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Aim of survey
The main purpose of the survey is acoustic estimation of stock size and distribution of mature and
immature capelin, age groups 1 and older in Iceland, East Greenland and Jan Mayen waters. In parallel
it is endeavoured to utilize the survey to gain further information on capelin biology and ecosystem

couplings to biological communities and the physical environment in the area.

Survey summary
The survey area extends along the East Greenland shelf break from 63°N to 75° N, over the Denmark
Strait and along the shelf break north of the Westfjords peninsula and North Iceland, east to ~12°W
meridian. Figure 2 shows draft survey transects, but note they are likely to change as the weather, drift
ice and the distribution of the capelin have to be taken into account during the execution of the survey.
According to this plan (see Table 1) total sailed distance will be approx. 8200 nmi.

Table 1 Survey summary

Distance
Start Exchange | End Days (nmi) Notes
Tarajoq 27.aug | 8.sep 20.sep | 24 5200 Possible savings using {safjordur
Arni
Fridriksson 5. Sep 21.Sep | 16 3200 Heavier fixed station load
Total 40 8200




Areal coverage

For the purpose of acoustic abundance estimates of this migrating stock a continuous coverage with

minimal delays between transects is preferred. Based on observed capelin distribution in recent years

and considering oceanography the survey coverage is planned with priorities as described on Figure 1.

This year 3d priority regions will only get measured if there will be remaining time at end of survey or

if conditions will favour it during a halt of measurements in higher priority areas due to bad weather.

The northern Icelandic shelf has higher priority this year due to capelin observations in May and July.
W o4&
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X

Figure 1 Regions covered by the capelin autumn survey. Priorities of the regions: Red = 15t priority, Orange= 2@ priority, Blue
= 3d priority.



Survey design and vessel allocations

Tarajoq will depart from Hafnarfjordur on august 27" and start with covering the southwestern part of
the survey area. Tarajoq will have a personnel change in Hafnafjordur on the 8" of September at which
time Arni will have departed from Hafnafjordur harbour (on Sep 5") and continue in the west where
Tarajoq leaves off. After the personnel change, both vessels will work in tandem, covering the main
region along the east coast of Greenland to the north Tarajoq going furthest north, while Arni will turn
south to cover the north Icelandic shelf break, as shown in Figure 2. Secondary regions will be covered
as time permits, but weather and conditions may lead to a different approach.
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Figure 2 Suggested density of survey transects within each region, Tarajoq green, Arni red.
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Data collection

Real time mapping of the tracks of the vessels has been valuable for collaborators and as a publ
Sampl

outreach. We have been using the VMS and AlS systems to track the vessels

Mayen and Iceland
Survey tracking

KRR
s
R
S s
5 e s

e
SRR e
S e S
R R e
R
A
s
ARSI
R RIS

s
S SR
S AR SA SRS
R RIS
IS
RS AIISESESERES
RS
o B s
IS RS
SIS SIS

XX KRR KL RK X XRKX KRR KRX

SIS
R SIS
SRS ISISISIISTIS
5 S5 5

RSETRRKS

S
R

&
Soste%es
2950593
t9%e%s
¢
'S

'S '8

25
293
5K
R
25
039S
'
85

5
%
0295
%
e
S
55
555
%
%

= KRR
SRR
et
BRI
BRI sty
TS
XS
RSRIS
KRS
%
25

&
%S
29598
293
0%
283
25

3%
R
093
2
K
9Leteres
8
09598
255
255
255K

S
5
o388

243
%

2

Se%ets

5
S
X
s

093
5

5
<

243
0%
5
2
XS

25

KRRKK
s

K
o

:
R
5
¥e%s
5
S
$%e%
<
Seso%s

5

00
S
X
%3
%
%
355
S
55

5%
%
x5

%

%

XS
%%
o2
o
XS
ote:
>2
XX
90557

S

5
582
55
555
%
2
55
5
3
2
%
5
%
S
s
XK
83
5
5

'S
29598
S
2959593
099598
293

S
%

%
S
S
%

S
0595

58

5

s
RIS
RIS

RSO ISSS
DR
,..w..

>
3
oo}
:
55
s
:
5
3
3
:
3
:
S
55
<
55
2058

S9305050%9%

%
9%
2908
2K
2
o9
5
5
25
2%
o393
XS
LS
5
<

%
Sesstotesesetet

<R

2
5
(S
55
5
5
%
558
3
5
55
5
5
S
XRKKL
s

0%
293

0%

o%0%
293

293
55
098
3
oot
9
<Xt

<
XX

R % RO

e < S MK
e RIS
st et
AT o s
O o RIS
e RIS

B R SR ABCRT R
O OO 7 O eSS X LRI,
R XHXR KX RIRIEINL S SRS XK X RISSKRRRARXX
LRI Yo KRR % %
RS o R85
S A S S GRS it
R o e RS SBER 3 s
Pototoret RRRAERRRIE LR QLR & BB
B D LRI s sess
RSNLRCSNS LI IS

O s oo L PRI

XK R & <

B e o N RIS

%

293
093

293
09t
%
ot
02!
o305
Sesasototetetatotetetetet

IR

%
3
5
0
3
3
ESSoss
0

53
S5
5
RS
5%
5
5
o098
5
QX
K

02993

oot oatatoteretatoteretet

2
XS
5

23

25

23
S
29598
KK
09598
5
35
oS
0%
S
293

S
55
S
o2
Sersretetes

2
5

3
2
K
25
X
5%
2

0%

o%9S
i
%S
25
25
25
25
o3

%
o
3
8%
S
KR
S
S8
R
X ZRIRR
SRR
OSs
S
KX
%, 2.

