Acoustic Herring Survey report for RV “DANA”
22" June — 5™ July 2016

Karl Johan Steehr
DTU-Aqua, National Institute of Aquatic Resources

Cruise summary

Total days 14
Days of monitoring 12
Number of nautical miles monitored 1760
Number of trawl hauls 40
Number of CTD stations 40
Number of WP2 stations 20
Fish catch in kg 24292
Number of measured herring 15139
Number of measured mackerel 3031
Number of measured sprat 2372
Number of species measured 51
Total number of measured fish 33883
Number of herring frozen for age and race-split | 3264
Number of sprat frozen for age and race-split 930

1. INTRODUCTION

Since 1991 the DTU National Institute of Aquatic Resources (DTU AQUA) has participated in the
ICES co-ordinated herring acoustic survey of the North Sea and adjacent waters with the
responsibility for the surveying the Skagerrak and Kattegat area.

The actual 2016-survey with R/V DANA, covering the Skagerrak and Kattegat, was conducted in
the period June 22 June to July 5 2016, while calibration was done during June 22 to June 24 2016.

2. SURVEY
2.1 Personnel

During calibration 22/6— 24/6 2016
Karl-Johan Stahr (cruise leader)

Torben Filt Jensen (assisting cruise leader)
Ronny Sgrensen

Christian Petersen

Jerome Pierre Alexandre Pinti (student)
Maria Camila Serra Pompei (student)
Maria Sokolova (student)



Berthe Vastenhout (student)
Claus Halle

During acoustic monitoring 24/6 - 5/7-2016
Karl-Johan Staehr (cruise leader)

Torben Filt Jensen (assisting cruise leader)
Annegrete D. Hansen

Helle Andersen

Flemming Thaarup

Brian Werner Thomsen

Asbjgrn Andreasen

Ronny Sgrensen

Jerome Pierre Alexandre Pinti (student)
Maria Camila Serra Pompei (student)
Maria Sokolova (student)

Berthe Vastenhout (student)

2.2 Narrative

The survey of R/V Dana started on June 22" at 04.00 UTC with departure from Hirtshals heading
towards Bornd in Gullmar Fjord, Sweden for calibration of the acoustic equipment. The vessel was
anchored at Borng in the Gullmar Fjord, Sweden June 21" at 12.00 UTC. The calibration was
initiated in the afternoon of June 22" and continued until the morning of June 23",

At June 23" at 20.00 UTC Dana left Borné to arrive in Skagen June 24™ at 05.00 UTC for
inspection of the cran for the towed which has been damaged during the calibration.

At June 24™ noon the scientific crew was exchanged in Skagen. R/V Dana left Skagen at 12.07
UTC to steam northwest towards the border between Skagerrak and the North Sea.

Monitoring data collection was started the June 25 at 57° 50°N, 6° 55°E at 00.23 UTC With a trawl
haul and a CTD.

The North Sea was covered during the period June 24 — 28, Skagerrak during June 28 - July 2 and
Kattegat during July 2-5.

The acoustic integration was ended July 5 at 57° 22°N, 10° 44°E at 05.49 UTC.
R/V Dana arrived at Hirthals at 11.00 UTC on July 5.

Totally the survey covered about 1760 nautical miles of monitoring. Data from the 38 kHz
echosounder were recorded mainly using a 38 kHz paravane transducer running at depths of 3 -5
m, the depth depending on the sea state and sailing direction relative to the waves. Simultaneously,
data from the 120 kHz and 18 kHz echosounders using hull-mounted transducers were also
recorded. The quality of the latter data is strongly dependent on the weather conditions, but this year
the weather was calm, so no data had to be excluded due to the weather. During trawling hull-
mounted transducers were used for all three frequencies.



2.3  Survey design

The survey was carried out in the Kattegat and Skagerrak area, east of 6° E and north of 56° N (Fig.
1). The area is split into 4 sub-areas.

In principal the survey is designed with parallel survey tracks at right angles to the depth lines with
a spacing of 15 nm in strata 151, 17.5 nm in strata 41 and 10 nm in strata 31 and 21. Due to
limitations regarding available time periods and places for fishing (late morning, early afternoon
and immediately before and after midnight; and a limited amount of fishable positions for bottom
trawl hauls) this structure cannot not be kept strictly.

2.4 Calibration

The echosounders were calibrated at Born6 in the Gullmar Fjord, Sweden during June 21 - June 23
2016. The calibration was performed according to the procedures established for EK60 with three
frequencies (18, 38 and 120 kHz). This was the second calibration of the year, the previous one just
before a cruise to the Norwegian Sea in April. The calibration of the paravane split-beam transducer
at 38 kHz was done against a 60 mm copper sphere. The calibration of the three hull-mounted split-
beam transducers at 18, 38 and 120 kHz were carried out against 63mm, 60 mm and 23 mm copper
spheres, respectively. The results were close to those from the previous calibration earlier in April,
and for 38 kHz on the towed body close to results from previous years. The calibration and setup
data of the EK60 38 kHz used during the survey are shown in Table 1.

The 120 kHz echosounder showed large differences in the angel discrimination and service will be
ordered for just after the survey for determination of the problem. As the 120 kHz is not the used
frequency for the data collection the survey can be conducted with a possible failure on this
echosounder. During the survey contact with Simrad has been made. After an investigation of the
calibration data Simrad has approved that nothing is wrong with the 120 kHz sounder. The
problems in the calibration is explained by Simrad due to objects in the water.

2.5 Acoustic data collection

Acoustic data were collected using mainly the Simrad EK60 38 kHz echosounder with the
transducer (Type ES 38 7x7 degrees main lobe) in a towed body. The towed body runs at approx. 3
m depth in good weather and down to about 6 -7 m, as needed, depending on the weather
conditions, this year mostly at 4 — 5 m. The speed of the vessel during acoustic sampling was 9 —
11 knots. Also EK60 18 kHz and 120 kHz data were collected. They have not been directly used for
the survey estimate, but as an aid during judging when distinguishing between fish and plankton.
The acoustic data were recorded as raw data on hard disk 24 hours a day also during fishing
operations. During trawl hauls the towed body is taken aboard and the EK60 38 kHz echosounder
run on the hull transducer, but data taken during fishing periods are not used for the biomass
estimate. The sampling unit (ESDU) was one nautical mile (nm). For the purpose of the later
judging process, raw data is pre-integrated into 1 m meter samples for each ping. These samples are
stored in separate files one for each ESDU. Integration is conducted from 3 m below the transducer
to 1 m above the bottom or to max 500 m depth.



2.6 Biological data - fishing trawls

The trawl hauls were carried out during the survey for species identification. Pelagic hauls were
carried out using a FOTO trawl (16 mm in the codend), while demersal hauls were carried out using
an EXPO trawl (16 mm in the codend). Trawling was carried out in the time intervals 1000 to 1600
and 2030 to 0300 UTC , usually two day hauls (pelagic on larger depth and demersal in shallow
waters ) and two night hauls (mostly surface or midwater). The strategy was to cover most depth
zones within each geographical stratum with trawl hauls. One-hour hauls were used as a standard
during the survey.

The total weight of each catch was estimated and the catch sorted into species. Total weight per
species and length measurements were made. The clupeid fish were measured to the nearest 0.5 cm
total length below, other fish to 1 cm, and the weight to the nearest 0.1g wet weight. From each
trawl haul 6 herring (if available) per 0.5 cm length class were collected and frozen for individual
determination in land-laboratory of length, weight, age, race (North Sea autumn spawners or Baltic
Sea spring spawners) and maturity. Fourier Shape Analyses calibrated to micro-structure formed
in the otoliths during the larval period was used for the discrimination of herring race. Maturity was
determined according to an 8-stage scale as also used by Scotland.

2.7  Hydrographic data

CTD profiles with a Seabird 911 were made immediately before or after each trawl haul. Salinity
and temperature were measured continuously during the cruise at an intake at about 5 m depth. Data
is stored together with position and weather data in the vessel’s general information system

2.8 Plankton data

During the survey WP2 samples has been taken 2 times a day late evening and noon. Sampling has
been conducted from 150 m or 5 m above bottom to surface with a 180 pum netting. The samples
have been fractionised in size groups by filters of 2000 um, 1000 um and 180 pm. The samples
have been dried for 24 hours and frozen for dry weight measurements at shore. Furthermore fixated
samples has been broad ashore for species identification as a part of a student project, see belove.

2.9 Data analysis

The raw data is pre-integrated into 1 m samples for each ping and divided into 1 mile datasets and
stored on harddisk as files. Scrutiny of the acoustic data is done for a fixed set of layers (3-6 m, 6-
10, 10 — 20 and so on) for each mile, using special judging software. The software allows ignoring
data from layers and/or intervals with interference from wave- or ship wake-bubbles or rarely with
interference from bottom-integration. In areas with heavy abundance of jellyfish or zooplankton,
usually krill, manually adjustable thresholds are applied separately to each layer to suppress
background echoes.

