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Abstract

In recent years there has been a decline in bathaid the geographical distribution of the
sandeel stock. The decline has been particuladfopnd in the Norwegian economic zone
where the sandeel play an important part not amleims of economic interests, but also in
transferring energy from the planktonic societythie higher trophic levels. If there are not
enough copepods to feed on, the sandeel alongsentiral other animals would lose its basis

of existence.

As a part of the IMR SMASSC (Survey methods for ratance estimation of sandeel
(Ammodytes marinjisstocks) project it was decided to develop methéats acoustic
identification and abundance estimation of copep®ts was done by comparing biological
samples to acoustic abundance estimates using fredtiency methods with the operating
frequencies 18, 38, 120 and 200 kHz collected 020 hese data were to be compared with
data collected in 2009 with six operating frequerci8, 38, 70, 120, 200 and 333 kHz.
Results from these studies indicate that 333 kHzetpired in most cases to identify
copepods, and that the copepod distribution istéar heterogeneous for biological net
samples alone to be reliable. Acoustic methodsbateer suited for mapping geographical
distribution of copepods and may also be betteediuor abundance estimation of copepods
than the time consuming net sampling methods.

In addition, sandeelAmmodyte maringsdigestion rate and gastric evacuation rate were
monitored in a tankt. The digestion experiment iggpthat the sandeel leave the sand to feed
once a day at the most. Also, it seems like ligihtye than the presence of copepods, is the

decisive factor of motivation for the sandeel tceege from the sand.






Symbols

s, Volume backscattering coefficient fm’|

S Volume backscattering strength (dB re 1)m

s.  Area scattering coefficient fitm?]

ss  Nautical area scattering coefficientymmi], equal to 4 (1852fs,
o Acoustic backscattering cross sectiorf][m

<o> Average backscattering cross sectiofi][m

r(f)  Relative frequency response

TS  Target strength of one scatter, dB fe m

ESR Equivalent spherical radius, the radius of laesp having the same volume as an
irregular shaped object

g Density contrast between an object and its enwient [g/cn]

h Contrast in sound speed within an object angutsounding environment
pa  Areadensity [#/f, [#/nmi?

pv Volume density [#/r]

CML Cube root mean of the length

CTD Conductivity, Temperature and Depth

D Simpson index

1-D  Simpson index of diversity
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1. Introduction

The North Sea is the part of the Atlantic Ocearaied between Norway and Denmark in the
east, Great Britain in the west and Germany, N&hds, Belgium, and France in the south.
The 61th temperate latitude draws the border toNbewvegian Sea in the north. While

Lindesnes-Hanstholm draw the border towards Skakgem the east, the south border is
drawn from Calais-Dover at 51th temperate latitutles a typical semi-enclosed continental
shelf sea (Howarth, 2003).

The North Sea is a productive area with an extenpimary production occurring in the
upper 30 m of the water column. Nutrients are seppby inflow from the Atlantic, the
rivers, the sediments and the Wadden Sea. Nutt@mtentration in the central part of the
North Sea is increased by upwelling from the cdastas during the summer. The upwelling
enhances the primary production (Brockmann, 19%@aRh and Lenhart, 1995) and supports
a large secondary production. The North Sea inbag@veral important pelagic species like

herring, mackerel and sandeel.

Secondary production in the marine environmentasiidated by copepods. Copepods are
usually the main herbivore organisms in marine veand are the most important food
supply for plankton predators (Levinton, 1995; H2995). According to marinespecies.org,
more than 200 copepod species are registered iNdhb Sea. Copepods are the main food
source for many important mid-trophic pelagic f(§ltederiksen et al., 2006). In the North
Sea the lesser sandéélmmodytes marinuRaitt; hereafter sandedl such a fish and has

been dominant in the mid-trophic pelagic regiorcsithe 1970’s (Frederiksen et al., 2006).

The sandeel is one of the most abundant fish itNthvéh Sea and considered as a key species
in the ecosystem (Sparholt, 1990; van Deurs, 2000%).sandeeadre an important link

between the planktonic society and the higher tmjgvels (Reay, 1986; Adlerstein, 2000)
because of its high abundance and high calorid [glislop, 1991). Sandeel are also a key
part of the diet for many different taxa rangingnfr sea birds and seal to predatory fish, but
also of great economic interest to industrial frgi&urness, 1990; Frederiksen et al., 2006).

Sandeel fishery in the North Atlantic is almostleso/ely located in the North Sea where



Norway and Denmark are the main actors (JenseCharidtiansen, 2007). The sandeel
swims in large shoals and spends most of its tiomeed in the sand. Because of its sand
dwelling behaviour it is exclusively found on sarsiypstrate. Sediments where the weight
fraction of the fine particles silt (particles<Orf®) and fine sand is larger than 10% will be
avoided by the sandeel (Wright et al., 2000), agregate a patchy geographical distribution
of sandeel.

While adult sandeel feed on copepods, sandeelddaed mainly on copepod larva and eggs
along with apedicularians (Economou, 1991). If tbpepod eggs are already hatched when
the sandeel larvae is supposed to feed there willithe food available, and the risk of
starvation increases rapidly when sufficient psegiot present soon after hatch{@gnott and
Ruxton, 2002). Sandeel eggs hatch from Februaiayp (Wright and Bailey, 1996) and the
egg laying of C. finmarchicuspeaks in March. The other abundant cope@alanus
helgolandicusmaximizes its egg laying in May (Jonasdottir et 2005). Because of the
difference in the egg laying period it is of gre#erest to (van Deurs, 2009) the sandeel with
a dominance ofC. finmarchicusratherthan C. Helgolandicus.The lifecycle of the lesser
sandeel seems to be adapted to and dependent egglying period of th€. finmarchicus.
Changes in the copepod community with respect tmidiance, will affect top predators
through a climate induced mismatch (Edwards antdd&dson, 2004) in lifecycle between the
sandeel and the copepod community (Frederiksen.ef@06). A record high copepod
feeding Herring stock (ICES, 2004) may perhaps a@gotribute to a decline in sandeel

population.

A number of factors indicate a decline in sandéehalance the past few years. In 2004 there
was recorded an all time worst breeding seasosdabirds in the north western North Sea
(Frederiksen et al., 2006) on the east coast di&@wh Also, a recruitment failure in the
sandeel stock dated back to 2002 led to a 50% tiedua the commercial sandeel landings
and a collapse in the sandeel stock in 2003 and AQAES, 2004). The collapse in 2003 was

unexpected as the snadeel recruitment was veryimigb01.

Decline in the sandeel population has been relatgabssible climate induced changes in the
copepod community (ICES, 2006). Records from camtrs plankton recorder surveys show

reduced copepod abundance, and as figure 1.1 (IQES3) shows, there has been a
2



significant decline in the abundance @&lanus finmarchicusand an increase ialanus
helgolandicusaand an overall decline in calanus abundgirtsath, 1999).

A change in temperature by 1°C over 40 years magnsasignificant, but it has none the less
led to a change in the North Sea from a boreal tengperate system (Beaugrand, 2008;
2009). When keeping in mind that each species lastain temperature optimum, and that
there is competition for recourses between theigspethe preferred temperature interval for
each species is probably smaller than experimeawe Ishown (Bonnet, 2005; Helaoueet,
2007). This change in composition in the copepadroanity will definitely have a critical

impact on the North Sea ecosystem.
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Figure 1.1(ICES, 2006): The C. finmarchicus , Agb&andicus composition change relative to total
calanus abundance in the North Sea from 1960-20@3figure show a shift in dominance from C.

finmarchicus to C. helgolandicus with an overaltlige in the calanus population.

Today’s estimates of copepod biomass are basediadogical sampling. The biological

samples provide precise information about specasposition and developmental stages
rather than reliable abundance estimations. Theegging is very time consuming and the
results are usually not available before montherafihe sampling period. Conventional
sampling is also exposed to clogging and avoid&moee larger zooplankton. There is also the

possibility of a mismatch in sampling intervals amde spatiotemporal intervals of
3



zooplankton (Cassie, 1968; Greenlaw, 1979). Nefpsamof zooplankton has been going on
for approximately 200 years (Melle, 2004), whilerestigation of the acoustic properties of
zooplankton first started in the 1970’'s (Greenl&®79). Since then, in order to better
understand sound scattering from these tiny anithale has been made significant progress
in the acoustic modelling work (Stanton, 1994A, 4B9Demer, 1995; Stanton, 2000).

