid, and Fer-
nando Ugarte (Greenland).
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ToR C: Review and report on any new information
on seal and cetacean anthropogenic threats (includ-
ing cu-mulative effects) to individual health and
population status in the North Atlantic

3.1 General Information

The aim of this ToR is to list recent published information about anthropogenic threats to marine
mammals (cetaceans and seals) described in the ICES area and including relevant studies in the
North Atlantic Ocean. In previous rapports, (for example ICES 2019; ToR D) a threat matrix was
developed for the majority of areas covered by ICES and an effort was made to produce an in-
ventory of possible threats and their relative effects on the different marine mammal species
occurring in each ICES ecoregion. Here we provide for an update of such threats. It must be
noted that the absence of information in some regions does not imply a lack of emerging and
ongoing threats, or exempt us from, regular monitoring not only to inform about current threats
but also to detect possible emerging threats.

3.2 Cumulative effects

3.2.1 General

Given the diversity of existing approaches for assessing the combined effects of multiple stress-
ors on wildlife populations, and the need for a consistent use of concepts and terms across disci-
plines involved, Pirotta et al. (2022) presented a conceptual framework that brought together
existing analytical approaches. They suggested that all approaches lie along a spectrum reflect-
ing increasing assumptions about the mechanisms that regulate the action of single stressors and
their combined effects, from data-driven (i.e. phenomenological) to process-driven approaches
(i.e. mechanistic). The spectrum presented can be translated into specific analytical methods and
this was demonstrated using the North Atlantic right whales as an example, which is concur-
rently affected by limited prey resources and fishing gear entanglement risk. Following their
approach of adaptive management, depending on the management needs and priorities, as well
as the data available, different stressor combinations were selected and a suitable trade-off be-
tween precision and bias could then be applied for each case-specific assessment.

The factors driving reproductive success in small cetaceans were investigated by IJsseldijk ef al.
(2021), using the harbour porpoise, an extensively studied species, as an example. First, they
studied the effect of intrinsic factors (such as health and nutritional status) on reproductive suc-
cess in terms of pregnancy and foetal growth rates. Then, they investigated the extrinsic factors
(prey energy density, cumulative human impact, and PCB contamination) effect on life history
parameters. Their results showed that in the Northern Hemisphere, pregnancy rates of small
cetaceans are best explained by prey density which determines their reproductive success and
as a result, the population size, highlighting the need for undisturbed access to highly energetic

prey.
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3.2.2 Regional

NORTH SEA: Since 2000, many countries have built windfarms in the North Sea, reaching a
capacity of approximately 20 GWs in 2020 (Gusatu et al., 2021). The aim for a large majority of
countries to transition to renewable energy sources will result in the coming decades facing even
greater challenges, especially for the marine environment. Areas in the southern North Sea in
particular will be under continuous construction, aiming at a total capacity of between 180 GW
and 212 GW by 2050 (Figure 3.1). There is, however, a general lack of understanding to oversee
the possible cumulative effects on the species inhabiting these areas already under pressure from
different stressors, including: heavy marine traffic (Rotterdam, Antwerp and Hamburg being
among the largest ports in the world), fisheries, sand mining (for coastal protection as sea level
rises), and other activities such as pollution, oil and gas extraction, military activities, sonar ex-
ploration and the explosion of bombs left over from the 2nd World War. The most studied were
the effects of the construction phase of offshore wind farms (OWFs), more specifically pile driv-
ing. However, there are additional and less studied effects related to construction and operation
of OWFs including disturbance from other activities such as increased marine traffic, sonar, air-
guns, bomb explosions, disturbance and displacement of prey. Moreover, very few studies have
been commissioned to understand the effects of multiple sites being constructed or in operation
at the same time, or a combination of these. In the near future, many coastal marine mammal
populations will be confronted with the intensified use of the coastal regions for the production
of renewable energy on top of the growth of other uses of their marine environment. Much effort
will be needed to collect data and provide advice on the management of the marine mammal
populations and ensuring sufficient resilience in the populations to cope with these changes.

a) Area occupied by OWF in different development stages, for the analyzed time frame (1999 -2050):
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Figure 3.1. (a) Area occupied by OWFs in different development stages, for the analysed time frame (1999-2050); (b)
estimated additional area for OWFs by 2050 (search areas, development areas, scoping areas for deployments beyond
2030)—uncertainty; (c) yearly contribution (%) of OWF phases to the total CEA score (spanning 1990-2050). Extracted
from Gusatu et al. (2021).
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3.3 Fishery Interactions

3.3.1 General

For most marine mammal species, entanglement in fishing gear is considered the main anthro-
pogenic source of mortality. This has been the case for several decades and despite various at-
tempts in Europe to reduce its impact specifically on cetaceans through legislative instruments,
the problem remains, and there is little understanding of the population effects upon seals. One
reason is the lack of knowledge to apply appropriate mitigation measures due to the significant
financial and human resources required to monitor bycatch rates, identify areas, times and pre-
cise gear presenting greatest risk, before applying appropriate mitigation measures.

In response to a request from the European Commission, Evans et al. (2021) produced risk maps
depicting the spatial and temporal overlap of fishing effort by gear type and density distributions
of cetacean species regularly occurring in the North-east Atlantic and demonstrated from the
literature to be vulnerable to bycatch. Using AIS data and machine-learning algorithms devel-
oped by Global Fishing Watch to better measure actual fishing effort, maps were prepared for
ten gear type groupings (pelagic trawls, pelagic seines, demersal trawls, demersal seines, drift-
nets, static gillnets, trammel nets, set longlines, drifting longlines, pots & traps) for the Atlantic
area from southern Norway to Portugal covering the years 2015 to 2018, and by nation. Maps of
density distributions of 12 cetacean species (and 13 seabird species) were prepared by season
using a modelling approach that incorporated environmental variables applied to two oceano-
graphic domains: southern Scandinavia to NW France (northern) and NW France to southern
Portugal (southern). These were based upon 1.25 million kilometres of dedicated survey effort
for the northern domain, and 0.82 million kilometres for the southern domain, provided by 47
research groups, with surveys undertaken across the period 2005 to 2020. Standardised AIS effort
rasters and animal density rasters were multiplied to create new rasters of relative bycatch risk
for all twelve species. Overlap for every species-gear type combination was mapped for northern
and southern domains on a seasonal basis, and with overlays of protected areas, identifying ar-
eas and times of greatest risk.

3.3.2 Regional

ICELAND: Efforts to estimate bycatch of cetaceans in Icelandic fisheries continued at the Marine
and Freshwater Research Institute (MFRI), including experiments with acoustic deterrents, as
well as direct observations and analysis of logbooks (Basran and Sigurdsson 2021, MFRI un-
published data).

BALTIC SEA: Danish and Swedish commercial gillnet fisheries operating in the ICES subdivi-
sions 3.a.21, 3.b.23, and 3.c.22 were monitored with the aim of estimating the number of bycaught
harbour porpoises and seals by these fleets (Glemarec et al., 2021). These bycatch rates were esti-
mated from remote electronic monitoring data gathered from nine Danish commercial gillnet
vessels. In 2018, a total of 601 bycaught harbour porpoises were estimated and in the case of
seals, not identified to species level, the number of individuals bycaught was estimated to be 286
individuals. Most of the bycatch events were predicted in spring in Subregion 3.a.21, and in
spring and summer in the Subregion 3.c.22.

NORWAY: Bycatch rates and total bycatch were estimated for harbour porpoise (between 2006-
2018) and harbour and grey seal (between 2006-2020) in Norwegian commercial gillnet fisheries.
A total bycatch of 757 seals (394 harbour seals and 363 grey seals) was estimated (Moan et al.,
2021). In the case of the harbour porpoise, the estimated number of porpoises bycaught varied
between 1151 and 6144 per year. Most (75%) harbour porpoise bycatch occurred in monkfish
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fisheries. These fisheries showed a decline in fishing effort during the last 4-5 years, which was
also reflected in the bycatch estimates as a decrease in bycaught animals (Moan et al., 2020).

SWEDEN: Post-mortem examinations were performed on 128 stranded harbour porpoises col-
lected over 15 years (2006-2020) in Swedish waters. Information was gathered on their general
health, disease findings, and causes of death. The main cause of death was bycatch in fishing
gear (31% of the cases confirmed or suspected). However, disease, most often pneumonia, was
also a frequent cause of death (21%). (Neimanis et al., 2022)

DENMARK: Total bycatch in the Danish commercial gillnet fishery was estimated for seabirds
and marine mammals, using electronic monitoring (EM) (Larsen et al., 2021). This monitoring
recorded the fishing activity of 16 vessels between 2010 and 2016 in the North Sea, Skagerrak,
Kattegat, Belt Sea, and Western Baltic Sea. Temporal and spatial distribution of bycatch events
in gillnets and mean quarterly bycatch rates were estimated for the areas with enough EM data.
The season with greater bycatch impact on harbour porpoises and seals was the 3rd quarter, with
a total average of 2722 porpoise and 890 seal bycatches per year. Using a modelling approach
and data from interviews with commercial fishermen, it was concluded that bycatch of seals and
harbour porpoises was highly influenced by mesh size, fishing depth, distance to the shore and
quarter of the year.

GERMANY: The bycatch risk that fishing nets pose could be reduced by increasing their detect-
ability. Kratzer et al. (2020) identified small, passive reflective objects which might improve the
detectability of gillnets for various frequencies that could be used for many odontocete species.
They simulated the acoustic reflectivity and calculated the detection distances of a wide range of
materials, mainly synthetic polymers, in different shapes, sizes, and environmental conditions.
Attaching acrylic glass spheres to the net, at intervals smaller than 0.5 m, increases the detection
of the net at a frequency of 130 kHz, equalling the detection of the entire net to the detection of
the floatline. Modifications of the netting material itself (e.g. using barium sulphate additives)
did not seem to significantly increase the acoustic reflectivity of the net.

Chladek et al. (2020) tested another form of acoustic alerting device called Porpoise ALert (PAL)
in commercial gillnetting vessels between 2014 and 2016, carrying out a total of 778 trips. They
deployed 1120 net strings of PAL-equipped nets and 1529 control nets without PAL. Overall, 18
harbour porpoises were bycaught in control strings, and five harbour porpoises in strings
equipped with PAL. Generalised linear mixed model (GLMM) revealed a significant negative
relationship between the expected bycatch and PAL deployment. The deployment of PAL
caused a decrease in the expected bycatch of 64.9% (C.I: 8.7-88.7%). Reducing the device spacing
to <200 m significantly increased the effectiveness of the PAL.

FRANCE: The number of bycaught dolphins per week was estimated for 10 different ICES divi-
sions between 2004 and 2020 (Rouby et al., 2022). Bycatch risk, haul duration, and number of
hauls per days at sea, were estimated jointly with the number of bycaught dolphins. They used
a regularised multilevel regression with post-stratification in a Bayesian framework to estimate
total bycatch from unrepresentative samples and total fishing effort. The results showed that
during winter 2017 and 2019, French pair trawlers posed the highest bycatch risk, associated
with the longest haul duration. Also, the shelf part of the Bay of Biscay (ICES divisions 8a and
8b) was estimated to have the highest bycatch of common dolphin.

For further general information on bycatch, see also ToR E. And for management of hunting of
marine mammals, see ToR B.
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3.4 Chemical Pollution

3.4.1 General

Currently, only a fraction of the extractable organofluorines (EOF) occurring in the marine envi-
ronment are routinely monitored, comprising around 20 perfluoroalkyl and polyfluoroalkyl sub-
stances (PFAS). To assess whether PFAS exposure may be underestimated in marine mammals
inhabiting waters of the Northern Hemisphere, Spaan et al. (2020) performed a fluorine mass
balance on liver tissue of 11 species of marine mammals. The screening revealed almost 40 addi-
tional PFAS that have not been included in routine monitoring, and also presented the first report
of FTCA in polar bears and cetaceans. Therefore, current monitoring was found to be underesti-
mating the exposure of marine mammals to these substances, for most of which hazard data are
currently unavailable.

3.4.2 Regional

ICELAND: Remili et al. (2021) determined the concentration of PCBs, DDTs, chlordane, PBDEs
and HCBs in killer whales of the southern and western waters of Iceland. They analysed 64 bi-
opsies of skin and blubber from 50 individuals, collected in 2014 and 2016. The PCB concentra-
tions ranged between 1.3 and 428.6 mg-kg lipid weight. The mean PCB concentration in the
most polluted individual was 300 times higher than in the least polluted. Killer whales in these
waters are thought to be feeding on herring, but recently they have been recorded feeding also
on other marine mammals. Killer whales feeding on fish were identified by their lower d*N val-
ues and were observed following herring around Iceland, while mixed-diet killer whales showed
higher 5'°N values and were observed travelling to Scotland, where they target marine mam-
mals. Individuals with a mixed diet (of herring and marine mammals) showed a PCB concentra-
tion 6-9 times higher than the ones feeding only on herring.

BALTIC SEA: The relationship between persistent organic pollutants (POPs) and mercury with
transcription profiles of seven health-related genes involved in xenobiotic metabolism, endo-
crine disruption and stress in ringed seals was studied by Ometere et al. (2020). Between 2018
and 2019, they collected tissue samples from 15 ringed seals. POPs and Hg concentrations varied
between age classes, being higher in adults and lower in sub-adults, whilst no significant differ-
ences were found between sexes. Thyroid hormone receptor alpha (TRa) was highly correlated
with POP levels and with Hg concentrations in liver, while retinoic acid receptor (RARa) and
heat shock protein 70 (HSP70) were only correlated with POPs concentrations.

NORWAY: Stranded and bycaught killer whales from northern Norway were sampled between
2015 and 2017, to investigate tissue partitioning and maternal transfer of legacy and emerging
contaminants, focusing on non-regulated brominated flame retardants (BFR) (Andvik et al.,
2021). PCBs made up between 40 and 62% of the total contaminant levels in each individual and
tissue type while emerging BFR levels were found to be several orders of magnitude lower, only
contributing 0.4%, but were higher in blubber. In 7 out of 8 individuals, PCB levels in blubber
exceeded the threshold set for physiological effects (9 ng/g lipid weight) and 2 adult males ex-
ceeded the threshold for profound reproductive impairment (41 pg/g lipid weight). Perfluoroal-
kyl substances (PFAs) and total mercury levels were lower in neonates than in adults, reflecting
an inefficient maternal transfer of these compounds. In contrast, PBT and HBB levels observed
in the neonate sample constituted the first reported maternal transfer of emerging BFRs in ma-
rine mammals.

