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1 Executive summary

The International Ecosystem Summer Survey in the Nordic Seas (IESSNS)was performed within
approximately 4 weeks from July 3 to August 4% in 2017 using five vessels from Norway (2), Iceland (1),
Faroe Islands (1) and Greenland (1).The main objective is to provide annual age-disaggregated abundance
index, with an uncertainty estimate, for the NEA mackerel (Scomber scombrlusThe index is used as a tuning
series in stock assessmentaccording to conclusions from the 2017 ICES mackerel benchmark A
standardised pelagic swept area trawl method is used to obtain abundance index and to study the spatial
distribution of mackerel in relation to other abundant pelagic fish stocks andto environmental factors in the
Nordic Seas, as has been done annually since 2010Another aim is to construct new time series for blue
whiting (Micromesistius poutassqQuabundance index and for Norwegian spring -spawning (NSS) herring
(Clupea harengysabundance index. This is obtained by utilizing standardized acoustic methods to estimate
their abundancein combination with biological trawling on acoustc registrations.

The mackerel index 2017 increased 13% for biomass and decreased 2 % for abundance (numbers of
individuals) compared to the mackerel index in 2016.The most abundant year classes were 2010, 2011, 2012
and 2014 with 19 %, 19%, 14% and 15 % (in numbers). The incoming 2016-year class appeas abundant and

is larger than the 2015year class Mackerel cohort internal consistency has improved by adding the 2017
survey data to the time series. Internal consistency is strong for ages 1 to 5 years(r > 0.8)and a fair/good
internal consistency for ages 5 to 11years (r > 0.5) except for 6-7 years old mackerel. The survey coverage
area was 2.8 million sq uare kilometres in 2017 which is 7% smaller than in 2016. Mackerel was observed in
most of the survey area. Distribution zero boundaries were found in westward areas in Icelandic and
Greenlandic waters, in northward areasnear Jan Mayen and Bear Island and alsoin northeastareasin the
southern Barents Sea.

The NSSherring index in 2017 increased by 2% in numbers, but the biomass declined 10.5%compared to
2016 The acoustic measurement of Norwegian spring -spawning (NSS) herring was dominated by 4 years
old (2013year clasg in terms of numbers and biomass. Distribution is age segregated with matu re
individuals (> 5 years) located at frontal areas north of Iceland, and in the areas east of Iceland and north of
Faroe Islands. The recruiting year class (4 yearsold) was mainly distributed in the north -eastern part of the
Norwegian Sea and it contributed with 19% of the total biomass index. The blue whiting index in 2017
decreased by 19% in numbers and increased by 3.5 %in biomass, compared to 2016 (when excluding the G
group). The acoustic measuremens of blue whiting w ere dominated by 3-year olds (2014year class) in
terms of both numbers and biomass. Blue whiting was found in the whole survey area that was dominated
by warm Atlantic waters, i.e. the Norwegian Sea, east, south and west of Iceland. The spatio-temporal
overlap between NEA mackerel and NSS herring in July-August 2017 was highest in the south-eastern,
southern and south-western parts of the Norwegian Sea. There was practically no overlap between NEA
mackerel and NSS herring in the central and northern part of the Norwegian Sea. Herring w as most densely
aggregated in areas where zooplankton concentrations where high compared to other regions. Mackerel, on
the other hand, was distributed in most of the surveyed area, and in areas with more varying zooplankton
concentrations.

Other fish species also monitored are lumpfish and Atlantic salmon. Lumpfish of all sizes were caught in
the upper 30 m of the water column. They were practically distributed everywhere within the total
surveyed area from west of Cape Farwell in Greenland to western part of the Barents Sea.The largest
individuals were consistently found in the north -western and northernmost part of the surveyed area. A
total of 36 North Atlantic salmon were caught , mainly in central northern and north -western part of the
Norwegian Sea.