To detect changes in the copepod community overmall sspatiotemporal scale, a
combination of biological and acoustic sampling Wwé well suited.

To be able to acoustically identify and performusta abundance estimations of copepods it
is a necessity to understand their acoustic saagteroperties (Warren, 2001).

Zooplankton may be divided into three different ecairies based on their scattering
properties; (1) gas bearing (e.g. Siphonophorg)hé2d elastic shelled (e.g. gastropods) and
(3) fluid like scatterers, where the copepods #aeqa (Simmonds and MacLennan, 2005).
Because of the lack of both gas filled inclusiocasiard shell or bone, the echo reflected by
fluid like organisms is much weaker than echoemfgas bearing organisms. In comparison,
more than 90 % of the echo is considered to originom the swim bladder in
swimbladdered fish (Foote, 1980; Simmonds and Maohka, 2005), where the rest of the
echo is produced by bones, scales, tissues anddhab from copepods is much weaker and
more complex than the echo from swimbladdered fsig, about one million copepods in an
ensemble are needed to produce about the sameascboe 10 cm swimbladdered fish

(Korneliussen and Ona, 2000).

When there are many small targets like copepodthenacoustic sampling volume their
individual echoes are combined, and it is almogidssible to resolve the individual targets.
However, the total echo intensity can be used wheasuring the biomass of the sampled
volume. This measurement is defined as the voluaekdzattering coefficient [(swith a
logarithmic equivalent called volume backscatterisgength (9. The mean volume
backscattering strength is commonly used when stgdgooplankton. The,dSs defined as

(Simmonds and MacLennan, 2005):

sy = 22 (1)

where the sumX) of all contributing echoes) from the sampling volumeVis included.

4



To identify insonified targets, the relative freqag response r(f) is an important feature. The
relative frequency response is a measurement ovdhene back scattering coefficient at a
specific frequency relative to that of a refereriuency (Korneliussen and Ona 2002;
Pedersen, 2009) . r(f) was defined by KorneliussghOna (2002) as:

r(f) = )

Sy(38kHz)

Small targets such as copepods would be expectenletiie weak backscattering at low
frequencies (18-120kHz) and according to SimmomaksMacLennan (2005) the strength of
the echo from targets smaller than one wavelerfyphld increase rapidly with the frequency
and enter the Rayleigh scattering region. When kngihe characteristic frequency response
of the target, the frequency response key can lee ts identify the origin of the echo

(Korneliussen and Ona, 2003).

There are two basic approaches used for acoudtinatd®n of copepods. One approach is
based on the empirical relation between volume $@atkering strength and biomass (Kageler
et al., 1987). The other is based on empirical mradhematical models (Anderson, 1950;
Johnson, 1977; Greenlaw, 1977; Kaggeler et al., 198fde acoustic backscattering cross
section §) predicted by these models is related to the tastgength (TS) and rely on the
density (g) and sound speed (h) contrast betweenndonified organisms and the medium
surrounding them, along with acoustic frequency. i3 $he acoustic size of the insonified
target measured in decibel (dB) (Simmonds and Macée, 2005). The T&+elationship
can be expressed as(Ona, 1999):

TS = 10log () S0 = 4mr210(50) 3)

4mr?

ois measured in square meters in Sl unftis the reference area of £m

The tilt angle and shape of the organism are aifoduced in some models. However, the

angular orientation is not considered very impdrfan copepods. The importance of angular



orientation decreases with decreasing size be¢haggifference in cross sectional area is less

for small animals.

From a biological point of view one of the main Iplems with acoustic sampling is the lack
of specimens of the insonified organisms (Greenld979). By combining biological and
acoustic sampling from North Sea sandeel groumgsyrtain aim is to identify and estimate
the abundance of copepods and to use this infoomatinen investigating the copepod-

sandeel interaction.

Do all the sandeel individuals leave the sand eday? This is an important and relevant
guestion for the survey design used in the Norweg@oustic sandeel surveys (Johnsen et al.,
2009), where the sandeel schools are measuredt@etlysduring daytime. The question is
based on the assumption that the fraction of samde®ining in the ground during daytime

is low.

Preliminary analyses of the stomach contents instireleels carried out in previous surveys
suggested that the sandeel had a very rapid digegters. comm. Tore.Johannesen@imr.no),
and an experiment was conducted to test this hgs®hBecause hunger in fish (as compared
to mammals) is assumed to be inversely proportiantd stomach filling (Vahl, 1979) and
sandeel are visual predators this could be anatatidor how frequent the sandeel have to
leave the sand to eat. This knowledge could beefff when estimating the amounts of

copepods the sandeel feeding require, and in dcalsindance estimation of sandeel.

The main focus of this thesis will be to answerftiiowing questions:

* Is it possible to acoustically identify copepodstie North Sea with today’s survey
equipment?

* Is it possible to do abundance estimation on N&#a copepods based on today’s
methods?

* Do the sandeel leave the sand every day to feed?



2. Materials and methods

2.1 Materials

Selected sandeel grounds in the North Sea wereyenwith RV G. O. Sars from May 3 to
May 24, 2009 and with RV Johan Hjort from April id8dMay 9, 2010. The data used in this
study were collected during these two surveys. rtiggpated and collected most of my
material in the last of the two surveys. Below, mi@phannesen and Johnsen, 2009; Gjertsen,
2010) of the sampling stations from both survegsdisplayed chronological. The maps also

show the location of the plankton and CTD stations.
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Fig. 2.1A Map (Johannesen and Johnsen, 2009)afuheey area from the 2009 sandeel survey. The

lines represent the surveyed area, widlland Z illustrate the plankton and CTD stations.
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Fig. 2.1B Map (Gjertsen, 2010) of the survey drean the 2010 sandeel survey. The lines represent

the surveyed area, whil@ and Z illustrate the plankton and CTD stations.

A good survey design should strive to minimize gasserrors, and different designs are
suitable for different species depending on thature. The survey area was chosen based on
satellite tracking data from the sandeel fleet, aralvl track information from two
commercial vessels. The most important sandeelngioAPPENDIX H)were covered by

running parallel or zigzag transects (Fig. 2.1 dlan



2. 2 Acoustic sampling

2. 2.1 Echosounder

The echosounder used during the surveys was a SIMRK60 split beam with 18, 38, 70,
120, 200 and 333 kHz in 2009 and 18, 38, 120, 209 ik 2010. The EK60 is a scientific
echo sounder used for fisheries research (Bodhodt Solli, 1992; SIMRAD, 2004;
Simmonds and MacLennan, 2005). The EK60 was runniitfp a ping rate of 45
(Johannesen and Johnsen, 2009). Ping rate is thbamnwof sound pulses transmitted into the

water column per second (Simmonds and MacLennd¥g)20

2. 2. 2 Calibration of the echosounders

Calibration of the echo sounder was performed alicgrto standard methods (Foote et al.,
1987) under good conditions and adjusted for g@am methods (Ona, 1999) prior to the
2009 survey and after the 2010 survey. More detaitdormation can be found in the
calibration journals in APPENDIX F.

2.3 Analysis

2. 3.1 Analysis of acoustic data

LSSS, which is a post processing program for amayacoustic data (Korneliussen et al.,

2006) was used for analysis and scrutinizing. Teeatezooplankton we used a frequency
response key. Given the acoustic properties otctpepods and the difference in operating
frequencies it would be expected from the 2009 tlathow better and clearer response than
the 2010 data, especially at 333 kHz. Figures arzhb are good examples of what we were

searching for as copepod backscattering in botregsr
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Fig. 2.2a: Desired relative frequency response in Fig. 2.2b: Desired relative frequency respmns
in 2009. response in 2010

This example shows that the backscattering is 1b88al20 kHz compared to 200 and 333
kHz. It is respectively 7 and 30 times higher & 20d 333 kHz than at 38 kHz.