SWEDEN: The prevalence of intestinal ulcers in grey seals from the Baltic Sea was investigated
by Backlin et al. (2021). They found an increase in prevalence in the early 1980s, followed by a
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decrease in the mid-1990s. These changes were concurrent with similar fluctuations of concen-
trations of perfluorinated compounds, brominated flame retardants, and cadmium in the most
common prey item of Baltic grey seals, herring. Frequency of ulcers was related to intensity of
acanthocephalan parasite infestation, seal age, and region within the Baltic Sea. Out of a total of
2172 grey seals, ulcers were the cause of death in 26 Atlantic grey seals while 49 of the examined
individuals did not have any ulcers.

DENMARK: Desforges et al. (2021) characterised the distribution and speciation of mercury
across multiple brain regions and marine mammal species. They found differences in the con-
centrations of total mercury and methylmercury between species, not only in mean brain con-
centrations but also in brain region-specific concentrations. Higher concentrations were found in
toothed whales compared to fur-bearing animals, which was associated with a marked reduction
in the percentage of methyl mercury and to an overall higher number of mercury-associated
neurochemical biomarker correlations. Some of the region-specific exposures to mercury may be
associated with sub-clinical changes in their neurochemistry.

UNITED KINGDOM: The effects of persistent organic pollutants on mass gain rate of grey seal
pups from the Isle of May, Scotland were studied by Bennett et al. (2021). They found that the
repressive effect of dioxin-like PCBs on blubber glucose uptake was associated with significant
reduction of weaning weight. Polybrominated diphenyl ethers, on the other hand, were associ-
ated with faster mass gain. The largest pollutant-induced reductions of weaning weight were
estimated to occur in the smallest pups, which may compromise their first-year survival.

Also, in grey seal pups, the presence of Chlamydia-like organisms (CLOs) in the nasal cavities
was investigated by Dagleish et al. (2021). These organisms have been associated with human
sewage and agricultural run-off. DNA from CLOs was detected in 32 of 92 nasal swabs from live
and dead pups. No difference was found in the detection rates between live and dead pups,
suggesting that the organisms are commensal rather than pathogenic, although their potential
as opportunistic secondary pathogens could not be determined.

IRELAND: Galway-Mayo Institute of Technology (GMIT), in collaboration with the Institute of
Zoology, London, were awarded an Irish Marine Institute tender in 2021, studying the “Assess-
ment of pollutant burdens and associated risks to small cetaceans in Irish waters”. The work includes
collating and quality checking contemporary and historical data from cetaceans in Irish waters,
undertaking an assessment of the pollutant burdens and associated risks to small cetaceans in
Irish waters, as well as providing recommendations for future monitoring and assessment. To
aid the development of OSPAR’s marine mammal contaminant indicator and Member State ob-
ligations under the MSFD, the current study also aims to further develop appropriate methodo-
logical standards using data collected by the established UK marine mammal pollutant monitor-
ing programme to assess the trends and status of PCBs in harbour porpoises sampled in UK
waters, as a case study. The work includes assessing the statistical power to detect trends in UK
juvenile harbour porpoise ZPCB data.

NETHERLANDS: Van den Heuvel-Greve et al. (2021) investigated the generational transfer of
PCBs, PBDEs and HCB from adult harbour porpoises to foetuses, using samples from individu-
als stranded along the southern North Sea. The concentration of contaminants in the placenta
and the foetus blubber were similar, but after birth, the levels in new-borns increased signifi-
cantly through suckling, especially those of low halogenated contaminants. Nutritionally
stressed females produced a higher offloading in the milk, which caused greater potential for
toxicity in calves. Of all animals studied, almost 40% exceeded threshold level for negative health
effects (>9mg/kg lipid weight). As the PCB concentration grows, the probability of a porpoise
dying due to infectious disease or debilitation increases.
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In harbour seals from the Wadden Sea, the relationship between trace elements, including heavy
metals, and oxidative stress biomarkers such as triglycerides, thiols, malondialdehyde and glu-
tathione was investigated by Gismondi et al. (2021). Correlations with concentrations of copper,
lead, mercury, nickel and zinc were found. The findings suggest that these biomarkers are useful
in the assessment of oxidative stress in seals exposed to those elements.

FRANCE: Temporal trends of mercury (Hg), cadmium (Cd) and lead (Pb) were determined
through the analysis of 264 individuals from two cetacean species, the common dolphin (Delphi-
nus delphis) and harbour porpoise (Phocoena phocoena) stranded along the French Atlantic coasts
between 2000 and 2017 (Méndez-Fernandez et al., 2022). These individuals belonged to two dif-
ferent management units. The results showed that the Pb concentration decreased over time in
both species and management units. The differences found in Hg and Cd trends in both species
probably reflected different levels of contamination of the habitat and prey species.

SPAIN: The main objective of the project TRANSITION is to model the interactions between key
species of ocean nekton and fisheries. As part of it, blubber samples of the three main species of
cetaceans stranded in Galicia (NW Spain) - common dolphin, bottlenose dolphin and harbour
porpoise, were analysed to determine the concentrations of PCB, OCP and PBDE. The samples
selected were collected from carcasses stranded between 2009 and 2019, including both males
and females, with a regular distribution over the years. These analyses were coupled with stable
isotope analysis and the full analysis results will be ready shortly. Preliminary results show a
higher concentration of organic pollutants in male bottlenose dolphins, followed by harbour por-
poise.

PORTUGAL: Concentrations of nine trace elements in kidney, liver and muscle samples from 31
striped dolphins stranded along the western coast of Portugal from 2005 to 2014 were evaluated
by Monteiro et al. (2020). All the trace elements increased as a function of dolphin body length,
except Mn and Zn. High concentrations of hepatic and renal Cd, and renal Se were correlated to
the presence of gross pathologies, while dolphins with parasites showed higher Hg concentra-
tion in the muscle. A decreasing gradient of concentrations in liver > kidney > muscle was found.

MACARONESIA (Madeira, Canary Islands): Montoto-Martinez et al. (2021) studied the presence
of eleven POPs (nonylphenols, bisphenols, phthalates, and pesticides) in twelve muscle samples
from six odontocete species: short-finned pilot whale, Risso’s dolphin, Fraser’s dolphin, pygmy
sperm whale, striped dolphin and bottlenose dolphin stranded between 2018 and 2019 along the
coasts of Madeira and the Canary Islands. The predominant detected pollutants were bisphenols
(4-984 ng/g) and DEHP (102-1533 ng/g). Except for two individuals, all animals had pesticide
levels in their tissues, although in lower concentrations. No correlations were found among the
analysed organic persistent contaminants and microplastic abundance, nor among the size of the
animal and the total contaminants present in tissue.

USA: Lian et al. (2021) investigated the correlations between mercury concentrations and differ-
ent types of behaviour in harbour seal pups admitted to a marine mammal centre in California
between 2015 and 2019. There was a significant negative correlation between the concentration
of THg and responses to tactile stimulation and movements, measured in both hair and whole
blood. Additionally, there was a significant association between greater concentration of THg
and the number of days spent in rehabilitation, although there was no relationship between con-
centration of THg and survival. These findings suggest small, but significant, associations be-
tween gestational mercury exposure and sensory performance and behavioural attributes.

ICES
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3.5 Marine Debris

3.5.1 General

The project INDICIT II (Implementation of the indicator “Impacts of marine litter on sea turtles and
biota” in RSC and MSFD areas) has just finished (2019-2021) (Darmon et al., 2022). This project
developed standardised tools for monitoring the impact of marine litter on marine fauna (sea
turtles, cetaceans, seabirds, and fishes) for the indicators of marine litter developed in the previ-
ous project (INDICIT I). A review of images of entangled marine megafauna found on social
media and other opportunistic platforms was carried out following the developed "Social media
protocol for entanglement". In Atlantic waters of France, Portugal and Spain, a total of 17 entangled
cetaceans and 1 entangled seal were found. Of the total number of records of stranded cetaceans
(a total of 114 cases were found from Mediterranean and Atlantic waters), almost half of the
events were classified as bycatch (48.7%) while 11.1% were considered entangled cetaceans, 4.2%
were doubtful cases, 4.2% were neither bycatch nor entangled animals, and for 34.7% of the rec-
ords, there was insufficient data to classify them. Regarding the type of marine litter that affected
cetaceans, almost three-quarters were affected by litter from fisheries and maritime uses (fishing
nets (40.9%), rope, strings and cords (31.8%) and fishing lines (22.7%)). Three cases of entangled
seals were found on social media for both Mediterranean and Atlantic waters. All of them were
entangled in marine litter of fisheries and maritime uses: fishing nets (66.6%) and fishing lines
(33.3%) (INDICIT II, in press).

As part of routine reporting in the North Sea, Kiihn & van Franeker (2020) published a global
review on all marine mammal species that have been found to interact with marine debris by
either ingesting it or by getting entangled in debris. Out of 123 marine mammal species, 69 were
recorded with ingested plastics and 49 as being entangled. In total, 86 marine mammal species
were found to have interacted with marine debris.

3.5.2 Regional

ICELAND: The daily ingestion rates of synthetic particles by fin whales feeding in western Ice-
land was estimated by Garcia-Garin et al. (2021). Authors analysed samples of krill collected from
the forestomach of 25 fin whales and confirmed the composition of the synthetic items using
Micro-Fourier Transform Infrared Spectroscopy. Sixteen synthetic particles were found, ranging
from 0 to 2 items per sample. Blue fibres smaller than 0.5mm were the most frequent items found.
Authors estimated a daily ingestion rate of between 38 646 + 43 392 and 77 292 + 86 784 synthetic
particles.

GERMANY: The presence of microplastics in harbour porpoises along the Baltic and North Sea
coasts of Schleswig-Holstein (Germany) was investigated by Philipp et al. (2021). Microplastics
were found in 28 intestinal samples out of the 30 harbour porpoises analysed. A total of 401
microplastics were found and 361 particles were determined (Phillipp et al., 2020). Fibres and
fragments were present almost in the same proportions, with PEST being the most frequent pol-
ymer. Higher numbers of microplastics were found in harbour porpoises from the Baltic Sea than
those from the North Sea. The common fibres represented 51.44% for the Baltic Sea and 47.97%
for the North Sea. Results showed that individuals with a good or moderate nutritional status
had more microplastics compared to individuals of poor nutritional status. No differences were
found between the sexes, nor any relationship between parasite presence, tissue damage and
microplastic burden.

MACARONESIA (MADEIRA AND CANARY ISLANDS): As part of the study described earlier
in the Chemical Pollution section of this report, Montoto-Martinez et al. (2021) performed an
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analysis of the gastrointestinal content of twelve individuals of six odontocete species for the
presence of macro- and microdebris. No macrodebris (particles >5mm) was found, except for
two plastic labels in the same dolphin. All individuals had microplastics, most of them being
fibres (98.06%, n="708). Previously, in the Canary Islands, a retrospective study regarding foreign
bodies (FB) (Puig-Lozano ef al., 2018) in stranded cetaceans found a prevalence of 7.74% in the
cetacean samples studied, with plastic being the most common item found (80.56%). As a conse-
quence of FB ingestion, 3% of necropsied animals died. Statistical analysis found that poor body
condition and deep-diving behaviour were risk factors for FB ingestion, whereas adult age was
a protective factor.

3.6 Underwater Noise

3.6.1 General

The presence of prestin, a motor protein of the outer hair cells (that may function as a cochlear
amplifier for high frequency sounds), has been reported by Morell et al. (2020) all along the coch-
lear spiral in five echolocating cetacean species (harbour porpoise, bottlenose dolphin, common
dolphin, striped dolphin and beluga whale) and two bat species. Based on prestin labelling, they
described a potential methodology for detecting cases of acute noise-induced hearing loss in
stranded marine mammals and therefore to potentially assess the effects of underwater anthro-
pogenic noise. They also present a protocol to distinguish between newly formed and old lesions
through the labelling of the cells of the Organ of Corti and associated innervations, combining
several antibodies.

Southall ef al. (2021) made a review of the latest studies on marine mammal noise exposure since
their last publication in 2007. From their initial severity scale that segregated noise exposure into
“pulse” and “non-pulse”, they now present a new approach in which noise sources are segre-
gated into functional categories (effective industrial categories). The response of wildlife to noise
can be estimated through probabilistic response functions that provide greater accuracy for pre-
dicting effects than all-or-nothing thresholds. The estimated probability of an individual re-
sponding varies as a function of the acoustic exposure, which can be determined using different
parameters for acoustic dosage, and pooling data from sets of populations and sound types.
Since poor pooling will fail in estimating the response of sensitive species, they advocate for a
framework for systematically and objectively assessing available science and yield a manageable
number of probabilistic functions to make informed decisions. To do so, pooling should be made
for taxa, sounds and contexts that show similar dose-response patterns, as the number of re-
sponse studies increase. They also advocate and recommend a robust and systematic reporting
of key exposure, contextual and response metrics in experimental and observational studies
since the framework proposed requires data to be integrated from many separate studies that
should have common measures.

A possible predictor of behavioural response of marine mammals to anthropogenic sound may
be the perceived loudness of a given sound, which is in fact a common metric used for sound
exposure. Various factors are related to the loudness, such as stimulus duration and frequency
content, which can be approximated by applying weighting functions to the signal in both fre-
quency (using auditory weighting functions) and time (using the running rms-average (Leq)).
Tougaard and Beedholm (2019) have developed a practical implementation of these functions to
derive the weighted peak of a signal, which can be used as a proxy for loudness. An auditory
frequency weighting function developed specifically for marine mammals can be used so it re-
flects the perceived loudness in such species as accurately as possible.
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To simulate the response of whales to anthropogenic sound through space and time, Joy et al.
(2022) developed a stochastic movement modelling approach, based on a sequential Monte Carlo
sampler. The model considers the vertical dimension which is coupled to a model of horizontal
movement. These random movements, or trajectories, are guided by historical distribution and
density of the whales in the area. Then, through the use of a biphasic dose-response function
(dependent on the received sound level), noise disturbance is incorporated into the model to
define the probability of a behavioural response. The aggregated impact is assessed by consid-
ering the duration of the foraging loss and the change to a less favourable habitat. They applied
the modelling approach to a population of fin whales in Southern California, whose distribution
overlaps naval sonar testing activities.