Environmental condition s showed moderate changes when comparing 2017 to 2016. & surface
temperature (SST)in July 2017 was similar to temperatures in July 2016throughout most of the survey area.
The 2017, SSTwas 1-2 °C higher than the long-term average (20-year mean) in central and northern part of
the Norwegian Sea, but similar or colder in southern part of the Norwegian Sea and in southern Icelandic
and Greenland waters. In 2017, he average zooplankton index for the Norwegian Sea was slightly lower

3



(7.6 g m2;, n=158) while the index was approximately 100% higher in Icelandic waters (8.4 g m2; n=50) and
Greenlandic waters (16.5 g m% n=2), compared to in 2016

Opportunistic whale observations were done by , ¥ 5 Kirig)s Bay? and , ¥ 5 Uefdla? from Norwa y in

observed, representing a substantially higher number of sightings compared to previous years.

2 Introduction

During approximately four weeks of survey D Owl YA OQwi BDYT wYl UUT OUOQwUT 1 w, ¥y5w?* BC
f UOOw- OUPEaOwWIE@R GBEwRISWOOWWHEUOT w( UOEBODEOOWAO1 wilyd dua( DIODE
the, *5w? %DOOUUWWUPED? wOx1 UEUDOT wb O urkethhtibnal @éovéy&temstrihiet) UO wx E U (
Survey in the Nordic Seas (IESSNS) The highly coordinated IESSNS survey in space and time was

successfully conducted with altogether five vessels participating from 3 of July to 4" of August 2017.

The main aim of the coordinated IESSNS haw been to collect data on abundance, distribution, migration
and ecology of Northeast Atlantic mackerel (Scomber scombrugluring their summer feeding migration
phase in the Nordic Seas, to be used as input to the abundance estimation of mackerel at ICESSince 2016
we have also conducted systematic acoustic abundance estimation of both Norwegian spring-spawning
herring (Clupea harengysand blue whiting ( Micromesistius poutassQuThis objective was initiated to provide
an additional abundance index for th ese two stocks because the current indices used in the stock
assessments by ICES have shown some unexplained fluctuations (ICES, WGWIDE 2016). It was considered
that a relatively small increase in survey effort would accommodate a full acoustic coverage of the adult
fraction (spawning stock biomass (SSB)) ofboth species during their summer feeding distribution in the
Nordic Seas (Utne et al. 2012; Trenkel et al. 2014; Pampoulie et al. 2015Jhe pelagic trawl survey was
initiated by Norway in the Norwegian Sea in the beginning of the 1990s. Faroe Islands and Iceland have
participated in the joint mackerel -ecosystem survey since 2009 and Greenland since 2013.

Opportunistic whale observations were conducted onboard the Norwegian vessels Kings Bay and Vendla ,
and the Icelandic R/V Arni Fridriksson in order to collect data on distribution, aggregation and behaviour
of marine mammals in relation to potential prey species and the physical environment.

Swept-area abundance indices of mackerel from IESSNS have been used for tuning in the analytical
assessment by ICES, WGWIDE, since the benchmark assessment in 2014. A new benchmark assessment on
NEA mackerel was performed in January 2017 (ICES 2017)Methodological and statistical changes and
improvements have been done in the survey design, inclusion of uncertainty estimates on the age
disaggregated abundance estimations using the StoX have improved the quality and consistency of the
NEA mackerel abundance estimates (Olafsdottir et al. 2017, Salthaug et al 2017) Details on the survey
methods are published in Ngttestad et al. (2016). The benchmark assessment accepted several changes and
improvements from the IESSNS related to abundance of NEA mackerel based on the swept area analyses
including using StoX (ICES 2017) The changesinvolving IESSNS included the following issues (see
Olafsdottir et al. 2017):

a) Implement a new stratified approach using the StoX software to calculate mackerel age-segregated
index and coefficient of variation (Salthaug et al, 2017),

b) Introduce an annual swept-area agestructured abundance index,

¢) Include age-groups 3+ (3-11 years old),

d) Include years 2010 and 2012 onwardg20122017)

e) Expand the spatial coverage to include the area from 60 °N northwards (east of longitude -2 W) in
the stratified approach (see Ngttestad et al.,2016a).