Echograms were selected based on the plankton sengphtions which were the same as the
CTD stations. This was done in order to compareat®ustic results with the biological
samples. Each echogram ranged over 5 nautical rni@s). The sampling stations were
placed the middle of this stretch and consequdhttye were 2.5 nmi on both sides of the
stations. This part of the procedure was identfoalthe two surveys. We collected 12
zooplankton samples in 2009 (Fig. 2.1a), while 01@ (Fig. 2.1b) we sampled from 28

different locations.

In the LSSS, the threshold of included volume beattsring strength (3§ can be changed in

order to remove unwanted acoustic backscatter fittenechogram. When scrutinizing for
copepods it is important to remove echoes withirigpm organisms such as fish or hard
elastic shelled animals which would out shadowwieek echo of small fluid like organisms.
The unwanted backscattering from fish can be rewhdyenarrowing the threshold interval.
This is done by removing a part of the upperir@erval. When narrowing the threshold
interval all echoes with \Soutside the interval are removed. The echo fromd Ishelled

organisms on the other hand might be more diffitoleliminate. Echoes from organisms

10



such as the gastropddmacina retroversaare too weak to be removed by thresholding

without removing copepod sound scatters as well.

When analysing the 2009 data the threshold intemea set to -50-70 dB. The lower part

of the threshold interval was changed from -708@dB when analysing the 2010 data. This
was done because a significant part of the 200 fkétiency response seemed to be located
in this interval (-76>-80 dB).

The acoustic density of copepods in a specificrlagyaneasured through the nautical area
scattering coefficient g or the area scattering coefficient;))(ssa for backscattering
identified as copepods, was stored to category pmgse The nautical area scattering

coefficient is defined:

s, = 4m(1852)%s, 4)

with sain [m%¥nmi? ] and sin [m*¥m? (Simmonds and MacLennan, 2005).

Based mainly on the frequency response all thegrahnts were scrutinised with respect to
copepod backscattering. In order to obtain a hgglolution of the water column the data was
stored with grid size set to 5m vertical and 0.1lharizontal before reports of the mean area
backscattering coefficient were generated. Theldepinitial top boundary was set to 10 m
to avoid air bubble attenuation and the distanoenfbottom of initial bottom boundary was
set to 0.5m.

Based on the knowledge of the expected backscektaracteristics of small fluid like
organisms/objects the backscatter was isolatedyusinlti frequency analysis. A layer of
copepods of size 0.3-2.5 mm will enter the Raylesghttering region when insonified with
frequencies between 18-333kHz (Korneliussen and @0@0). If we look at copepods as
small fluid like spheres this can be expressed emattically as the echo area) (being

proportional to the equivalent spherical radiusRES the power of 3:

o~ESR3 (5)

11



which means that for a fixed size, the backscaiteniill increase exponentially widr~ESR
When the echograms displayed layers with weak snlides features and exponential
frequency response, it was possible to use theudrary response as a key for isolating

copepods.

The depth profile of copepod backscattering catedland illustrated using R. By calculating
the mean backscattering value for each depth cleand plotting meamsagainst depth, the
depth profile is illustrated (Fig. 3.9) by a boxoplThis was done for all of the 12 sampling

stations from the 2009 survey.

2. 3. 2 Target strength calculations

Target strength can be used to measure how stramglgbject reflects sound. This also
applies to zooplankton, but because of their ssiak and complex structure the methods
used in abundance estimation of fish is not suifimgzooplankton, other than the those
similar in size to the smallest fish (Simmonds &atLennan, 2005).

Models by Stanton and Chu (2000) indicate very weakkscattering (Fig. 2.3) from

copepods similar in size to what we found in owldgical samples. Their models show a TS
of approximately -135 dB for a 0.94 mm copepod withcephalothorax of 0.65 mm

(Pseudodiaptomus coronajushen insonified with 333 kHz.

They also made controlled acoustic measurements fnondreds of freely swimming

copepods. Their experiment indicated that their ehodlculations were correct.

12
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Figure 2.3 (Stanton, 2000): Comparison of TS modets laboratory data. The dashed line represent
TS calculations based on the Andersons (1950)spimeel while the continuous line represent a
deformed finite cylinder model. The copepods usedthie experiment were the species
Pseudodiaptomus coronatus with a total length 8#0nm, a 0.65 mm cephalothorax and a width of
0.234 mm. The angular distribution was 0°-10° ameldensity and sound speed contrasts in this study

were set to g=h=0.01.

Our TS calculations were performed by Dr. Lucioi€sgla scientist at IMR, using a sphere
model (Anderson, 1950). In a sphere model an iteegghaped fluid-like target is described
as a sphere with equivalent volume to the irregslaaped target. From the theory, the
scattering from a object is given by its size, fand acoustic impedance, which depends on
the difference in specific mass density and soupded between the object and the
surrounding medium. Thus, an acoustic model cawligiréhe scattering from individual
fluid-like organism (target strength) where the wst@ frequency, size of the organism,
density and longitudinal sound speed contrastsdmivthe animal and its environment are the

basic input to the model.

The body length ranged from 0.5 to 3 mm with sté®.& mm and the density and sound
speed contrasts (g and h) (Table 2.1) betweenatigettand its surroundings were obtained

from Kggeler et.al.(1987)

13



The target strength calculations show a TS apprataty 12 dB higher than found by Stanton
and Chu (2000) (Fig. 2.3) for a similar sized queand with a frequency of 333 kHz. This
difference in TS will part of the discussion.

From the TS we found the (Table 2.1) and the slope of the(Fig. 2.4) through the size
distribution. From nonlinear regression we estélelisthat thes is proportional to Length
(L3. The relationshig = byL"* was found, and calculations (Table 2.2) show thete is a

close to cubic relationship between backscatteamtyanimal size at 333 kHz.

Table 2.1: Target strength calculated with a freqay of 333 kHz and backscattering cross section
for copepods between 0.5-3mm. g and h are obtdined Kageler et.al.(1987)in units of r.g and

h are respectively the density and sound speedasinbd the surrounding water.

total estimated TS ¢ ) g H
length[mm] ESR[mm] [dB] [mm?] [kgl"
0.5 0.16 -139.6  1.39E-07 1.024 0.99805 1.021
0.6 0.20 -134.6  4.34E-07
0.7 0.23 -130.5 1.12E-06
0.8 0.27 -127.0  2.52E-06
0.9 0.30 -123.9  5.09E-06
1.0 0.34 -121.2  9.44E-06
1.1 0.37 -118.9 1.63E-05
1.2 0.41 -116.7  2.67E-05
1.3 0.44 -114.8  4.15E-05
14 0.48 -113.1  6.18E-05
1.5 0.51 -111.5 8.89E-05
1.6 0.55 -110.1 1.24E-04
1.7 0.58 -108.8 1.67E-04
1.8 0.62 -107.6  2.20E-04
1.9 0.65 -106.5 2.82E-04
2.0 0.69 -105.5 3.54E-04
2.1 0.72 -104.6  4.36E-04
2.2 0.76 -103.8 5.24E-04
2.3 0.79 -103.1 6.19E-04
24 0.83 -102.4  7.19E-04
2.5 0.86 -101.9 8.20E-04
2.6 0.90 -101.4  9.20E-04
2.7 0.93 -100.9 1.02E-03
2.8 0.97 -100.6  1.10E-03
2.9 1.00 -100.3 1.18E-03
3.0 1.04 -100.1  1.24E-03
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Table 2.2: The cubic relationship between lengtth backscattering = boL"".

Parameter Estimate Std. Error t-value p-value

bo 3.047¢06 4.784¢06 8.14: 2.30¢08
b, 3.247e+00 1.241e-01 26.020 < 2e-16
(qV]
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Figure 2.4 show how the acoustic backscatteringsisection increase with the size of the copepods.
The regression line b0 * (lengfhhas a exponent(b1) of 3.247and an intercept ¢0)
3.047e-06.The real line forms a sigmoid curvetagpproaches 3mm which means that this model is

only suitable for copepods smaller than 3mm.

2. 3. 3 Acoustic abundance estimation

If the copepods are heterogeneously distributedg tworrelation between the area

backscattering coefficient and the biological alama estimates is expected to be reduced as
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the distance from the sampling point increasesréfbee, to be able to validate the acoustic
biomass estimates of copepods with biological meb@e data, the change in correlation
between the acoustical and biological abundanematts over distance were examines. The

acoustic abundance estimation was calculated fremvorking equation (Ona, 1999):

Pa = <S:> Ay (6)
where pa is the area density in #/nfniss is the nautical area backscattering coefficient

[m?nmi?] and <> is the mean backscattering cross sectidfj. [Ap is the area of 1 fn

The density with respect to weight was found bytiplying the pa (EQ. 6) by the average
weight (<W>) of the copepod sample.