3.6.2 Regional

SWEDEN: Through spatially explicit modelling, Tougaard and Mikaelsen (2020) performed and
updated the behavioural disturbance assessment of sound pressure levels around the construc-
tion (pile driving) and operation of an offshore wind farm on Krieger’s Flak, in Sweden, border-
ing a Natura 2000 site. They also evaluated the efficacy of mitigation measures, such as noise
abatement systems, on harbour porpoise and grey seals. The results showed that noise is capable
of affecting porpoise behaviour up to 5-10 km away, which includes a large part of the neigh-
bouring Natura 2000 site, but the number of impacted porpoises is relatively low. Although
quantitative assessment for seals was not possible, it is likely to be similar or smaller than the
impact on porpoises. Turbine noise during the operation of the wind farm was low and therefore
also constitutes a minor impact on both species. Regarding noise abatement systems, if adequate
systems are used (e.g. equivalent or better than a double big air bubble curtain), the predicted
impact of pile driving, and related radiated noise, is reduced to a level where it is assessed to
constitute only a minor impact on the marine mammal populations in the area. Indeed, the be-
havioural disturbance for porpoises can be reduced by a factor of more than 10. Acoustic deter-
rent devices should be used with caution, as they may constitute a disturbance equal or exceed-
ing pile driving. Therefore, if efficient abatement systems are used, they are for the most part,
not necessary.

DENMARK: Clausen et al. (2021) investigated the presence and behaviour of harbour porpoises,
through autonomous acoustic loggers, around the largest oil platform in the Danish North Sea
between 2013 and 2015. Harbour porpoises were detected at all distances from the platform and
year-round, presenting two distinct seasonal activity patterns. Porpoises may be attracted to oil
and gas platforms, regardless of underwater noise, due to increased prey availability in the vi-
cinity of such structures. Significantly higher echolocation rates and foraging activity were de-
tected within 800 m of the platform compared to the surrounding area, especially at night and
during July-January.

In order to improve the approach used in the assessment of pile driving impacts, Tougaard et al.
(2020) determined the most frequent marine mammal species that occur in Danish waters. For
pinnipeds, six species have been recorded in Danish waters, but only two are frequent during
the whole year: the harbour seal and the grey seal. Regarding cetaceans, the most common spe-
cies are harbour porpoise, white-beaked dolphin, minke whale, long-finned pilot whale, killer
whale, fin whale and bottlenose dolphins. Consequently, these nine species of marine mammals
were the ones proposed for pile-driving assessment in Danish waters.

SCOTLAND: The effect of tidal turbine operations on harbour porpoise presence were studied
by Palmer et al. (2021). A tidal turbine was equipped with hydrophones to detect cetacean vocal-
isations. This passive acoustic monitoring (PAM) system operated for 383 days between 2017
and 2019. Harbour porpoise presence was reduced by 78% (95% C.I: 51 % - 91%) when the turbine
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was operating in periods of high flow. Porpoise presence varied with the tidal state, being greater
with the flood tide and lower during the ebb tide.

Findlay et al. (2021) used acoustic propagation modelling to investigate the extent of acoustic
deterrent device (ADD) noise through the west coast of Scotland and across a Special Area of
Conservation (SAC), between 2017 and 2018. The analysis of risk of auditory impairment for
harbour porpoises, when exposed to ADDs as used in aquaculture sites, indicated that large ar-
eas of Scottish inshore waters would be exposed to noise levels that could exceed temporary and
permanent threshold shift (TTS and PTS) exposure thresholds. For example, when considering a
single device per aquaculture site, around 23% of the SAC designated for harbour porpoise on
the west coast was predicted to fall within a TTS zone. Management interventions should con-
sider this potential collateral damage of ADDs used for pinnipeds, extending to non-target spe-
cies, like harbour porpoises.

Todd et al. (2021) also used noise propagation modelling to simulate the potential impact of real
and fictional acoustic deterrent devices and to investigate their impact on non-target species in
Scotland and how it could be reduced. The range of temporary threshold shifts (TTS) to very
high frequency cetaceans (VHF) depended on the operational characteristics of the ADDs, reach-
ing up to 32 km in the case of the simulated devices operating at the highest outputs. The source
level (SL) was found to cause the greatest reduction in potential impact, thus the ADDs with the
highest SL exhibited greatest temporary and permanent threshold shifts (TTS and PTS).

GERMANY: In Germany, the project NavES produced a technical report that documents the
cross-project analysis of the construction projects for 21 offshore wind farms in the German EEZ
of the North and Baltic Sea, from 2012 to 2019 (Bellmann et al., 2020). The report is focused on the
technical Noise Abatement Systems and Mitigation Measures, providing a comprehensive and
updated database to improve the development and implementation of noise mitigation concepts
for future construction projects. It includes a revision and description of the factors influencing
pile-driving noise, a revision of offshore suitable market-ready Noise Abatement Systems, and
future challenges for incoming projects, presenting Alternative Noise mitigation measures.

Miiller et al. (2020) applied the OSPAR indicator for the risk of impact from impulsive noise,
using the habitat approach, and investigated the influence of temporal-spatial resolution and
mitigation measures (as sound abatement systems) on the exposure index (EI). They exemplified
this using, as an example, the harbour porpoise population inhabiting the German EEZ of the
North Sea, where three wind farms were constructed in 2018. They suggest that nature conser-
vation areas (such as Natura 2000 sites) should be evaluated separately in the assessment. They
proposed and tested the use of the concept established in 2013 in Germany for the protection of
harbour porpoises, which states that the proportion of the area affected by impulsive noise shall
not exceed 10% of the nature conservation areas. Their results showed that the use of EI alone
for assessing specific situations is not suitable and it might be better complemented by additional
spatial-temporal criteria, such as the percentage of exposed area.

MACARONESIA (Canary Islands): The acoustic profiles of 13 whale-watching vessels from Aus-
tralia and Canary Islands were studied by Arranz ef al. (2021). They deployed acoustic recorders
to measure low, mid and high frequency sounds of different types of vessels: motor sailing, cat-
amarans and motor vessels, all of them operating at a speed of eight knots. A total of seven ves-
sels from the Canary Islands were recorded between 2019 and 2020. Large catamarans with in-
board engines produced the highest source levels, while smaller motor vessels and hybrid ves-
sels powered by electric outboard engines produced the lowest source levels. The authors sug-
gest that when the distance between the boat and the cetaceans is less than 500m, boats should
adopt a broadband between 0.2-10 kHz and a source level <150 dB re 1uPa (RMS). This could be
achieved by reducing the speed, avoiding gear-shifts when approaching cetaceans, and increas-
ing the distance with target animals.
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3.6.3 Ongoing Projects

NORTH AND BALTIC SEAS: In July 2020, the major shipping lane between the North Sea and
the Baltic Sea was partially relocated. Taking advantage of this opportunity, the TANGO project
was initiated to study how a relocation of a major shipping lane impacts the underwater sound-
scape and harbour porpoise presence and foraging behaviour. The project was carried out by
Aarhus University (Denmark), the Swedish Defence Research Agency, and the National Mu-
seum of Natural History (Sweden), funded by the Nordic Council, Dansk Center for
Havforskning and the European Maritime and Fisheries Fund (EMFF), the Swedish Transport
Administration, and the Swedish Agency for Marine and Water Management. During one year
before, and one year after the relocation, underwater sound recorders and C-PODs have been
deployed jointly at eight stations, and only C-PODs at an additional eight stations, in both Dan-
ish and Swedish waters. The data are being analysed in spring 2022.

In February 2021, the project SATURN (Solutions At Underwater Radiated Noise) started in Dan-
ish waters. The main objective of the project is to determine the negative effects of underwater
radiated noise at an individual and population level for different marine species, while at the
same time, developing technologies and measures to reduce and mitigate the impact of under-
water noise. The results are expected to be available in February 2025.

3.7 Ship Strikes and Other Physical Trauma

BALTIC SEA: The possible consequences on harbour porpoises of the controlled 2nd World War
ground mine detonations by NATO in August 2019 were investigated by Siebert et al. (2022).
Between September and November 2019, 24 harbour porpoises were found dead and examined
for possible direct or indirect blast injuries. A total of eight porpoises out of 24 showed different
lesions correlated with blast injury, suggesting that it was the most likely cause of death. One
bycaught porpoise and another dead porpoise with signs of blunt force trauma also showed blast
injury evidence. The other 14 animals presented different causes of death, with two individuals
being impossible to determine.

MACARONESIA (Canary Islands): The presence of fat emboli within the lung microvasculature
is used to determine a severe “in vivo” trauma in forensic medicine. Regarding cetacean car-
casses, Arregui et al. (2019) demonstrated that an osmium tetroxide (OsO4) based histochemical
technique is useful for fat emboli detection in lung samples of cetaceans, even in decomposed
tissues kept in formaldehyde for long periods of time. In a more recent study, Arregui et al. (2020)
proposed two other histochemical techniques, chromic acid and Oil Red O frozen, that can also
be used for the detection of fat embolism. Specifically, the chromic acid technique was proven to
be a good alternative to osmium tetroxide due to its slightly lower toxicity, its equivalent or even
superior capacity for fat emboli detection, and its significantly lower economic cost. Recently,
Sierra et al. (2022) report systemic skeletal muscle embolism in an adult female Sowerby's beaked
whale found floating dead with external signs of trauma. Although the origin of the trauma
could not be identified, this is the first description of this kind of embolism in a wild animal, the
previous description corresponding to a woman after peritoneal dialysis.

3.8 Tourism

ICELAND: It has been reported that between 2015 and 2016, the number of foreign visitors to
Iceland increased by 39% (Chauvat et al., 2021). Iceland is a breeding area for grey and harbour
seals, which tend to haul out next to the shore, in accessible locations, and therefore particularly
susceptible to disturbance from tourists. A questionnaire was made and distributed to determine
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the tourists” acceptability for different management strategies. The results of the questionnaires
showed that seal watching visitors in general had high biospheric values which were found to
be correlated with a higher acceptance of the management actions suggested, and with a greater
awareness of the usefulness of those regulations.

Since 2010, the number of tourists in Iceland has increased from 459,000 to 2 million in 2019. One
of the most popular activities is land-based watching of harbour seals. This activity can cause
disturbance that can affect the behaviour and distribution patterns of the animals. Aquino et al.
(2021) developed an Ethical Management Framework (EMF) for promoting the use of ethical
practices for managing such human-wildlife interactions. The main application of this frame-
work is to predict potential conflicts with the stakeholder groups due to the application of man-
agement actions.

UNITED KINGDOM: Captive harbour seals expended much more energy while entering the
water after hauling out during the moult as opposed to post-moult (Paterson et al., 2021). This is
likely to be due to increased skin temperature to optimise skin and hair growth. As a conse-
quence, disturbances to hauled out seals have much greater energetic costs during the moult and
outside the moulting season.

The effects of recreational boating and dolphin-watching activities on the bottlenose dolphin
population inhabiting Cardigan Bay SAC, an area with increasing human pressure over the
years, were evaluated by Vergara-Pefia (2020). The evaluation performed through boat- and
land-based surveys, and social science questionnaire surveys demonstrated that the type of boat
and the temporal scale at which the study is performed, was related to the probability of encoun-
tering dolphins. In the short-term, avoidance responses by dolphins were observed related to
high travel speed of the vessels and close approaches by boats. Over the long-term, an increase
in boat traffic was observed within the SAC. Overall, the study showed neutral or positive reac-
tions to the long-standing code of conduct area in the SAC, demonstrating their effectiveness for
area-based management.

IRELAND: Tadeo et al. (2021) studied the effects of ecotourism on a grey seal colony at Great
Blasket Island, Co. Kerry. The greatest effects were found for vessels that approached within
500m and presence of tourists on the beach. Effects were seen in terms of seals entering the water,
increased vigilance and decrease in resting behaviour. The authors suggest adoption of a strict
code of conduct for tourists and boats in the area, and recommend a set of best practices based
on their results.

3.9 Climate Change

3.9.1 General

The long-term effects on distribution, abundance and inter-ocean connectivity caused by global
warming since the last glacial maximum were studied by Cabrera et al. (2022). These effects were
studied for eight whale species and seven prey species (five zooplankton species and two fish
species) in the South and North regions of the Atlantic Ocean. Genetic analysis of the species
showed that during the last 30 000 years, whale populations have experienced an expansion in
both ocean basins. In the South Atlantic Ocean, exponential and synchronised increases in the
abundance of baleen whales and their prey were observed. By contrast, in the North Atlantic
Ocean, the demographic fluctuations varied across taxa and time.

The possible health effects on bottlenose dolphins, caused by the exposure to low salinity waters
due to anthropogenically driven changes in salinity, were estimated by Booth and Thomas
(2022). Using the Sheffield Elicitation Framework, a panel of seven experts studied the
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consequences of three different scenarios of low salinity exposure. The final product were dose-
response functions, which suggested that bottlenose dolphins may resist different periods of ex-
posure to waters below salinity values of 5 ppt before health is impacted, depending on the char-
acteristics of the exposure. In scenarios of extended continuous salinity, they should be able to
withstand 20-30 days, while in acute salinity change scenarios, the maximum time before health
ends up being impacted would be 6-8 days.

NW EUROPE: A review of climate change impacts on marine mammals in North-west European
seas, but with emphasis upon the British Isles (Evans and Waggitt, 2020a) concluded that the
main observed effects have been geographical range shifts and loss of habitat through ice cover
loss, changes to the food web, increased exposure to algal toxins as well as susceptibility to dis-
ease. Climate-change impacts on marine mammals are particularly evident in polar regions
where there has been physical loss of sea-ice habitat. Species most affected include polar bear,
walrus, bearded seal, ringed seal, and narwhal. Earlier and more-extensive phytoplankton
blooms in subpolar and polar regions due to increased solar radiation leading to enhanced ther-
mal stratification and hence higher productivity may have helped population increases in some
baleen whale species, such as bowhead whale.

In mid-latitudes in the Northern Hemisphere such as around the British Isles, geographical range
shifts appear to be occurring, with northward extensions of the range of warmer water species,
such as striped dolphin, common dolphin, and Cuvier’s beaked whale, and possible range con-
tractions of cold-water species such as white-beaked dolphin.

In low latitudes where sea temperatures are highest, some species (e.g. bottlenose dolphin, ba-
leen whales, manatees) have experienced occasional mass die-offs linked to the presence of algal
toxins. These may now also be affecting marine mammal species in mid-latitudes, such as Cali-
fornian sea lions and harbour seals.

Continued rises in sea temperature could result in a shift in the species composition for cetaceans
around the British Isles, with increased biodiversity particularly of subtropical and warm tem-
perate pelagic species. Marine mammal species that traditionally make long-distance seasonal
migrations (e.g. most baleen whales) will likely arrive earlier or remain in high latitudes for
longer, with increased breeding attempts. Ecosystem regime shifts in UK waters may result in
lower food availability for a number of marine mammal species, and lead to re-distribution of
some regional populations.