3 Material and methods

Coordination of the IESSNSsurvey was done during WGWIDE 2016meeting in August -September 2016in
Copenhagen, Denmark, WGIPS meeting in January 2017in Reykjavik, Iceland, and by correspondence in
spring and summer 2017. The participating vessels together with their effective survey periods are listed in
Table 1.

Overall, the weather conditions were calm with good survey conditions for all the five vessels for
oceanographic monitoring, plankton sampling, acoustic registrations and pelagic trawling. The weather in
Iceland waters had predominantly foggy conditions, with up to 7 days of stormy weather. The weather in
Faroese waters were good with exception of one day. The weather in Greenland waters was fairly good
only with a few days of windy conditions. The weather was exceptionally good and calm for the two
Norwegian vessels operating in the central and northern part of the Norwegian Sea.

During the IESSNS surveythe special designed pelagic trawl, Multpelt 832, has now been applied by all
participating vessels since 2012 This trawl is a product of cooperation between participating institutes in
designing and constructing a standardized sampling trawl for the IESSNS. The work was lead by trawl gear
scientist John Willy Valdemar sen, Institute of Marine Research (IMR), Bergen, Norway, and has beenthe
standard for six years now (Valdemarsen et al. 2014) The design of the trawl was finalized during meetings
of fishing gear experts and skippers at meetings in January and May 2011. Further discussions on
modifications in standardization between the rigging and operation of Multpelt 832 was done during a
trawl expert meeting in Copenhagen 17-18 August 2012, in parallel with the post-cruise meeting for the
joint ecosystem survey, and then at the WKNAMMM workshop and tank experiments on a prototype (1:32)
of the Multpelt 832 pelagic trawl, conducted as a sequence of trials in Hirtshals, Denmark from 26 to 28
February 2013 (ICES 2013a)The swept area methodology was also presented and discussed during the
WGISDAA workshop in Dublin, Ireland in May 2013 (ICES 2013b). The standardization and quantification
of catchability from the Multpelt 832 pelagic trawl was further discussed during the mackerel benchmark in
Copenhagen in February 2014.Recommendations and requests coming out of the mackerel benchmarkin
February 2014,were considered and implemented during the IESSNS survey in July -August 2014 and in the
surveys thereafter. Furthermore, recommendations and requests coming out of the mackerel benchmark in
January-February 2017, were carefully considered and implemented during the IESSNS survey in July-
August 2017.

Table 1. Survey effort by each of the five vessels in the IESSNS survey in 2017 *) The number of
predetermined ("“fixed") traw | stations being part of the swept-area stations for mackerel in the IESSNSare
shown after the total number of trawl stations.

Vessel Effective survey Length of cruise Trawl stations/ CTD stations Plankton stations
period track (nmi) Fixed stations*)
Arni Fridriksson 3/7-3/8 5616 9174 75 72
Tréndur | Ggtu 3/7- 197 3167 47/43 31 43
Finnur Frisi 21/7-2/8 2500 18/15 15 16
Vendla 5/7-4/8 5735 9172 72 72
Kings Bay 5/7-4/8 4969 94/75 76 74
Total 3/7-4/8 21987 341/279 281 277

3.1 Hydrography and Zooplan kton

The hydrographical and plankton stations by all vessels combined are shown in Figure 1. Arni Fridriksson
was equipped with a SEABIRD CTD sensor with a water rosette that was applied during the entire cruise.
Trondur i Ggtu was equipped with a mini SEA BIRD SBE 25+ CTD sensor, an&Kings Bay and Vendla were
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both equipped with SAIV CTD sensors. Finnur Fridi operating in Greenland waters used a SEABIRD19+V2
CTD sensor. The CTDsensors were used for recording temperature, salinity and pressure (depth) from the
surface down to 500 m, or to the bottom when at shallower depths.

Some vessels collected and recorded also oceanographic data from the surface either applying a
thermosalinograph (temperature and salinity) placed at approximately 6 m depth underneath the surface or
a thermograph logging or visualizing temperatures continuously near the surface throughout the survey.