Pw =pa<W> (7)

wherepy, is measured ig/nmi2
The weight was found from the length-weight relasioip equation by Krylov (Cohen, 1981).

This abundance estimate was used when comparihghgtbiological samples.
W = 0.29213 1073 (8)

W is weight in grams, and L is length in mm.

2. 4 Biological sampling equipment

For acoustic stock assessment of copepods to lablecbr even possible it is important to
complement the acoustic data with biological saspl@uring the surveys we used a WP-2
net for plankton sampling while a trawl was useddatect Sandeel for this study.

2.4.1WP-2

The WP-2 (Fig. 2.5) is a net designed for plankdampling. It is used in stationary vertical
hauls from the bottom and up. The mesh size usedl®@um and the WP2 had a diameter of
57cm. The WP-2 samples do not supply informatioaualthe vertical distribution of the

catch. The WP-2 was deployed at all CTD stations.
16



Figure 2.5: This is not the exact same as we uséd bVP2 from KC- Denmark

2.4.2 Trawl

The trawl in use was the Campelen bottom trawl 1@08gas, 1995). This is a standard
survey trawl used for demersal trawling. This trasvbperated by both G. O. Sars and Johan
Hjort. We used the Campelen 1800 to collect sandemhdeel is not seen as a demersal
species, but in order to avoid to big samples greferred over a pelagic trawl (pers comm.
Egil.Ona@imr.no). The trawl door in use was SteawshW9, High type, area of 7.frand
2175kg. Se APPENDIX E for drawings.

2.4.3CTD

CTD (Fig. 2.6) is an instrument used for measudagductivity, temperature and depth. The
CTD model used by IMR is SBE 911plus produced bg-Bied Electronics Inc. (Sea-bird,
2010). The CTD is lowered into the water column asbrds the water profile continuously
at approximately 1ms The CTD data, temperature, salinity and densitg recorded and
plotted for all CTD stations (Fig. 2.1) from theawurveys. The data is transmitted via a long

cable to a computer.
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Figure 2.6: The CTD produced by sea-bird electreriitc. and used by IMR (IMR, 2009).The CTD
probe record salinity, temperature and depth.

2.5 Processing of the biological samples

2. 5.1 Onboard ship

The zooplankton samples were split in two with atddia plankton splitter. One half was
fixed on 4% formalin (CRHO) and buffered with borax (MB4O;- 10H,0) for later taxonomic
analysis. This is the most common method usediforg and storing zooplankton samples

because it is cheap and the samples can be storsevieral years (Kapiris et al., 1997).

The other half was filtered through 2000 um, 1000 and 180 um filters. The zooplankton
measurements larger than 2000 um were identifiednagasured and put on an aluminium
dish for dry weight. The 1000 um and 180 um sampke® put directly on dishes and put in
a heating closet at 60°C for more than 24 hourdetermine dry weight. The data recorded
were uploaded to the IMR plankton web. This pracedvas used onboard Johan Hjort. The
samples from the 2009 survey were not split fomizies estimation but put directly on

formalin as no specialist on zooplankton parti@dabn the survey. The formalin fixated
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samples had to be prepared for weighing in ther&boy at the High technology centre in

Bergen.

2.5.2 Atthe IMR lab

The samples were further analysed at the zooplankaboratory of the IMR. The
zooplankton samples were processed in accordartbest@indard IMR procedure. First, the
samples were sifted through an 180um sifter anddirealin washed out with fresh water.
With the help from a Motoda plankton-splitter thengples were further, stepwise split in
halves until the sample was of countable size.dpmmendations from the engineers at the
IMR zooplankton laboratory, the splitting was reeded to 1/128 of the original sample. This
was done in order for the subsample to be as teledbpossible when back-calculating to the
original sample. This was not possible for all sEapas some of them were too numerous
and had to be split down to 1/512 of the origirsahple.

When the splitting was done, the subsample waspaitcounting chamber consisting of five
cambers and analysed under a stereomicroscop@®figika MZ7.5 (Leika, 2008). All the
chambers were counted. After the counting was dioeesubsample was put back on borax-
buffered formalin for scanning.

The total number in each catch was calculated blyiphing the number of animals counted

in the subsample by the denominator of the fraatiothe subsample.

Ntotal = Nsubsample Fdenominator of subsample fraction (9)

Further the volume density was found by dividing tbtal catch by the volume filtered.

pv _ Ntotal (10)

Fyolume filtered

The dry weight from the 2009 samples had to be aredsin the laboratory at the High
technology centre in Bergen (HIB). The samples wensed in fresh water to remove
formalin before they were split in half. One padsaput back on 4% borax buffered formalin,
while the other part was filtered through sievesnalsh size 2000 um, 1000 um and 180 pum.
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The different size fractions were put in pre wedjladuminium dishes and placed in a heating
cabinet at 60°C for 24 hours, or until the weigad Istabilised.

The wet weight was calculated from the dry weight rbultiplying with a factor of 5.0
(Mauchline, 1998) and by adding 20% (Omori, 197Ba@palbert, 1979) as a compensation
for the expected weight loss from the formalin fisa. However, the accuracy from this
procedure is not as good as for the 2010 material.

The area density was calculated from the areasof\R-2 (0.28) by multiplying the sampled

volume by 4 for the Adensity.

Pa = 4Nrotar (11)

2. 5.3 Zooscan

The Zooscan is a waterproof scanner for identificaind measurements of zooplankton. The
plankton species identification software is yebt perfected, and the scanner was used for

length distribution only.

The subsamples were once again rinsed for fornaioh flushed in boiled fresh water to
remove potential unwanted buoyancy before they wewared onto the scanner. The
zooplankton size distribution was obtained for 83¢he 40 samples, and the zooplankton was
divided into desired taxonomic groups. Sample 2@68 wot measured for length distribution
due to computer error. The size distribution witkeich of the taxonomic groups was not

obtained because it would be too time consuming.

The length distribution was recorded for the fractiof the sample that was measured
between 0.3- 3.0 mm. This was done because tha&iesrnga smaller than 0.3 mm would be

competing with dust and other contamination in ghanner. In addition, this would further

ensure that the animals used for the length digidh data were mainly copepods, and rule
out potential contamination from animals such asndpcularians and chaetognats, which
here would represent significant outliers.

From the scanning, total length and the equivaeherical radius (ESR) which is the radius

of a circle with volume equivalent to that of aregular shaped object was found.
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2. 6 Digestion experiment

During the survey it was suggested that the samtigekted rapidly and within hours. This
would seem reasonable if the sandeel left the sardy morning with an empty stomach to
feed. This would also suggest that almost all efsandeel left the sand during the day.

To test this, a sample of 32Q marinuswas collected from a trawl sample (station number:
195) and put in a tank where stomach filling andedtion rate were recorded from 10
individuals every hour. Before the experiment st@rive made sure that the sandeels in the
catch were well fed. This was done by examiningstieenachs of several sandeel as soon as a

catch was on deck.

A 6 level scale was made were digestion rate rafiged 0-5; 0 being empty, 1 unidentified

matter, 2 less than 25 % identifiable individue8s25-50%, 4 50-75% and 5 being easy
detection of 75-100% of the individuals. Also aebdl scale concerning stomach filling were
made, where 1 was empty, 2 modest, 3 half fullult dnd 5 bursting. The sandeel was
terminated and the otoliths preserved before it guated, examined and the stomach filling

and digestion rate recorded.

Because of expectations of fast digestion it wasdeel to examine 10 individuals every 1
hour in the beginning of the experiment. The sangpstarted at t=0 and continued with t=1,
t=2...t=7. After 7 hours it was decided to incredse interval. The stomach data was plotted
against time to see how long it would take for saedeel to digest the copepods and empty
its stomach. The data for this experiment was dEmbiby 5 different technicians, and data
recorded without me being present in the laborategye removed to avoid subjective scale

reading.