ARCTIC: The current status and identification of the factors influencing population dynamics of
three different harp seal populations (White and Barents Seas, Greenland Sea and Northwest
Atlantic) were reviewed by Stenson et al. (2020). For each of the populations, they investigated
the changes and effects over the last decades of interrelated parameters affecting population dy-
namics such as harvest, abundance, diet ecology, changes in prey assemblages, and the environ-
mental impacts on body condition and reproduction. Their results showed a gradient in the pop-
ulation response to climate changes, between the three populations: 1) Barents Sea population
showed a pronounced negative response; 2) Greenland population showed a less strong negative
response; 3) NWA population showed a continuous increase, although there were some inter-
annual variations in body condition and fecundity. The gradient observed may be because the
NW Atlantic population is still influenced by the cold Labrador current, while Greenland and
Barents Sea populations are now influenced by warmer Atlantic waters. In fact, the reduction in
sea ice cover (associated with climate change) is impacting the three populations although with
different intensities. Seasonal ice cover influences the timing and strength of primary production
and the abundance and distribution of key prey species for harp seals. Therefore, different
changes in each area may produce different answers in each of the studied populations, that in
the end are reflected as changes in body condition and vital rates. Overall, their investigations
suggest that the three harp seal populations are not influenced by harvesting, but are influenced
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directly by climate change through 1) the changes in ice and its ice-related mortality of young of
the year and/or displacement of whelping patches; and 2) changes in prey availability, due to the
collapse of prey populations or to competition with other species, such as Atlantic cod.

Lameris ef al. (2021) reviewed the existing literature to assess the possible existence of shifts in
migration timing and distribution for a wide range of Arctic species in response to climate warm-
ing. For cetaceans and pinnipeds, earlier migrations were not reported although some species
showed a delay in the spring migration. Sub-arctic species of pinnipeds and cetaceans seem to
have changed their distribution northwards, probably due to changes in ice cover, following
better areas for feeding and reproduction. As most arctic marine mammals are dependent on
prey availability close to the edge of the pack ice, shifts in their distribution are consistent with
the retreat of ice cover.

Skrovind et al. (2021) investigated the response of belugas to previous climate fluctuations by
analysing 206 beluga whale mitochondrial genomes sampled from across their circumpolar
range and 4 nuclear genomes covering Atlantic and Pacific Arctic regions. Four distinct mito-
chondrial lineages established before the last glacial expansion (~110,000 years ago) were identi-
fied. Using species distribution models, authors investigated changes in suitable habitat during
the LGM (Last Glacial Maximum), present and the year 2100. Habitat models relied on the spe-
cies environmental parameters (physical) and do not include such ecological parameters as prey
availability, competition and predation. The authors forecast conditions to 2100 and as ocean
warming conditions continue, model outputs indicated that suitable habitat for beluga may de-
crease by 39% and shift northwards by 4.9°N. This would leave areas such as the St Lawrence
Estuary and the Sea of Okhotsk with none to limited suitable habitat. Populations in the St Law-
rence Estuary and Shelikhov Bay hold larger proportions of unique genome diversity and so the
decline or loss of these individuals may have a greater impact on species-wide genetic diversity
and hence the ability of the species to respond and adapt to environmental changes. How belu-
gas more widely may respond to the northward shift, and overall contraction of suitable habitat
may be dependent on population-specific combinations of site fidelity and flexibility, combined
with interactions with prey availability, predation and anthropogenic activities.

GREENLAND: Aerial surveys over Greenland were performed by Biuw et al. (2022) to estimate
pup production in harp and hooded seals during March 2018. GPS beacons were deployed on
the whelping concentrations detected to monitor ice movements. The estimated pup production
was 54 181 pups of harp seals, the lowest since 1991, and 12 977 pups of hooded seals, signifi-
cantly lower than the last survey in 2012. The declines observed in Greenland’s pup production
are similar to the declines observed in the Barents and White Seas during the mid-2000s, and
may be caused by large-scale environmental or ecological changes.

WALES: Bull et al. (2021) studied the pupping phenology of grey seals in Wales in relation to sea
surface temperature, and, by extension, climate change, using data from 1992 to 2018. A temper-
ature increase of 2°C was associated with a pupping season advance of seven days at a popula-
tion level. However, the age of the mothers was the most important factor determining pupping
date rather than temperature. Warmer years were associated with older mothers, and the phe-
nological changes were thus due to temperature-related transient changes in age structure.

3.10 Other Emerging Threats

Nelms et al. (2022) reviewed the main anthropogenic threats for marine mammals (climate
change, fisheries, exploitation, industrial development and pollution), the possible conservation
mechanisms, and new research and monitoring techniques required to gather information on
those threats and to control the status of the populations. Over the last years, due to urbanisation
of coastal areas, ballast waters and globalisation, an emerging threat has been gaining
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importance: pathogen pollution. This type of pollution occurs when pathogens of land animals
begin to appear in the ocean. For example, the protozoan Giardia, typical of mammalian faeces,
has been recorded in marine mammals from the Arctic to the Antarctic. Parasites such as Toxo-
plasma gondii, a cat-dependent protozoan, pose an important cause of death for Hawaiian monk
seals and California sea otters in the USA, and for Maui dolphins in New Zealand.
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4 ToR D: In collaboration with WGBIODIV, identify
for-aging areas and estimate prey consumption by
harbour seal, grey seal and harbour porpoise in the
North Sea case study area

4.1 WGBIODIV, multi-species interactions in the North Sea,
and data requirements

To support effective ecosystem based fisheries management (EBFM) marine apex predators need
to be included in multi-species or ecosystem models, and there is a need for ongoing diet studies
to monitor the dynamic and responsive changes in marine mammal diets as prey abundance
changes, e.g. due to fishing and climate change. Additionally, marine mammal populations
themselves are changing. In the past decades, the North Sea has seen growing numbers of seals
and a re-distribution of harbour porpoises but with overall consistently high numbers since the
1990s, whilst recently there have been declines or levelling-off in some North Sea harbour seal
populations. There have also been changes in the occurrences of large cetacean in the area,
though quantification of these changes is less well documented (see ToR A for changes in abun-
dance of the different marine mammal species)

WGBIODIV plans to continue developing multi-species work to support EBFM and has specifi-
cally requested marine mammal diet information to inform North Sea prey guild models, with
an indication of the importance of each prey taxon in the diet of each marine mammal species.

For ECOPATH (EwE) modelling of the North Sea, estimates of North Sea predator diets for the
year 1991 (the baseline year of their models) are requested by WGBIODIV. There will be a focus
on the particular fish species or groups that are included in the EWE modelling in progress for
the North Sea. This information will be used to parameterise the baseline EWE model to estimate
predator preferences for different prey. However, in the 1990s, marine mammals were much less
abundant in the North Sea than currently. This will obviously affect the total amount of prey
consumed by this group, but possibly also the prey composition.

The marine mammal data sets potentially available for use, in both North Sea prey guild models
and ECOPATH models, are diverse, although in many cases limited either spatially or tempo-
rally or both. An overview was given in the WGMME reports 2020 and 2021 (ICES 2020; 2021).
We present here a brief description of some that are accessible to this Working Group, and po-
tentially available for use by WGBIODIV. Based on WGMME 2021, we outline important caveats
and limitations that may affect the use of these data in EWE or in prey guild models, and ap-
proaches that could be used to collate the available data for input into these models. We also
describe the provision of pilot sample data sets to WGBIODIV from this working group.

Marine mammal diets have mostly been estimated from hard prey remains recovered from gas-
tro-intestinal tracts (GITs, usually stomachs) or faeces (scats). Samples for analysis can be from
stranded or bycaught animals, or from scats collected onshore. DNA-based analysis from scats
or GITs can also provide information on diet, as can the analysis of fatty acids and stable isotopes
in marine mammal tissues. All these approaches make a range of assumptions about the sample
data and the analytical methods are subject to limitations and biases, see reviews in Tollit et al.
(2010) and Bowen and Iverson (2013).
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4.2 North Sea Marine Mammal diet datasets

In the next sections, we outline in more detail some of the North Sea marine mammal diet studies
that are relevant to the work of WGBIODIV and which can potentially provide inputs to the
WGBIODIV modelling. Here we aim at depicting the type of data available.

4.2.1 North Sea seal diet studies from the UK

Grey seal diet composition

In the North Sea, grey seal populations first grew along the UK coasts before colonising the con-
tinental coasts, in the southern North Sea as late as the 1980s (Brasseur et al., 2015). Information
on diet of these marine mammals in the 1990s will therefore mostly have been collected in the
UK (see also ToR B, ICES 2020). Grey seal diet composition has been estimated UK-wide, includ-
ing along the North Sea coastline, in three sampling periods, 1985, 2002, and 2010/11 based on
measurements of fish otoliths and cephalopod beaks recovered from scats (Hammond and Grel-
lier, 2006; Wilson and Hammond, 2016). The sampling design aimed to collect sufficient scats for
robust analysis in a number of defined regions and in each quarter of the year. In the North Sea,
the defined regions are southern, central and northern (including Orkney), though more fine-
scale spatial resolution may be possible in some areas. Grey seal diet composition estimates from
these data are thus available at two temporal resolutions (seasonal and approximately decadal)
and at a regional spatial resolution. Additional samples for Scotland were collected by the Uni-
versity of Aberdeen during 1986-88, while samples from Orkney continued to be collected until
2006 and further samples from the Ythan estuary (Aberdeenshire) were collected during 2010-
15.

In analysis, otolith and beak measurements were corrected to account for partial and complete
digestion using experimentally derived correction factors (Grellier and Hammond 2006; Wilson
et al., 2017). Diet composition was estimated as the percentage, by biomass, of each species in the
diet for each region and season. Estimates of prey consumption have been made by incorporating
information on regional population size and energy requirements of grey seals. Associated esti-
mates of uncertainty for diet composition and prey consumption have been calculated. Methods
are described in more detail in Hammond and Wilson (2016).

Results show that the diet is broad but dominated by relatively few species (Hammond and Wil-
son, 2016). There is substantial decadal, regional and seasonal variation in estimated diet com-
position in the three regions in the North Sea in 2010/11, expressed as the percentage of total diet
by biomass. Errors around these estimates can be substantial, particularly for smaller percent-
ages. In the 12 months from April 2010 to March 2011, grey seals were estimated to have con-
sumed 129 200t (95% CI: 114 800-149 400 t) of prey in the North Sea (ICES Subarea 4). Hammond
and Wilson (2016) give consumption estimates for this period by prey species and results for
1985 and 2002. Results are also available for much of the material collected by the University of
Aberdeen, although otolith size was not corrected for digestive erosion.

Harbour seal diet composition

Harbour seal diet composition was estimated UK-wide, including along the North Sea coast, in
2010/12 (Wilson and Hammond, 2019). Methods for estimating diet composition and total prey
consumption were similar to those used for grey seals (Wilson and Hammond, 2016a). The Uni-
versity of Aberdeen sampled harbour seal diet from several locations in Scotland during 1986-
1989 and again during 2003-2004, with sampling in Orkney continuing until 2006.
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4.2.2 Kattegat and Skagerrak harbour seal diet studies

Assessments of the diet of harbour seals in the Kattegat-Skagerrak area date back to the late
1970s. Thereafter, additional studies are available from the 1980s (Kattegat, Skagerrak), 1990s
(Skagerrak), and 2000s (Kattegat, Skagerrak).

The most extensive studies have been based on scat samples collected during several months in
the Skagerrak in the 1970s, 1980s and 1990s, enabling assessments of inter-seasonal prey prefer-
ences as well as long-term dietary changes (Harkonen, 1987; Harkonen and Heide-Jorgensen,
1991; Olsen and Bjorge, 1995). Later studies from the Skagerrak are more limited in sample sizes
(Stromberg et al., 2012; Serlie et al., 2020). The diet of harbour seals in the Kattegat has not been
studied to the same extent as in the Skagerrak, and available information is based on fewer sam-
ples and more limited seasonal coverage (Harkonen, 1987; Harkonen, 1988; Stromberg et al., 2012;
Lundstrom et al., 2017). Previous studies from the Kattegat-Skagerrak area are typically based on
collection of samples from a limited area, and regional variations in diet (e.g. within the Skager-
rak) are poorly known. However, a more recent study by Serlie et al. (2020) presents area-specific
variation in diet within the Skagerrak.

The most important prey were species belonging to the families Gadidae, Pleuronectidae, Clu-
peidae and Ammodytidae, with some variation between studies. Gadidae species were more
common in the Skagerrak and frequently occurring species were Atlantic cod, Norway pout,
poor cod, blue whiting and whiting. Pleuronectidae species, on the other hand, were more com-
mon in the Kattegat, dominated by common dab, European plaice and European flounder.

Due to the absence of recent diet data from the Kattegat-Skagerrak area, diet samples, both scats
and digestive tracts from hunted seals, are currently collected to obtain updated results on har-
bour seal diet, including spatial and temporal variability (K. Lundstrom, SLU).

Harbour seal diet studies have also been conducted, in the Limfjord and along the Norwegian
North Sea coast (Friis et al., 1994; Olsen and Bjorge, 1995; Bjorge et al., 2002; Ostbell, 2005; Ander-
sen et al., 2007).

4.2.3 Diet and prey studies of harbour and grey seals in Norway

In Norwegian coastal waters harbour and grey seal diets have been studied using both tradi-
tional fish otoliths and DNA analyses. DNA analyses in grey seal diet were also used to split
unidentified digested otoliths from codfishes into species (Nilssen et al., 2019). In harp seal stud-
ies, in addition, fatty acid analysis can complement hard part analyses (Grahl-Nilssen et al., 2011;
Haug et al., 2017).

