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The Norwegian I nstitute of Marine ReseaQ

Catch alternative: The total catchd@21 should not exceed 6500 tons. This corresponds {
estimated maximum probability of 35% that fishing mortality exceedg Bnd ensures low
risk regarding a fall in population belownB/ by the end of 2021. Alternative catch
alternatives with assaatied projections and risk calculations are:

Catch alternatives for 2021 (tons)
4500 5000 5500 6000 6500 7000

Population probaility < Blim <1% <1% <1% <1% <1% <1%
Population probability < Bsy 17% 19% 20% 21% 23% 25%
Fishing mortality probability > sy 7% 12% 18% 25% 34% 43%
Fishing mortality probability > fm 1% 2% 2% 4% 6% 9%

Population change 2020 to 2021 2% 4% -5% -9% -11% -15%

Fishing mortality change 2020 to 2021 0%  +6% +15% +22% +30% +38%

In order to ensure maximum as well as sustainabletienmy fishery, fishing mortalitghould
not have more than a 35% probability of exceeding.FOver time, the population should b
around Bnsyto ensure maximursustainablegield and contribute to stable and predictable
quotas.

Quota flexibility: Transfer of quota from future quota yeahould notauseghec ur r e n
total catchguota toexceed the advice regarding maximum catch.

Minimum size: The minimum size of 95 mm shell width for male crabs will continue to en
high value catches and protect the reprodugiotential of the population.

Protection period: Closure of the snow crab fishery during the period 1 July to 30 Septen
should be maintained in order to protect crabs that acgtinmgpshells.

Ghost fishing: Requirements regarding the use of rot corttreated cottotwine) in the crab
pots to prevent ghost fishing the evenbdf fishing geatoss, with associated unintentional
mortality and unacceptable animal welfare.

Managementobjectives

The managemenbbjectivefor snow crab on the Norwegiaortinental shelf (ref. Ministry of
Trade and Industrgnd Fisheriesis a sustainable harvest that provides a basis for societal value
creation, based on the knowledge of how species affect each other in the ecosystem. This is to be
achieved byalancing the subbjectives

1) maximsing thelong-termcatch yield, and 2) miniraing the risk of unwanted

ecosystem effects.
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Commercial fishing area

Commercial fishing for snow crab takes place odamited area on the Norwegiaontinental
shelf. Outside thiareathe density of craks currently too low and not of fishery interest.
Therefore, thepopulation advicéor 2021 only applies to th@dimited subarea shown in Figure
1.

The basis forthe advice
TheNorwegianinstitute of Marine Research uses the following consideratisrzgsbasis order
to achieve the managemaelftjectives

Subobjective 1. Themaximum sustainabigeld is achieved by optirdng catch volume and
catch rates. The agpromise between the highest possible cattimeand catch rate is reached
throughan exploitationwhere fishing mortality is slightly belownsy. Over time, thiswill be
consistent with @opulationclose toBmsy. A populationat this level will ensure high production
and at the same time act as a buffer for variable recruitment, and pffigshetgstability.

The snow cralpopulationis relatively well protected against a recruitmsimbrtagecaused by
fishing (depletion oftie spawningopulatior), as long as the size at sexual maturation in female
crabs is significahy lower than the minimum size for male csahndthatsoft crabs and egg
bearing female cralze releasedlive. Therefore, ishingonly for large males wilhormally

ensure adequate productionfertilised eggs. A relatively high minimum simgakes it possible

to exploitthe crab relatively hard. This means ttie majority ofwhat is recruited to the
catchablepopulationis taken out each year. The risksoicha strategy will be a more
unpredictable fishery that vaswith the large fluctuations in recruitmeiitis not likely that

such a strategy is desirable for the seafood indudespite the fact thdtigh exploitationcan be
justified bagd onbiological considerations. A desire fisherystability and longevity therefore
requires that the standipgpulationof snow crab above the minimum size is so large that it can
act asa buffer against the variations in recnognt.

Based on thaboveconsiderations, the qualitative management objectives have been
reformulated to the followingheasurable references:

1 Fmsy. The fishing mortality thgprovidesmaximumsustainablgield and should have a
maximum of 50%probability of goingaboveFmsy. Normally, this probability should be
less than 35%.

1 Bmsy. Thepopulationsize that provides maximusustainablgield (MSY). The
populationshould beata level close to Bsyto ensure maximum production and
contribute to fishery stality.

1 Minimum size: The snow cratizethat ensures the reproductive potential of the
population isnot reduced.

1 FishingseasonThe period of the year that maxisas the economic value per
male cralcaughtandprovidesprotecton during themoulting period.

Subobjective 2 Generally wehave little knowledge abothe effects onow cralonthe
ecosystem. Modkng indicates little effect on other commercial fishery resources, but it seems
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to have an impaain benthic faunaA reductionin the amount of snow crab is therefore the only
measurehat camminimise the impact on benthic fauriehe Norwegian Institute of Marine
Researcland others are working to increase the level of knowledge about possible ecosystem
effects.

Status 2020, Sumary

Population size
The snow crab population has increased significantly since 2010. The biomass of snow crabs
with ashell widthlarger than 95 mm is estimated to be just abawg B 2020.

Fishing mortality
Fishing mortality in 2020 isstimated to be belowntsy.