2.7 Statistics
All statistical analysis were performed in R (Teal908). When testing the correlation

between the biological and acoustic abundance astins simple linear regression was used.

The Simpson index of species diversity was usedhwdmenparing the diversity between the
two years. The index is a measurement of the piliyabf two randomly picked species
being different. The outcome of equation 12 give 8impson index (D) where 0 is high
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diversity and 1 is no diversity. By using the Simpsndex of diversity (1-D) instead the

index changes to a more logical scale where 0 septeno diversity and 1, high diversity.

__Xn(n-1)
D= NO=D (12)

n represents the total number of organisms of acpéar species anll the total number of

organisms of all species.

Backscattering from copepods is size dependantsamall copepods scatter sound more
poorly than large. Non linear regression was usefintd the relationship betweenand the
length, and the backscattering-length relationgbind at 333 kHz proved to be close to
cubic. This information was used when calculatimg thean size of the copepods with respect

to the backscattering which is not the arithmeteam but the cube root mean of the length

(CML).
1.3
CML = S/Z"—L (13)
i=1 i

The weight-length relationship (Eg. 9) is similan the o—length relationship. The
backscattering from a certain weight is therefossuaned to size independent. This means

that 1 kg of small copepods will scatter sound ginailar manner as 1 kg of large copepods.

All graphical presentations and statistical caltales were performed in R (Team, 2008).
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3. Results

3.1 2009 versus 2010 the biological samples

The animals collected with the WP-2 net (Fig. 2akal b) was identified to the lowest
taxonomic level required for this study. The taraarded weré&alanus sp., Microcalanus,
Psaudocalanus, copepod Naupilii, Metridia sp., ©Opoid copepods, Apendicularia,
Aglantha digitale, Temisto sp., Temora longicorielychaetaDecapod larvaChaetognata,
Limacina retroversaand someédydrozooans other thah.digitale. There was some variation
between the stations but calanoid and cyclopoicgpogs were the dominant zooplankton in
all stations. In 2009 at least 72% belonged toottaker Cyclopoida and Calanoida while they
contributed to 65% in the 2010 samples. At the m®8%tand 90% belonged to these to
families in respectively 2009 and 2010, and theaiemg taxa were represented by relatively
few individuals. The taxonomic groups obtained frdhe biological samples were as
expected from earlier North Sea surveys in thengpfiralkenhaug and Omli, 2010). Tables

of the taxonomic analysis can be found in APPENBIX

Zooplankton taxa recorded during the 2010 surveyevamilar to the 2009 survey. The
samples were dominated by early copepod stagesdietp to the orders Cyclopoida and
Calanoida. These two alternated as the most abtiodder from station to station. Tables of

the taxonomic analysis can be found in APPENDIX A.

The Simpson index of Diversity (1-D) reveals a leigdiversity in 2010 (Table 3.1) than in
2009 with a mean index was 0.5 and 0.6 for the 2&@® 2010 data, respectively. A two
sample Kolmogorov-Smirnov test of the index reveéadesignificant (p=0.03) difference in
species diversity between the two years. The spe@eumulation curve (Fig. 3.1) shows that
10 samples should be sufficient to detect all gsaneaning that the 12 samples from the

2010 survey is enough for the diversity index tadi@ble.
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Table 3.1: Simpson index of species diversity (DFhe table explain the species diversity for all
stations from 2009 and 2010. O=no diversity, 1=Hujliersity. The values represent the probability

of two randomly picked species being different femwoh other.

Stations D-1 Stations D-1
2009 2010
194 0.54 308 0.75
195 0.65 309 0.70
196 0.54 310 0.75
197 0.58 311 0.76
198 0.43 312 0.58
199 0.60 313 0.50
201 0.37 314 0.69
202 0.28 315 0.74
203 0.49 316 0.79
204 0.52 317 0.52
205 0.53 318 0.73
206 0.52 319 0.73
320 0.69
321 0.69
322 0.60
323 0.41
324 0.34
325 0.40
327 0.68
328 0.58
329 0.57
330 0.47
331 0.67
332 0.48
333 0.43
334 0.53
335 0.73
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Figure 3.1: Species accumulation curve. Speciesraatation models seek to estimate the number of
unseen species. The figure demonstrates that thémmaa number of species is reached after 10
samples in 2010 and that no new species were foutiee rest of the samples. This suggests that 12
samples in 2009 are sufficient when comparing gsediversity between the two years. The plotted
values are the change in mean numbers of spectesmwreasing numbers of samples. The colored

lines show the 95% confidence intervals.

Abundance estimation for 2009 based on WP-2 sagdliiable 3.2) revealed a variation
among sampling stations ranging from 10 to 36 Ginith an average of 20 g. About 99% of
the sampled biomass was found in the 180-2000 ptersfi almost equally distributed

between the smallest and the intermediate sizevaite 180-1000 and 1000-2000 um. This

shows that the copepods of size <1 mm were far mamgerous than those larger than 1 mm.

Biomass estimations from the 2010 survey ranged fict to 40 g/rhwith an average of
9 g/nf. More than 60% of the sampled zooplankton wastéuta the 180-1000 um interval

and only 30% in the 1000-2000 um interval. Thisgasggs that the copepods were in average
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smaller in 2010 than in 2009. Table 3.2 and 3.3nsht biomass calculations, including a
conversion factor between dry weight and wet weighe compensation factor of 20% used
in 2009 to compensate for formalin induced weigdttuction(Omori, 1978) is also indicated
in the table.
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Table 3.2: Biomass calculations for all stationsrir 2009. All weight calculations are in grams whBW is dry weight [g], WW is wet weight [g] and the
corrected sum of 20% added due to formalin indueegght decrease(Omori, 1978). 180, 1000, and 20@0ape the mesh size of the sifters used in the
fractioning. Wet weight is calculated from dry wsidpy multiplying by a factor of 5 (Mauchline, B39 he weight fraction >2000 pm does not contain

copepods but mostly amphipods and decapod lanafrélstion 180-2000 pm consists mainly of copepods.

Stations n10°/ n10°/ n10‘/ DW DW DW DW  Weight WW/ WWwW/ WWw/ WWw10°/
2009 sample m’ m>  180pum 1000pm 2000pum sum correction Sample m® m’ n

194 219 874 219 0191 0540 0.022 1506  1.807 9.036 0904 36.144  4.13
195 241 963 241 0.149 0.203 0.005 0.714  0.857 4284 0428 17.136  1.78

196 1.88 7.52 188 0.163 0.219 0.007 0.778 0.934 4.668 0.434 18.672 2.48
197 0.71 283 0.71 0.196 0.290 0.002 0.976 1171 5.856 0.488 23.424 8.29
198 0.37 148 037 0.137 0.126 0.000 0.526 0.631 3.156 0.316 12.624 8.50
199 0.61 245 0.61 0.316 0.148 0.003 0.934 1121 5.604 0.400 22.416 9.16
201 2.17 8.69 217 0.382 0.163 0.000 1.090 1.308 6.540 0.503 26.160 3.01

202 1.42 570 142 0.220 0.164 0.000 0.768 0.922 4.608 0.384 18.432 3.23
203 0.51 205 051 0.142 0.153 0.000 0.590 0.708 3.540 0.236 14.160 6.91
204 1.48 594 148 0.140 0.068 0.001 0.418 0.502 2.508 0.193 10.032 1.69

205 2.39 9.56 239 0.319 0.200 0.000 1.038 1.246 6.228 0.479 24.912 2.60
206 0.57 226 057 0.210 0.093 0.000 0.606 0.727 3.636 0.455 14.544 6.43
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Table 3.3: Biomass calculations for all stationsrfr 2010. All weight calculations are in grams wh®W is dry weight [g], WW is wet weight [g] and018
1000, and 2000um are the mesh size of the sifsed in the fractioning. Wet weight is calculateshirdry weight by multiplying by a factor of 5 (Matice,
1998).The weight fraction >2000 pm does not contaipepods but mostly amphipods, decapod larva amedeleost larva while the fraction 180-2000 um

consists mainly of copepods and the 180-1000patidracontained large amounts of cyclopoid copepods