For each subarea (21, 31, 41 and 151 in Fig.1) the mean backscattering cross section was estimated
for herring, sprat, gadoids and mackerel based on the standardized TS-relationships given in the
ICES SIPS 9: Manual for International Pelagic Surveys (IPS):

Herring TS=20log L - 71.2 dB
Sprat TS=20logL-71.2dB



Gadoids TS=201log L - 67.5dB
Mackerel TS =20 log L — 84.9 dB

where L is the total length in cm. The number of fish per species is assumed to be in proportion to
the contribution of the given species in the trawl hauls. Therefore, the relative density of a given
species is estimated by subarea using the species composition in the trawl hauls. The nearest trawl
hauls are allocated to subareas with uniform depth strata. The length-race and length-age
distributions for herring are assumed to be in accordance with combined length-race and length-age
distributions in the allocated trawl hauls.

Length-age and length weight relationships by race for the herring were made based on the age and
race analysis made on the frozen samples of single fish after the cruise.

2.10 Cruise leader course

Four students from DTU-Aqua’'s MSc Eng. In Aquatic Science and Technology have participated in
the survey during a 5 ECTS Cruise leader course. 2 students have been working with monitoring of
jellyfish with cameras. 2 students have been working with sampling of zooplankton and species
identification. The students have worked together with the rest of the scientific crew under
supervision of Karl-Johan Stehr.

3. RESULTS & DISCUSSION

3.1 Acoustic data

The total number of acoustic sample units of 1 nm (ESDU’s) collected for the stock size calculation
is 1760 Cruise line for integration is given in Figure 2. During the survey acoustic data have been
prepared for scrutinization at shore and stock calculation in the Danish program. Data from transect
shown in Figure 4 will be used in the stock estimation by StoX.

3.2 Biological data

During the survey in 2016 40 hauls were conducted, 21 surface hauls and 19 bottom hauls. The
geographical distribution of hauls and details on the hauls are given in Figure 2 and Table 2.
Catches by species is given in Table 3.

Length distributions of herring, mackerel and sprat by haul are given in table 5to 7.

The total catch for the survey was 24.3 tons. Herring was present in 35 hauls with a total catch of
9.9 tons or 40.9 % of the total catch. Totally 15,139 herring have been measured. Length
distributions of herring per haul are given in Table 5.

The total sprat catch was 2.2 tons or 9.2 % of the total catch. Totally 2,372 sprat have been
measured. Length distributions of sprat per haul are given in table 6.

Mackerel were present in 31 hauls with a total catch of 1.8 ton or 7.2 % of the total catch. Totally
3,031 mackerel have been measured. Length distributions of Mackerel per haul are given in table 7.



For the total survey area herring, mackerel and sprat contributed to the total catch by 40.9 %, 7.2 %
and 9.2 % respectively.

Herring maturity

Based on the frozen single fish herring samples (3264 specimens) from each haul, where race
analysis of the otoliths was used to differentiate between North Sea herring and Western Baltic
herring, a maturity by age key was made for both races. It is given in the text table below. For North
Sea autumn spawners specimens with maturity stage >3 and/or age >5 are regarded as mature and
for Baltic spring spawners specimens with maturity stage >2 and/or age >5 are regarded as mature.

North Sea autumn spawners:

Kattegat, Strata 21

WR 0 1i Im 2i 2m 3i 3m 4 4dm

% 100.0 100.0 0.0 94.7 53 11.4 88.6 0.0 100.0
Skagerrak, Strata 31, 41 and 42

WR 0 1i Im 2i 2m 3i 3m 4 4m 5 6 7

% 100.0 100.0 0.0 68.5 315 79.1 20.9 80.8 19.2 100.0 100.0 100.0
North Sea, Strata 151 and 152

WR 0 1i Im 2i 2m 3i 3m 4 4m 5 6 7

% 100.0 100.0 0.0 89.9 10.1 36.8 63.2 18.0 82.0 100.0 100.0 100.0
Baltic Sea spring spawners:

Kattegat, Strata 21

WR 0 1i Im 2i 2m 3i 3m 4i 4m 5 6

% 100.0 96.3 3.7 73.9 26.1 12.0 88.0 0.0 100.0 100.0 100.0
Skagerrak, Strata 31, 41 and 42

WR 0 1 1im 2i 2m 3i 3m 4 4m 5 6 7 8 9
% 100.0 97.3 2.7 69.7 30.3 17.3 82.7 4.5 95.5 100.0 100.0 100.0 100.0 100.0
North Sea, Strata 151 and 152

WR 0 1 1im 2i 2m 3i 3m 4 4m 5 6 7 8 9
% 100.0 99.8 0.1 46.6 50.1 5.4 94.6 1.0 97.5 100.0 100.0 100.0 100.0 100.0

Sprat maturity

Based on 930 sprat collected over all length classes and hauls including sprat age, weight and
maturity keys were established. The maturity key for sprat is shown in the text table below. Sprat

with maturity stage >2 and/or age >3 are regarded as mature

Kattegat, strata 21
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Skagerrak, strata 31, 41 and 42

WR 0 1i Im 2i 2m

% 0 0 0 100 0

North Sea, strata 151 and 152

WR 0 1i Im 2i 2m 3
% 0 100 0 100 0 100
3.3 Biomass estimates

Herring

The total herring biomass estimate for the Danish acoustic survey with R/V Dana in June-July 2016
is 98,311 tonnes of which 39.3 % or 38,650 tonnes is North Sea autumn spawners and 60.7 % or
59,660 tonnes is Baltic Sea spring spawners.
For the total number of herring the survey results give 2,247 mill, of which 48.7 % are North Sea

autumn spawners and 62.3 % are Baltic Sea spring spawners.

The estimated total number of herring, mean weight, mean length and biomass per age and maturity
stage in each of the surveyed strata are given in Table 10 and 11 for North Sea autumn spawners

and Baltic spring spawners respectively.

A comparison for the results of the last 10 years surveys are given in the text table below.

Autumn spawners

Spring spawners

Year Number in mill. Biomass in tons Number in mill. Biomass in tons
2006 1530 08786 6407 471850
2007 4443 315176 8847 614048
2008 4473 80469 7367 450505
2009 9679 157707 1326 146590
2010 2723 148946 1461 88597
2011 5156 165589 3699 179898
2012 4805 259947 1955 122901
2013 1070 62126 1013 83601
2014 4576 58974 798 32875
2015 2950 103423 4874 179954
2016 1163 38650 1085 59660




Sprat

The total abundance estimate of sprat for the Danish acoustic survey with R/V Dana in June-July
2016 is 1773 million corresponding to a biomass at 24680 ton. Sprats were in 2016 found in
Kattegat, Strata 21, with 53.9 %, Skagerrak (ICES 43F9) and in the North Sea, Strata 151 (ICES
41F6, 41F7, 42F6 and 42F7) with 46,9 %.

Abundance, biomass, mean length and mean weight per WR and strata are given in Table 12.

3.4 Hydrography

40 CTD stations have been taken. Information on the stations and distribution is given in Table 7
and Figure 3. Data from the CTD stations will be delivered to ICES hydrographical data base.

35 Plankton

20 WP2 stations have been taken. Information on the stations and distribution is given in Table 8
and Figure 3. Dry weight will be measured ashore for each of the three fractions 2000 um, 1000 pm
and 180 um. The weight per fraction and station is given in Table 8. The geographical distribution
per fraction is given in Figure 4. Species identification of zooplankton will be made ashore as a part
of a student project connected to the Cruise leader course.

4 Cruise leader course

Four students from DTU-Aqua’'s MSc Eng. In Aquatic Science and Technology have participated in
the survey during a 5 ECTS Cruise leader course. 2 students have been working with monitoring of
jellyfish with cameras. 2 students have been working with sampling of zooplankton and species
identification. The students have worked together with the rest of the scientific crew under
supervision of Karl-Johan Stehr.

For more details see appendix 1.



Appendix 1

Jellyfish monitoring on Dana 22/06/2016-05/07/2016
Maria Sokolova and Berthe Vastenhoud

Three different types of jellyfish monitoring have been performed on this cruise: video monitoring
by a camera on the CTD, samples of jellyfish have been taken from the catch and video monitoring
on the towed body. CTD video sampling has been performed twice a day, once in the late afternoon
after the last trawl during daytime, and once in the evening before the first night trawl. Therefore, in
total 20 videos have been made at different locations and at different times during the day. The
camera on the CTD has been mounted on a construction which also contained a light source, in
order to visualize jellyfish even in deeper, darker waters. From the time that jellyfish are observed
on the camera we can derive the depth at which the jellyfish are located, and see whether there is a
correlation between salinity, temperature and preferred depth of the jellyfish observed. The salinity
and temperature data are provided by the same CTD measurement. As the CTD samples have been
performed at different locations, this also allows us to obtain a preliminary idea of the horizontal
distribution of jellyfish.