Protection period

Protectionduringperiods when there are lot of soft crab(moulting) will reduce catcfrelated
mortality (handling of catch) and one avoltsvestingcrabof low product quality. There is no
new information indicating changeo the protection periodf 1 July to 30 September.

Spread

Snow crabhavespread nortivardsand westvardsin the Barents Seandareprobably found in
all suitable habitats on the Norwegieantinentalshelfin 202Q However it is currently difficult
to predict which areas will achiewatchable densities of snow cratdepends on factors such
as habitat, depth, temperature and available food.

Future perspectives

The snow crab is new to the Barents Sea ecosystem, and the population is likely to continue to
grow. However, the ongoingcrease in temperatuod Arctic waters could affect the

distribution of andecruitment to the snow crgdmpulationin our waters.

Ecosystem effects

The biomass of snow crabs has gradually become large in the Bareraadbieas therefore
reasonable to assume that the crab will have an effect both as a poédatathic animals and

as prey for fish. Studies show that snow créataeariety of organisms anditself eaten by cod,
haddock American plaiceandthorny skateWe have some studies that indicate that snow crab
can affect the benthic faunavestigationshow thatsnow crab can also be a carrier of various
parasitesBased orcurrent knowledge, there is little to suggest that fishing for snow crab or the
snow crab itself will have negative effects on other fishing resources.

Origin

Snow crab was first found ocBoose Bankn thesoutheasern partof the Barents Sea in 1996.

The main hypothesis is that snow crab has spread by migrating west from the Chukchi Sea, north
of the Bering Strait, along the north coast of Russia and into the Barents Sea. Preliminary genetic
analyses support this.
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Advice background

Snow crabhasnow been recordedcrosdarge parts of the Barents Sea and the Kara Sea (Figure
1) and in the area around Svalbard, but most of the poputaiidmues to be founon the
Russiarcontinentakhelf in the Barents Sea. On tderwegan continentakhelf, thepopulation
density is highest in the areas aroundG@katralBank, and this is where commercial fishing

takes place. ThBorwegianinstitute of Marine Research has carried ostilveyto map the
distribution of snow crab on tidorwegiancontinentakhelf. Thesénvestigationstogether with
individual finds of snow crab northwest and southwest of Spitsbergen, show that large parts of
potential snow crahabitatareabout to beolonised Howeverthe density of crabs outside the
areas where fishing is currently practiced is too low for them to be of commercial interest. It is
expected that the distribution and density of snow crab will continue to increase to the west and
to thenorth.
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Figure 1. Status of continuous distribution of snow crab in the Barents Sea and the Kara Sea,
and individual observations made along the codstsams Finnmark and on the west coast of
Svalbard.The aea for commercial fishing is marked on the map.

Data sources

The advice is based on data from jinat annual NorwegiatRussiarEcosystenturveyin the

Barents Sea, thdorwegianinstitute of Marine Researéhsnow cralsurvey crab fishing

logbooksand landing data from the fishery, as well as other research on snow crab in the Barents
Sea and other areasseaconductedy theNorwegianinstitute of Marine Research or other
institutions.

This yeaés snow cralsurveywas carried out in the area where snow ¢igling takes place,
duringthe period 25 June9 July 2020 (Figure 2 and Figuret8,theright). The methodology

used tamonitor the snow crab population is constantigleing. It is based on a methodology

that has beetried and testehenmonitoring theredking crab population along the coasts of
Troms and Finnmarkn order to get the most comprehensive coverage qidpalation

Agassiz trawlsavideo slegieandcrabpots were useduring the surveyFigure 2). The area

that is considered a commerdishing area and for which quota advice is given was dividéal in
areas based on depth. The video stations were distributed randomly within the areas, with most
stationdocatedin the areas just south andrth of the Central Bank. The video gled
transmitteddirecty to the vessel, and we could observe and coenhtimber of snow crabs in

real time.Benthicsubstrate and other observations were also natedul was also made with

the Agassiz trawdt approximatelyevery other video statios much asvaspossible the trawl
wasdraggedalongthe same trackswhere the video slegewasdragged No trawling stations

were planned in the shallowestas or in areas where it is known that there are umiavie
seabecatonditions for Agassirawls. We chose instead to use the vidéedge in these areas
Thecrabpot stationswereplacedin areas where it was assumed that good catches could be
made based on data from electraznab fishing logbook&om the fisheryDespite the fact that
thesurveytook place at the same time as fishimas being conducteeave achievedyood

coverage in the areas south and north of the Central Bank, while we had to reduce the number of
stations on the outskirts of the area.
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Figure 2. Planned andnplementedstations for the snow craurveyin June and July 2020. The
stations are distributed over the area for which quota advice is given. The stations are marked
with different symbols and calos according to thequipmenused (see legend in figure).

Stations that had to beft out of the sirveyare shown in ggy and are marked withn X.