Zooplankton was sampled with a WP2 -net on all vessels. Mesh sizes were 180 umKings Bay and Vendla)
and 200 pm (Arni Fridriksson, Tr 6ndur i Ggtu and Finnur Fridi). The net was hauled vertically from a
depth of 200 m (or bottom depth at shallower stations) to the surface at a speed of 0.5 m/s. All samples were
split in two, one half preserved for species identification and enumeration, and the other half dried and
weighed. Detailed description of the zooplankton and CTD sampling is provided in the survey manual
(ICES 2014b).

Not all planned CTD and plankton stations were taken . The number of stations taken by the different
vessels is provided in Table 1.

3.2 Trawl sampling

All vessels used the standardized Multpelt 832 pelagic trawl (ICES, 2013a Valdemarsen et al. 2014
Ngttestad et al. 201§ for trawling, both for fixed surface stations and for trawling at greater depths to
confirm acoustic registrations. Standardization of trawl deployment was emphasised during the survey as
in previous years (ICES 2013a; ICES 2014c). Effective trawl width and trawl depth was monitored live by
scientific personal and stored on various sensors on the trawl doors, headrope and groundrope of the
Multpelt 832 trawl . The properties of the Multpelt 832 trawl and rigging on each vessel is reported in Table
2.

Trawl catch was sorted to the highest taxonomical level possible, usually to species for fish, and total
weight per species recorded. The processing of trawl catch varied between nations as the Norwegian,
Icelandic and Greenlandic vessels sorted the whole catch to species but the Faroese vessel stdkampled the
catch before sorting. Subsample size ranged from 60 kg (if it was clean catch of either herring or mackerel)
to 100 kg (if it was a mixture of herring and mackerel). The biological sampling protocol for trawl catch
varied between nations in number of specimen sampled per station (Table 3).

Table 2. Trawl settings and operation details during the international mackerel survey in the Nordic Seas
from 3¢ of July to 4" of August 2017. The column for influence indicates observed differences between
vessels likely to influence performance. Influence is categarized as 0 (no influence) and + (some influence).

Properties Kings Bay Arni Vendla Trondur i Finnur Fridi Influ -
Fridriksson Ggtu ence
Egersund Trawl Hampidjan new Egersund Trawl
Trawl producer AS 2017 trawl AS Vonin Hampidjan 0
. D t
Warp in front of doors Dynext 34 mm Dynex-34 mm Dynex -34 mm 3Z:1‘inma Dynex-38 mm +
Warp length during towing 350 350 350 300-350 350 0
Difference in warp length 210 312 210 0-25 10-20 0
port/starboard (m)
Weight at the lower wing 25400 2x400kg 25400 2%400 25500 0
ends (kg)
Weight of the groundrope
chain (kg)




Setback (m) 6m 6 6m 6m 6
Seaflex 7,5 n¥? Seaflex7,5 m?
Type of trawl door adjustable Jupiter adjustable Injector F-15 | T-20vf Flipper
hatches hatches
Weight of trawl door (kg) 1700 2200 1700 2300 2000
7.5 with 25% 7.5with 25% 7 with 50%
Area trawl door ( m?) hatches 7 hatches 6 hatches
(effective 6.5 (effective 6.5) (effective 6.5)
Towing speed (knots) 4.9 (4.25.4) 5.1 (4.65.9 4.9 (4.25.7) 4.7(44-4.9 4.6 (4.54.7)
Trawl height (m) 30-32 31 (2%39) 24-32 36.5 -
Door distance (m) 120130 122 (110 130) 114131 107.2 107 (100107
Trawl width (m) -calculated 69 69 68 61.2 60.7

from door distance

Turn radius

5-10 degrees

5-10 degrees

5-10 degrees

5-10 degrees

5-10 degrees

turn turn turn BBturn turn
A fish lock in front end of Yes Yes Yes Yes Yes
cod-end
Trawl door depth (port, 515,718 m 15-28,1-23 6-18, 719 m 74,83 -
starboard, m)
Headline depth Om 0-1m om om 0-1m
. . . ) Kite with
Float arrangements on the Kite with fender Kite + 2 buoys Kite with fender fender buoy Kite + 2 buoys
. buoy +2 buoys A buoy + 2 buoys N
headline o on wings e + 2 buoys on | on wingtips
on each wingtip on each wingtip L
eachwingtip
All weighted All weigh ed
_ . except 2 statiins . { except 3 .
Weighing of catch All weighted where the cod All weighted large catches All weighted
end bursted. estimated




Table 3. Summary of biological sampling in the survey from 34 of July to 4t of August 2017 by the five
participating countries. Numbers denote the maximum number of individuals sampled for each species for
the different determinations.