Next to the video samples taken from the CTD, we have also mounted a camera looking sidewards
from the towed body. These videos allow us in a later stage to obtain a better insight in the
horizontal distribution of jellyfish. Samples have been taken if possible every morning after
breakfast, and in the afternoon either in between the two afternoon trawls or after the last trawl in
the afternoon. In total we have obtained 18 videos, all of approximately two hours. We will start
with analyzing the CTD data before analyzing the videos of the towed body, as this will be probably
done automatically by a program which is still in developing stage.

To obtain better insight in species distribution, we have analyzed the intact jellyfish caught in each
trawl haul. Independently of the number of jellyfish caught in a haul, we have taken samples of 50
intact jellyfish per catch if there were more than 50 specimens caught. If there were less than 50
intact jellyfish specimens caught, the total jellyfish catch was analyzed. In this experiment we have
analyzed the differences in jellyfish catch between the day and night trawls, concerning species,
diameter and weight. The night hauls have been performed by using pelagic trawls, during the day
fishing was done with bottom trawls. Therefore this might give us a better understanding on vertical
distribution of jellyfish, next to the video samplings taken by the CTD. In total we have analyzed
the jellyfish catch of 33 trawl hauls, from which 16 pelagic and 17 bottom trawls, with a total of
1512 jellyfish individuals.

Preliminary results from the trawl experiments show that the weight and diameter change according
to a third power function, which can be seen in figure 1. Also, it appears that the dominant species
in both pelagic and bottom trawls is Cyanea lamarckii.
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FIGURE 1. GENERAL PLOT OF WEIGHT AND DIAMETER ACCORDING TO ALL SPECIES.

When looking at the differences in diameter and weight between bottom and pelagic trawls, the
diameter of the jellyfish is significantly larger in bottom trawls. The mean diameter in bottom trawls
is 12.12 cm, in pelagic trawls the mean is 9.92
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FIGURE 2. DIFFERENCES IN DIAMETER (CM) OF ALL JELLYFISH SPECIES BETWEEN BOTTOM AND PELAGIC TRAWLS.



Zooplankton sampling, herring acoustic survey, R/V Dana 2016
Jéréme Pinti and Camila Serra

Up until now the acoustic herring survey cruise, performed on R/V Dana (DTU) has centered on
sampling mainly on the fishery, obtaining hydrographic data from the CTD, and for the last 5 years
dry weight of plankton was also included. Our intention is to extend the acoustic survey cruise to an
ecosystem-based survey, where environment factors would also be included to provide a better
understanding of the data from the fishery herein obtained. In our case, we center in a more detailed
analysis of the zooplankton, performing identification to the genus or species level and obtaining its
size. Therefore, by starting this sampling, the intention is to initialize a record for size and
taxonomic identification of zooplankton, with the finality to perform a statistical analysis to see if
there is any correlation with the fishery, the plankton and other hydrographic factors.

The samples were taken on the R/V Dana (DTU), during the herring survey cruise, from the 21% of
June to the 5" of July (including two days of calibration). WP-2 nets were used to take plankton
samples; those were lowered twice a day: one just after the first fishing period (in the afternoon)
and the other before the second period started (evening). In each round, a net was drawn first for dry
weight, and then drawn a second time for samples meant for taxonomic and size identification.
Regarding the dry weight, plankton was divided by size by means of three sieves (2000um, 1000um
and 180um), to be later introduced for 24h in an incubator at 70°C. Finally the samples were frozen
as to be weighted onshore. For the second procedure, samples were sieved (180um) and conserved
in formaldehyde to be also analyzed onshore with a “Zooscan”. From the CTD, hydrographic data
was obtained (i.e. temperature, salinity, fluorescence and Oxygen), and data from previous years
together with the fishery data were also provided. All in all, during this cruise, 20 samples for each
technique were taken (refer to table 8 in the cruise report).

The expected output of this survey would be to see which (if any) environmental factors are
correlated to the herring and sprat fisheries. For the time being, work on the data from previous
years (since 2012) has been started onboard, where by means of a statistical model a significant
correlation was observed between herring and the degree of stratification of the water column, the
type of trawl used as well as to the ICES square the trawling was carried in. The total weight of the
trawl was correlated to the degree of stratification of the water column, to the sea surface salinity
and to the ICES Square. The same type of model will be also built for sprat abundance.
Zooplankton data from this year will only be analyzed in September, but we expect that a more
detailed analysis of the zooplankton community will provide a deeper insight between these trophic
levels than the rough data provided solely by the dry weight.



Figure 1. Map showing the survey area for the Danish acoustic survey with R/V Dana in June-July
2016. The map shows the subareas (strata) used in the abundance estimation.
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Figure 2. Map showing sailed route and trawl stations during the Danish acoustic survey with R/\V
Dana in June-July 2016.Read is pelagic hauls and blue is demersal hauls.
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Figure 3. Map showing CTD and WP2 stations during the Danish acoustic survey with R/V Dana
in June-July 2016. X are CTD stations and squares are combined CTD and WP2 stations.
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Figure 4. Distribution of dry weight in mg/m® A: Total weight, B: fractions 2000 pm, C: fraction
1000 um and D: fraction 180 pm.




Table 1.. Simrad EK60 and analysis settings used during the Acoustic Herring Survey
with R/V Dana Cruise June-July 2016

Transceiver Menu
Frequency 38 kHz

Sound speed 1508 m.s™
Max. Power 2000 W
Equivalent two-way beam angle -20.5dB
Transducer Sv gain  25.40 dB
3 dB Beamwidth 6.9°

Calibration details
TS of sphere -33.6 dB
Range to sphere in calibration 9.56 m
Measured NASC value for calibration 19300 m%/nmi?
Calibration factor for NASCs 1.00
Absorption coeff 6.063 dB/km

Log Menu
Distance 1,0 n.mi. using GPS-speed

Operation Menu
Ping interval 1 s external trig

Analysis settings
Bottom margin (backstep) 1.0 m
Integration start (absolute) depth 7 -9 m

Range of thresholds used -70 dB




Table 2. Trawl hauls details for the Danish acoustic survey with R/V Dana in June-July 2016.

Trawl  Wire  Trawl  Cath  Mean Total Trawling Trawling Wind
Datt  Haul  Time ICES Position Direction length  type ~ depth  depth  catch Main Species speed duratin  speed Sea sate
demmyy no.  UTC Square Latitude = Longitude deg.  m m m kg Kn min, mis

516 2 08 M6 STAOTMN 00655M3E 25 X0 Fof  Suwlaee 32 620 Hering,Blug whiting i 60 4
B8 8 1046 436 ST2LT03N O0612919E 181 40 Fof 40 76 27 JelyfshHaddock Mackeel 36 60 08
516 9 1348 ARG ST0664IN 00620062E 132 30 Bxpo Bottom 60 300 Whiting 3060 20
50616 14 2001 ARG 56200M4N 00612889E 184 X0 Fotf  Sulace 46 20 Mackerel, Hering 80 60 63
260616 172 0007 4IF6 S60L96TN (06.15.067E 8 310  Fotd Suface 45 173 Gumard, Mackerel Jelyish 36 60 51
60616 %9 1050 ARG 5657606N 00621808E 46 0 Expo Botom M 199 Whiting 360 Ul
60616 280 1425 4F6 STI0H9N 0065203LE 313 410 Expo Botom 65 104 Haddock, Whiting 60 8
60616 39 2L53  MF6 57.3B165N Q0G43%0E 55 300 Rt Swface 34 460  MackerelHering, Blue Whiting 38 60 39
0616 M1 08 MFG STA98MN 0064224E 4 N0 Foif  Suwlace 362 265 Hemng Mackerel BueWhiing 34 60 44
719616 438 AL37  42FT 5630006 0070733 25 250 Expo  Bottom ¥ 638 Sprat, Whiting, Hering 60 98
4616 M8 1418 AF6 56.36005N 00GO89TE 20 210 BExpo Botom 3B 10 Hering, Sprat 32 60 15
0616 45 2010 AFT S609646N O0713465E 184 30 Fotf  Sulaee 29 1150 Hering Mackere, Spt 38 60 66

==

)

S =

80616 515 LIl AF7 SBOAGOIN Q07TA3047E 3% 300 Foth  Sufee 2B 5% Jellyfsh, Mackerel W8 62
B0616 56 103 4F7 SLA37N Q0TAM3E 60 3B Expo Bofom 53 297 Haddock 3/ 60 76
80616 615 1342 LF ST605N 007S341LE S 550 Expo  Botom 137 90 Norway pout 30 60 6.8
280616 6% 2039 MFT 5T.30856N Q0756163 330 N0 Foty  Suace 194 284 Hering, Mackerel 60 4l
00616 673 015 MF7 ST35740N 00T528%E £ W Fotb  Sulce 26 80 Herring 30