Thejoint annual NorwegiatRussiarEcosystenSurveyuses a permanenstation network that

covers the entire Barents Sea and is carriedlating he period August October (Figure 3o

theleft). Pelagic trawk and bottom travdare usedand plankton samples are takBata from

the bottom trawl are used the advicegivenon snow crab, while samples of plankton are used

to follow the distribution of snow crab larvd@uring sme years, EosystenSurvey coverages

limited in the northern areas and the areas around Svalbard by drift ice. In recent years, there has
been variable coverage on the Russantinentalkhelf, mainly due to challenges with the

research vessel used. This year,dimeyhas nd been completed on the Russa@mtinental
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shelf, and we only show the statusthe Norwegiarcontinentakhelf. This yeais Ecosystem
Survey which covers large parts of the Norwegian continental shelf (Figtoetl3sleft), shows

no significant change in the distribution of snow crab compared with previous years. We have
experienced that theurveymostly catches snow crab in ar¢lagt hae relatively high densities.
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Figure 3. Surveyedstations and catches of snow crab in the Barents Sea on the Norwegian
continentakhelf from thgoint annual NorwegiatiRussiarEcosystenSurvey2020 (left).
Surveyedstations and catches of snow crab on the Norwegpatinentakhelf from theSnow
CrabSurvey2020 (right).The @mmercial fishingareais marked on the maps.



Translated from Norwegian

Fishery

The first commercial catch of snow crab was landed in 2012. Up to and including 2016, much of
thefishingtook place on the Russiaontinentakhelf inthe Loop Hole but from 1 January

2017 theRussiarcontinentakhelfin the Loop Holewasclosed tonon-Russiarnvessels. After

2017, Norwegian fishing has mainly taken place in a concentrated area north and south of the
Central Bank in th&ishel ProtectionZonearoundSvalbardas well as in the Norwegian
EconomicZone and in the Norwegian parttbie Loop Hole Reported fishing positions from
Norwegian snow crab vesselaringthe period 2012016, and from 2017 to November 2020

show that the fishing grounds have nbanged significantlguringthe four yeargollowing the

closure ofsnow crab fishingn theLoop Hole(Figure 4).
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Figure 4 (ppe)

Figure 4 (lower) 2012016 20172020

Round weighttong

Fishery Protection ZongroundSvalbard Fishery Protection ZonaroundSvalbard
ThelLoop Hole ThelLoop Hole

Norwegian Economic Zone Norwegian Economic Zone

Figure 4. Catch positions from the Norwegian fisheries divided into two periods,-20015,
2017- 2020 (upper panel). Landings in tons distributed over the three most used areas in the
Barents Sea for the same two periods (lower panel). The data is takehdfdorwegian
Directorate of Fisheriélectroniccrab fishinglogbooksand may contain errors.

In 2017, catch restrictions (introduction of quotas and area regulations) were introduced in
Norwegian fisheries (Table 1). The minimwatchsize was previoug a shell widthof 200 mm,
butthiswas reduced ta shell widthof 95 mmas of10 July 2020. The rest of the y&aquota is
thereforefished with a reduced minimum size. Since 2018, a protection period has been
introducedduringthe summer months (Figaib). In 2019, the entire quota of 4000 tons was
caughtduring Octoberand data from therab fishing logbookshow that 3405 tons ofélyeais
4500ton quotahave beeraughtas of 11 November 2020.

Tabell 1. Anbefalte fangstalternativ for norsk kvote, fastsatte kvoter og fangster av sneokrabbe (tonn) i
Barentshavet i perioden 2012 — 2020 fordelt pa nasjoner.

Fangstalternativ  Fastsatte kvoter (tonn) Landet (tonn) Totalt landet
(tonn) (tonn)
Ar Norsk Norsk Russisk Norge Russland EU-land

2012 - - 2 0 0 2
2013 - - 189 62 0 251
2014 - - 1800 4104 2 300 8204
2015 - 1100 3482 8895 5763 18 140
2016 - 1600 5290 7520 3690 16 500
2017 3 600—-4500 4000 7840 3153 7780 2 10 847
2018 4000 -5 500 4000 9 840 2804 9728 - 12532
2019 3 500-5000 4000 93840 4038 9840 - 13878
2020 <5500 4 500 13250 *3 405 **10 500 *13 905

* per 11. november 2020 **per 29.oktober 2020

Table 1. Recommended catch alternativesifeNorwegian quota, fixed quotas and catches of
snow crab (tons) in the Barents Skaingthe period 2012 2020 by nation.

Catch alternativétons) Fixed quadas(tons) Landel (tons) Total landel (tons)
Year  Norwegian Russian Norway Russid&U-countries
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Landinger av snekrabbe (fra elektroniske fangstdagbaker)

2017 2018 2019 2020

Taotal = Total = Tatal = Total =
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Figure 5
Landingsof snow crab(from electronic crab fishing logbooks)
Round weighttong

Figure 5. Landings of snow crab in the Norwegian part of the Barents Sea based on electronic
crab fishinglogbooks. Data fron©October and November 2020 are incomplete. The weight is
estimated on board and may differ from the offitaadingfigures in Table 1.

Russian fiskry has taken place on the Russtamtinentakhelf east othe Loop Holeafter it
was closed for fishingh 2017 (Figure 6). Higher quotas and larger landmgs the past years
reflect larger quantitiesf catchable snow crab in the Russian zone (Table 1).

[ Figure 6 |
Figure 6. Catch positions from the Russian snow crab fishery for 2018 (lefQG@l (right).