Species Faroes Greenland Iceland Norway
Length measurements Mackerel 100 100/50* 150 100
Herring 100 100/50* 200 100
Blue whiting 100 100/50* 50 100
Other fish sp. 0 25/25* 50 25
Weighed, sexed and maturity determination Mackerel 25 25 50 25
Herring 25 25 50 25
Blue whiting 25 25 50 25
Other fish sp. 0 0 10 0
Otoliths/scales collected Mackerel 25 25 25 25
Herring 25 25 50 25
Blue whiting 25 25 50 25
Other fish sp. 0 0 0 0
Fat content Mackerel 0 50 0 10
Blue whiting 0 50
Herring 0 0 0
Stomach sampling Mackerel 5 20 10**
Herring 5 20 10** 10
Blue whiting 5 20 10** 10
Other fish sp. 0 0 0 10
Tissue for genotyping Mackerel 0 0 0
Herring 0 0 30

1 *Length measurements / weighed individuals

1  **Stomachs sampled at every third station

1

Underwater camera observations during trawling

, *5w?2*POT Uw! Ea2 WEOEwW, y5w?51 OEOE2 wl OxO00al EwEOWUOET UPEUI
Edition, www.gopro.com ) to observe mackerel aggregation swimming behaviour and escapement from the

cod end and through meshes. The camera was put in a waterproof box which tolerated pressure down to

approximately 100 m depth. No light source was employed with cameras;hence, recordings were limited to

day light hours. Some recordings were also taken during night time when there was midnight sun and

good underwater visibility in the upper 30 m of the water column. Video recordings were collected at 50

trawl stations. The camera was attached on the trawlin the transition between 200 mm and 400 mmmesh

sizes onboard Kings Bay and Vendla. Analyses of the recording material, including behaviour and

patchiness of mackerel and NSS herring are underway and will be presented by other means when
available.

3.3 Marine mammals

Opportunistic observations of marine mammals were conducted by trained scientific personnel and crew

members from the bridge between 3 of July and 4™ of August 2017 onboard , ¥ 5 w? * DOT Uw! Ea~2» wEOE
?51 OEOE2 Ow Ul Ux1 EUDYI Oad w #1 E bafidad) weéieu dorte UdDdardu RME QO B OB uOE U |
%U B O U b Dng pridridyperiods of observing were during the transport stretches from one traw! station to

another. Observations were done 24 h per day if the visibility was sufficient for marine mammal sightings.

Digi tal filming and photos were taken whenever possible on each registration from scientists onboard.


http://www.gopro.com/

3.4 Acoustics
Multifrequency echosounder

The acoustic equipment onboard Kings Bay and Vendla were calibrated 3 of July 2017for 18, 38 and 200
kHz. Arni Fri driksson was calibrated on 6 of May 2017 for the frequencies 18, 38, 120 and 200 kHz
Trondur | Ggtu was calibrated on 28 June 2017for 38 and 200 kHz. Finnur Fridi was calibrated on the 18

July 2017for 38 kHz prior to the cruise, and 120 and 200 kHz after the cruise at 2 of August. All vessels

used standard hydro-acoustic calibration procedure for each operating frequency (Foote, 1987). CTD
measurements were taken in order to get the correct sound velocity as input to the echosounder calibration

settings.

Acoustic recordings were scrutinized to herring and blue whiting on daily basis using the post-processing
software (LSSSor Echoview, see Table 4for details of the acoustic settings by vesse). Species were
identified and partitioned using catch information, characteristic of the recordings, and frequency between

integration on 38 kHz and on other frequencies by a scientist experienced in viewing echograms.

To estimate the abundance from the allocated NASC-values the following target strengths (TS
relationships were used.