To obtain knowledge of feeding habits and prey consumption of grey seals, diet data were sam-
pled in selected areas where grey seals are most abundant along the Norwegian coast. The most
important prey were saithe, cod and wolffish. Wolffish was mainly eaten by seals >5 years old.
Otherwise, the data did not suggest important temporal or spatial variations between the main
prey items in the grey seal diet. However, capelin was eaten during spring in the northern area
suggesting that seasonally abundant pelagic fish species could be regionally important. Total
annual grey seal consumption of various species was estimated using bio-energetic modelling.
The input variables were seal numbers, energy demands, and diet composition in terms of bio-
mass and seasonal variation in energy densities of prey species. Assuming the observed grey
seal diet composition in the sampling areas were representative for the diet along the Norwegian
coast, the mean total annual consumption by 3850 grey seals was estimated to be 8084 tonnes in

Norwegian waters; saithe, cod and wolffish were consumed in highest quantities (Nilssen et al.,
2019)
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Harbour seal diets have been studied in various areas along the Norwegian coast. In all studies,
the diet consisted of about 20 fish species, mainly small fish species or young age classes (10-30
cm) of larger fish species. The studies confirmed seasonal variations in diets, and suggested that
harbour seals were eating the most abundant fish species such as saithe, cod, haddock, herring,
sprat, Norway pout, poor cod, blue whiting, whiting, sandeel, and various flatfishes (Olsen and
Bjorge, 1995; Berg et al., 2002; Ramasco et al., 2017; Serlie et al., 2020). In a study in the Norwegian
Skagerrak, harbour seal diet was studied using both hard-parts analyses and DNA metabarcod-
ing. The DNA analyses revealed that birds and skates may also be components of harbour seal
diet in the region. The hard-parts analysis indicated cephalopods were prey as well. The results
from molecular and morphological analyses were similar in regard to important prey species,
but finer taxonomic resolution of important prey groups was achieved using DNA metabarcod-
ing compared to the more traditional morphological analysis (Salinger, 2021)

4.2.4 Diet studies for harbour seals in the Netherlands

Scat samples are collected from tidal haul out sites in the Netherlands. These are tidal or at least
flushed regularly, so scat samples will therefor represent diet within days/weeks of consump-
tion.

Seal scats are collected opportunistically, mostly in relation to other work on the sandbanks span-
ning 30 years of sampling along the Dutch coasts. Scats are placed individually in plastic bags
and kept frozen (-20°C). DNA samples of the scat may be taken either by sampling a small part
or more recently, by placing the scat in a buffer solution and taking a sample of this prior to
washing the scats. For this, the scat is placed in nested meshed bags (120 u and 300 p) and then
washed using a washing machine (Aarts et al., 2019). After drying, all recognizable parts are
collected and otoliths are measured. DNA was initially used to determine the predator (grey or
harbour seal) but can now be used to determine prey (by sequencing methods similar to e-DNA).

4.2.5 North East Atlantic cetacean diet studies: review and collation
of literature

As part of the UK-based NERC-Defra funded five-year Marine Ecosystems Research Programme
(MERP, 2014-18), several dynamic ecosystem models for the NE Atlantic were developed
(Spence et al., 2018). Two of these (MIZER and Species Size-Spectrum model) examined size
spectra through the food chain from phytoplankton to marine mammals, whilst two (Strathclyde
end-to-end Ecosystem model and Ecopath with Ecosim) incorporated marine food web and fish-
eries interactions (Heymans et al., 2016; Heath et al., 2020). For cetacean and seabird species, sur-
vey data sets were collated and density distributions modelled for different time periods and at
various spatial scales (Waggitt et al., 2020). That work has been extended to examine spatial and
temporal trends in predator-prey relationships within the eastern North Atlantic and North Sea
including results of many of the local dietary studies presented in the WGMME report in 2020
(ICES 2020). Diet matrices were developed for twelve regularly occurring cetacean species (har-
bour porpoise, bottlenose dolphin, common dolphin, striped dolphin, white-beaked dolphin,
Atlantic white-sided dolphin, Risso’s dolphin, long-finned pilot whale, killer whale, sperm
whale, minke whale, and fin whale) based on the analysis of GIT contents from stranded or by-
caught animals. This started as part of MERP, but continues to require updating and refining.
Models are currently being developed to assess spatial and temporal variation in fish and ceph-
alopod distributions, and trends in stock sizes of commercial fish species in relation to top pred-
ator seasonal and longer-term trends, with work ongoing through two PhD studies at Bangor
University.
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4.2.5.1 Harbour porpoise diet studies, Scottish East Coast (UK)

The stomachs analysed by the University of Aberdeen and, latterly, the Marine Institute in Vigo
come from porpoises stranded on the Scottish coast and necropsied by the Scottish Marine Ani-
mal Stranding Scheme during 1992-2016, although the University received relatively few sam-
ples for the last few years of that period. Data from several other cetacean species were analysed
during the same period. The data include information from the east coast including the southern
border of Orkney and the Shetland islands, although the precise boundary to delimit the North
Sea area could be changed to suit the planned analysis. Data collection spanned the period 1992-
2016. Results are provided at individual stomach level so will presumably refer to feeding during
up to a few days before the death of the animal. There may be biases/noise in the data due to
geographical and temporal variation in sampling effort and, sometimes, budget limitations. It is
also worth considering the nature of the deaths sampled. On the Scottish east coast, a high num-
ber of porpoise deaths is attributable to bottlenose dolphin attacks so the samples from that area
are likely to contain more trauma deaths than samples from other areas.

As far as possible, all hard prey remains are identified. This includes fish otoliths and bones and
cephalopod beaks. Some remains are easier to identify to species level than others so some prey
are identified to genus, family or higher level. All identifications are checked by experienced
workers. Species which are identified to genus or other taxonomic group levels (e.g. cod, had-
dock, pollack and saithe which have similar otoliths when they are eroded) were pooled as spe-
cies considering the percentage of identified prey to species level found in the same porpoise, if
possible, or porpoises stranded at similar period of time of the year.

Prey size is estimated from measurements of hard parts (otoliths, jaw bones etc). No corrections
have been made for digestive erosion or for total loss of some easily digested prey remains.

4.3 Caveats and Limitations

Marine mammal diet data in general are not necessarily straightforward to interpret for the fol-
lowing reasons:

. For a scat sample or GIT sample of diet, the location of foraging at which the predator
consumed prey will be uncertain, although for seals it may be possible from telemetry
data to suggest likely areas within which foraging could have occurred at sea, prior to
sample collection onshore.

. Sample collection may be targeted or opportunistic

. GIT studies are often carried out on stranded animals. The cause of death is likely to
affect the prey ingested, diseased animals may be restricted in their prey choice and in
the case of bycaught animals, they may be biased to the target prey of the fishery

o In contrast to GIT studies, for faecal samples, it is often impossible to determine the size
or age of the animal that deposited the scat, and what constitutes one sample is some-
times difficult to define, e.g. when many scats are harvested from a haul-out site.

° Primary data may be in the form of otolith measurements and identifications, but some
data sets present data that have been collated and analysed. Some of the processing and
analytical steps that might be performed are designed to address biases in the raw data,
such as erosion of otoliths during digestion. Corrections and analysis may have been
applied in different ways in different diet studies.

4.3.1 North Sea Prey Guild Model data requirements

Data were requested in the form of observations of consumption of prey by marine mammal
predators, with spatial locations and dates, and with an indication of the strength of trophic links.
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The group agreed that this strength would be best represented by the proportion of diet com-
prised of a particular prey.

4.3.2 EwE Data requirements

Marine mammal diets typically vary in space and in time (both annually, and seasonally) and
diet data are typically available sporadically in space and time. The ECOPATH modelling frame-
work for the North Sea will treat each marine mammal predator species as a single population
that is assumed to mix freely over the whole area. As such, it will be assumed that any observed
regional, seasonal and/or inter-annual variation in diet results from differences in local prey
abundance.

The WGMME noted that given marine mammals were less abundant than now and relatively
few studies were carried out there are few data for 1991, the baseline year of the ECOPATH
model. Notwithstanding this, the following analysis steps are proposed to aggregate diet esti-
mates from multiple locations and collection dates, to provide inputs in the form of a diet table
for ECOPATH, for a given year Y at a whole-North-Sea scale. The same logic could be used to
produce aggregate estimates of diet for subareas of the North Sea in future model runs.

For each species under consideration, it is required to decide upon a time ‘window” over which
diet data are to be attributed to year Y (1991 in this case): this must be long enough to allow
reasonable spatial/seasonal coverage by the diet sampling.

For harbour porpoise, stranded and bycaught animals are used in the estimation of diets from
gastro-intestinal tract (GIT) contents. Harbour porpoises have a high metabolic rate and limited
energy storage capacity and therefore have high feeding rates. GIT diet information is associated
with a geographical area where they obtained their last meal. Estimating the most likely foraging
area of stranded animals is challenging, because carcasses could have drifted for a considerable
period at sea before stranding. A way to estimate this has been described by Ransijn et al. 2021
(see also Peltier et al., 2013). An estimate of the number of porpoises in this region could be de-
rived from a spatial model of (seasonal) population density (e.g. Gilles et al., 2016; Waggitt et al.,
2020).

For North Sea seals, diets are estimated from the analysis of hard prey remains in faecal samples
collected from haul-out sites to which the animals regularly return during the foraging season.
The relative size of the local seal population that is associated with this diet can be estimated
from haul-out counts (Thomas et al., 2019; Thompson et al.,2019). Such counts could be corrected
for animals at sea, using telemetry-based correction factors, but this is not required if the propor-
tion at sea can be assumed to be consistent among haul-out sites.

For a marine mammal consuming a variety of prey species, numbered 1 to M, the following steps
are suggested, to produce a single point estimate for diet in a given period and area.

. Assemble all available diet estimates in the area and period. A diet estimate is a vector
of proportions (p1, p2 ... pm)x+ with associated location x and date ¢.
o Assemble estimates of the size of the marine mammal “population” associated with each

diet estimate, Nx:(see above). This number can vary by place, year and/or season, as ap-
propriate, and therefore can allow for seasonal variation in density.
. The aggregated diet estimate will be given by

Zx,t Nx,t (plr D2 .- -pM)x,t
Zx,t Nx,t

To estimate uncertainty in this estimate, a protocol to incorporate uncertainties in the estimates
of diet and “population” size is required; a bootstrap resampling approach may be appropriate.

B0z - ﬁM)x,t =
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The steps above present a ‘weighted mean’ approach, based on available samples that might be
subject to considerable bias towards diets consumed close to the coast. This is likely to be im-
portant especially for pelagic cetaceans such as harbour porpoise, much of whose foraging in
fact occurs away from these coastal locations. An alternative approach currently under investi-
gation within the ECOSTAR project involves the use of a fitted model of predator diet as a func-
tion of local prey abundance, based on the coastal diet data, but then applied to estimate predator
diets over wider spatial scales (Ransijn et al. 2021, Smout et al. 2014)

4.4 Sample datasets

Given the diversity of data sets and levels of analysis to which data have been subjected, it is
important to establish feasible data formats for different diet studies, so that the information
provided can inform the feeding guild and EWE work.

Therefore, a set of example diet matrices were compiled for consideration by WGBIODIV with
the aim that this will allow pilot studies and help to establish workflow between the WGs. The
studies that provide data for these example diet matrices are summarised in Table 4.1.

Table 4.1. Summary of example North Sea marine mammal diet data provided to WGBIODIV illustrating how diet-matrix
data can be used in their EWE/prey guild models. See Table 2.5 in the WGMME 2020 report (ICES 2020) for a more com-
plete overview of available data. Numbers refer to the sections in the section ‘Marine mammal data sets’ where these
studies are described in more detail.

Description of the study and Time/date/loca-  Analysis Type of results Contact per-
species tion son

Scat sampling (Jan-Mar Orkney Otoliths and squid beaks % diet by mass  Phil Ham-
2011), UK grey and harbour identified to species, meas- mond/ Sophie
seals ured and counted. Smout

Scat sampling (1977-1979), Kattegat/Skager-  Otoliths and other hard parts % diet by mass Karl

GITs from hunted harbour rak identified to species, meas- Lundstrom
seals (2009-2010) ured and counted.

Scat sampling (2005), har- Netherlands Otoliths and other hard parts  prey counts Sophie Bras-
bour seals identified measured and seur

counted

Spatio-temporal compari- Northeast Atlan-  Modelled density distribu- % diet by mass  Peter Evans /
sons between distributions tic including tions in time and space for and/or by James Wag-
of 12 cetacean species and North Sea predators and known prey number of gitt
their known prey, using re- (identified in literature from  prey in the
views of literature on GIT otoliths and other hard parts sample
contents from stranded and identified to species, counted
bycaught cetaceans (1990- and in some cases measured)
present)
GIT contents (1992-2014) Entire North Sea  Otoliths and other hard parts % by massand Graham
from stranded and bycaught identified to species, meas- by number of  Pierce
harbour porpoises ured and counted. prey in the

sample, fre-

quency of oc-
currence
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4.5 Discussion

Monitoring of marine mammal diets requires appreciable field effort, and availability of experi-
enced staff for identifying and measuring otoliths or other prey hard parts. It is imperative how-
ever that this monitoring continues, because the marine environment is changing and marine
mammal diets are expected to respond, with potentially very important consequences for their
welfare and populations, but also for their impact on prey species including commercial fish
stocks. There is potential that use of DNA might speed up analysis of samples and detect fish
species that are not easily identified by the analysis of hard parts, though measurable hard parts
will still be essential to estimate prey size. There may be additional potential for such studies to
also return some characteristics of the marine mammals themselves e.g. using biomarkers for sex
identification. There is a need for comparative studies to calibrate the estimates derived from
these different methods, potentially also to use DNA to quantify prey ingested. As such there
may be an important role for future captive studies to ground-truth and calibrate diet estimates.

Shifts in the future diet of these marine top predators are foreseeable due to changes in climate
and anthropogenic use of the marine environment. It will therefore be even more important to
understand the feeding ecology of these animals. Though across the study areas, methods are
somewhat similar, there may be issues when collating the data. To overcome this and share best
practice, new methodology, identify missing information, and set research priorities, we suggest
a workshop on diet studies to be held in association with other relevant bodies in 2023.
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ToR E: In collaboration with WGBYC contribute to
the Roadmap for ICES PETS bycatch advice by re-
view-ing selected aspects of marine mammal-fish-
ery interac-tions and assembling data and qualita-
tive information available from other sources not
fully covered by WGBYC (notably strandings) on
marine mammals

5.1 Introduction

In response to an ACOM request to prioritise the assembly of data and qualitative information
on strandings of PET species, it was agreed that WGMME would focus on marine mammal (ce-
tacean and seal) strandings for the 2022 report. It should be noted that not all stranded marine
mammal species are recorded or studied equally throughout the different ICES countries. Gen-
erally, strandings of large cetaceans are extensively reported unless they occur in remote areas
such as the coasts of Norway. In many cases, this is also true of smaller cetacean and efforts to
collect data on stranded animals are supported by organisations such as IWC, ASCOBANS, and
OSPAR. On the other hand, possibly due to the lack of equivalent organisations with a focus on
pinnipeds, data on dead strandings of pinnipeds are lacking or sparse in many countries. More-
over, in those areas where hunting of seals is practised, data can be collected from hunted ani-
mals, with little value attached to data from strandings. Therefore, arguably, there is a general
lack of understanding of the causes of mortality in seals, including the importance of bycatch.