XXX
QR
%

s

X

029
=
=
S
%5
%
9%

%
gt

%

003
%
<

%
2
2R
X

2
0%
25

23

o
SIS,
S RIS
SRS

RS
29598
<X
%9598
X
%5
2%
oo’
X

S %
5
e e 5 X
S ssssett, SN RIS
s R s
X IR
S RIS
EERI BRI
N T SR RS KRR KRR KL X
R RIS
ity o e :
RS LS e
ol 4 XRRKKRK R =~ ML
B prrerem: S LSILIS,
A o R S
i R D IR OATIY XTI N PN 555550 o AR IR
DTy SN TN
T R R e N
R R A I LS SR
5 R IR L ooy
.
R I S
s
S8, D SOOI NS, QRIRK
O s
S S RIS
R BB L
KRR XK RRRKKS RSN
ISR
SRR
SRS

5
R
XRRRY
3
555
RS
05
RS
B
0200
K

2
293
293
S

'

QS

SRR

BRI
RIS
R

RRRX

%

3
=
5
008
S

&

8

%

N

S
%3
8
2
X
%
8
S
2058
3
X
X

3
QK
o

00
s
X ORI
S

o
2R
5

0

0%
%%
5%
<

R3S
553

0%
%S

%
09098
09

205558

5

58

S
o%
s

IR
LK

osesesesetel ey
s teseatetete sy,
o esetetetesit,

XX
Pe%s
ke
B
<SS
s

0
XX
<

B
%
%
%
35
e
%
X
%
o295
e
X
5
e
—
R
%
000
s
%
3%

%
%
%
%
%
%
203eke
030
X
s
X

2
2

%

N

233%
e
8
0%
B8
o
S
8
o5
T
RS
0%
oo
RS
295
0
X
XS
%
<X
oo
¥,
%,
St
£

5

9%

%
K
%2

2
§525
S9%

3

X
oo
5
3%
X
S
s
20
%
%
%
%,
e
X
RS
XS
S
%
~
%
09583
R
o
<4
]

093
2958
G
%t
%
<

“
2
%
X
8
o0
X
3
o
XX
%
%
S
0T
RS
‘0%
g
%

£
%
o

%
e s
XX %

%
%
%
&
o

XX
3

55
%

%

%
s
S
793
0%
%
00!
2
%9
S
%
i
X
%
%

is
S
s
X
9598
2928t

S

295%%
X

<X

X

%
Q
XX
oot
20N

b o

393

I3
2
k5

£
£
£
%
5
33
K
%
%S
%
5
0
o
09!
s
S
%!
X
%
%
%
%
2
X%
o
5
0
o
%5
oS
XN
08
2
5

%%t
X

[

539
2

5
2%
%
%

2
-
25
X
23
2
3
553
5
3%
2
0050t
5
2
s
ook
X
23
2
o
%
7%
%
%
<
%
X

293
55
0%
953

25
S

093
293
e
%S
XS
093
293
2
X
XS
293
ot
%
o
%

S
0%
RS
s
e
%%
200
RS
QXX
203050598
20N
e G
SRR
2000
S
SN
SR
09900
ofeSe%etels
3
5%
3
5
0595
s
9%
So%0
RR
R
9
3
o

XS

o2
o
R
55
5
2
o293
0%
25
X
&
293
293
298

5
555
5
—
8

S
—
%
5
%
%
%
%
S
%
X
—
R
95
2
S
%
%
%
>
X
7%
3
%

%
%
%
%
e
o
&
55
S
%
S
s

5
<SS
o130,

&
0
&
X
00!
09!
%
5
%!
X
2
<
X
$E88
3R
38
SRR
S
KRS
R8RS
teteted
RS
QR
e
X
5P
58
K
%
8
R
5
£
X
%

RS
S
RS
RS
0%
%
5
o
5
€
9]
S
s
3%
XX
%
%
g:,
22

2
2

3
3
%
5
5
%
%
5
2
-
%
%
%
s
2
%
5
s
%
&
0%
o%
%
%
-
5

%
55
-

55

X

3
oo
2%
35
S
%%%
%%
%K
5
S
otete
%
X
5%
e
XX
0
et

%

29
%
%
%
<8
%
S
33
“
3
v

4K
o2

85
—
3
3
X
X
095
2
o
%0%0%
XRARK:
XX
X
X
o
—
%
X
3
8
%
X

X
%
o0,
%

<

22
o
%
%

%
%
&
202
%
X
3
&%
5
3
&

%
S
K
%
X
K
X
%z
%
oo
R3S
2
XK
%2
X
o
o%?
5
2
o2’
3
&

3
%
%

15

%
%
%
o202
X
X
5
%
%
%
0
-
X
%
%
%%
20
&5
%
oo
R
RS
K
28
RS
93955
R0
%
20202
R
o
i
%

2
5
5
ol
25
0%
298
5
%

£
K
55
%5
%5
S
%%
S
S
%5
XS
e
X
%S
S
o
%
s
.
5%

3
oo 4

%
b2

&
4

o
S

So%e%9%
SRR

%

058

K>
K
<
3

X
<

%
R

R
X

*
R
5

0

S
NS
RIS
BRI
QRN 3

RIS
A
et
KIS
Qo
K
o

=
=
S
ERAXKAE
R A S
% o a0 oo e e 0 a0 e et s
5

SO

o
LSS R SIS IRR NS
e £ S s tses:
RS S ns?” $E8
: R B SRS
R RS

I
SRS
oSS O
R ISIISHEISIISISIAN
AN
R RN
R IIIISEEIL
R R ERIIIN
B SIS

255

293
%
R
S
QRN
2959585

25
2

3

o950, e
S, Z
0”000"0“» R ILIEIELE,
3 o
g 5
BRI
R SIS IKSE
IR
S S
e
s s
B R IS
R ]
e s

S95050%eS
st

&
::0
XN
0¥
%S
X

%,
2

%)
2%,
bo%e!
55
2050%eS
s
Sesobtesetetes

S
555
2%

093

K

3

5
%
003

S AR
SRS
Y ey 57 e s
S A s (ST I NS
ALK
RIS
e s
s SIS
R S AR
ARSI B
s B
SRS %
s o5
ARt S
R
RS
Rt oo
AR
S
GRS
2

s
B
S
S s

N
5
<3
Y
o
25U

%

58
%

X

SRS
RIS
XK KRR KRRKKS
RS
RIS
RS
SBIEEEEEEIEIEES
SIS
RS SRESEESS
e S
DS BISSS
SRR
R I RIRRAR
e o 000
S RERRSSEEK
OIS
BRI
RO

255
09

293

%ated

55

2R

X5
S

0%

S

Spread CTDs/WP2.

CTDs/WP2/Bongo, Blue dots

transect CTDs/WP2, Gray dots

Main

Figure 3 Sampling stations. Red dots
NOTE transect plan from 2021.