00616 782 1037 A3F8 ST.264N 00B20606E 64 35 Expo  Bottom B4 193 Herring, Whiting WL 62
B616 TN 1220 438 ST2A%TN (0B33L6E 56 260  Expo Botom 37 183 Mackerel Sandel Cod 3 b
D616 83 2L A48 STHSSTAN (0852084 60 30 Foff  Sufce S0 4% Herring 3 60 54
00616 859 0021 458 SB06202N O0BABO60E M7 300  Foif  Suhee 420 5l Hering, Whiting 60l
00616 94 1036 MR STAITBN 009423E 4 A0 Expo  Botom 3 4303 Herring, Whiting 4160 94
300616 %9 1400 MG0 STAAASN 000807 7T 410 Expo  Bottm 82 1887 Haddock, Whting 30 60 68
00616 1007 2139 459 5826914N O0947SR0E 43 M0 Foif  Sulace 54 430 Herring LN -V
00116 1033 0030 46F9 58.3.969N Q094293E 330 30 Fotd  Suhce 44 180 Hering 9 60 39
L0716 1120 1138 4660 5835015N 01050591E 182 420  Expo  Botom 85 246 Norway pout, Whiting 29 0 13

=

OW0M6 137 W31 60 BAWIN UOSTRE R M Fap M40 U 46 Picked dogfsh, Jelish 36 60 104
L0116 1180 2023 4560 S8.33G9N OIO3130E 1% 300  Foid  Swlce 22 80 Hering 39 60 43
(20716 119 0020 4560 S8.06.237N (045962E 83 30  Fofd  Sufce 197 1900 Herring 360 64

0716 1268 1001 461 5753638N (10599%9E 9% 30  Foif  Sufee 67 % Jellyfsh, Herring /0 w0
00116 1281 1310 461 STS06TLN 01L1483E 320 30  Expo Bottm 61 5 Whiting, Hering 35 60 98
04116 1339 2013 4360 57.275L7N (05L899E 58 30 Fof  Sufce 4 190 Jellyfsh, Herring 60 U2
030716 136 0020 4461 57.30816N 010SOA34E 84 300  Fotf  Sulce 4 360 Jellfsh, Herring 80 13
030716 1452 117 4361 57.08029N OLL5L092E 181 30  Bxpo  Botom 56 660 Hering 3060 100
030116 W1 1413 461 S650618N 0LL44102E 200 260  Expo  Botom 30 160 Sprat, Hering 3060 93
030716 1523 2014 G2 563320IN 0L212970E 351 30 Foth  Sulace 46 8 JelyfishMackerelHeming 35 60 84

060716 1540 0020 4261 S6.329B4N OLLSL6NE 289 30 R Suce 32 80 JelyfishMackeelHemng 37 60 99
060716 1619 1033 4161 S6.2079TN OULSTSTTE 286 210 Expo  Botom 3 470 Sprat 460 88
040716 163 1259 4161 S6ALGGLN 1LSTOLLE 225 210 Expo Boftom 25 W Sprat 360 9
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040716 1685 2049 4160 S6.A325N 0W05758E 32 30 BExpo  Sufee 2 802 Jellyfish, Sprat 3 B0 56
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Table 3. Catch compos

July 2016.




Table 3. continued.

918'Sy  088'vWC 9E6'6LT 666'6Cy 000°/88T 60T 'COEV TOO'TIS T6E9'EEV VET'EBT  TOE'E6T 000'0T8  TTB'EBT  TEL'6VE JIvv viv8L1 000°00T
801 7 sn1di10ds sneydadsoxoA uidinos [8T0°0
720°0 snjpuunb sifeyd ysy 1911ng|000°0
8v8°0 eleipel efey Kei Airel (€000
699 00S°/8 1458 00S ¥¢ 009°€T 006°0S L,6°L6T enyioN snpeo POD|SST'T
(©] ©3/0s B3[0S 9]0S|T00°0
00¥°'6C 7'62 snuuew salApow iy 198pues|t92°0
/200 1800 15E°0 snyejoaoue| snidosadAH |oapues 1a1ea19 600
2/2°0 Xe|[e} eso|v peys seml yyz o
006°LT 600°'T 09t7'¢ veTT OEL'8TT  T96°TT 807 06C'T [0[0) 2814 SE6'L 00T'8 S90°L LTV'8SET ‘ds eozoydAos esnpaN abie|zeg’L
6581 008'v€ 00097 009°TT S8T°0T SSL'8 /86°TST sndwnj| snia1do |24 19xonsdwnTITTL 0
08°08 €STLT 00T ¢ 0/'99S  |8€L°00L Dlrewss snigdos L nod AemioN|888°C
LT0°0 £9T°0 Tv2'0 esounn|b auixAwW ysibeH [T00°0
290 aquwoys snweyydods 1ugle00°0
£9/°0 snunbed 122ue) qgeuo a|qIp3|€00°0
€0v'ST 1€5°G2 siwiojeelaidwe| snuadwnT Auus|q a3eus|soT 0
G88°S X®1qel SNYo1e)u821q ssed|t7¢0°0
€SY°0 snsajy sAyiyonelid 19puno|41z000
¥Z6°0 v79°C 89/°€ snsso|Boukd snpeydasoidA|D aljos Ae19|9T10°0
(4% 74 00€EVYTT €9C¥CE L6L'T ¥59°SCCC S6V7'88C  LI9°LTE 89EET 0089 €ST°LLS 009°0CT OT¥'ST TT6°CSY.L snbuarey eadn|o BuliaHle/8°01
£90°0 A snwiAuoled jauobeup uowwo) [000°0
0LL0 09'8 SST'T 09T°0 OEV'ET 959°vC 13 SNWOISOIDIN 9]0s uowaT|EST 0
LOE0 000°6€ STLT or9v vLET €860 TES VS essale|d sa108u0IN3|d a21e|d|/8€°0
00¢C"LC 009°€T 96t ¢L0T vZ8'€ 9€9°T °69°T 108°S6 selyiueoe snenbs usyBoa paxd1d|L0S0
8770 1742 14 4 €V0'T 9EV'T (01494 888'E 000°68 S, L2T SualIA sniyoe|jod aues|T/s o
LTV°0 698°9¢ 870°CT 88T°L61T TvL'6E 00Z°LS 00L°€LT  009°6L Zseo cC8'268 SNIqwods Jsquods 191939 N|9TC 'L
0LL0 9€8°0 U3||enw snatjolone N apis|read|700°0
00T'SC 1'SC sniyoejjod sniyaejjod oe||od|€0T 0
vIv'0 8SL'T v06°'T 9.0 eAjow enjol Buri[¢zo'0
S60°0 EVS'6V8 S86°L 60T 9°ST 199°G/8 snuya|Bae snwweibouep N XO0pPPeH 7Sy
00S'ZT  O£€'LS 206'8T 006°¢C S6T 95T ‘dds sepisneydnz 11141%|€59°0
9810 90T°0 ozLet 96°S 920°T 9.°2€ ‘dds erebuy pleuino|/16°0
850°S 008°ST 008°'6€T SE6'L o9v9'v 000°9L LSV'V.C sNRINdW SNIdINIBN MNeH|7ZT'T
900°59 8T9°0ST 0T 1980 T€TO 86T 9EY epuewl| epuewr qed|06'T
VIT€E SLT°C 06€'8 9600 800°0 8670 TE'€0C B12Iq3119/Uf S81eIqaMBAUI|ESE 0
€S0°0 ¥8°€S Yer'LLS  696°EELT 009°TT TLT9€ 00t'ST 6G.°059¢ snBuepsw snibuejio N Buniym|ivL et
TSL°LT 12528 062°0 0009T  [269°€9T saplossaie|d sapisojboddiH qep ybnou 6uo1|gg9y 0
6TC°0 LELO 1243 (42074 duojaqg auoleg ysileo 9600
7SS0 ovL0 €80 0S0'T 066°0 T9T'S snunyoen snunyoel | 18492 W 8SIOH [7€0°0
91IT'C 9TT'C snsso|Boddiy snsso|boddiy NqireH|600°0
r4:in4 7019 snuojessidsniydo ysi1916uv|z60°0
] wnain| wnipisso|bng 9118u8]0S |000°0
891'6T odelp snuiyoeiL JaAeaM uowwod|T80°0
9€6°0 6£0°E snoibaniou sdoisydeN 1915q0] AeMION|ETO0
6000 600°0 siealoq sniepued duwiiys >uid uaay340N [000°0
SST0 vLLT 89T'T 7SEE 9LT0 16L°T 996°8 ds epodoreydsd $9ssndo120 ‘spINbs[TS0°0
ST00 2€5°L9ST snyeuds snpelds 1euds|ovee
00L°T¥ 00T ¥ 00T 2y 00C°€L L 6YC nosseinod sNNsSISaWOIdIN Buniym anigale09-z
7900 €€0°0 100°'8 snjooseloud sinelbug Anoyouv|e€0'0
14 174 08T Otr £88T €0EY T1s 1434 €81 €61 08 8¢ 0s6 |eol yo3ed [eroL %
a a N N a a N N a a N N a 1ysIN/Aeq
6 S8 1454 ¥Ss 8 8¢ (01474 ocs LE 9 96¢C 6T LET yadap [ezoL
Or-0T , WoNog  90elNnS  90eNS  WOOE W00  30eHNS  9JepNS  WONOH  WONOg  30eyng  2deuns  wonog yidap Suiysiy4
@104 odx3 @104 @104 odx3 odx3 2104 2104 odx3 odx3 @104 @104 odx3 Jean
09SY 099 649% 6457 0511 (51474 84St 84y 8d4EY 84EY L4vy Ve 44 LdEY bs 5301
LETT oIt €e0T L10T 6S6 26 658 €8 0LL 9L €49 859 ST19 uoinels