More use could be made of stranding data to inform bycatch assessment in marine mammals,
but this implies maximising the quality of information available (subject to logistical constraints),
as well as adding value where possible, for example providing context for cause of death by
taking into account age, reproductive status and health status, and providing insights into mor-
tality at the population level based on drift modelling and/or use of life tables. For a future data
call, all marine mammal species in the ICES area should be included and agreement will be
needed on a suitable data format, accommodating the inevitable variation in data quality, both
within and between networks, e.g. due to variation in the state of preservation of different
stranded animals and limited resources to undertake necropsies and sample analysis). In addi-
tion, flexibility is needed to allow information to be summarised/analysed at ecoregion level, and
not only by country.

A questionnaire that was sent out to stranding networks by WGMME in 2021 (see ICES, 2021)
allowed us to establish contact and collaboration with many of the extant stranding monitoring
networks covering the Atlantic coasts of Europe, and gathered a wealth of data about network
activities and capacities, as well as the constraints on collection of data on bycatch. Responses
also confirmed that networks were concerned about the possible extra work and duplication of
effort implied by a new ICES data call. Noting that other organisations (e.g. INC, ASCOBANS)
already request cetacean stranding data, an extra burden on stranding networks could be mini-
mised by harmonising and/or joining data calls for stranding data (including information on
both cetaceans and seals) by all relevant organisations. During discussions, it was noted that
bycatch and entanglement of marine mammals also have animal welfare implications that
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should perhaps receive further attention within WGMME by incorporation into its Terms of Ref-
erence.

ICES published a Roadmap for PETS bycatch advice in 2020. Strandings are described in the
roadmap as a source of additional information that can help evaluate the susceptibility of a pop-
ulation/species to bycatch in a particular fishery. The roadmap also highlights the need for effec-
tive cooperation with conservation and regional sea management organisations (e.g. ACCO-
BAMS, ASCOBANS, HELCOM and OSPAR) to improve data collection, information sharing,
indicator development, joint methodology and efficient use of resources. ICES deliver advice to
the EU every year in relation to bycatch of protected, endangered, and threatened species based
on data received from ICES member countries and some EU-Mediterranean countries. Based on
the EU regulation 2019/1241 on technical measures, EU countries are requested to demonstrate
that incidental catches are minimised to prevent unacceptable effects on sensitive marine species
(ICES2020). Data from mammal strandings are usually reported within the advice as supporting
information on the general distribution of bycatch of marine mammals in fishing gears, which
can augment at-sea monitoring data. In 2020, data from strandings of common dolphins in the
Bay of Biscay were used to evaluate bycatch estimates and potential emergency measures to pre-
vent bycatch of this species as part of WKEMBYC (ICES, 2020). The ICES Advisory Committee
(ACOM) recommended WGBYC and WGMME to initiate systematic collection of stranding data
and develop the data format.

5.2 Coordination with other bodies

WGMME sought the views of contacts within ASCOBANS, HELCOM and IWC concerning the
coordinated collation of data on marine mammal strandings. It should be noted that the ambition
is not simply to document stranded animals and their cause of death where known but, also, to
provide information on necropsy findings and sample analysis, e.g. life history parameters and
health status, which could aid in the interpretation of the data and improve our understanding
of fishery bycatch mortality in marine mammals.

During February 2022, a HELCOM-ICES bilateral coordination meeting was held. Support was
expressed for more cooperation on harbour porpoise (bycatch) data collection to avoid duplica-
tion of effort. In recent years, HELCOM has invested in further developing a biodiversity data-
base to include historical harbour porpoise data from the HELCOM/ASCOBANS database
(which HELCOM has hosted since 2010), as well as acoustic monitoring data for the Baltic. HEL-
COM has also been developing its reporting format as well as guidance on data collection for
strandings, bycatch, and other information (such as incidental sightings), as collected under the
HELCOM EG MAMA group in their annual meetings. Currently in HELCOM, there is no spe-
cific data call for bycatch/stranding data, other than the regular annual reporting. It may be pos-
sible to utilise this existing data flow for the Baltic countries and supplement it with data collec-
tion from other ICES countries. Some planning and joint meetings would be required to agree
on the scope and practicalities. One step forward could be to include this in the agenda of the
next HELCOM EG MAMA meeting in autumn 2022.

In September 2021, ASCOBANS contacted ACCOBAMS, HELCOM and IWC on the topic of ce-
tacean stranding and necropsy databases and proposed a brainstorming workshop for further
development of ideas (ASCOBANS AC26, Action Point 46, see text box below). It should be
noted that ASCOBANS, ACCOBAMS and IWC are specifically focused on cetaceans, while HEL-
COM and ICES also have an interest in seals.

Web-accessed Database for Marine Mammal Stranding and Necropsy Data
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Action Point 46) The Secretariat to organise a virtual brainstorming meeting on the stranding and
necropsy database. Invitees to include data users, database experts, strandings and necropsy experts,
and other relevant stakeholders, such as IWC, HELCOM, ACCOBAMS. The workshop would aim

to:

Discuss and scope the scientific, social, and administrative drivers for the creation of an

online database of marine strandings.

2. Review existing or planned databases containing marine stranding data.

(ASCOBANS, ACCOBAMS, IWC, HELCOM).

approach.

5. Outline a design brief divided into ‘essential” “useful” and ‘nice to have” attributes.

base.

7. Produce estimated costs and time for delivery.

ward.

3. Identify i) common and ii) diverging requirements/specifications of present stakeholders

4. Identify anticipated constraints, limitations or concerns of taking either a unilateral or shared

6. Discuss the technical aspects of the implementation and maintenance of a relational data-

8. Identify potential database architect candidates and a steering group to take this work for-

At the time of writing, IWNC was seeking to appoint a new Bycatch Coordinator but, in their
response, they confirmed that there had been a lot of discussion recently within IWC but also
with the previously mentioned organisations, about a strandings database and how this could
tie together existing information and encourage more input while also reducing the amount of
necessary reporting. IWC has been scoping the possibility of a strandings database and has con-
tacted various networks to see what they have, what their requirements are, and what level of
interest/use there could be for such a common database.

5.3 Benefits and Challenges of using Stranding Data to as-
sess Bycatch Mortality

Stranding data have usually been viewed as a secondary source of data on bycatch and entan-
glement mortality even if experience to date suggests that sufficient coverage of relevant fishing
fleets by on-board observers may never be achieved. Given that ICES wish to initiate systematic
collection of stranding data and develop an appropriate data format, it is relevant now to review
the advantages and limitations of stranding data, including:

. Which countries can provide stranding data and to what extent do they document by-
catch mortality?

o What gaps and limitations exist in coverage and data quality, including issues related to
the species recorded, knowledge, skills and resources?

. Considering the need to rule out and rule in different factors contributing to bycatch
mortality, what ancillary data are needed / can be provided to put bycatch mortality in
context (e.g. age, sex, reproductive status, health status)?

. What biases exist in the data provided (e.g. where do animals strand, which ones are
discovered, which ones are necropsied)?

. How can we adapt to variable “levels” of stranding data? What are the likely resource
needs for “optimal” data collection and analysis?
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. At what scale should strandings be reported and analysed (e.g. ecoregion, country)?
o To what extent can we estimate bycatch mortality at the population level (e.g. through

the application of drift modelling, life tables, etc.)? Can we determine the probability of
stranding, detection and necropsy at every location?

. Is there a need for new and/or improved best-practice guides (e.g. in addition to nec-
ropsy guides)?

A questionnaire was developed last year by ICES WGMME to gain insights into the potential
contribution of European stranding monitoring networks to understanding and quantifying
mortality of marine mammals due to fishery bycatch and entanglement, from strandings. The
networks are based in ICES member countries and as such the results refer mainly to the ICES
region, as well as Macaronesia and the Mediterranean in some cases. The final results will be
compiled into a scientific publication to highlight differences between ecoregions.

A brief account of the results from the (then) 25 respondents, which included 22 completed ques-
tionnaires, was published in the 2021 report (see WGMME 2021 for further information). Results
from the questionnaire provided: 1) an insight into the organisation of stranding networks, e.g.,
their role, their effort over time, and their funding; 2) information on attending stranded animals,
e.g., procedures to report strandings, and decisions about which animals to attend; 3) infor-
mation about the strandings, e.g. species and numbers of animals; 4) information about the type
of data and samples collected and analysed from dead strandings; 5) information about necrop-
sies performed by the networks, e.g. number of necropsies carried out, protocols used, causes of
death); and 6) specific information about bycatch mortality, e.g., its frequency, trends and pat-
terns.

Since the publication of the report, ten additional questionnaires have been received, from Ire-
land (1) and Spain (9), giving a total of 35 contributions. A few other contributions are still ex-
pected, which will likely cover geographical gaps. It should be noted that nations with regional
networks (e.g. Spain) rather than national networks are overrepresented in terms of numbers of
responses.

5.3.1 Type of funding

European stranding networks typically base their activities on voluntary work (16 out of 35 re-
spondents), regional (16) and national government (14) funding. Less commonly, they depend
on donations and grant applications (7), membership (3) and volunteer fees (2), incoming visitors
(1) and/or their own funding (1). Different sources of funding result in different levels of financial
stability. Long-term planning and continuity of staffing may be compromised either due to de-
pendence on volunteer work, donations, and/or membership fees, or the need to regularly (some-
times annually) re-apply and compete for government funding.

5.3.2 Organisation of the networks

Four main types of networks could be distinguished according to the distribution of tasks related
to stranding attendance in each region: in some regions, stranding monitoring activities are cen-
tralised in one network, while in others there are several stranding networks with different roles
that either collaborate together or generally work independently but collaborate on (for example)
scientific projects. Finally, some regions lack a formal stranding network. The existence of mul-
tiple networks can present challenges of communication and coordination as well as potentially
leading to competition for personnel or financial resources.
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5.3.3 Constraints on the quantification of bycatch

Table 5.1 summarises the importance attached to different types of constraint. Financial re-
sources were the most frequently mentioned limitation to determining the incidence of bycatch
mortality in marine mammals. Only one stranding network reported having sufficient resources,
while several commented that these are insufficient to monitor their area, examine more strand-
ings, have a dedicated centre and/or hire qualified professionals. Decomposed carcasses and lack
of human resources were also frequently reported as limiting factors. Determining the cause of
death in highly decomposed animals is difficult and results in an information gap for regions
where a significant proportion of stranded animals are highly decomposed. Some networks also
commented that insufficient human resources limited their ability to analyse samples or to work
with fishers on bycatch.

The lack of a volunteer network is a limitation in some regions. Some networks find it difficult
to train volunteers and to ensure adequate coverage of the whole region. A lack of veterinary
expertise is an important issue for some networks, although one respondent noted that experi-
enced biologists may be better able to diagnose bycatch mortality than inexperienced veterinar-
ians, especially in relation to recognising external and macroscopic signs.

Logistical problems associated with recovering carcasses affect some stranding networks, e.g.
when carcasses do not reach the shore or strand in remote areas or on islands. Some networks
collaborate with fishers who bring bycaught carcasses for examination, while others find such
collaborations to be complicated either due to the lack of interest or difficulties (e.g. legal issues)
in landing the animals. One respondent noted the need for trust between fishers and stranding
networks. Other issues mentioned included lack of reporting of stranded animals or difficulties
in dealing with the local authorities responsible for granting access to/disposing of stranded an-
imals.

Table 5.1. Responses to the questionnaire sent to stranding networks about the perceived importance of different types
of constraints on diagnosing bycatch mortality.

Type of problem / High Medium Low N/A No reply Total
Importance

Financial resources 11 8 5 6 5 35
Carcasses often decomposed 9 12 7 6 1 35
Human resources 7 11 5 6 6 35
No volunteer network 5 4 4 14 8 35
Lack of veterinary expertise 5 5 13 8 4 35
Issues with carcass recovery 5 5 12 6 7 35
Few carcasses are reported 4 5 16 3 7 35
Access to remote areas 3 7 13 7 5 35
Administration issues 3 7 10 7 8 35
Issues with carcass examination 3 8 12 5 7 35

Distribution of volunteers 2 8 6 12 7 35
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5.34 Who does what?

Most stranding networks reported that the number of necropsies conducted in specialised facil-
ities exceed the number of in situ carcass examinations (Table 5.2). Both necropsy and post-mor-
tem examinations are primarily carried out by trained veterinary pathologists and biologists. In
situ post-mortem examinations are performed with similar frequency by veterinary pathologists
and biologists whereas necropsies at specialist facilities are more frequently carried out by vet-
erinary pathologists. The expertise of trained personnel (as well as better working conditions in
specialised facilities) should help ensure the quality of the information and samples collected
and ultimately improve the reliability of the diagnosis of the cause of death (although it may also
be the case that only fresh and slightly decomposed animals are transported to specialist facili-
ties). However, several networks lack veterinary expertise. In a few networks, untrained person-
nel or personnel from other organisations examine carcases and perform necropsies (Table 5.3).
In some regions, untrained personnel and members of the public are involved in taking photos,
measuring carcasses and collecting samples from stranded animals in situ (Table 5.3.3).

Table 5.2. Staff in charge of examining the carcass post-mortem on site and performing the necropsy at a specialist facility
(Frequency of involvement: A = Always, U = Usually, S = Sometimes, N = Never. Two respondents selected multiple fre-
quency values, so these answers were counted as “No reply”).

Who does what? Post-mortem examination of carcass on Necropsy at a specialist facility
site

A U S N Noreply Total A U S N Noreply Total

Veterinary pathologist 3 4 12 8 8 35 10 8 5 7 5 35
Other trained 3 6 12 6 8 35 6 4 6 10 9 35
personnel

Untrained personnel 0 1 4 16 14 35 0 1 1 21 12 35
Another organisation 0 0 3 19 13 35 0 1 3 20 11 35
Members of the public 0 0 0 23 12 35 0 0 0 25 10 35

Table 5.3. Staff in charge of taking measurements and photos of the stranded animal and collecting samples from car-
casses on site (Frequency of involvement: A = Always, U = Usually, S = Sometimes, N = Never. Two respondents selected
multiple frequency values, so these answers were counted as “No reply”).