Blue whiting: TS = 20 log(L) ¢ 65.2 dB (rev. accICES CM 2012/SSGSST:01)
Herring: TS = 20.0 log(L} 71.9 dB



Table 4. Acoustic instruments and settin gs for the primary frequency from 34 of July to 4 of August 2017.

M/V Kings Bay  R/V Ami M/V Vendla M/V Tréndur i M/V Finnur Fridi
Fridriksson Gotu
Echo sounder Simrad EK60 Simrad EK 60 Simrad EK60  SimradEK 60~ Smrad EK 60
Frequency (kHz) 18, 38, 70, 120, 18,38, 120, 200 18, 38, 70, 120, 38,120, 200 38,120, 20
200 200
Primary transducer ES38B ES38B ES38B ES38B ES38B
Transducer installation Drop keel Drop keel Drop keel Hull Hull
Transducer depth (m) 9 10 9 6 8
Upper integration limit (m) 15 15 15 7 Not used
Absorption coeff. (dB/km) 9.8 10.6 9.9 9.8 9.7
Pulse length (ms) 1.024 1.024 1.024 1.024 1.024
. 2.43
Band width (kHz) 2.43 2.43 2.425 2.43
. 2000
Transmitter power (W) 2000 2000 2000 2000
. 21.9
Angle sensitivity (dB) 21.90 21.9 21.90 21.9
2-way beam angle (dB) -20.6 -20.81 -20.6 -20.6 -20.7
. 23.75
TS Transducer gain(dB) 23.10 2428 23.27 2415
. -059
sa correction (dB) -0.64 -0.61 -0.65 -0.65
alongship: 6.98 7.20 7.01 7.19 717
athw. ship: 7.03 7.2 7.11 7.11 701
Maximum range (m) 500 500 (750 in part of 500 500 500(750 in part
the survey) of the survey)
. Sonardata Sonardata
Post processing software LSSS LSSSv.2.1.0 LSSS Echoview 8.x Echoview 8.x

Multibeam sonar

, *5w?2*POT Uw! Ea2 WEOEwW, Y5w?251 OEOCE2> wpkl Ul wi gUbxxl EwbPUT wU]
range: 111.5115.5 kHz), with a scientific outp ut incorporated which allow the storing of the beam data for

post-processing. Acoustic multibeam sonar data was stored continuously onboard Kings Bay and Vendla

for the entire survey from 5t of July to 4t of August 2017. The main objective for the continuous sonar

recordings was to study the vertical distribution, school geometry and patchiness of the mackerel and

herring in the upper 30-40 m of the water column.

Cruise tracks

The five participating vessels followed predetermined survey lines with pre -sdected surface trawl stations
(Figure 1). An adaptive survey design was also adopted although to a small extent, due to uncertain
geographical distribution of mackerel, herring and blue whiting . The main adaptation was in the Icelandic-
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south stratum where it was shortened southwards as the zero line of mackerel distribution had been
reached. Furthermore, northwest of Iceland, one station and one transect could not be surveyed due to sea
ice. Temporal survey progression by vessel along the cruise tracks in dily -August 2017 is shown in Figure 2.
The cruising speed was between 1013 knots if the weather permitted otherwise the cruising speed was

adapted to the weather situation.
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Figure 1. Fixed predetermined trawl! stations included in the IESSNS 3 of July ¢+ 4 of August 2017. At each
station a 30 min surface trawl haul, a CTD station (0-500 m) and WP2 plankton net samples (6200 m depth)
was performed. The colour codes, Arni Fridriksson (purple), Trondur i Ggtu (black), Kings Bay and Vendla
(blue) and Finnur Fridi (green).

In relation to calculating the abundance of NEA mackerel based on the swept area approach, we have
designed the survey in different strata (permanent and dynamic strata), (Figure 2). The survey design using
different strata is done in order to be able to calculate abundance indices with uncertainty estimates both
overall and from each stratum in the software program StoX (see Salthaug et al. 2017).
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Figure 2. Permanent and dynamic strata used in StoX for the IESSNS 2017 surveyThe dynamic strata are:

4,9 and 11.
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IESSNS 2017

Temporal progression

B «sz07
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Figure 3. Temporal survey progression by vessel along the cruise tracks in July-August 2017: blue
represents survey start (3 July) progressing to red representing the end of the survey (4 August).