Station information

For every station one station sheet should be filled out. The chief scientist oversees the stations sheets
and enters the information into SeaScale. If something goes wrong during trawling it should be noted
and a decision taken on whether or not to trawl again. If a station is repeated a new station is created

with a new station ID / number.

Variable Description

Survey ID E.g. ‘A9’ for Arni Fridriksson, ninth survey of year.
Year 4 digits, e.g. 2019,

Station Running number.

Ship ID 4 digits, e.g. 2350 for Arni Fridriksson.
Date Day and month, ‘dd/mm’.

Gear code Gear code in Hafré gear coding system.
Mesh size Mesh size in codend.

Sweep length Length of sweeps in fathoms.

Gear ID ID of the specific trawl used.

Total catch Total catch in kg.

Position of setting and hauling in the trawl

Latitude and longitude in degrees, minutes and
decimal minutes (DD°MM.mm) according to GPS
positioning.

Time!

Time (HH:MM) at start and end of tow.

Tow direction

Tow direction in degrees. Average during tow.

Bottom depth

Bottom depth in meters.

Towing depth

Towing depth (depth of trawl headline) in meters.

Vertical opening

Vertical opening of the trawl in meters. Average for
the tow according to gear sensors.

Door spread

Door spread in meters. Average for the tow according
to gear sensors.

Wire length Length of wire given out on the tow in fathoms.
Average for the tow.
Tow length Tow length in nautical miles according to track on

GPS.

Tow duration

Duration of tow in minutes. Time from start to end of
tow (i.e. at towing depth).

1 At start and end of trawl haul. Start: when the trawl has reached towing depth. End: when trawl is hauled

back from towing depth.




Tow speed Tow speed (nmi h') according to tow length and tow
duration.

Trawl samples

Towing will be undertaken with a Gloria Widebody or Multpelt pelagic trawl with a capelin codend on
r/v Arni Fridriksson and a Multpelt 416 on Tarajoq as acoustic registrations indicate and the acoustics
watch decides. Trawl samples are very important during interpretation of the acoustics and estimating
the composition of the stock and it is therefore important to collect sufficient number of trawl samples.
Situations can arise where separate acoustic registrations at different depths give occasion for trawling
twice in the same location to get separate samples.

Paragraph from Teunis regarding trawl operations:

The capelin trawl on Tarajoq performed well at most depths when the upper hatch on the doors were
opened and the rest were closed (must be set at beginning of survey because it differs from the
mackerel survey operation). The trawl eye should be on the lower line, not the headline.

Fish biology

Researchers work up samples from trawl catches right away, towing is undertaken around the clock.
All catch is taken below deck, weighed in batches in the trough weight (~85 kg) on-board r/v Arni
Fridriksson, but on-board r/v Tarajog volumetry in trough or baskets. A capelin sample is taken in a
bucket in the middle of the catch, or at least not the first or last part of the catch. The whole catch is
sorted by species in co-operation between deck hands and researchers, generally this entails sorting a
small amount of other catch from the capelin. Catch of each species is weighted and measured, by-
catch species are measured and/or sampled for otoliths according to sampling table. Age
determination of capelin is done on-board if possible. Instructions for capelin otolith extraction can be
found in quality handbook, section 4.02. Note that the order of fish must be random. Length, ungutted
weight, gonad weight (maturity stage 3 and above, both sexes), sex and maturity is collected on fish
selected for otolith extraction.

Lumpfish: Sample one female and one male on each station, determine length, ungutted weight, sex,
maturity, gonad weight, liver weight, gutted weight and extract otoliths. Measure length and
determine sex (sexed length measurement) of up to 20 fish per station. All lumpfish sex and maturity
allocation should be made by visual examination of the gonads as external distinction can be difficult.

Enmeshed capelin shall be shaken from the trawl, which will be examined by the researcher with
regard to proportions of juvenile and 0-group capelin. Length measurement taken from 50 0-group
capelin to the nearest mm, registered as species 931. Total weight of the 50 capelin 0-group/larvae
shall also be recorded. Also, about 100 individuals of 0-group capelin should be preserved in ethanol
for the project ‘Distribution, origin and fate of capelin larvae’.



Species

No length
measures

No
otoliths

Stomachs

Frozen
for
DNA

Frozen
for fat
measure

Unit

Measuring
board

Capelin

100!

100

10

50°

2x50%

1mm

mm board

Capelin  0-
group

50

1mm

mm
board/paper

Polar cod

100

20

10

Imm

mm board

Herring

150

50

1cm

Rounding
down to cm
below
(Icelandic
Herring
board)

Blue
whiting

100

25

1cm

Rounding
down to cm
below
(Icelandic
Herring
board)

Mackerel

100

25

1cm

Rounding
down to cm
below
(Icelandic
Herring
board)

Lumpfish

20°

1 male
+ 1
female

1cm

Standard fish
board (MFRI)
Rounding

down to cm
below (GINR)

Myctophids
and
pearlsides

50

mm
board/paper

1 Always pinched tail length (Hansen et. al 2018).
2 Sexed length measurement.
3 Every second trawl station.

450 capelin > 14cm and 50 capelin < 14cm.




Other 100 1 cm, | Standard fish
generally | board (MFRI)
Rounding

down to cm
below (GINR)

Acoustic measurements

Acoustic measurements are conducted along predetermined transects/sections and it is important to
keep the correct heading and it is expressly forbidden to turn off the track towards schools while on
transect. After taking a trawl sample, acoustic measurements should start again at the position
reached before going off transect for the haul. Usually, the vessel turns back to tow on registrations
according to decisions made by the acoustics watch. Towing in the transect direction generally does
not give a valid measurement. It is necessary to keep a good acoustics watch logbook. Trawl sampling
and other events during acoustic surveying should be recorded in a digital acoustics watch logbook.
Vessel track shall be logged continuously with OpenCPN at the acoustics watch, in addition every
station shall be marked. It is useful if such waypoints contain a link to information about each station,
e.g. CTD-info or trawl sample composition. Tracks and waypoints shall be saved regularly in gpx-format
(Export as GPX) or at least once every 24 hours and shared within collaborators.

Acoustic data are collected to 500 m depth on the ‘narrow band’ frequencies on offer by the acoustic
instrumentation of the vessel (see table). Raw data (.raw) are saved and acoustic registrations on 38
kHz interpreted as capelin are saved as back-scatter (NASC, Nautical Area Scattering Coefficient in sA-
units (m2/nmi?)) with -70 dB lower threshold in 0.1 nmi integration intervals in the LSSS post-processing
program.