Who does what? Photos, measuring and sampling on site  Photos, measuring and sampling at a specialist
facility

A U S N Noreply Total A U S N Noreply Total

Veterinary pathologist 2 3 14 8 8 35 2 3 12 10 8 35
Other trained 8 13 4 3 7 35 5 8 9 6 7 35
personnel

Untrained personnel 0 2 13 9 11 35 0 1 4 18 12 35
Another organisation 2 1 9 12 11 35 0 1 7 16 11 35

Members of the public 0 1 10 15 9 35 0 0 1 25 9 35
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5.3.5 Decisions about which animals to attend

Decisions about which strandings to attend are most frequently based on the decomposition state
of the animals (18 networks), the importance of the species or population (16), and the availabil-
ity of personnel (11). Other factors include the representativeness of the sampling (9), accessibil-
ity (9), funding constraints (8), and specific research questions (7). The reporting of live stranded
animals is of high importance for one network. Some respondents commented that the decision
process might take into account the number of recent strandings. Such decisions may result in
unconscious biases in the information collected, e.g. because strandings in less accessible loca-
tions (due to their distance from the location of network personnel or the local topography) are
more likely to be badly decomposed when discovered. In addition, funding constraints, and
availability of personnel may be relevant factors responsible for some biases in long-term da-
tasets.

5.3.6 Measures of search effort

Indicators of the amount of effort which goes into looking for stranded animals could provide
insight into the extent to which the stranding data collected are representative of a population
and/or a region. However, very few stranding networks record search effort (6 respondents),
although some networks state that they are confident that every stranding is reported and at-
tended. Human population density (4 respondents), the number of volunteers (3), and accessi-
bility (3) are all used as effort indicators. One network uses an App to record the kilometres of
the coastline covered during searching and another relies on estimates calculated by the volun-
teers. All these approaches have merits although the ideal indicator of effort would probably
need to integrate all these other indicators.

5.3.7 Number of strandings reported/attended/dead/necropsied in
2019

We selected 2019 as a recent reference year not influenced by the pandemic. Valuable infor-
mation (e.g. the species, body measurements, photographs) and samples can be collected from
attended animals even if they are not necropsied. Some signs of bycatch can be detected through
external examination and based on samples collected. Overall, 51.5% of the reported strandings
of marine mammals were attended, although the proportion varied among respondents from 0%
of animals being attended to 100%. Evidently, the way the carcass was processed should be taken
into account when interpreting the results. While all data from attended animals are valuable,
necropsies (especially by trained veterinarians) allow an exhaustive examination, providing a
range of information and samples, to help ensure both the accuracy of any cause of death deter-
mination and its relationship to the underlying health status. Overall, 15.6% of the dead stranded
marine mammals are necropsied, although, again, varying among regions from 0% to 100%.

5.3.8 Types of data and samples collected

Among the data collected from dead stranded animals, the decomposition state of the individu-
als is especially relevant for diagnosis of bycatch mortality. This information can be collected
from all attended animals even if not necropsied. Around half of the networks collect such data
from all attended animals (i.e., recovered, sampled and necropsied cases) while 13% (4/28) of the
networks collect these data only for necropsied animals
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5.3.9 Photographs

To detect evidence of bycatch in cetaceans, photos of sufficient quality that cover the entire body,
including the flanks, are needed. Photographs are a useful repository of information that can be
accessed for retrospective studies of bycatch (e.g. Puig-Lozano et al., 2020).

Twenty-five networks responded to questions about photographs. Overall, photographs were
taken for 87.4% of strandings, ranging among the different networks from 10% to 100%. All pho-
tos are archived and 21 out of the 25 networks responding to this question confirmed that they
have photographs showing signs of bycatch. Stranding networks were asked for their opinion
about the proportion of their pictures that could be used to look for external evidence or signs of
bycatch (i.e., photos of the whole body, of sufficient quality, etc). Of the archived pictures, overall
34.7% were considered to be suitable for this purpose, although the percentages reported ranged
from 0% to 100%.

5.3.10 Analyses carried out on samples of stranded animals

Demographic information can be used to build life tables (e.g. with age-specific survival and
birth rates) to help assess total mortality and specific bycatch mortality for a population, as well
as to indicate which components of the population are most susceptible to bycatch mortality.
Although no networks reported having produced a life table, some networks reported routinely
determining maturity (16/35), female reproductive status (13/35), male reproductive status (9/35)
and age (8/35), although in the latter case, around half of the respondents (15/35) do so on an ad-
hoc basis. Caution is needed in interpreting these answers because, of the 14 networks which
responded to specific questions about the methods, only one reported routinely determining
maturity status using sampled gonads, while seven inferred maturity from previously deter-
mined body length or age at sexual maturity. Similarly, six networks inferred age from species-
specific length-at-age relationships while none routinely used tooth samples to determine age.
In addition, 10/35 networks collect diet information routinely.

5.3.11 Decomposition state

Approximately half (12/23) of the stranding networks that responded to this question said that
the majority of stranded animals were received in an advanced state of decomposition, which
usually precludes determination of cause of death. Overall, an average of 20.5% of stranded an-
imals (including live and dead strandings) are fresh carcasses.

5.3.12 Decision process to select carcasses for necropsy and propor-
tion of carcasses necropsied

As is the case for decisions about attendance at carcasses, criteria followed to select carcasses for
necropsy may affect whether the information collected is representative of the sampled popula-
tions. Stranding networks reported using various (not mutually exclusive) criteria for selecting
carcasses (see Table 5.4), with the decomposition state of the animals (22/26) being the most fre-
quently reported. Ten stranding networks do not perform any necropsies and only 7 out of the
30 respondents carry out necropsies on more than half of the available stranded animals.
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Table 5.4. Criteria used to decide which animals will be necropsied.

Decision process Yes No No reply Total
Decomposition state 22 4 9 35
Important species 14 12 9 35
Specific research questions 11 15 9 35
Funding constraints (fixed numbers) 11 15 9 35
Ease of access 10 16 9 35
Body size (ease of transport) 9 17 9 35
Representative sampling 9 17 9 35
Availability of personnel 8 18 9 35

5.3.13 Storage of carcasses prior to necropsy

Eighteen stranding networks out of 31 respondents freeze carcasses prior to necropsies. Seven of
these networks freeze more than 80% of carcasses, including one that freezes 100% of carcasses.

5.3.14 Where necropsies are carried out and by whom

Six stranding networks out of the 28 that responded to the corresponding question do not have
specific facilities to perform necropsies. Experienced veterinarians perform most of the necrop-
sies (on average 65.1%) in the 25 stranding networks that responded to this question, while ex-
perienced biologists are involved in 37.6%. However, there are important differences between
networks. In some networks, animals are necropsied only by veterinarians, while in others nec-
ropsies are performed only by biologists. Although no networks reported that necropsies are
performed solely by inexperienced personnel, inexperienced veterinarians assist in 5.6% of the
necropsies.

5.3.15 Protocols for necropsies

Almost all strandings networks which responded (24/25) follow a specific protocol for perform-
ing necropsies. The majority of networks (18/25) follow the protocol of the European Cetacean
Society (ECS). Other protocols used include those of ASCOBANS and ACCOBAMS guidelines
(11/25), the Society of Marine Mammalogy (3/25), HELCOM (1/25) and an unspecified national
protocol (1/25). Seven networks used other protocols, although most of these were based on the
ECS protocol.

5.3.16 Criteria to determine bycatch

Twenty-five stranding networks provided information on the criteria used to diagnose cases of
bycatch, of which the majority (19) used both external and internal evidence, although six used
only external evidence to diagnose bycatch. When processing dead animals, 24 of the 35 net-
works collect information on external bycatch signs from necropsied animals, 13/35 from sam-
pled animals (which were not necropsied), and 13/35 from recorded animals (which were not
sampled or necropsied). Most networks used similar types of evidence, e.g. external marks
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caused by interactions with fishing gear, amputations, recently ingested food in the stomach,
lung lesions, and the absence of evidence of other possible cause of death. A few stranding net-
works (8/35) record evidence that dead stranded animals were feeding in or around fishing gears
(e.g., presence of pieces of nets in the mouth, oesophagus and stomach). One of them also collate
information from fisheries observers on live animals feeding in and around fishing gear.

The majority of networks (22/35) routinely undertake gross pathology on animals in which by-
catch is suspected, while histopathology (13), bacteriology (12), parasitology (11), virology (7)
and persistent organic pollutant (4) analyses are carried out by fewer networks. Two networks
commented that they additionally performed computed tomography analyses and another one,
molecular studies.

5.3.17 Index of uncertainty of bycatch diagnosis

Of the 26 stranding networks that replied about this, almost two-thirds (16) apply an index of
uncertainty to each bycatch diagnosis. Most networks use a classification system based on the
robustness of the different indicators used to diagnose bycatch: 1) certain bycatch, where the
bycatch event is known (e.g. fishers handed over the carcass); 2) highly likely bycatch (almost all
indicators used to diagnose bycatch are present); 3) probable bycatch (fewer indicators); 4) pos-
sible bycatch (even fewer indicators).

5.3.18 Importance of bycatch mortality

Overall, 29/35 networks gave their opinion on the importance of bycatch/entanglement as a cause
of marine mammal mortality in their region. Of these, 65.5% considered bycatch/entanglement
a “very important” or “important” cause of mortality, 24.2% considered it to be of “regular”
importance, and 10.3% as “unimportant” or “very unimportant”. Nineteen networks shared in-
formation regarding the frequencies of different causes of death categories (i.e., bycatch/entan-
glement, other known causes of death, and unknown causes of death). Bycatch and entangle-
ments appear to be most frequently recorded in stranded pelagic delphinids (average 26.2%,
range 0.54% to 90%) and baleen whales (20.6%, 0% to 80%), followed by harbour porpoises
(17.9%, 0% to 45%). On average, 14.7% of toothed whales (i.e., larger odontocetes) and 10.3% of
seals were recorded bycaught or entangled. Not all networks that responded to this question
provided data for each cause of death category and there was considerable variation between
countries/regions in the reported percentages.

5.3.19 Mass strandings

Networks were asked about the frequency of mass strandings (which we originally defined as
events involving 10 or more animals) and Unusual Mortality Events (UME) in their region. Four-
teen networks reported having had mass strandings and a few others reported stranding events
involving between 2-9 individuals. Only one of the eight networks in the Mediterranean de-
clared that mass strandings occurred in their region. Species involved in mass strandings and
Unusual Mortality Events include grey and harbour seals, pilot whales, common dolphins, bot-
tlenose dolphins, spinner dolphins, striped dolphins, Fraser’s dolphins, Risso’s dolphins, sperm
whales, beaked whales (including northern bottlenose whales), and false killer whales.

5.3.20 Patterns and trends in strandings and bycatch mortality

The taxa reported by stranding networks are summarised in Table 5.5. Most record cetaceans
and many record seals, sea turtles, and sharks.
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Table 5.5. Taxa recorded by the stranding networks.

Taxon Yes No No reply Total
Cetaceans 32 1 2 35
Pinnipeds 26 8 1 35
Seabirds 9 23 3 35
Sea turtles 25 7 3 35
Sharks 18 13 4 35
Others 12 20 3 35

Stranding networks were asked whether they had observed any important patterns or trends in
the numbers of stranded marine mammals recently (e.g. changes over the years, seasonal pat-
terns). Thirty networks responded to this question, of which 24 indicated that they had indeed
detected trends, with the remaining six respondents not having detected any trends or patterns.

Amongst the 24 networks that declared having detected patterns and trends, the majority (16/24)
of networks reported having detected multi-annual trends in the numbers of stranded marine
mammals (see Table 5.6). Increases or decreases in the numbers of particular species (e.g. com-
mon dolphins, harbour porpoises, grey and harbour seals, white-beaked dolphins) were identi-
fied by networks. Seasonal patterns were also frequently detected. Networks also indicated hav-
ing detected trends in numbers due to epizootic events (e.g. influenza and morbillivirus in the
Baltic and Mediterranean) and unusual mortality events and/or mass stranding events (e.g.
beaked whale mass mortalities in the British Isles, Ireland and Iceland). A few networks also
reported some spatial patterns in bycatch-related mortality, an increase in the stranding of ex-
tralimital species, and some “unusual” events (e.g. two sperm whales stranding in less than 5
months in the Balearic Islands — although this might be considered usual in winter on North Sea
coasts).

Table 5.6. Summary of the number of respondents who reported identifying trends or patterns in numbers of stranded
marine mammals recently (based on 24 responses).

Type of trend/pattern No. of respondents
Multi-annual trends 16

Seasonal patterns 9

Epizootic mortality 2

Unusual Mortality Event (UME)/ Mass Stranding Events (MSE) 2

Spatial pattern 1

Unusual events 1

Extralimital species 1

Eighteen respondents provided information regarding current trends in numbers of marine
mammals dying of bycatch/entanglement in their area and/or information on bycatch hotspots.
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A few networks reported an upward trend in bycatch/entanglement deaths of porpoises (n=3),
pelagic delphinids (n = 5), seals (n = 3) and baleen whales (n = 2). Downward trends in porpoise
bycatches were reported by two networks (Belgium and the Netherlands). The remaining net-
works reported they did not see any trend in numbers. Areas and seasons of high bycatch (e.g.
of common dolphins) were identified by some respondents.

5.3.21 Collaboration with fishers

The majority of networks (24 networks out of a total of 28 respondents) collaborate with fishers
to obtain information on cetacean bycatch, for example by helping to disentangle/release live
bycaught animals, record cetacean bycatches reported by fishers, perform necropsies on by-
caught animals submitted by fishers and/or run carcasss tagging programmes using dead by-
caught cetaceans. Some note that such records/carcasses are treated separately from the strand-
ings. Only four networks declared no collaboration with fishers through any of the above-men-
tioned activities.

5.3.22 Use of data on bycatch from strandings

Twenty out of 35 networks use the information they collect on bycatch to identify the gears or
fisheries involved in marine mammal bycatch mortality in their region. Gears identified include
static gears (several type of gillnets), towed and floating gears (trawlers and purse seine), traps
and pots (creel fishing and fyke nets), and pole and line fishing.

Twenty-five networks report the information they collect on bycatch to various organisations
(i.e. ASCOBANS, IWC, national/regional/local governments, HELCOM, NAMMCO, European
Commission, ICES). The frequency with which networks report to organisations varies from bi-
monthly to a single reporting incidence. Four networks declared that they do not report bycatch
information to any of these organisations.