Fishery catch rates on the Norwegian continental shelf
Fishermen keep electronicab fishing logbooksand they were also required to report effort
(number of pots pestring) from May 2015. On average, each boat fislh&ag200 pots per
string The data from therab fishing logbookallow us to calculate a catch rate index that
shows the average catch per pot per month scaled to the average catch per pot for the entire
period. After access tihhe Loop Holewas closed (January 2017), tegch rate index gradually
declined, with the exception of an increase in March 2017itaachained at a lower level until
the spring of 2018 (Figure 7After the fishery was closed in the summer of 2018, we saw an
increase in the catch rate index watldecline during the winter. Catch rates picked up again
duringthe spring of 201@ndpealedin May. The fishing in 2020 has followed somewhat of the
Logo
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same pattern as in 2019. The winter seasons can be chaealchsria lot of ice whicmakes it

difficult to get to the best fishing areas. One explanation for the increase in the catch rate index is
that when the ice retreatbe catch rate indercreasesgain. Low values for October and

November may be due to delays in reported dadanandelivery. It is expected that the quota

for 2020 will becaughtduring the year. As of 2020, 42 Norwegian boats Heaen given

permissiorto fish for snow crab, but only 11 vessels have been active as of November this year.
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Figure 7
Catchrate index

Figure 7. Catch rate index calculated from electromatxcfishing logbooksThe index is the
average catch per pot per month scaled to the average catch per pot for the entioé petiod
to November 2020. Data from October and Novembe0 202y be incomplete.

Population Assessment

This yeaés populationassessment is based on data fromdime annual NorwegiatRussian
Ecosystenturvey fishery catch data (Table 1), existing knowledge fronpthrulationson
Canadés east coast and the eastern Bering Seand data from th&now Crab Survey
Analyses of Barents Sea asdconsumption of snow crab have been used as an additional
measureentfor populationdevelopment and catch rate from electromabdishing logbooks
(Figure 8).
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Figure 8. Biomass index based on data fromjthiet annualNorwegianRussiarEcosystem
Surveyin the Barents Sea (20@020), analges of the amount of snow crab found in cod
stomachg20042018) and catch rates (CPUE) from electromabdishing logbook$2017
2020).

Calculation methodology

The totalexpansef the area covered by the population calculations (Figure 1) is 5kpg%)0
and thke majority isconsidered suitable snow crahbitat (depth between 1ED0 netres,
benthictemperaturel to+4 °C). With these delimitations, the habitat size is estimttdub
45,000 km and the model parameters are therefore scaled to this area.

Thepopulationindices (Figure 8) are calibrated in a mathematical model that is used to describe
populationdevelopmenandmake forecasts and risk ansdg. The model assumes a logistical
popuation growth and is sacalled Bayesian model which, in addition to population and

landing data, can use other relevant information (Hvingel and Kingsley 2006). These are entered
as a probability distribution for the relevant variablesdqalted @riorsd such as carrying

capacity (K) and maximursustainablgield (MSY) (Figure 9)The less data we hawhe more

these prics will drive the model.
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Figure 9. Model inputdata Priors given with probability density {éensity) for carrying
capacity (K) and maximursustainablgield (MSY), based on snow crab populatestimates in
Canada.

The model calculatgsopulationsizes in relativeather tharabsolute values. MSY (maxum
sustainablgield) is used as a reference point. In the following, lpapulationsize and fishing
mortality are stated on a relative scalaere the value 1 corresponds to the biomass and fishing
mortality corresponding to MSY, respectively.

Referere points used in the descriptionpafpulationstatus and degree exploitation

1 MSY = Maximumsustainablgield/maximum production.

1 Bmsy=Populationsize (biomass) that gives MSY. In the model, this is a relative value
equal to 1.

i Carryingcapacity = the maximum population size that the ecosystem can maintain
withouta fishery. In the model, this is a relative value equal to 2.

1 Biim = 0.3Bmsy (the precautionarprinciplewasused ashe marginalvalue forpopulation
size, usually a limit foclosure orsharp reduction in fishing).

1 Fmsy= Fishing mortality (degree @Xxploitatior) that gives MSYj.e., theexploitation
that driveghe populationtowardsBmsy.

1 FRim = 1.7Fmsyis the fishing mortality that drives tip®pulationtowards Bm (0.3Bmsy).

The model is able to perform a reasonably good simulation of the data (Figure 10). This model
capacity to reproduce the historical development in the snow crab population gives reason to
believe that it can also be used to make projections, atdeasa shorter time perspective.

Quality assurance of the moéghbility to make good projections can onlygeeformedwhen

one has longer time seridata



Translated from Norwegian

Fangstrateindeks
0.6
04 /
0.2
Torskemageindeks
g 12
-
T
=3
[14]
Z 08
L
4
w
& 04 ’/\/
=]
=
06 Toktindeks
/
l,l"l
04 /
0.2
0.0 =
2005 2010 2015 2020
Ar
Figure 10

Index (relative values)
Catch rate index

Cod stomach index
Surveyindex

Year

Figure 10. Observed index values (black line) and 80% confidence intenegl égea) of the
modebs corresponding estimate.

Population development, fishing mortality and projections

After a period of approximately 15 yedodlowing the first discovery of snow crab in the
Barents Sea, theopulationindex increased rapidly (Figure 11 A). This increase has also
continued aftefishing picked umafter2012 (Figure 11 B)it is highly probable that the
population (B) in 2020 is abover8y (15% probability that B<Bsy (Table 2)). Fishing mortality
is lower than ksy, and there is only a 5% probability that F is aboveyFTable 2).
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Figure 11 Development in relativeopulationsize (A) and fishing mortality (B) for snow crab

(shell

wi dt h -réyalded avea)on therNorgeagiamtiaentakhelf. Black dashed

horizontal lines indicate bioma$Bmsy) and fishing mortality (ksy), respectively, which provide
maximumsustainablgield. Solid red lines indicate thearginalvalues forpopulationsize
(Blim) and fishing mortality (fm). Verticallinesshow 95% confidence intervals, while vertical
columnsshow interquartiles (2671 75th percentile).