3.5StoX

StoX is open saurce software developed at IMR, Norway to calculate survey estimates from acoustic and
swept area surveys. The software, examples and documentation can be found at:
http://www.imr.no/forsknin _g/prosjekter/stox/nb -no. The program is a stand-alone application build with
Java for easy sharing and further development in cooperation with other institutes. The underlying high -
resolution data matrix structure ensures future implementations of e.g. de pth dependent target strength
and high-resolution length and species information collected with camera systems. Despite this complexity,
the execution of an index calculation can easily be governed from user interface and an interactive GIS
module, or by accessing the Java function library and parameter set using external software like R. Various
statistical survey design models can be implemented in the R-library, however, in the current version of
StoX the stratified transect design model developed by Jolly and Hampton (1990) is implemented.
Mackerel, herring and blue whiting indices were calculated using the StoX software package.

3.6 Swept area index and biomass estimation

The swept areaage segregated indexis calculated separately for each straum (see stratum definition in
Figure 2). Individual stratum estimates are added together to get the total estimate for the whole survey
areawhich is approximately defined by the area between 57°N and 76°N and 44°W and 22°E.

Average density (Mac_D; kg km-2) is calculated by for each trawl haul with the following formula;

Mac D=h*d*c
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where h (km) is the horizontal opening of the trawl, d is distance trawled (km) and c is the total mackerel
catch (kg). The horizontal opening of the trawl is vessel specific, and the average value across all haulsis
calculated based on door spread (Table 5 and Table 6).

Table 5. Descriptive statistics for trawl door spread, vertical trawl opening and tow speed for each vessel.
Two different kinds of data were analyze d, manually reported values from log books (one value per
station) and digitally recorded data from trawl sensors (*). Digitally recorded data were filtered prior to
calculations and outliers were excluded. Next, average door spread and vertical opening was calculated for
each station, then the average values per station were used to calculate overall mean, maximum (max),
minimum (min) and standard deviation (st.dev.) for each vessel. Number of trawl stations used in
calculations is also reported. Horizontal trawl opening was calculated using average vessel values for trawl
door spread and tow speed (details in Table 6).

Trondur | Gatu RV Arni Fridriksson  Kings Bay Vendla Finnur Fridi
Trawl doors horizontal spread (m)
Number of stations 39 73 75 72 16
Mean 107.2 122 120 114 107
max 113.0 130 130 131 114
min 98.0 110 125 122 100
st. dev. 3.9 5 105 7.8 4.5
Vertical trawl opening (m)
Number of stations 40 72 75 72 -
Mean 36.5 31 30 28 -
max 39.9 39 32 32 -
min 33.0 21 30 24 -
st. dev. 1.9 3 2 4.5 -
Horizontal trawl opening (m)
mean 61.2 69 69 68 60.7
Speed (over ground, nmi)
Number of stations 43 73 75 72 16
mean 4.7 51 4.9 4.9 4.6
max 4.9 5.8 5.4 5.7 4.7
min 4.4 4.6 4.2 4.2 45
st. dev. 0.11 0.2 0.7 0.8 0.1

Horizontal trawl opening was calculated using average vessel values for trawl door spread and tow speed
(Table 6). The estimates in the formulae were based orflume tank simulations in 2013 (Hirtshals, Denmark)
where formulas were developed from the horizontal trawl opening as a function of door spread, for two

towing speeds, 4.5 and 5 knots:

Towing speed 4.5 knots: Horizontal opening (m) = 0.441 * Doorspread (m) + 13.094
Towing speed 5.0 knots: Horizontal opening (m) = 0.3959 * Doorspread (m) + 20.094

Table 6. Horizontal trawl opening as a function of trawl door spread and towing speed. Relationship based
on simulations of horizontal opening of the Multpelt 832 trawl towed at 4.5 and 5 knots, representing the
speed range in the 2014 survey, for various door spread. See text for details.This year the towing speed
range was extended from 5.0 to 5.2.
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Towing speed