Stations n10°/ n10°/ n10°/ DW DW DW DW WwW/ Ww/ WWwW/ WWw10°/

2010 sample m? m®> 180um 1000 pum 2000 um Sum sample m’ m’ n
308 0.69 274 055 0.190 0.002 0.013 0.205 1.025 0.082 4.100 1.49
309 078 311 0.62 0.143  0.000 0.000 0.143 0.715 0.057 2.860 0.92

310 0.22 0.88 0.18 0.633 0.023 0.023 0.679 3.395 0.272 13.580 15.5
311 0.86 3.42 0.62 0.581 0.025 0.633 1.239 6.195 0.451 24.780 7.25
312 1.32 529 1.10 0.753 0.279 0.004 1.036 5.180 0.414 20.720 3.92
313 1.07 429 086 0.535 0.123 0.000 0.658 3.290 0.263 13.160 3.07
314 1.27 5.09 1.06 0.560 0.073 0.011 0.644 3.220 0.268 12.880 2.53

315 0.38 1.53 031 0.132 0.000 0.000 0.132 0.660 0.053 2.640 1.73
316 0.47 1.86 041 0.067 0.000 0.005 0.072 0.360 0.032 1.440 0.77
317 0.39 1.54 0.27 0470 0.622 0.000 1.092 5.460 0.383 21.840 14.2

318 0.58 232 041 0.241 0.324 0.130 0.695 3.475 0.244 13.900 5.98
319 0.88 3.53 0.64 0.167 0.122 0.007 0.296 1.480 0.108 5.920 1.68
320 1.00 401 0.70 0.115 0.162 0.004 0.281 1.405 0.099 5.620 1.40
321 0.35 140 0.26 0.262 0.591 0.001 0.854 4.270 0.311 17.080 12.2
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Table 3.3 continues:

Stations n10°/ n10°/ n10‘/ DW DW DW DW WW/ Ww/ Ww/ WWw10°/

2010 sample m’ m®> 180um 1000 pum 2000 um Sum sample m’ m’ n
322 0.89 3,57 055 0964  1.001 0.000 1.965 9.825 0.605 39.300 11.0
323 1.11 443 0.81 0.091  0.062 0.000 0.153 0.765 0.056 3.060 0.69
324 098 393 072 0.035 0.001 0.000 0.036 0.180 0.013 0.720 0.18
325 031 124 029 0.141  0.000 0.000 0.141 0.705 0.066 2.820 2.27
326 031 122 022 0.032  0.000 0.001 0.033 0.165 0.012 0.660 0.54
327 0.13 054 010 0.038  0.000 0.000 0.038 0.190 0.014 0.760 1.41
328 012 049 010 0.019  0.000 0.000 0.019 0.095 0.008 0.380 0.77
329 040 160 037 0.087 0.031 0.000 0.118 0.590 0.055 2.360 1.47
330 032 127 023 0.070 0.001 0.220 0.291 1.455 0.106 5.820 4.58
331 0.34 138 028 0.026  0.000 0.000 0.026 0.130 0.010 0.520 0.38
332 0.14 056 012 0.029  0.000 0.000 0.029 0.145 0.013 0.580 1.04
333 011 043 008 0.020  0.000 0.000 0.020 0.100 0.007 0.400 0.93

334 0.57 2.27 035 1.003 0.113 0.000 1.116 5.580 0.343 22.320 9.82
335 1.95 7.78 0.97 0.309 0.098 0.000 0.407 2.035 0.102 8.140 1.05
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All animals with total length between 0.3 and 3.ennwere measured by the zooscanner
where measurements larger than 3.0 mm were exclirded the dataset to avoid animals
other than copepods. Figure 3.2 shows the lengthlaition for all sampling stations from
2009 with a mean length of 0.80 mm. More than 6(%he copepods sampled in 2009
ranged between 0.375 and 0.625 mm, and more thé&m\i&re measured between 1 and

3 mm. Due to lack of length data from station 28&pepod data from this station will not be
included in the rest of the study. Size distribatfor the rest of the stations is presented in
the APPENDIX B.
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Figure 3.2: Histogram of copepod size distributifon all stations from 2009 with a mean length of
0.80 mm.

In 2010 a larger fraction of the sampled copepadged between 0.30 and 0.425 mm than in
2009 and only 12 % was measured between 1.0 anchi®.0The length distribution of the
copepods sampled in 2010 is shown in Figure 3.8 wimean length of 0.75 mm. A two

sample Kolmogorov-Smirnov test was used to testeffuality in length between the two
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years and revealed that the difference in size kghly significant with p<0.001. The
Kolmogorov-Smirnov test is a non parametric analysiitable to find out whether two data

sets come from the same distribution.
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Figure 3.3 Histogram of copepod size distributiondll stations from 2010 with a mean length of

0.7 mm.

The copepods caught in 2009 were larger than teasght in 2010. The 2009 samples
showed a mean size of 0.80 mm while the 2010 csdtolwed a mean size of 0.75 mm. When
plotting each sampling station from both years .@#) in the same plot it is evident that
there is a general difference in size betweenweyears. The difference might seem small
but considering the relative small mean size of tpepods a difference of 0.05 mm

represents more than 6% difference in length.
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Figure3.4: Length distribution for all samples frdsoth 2009 (black) and 2010 (red). The dotted lines
represent the median length for the year with iresponding colour.

3.2 Hydrography

Changes in hydrographical factors are probably @inthe main reasons for change in the
structure of plankton concentrations between dffedocations (Simmonds, 2005). A solar
induced stabilizing of the upper layer of the watelumn is crucial for primary production to
occur and thereby also vital for the secondary pectidn. Increasing temperature affect the
density of water and forces the low-density surf@eger to ride above the colder more dense
water creating a stable layer (Levinton, 1995), eénedeby facilitating the primary production.
The layer where the specific density changes rgmath depth is called the pycnocline and
sets the boundary for were production can takeeplabe rapid change in density can be

accredited the change in temperature and salinity.
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During the G. O. Sars survey in 2009 the water eyaipre was well above 8°C in the upper
30 m of the water column while the CTD samplingnirahe 2010 survey showed
temperatures no higher than approximately 6.5°@engEhough the time of the surveys was
similar, the temperature was 1.5-2.5°C lower in @@4an in 2009 (Fig. 3.5). The mean
temperature during these years, for the North 8dace temperature in April and May, are
displayed in Figure 3.6. From the CTD profilerigure 3.5 the depth of the pycnocline can
be observed for the stations 202 and 308 and msdie the pycnocline was located at
approximately the same depth in both years. The akshe CTD profiles are listed in
APPENDIX C.
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Figure3.5: Examples of temperature salinity andsignfor station 202 (left) from the 2009 survey
and station 308 (right) from the 2010 survey. Thetsgions are recorded at similar depth and the
pycnocline is approximately the same for both ye@enperatures are measured in °C, salinity in

practical salinity units (psu) and seawater specifensity in kg/f-1000.
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Figure 3.6 (BSH, 2011): Mean sea surface tempeesator the North Sea for April and May 2009 and
2010.The mean temperature was lower in 2010 th20@9.The bar at the top of the figure show the
temperature scale. Mean surface temperature foil Apd May from 1990-2010 can be found in
APPENDIX G.

3.3 Acoustic recordings

The sampled areas (Fig. 2.1a and b) in the twoegsrwas located far apart but was similar
in depth and substrate so the probability of idgimiy copepods should be similar for all
stations. In the data sampled in 2010 the frequessyonse was not strong enough on

200 kHz to positively identify copepods, or actydhie frequency response was too strong on
the lower frequencies (Fig. 3.7). The latter migkt explained by the presence of the gas
producing phytoplanktohaeosystis spand is considered one of the limiting factors whe
measuring zooplankton acoustically in the sprirgpbi. Air bubbles are resonant or close to
resonant at about 18-38 kHz which cause the freyuegsponse to increase in this region and
thereby making it very hard to isolate the charastie echoes from copepods. Because the
lower frequencies are more affected by the air lsblhan the higher ones the copepod
frequency response gets ‘shadowed’ by the air leubbtkscattering. Figure 3.7 shows an
example of this from station 308 where the freqyeresponse is higher for the lower

frequencies than for the higher.
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Figure 3.7: An example of the frequency responsaeddn 2010 station 308 with 200 kHz as the
highest operating frequency showing high backsdatieat 18 and 38 kHz and low backscattering at
120 and 200 kHz. The echogram image from is atso ftation 308.