Table 2 Population status for snow crab in quoggulated area on the Norwegieontinental
shelf 20192020 (for description afeference points, see text). The risk is given as calculated

probabilities in percent.

Status

Population probability < Blim
Population probability < Bmsy
Fishing mortality probability > Fmsy
Fishing mortality probability 3lim
Population size (B/Bmsy), median
Fishing mortality (F/Fmsy),
*Estimated catch = 4500 tons

2019
0.0%
24.4%
5.0%
0.1%
1.26
0.54

2020*
0.0%
15.2%
5.2%
0.1%
141
0.55
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Projection

Projections and catch alternatives for 2021 were aedl¢Table 3). In order to meet tHefined
management criteria (the risk of fishing mortality exceedingy Fiust not exceed 35% and
the populationmust beclose to Brsy), 2021 catchesan amount to a maximum 6500 tons.
Therefore werecommend thatatches on the Norwegiaontinentakhelfduring2021do not
exceed 6500 tons (Table 3).

Table 3 Catch alternatives for snow crab in quotgulated area for 2021. Risks associated with
the catch alternatives and stated as probabilities in percent.

Catch alternatives for 2021 (tons)

4500 5000 5500 6000 6500 7000
Population probability < Blim <1% <1% <1% <1% <1% <1%
Population probability < Bmsy 17% 19% 20% 21% 23% 25%
Fishing mortality probability > Fmsy 7% 12% 18% 25% 34% 43%
Fishing mortality probability > Flim 1% 2% 2% 4% 6% 9%
Population bange 2020 to 2021 -2% -4% -5% -9% -11% -15%
Fishing mortalitychange2020 to 2021 0% +6% +15% +22% +30% +38%

In the long term, it is expected that the spread of snow crab will continue further west and north
in the Barents Sea. During the past year, no new individua dihshow crab have been

reported outsidéhe areasvherethey havebeen found in the past. In th#ocationletters for

2019 and 2020, respectively, the Norwegian Polar Institute has been asked to collaborate with
the Norwegianinstitute of Marine Resedanén orderto carry out a survey of snow cratobund
Svalbard. In connection witmdceland scallop survag June 2020, Stringsof snow cralpots
werelaid outin orderto search for snow crab on the west coast of Spitsbergen (Figortha,

right). No snow crab was caught at these statiblesvever this area should be investigated
furtherat the next opportunitgnd the large fjords on the westand nortlerncoastsof

Spitsbergen should also be investigated.

Access to food does not seem to berating factorregardingthe spread of snow crab since they
havea very varied diet. Changeshenthictemperaturenay have the greatest effect on the

further distribution of the population since the different life stages have different temperature
prefeences. The youngeldfie stages prefer cold water, but they seektentperaturethat are a

little higherwhen they reach sexual maturityef@hictemperatures measured on sueveywith
Kristine Bonneviaduringthe summer of 2020 showed negative temperatures in all areas where
snow crabwvascaught. On a snow craurveyconducteduringthe summer of 20122
planktonnethaulsweremade primarily along the élimitationline between Norway and Russia.
Snow crabarvae (stage 1) were found and verified at 20 of the stations. This means that larvae
had hatched or were hatching during shhevey(Hjelset et alin prep). Larvadrift will help to
spread the snow crab population if the larvae are transported sonatieguitable habitat.

It is currently difficult to make longermpopulationassessmetibrecasts for thedimited area.
A general projection of expected catch development in the entire Barents Sea, given a
sustainable fishery, indicates a steadyease as snow crab spread furtbr@o the Norwegian
continentakhelf and the density increases.
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Knowledge status and the biology of snow crab in the Barents Sea

Effects and monitoring of snow crab

The large amounts of snow crab now found in the Barents Sea indicate that thleysab
significant role in the ecosystem, both as a preddtoth@r benthic animals and as preyté
larval andbenthic stagessnow crab probably affects the differgyarts and species in the
ecosystem differently, but few studies have bemmductedn this.

In a study by Bakanev (2016), snow cvedisfound in the temperatuiaterval-1.9 to 9.3 °C,

and the highest densities were found in the temperaia®al between-1.5 and 3.0 °C. This
indicates thatemperature will be important for the further spread of snow crab to the southern
and western parts of the Barents Sea (ICES 2018). Studies by Holt et al. (2019 and 2020) show
that there has beem increase in gnw crab in the diedf cod in recent years, and that this

increase is related to the fact that snow crab distribution has increased. Changes in the
distribution of cod may limit the further spread of snow crab if the habitats overlap a lot in time
and spae, as an effect of climate change (ICES 2018, 2019; Holt et al. 2020).