Arni Fridriksson Tarajoq
Echo sounder Simrad EK80 Simrad EK80
Frequency (kHz) 38, 18, 70, 120, 200 18,38, 70, 120, 200, 333
Primary transducer ES38-7 ES38-7
Transducer installation Drop keel Drop keel
Transducer depth (m) * 10 2
Upper integration limit (m) 15 15
Absorption coeff. (dB/km) 10.5 10.3
Pulse length (ms) 1.024 1.024
Band width (kHz) 2.425 3.06
Transmitter power (W) 2000 2000

10



Angle sensitivity (dB) 18 21.9

2-way beam angle (dB) -20.3 -20.4
Sv Transducer gain (dB)

Ts Transducer gain (dB) 27.03 26.94
sa correction (dB) -0.04 -0.13
3 dB beam width (dg)

alongship: 6.43 6.47
athw. ship: 6.43 6.54
Maximum range (m) 500 500
Post processing software LSSS LSSS

* Note that range in acoustic data on Tarajoq is referenced from the surface, while on Arni it is from the face of the
transducers, which is at ~10 m depth with the drop keel extended.

If possible two independent interpretations/scrutinizations of acoustic data should be made by two
scientists before the final interpretation is determined. After that average NASC is found in
guadrangles of dimensions 30’ latitude and 1° longitude or 1° latitude and 2° longitude depending on
how dense a coverage is possible. In case capelin is registered in more contained areas, other grid
resolutions or approaches may need to be used. Trawl samples are used to assess size distribution and
stock composition and the amount of capelin. Acoustic instruments are monitored 24/7 by the
acoustics watch, in addition it is expected that each member of the acoustics watch participates in post
processing, calculations and other duties. Acoustic interpretation should be done continuously during
survey so that it is possible to deliver a stock estimate at the end of the survey. As soon as possible (a
few days) after the survey finishes a survey report and a report on the stock estimate of capelin should
be finished.

Submersible echosounder - WBT-TUBE

A calibrated submersible echosounder -WBT-Tube (Simrad EK80; ES38 18DK-split and ES120-7CD kHz)
will be deployed during the capelin autumn survey on RV Arni to provide high-resolution acoustics data
(35 to 45 and 90 to 170 kHz, respectively) of capelin schools down to a maximum 500m. The objective
is to evaluate the influence of physiology and behaviour on the target strength of capelin. See further
details on appendix WBT-TUBE regarding the instrument mode of operandi.

Echosounder calibration

If conditions permit all frequencies of the echosounder should be calibrated at the beginning and end
of the survey, but at the earliest opportunity otherwise. The calibration procedure is mostly according
to (Demer et al. 2015). See also appendix to acoustics manual/section of quality handbook. The plan is
to use calibrations from April 2022 and later compare with calibrations in December 2022 to estimate
stability of the echosounders.
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Capelin gonad samples

Capelin gonads will be sampled onboard both vessels. The gonad sampling will be opportunistic (e.g.
when researchers are uncertain of the correct maturity stage) where, at each station, up to 10 gonads
from capelin >12cm length can be sampled into tubes filled with a 4% buffered formaldehyde
solution, preserving the gonads for later histological embedding. The tubes will be labelled
with; cruse ID, station no and fish no and sorted into a cardboard box. The samples from
Tarajoq will be processed in Greenland/Denmark and the samples gathered onboard Arni will
be processed in Iceland.

Zooplankton sampling

WP2-nets (at all CTD stations) and Bongo-nets (on the five main transects) (see Appendix WP2 and
Appendix BONGO) will be used to get information on zooplankton biomass and compositional data.

Trophic interactions in the pelagic ecosystem with emphasis on capelin

Capelin from the pelagic trawl will be used in the trophic study to sample stomachs (for detailed
analysis see: Appendix STOMACHS).

CTD / hydrography

Hydrography will be conducted by taking CTD-stations on sections across the capelin distribution. The
CTD-probe is lowered down to 500 m or to the bottom in shallower waters and a seawater sample will
be collected at the deepest point. CTD-measurements (temperature, salinity etc.) give information on
environmental parameters linked to capelin migration in addition to enabling estimation of sound
speed and absorption through the water column for correct parametrization of the echosounders
which is important for comparison of back-scatter on different frequencies.

Continuous recording of surface environmental parameters (underway)
Continuous recordings of at least temperature and salinity in the surface is on-going underway for the
whole survey.

Fat composition
Frozen samples of 50 capelin > 14cm and 50 capelin < 14cm will be collected for estimation of fat proportion.

DNA samples
Frozen samples of 50 individuals at every second trawl station will be sampled for genetic analysis.

Whale observations
Systematic collection of data for estimating abundance of cetaceans and birds will not be conducted
in 2021.
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Opportunistic cetacean observations from bridge will be registered on observation sheets.

Photographs for individual identification will be collected to the extent possible.

Appendices

Personnel, roles and shifts

Tarajoq
Name Role Shift
Lars Heilman Chief Scientist/Fish lab/zooplankton 12 hours

Maria Pedersen

Acoustics, fish lab (first half)

8 hours + 4 other tasks

Maria Krueger-Larsen

Acoustics, fish lab (second half)

8 hours + 4 other tasks

Rune Garmund

Acoustics/Marine engineer

8 hours + 4 other tasks

Jgrgen Sethsen Fish lab/zooplankton 2 x 6 hours
Malthe Kjglhede Ahlmann Olesen | Fish lab/zooplankton
Kristinn Gudnason Acoustics (first half)
Sigurvin Bjarnason Acoustics (second half)
Hildur Pétursdattir Zooplankton/fish lab (first half)
Arni Fridriksson
Name Role Shift

Sigurdur bér Jénsson

Chief Scientist /Acoustic

Warsha Singh

AcousticsAcoustics/Fisheries
biology

Thassya Christina dos Santos
Schmidt

Acoustics/Plankton expert/Fish lab

Ragnhildur Olafsdéttir

Fish lab/zooplankton

Sverrir Daniel Halldérsson

Fish lab/zooplankton

?7??