Door
spread(m) 45 46 47 438 49 5.0 5.1 5.2
100 57.2 57.7 58.2 58.7 59.2 59.7 60.2 60.7
101 57.6 58.1 58.6 59.1 59.6 60.1 60.6 61.1
102 58.1 58.6 59.0 59.5 60.0 60.5 61.0 61.4
103 58.5 59.0 59.5 59.9 60.4 60.9 61.3 61.8
104 59.0 59.4 59.9 60.3 60.8 61.3 61.7 62.2
105 59.4 59.9 60.3 60.8 61.2 61.7 62.1 62.6
106 59.8 60.3 60.7 61.2 61.6 62.1 62.5 62.9
107 60.3 60.7 61.2 61.6 62.0 62.5 62.9 63.3
108 60.7 61.1 61.6 62.0 62.4 62.9 63.3 63.7
109 61.2 61.6 62.0 62.4 62.8 63.2 63.7 64.1
110 61.6 62.0 62.4 62.8 63.2 63.6 64.1 64.5
111 62.0 62.4 62.8 63.2 63.6 64.0 64.4 64.8
112 62.5 62.9 63.3 63.7 64.0 64.4 64.8 65.2
113 62.9 63.3 63.7 64.1 64.4 64.8 65.2 65.6
114 63.4 63.7 64.1 64.5 64.9 65.2 65.6 66.0
115 63.8 64.2 64.5 64.9 65.3 65.6 66.0 66.3
116 64.3 64.6 65.0 65.3 65.7 66.0 66.4 66.7
117 64.7 65.0 65.4 65.7 66.1 66.4 66.8 67.1
118 65.1 65.5 65.8 661 66.5 66.8 67.1 67.5
119 65.6 65.9 66.2 66.6 66.9 67.2 67.5 67.9
120 66.0 66.3 66.6 67.0 67.3 67.6 67.9 68.2
4 Results

4.1 Hydrography

Overall the surface temperatures were generally 1-2°C warmer in the NE part of the Northeast Atlantic in
July 2017 @mpared to the average for 19962009 based on Sea Surface Temperature (SST) anomaly plot
(Figure 4a). On the other hand, to the SW of the GreenlandScotland ridge the SST was generally closer to or
colder than average especially in the central Irminger Sea

The surface temperatures were similar in July 2017 compared to July 2016(Figure 4a or 4b), although not as
warm as found in July 2014.

The surface temperatures were generally 0.51.5°C warmer in the northern part of the Northeast Atlantic in
July 2017 compared to the average for the last 20 years based on Sea Surface Temperature (SST) anomaly
plot (Figure 4). The temperature in the surface layerin southern and southeastern part of Greenland waters

in the west it was between 0.5-1.5°C colder in July 2017than the average for the last 20 years (Figue 4). In
the eastern part of the Norwegian Seaand along the Norwegian coast the SST wasmore or less the same as
the 20 years average on SST anomaly Overall in the Northeast Atlantic, the SST was quite similar between
July 2016 and July 201{Figures 5a, b).

It must be mentioned that the NOAA sea surface temperature measurements (SST) are sensitive to the
weather condition (i.e. wind and cloudiness) prior to and during the observations and do therefore not
necessarily reflect the oceanographic condition of the water masses in the areas, as seen when comparing
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detailed features of SSTs between years (Figures &, b and 5a, b). However, since the anomaly is now based
on the average for the whole month of July, it should give representative results of the surface temperature.

The upper layer (< 30 m depth) was 0.51.0°C colder in 2017 compared to 2016 in the north ern and north -
western part of the surveyed area (Figures T and b). The temperature in the upper layer was higher than
6°C in more or less throughout the surveyed area covering approximately 2.8 million km 2, except along the
north -western fringes of the surveyed areas north of Iceland, west of Jan Mayen and north of Bear Island
where it was slightly lower. In the deeper layers (50 m and deeper), the hydrographical features in the area
were similar to 2015 and 2016 At all depths there were a clear signal from the cold East Icelandic Current,
which originates from the East Greenland Current.
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