Based orcurrent knowledge, there is little to suggest that snow crab will have significant
negative effects on other fishing resources in the Barents Sea. Stomashsaslaby that snow
crab eat avide varietyof organismswherebivalvesandpolychaeteseem to dominate (Sundet

et al. 2020, Zakharov et al. 2020). Russian studies show that snograzaighas led to a

decline in other benthic animalsaneas where the have been large numberscadb, primarily

in the eastern areas of thed8ian part of the Barents Sea (Jgrgensen 2017). A recent study from
the Norwegian continental shelf shows changes itfigilnealcomposition and function of

benthic animals in an area where there is a high density of snow crab (Michelsen et al. 2020).
Theeffect of a comparable species, thdking crab, shows that in benthic communities where
adult individuals ofed king crabgraze changes in both total biomass dadnalcomposition

are evidentIn areaghat experiencextensive grazing, a shift hasdn found from (larger) slow
growingpolychaeteso (smaller)fastgrowing species. Both specidiwersityand the biomass of
theprey communit have been reduced (Oug et al. 2011, 2017). The effects of snow crab on
benthic communities will be key topicin thefurtherwork on monitoring snow crab in the
ecosystem.

TheNorwegianinstitute of Marine Research has recently carried out a study invesjigat
whether snow crab leads to increabtabd parasiténfection in cod in the Barents Sea. This

work shows that snow crab act as a host for the leeches that carry the blood parasite, and that
there is a higher infection in cod caught in hagnsitysnow crakareascompared to areas where
snow crab is less prevalgiNunkoo et alsubmitted).

Crab potsare used when fishing for snasab, anccrab poffishing itself has little impact on the
ecosystenapart fromthe problems associated with Iggtarand ghost fishing. It also seeithst
there idlittle or nobycatch of other specieghenusingcrabpots
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Moulting and growth in snow crabs

The snow crab grows gradually through sevaades of moultingirom the pelagic larval stages
to fully-grown, sexually mature individualSnow crals stop growingwhen they reackexual
maturity. When the crab complet¢s final stage of moultingnd becom&sexually mature, a
morphological changeccursin both sexes. In males, the claws increase in size relative to the
shell. Itis difficult to see with the naked eyeghenmalecrabsreach morphologicaexual

matuity. Therefore it isimportant to measure shell width and clagightin order to establish
this. Females changene shapeof ther abdomes sothattheyareable tocarryfertilised eggs.
Males are generally larger than females when sexual maturation dithttstage of moulting
occur. However, the size of sexually mature snow crabs in the Barents Sea varies between 40
mm and 160 mm shell widstior males (Figure 12), and 38 abhd0 mm for females (Danielsen
et al. 2019). It is believed thatcan take 8 to 10 years for a male crab to reach catchable size
(above the minimum size). After completingithiinal stage of moultingsnow crabgive for a
maximum of 5 to 8 years (Foersa et al. 2008).

Hayre ko heyde (mim)

' ' ; r v ' .
40 50 &0 70 aa =] 100 110 120 130 144 150
Skallbredds (mm)

Ikke morfologisk kjennsmoden = Morfologisk kjennsmoden

Figure 12

Right claw height (mm)

Shell width (mm)

Not reached morphological sexual maturity
Reached morphological sexual maturity

Figure 12 The relationship between shell width and claw height which shows whether snow
crals aresexually matureThe rangdor sexually mature and immature male crabs ovewdapt.
Data from this yeds Snow Crab Survey

After moulting occursthere is a period wherrals havesofter shells and lower megelds and
they arevulnerable to external stresses sucthase experienced when being caugiiese
crabs are called soft crabs. The larger crabs nornmadlylt once a year, while smaller snow
crabsmoultup to twice a year. The smallest crabs areohatterestin termsof fishing, and they
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rarely entercrabpots. There is much to suggest tthegmoulting period for larger snow crabs
takes placeluringthe spring and early summer in the Barents Sea. Duringdheegian

Institute of Marine Resear&Snow Crab Surveyin June and July, we observed crabs thdt ha
recentlymoulted(Figure 13), and we used the video gletb observe several areas where empty
shellscould be seen aineseabed. Thigdicaiedthatmoulting had occurrececenly.

Variations in temperature can affect the start ofntioailting period.

TheNorwegianinstitute of Marine Research uses a shellsugdeas an approximate

measureentof howmuch time has passsthcemoulting last occurred=or each crab, we

record a shieage using a subjective scale from 1 to 5 based on the appearance and quality of the
shell. Directly aftermoulting occursthe new shelik very soft and leathery andthecdab b o d y
is slackand out of shapahen takerout of water. This igalledshel age 1 and this condition

only lasts a short timeNithin 72 hoursthe shell begins to harden aihébecomes relatively hard
after approximatelywo weeks. In the period immediately aftemoulting, the crab is calm

anddoes not enterrabpots. Such crabwere observed on ti8mow Crab Surveyduringthe

summes of 2019 and 2020. In the transition to shell age 2, the crab will still have a very thin and
fragile shell and the muscledo notfill out the whole shell. The process of hardening the shell
andgaining a highemeatyield that fills the entire shell can take up to 9 months afieunlting

occurs When the crab reaches shell aga@foximately®@ months aftemoulting), it will have a

hard and light shelthat isoften foukdwith other organismslhese crabs have the highestat
yieldsand the greatest econonfiighing value. Shell ages 4 and 5 are otdbs that are

beginning taeachthe end of their lifespan and are not of commeiniagrestMeatyield will
alsobegin to decrease these crabdt is difficult to distinguish between the different shell ages
onthis scale, especially betwethre late stagein shell age 2 anthe earlystagein shell age 3.