VSO'T08 OEET6  TI9'WLy _666'6L 000'S8  TOO'0OSOT OTS'6S9 LC6'6SE _000'06T _6V6'TSC 6SSVE 6666681 O0BT'008 J6CL'6LEL 000°00T
8071 Eluad sn1di0ds snjeydasoxoA uidinos |8T0°0
¥20°0 720°0 snjpuunb sifeyd ysiy 1911ng 000°0
8v8°0 8v8°0 elelpel efey Aes Aurel €000

LZT°0 8580 95T’ 6000 08¢y 8600 88L°0 V156 eNnyion snpeo POJ|SST'T

(o} ©9/0s B3J0S 9]0s|T00°0

o) snuew salkpowwy 19apues|y9zo

912’0 £20°0 cvZ 0 sniejoaoue| snjdosadAH |9apues 19189 |760°0
caeo cl2°0 Xe|[ej eso|v peys syreml \yye'o

0LE'6VL ¥¥8'T wLe 6LE°T9 €€6°C9 T0v°€ L6 08t 009°9¢ 6186 LEV9 GZESTT ‘ds eozoydAos esnpaN abie|zes L

710°C €80 OTT¢C 9€9°0 £09°0 £L8L°0 869°€ 00T 0% €50°2S sndwnj snia1do|24d J93onsdwnT|TTL 0

000 CEE0 S90°0 [4%: 90 112°CT Difewss snusydos L nod AemioN|g88'C

5200 2€0°0 2600 esounn|b suxAw ysi6eH [100°0
0790 29°0 aquoyl snweyiydoos €00°0
90T "0 8590 ¥9.°0 snunbed 19oue) gea2 a|qIp3|£00°0
020°0 YIT0 vET°0 siwioseelaldure| snuadwn Auua|q a3eus|soT'0
962°S 588°'G Xeiqe| Snyo1eus2iq sseg|vc0’0
8810 S9¢°0 €S0 snsa|y sAyiyoneld 18puno|4|zoo’o
0zz0 rAA] snsso|6ouko snreydsdoidA|D ajos Aeuo|910°0
99t°CT 9st'0 8€BCT SESC [47A83 v1t'609 957’99 124813 123074 6VC°'TO9T 9/S°0TS |SOP'T.EE snbuarey eadn|d BurieH|e/8°0F
STO0 8700 €90°0 By snwAuoled 12uobeup uoww o) [000°0
€0T°0 86C°0 TOV "0 113 SNWOISOIDIN 3|0sS UoWITIEST 0
010 009°€ 9€C0 8L°0 8YT'T 2059 essare|d sa108u0INa|d d21e|d|£8€°0
TT0 00€°6€ 098°T 182 IV selyjuede snjenbs ysyboa paxd1d|L0S 0
9vT'0 STSCT T99°CT SualiA sniyoejjod auyNes|t/so
990°T 0669 ove'9 8860 00€9 £8C°0 T1S°LTC  00S°TS ,28°'S0€E SNIquWods J1Bquods 181930 |9TZ L
990°0 990°0 1s|Ienw snafjoione N apis|iead|00°0
0 sniyoejjod sniyoejjod oe||0od|€0T 0
0 eAjow eafopy Buri|zeoo
0100 8000 ST00 420" SVE'T snuys|bee snwweiboue N MO0ppeH 7Sy
€957 €95 v ‘dds sepisneydn3 €590

SYE0 S99°S 8EV'T LSY°0 v€0'T 060 LST0 8S.°CT ‘dds ereful plrewinol/16°0

8TS0 00Lt¢ 8TZ'SC SNINIBW SNIDONIBIN MeH|yCe'T
orT0 00T'9T 00S'CT £88°0 IS0 6SY'LVT  |8EV'LTIC ‘epueuwl| epuewn qedajvoe’T
00€°0C 6ST'S cITo 00S'T S€9°S 620°6ST Breiqarianuy S8jelqauaAulles8 0

£10°0 88C'E 8L vT T6L°0 €99°LT Tev'y £20°L9 600 861222 snBuepaw snibueld N Buniym|ivs et
89T°0 T A] 8LEY TE0°OY €T LV soplossaneld sapisojboddiH gep ybnoi Buo|8890

6TT°0 1000 vc9'€ 8ES0 0€0'T 8850 7880 c10°0C duolaq auojeg Usi31eo 9600

vLT0 986°0 ove'T snunyoeu) sninyoe. 121930 W asioH |yeo 0

0 snsso|boddiy snsso|foddiH 1ngieH|600°0

LT 22l T sniiojessidsniydon ysi1916uv|z60°0

0 wna1n| wnipisso|bng a119u9105|000°0

ov0°0 WS 926'T 00S°L 0T 89161 ooeIp snuiyoel L 1aneam uowwod|T80°0

8€0°0 €210 7620 0S9°T €012 snojBaniou sdoiydaN 1915qo| AKemioN|eT00

0 sijealoq snepued duuays uid uiayioN [0000

900°0 €000 1120 L Z44] iy 0 ds epodofeydad sassndo120 ‘spinbs|TS0°0

008°9€ 00L°LE C6EETY SS6'T T6E'T 6C0°C90T E€IS'E 8v1'9 9v0°0 LTS L9ST snyelds snpeids 1eids|ovee

0406 00€'TY LE0S nosseinod sNNSISaWOoIdIN Buniym anigleo9-c

0€6°0 SS9 8LC°0 1/0°0 906°L snjodisesdous sinesbuz Anoyouv|e€0'0

08 v6 oLy 08 S8 0S9T 099 09¢ 06T far4 S€ 006t 008 |eyol yoieo |ejol %

N a a N N a a N N a a N N wsiN/Aea
(44 14 [43 [43 14 6€ 9s o 144 19 L9 L6T [44 Yadap |erol
20BJINS  WO110g WO0110g 9%BlUNS  9JBNS  WOJ10g  WO0100g 90BNS  9DBJNS  wWoNog — 99eunS  9JBlINS  2dejNnS yadap Sulysiy
odx3 odx3 odx3 2104 ?104 odx3 odx3 @104 @104 odx3 2104 @104 @104 Jesan
09TV 9Ty 9Ty o2y (45744 jrorad 9¢r 1491474 09evr 139144 139144 09st 09st bs 5301
S89T SE9T 6T9T ovStT €¢ST TLVT (4144 9seT 6EET 18¢T 89¢CT 961T 08T1T uonels

Table 3. continued.




Table 4. Measured length distribution of herring by haul for the Danish acoustic survey with R/\V
Dana in June-July 2016.