Telephone directory

Arni Fridriksson
412 1111 Bridge

412 1105 Machine room
412 1106 Crew

412 1107 Crew

Tarajoq
... to be provided by Greenland ...
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Capelin maturity staging

Gonad
maturity
stage

Name of
maturity stage

Females

> e

Males

.’——%T .
== T

1

Immature a

Juvenile fish. Gonads tubular, very
thin (<1 mm), translucent, and
without colour. Can be difficult to
detect for inexperienced
researcher. The sex is difficult to
determine at this stage.

Juvenile fish. Gonads tubular,
thin (<1 mm), translucent, and
without colour. Can be difficult
to detect for inexperienced
researcher. The sex is difficult to
determine at this stage.

Immature b

Ovaries thicker (more volume),
transparent and without colour or
with a hint of colour. Visible
‘ripples’” under the ovarian wall
when the ovary is stretched.
Relatively easy to determine sex.

Testes thicker (more volume),
transparent and without colour
or with a hint of colour. Testes
are smooth when stretched, i.e.
no ‘ripples’ visible. Relatively
easy to determine sex.

Mature -
ripening a

Ovaries bigger and occupy up to
half the body cavity. Opaque with
visible yellow-white specks (eggs).
Blood vessels visible. Season in
Iceland: October to December.

Testes opaque white or with
white dots, firm and still of
limited volume. Blood vessels
visible. Season in Iceland:
October to December.

Mature -
ripening b

Ovaries bigger (more volume),
colour yellow or white, and occupy
up to 2/3 of the body cavity
(related to somatic  body
conditions of the individual). Eggs
(oocytes) distinct and grainy. Eggs,
in the front end of the ovaries,
becoming  hydrated (turning
transparent). Blood vessels visible.
Season in Iceland: middle of
December to January.

Testes bigger (more volume),
colour light grey or white, and
milt has high viscosity (thick
liquid). Blood vessels visible.
Season in Iceland: middle of
December to January.

Mature -
ripening ¢

Ovaries filling the body cavity.
Majority of eggs hydrated
(transparent). Ovaries do NOT run
under pressure. Season in Iceland:
latter part of January and
February.

Testes grey or white. Milt has
less viscosity (more runny liquid
compared to stage 4). Milt does
NOT run under pressure. Season
in Iceland: latter part of January
and February.

Spawning

Ovaries run when light pressure is
applied to abdomen. Eggs are
hydrated (transparent). Season in
Iceland: February—March.

Testes run when light pressure is
applied to abdomen. Season in
Iceland: Febryary—March.

Spent

Ovaries slack with residual eggs.
Season in Iceland: March.

Testes baggy, blodshot with
residual milt. Season in Iceland:
March.

Resting

Ovaries small, no eggs visible.
Difficult to determine if stage is 8
or2or3.

Testes small, no milt visible.
Difficult to determine if stage is
8or2or3.
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STOMACHS

Capelin and polar cod stomachs no. 1-10. The first 10 capelin and 10 polar cod stomachs from the fish
sampled for otoliths will be collected and frozen immediately (one in each bag with a label and then
put all the bags together in one larger one).
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Bongo-net

Sampling with Bongo-net

A Bongo net is in fact two nets attached together. To estimate the seawater that is filtered by the net
a flow meter is attached in both of the net openings, but depth is monitored with a Scanmar depth
sensor attached to the wire just above the net. Mesh size is 500um for both nets.

a4

Sampling on the 5 main transects

1.

Before the net is put out depth a reading is taken from the flow meter in the net opening. Flow
meter is placed in one of two nets. We have the same mesh size, then we only need one flow
meter.

The Bongo net is let out on the windward side. Captain or first mate determine when to start
letting out and monitor .

During sampling the net is let out down to 200 m depth while the vessel sails slowly (2.5 nmi
h1), and then hauled back in resulting in a U-shaped profile through the water column. Both
the descend and ascend rate should be close to 10 m ™",

When the net has been taken out of the water the net is rinsed thoroughly with seawater to
flush all animals down into the collecting buckets. If the weather is mild it can be done with
the net hanging outside the side of the ship. Be careful not to damage the animals and regulate
the power of the seawater flow.

The net is lowered carefully on the deck. Take care the flow meter does not hit the deck,
because it can damage the meter. It is recommended a deck hand or researcher holds the
Bongo-net while it is being lowered to ensure a soft landing.

While on deck, a reading is taken from the flow-meters.

Finally, the two collecting buckets are removed, and they are taken into the lab where the
samples are processed.

Preserving the samples in the lab

We have 2 samples.

Sample from one net is weighed and preserved in 4% formaldehyde solution. Sample from the
other net is frozen in plastic bag.
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All samples are marked with cruise, station number, date and gear (both on label and on the
bag/vial).

WP2-net

Sampling with WP2-net

To estimate the seawater that is filtered by the net a flow meter is attached to the opening, but depth
is monitored with a Scanmar depth sensor attached to the wire just above the net. Mesh size is 200

pm.

Sampling at all CTD stations

At every CTD station, 2 nets should be taken.

1. 0-50m, the sample is frozen (see below).

2. 0-200m, the sample is divided by Motoda splitter in to two. One half is preserved in
formalin and the other one is frozen (see below). If the sample is less than 1ml put the
whole sample in formalin (don’t split).

If the bottom depth is less than 200 m, the net should be lowered 10 meters from bottom.

Sampling

1. The depth is monitored with a Scanmar depth sensor monitored by the captain (50 and 200
m).

2. Before the net is put out a reading is taken from the flow meter in the net opening.

3. The netis lowered down to certain depth (50, 200 m).

4. The netis hauled back in at the speed of ~ 45 m per minute (takes approx. one minute for the
50 m and around 4 minuets for the 200 m).

5. When the net has been taken out of the water the net is rinsed thoroughly with seawater to
flush all animals down into the collecting buckets. If the weather is mild it can be done with
the net hanging outside the side of the ship. Be careful not to damage the animals and regulate
the power of the seawater flow.

6. The net is lowered carefully on the deck. Take care the flow meter does not hit the deck,
because it can damage the meter. It is recommended a deck hand or researcher holds the
WP2-net while it is being lowered to ensure a soft landing.

7. While on deck, a reading is taken from the flow-meters.

8. The collecting bucket is removed, and the sample is put into 200 u filter which is called Dr. hat

(by us). Bring the hat with the sample to the lab.