Only two networks out of 35 carry out tagging programmes on bycaught carcasses. Information
provided by these programmes can be used for drift modelling and estimating total bycatch
mortality. In addition, a third network indicated that tagging programmes are conducted by
other organisations in their country, and another network specified that a tagging programme
was implemented in the past but that no animals were tagged during the course of the pro-
gramme.

5.3.23 Seals

Noting that, generally, strandings of seals have received less attention than those of cetaceans,
here we summarise some findings specifically related to seal strandings. Twenty-six networks
report pinnipeds: all but three networks active in the Northeast Atlantic region, two out of the
four Macaronesian networks, and five out of the nine Mediterranean Spanish networks (Table
5).

Pinnipeds (all species pooled) represent the majority (i.e., above 50%) of the marine mammal
strandings reported in Sweden, Latvia, Poland, Denmark, Scotland, and the Netherlands. It
should be noted that the Latvian stranding network only collects information on seals. One of
the two networks in Germany reported that seals represent almost half of the strandings. When
asked to provide percentages of the different seal species that strand in the area covered by their
networks, the Mediterranean Spanish networks that declared reporting pinnipeds indicated that
only a few animals had been reported, including harbour seal, grey seal, harp seal, hooded seal,
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and unidentified seals. The majority of networks indicated that most reported live stranded seals
are transferred to rescue centres.

In Ireland, one of the long- running stranding networks reported solely focusing on cetacean
strandings and not recording information on seals. Instead, information on seal strandings is
gathered by rescue centres in the country. A similar situation applies in the Netherlands, where
all three respondents indicated reporting information on pinnipeds. One of these networks fo-
cuses on cetacean necropsies and had examined very few seals while the other two networks
reported that seals represent the majority of stranded animals they receive. The lack of a long-
term necropsy program focusing on seals precludes the collation of information about health
status, ecology and biology, as well as the threats they are facing in these two regions. We also
note that some Nordic countries may not focus their activities on seal strandings since infor-
mation is available from hunted individuals. However, information coming from hunted seals
is generally not suitable for bycatch-related studies.

5.4 What will be needed from a strandings data call to
serve the needs of bycatch assessment?

Currently, WGBYC reports annual species-specific percentages of cetacean mortality attributed
to bycatch (% of examined animals with bycatch evidence) by country (where data are available)
based on data received on the total numbers of stranded animals, the number of fresh or slightly
decomposed animals which underwent examination, and the number of these animals with ev-
idence of bycatch. This type of data is generally lacking for pinnipeds (although France and Bel-
gium do collect such data). It is also true that more attention may be given to large cetaceans
than to small cetaceans. In the Netherlands, all baleen whales are necropsied but only about 20%
of (the much more numerous) porpoise, and hardly any seals. Efforts are therefore needed to
procure information on those marine mammal species currently receiving less attention.

The provision of additional information, both biological and methodological, can greatly en-
hance the value of reported bycatches. To enable temporal and spatial trends in bycatch to be
examined, data on the location (i.e. latitude/longitude or ICES statistical rectangle) and date of
encounter of each stranded animal, and basic biological information on species and specimen
condition is required. This information would enable trends in the seasonality and relative abun-
dance of stranded species to be assessed in areas for which records are available. The more de-
tailed location of the area where the stranded animals were found could aid in identification of
bycatch hotspots. However, caution is needed in interpreting location data. Carcasses may be
carried considerable distance by currents, and vagrant individuals may strand outside their
usual distribution range. In the Netherlands, seal strandings tend not to coincide with the known
distribution of the species (Brasseur, 2018).

More external information on apparent cause of death and signs of bycatch would enhance these
data further, allowing relative estimates of bycatch to be made and contributing to identifying
seasonal and temporal trends in bycatch. Biological measurement and external observations of
body condition would give indications of any biases in sex ratios of bycaught stranded species.

If a comprehensive necropsy examination is carried out and detailed information relevant to
cause of death and body condition of the specimen (e.g. body condition, stomach contents, pres-
ence of litter in stomach etc) are provided, a more complete picture of the health of the stranded
animal can be attained. Likewise, any evidence of the type of fishing gear involved in specimens
determined to have died as a result of bycatch would enhance our understanding of fishing-
marine mammal interactions. Additional information in relation to the types of fishing gear that
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pose a greater bycatch risk to marine mammals may help to target monitoring and/or mitigation
efforts towards high-risk metiers.

In addition to the benefits of spatiotemporal and detailed biological and cause of death infor-
mation, the availability of data on the methodologies used to collect strandings can also be in-
valuable. Data relating to the effort involved in the stranding network such as the levels of search
effort undertaken, whether this effort is dedicated or opportunistic, and the spatial coverage of
search effort, can put into context any strandings associated with bycatch. Understanding effort
coverage provides an opportunity to standardise bycatch records across networks, and the po-
tential to estimate relative bycatch rates on a regional scale. Methodological information on the
proportion of strandings that are necropsied and how these necropsied specimens are chosen,
the extent of the examinations (i.e. whether complete necropsy is carried out on each specimen,
and whether histology or bacteriology analyses are undertaken) and the experience (including
veterinary expertise) of those carrying out the examinations can also inform standardisation of
relative bycatch estimates between stranding networks. Such information would also aid the in-
terpretation of apparent local or regional trends. Knowledge of the methodology used to deter-
mine age and reproductive status is also important to judge the utility of the data (e.g. age infor-
mation inferred from length does not have the same value as actual age readings from teeth; it is
less precise and prone to variation with body condition and regional environmental conditions).

Finally, if biases in the data can be accounted for, or at least understood, for example by incor-
porating survey data on distribution, drift modelling of carcass movements incorporating cur-
rents, weather effects, and estimated time of death, and life tables, strandings could ultimately
be used to estimate number of bycatch deaths and the annual mortality rate due to bycatch.

Possible uses of stranding data are briefly summarised in Table 5.7 below, considering different
intensities of data collection and acknowledging the above-mentioned limitations and biases.
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Table 5.7. Current and future use of strandings data and ancillary data, based on different levels of data collection
TYPE OF DATA USES OF DATA CAVEATS APPLICABILITY TO ASSESSMENT OF BY-

CATCH AND BYCATCH RISK

Location, date, species
length, sex, blubber
thickness, etc.

Presence of species, seasonality and relative abundance in
coastal waters; indicators of sex ratio, population size structure,
condition.

Strandings sometimes outside the normal distribution
range. It is important to understand whether detected
strandings are “representative” (e.g. considering, the
“catchment” area, current systems, weather effects, carcass
buoyancy in relation to size and body condition, distribution
of search effort).

Help identify areas of overlap of marine mammals
and fisheries (assuming data on the distribution of
fishing effort are available).

Begin to look at geographical patterns, annual and
seasonal trends in bycatch mortality; examine
trends at a regional or ecoregion scale

Supplement at-sea observer or tracking data, par-
ticularly for regions or areas that lack such data.

1 + recording apparent
cause of death,

including signs of by-
catch mortality

Number and proportion of bycaught animals, seasonality of by-
catch, size, sex and “condition” of bycaught animals, possible
identification of fishery (gear) involved.

Appropriate protocols and trained personnel are needed.
The representativeness of the carcasses selected for exami-
nation and sampling should be considered (e.g. if based on
decomposition state, does this vary seasonally and region-
ally?)

Occurrence of bycatch and mass mortality events,
minimum number of bycatches, proportion of mor-
tality “caused” by bycatch, identification of the
most frequently bycaught components of a popula-
tion. Indication of type of fishery.

2 + full necropsy + pa-
thology + histopathol-
ogy, stomach contents
analysis, contaminants
analysis

More reliable diagnosis of bycatch deaths. Full picture of health
status of bycaught animals, diet, contaminant burdens. Identifi-
cation of pregnant and lactating females will help indicate fe-
cundity.

The representativeness of the carcases selected for nec-
ropsy and analysis should be considered.

Provides more context and potential “explanations”
for bycatch deaths and further insight into bycatch
risk.

3 + samples to provide
life history data (teeth,
whiskers or baleen for
age, gonads for repro-
ductive status.

Age distribution, of all, and bycaught, animals, pregnancy rate,
life table with estimates of annual mortality and reproductive
output. Indications of population status.

Even with representative sampling, biases may occur, e.g. if
teeth of older dolphins are more difficult to read. A large
data set is needed to estimate life history parameters, espe-
cially to detect changes over time. To determine age or
length at sexual maturity it is useful to have more animals
of around this age or length.

Estimate of mortality rate due to bycatch. Genera-
tion time and population reproductive capacity
(both are useful to determine bycatch limits).

4 + drift modelling and
reverse drift modelling +
information on distribu-
tion at sea

Understanding of the geographical source of stranded animals,
quantification of spatial and body-size-related biases in num-
bers reaching the beach. Possible overlap with specific habitat
including human activities. Life tables can be corrected for arri-
val bias (application of models of mortality at age can also help
compensate for under-representation of small animals)

In order to provide fully quantitative information, drift mod-
els should be linked to information on the spatial distribu-
tion of cetaceans at sea and how it varies seasonally (a uni-
form distribution can be assumed but this may introduce bi-
ases), and factors such as estimated time of death, currents
system, weather effects accounted for.

Estimate of the number of animals bycaught and
determination of their geographical origin. Im-
proved estimates of bycatch mortality rates. Iden-
tify areas of overlap of marine mammals and fisher-
ies (again, assuming data on the distribution of fish-
ing effort are available).
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Several marine science organisations and regional sea conventions have an interest in stranding
data. ACCOBAMS, ASCOBANS, the European Cetacean Society (ECS), and the Specially Pro-
tected Areas Regional Activity Centre (RPA/RAC) organized a Joint workshop on marine debris
and cetacean strandings in 2018. ICES have cooperation agreements with a range of organisa-
tions (see full list here) including HELCOM and OSPAR.

The questionnaire provided an opportunity to ask European stranding networks about their
willingness to provide detailed data on strandings, and diagnosed bycatch mortality through a
potential annual data call. Thirty-two stranding networks responded to the relevant question, of
which 28 confirmed their willingness to share their data through an ICES data call. Among the
remaining networks, two of them did not respond to this question while another clarified that it
has no competence to decide on this matter. One stranding network mentioned the need to better
organise data calls from different international organisations requesting data.

Given the different approaches and different levels of resourcing of different networks, a one-
size-fits-all solution is unlikely, but a call coordinated across the various interested international
organisations seems plausible and relevant metadata could be requested to establish the limita-
tions and biases associated with each dataset. The adoption of a database and annual data call
for stranding data will require the development of a specific data policy. For other biodiversity
databases within ICES, a specific policy is applied to determine user rights to restricted and pub-
lic data accessed through the database. Consideration is also needed of the appropriate entities
to which the data call will be sent. It might be logical for this to be at national level, although this
presumes an appropriate level of national coordination of input from individual networks and
such a “two-stage” data call might be less efficient at capturing all the information needed.
Agreement will be needed on permitted uses of the submitted data.

The success of a data call could be enhanced by (further) agreement on necropsy protocols as
well as provision of support / advice about quantifying and reducing biases in the data, promo-
tion of the value of obtaining full health status information rather than simply determining cause
of death, assistance with training personnel and technical support for the process of uploading
data. It might be appropriate for ICES WGMME and WGBYC to form a joint sub-group or sub-
groups to develop the data call and monitor its implementation. Consultation with data provid-
ers, clients (end users of any data products), and bycatch scientists should be undertaken to de-
termine the most appropriate way to analyse and present any and all strandings data collated.

5.5 Recommendations

The results from the questionnaire survey should be published soon in a journal paper.
In consultation/collaboration with other relevant bodies, ICES should:

i.  develop a best-practice manual or framework for the collection and use of infor-
mation from marine mammal strandings to inform bycatch assessment, to obtain
data on all relevant species, to obtain the best possible data from the networks and
ensure that data are used in the best way. This could be published as a CRR;

ii.  develop a data call and database for such data;
iii.  organise a workshop or workshops to develop (i) and (ii) above

ICES member countries should improve coordination and resourcing of stranding monitoring
networks, to standardise and enhance the data available on bycatch mortality from strandings.
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Annex 1: Resolution

Only experts appointed by national Delegates or appointed in consultation with the national Delegates of

the expert’s country can attend this Expert Group.

2021/OT/EPDSG01The Working Group on Marine Mammal Ecology (WGMME), chaired by Sophie

Brasseur®, the Netherlands; and Peter Evans*, UK; will meet online, 7-10 February 2022 to:

a) Review and report on any new information on seal and cetacean population abun-
dance, distribution, population/stock structure in the North Atlantic (including North
Sea and Baltic Sea), including information on vagrant species of marine mammals in
the area of interest and updating the seal database with abundance estimates and new
data points

b) Review and report on any new information on seal and cetacean management frame-
works (including indicators and targets for MSFD assessments) in the North Atlantic
(as defined above)

c) Review and report on any new information on seal and cetacean and anthropogenic
threats (including cumulative effects) to individual health and population status in the
North Atlantic

d) In collaboration with WGBIODIV, identify foraging areas and estimate prey consump-
tion by harbour seal, grey seal and harbour porpoise in the North Sea case study area

e) In collaboration with WGBYC contribute to the Roadmap for ICES PETS bycatch ad-
vice by reviewing selected aspects of marine mammal-fishery interactions and assem-
bling data and qualitative information available from other sources not fully covered
by WGBYC (notably strandings) on marine mammals.

WGMME will report by 11 March 2022 (via EPDSG) for the attention of ACOM and SCICOM.

Supporting Information

Priority The activities of this Group contribute to the understanding of the ecological role of marine
mammals

Scientific ToRs a and b are standing terms of reference. Its scope was expanded by toR c) since it would

justification be useful to include information on threats to population status, including cumulative effects

of multiple stressors. Theoretical frameworks and approaches for assessing cumulative effects

of multiple stressors were reviewed in 2019 but new information can be provided.
ToR d aims to review species-specific foraging distributions (considering horizontal and
vertical dimensions depending on data availability) and estimate consumption by marine

mammal species representative in case study areas. ToR d has been agreed between WGMME

and WGBIODIV to support WGBIODIV’s ToR “Investigate mechanisms linking trophic guilds
under contrasting levels of pressure and/or primary production in case study areas”.
ToR e reflects common interests between WGMME and WGBYC, recognising that some

aspects of marine mammal fishery interactions may otherwise not be covered by either group.

Detailed content of this ToR will be agreed between WGMME and WGBYC in consultation
with the ICES Secretariat.

Resource None
requirements

Participants The Group is expected to be attended by 15-20 members.

Secretariat Web conference
facilities
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