Station 1 154 172 329 341 438 448 495 515 596 615 658
ICES sq. 44F6 41F6 41F6 44F6 44F6 42F7 42F6 41F7 41F7 43F7 43F7 44F7
Gear Fotg Fotg Fotg Fotg Fotg Expo Expo Fotg Fotg Expo Expo Fotg
Fishing depth Surface Surface Surface Surface Surface Bottom Bottom Surface Surface Bottom Bottom = Surface
Total depth 382 46 44.5 304 362 36 38 29 28 53 137 194
Day/Night N N N N N D D N N D D N
Total catch,kg 620 250 173 460 265 838 1250 1150 550 297 950 284
Total catch Herring, kg | 279.966  71.028 12.142 135495 102.500 215.964 974.738 675.814 1.224 0.151 25.410  120.600
Sample Herring, kg 62.166 17.378 12.142 77.759 51.988 19.170 18.203 15.242 1.224 0.151 25.410 65.767
Length in cm
5.5
6|
6.5
7| 1
7.5 1
8| 6
8.5 6
9 6
9.5 7
10| 7
10.5 6
11] 3
11.5
12|
12.5 1 1
13, 2 13 2
13.5 23 3 1 40 7
14 4 72 4 6 99 4 6
14.5 20 121 22 18 133 6 10
15 63 101 76 84 133 12 1 45 3
15.5 1 121 71 3 2 153 158 110 5 3 40 3
16 3 123 45 6 2 150 191 42 3 1 40 3
16.5 4 94 12 14 6 124 85 13 1 28 3
17 8 75 2 5 5 51 35 3 15 1
17.5 9 22 2 6 10 3 6 10 5
18] 4 11 1 1 2 8 3
18.5 7 1 1 3 2 2 2
19| 17 2 3 3 1 2 4
19.5 20 6 5 3 5
20| 45 18 18 13 6
20.5] 97 42 35 30 17|
21 121 69 56 52 43
21.5] 128 55 73 48 57|
22| 71 51 59 21 33|
22.5 46 46 45 15 35
23 44 41 35 9 34
23.5] 23 47 35 33]
24 16 46 24 5 40
24.5] 12 43 23 4 28|
25 8 39 21 1 23]
25.5] 9 43 18 1 31
26 4 23 18 5 25
26.5] 3 7 9 19|
27 2 13 3 27
27.5 13 1 16
28 2 15 7 9
28.5] 1 9 17|
29| 1 8 8|
29.5 7 5|
30| 2 3
30.5] 2 1 2]
31 1
31.5] 2 2]
32
32.5] 1]
Total no. 708 536 451 685 516 591 584 587 84 5 415 547
Mean Length 21.45 16.04 14.86 23.10 22.32 15.88 14.60 14.78 11.88 15.50 18.78 23.68|




Table 4. continued.

Station 673 762 770 843 859 944 959 1017 1033 1120 1180
ICES sq. 44F7 43F8 43F8 44F8 45F8 44F9 44G0 45F9 46F9 46G0 45G0
Gear Fotg Expo Expo Fota Fota Expo Expo Fotg Fotg Expo Fotg
Fishing depth Surface Bottom Bottom  Surface Surface Bottom Bottom Surface Surface Bottom Surface
Total depth 296 64 37 249 420 38 82 554 454 85 232
Day/Night N D D N N D D N N D N
Total catch,kg 820 193 183 434 511 4303 1887 430 180 245 800
Total catch Herring, kg | 577.153  68.700 13.368  317.617 288.495 2225.654 1.797 324.263 114.300 0.569 3.580 510.576
Sample Herring, kg 63.504 25.328 13.368 86.200  45.599 25.638 1.797 37.232 38.434 0.194 3.580 46.626
Length in cm
5.5
6)
6.5 2
7| 5
7.5 3
8| 3
8.5 15
9 9
9.5 4
10
10.5
11
11.5
12|
12.5
13 1
13.5
14 2 1
14.5 40 1
15| 74 2 9 3
15.5 92 5 4 38 2 2
16| 62 14 19 50 1 2
16.5 49 23 2 28 50 2 1 6 4
17| 49 42 4 35 47 1 2 3 2 9
17.5 23 24 4 19 62 1 7 8 8 14
18| 21 28 2 19 91 14 17 8 45|
18.5 14 24 8 21 70 3 32 35 6 93
19| 2 20 24 10 29 64 4 50 32 2 76
19.5 2 9 9 19 34 34 2 40 41 3 77
20| 11 13 14 22 31 18 3 66 52 4 55
20.5] 21 29 10 48 38 8 3 61 53 2 58
21] 42 23 14 60 45 2 2 56 41 1 49
21.5 47 21 3 60 39 2 49 56 2 40
22, 45 5 3 45 38 1 37 39 2 36
22.5] 42 7 3 41 27 1 16 29 2 15|
23 52 2 1 32 21 17 34 1 18]
23.5 28 2 35 23 1 15 19 1 12
24 35 22 20 4 9 5
24.5) 25 31 21 6 7 8|
25 35 16 8 2 2 3
25.5] 29 17 7 1 7|
26 17 8 8 1 4
26.5) 26 7 6 1 5 2
27| 21 4 11 1 3 2
27.5) 19 6 6 1
28| 11 4 7 2 2
28.5 7 5 2 2
29 9 3 1 2
29.5) 3
30 1 3
30.5) 1 1
31 2
31.5
32 3
32.5]
Total no. 528 555 243 526 570 543 29 480 488 41 60 637
Mean Length 23.72 17.07 18.28 22.48 20.87 17.70 19.29 20.61 20.93 8.32 18.24 20.20




Table 4. continued

Station

ICES sq.

Gear

Fishing depth

Total depth
Day/Night

Total catch, kg

Total catch Herring,kg
Sample Herring kg

1196
45G0
Fotg
Surface
197
N
1900
1601.249
35.903

1268
44G1
Fotg

1281
44G1
Expo
Surface  Bottom
67 61
D D
35 252
4.534 35.544
4.534 35.544

1339

43G0

Fotg
Surface

41
N
190
30.256
0.942

36.000
24.890

1356

44G1

Fotg
Surface

40
N

360
140.600 549.414

56.357
1.118

18.808

1452

43G1

Expo
Bootom

56
D
660

0.992

60.000
11.650

1471
42G1
Expo
Bottom
39
D
1650
1062.209
0.724

17.613
17.613

1523
42G2
Fotg
Surface

46

N

85
3.752
3.752

Length in cm
5.5

6.5

7.5

8.5

9.5
10
10.5]
11
11.5
12
12.5
13
13.5]
14
14.5]
15
15.5]
16|
16.5]
17,
17.5)
18
18.5]
19
19.5
20
20.5
21
21.5
22
22.5
23
23.5
24
24.5
25
25.5
26
26.5
27
27.5
28
28.5
29
29.5]
30
30.5
31
31.5
32
32.5

R oW e

= 00 O 0

w w w N

14
13
15
13
15
13
19
36
35
22
11

2

12
58
59
41
55
63
88
76
46
26
17

11

15
13
24
31
32
38
25
22

10
50
53
40
39
49
40
34
27
17
17

12

P A D wW

26
49
29
20
20
22
37
13

10
46
46
68
61
62
31
22
21

NN B OB

15
57
46

11
16
24
39
50
92
103
49
23

o

15

w A N O,

W W N WWOODD DL U D

Total no.
Mean Length

515
19.68

55
21.45

619
19.16

208
8.34

576
17.64

215
8.48

419
17.68

228
8.11

405
16.19

137
9.16

462
17.35

123
16.36




Table 4. continued

Station

ICES sq.

Gear

Fishing depth

Total depth
Day/Night

Total catch, kg

Total catch Herring, kg
Sample Herring, kg

1540
42G1
Fotg
Surface
32
N
80
2.535
2.535

1619
41G1
Expo
Bottom
32
D
470
12.838
12.838

1635
41G1
Expo
Bottom

25

D

94
0.456
0.456

1685
41G0
Expo
Surface
22
N
802
12.466
12.466

Length in cm
5.5

6.5

7.5

8.5

9.5
10
10.5]
11
11.5]
12|
12.5]
13
13.5]
14
14.5]
15
15.5]
16)
16.5
17|
17.5]
18]
18.5
19
19.5
20
20.5]
21
21.5]
22|
22.5]
23
23.5]
24
24.5]
25
25.5]
26
26.5|
27|
27.5]
28|
28.5|
29
29.5]
30
30.5]
31
31.5
32
32.5]

N O WN -

(ol ) I N V]

NN B WU w

P NNNNNRPRO

48
126
105

38|

10
12

Total no.

Mean Length

71
16.60

330
17.85

9
18.78

358
16.90




Table 5. Measured length distribution of mackerel by haul for the Danish acoustic survey with R/

Dana in June-July 2016.

Station

ICES sq.

Gear

Fishing depth

Total depth

Day/Night

Total catch, kg

Total catch Mackerel, kg
Sample Mackerel, kg
Length in cm

1
44F6
Fotg

Surface
382
N
620
102.536
44.279

83
43F6
Fotg

40-50

78

27
5.100
5.100

99
43F6
Expo

Bottom

57

D

300
2.162
2.162

154
41F6
Fotg

Surface
46
N
250
112.624
47.093

172
41F6
Fotg

Surface
44.5
N
173
41.626
41.626

259
42F6
Expo

Bottom
54
D

199
0.732
0.732

280
43F6
Expo

Bottom
65
D

104
0.855
0.855

329
44F6
Fotg

Surface

304

N
460
194.004
43,752

341
44F6
Fotg

Surface

362
N
265
75.200
33.506

495
41F7
Fotg

Surface
29
N
1150
230.000
30.386

515
41F7
Fotg

Surface
28
N
550
91.500
27.440

596
43F7
Expo

Bottom
53

297
2.192
2.192

15
16
17
18
19
20
2]
22
23
243
25
26
27
28
29
30}
31
32
33
34
35
36
37
38
39
40]
41
42
43

45
46
47

49
50
51
52
53
544
55
56
57,
58
59
60
61

=N W
20 0B R

NN WU o 0 Wb wWww

13

10
25
22
19
11
20
27
10
16

)]

P PN N

13
76
65

N W Rk NP N

N

N BN WN W

25
62
40

P B DM O FRL WD

25
71

N W NN W WW

Total no.