Agassiztral Teiner |
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Figure 13 Crab pots
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Figure 13 The figure shows the percentage distribution of shellrageale crabs caughuring
the2020Snow Crab Survey The figure on the left shows the distribution of shell age in trawl
caught crabs and the figure on the right shows the distribution of shell age in crabs caught in
pots. New minimum size for snow crab on the Norwegm@mtinentakhelf marked with a
dasledline.

The distribution of shell age in snow crabs caught in pots differs from those caught with trawls
(Figure 13). The Agassiz trawl catchrasresoft crabs becauseis an activeiece of fishing

gearand the crabare unable tescape. Shell age 1 has also been observed among crabs caught
usingpots, and there is also a large proportion of crabs with new shelentiegbots, especially
above the minimum size. Given the time of yier survey took placend observations made

from the videwsledge it may indicate that snow crabshave more calmiywhenthey are inthe
process of moultingr are about to moulObservations of spawning pairs on video may also
indicate this. This helps to substantiate thatsti@wv crab moultingeriod probably takes place

from June onwards

Protection period

Fishery eqistrations in July and August 2017 sometimes showednigibersof soft crabs, and
that the proportionf soft crals can vary from one area to anottiemoughout the fishing

grownds Soft crabs are naif commercial interest and are therefore discarded if caligirig
fishing. It is known that handling soft crabs can cause injuries. Another potential problem with
fishing for crabs that have recenthoultedand have low meatieldsis thattheymay have a

lower weight in relation to their siz&hismay lead to higheexploitaion regardingthe number

of individuals since the quotaseasured imons.Crals that arecaught shortly aftethe

moulting period willbe considered of poorer quality by ttheyerdue toalower meatyield.

A study by Solstad et al. (under preparatisimpwed that snow crab had the highest riedd
duringthe period from February to April, which is consistent with the hypothesis that most crabs
of catchable sizenoultduringearly summer antequireup to 9 months to achieve a high degree
of meatyield. A meanaused bothn Alaska and Canada protectsnowcrabduringanddirectly
aftermoultingis a period of protectiom connection withmoulting This type ofprotection has
also been used in the Norwegian part of the Barents Sea in recent years. Continuation of a
protection period o8 to 4 months of closed fishing the summewill protect snow cralluring

a vulnerable period and the quality/mgild will increase throughout the autumn. Given the
uncertainty surrounding thraoulting period,a protection perioghouldbe maintained in the
Barents Sea in accordance with the precautionary prindiglegthe period 1 July 30

September.

Minimum size

The minmum size regardinghe capture oénow crab is linked to two conditions: 1) ensgr
reproductive potential and 2) avaitce ofoverfishing.Reproductive potential isafeguardety
ensuringthat there are a sufficient number of sexually mature femalenafelcrabs left in the
populationafter fishing. Therefore, the minimum size is often set somelaigdrthanthe

average sizef sexually matursnow crabslf the exploitationrate islow, the minimum size can

be set low. At a highexxploitationrate, the minimum size should be set correspondingly higher
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to ensure that there are a sufficient number of sexually mature male crabs below the minimum
size. In Canada and Alaska, the minimure segarding theagpture ofcrabs is 95 and 78 mm,
respectively. These minimum sizes are primaséyon the basis of market criteria, and #t®

seems to work well in relation to recruitment. There are currently no signs of reduced egg counts
in femde crabs in these populations, which coildicate a lack of sexually mature males. Even

in areas where thexploitationof male crabs has been particularly high, only female crabs with a
lot of eggs can be found.

The reduction in minimum size from 10895 mm shell width is based on market requirements
for a certain size of crab and has no biological referdge.to the fact that large proportion

of male crabs in the Barents Ssscome sexually mature at smaller sizes, we beteaing

the minimum size to 95 mm shell widtiill havelittle biological significanceHowever,
monitoling should take place to sednether this reducdbe reproductive potential of the
population. Very few female crabswve ashell widthabove95 mm which meanghat the
spawning population of females will be protected large extergven with a reduced minimum
size.

Origin

Snow crab was first found ocBoose Bankn thesoutheasern partof the Barents Sea in 1996
There are two hypothesehow snow crab has spread to the Barents Beaigration from the
east, and 2ntroductionvia ballast water. Based on the genetic stud@xluctedn crals in the
Barents Sea, there is nothing to suggest that there has bedrodadtionvia ballastwater
(Dahle et al.manuscript).

Technological fishery assessments regarding snow crab fishing

Snow crab in the Barents Seacsughtmainly usingconical potghat havean entrance at the
top. Norwegian fishing vessedse able tdish with up to 900@rabpots per vessel, and the pots
must becheckedat least once every thisdeek. The pots are most often placedtiimgsof 200

or 400units and the distance betweerdividual pots is typically 25 mess.