Note: remember to record the numbers from the flow meter.
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Preserving the samples in the lab

Formalin-samples

1.
2.

Measure the volume (ml).

Jellies are removed from the samples and measured (volume) separately and recorded. The
jellies are then trown away.

Rest of the zooplankton sample is measured (volume) and recorded. Good to use a knife or a
spoon to remove the sample from the filter (Dr. hat) to the volume-vial.

Displacement volume (rimmal synis) (all together i.e. jelly and rest of the zooplankton) is
recorded on the main sheet.

Pour the sample again to the filter.

Completed label is put in a glass vial. The sample is marked with cruise, year, station, date,
gear, mesh size, and depth (50 or 200). Note: use pencil.

Preserved in 4% formaldehyde solution.

The sample should not take more than 1/3 of the volume of the glass vial and formalin 2/3.
The glass vials hold 30 ml, if the sample is more than 10 ml it should be placed in a plastic vial.

Frozen samples

Measure the volume (ml).

Jellies are removed from the samples and measured (volume) separately and recorded. Then
the jellies are thrown away.

Rest of the zooplankton sample is measured (volume) and recorded. Good to use a knife or a
spoon to remove the sample from the filter (Dr. hat) to the volume-vial.

Displacement volume (rimmal synis) (all together i.e. jelly and rest of the zooplankton) is
recorded on the main sheet.

Pour the sample through a 1000um filter with a Dr. hat and a white tray below to get the 2
different size groups (<1000um and> 1000um). Carefully drain the seawater into the filter -
make sure that the white tray underneath does not fill up. Stop sliding into the filter when the
white tray is ~ 2/3 full of sea and zooplankton. Gently dip the filter 3 times in the Dr. hat that
lays in the white tray to filter better.

The part of the sample that went through the filter and ends up in the Dr. hat is the <1000um
sample.

The sample that is left on the filter is the > 1000um sample. It differs in how researchers like
to process it. Most researchers pick directly from the filter, but others want to put the sample
on a tray (either white or black).

The <1000m sample is now rinsed with fresh water and then placed in a numbered aluminum
tray.

The >1000um sample is processed as follows: krill, amphipods, chaetognaths, shrimp and fish
are picked out and placed in numbered aluminum trays (each group in a separate tray). The
rest of the filter / tray is rinsed in a Dr hat, rinsed with fresh water and placed in a numbered
aluminum tray (labelled > 1000). Be sure to always write the number of the freezer trays on
the main sheet. The freezer trays are then placed in a zippered plastic bag and then in the
freezer. Zipper bags should be marked with cruise, station number, tray number, depth and
what is on the tray .
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Atusynataka og medhondlun syna 4 islensku

Ef botndypi er minna en 200 m skal hafur nr. 2 fara 10 m fra botni.

Synataka

1.

Til ad maela dypid sem hafurinn fer nidur a er notast vid dypisnema, sem festur er i segullasinn
sem hafurinn er festur i. Styrimadur i brua fylgist svo med dypinu og kallar upp pegar tilskildu
dypi er nad (50 eda 200 m). Ef vedur er gott og hafur fer nokkurn veginn |68rétt nidur i sjo ma
lika notast vid merktan vir (virinn er pa merktur & 50 og 200 m). Agaett er ad notast vid baedi
kerfin, hafa merktan vir og fylgjast med merkjunum. bPad er svona auka trygging ef menn skyldu
gleyma sér i brdnni. Best ad hafa reglu & hafunum: byrja &8 50 m hafum og taka svo 200 m haf.
Adur en haf er slakad i sjé parf ad lesa fleedismaelistélu og skrd hana hja sér. Gott er ad hafa
minnismida med sér a dekk og skra flaedismaelistélur & hafablad pegar komid er aftur nidur i
labba.

Hafnum er slakad nidur a tilskilid dypi (50, 200 m).

Hafurinn er svo hifdur upp aftur med hradanum ~45 m & minutu, p.e. mida skal vid ad hifing
fra 50 m dypi taki u.p.b. eina mindtu og fra 200 m dypi u.p.b. 4 minutur.

pegar hafur er kominn ur sjo parf ad skola hafinn vel med sjo (til ad skola o6l dyr nidur i
sofnunarbaukinn). Ef vedur er gott er best ad gera petta med hafinn hangandi vid skipshlid.
Vid petta ma nota spul skipsins en geeta pess ad krafturinn a spulvatninu sé litill, pvi annars
skemmast dyrin.

Hafur hifdur um bord og slakad varlega a dekk. pegar hafnum er slakad a dekkid parf ad passa
vel ad flaedismeelirinn skelli ekki i dekkid, pvi pa getur asinn i honum skekkst og maelirinn
eydilagst. Gott er ad hafa hond 4 hafnum um leid og slakad er til ad studla ad mjukri lendingu.
Athugid ad flaedismaelar eru mjog dyrir!

Eftir tog er fleedismaelistala skrad.

Séfnunarbaukur losadur fra og innihaldid sett i Dr-hatt.

Farid med Dr-hattinn inn a labba.

Ath. ad skra alltaf fleedismaelistolur i upphafi og lok hvers togs @ atueydublad.

Medhondlun syna i labba

Formalinsyni
1. Rummalsmaela synid (ml).
2. Meeliglas af haefilegri staerd fyllt af sj6 ad merki (t.d. 20 ml).
3. Hveljur og hveljutaetlur eru fyrst tindar ar syninu og settar i maeliglasid, rammalsaukning lesin

af upp @ ml. Rimmal hveljanna skrad a hafablad. peim er svo hent ad aflokinni meelingu.
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4. Meliglasid aftur fyllt af sjé ad merki (t.d. 20 ml).

5. Atusynid sett i glasid og rammalsaukningin lesin af upp & ml. Gott er ad nota hnif eda skeid til
ad taka synid ar Dr-hattinum og setja i maeliglasid.

6. Nidurstadan er rammal synisins (,,Displacement volume”) og er skrad a hafablad. ATH. ad ef
hvelja var i syninu pa skal baeta peim ml vid rimmal syni.