Even though copepods were found in the biologieah@es it was decided not to use the
acoustic data collected during the 2010 survey Umeaof the problem of identifying

copepods acoustically without the 333 kHz echo deurmhe acoustic equipment used in
2009 also included a Simrad EKG60, operating at B33, which was less affected by the

phytoplankton backscattering than the other freqigsn

Based on the echograms analysed, the copepodbdigin showed a substantial variation
between stations. Among the 12 different statiblesmhean backscattering coefficient at

333 kHz varied from 7 to 4353mmi® over a 2.5 nmi distance from the sampling stafidre
difference in area backscattering within a shodtatice from the sampling stations also
showed a large variability. Some of the echograhig. (3.8) suggested a more heterogenic
distribution of zooplankton across the horizontahiley other suggested a homogenous

horizontal distribution of the zooplankton layer.
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Figure 3.8: Difference in copepod distribution betm 2 stations (203 to the left and 196 to thetfigh
from the 2009 survey.

The vertical distribution of recorded backscattgrimas similar for most stations with a
maximum at about 20m depth and with copepod batiest®y located primarily in the 10-30
m depth interval. The box plot (Fig. 3.9) shows thetical distribution and the range of
backscattering in each of the 5 meter depth charfoekll stations from 2009 well reflecting
the variability in measured backscatterawgr the selected 2.5nmi distance. The varialility
recorded NASC illustrated in Figure 3.9 support ithean of a highly heterogeneous copepod
distribution.

The initial depth for echo integration was set @m to avoid echo from bubbles caused by
the interaction between the vessel and waves. diitiad the drop keel and transducer near
field create an acoustic blind zone which is thptlldetween the surface and initial depth of
the echo integration. From Figure 3.8 it seems the copepod distribution in station 196
extends all the way to the surface causing theigeestimation to be an underestimate. This
indicates that the copepod abundance on eachrsiatian underestimate. If we assume that
the density in the blind zone is the same as tipempost layer it is possible to correct for this

effect. On station 196, the correction would berapipnately 5-10%.
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Figure 3.9: The vertical distribution of the nawicarea scattering coefficient for all stations ffino
2009. The box represents the 25 and 75% quartiktsup by the median.
The dotted lines represent the upper and lowetdimhile the data points outside the limits repmets

rare extreme values (Lgvas, 2004). The variabifitNASC is illustrated over 5 nmi (2.5nmi on each
side of the biological sampling station) with a akegion of 0.1 nmi across the horizontal and 5 m
depth channels. Stations are listed chronologioainfleft to right from 194-206. Station 200 does no
exist. Stations 201-206 can be viewed on the ramée.p
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3.4 Comparing zooplankton samples and acoustic abundance estimates

One of the main aspects of this thesis was totkestorrelation between the acoustic and

biological abundance estimates. To test this, & w@cial to understand how far from the

sampling station the samples could be expectechdav <orrelation. Figure 3.10 shows a

decrease in correlation between copepod backse@attebiological abundance estimation as

the distance from the sampling station increasedemperforming a Pearson correlation test,
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the correlation (r) drops rapidly from 0.56 to Q.45 a distance of 2.5 nmi away from the
sampling point, the Pearson product moment coroglatoefficient is reduced to 0.30. The
Pearson product-moment correlation is a measurtheflinear dependence between two
variables X and Y, giving a value between -1 andBtattacharyya and Johnson, 1977).

In other words, the correlation decrease rapidlyhwdistance and the reliability of the
regression will decrease as the distance from #mapkng point increase. This also
strengthens the idea of the heterogeneous copepbdbution suggested by both the
echograms (Fig. 3.8) and the box plots (Fig. 319)the copepods were distributed
homogenous across the 2.5 nmi theilR Figure 3.10 would not decrease with form the
biological sample point.

R
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I I I I
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0 0.5 1 15 2 25

Distance from sampling station [nmi]

Figure 3.10: Decrease in correlation between NA& biological abundance estimation over
distance from the sampling point. This suggest&ggh Hegree of patchiness because the correlation

would be much more stable with a low degree oftpaéss.
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Because of the expectations of rapid decrease nrelabon when moving away from the

sampling station the acoustic abundance estimatiortopepods was correlated to the
biological estimates only in the near vicinity dfetsampling station. Figure 3.11 shows
statistically insignificant correlation between tlaeoustic and the biological abundance
estimation with r = 0.08. This lack of correlatioan however be explained by some outliers,
and will be further discussed. The outliers aregespnted by the red dots in figure 3.11.
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Figure 3.11: Correlation between biological and astic abundance estimation (gram wet weight per
nt). The red dots represent the outliers while the: detted lines show a very large 95% confidence

interval. The correlation is statistically insigio&nt (p=0.83).

Due to suspiciously deviant backscattering at tlokethe stations it was suspected that the
samples might contain organisms with other backsgag properties than fluid like. For this
reason the biological samples were analysed onae,nt@ search for hard elastic shelled

organisms. Hard elastic shelled organisms sucheagdstropodiimacina retroversaeflect a
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much stronger echo then fluid like organisms athHigquencies, and might “shadow” the
weaker echo from fluid like organisms.

The suspicion proved to be well-founded, and tmeettsamples 194, 196 and 197 contained
more than 10 times the amounts of hard elastidexhelrganisms compared with the rest of
the samples. The removal of these outliers resuilteal highly significant correlation (Fig.
3.12) with r = 0.91.

20 25

Acoustic abundance estimation [g/ m2]
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Figure 3.12: Correlation between acoustic and biptal abundance estimation (gram wet weight per
") after removing outliers. In this case more th&67of the variation is explained by the model. The
regression line (red) has an intercept of -15.4 andlope of 1.6. The red dotted lines are the 95%

confidence interval, while the black dotted linaisimaginary line forced through origo.

The intercept in Figure 3.12 implicate that biokajisamples contain copepods even though
copepods are not registered acoustically. Thistsansurprise since the depth of initial echo
integration was set to 10m and the fact that cogemwobably occupy this part of the water

column. Also, very low volume densities of copepausy fall under the threshold limit or the
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detection limit of the echo sounder system. Thati@hship between the catch and the
acoustics is very strong and the regression ling. (8.12) shows that when the acoustic
abundance estimation reaches approximately 25 tffere is close to a 1:1 relationship

between the acoustic and the biological abundasttaa&tions.

3.5 Digestion experiment

Because of the important role in transferring thergy from the plankton society to the
higher trophic levels in the North Sea, accuracghaondance estimation of sandeel is of great
interest both commercial and ecological. To una@estmore of the sandeels sand burrowing
behaviour it would be interesting to find out hoftea it has to leave the sand to eat. Since
hunger in fish is inversely proportional with stazhafilling this experiment could help
answering this question. The information would dsoof interest when trying to estimate the

amounts of sandeel buried in the sand during tige da

The digestion speed was slow compared to the wgrkiypothesis where the 50% gastric
evacuation was expected to be reached in les2thaours. Nevertheless, it was first after 24
hours that noticeable signs of progress in digest@re recorded and another 10 hours
passed before it was certain that the digestiongdnadressed to the next level of the scale
used in this study. About 60 hours went by beftwefirst sandeel with empty stomach was
recorded. After 84 hours of testing, the majorityhe fish was still not emptied out (Fig. 3.13

and 3.14). There was however a noticeable differanctime of digestion rate and gastric

evacuation which will be discussed.
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Gastric evacuation:
o 5=bursting

R A=full

3=half full

2=modest

1=empty
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Figure 3.13: Time of complete gastric evacuatiome §tomach seemed to be emptied out in about 60-
90 hours. The red dotted lines represent the 958fidence interval. In the regression line y=ax+b,
the intercept is 4.21 and the slope -0.03. This ehasl only valid within the scale used in this

experiment.
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Figure 3.14: Digestion rate of the sandeel.The sliga rate seemed to progress much faster than the
gastric evacuation. According to the digestion rtite the digestion took about 40-60 hours. The red
dotted lines represent the 95% confidence intetwalhe regression line y=ax+b, the intercept i98&l.

and the slope -0.06. This model is only valid withie scale used in this experiment.