Ghost fishing

Lostcrabpots have the potential to continue fishing (even after the bait is goregllest ghost
fishing. If captured crabs fail to escape, they will die afteergain period of timéHeébert et al
2001).No surveys have taken place regardingltissof crab potsn the Barents Sea, and the
extent is therefore unknown. However, 1200 snow paibwere retrieven theNorwegian
Directorate of Fisheriéxlearrup voyagein 2019 and 2400 snow crgtots were retrieveih
2020, which indicates that the problem is extendiess of fishing gear may be caused by
several thingsfor exampldloats/buoys beingutby vessel propellers or icbging
compromised byther adjacengtrings of potsgetting snaggedn the seabedandgearconflicts
with trawlers. Lostishing gear also leads to littering and can further lead to new |Idsses
fishing geaiis placedin the same area agets snaggedn 2018, the Norwegian Directorate of
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Fisheries cleaned up 8600 snow gpalts (81 stringg that hadbeen in sitdor 1 and a halfyears
(Langedal and Kalvenes 2018), wh#re Norwegian Institute of Marine Reseagatso
participatedn orderto collect catch data (Humborstad et ia. prep). All the stringshad

catches. Te ptal catch was estimated at,Q80 individuals, butherewaslarge variation in the
number of pots with catesperstringand the number of crabs per pot betweersthirgs As

much as 97% of the catesin the potswvas alive. These results provide an important insight into
the potential for ghost fishingggardingost snow cralpots even aftebeingin the ocean for a
long time.Similar studies from other areas show that-balfingand hidderexploitationcan be

a challenge in snow crab fishiigébert et al. 2001).

To preventost fishinggear from continuing to fish for a long time afteinglost, solutions can
be installed where escape holes are activated after a aartaumt otime inthe sea. The use of
biodegradabléwine (rot cord) to tie togetheopenings in therabpot nettingor to hold hatches
in place is a simple and effective method that is mandatory in several pot fisheries in North
Americg and in Norvay whenfishing forlobster and crab (recreational fishing). Maximum
allowabletwine diameter varies between fisheriesthie Norwegian lobster fishery, which is a
seasonal fisherlasting2 to 3 months, the maximum all@kletwine diameteris 3 mm. In the
Canadian snow crab fishery, it is mandatory toroseordwith a maximum diameter of 4 mm.
In Canadathesnow crab fishryis seasonal with a duration ot@4 months, whilgéhe
Norwegiansnow crab fishry has a duration of up to 9 montiAgpart from a shortrial lasting
three months, thEorwegianinstitute of Marine Research has not meastine lifespan of rot
cordin the Norwegian snow crab fisheBiodegradation rate measurements have been orade
the sameaype of rot cordhat isused inthe Canadian fisary. These measurements wéaken

off the coast of Finnmark and showed thattthi@e haddegradedafterapproximately6 months
in the sea. Canadidnals have shown a similar rate biodegradatioreven at temperatures
below 0°C (Winger et al. 2015). However, these measurements do not take into dedoent
chafing caused blgandling and crabd.herefore it is assumed that thegetical lifespanwill be
shorter than 6 month€onsequentlywhen 4mm cottontwine is used, it willbe necessary to
changehetwine at least oneduring the fishing season the Norwegian figiery. It is expected
that the se of thinnetwine will require additionalwine changesDue to the fact tha large
number ofcrabpots are used per vessel in the snow crab fishery, this will be ursibensive
process. At the same time, the poterdialbunt oftime whereghost fishingoccursin the event

of fishing gealosseswill be relatively long when using sim twine. Onealternative that is
being worked on is eontainersolution with a panel of ratord This allowsone toquickly
changehetwine and it also means thttinnertwine can be used, which in turn givsisoter
ghost fishingime in the event ofishing gealoss Thecontainersolution requiresurther
developmentandmust betested in commercial fishing.

It is recommendedchaittechnologcal development worlshould continuén orderto prevent loss
of fishing geaitin the first placeand to prevenainintentionamortality, poor animal welfare and
hiddenexploitationin the event bfishing gearloss
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Other research requirements

There are currently no requiremenggardingpot design, escape routes or the minimum mesh
size in snow crapots All female crabs, undersized crabs and soft cnalistbe released, but no
surveyshave been conducte survivalratesor frequencyof injuriesduring onboard sorting

and subsequent release. It is desirableabahuctsorting takes place as possible atifigh

deptls through the use ahesh sizer escape openings adapted to the minimum crab size. In
2019, a survey of selection @amabpots wascarried out using round escape openings of 100 and
115 mmin diameter. Both escape openingsulted ima large reduction in catchescluding
crabsthat wereabove the minimum sizén addition, he 100 mm escape opening was not
effective in sorting outindersized crabs. An alternative method is toaseape gapsnd exploit
the relationship between shell width indicating minimum size and shell height (Broadhurst et al.,
2018).In 2020, a survey was carried ausingescape gapsstalledin standarctrabpots, butn

a similar wayto circular escape openings, thgcape gapalsoresultedn a reduction in catches
above the minimum sizélowever,a lower proportion of undersized cralsre caughtlt is

further recommendetthat proceduresire developedegardingthegentle release of undersized
crabs so thats many as possib$eirvive release.

Studieson catch efficiency show thatrabpots with an entrance at the top are ineffective. In
2019, trialswere carried outisingthe same type of conical pots, but with a small mesh size.
Thesecrabpotsresulted irsignificantly higher catch rates of oversized crab, but@igoy
undersized crab. In 2028scape&aps were installed in the smallesh pots. This resulted in
significantincreases imversizedcrabcatchesompared to standamtabpots, while the
proportion of undersized crabs wagproximately athe same level. Work that lesith increased
efficiency will reduce the required number of pots and thus have positectsfin the
environment and bait consumption, anid recommendethat thisbe carried out.
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