Mean length

221
28.54

29
27.17

8
32.38

175
31.42

159
30.76

3
30.33

3
32.00

219
28.50

176
28.04

157
27.91

145
27.49

33.38




Table 5. continued

Station

ICES sq.

Gear

Fishing depth

Total depth

Day/Night

Total catch,kg

Total catch Mackerel, kg
Sample Mackerel, kg
Lengthin cm

615
43F7
Expo

Bottom

137

D

950
0.252
0.252

658
44F7
Fotg

Surface

194

N
284
79.600
28.422

673
44F7
Fotg

Surface

296

N
820
173.700
43.302

770
43F8
Expo

Bottom
37
D
183
57.200
24.519

843
44F8
Fotg

Surface

249

N
434
39.741
39.741

859
45F8
Fotg

Surface

420

N
511
197.188
38.036

944
44F9
Expo

Bottom
38
D
4303
0.792
0.792

1017
45F9
Fotg
Surface
554
N
430
12.028
12.028

1033
46F9
Fotg
Surface
454
N
180
26.869
26.869

1180
45G0
Fotg
Surface
232
N
800
51.500
38.758

1196

45G0

Foto
Surface

197
N

1900
217.511
25.918

1268
44G1
Foto
Surface

67

D

35
0.287
0.287

15
16
17]
18
19
20
21
22
23
24
25
26
27
28
29
304
3]
32
33
34
35
36
37
38
39
40
41
424
43

45
46]
47|
48]
49
504
51
52
53
54
55
56}
57
58
59
60}
61

52
69
14

69
86
37

B R R WO R o

17
75
40

W NN

83
69
10

AW W R Ww

N

P =2 00NN

89
88
16

16
17

12
15

10
51
58

w b N b

58
79
46

B R RN

19
67
37
12

Total no.

Mean length

1
31.00

154
27.79

226
28.16

138
27.25

207
27.99

218
27.34

3
31.00

58
28.33

167
26.44

230
27.92

142
27.32

2
26.00]




Table 5. continued

Station

ICES sq.

Gear

Fishing depth

Total depth

Day/Night

Total catch, kg

Total catch Mackerel, kg
Sample Mackerel, kg
Length in cm

1339
43G0
Fotg
Surface
41
N
190
6.300
6.300

1356
44G1
Fotg
Surface
40
N
360
13.005
13.005

1452
43.G1
Expo
Bootom
56
D
660
0.988
0.988

1471
42G1
Expo
Bottom

39

D
1650
1.940
1.940

1523
42G2
Fotg
Surface

46

N

85
6.240
6.240

1540
42G1
Fotg

Surface

32
N
80
6.990
6.990

1619
41G1
Expo
Bottom
32
D
470
1.066
1.066

15
16
17,
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43

45|
46|
47|
48|
49
50
51
52
53
54
55
56
57
58
59
60
61

Uk P NP W

13
12

11
40
11

R R PR

N 00 O W N

Total no.
Mean length

40
26.38

76 2

26.93 37.00 32.6

6
7

2

7

29.44

30
29.93

1
49.00)




th R/V

iC survey wi

Table 6. Measured length distribution of sprat by haul for the Danish acoust

Dana in June-July 2016.
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Table 7. CTD station details for the Danish acoustic survey with R/V Dana in June-July 2016.

Date
dd-mm-yy
25-06-16
25-06-16
25-06-16
25-06-16
26-06-16
26-06-16
26-06-16
26-06-16
27-06-16
27-06-16
27-06-16
27-06-16
28-06-16
28-06-16
28-06-16
28-06-16
29-06-16
29-06-16
29-06-16
29-06-16
30-06-16
30-06-16
30-06-16
30-06-16
01-07-16
01-07-16
01-07-16
01-07-16
02-07-16
02-07-16
02-07-16
02-07-16
03-07-16
03-07-16
03-07-16
03-07-16
04-07-16
04-07-16
04-07-16
04-07-16

Stat.
no.

82
104
153
177
258
285
328
347
443
452
494
521
596
619
657
678
762
774
839
865
942
956
1013
1038
1120
1142
1178
1201
1267
1285
1337
1361
1451
1475
1522
1545
1619
1638
1683

Time
UTC
01:53
10:11
15:17
20:20
01:44
10:11
15:54
20:35
01:57
13:08
11:02
20:26
02:08
10:06
15:12
20:27
01:43
10:05
13:46
20:07
01:48
10:05
12:42
20:13
01:56
10;58
15:52
20:18
01:56
10:01
14:38
20:20
01:48
10:22
15:42
20:25
01:46
10:12
14:23
20:10

ICES
Square
44F6
43F6
43F6
41F6
41F6
42F6
43F6
44F6
44F6
42F7
42F6
41F7
41F7
43F7
43F7
43F7
44F7
43F8
43F8
44F8
45F8
44F9
44G0
45F9
46F9
46G0
45G0
45G0
45G0
44G0
44G1
43G0
44G1
43G1
42G1
42G2
42G1
41G1
41G1
41G0

Position
Latitude
57.50.1530N
57.22.790 N
57.04.467 N
56.21.135 N
56.01.961 N
56.58.007 N
57.13.023 N
57.37.584 N
57.54.145 N
56.36.614 N
56.35.833 N
56.10.192 N
56.06.524 N
57.13.621 N
57.28.455 N
57.29.692 N
57.39.559 N
57.26.037 N
57.25.882 N
57.56.330 N
58.10.365 N
57.43.042 N
57.44.225 N
58.28.059 E
58.40.315 N
58.35.497 N
58.23.687 N
58.13.565 N
58.07.247 N
57.54.543 N
57.53.837 N
57.26.865 N
57.30.919 N
57.08.544 N
56.47.304 N
56.32.085 N
56.33.748 N
56.20.731 N
56.08.997 N
56.12.346 N

Longitude
006.47.076 E
006.13.024 E
006.25.361 E
006.12.725 E
006.22.762 E
006.25.483 E
006.47.035 E
006.42.803 E
006.42.456 E
007.07.724 E
006.54.017 E
007.13.204 E
007.42.495 E
007.32.271 E
007.58.260 E
007.55.906 E
007.51.776 E
008.18.612 E
008.37.363 E
008.54.509 E
008.46.250 E
009.39.753 E
010.04.756 E
009.48.734 E
009.38.871 E
010.50.615 E
010.53.616 E
010.23.746 E
010.53.848 E
010.54.373 E
011.11.548 E
010.49.942 E
011.05.394 E
011.51.183 E
011.42.114 E
012.12.221 E
011.45.442 E
011.58.806 E
011.53.144 E
010.57.767 E

Bottom
depth
m
369
79
54
45
45
55
66
255
375
34
338
32
29
53
145
165
374
69
34
515
452
35
84
615
403
82
114
273
157
124
66
41
40
54
30
51
33
32
24
26

Wind
speed
m/s
2.7
1.3
3.7
8.2
8.4
13.1
9.6
8.2
4.1
9.0
10.6
8.4
9.1
6.5
7.0
6.6
5.7
9.1
7.2
5.8
11.0
7.7
7.9
7.4
4.5
10.3
11.9
10.3
0.4
7.1
10.3
7.0
5.3
9.4
7.4
5.2
10.5
8.2
8.2
5.7

Sea state
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th R/V Dana in June-July 2016.

iC survey wi

Table 8. WP2 station details for the Danish acoust
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Table 9 Survey statistics for the Danish acoustic survey with R/V Dana in June-July 2016

strata Area, NM*2 ESDU Haul Mean Sa | Mean TS
ST21 3292.839 192 10 2.57E-06 | 1.22E-05
ST31 1911.706 92 7 3.66E-06 | 3.25E-05
ST41 1823.107 71 5 2.71E-06 | 4.07E-05
ST42 3710.053 144 8 3.11E-06 | 4.95E-05
ST151 6261.572 324 12 2.84E-06 | 3.59E-05
ST152 1716.322 87 5 1.47E-06 | 7.41E-05




Table 10. Abundance, mean weight, mean length and biomass by age group and sub area for North
Sea autumn spawning herring in the Danish acoustic survey with R/V Dana in June-July 2016

Numbers Autumn spawning herring in mill.

WR
21
31
il
42

151

152

Biomass Autumn spawning herring in ton.