7. Hella syninu aftur i Dr-hattinn.

8. Setja merkimida i glas sem & ad vardveita synid. Merkimidi merktur med leidangri, ari, stog,
dagsetningu, veidarfaeri, moskvastaerd og dypi (0-50 m eda 0-200 m). ATH. eingéngu nota
blyant pegar skrifad er & merkimidann.

9. Setja synid i glas med hlutleystu 4% formalini. Gott ad nota hnif eda skeid til ad taka synid ar
Dr-hattinum og setja i glas.

10. A égagnsae plastglos skal auk pess setja glasamida & tappa merktur leidangri, ari, stod,
veidarfaeri, moskva og dypi.

11. bess skal geett ad synaglasid sé af haefilegri seerd. Mida skal vid ad synid fylli 1/3 glassins en
formalin 2/3 hluta. | glergldsin rimast 30 ml, ef syni er meira en 10 ml pa skal pad fara i
plastglas.

Frystisyni

1. Rummalsmaela synid (ml).

2. Meeliglas af haefilegri staerd fyllt af sj6 ad merki (t.d. 20 ml).

3. Hveljur og hveljutaetlur eru fyrst tindar Ur syninu og settar i maeliglasid, rammalsaukning lesin
af upp @ ml. RUmmal hveljanna skrad a hafablad. beim er svo hent ad aflokinni maelingu.

4. Meliglas aftur fyllt af sjé ad merki (t.d. 20 ml).

5. Atusynid sett i glasid og rammalsaukningin lesin af upp & ml. Gott er ad nota hnif eda skeid til
ad taka synid ur Dr-hattinum og setja i maeliglasid.

6. Nidurstadan er rimmal synisins (,,Displacement volume*“) og er skrad a hafablad. ATH. ef hvelja
var i syninu pa skal baeta peim ml vid rimmal synis.

7. Synid staerdarflokkad (<1000um og >1000um) med pvi ad sia i gegnum 1000um siu.

8. 1000um sia sett i Dr-hatt og pa naest i hvitan bakka med dalitlu af sjo i.

9. Synid sett 4 siuna. Gott er ad nota hnif eda skeid til ad skafa synid ur Dr-hattinum og setja i
siuna.

10. Sjoér latinn renna varlega ofan i siuna - passa ad hviti bakkinn undir fyllist ekki.

11. Heettid ad lata renna ofan i siuna pegar hviti bakkinn er ~2/3 fullur af sjé og dyrum.

12. Siunni dyft varlega 3-svar sinnum ofan i hvita bakkann til ad sia betur.

13. bad sem for i gengum siuna og hafnar i Dr-hattinum er <1000um -synid.

14. bad sem er a siunni er >1000um synid og er mismunandi hvernig félki finnst best ad vinna pad.
Flestir tina beint Ur siunni en adrir vilja setja synid a bakka (ymist hvitan eda svartan) og pikka
ur honum.

15. <1000um synid er nu skolad med fersku vatni og sidan sett i nimeradan albakka.

16. >1000um synid er medhondlad pannig:

17. Ljosata, marflaer, pilormar, raekjur og fiskseidi tindar Ur og settar i nUmerada albakka. Ath. hver
hopur er a sér bakka ekki allir saman.

18. bad sem eftir er & siunni/bakkanum er skolad ofan i Dr-hatt, skolad med fersku vatni og sett i
numeradan albakka.

19. Athugid vel ad skra alltaf nimer frystibakkanna & hafablad.
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20. Frystibakkarnir eru svo settir i rennilasaplastpoka og sidan i frysti. Merkja skal rennilasapokana
med leidangri, stédvanumeri, numeri bakka, dypi og eftir atvikum staerdarflokki eda hvad i
honum er (ljosata, marflaer o0.s.frv.)

WBT-Tube: Capelin project
Research questions:

1. Are narrowband (CW) mean TS-length assumptions used currently in stock assessment
correct?

2. Isthere a significant variability in capelin backscatter that should be accounted for instead of
using overall geometric mean?

a. Depth/pressure dependency
b. Seasonal dependency
c. Body condition dependency

3. Can broadband (FM) measurements increase the quality of acoustic estimates?

a. FM backscattering properties of capelin
b. Are measurements in FM frequency channels comparable to CW measurements?

4. Can the high-density FM single target detections give full count of targets in the sampling
volume?

Autumn survey: 5 — 21 September 2022 onboard r/v Arni F.

The aim of using WBT-Tube (Simrad EK80; ES38 18DK-split and ES120-7CD kHz) within the capelin
project is to provide high-resolution acoustic data (35 to 45 and 90 to 170 kHz, respectively, for
broadband) of capelin schools down to at most 500 m. The objective is to evaluate the influence of
physiology and behaviour on the in-situ target strength of capelin. The main goals are to assess in-
situ target strength measurements of capelin with respect to depth dependence, gonad status, fat
content and behaviour (swimming angle of the fish).

Sampling should be in narrowband and broadband (FM mode) on both 38 and 120 kHz. We will focus
on specific capelin schools observed at 38kHz. The PI on shift will then decide which capelin schools

to collect samples from. The equipment will be lowered to ~20m from dense schools, and acoustic
registrations will be recorded for at least 15 minutes.

Aim to collect:

1. WBT-TUBE acoustic data on narrowband (CW mode) and broadband (FM mode) on both 38
and 120 kHz, at least 10 to 15 minutes on each mode.

2. Collect additional information from hull-mounted acoustics on broadband on both 38 and 70
(120 kHz if the capelin schools are close to the surface, or at less than 100 m depth).

a. Attrawl stations where the schools are close to the surface (< 50 m).
b. Before the WBT-TUBE deployment.
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3. Cameras (with infrared filters) would be tested during the first deployments to evaluate if
they may be used further. If there is a lot of avoidance when the lights are turned on, we will
not use them. Electromagnetic interference from the cameras could also make us decide not
to use them.

4. Trawl samples are necessary and should be collected before deploying the WBT-tube. Length
measurements (mm) and standard procedures regarding maturation and age reading.
Additionally, fat measures are needed to get better information on the condition of the fish.

Ideally, we should deploy the WBT-TUBE after each trawl. We should aim for a minimum of 4
intermediate and deep deployments (Table 1 approximates the deployment times for possible
depths). In this project, acoustic sampling should focus on a minimum of 3 WBT-TUBE deployments
for each depth range based on the capelin schools' position, more specifically shallow (0-100 m),
middle (100-200 m) and deep (>200 m) schools. In table 2, there is a description of the deployments
already made in this project, so in this autumn survey 2022, we should focus on the middle and
deep deployments where the fish schools are mainly composed of mature fish.