WR
21
31
41
42

151

152

0 1i
628.5142 8.725094
1.807243 94.61509

0 26.55295
0 79.14199
0.283347 47.58193
0 1.558382

0 1i
2318.458 290.9582
5.801749 5263.664

0 1205.917
0 4428.717
1.407694  1308.5
0 84.73635

Im

im

O O O o oo

O O O o oo

2i
2.526195
81.19763
3.389092
139.791
0.570718
15.49028

2i
114.06
5965.957
231.1913
11784.82
38.84627
1401.138

Mean length Autumn spawning herring in cm.

WR
21
31
41
42

151

152

0 li
8.48 16.56
8.43 18.77
0.00 17.64
0.00 18.75
9.24 15.45
0.00 18.68

Im
0.00
0.00
0.00
0.00
0.00
0.00

2i
18.23
20.35
19.68
21.16
19.99
21.60

Mean weight Autumn spawning herringin g.

WR
21
31
41
42

151

152

0 1i
3.69 33.35
3.21 55.63
0.00 45.42
0.00 55.96
4.97 27.50
0.00 54.37

Im
0.00
0.00
0.00
0.00
0.00
0.00

2i
45.15
73.47
68.22
84.30
68.07
90.45

2m
0.141665
0.598272
0.003918
7.227971
0.015297
1.797957

2m
10.60445
52.64792
0.407479
881.6027
1.590923
231.3233

2m
21.17
21.50
22.00
23.21
22.00
23.48

2m
74.86
88.00
104.00
121.97
104.00
128.66

3i
0.01339
0.809842
0.002636
2.793272
0.008742
0.822994

3i
1.084158
80.91491
0.326894
323.4535
1.083948
110.3556

3i
22.53
22.86
25.75
24.28
25.75
24.75

3i
80.97
99.91
124.00
115.80
124.00
134.09

3m
0.104492
1.873917
0
4.4269
0
1.429285

3m
6.949178
191.2981
0
591.6094
0
196.6076

3m
20.92
22.99
0.00
25.07
0.00
24.98

3m
66.50
102.08
0.00
133.64
0.00
137.56

4i
0
0.206375
0
1.455787
0
0.187486

4i
0
27.60006
0
221.0886
0
31.76697

4i
0.00
25.38
0.00
26.03
0.00
27.01

4i
0.00
133.74
0.00
151.87
0.00
169.44

4m
0.011221
1.066385
0
3.829027
0
0.853756

4dm
1.315203
127.9599
0
737.5265
0
156.7984

4m
24.18
24.03
0.00
27.73
0.00
27.36

4m
117.21
119.99

0.00
192.61

0.00
183.66

0
0.050713
0
1.110163
0
0.14821

0
5.730531
0
168.6339
0
26.3065

5
0.00
25.00
0.00
26.16
0.00
27.06

0.00
113.00
0.00
151.90
0.00
177.49

6
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00

O O O o oo

O O O o oo

0
0
0
0.063909

0.019338

0
0
0
14.63519
0
5.039986

7
0.00
0.00
0.00

29.50
0.00
30.46

0.00
0.00
0.00
229.00
0.00
260.63



Table 11. Abundance, mean weight, mean length and biomass by age group and sub area for Baltic
Sea spring spawning herring in the Danish acoustic survey with R/V Dana in June-July 2016

Numbers Spring spawning herring in mill.

WR
21
31
41
42

151

152

0
202.0383
0.285822

0
0.238672
0.096459

0

1i Im
13.63894 0.518916
62.33557 4.409636
32.48872 0
64.32125 0
245.9035 0

1.448997 0.244174

Biomass Spring spawning herringin ton.

WR
21
31
41
42

151

152

0
726.1063
0.646184

0
10.02421
0.527508

0

1i im
461.8109 18.14337
3353.388 237.364

1379.604 0
3332.267 0
6712.751 0

64.25178 16.22777

2i
4.237349
53.98937
2.955147
106.4422
0.29559
7.327453

2i
178.0924
3619.92
199.7122
8427.478
23.63155
612.6062

Mean length Spring spawning herring in cm.

WR
21
31
41
42

151

152

Mean weight Spring spawning herringin g.

WR
21
31
41
42

151

152

0
8.28
7.76
0.00

17.50
9.34
0.00

0
3.59
2.26
0.00

42.00
5.47
0.00

1i Im

16.79 17.32
18.74 19.15
17.29 0.00
18.39 0.00
15.40 0.00
17.65 20.02

1i im

33.86 34.96
53.80 53.83
42.46 0.00
51.81 0.00
27.30 0.00
44.34 66.46

2i
17.95
19.80
19.66
20.82
20.80
21.02

2i

42.03
67.05
67.58
79.17
79.95
83.60

2m
1.497143
26.52026
0.450655
44.10811
0.182111
7.46989

2m
77.72751
2102.859
36.11387
4092.733
17.09806
713.3199

2m
19.75
20.93
20.59
22.09
21.75
22.16

2m
51.92
79.29
80.14
92.79
93.89
95.49

3i
0.133251
7.002178
0.002349
13.55002
0.006556
0.624992

3i
9.009312
495.5345
0.232551
1323.082
0.649044
72.94304

3i
21.27
20.87
23.00
22.75
23.00
23.53

3i
67.61
70.77
99.00
97.64
99.00
116.71

3m
0.980781
16.92262
0.031161
81.00337
0.048078
11.04707

3m
59.69872
1532.045
3.266997
8873.46
5.109346
1295.038

3m
20.94
22.51
23.32
23.85
23.77
24.27

3m
60.87
90.53
104.84
109.54
106.27
117.23

4i
0
0
0.017491
2.139864
0
0.137972

4i
0
0
1.294346
188.5996
0
8.416292

4i
0.00
0.00
21.00
22.45
0.00
20.50

4i
0.00
0.00
74.00
88.14
0.00
61.00

4m
0.273676
6.230426
0.003954
39.07346
0.013112
5.269136

4m
17.96392
717.8968
0.548332
5292.804
1.818247
822.7746

4m
21.41
24.31
26.83
25.55
26.83
26.62

4m
65.64
115.22
138.66
135.46
138.67
156.15

5
0.07103
1.110074
0.001318
9.364109
0.004371
1.497991

5
4.788561
156.3627
0.213516
1415.656
0.708102
222.6024

22.04
25.70
28.00
26.45
28.00
26.07

5

67.42
140.86
162.00
151.18
162.00
148.60

6
0.021113
0.050713

0
1.81189
0
0.282918

6
1.300565
4.817703

0
316.8483
0
49.16666

22.27
25.00
0.00
28.27
0.00
27.50

6
61.60
95.00
0.00
174.87
0.00
173.78

0
0.237849
0
0.165272
0
0.105566

0
22.59568
0
27.60048
0
16.51639

0.00
23.50
0.00
28.00
0.00
27.55

7
0.00
95.00
0.00
167.00
0.00
156.46

0
0.142066
0
0.870549
0
0.134198

0
18.61062
0
134.6282
0
21.25659

0.00
26.50
0.00
27.29
0.00
27.29

8
0.00
131.00
0.00
154.65
0.00
158.40

0

0.1094

0
0.688139
0
0.037151

0
10.06481
0
92.47568
0
7.583716

0.00
24.00
0.00
26.30
0.00
30.23

0.00
92.00
0.00
134.39
0.00
204.13



Table 12. Abundance, mean weight, mean length and biomass by age group and sub area for sprat

in the Danish acoustic survey with R/V Dana in June-July 2016.

Numbers sprat in mill.

WR 0 1i

21 0 5.4026
31 0 0
41 0 0
42 0 0
151 0 7.7935
152 0 0

Biomass spratin ton.

WR 0 1i

21 0 37.7036
31 0 0
41 0 0
42 0 0
151 0 75.7936
152 0 0

Mean length sprat in cm.

WR 0 1i

21 0 9.49
31 0 0

41 0 0

42 0 0

151 0 10.49
152 0 0

Mean weight spratin g.

WR 0 1i
21 0 6.98
31 0 0
41 0 0
42 0 0

151 0 9.73

152 0 0

Im

Im

Im

O O O o o o

Im

O O O o oo

2i
0 671.1656
0
0.0014
0
708.2964
0

O O O o o

2i
0 8651.8740
0 0
0 0.0171
0 0
0 9335.8829
0 0

2i
12.17

12.5

11.80

2i
12.89

12.26

13.18

2m

2m

2m

O O O o o o

2m

O O o o o o

3
0 279.1083
0 0
0 0
0 0
0 100.8262
0 0
3
0 4807.2319
0 0
0 0
0 0
0 1752.6649
0 0
3
13.33
0
0
0
13.01
0
3
17.22
0
0
0
17.38
0

0.8659

o O O o

18.8241

oo ooo P

21.74

O O O o o

O © O o
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