Table 1. Deployment times are dependent on the depth of the schools.

Depth (m) of Hour Number Total hours
schools deployments
100 0.5 3 1.5
250 1 5 5
500 1.5 5 7.5
=14
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Table 2. Stations deployments in the past cruises.

Nr. hull-
. Nr. WBT-TUBE mounted
Season Cruise Depth range [m] . .
stations acoustics
stations
Autumn|A14-2021 <100 2
B10-2021 <100 1 p
100-200 1
Winter|A01-2022 <100 1 3
>200 1
100-200 1
A02-2022 <100 1
>200 p

Precautions when using the WBT-Tube and optical cable:

Take care that the optical cable is not bent and avoid stepping on the cable and make sure
that heavy weights do not fall on top of the cable.

One needs to take special care that the optical cable runs smoothly during the descent and
ascent of the WBT-Tube.

Turn on EK80 only when the WBT-Tube is submerged ~10 m in the water column.

A Scanmar cannot be attached to the WBT-Tube frame to record depth; therefore, one must
take notes on the marks on the cable (or use the cable meter counter).

The initial descent of the WBT-Tube should be at a reduced speed (<0.2 m s, i.e. 12 m min?)
until it reaches 10 m depth. The descent and ascent rates should be less than 1m s (i.e. 60
m min'?) at depths below 10 m.

900 m (see the mark in the optical cable) is the maximum length that the optical cable can go
underwater.

Ensure that the WBT-Tube does not touch the seafloor and is at a safe distance (>10 m
depth).

A technician will operate the optical cable electronic winch for the first deployments.

During deployment
The WBT-Tube will be deployed after trawl hauls.

1.

Make sure that all connections in the WBT-Tube are closed.
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Make the descent of the WBT-TUBE at a lower speed ca. 0.2 m s (i.e. 12 m min? up to 10 m
depth) from the surface until the tube is completely submerged and see if the tripod sinks
fast enough, so there is no entanglement of wires.

Wait after instructions from the researcher in charge of the WBT-Tube until the EK80 is
turned on (maximum pinging and select sequential pinging). The WBT-Tube is lowered down
at ~0.8 m s (i.e. 48 m min') to 20 m distance above the dense acoustic school observed.
The WBT-Tube is lowered down, and acoustic data will be recorded for at least ~15 minutes
at every 20 m distance above the target acoustic layer/school(s) (i.e. 20 m from each dense
layer/school of interest), while the vessel is drifting.

The WBT-Tube is then hauled slowly at ~0.8 m s* (i.e. 48 m min™’) to 10 meters depth from
the surface and stopped there until the researcher stops recording and EK80 is turned off.
Ensure that a researcher holds the frame while it is being handled onboard to ensure the
equipment has a soft landing on the deck and the optical cable is not bent in the process.
After deployment, rinse the equipment with tap water, but first, make sure that all
connections are closed.

Outcomes:

Raw acoustic data (hull-mounted and WBT-Tube) and Starmon measurements (tilt,
temperature, and depth) will be saved on shared folders on the research vessel network for
onboard postprocessing and backed up for post-cruise processing.

The single targets (dB) and total backscatter will be stored as nautical area scattering
coefficient values (s, m* nmi?2) with =70 dB and -82 dB lower threshold in the second
resolution).

TS vs length relationship

Ts vs depth

Ts vs condition of the fish

Comparison of broadband and narrowband acoustics

Comparison of ship and TUBE narrowband acoustics

Log sheets for WBT-Tube deployment (file name: WBT-tubelog.xls )
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Whale registrations

Eydublad fyrir skraningu 4 hvélum um bord i leidéongrum
Hafrannsdéknastofnunar 2019

Dagsetning Timi Stadsetning Hvalategund Fjoldi hvala a |Atferli og adrar
svedi athugasemdir
(hopstaerd)
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Skyringar

Reglulegar hvalatalningar Hafrannséknastofnunar hafa einkum farid fram ad sumarlagi pegar fjoldi
flestra tegunda er talinn i hamarki. Auk slikra skipulegra talninga er mikilvaegt ad skra hvalagengd a
00rum arstimum. Allar slikar vidbdtarupplysingar eru gagnlegar poétt ekki ekki sé pad gert af somu
nakvaemni og i skipulegum talningum. Umtalsverdar breytingar hafa ordid a hvalagengd vid landid a
undanfornum arum og mikilveegt ad skrasetja allt sem ad gagni geeti komid vid ad meta paer
breytingar. A0 sjalfsogdu er best ad skra sem nakvamastar upplysingar en oft eru hlutirnir 6ljésir og
ba betra ad skra bil eda besta/skarsta mat frekar en ad sleppa skraningu (t.d. hdpstaerd 10-30, timi
um kI 14-15).

Skyringar a dalkum

Dagsetning. Skra 4 forminu: dd.mm.ar t.d. 01.01.2019

Timi: T.d. 14:45 eda bil kl. 16-18

Stadsetning: Helst i lengd og breidd, annars med lysingu: a rauda torginu, eda ca 100 milur NA af
Langanesi

Hvalategund: Eins ndkvaemt og haegt er (t.d. langreydur) Ef évissa ma t.d. segja hnufubakur?,
langreydur eda steypireydur, hofrungategund, stérhveli, smahveli o.s.frv.

Fjoldi hvala (hépsteerd): Fjoldi hvala sem sjast 4 sveedinu (eda hopstzerd t.d. ef um er ad reeda
hahyrninga- eda hofrunahdpa). Oft er erfitt ad meta fjéldann og pa gott ad skra bil t.d. 3-5, 10-20,
100-200

Atferli og athugasemdir. Hér ma skrd hvadeina sem gaeti komid ad gagni. Eru hvalirnir ad éta, er
fuglager i kring um pa, voru teknar myndir, voru kalfar i hdpnum o.s.frv.
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Station sheet

Station information will be documented on special paper sheets for each operation on board.
Further a new software collecting station information, trawl trajectories and other information will
be used as an experiment for more digitized and automated documentation of such parameters in
the future.

Example of trawl station sheet:
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