According to the regression lines from Figures 3ah8 3.14 half the food is evacuated and
digested in respectively 40 and 33 hours. The dmegate predicts a complete gastric
evacuation in less than 90 hours while the regoesfir gastric evacuation predict complete
gastric evacuation first after 107 hours. Becahssd results are collected from fish in a tank

they might not reflect the digestion rates of sahslen nature.
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4. Discussion

The results from this study shed light on the peoid and limitations concerning
conventional biological sampling of zooplankton. &dhmonitoring copepod abundance the
main problem is the patchy heterogeneous distobubdf copepods. The strong heterogeneity
is evident both within and between stations. Tlaigation is confirmed from several different
angles. Echograms, vertical NASC profiles and tbeide in correlation between NASC and
biological abundance estimates over distance flmensampling station all point in the same
direction, being that extrapolation of abundandereges based on biological samples is most
likely to give very imprecise estimates of the qupe biomass.

4.1 Target strength

For most zooplankton it is difficult to describeusd scattering with respect to its exact
shape. To overcome this problem the use of gearaétapproximations such as spheres,
spheroids and finite cylinders have been used gerdee the morphology of these small
organisms. The sphere model dos not consider téguiliaity of the shape of the target, and
because of the imagined spherical shape, the atientis of no concern (Simmonds and
MacLennan, 2005).

Wiebe et al. (1990) found significant devience i8 &nd attributed the devience to the
irregularity of the morphology of the target. Theyggested that elogated animals such as
copepods scatter sound like elongated targets andpherical ones. Even though Wiebe et
al. (1990) claim the need for more sophisticatedi@®) the sphere model represents an exact
solution of the acoustic wave equation for a spla¢shape. It can be considered a first-order
approximation under some condition for a very coogpéd scattering process of animals

with more complex shape (Traykovski et al., 1998).

TS models are very sensitive to the material ptygpeontrasts g and h. This sensitivity is
profound, especially when the targets are closbdanaterial properties of the surroundings,
such as fluid like organisms in water. The densdgtrast (g) from Kggeler et al (1987) was
based on a low count of animals without declaregepodite stage. Knutsen et al. (2001)
found that forC. finmarchicusthe density decreases as the stage increasescopépodit

stage 5. The copepods in this study are small amdaps a different g should have been
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considered. Stanton and Chu (2000) found the TBetd2 dB lower than the calculations
used in this thesis. The use of a different g armbilld explain this difference. From the
results of this study it seems like the geometrigaproximation model is sufficient for
copepods of such small size, and the copepodsingbé study by Wiebe et al. (1990) was
indeed larger than the copepods used in this study.

Because the weight-length relationship is similar the c—length relationship, it was
suggested that 1 kg of large copepods would gise td the approximately the same echo
energy as 1 kg of large copepods. This assumptioved to be incorrect for the copepods
used in this study.

4.2 Sources of error and limitations to the material and methods

4.2.1 Taxonmy and length distribution

The taxonomic groups obtained from the biologiGahples were as expected from earlier
North Sea surveys in the spring (Falkenhaug andi,@®10). Across the years the recorded

taxa were similar, but the composition in termslominance was different.

In spite of the fact that the sampling was perfatinagth a time lag of only 2 weeks, the
copepods caught in 2009 were larger than those lednp 2010. It could be that the time
window is so small that 2 weeks could be consideréahg time. However it is more likely
that the growth rate of copepods is temperaturemidgnt. This would be consistent with the
results in the paper (Fig. 4.1) by Shin-ichi Uyey@J1988) where temperature dependant
growth rate is shown for several copepod species.
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Figure 4.1: Temperature dependant growth rate dfedeént copepod species (Uye, 1988). In this

figure the growth rate of C. finmarchicus is afftby even a small difference in temperature.

According to Uye (1988), a decrease in temperattiz°C can slow down the development
time from hatching to adult by approximately 104ys. If this is correct, the difference in
size can be explained by the difference in tempesatBoth difference in length and
taxonomic composition can perhaps be explainedhieydifference in temperature. From
inspections of historical data from the North Sedaxe temperature (APPENDIX G), the

difference in temperature can probably be accreéditgural variation.

4.2.2 Acoustic and biological sampling

Sampling made with the WP-2 net provides no infdromaabout the vertical distribution of

the catch, and is not ideal when the biological@amare to be correlated with acoustic data.
In this study, the top boundary for echo integraticas set to 10 m. Since the recordings on
several stations reach all the way to the transddeeth, and maybe all the way to the

surface, the acoustic abundance estimation woukkpected to be an underestimate.

According to Williams and Conway (1980) a largecfran of the smallesC. finmarchicus

copepodit stages are located in the upper 10 nheofwtater column at daytime, while the
larger copepodit stages are spread more evenlyghout the water column. The lack of
information on the vertical distribution from thélogical sampling makes it impossible to
find the amounts of copepods located in the uppanéters. However, NASC depth profiles
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show a decline in backscattering when approaclhiadl® m limit. This could indicate that if
present, the copepod abundance should in most baskesver in the upper 10 meters of the
water column. To sample the copepods in the uppen,lit would be better to use a multinet
which is a sampling device with 5 nets that canpbegrammed to open and close at
predetermined depths. Information provided by thatimet would also give an opportunity to
confirm the vertical NASC profile. The assumptiohtlee vertical location of the copepod
scatter is also strengthened by the hydrograpkiat on the depth of the pycnocline as no

copepod backscattering was identified bellow thenpgline.

The use of the frequency response for identificatdd copepods seems to work when the
proper frequencies are used. From the 2010 sureeges that 200 kHz is not sufficient for
identification of copepods. However, if the copepodre abundant and there is little
interference from phytoplankton, Ona and Kornekms@000) found it to be sufficient. From
the multi-frequency echograms from 2009 (APPENDIXiDseems like 200 kHz might be
adequate when identifying copepods given propeustaoconditions. Station 202 is a good
example of this. Data from 2009 show that when gig83 kHz, it is possible to identify

copepods with a high degree of certainty. In mases 333 kHz seems like a necessity.

When scrutinizing echograms with respect to copspode should be on the alert for large
deviations in the frequency response. If r(f) ab@@ is observed for the 333 kHz the
scattering layer may contain hard elastic shelleghmisms. The problem when scrutinizing
echograms with backscattering from hard elastidlestheorganisms is that even manual
removal of all areas likely to contain hard elastielled organisms (HS) may lead to an
extreme underestimation (station 194). On the otteerd, if not removed, the unwanted
backscattering leads to an extreme overestimatstetign 196 and 197) of the copepod
abundance. Because of this it was decided to remativdata most likely to contain this
unwanted backscattering.

Before these scatterers were removed, the cooeldtetween the biological and acoustic
abundance estimation seemed to be poor. Howevesn e data from the three stations
were removed, the correlation proved to be highgypificant. Within the limited material
presented with densities between x and y (Fig., #12)acoustic density was quite close to the

absolute abundance from the net sampling. This ralsans that the mean target strength of
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the copepods must have been quite correct. Thisn@asxpected, since the modelling was
based on g and h taken from the literature (Kggelat., 1987) and not measured. The target
strength measurements were also nearly 12 dB eliffeérom data orP. coronatusby Chu
and Stanton (2000). Fortunately, here, the acouksrsities and the catch data correspond
well and the selected parameters from Kggeler. ¢1887) must be good.

4.3 Digestion experiment

The experiment suffered from many potential souxesrror. Possible stress effects from
handling and adaptation to the novel environmennotabe ruled out. For example, acute
stress in rainbow troutQncorhynchus mykissaused cellular alteration in the gastrointestina
tract (Olsen et al., 2005). Stress factors sudmaaslling, change of environment and the lack
of sand are most likely to cause stress, and stiassbeen known to slow down the

metabolism in fish, but also to catalyse the gasivacuation (Talbot, 1985).

Gastric evacuation is dependent on temperature,vatida temperature of approximately
6.5°C it is likely that the evacuation would takieoat 40-50 hours (Pandian, 1985). The
gastric evacuation in this experiment took a mimmaf 55 hours while the digestion seemed
to be done after a minimum of 45 hours. This ddfere could be explained with the
possibility of some of the sandeel feeding on simaitticles and faeces during the experiment,
and thereby making the digestion rate to be monmecbthan the gastric evacuation rate. This
may explain the difference in time between 100%deniifiable matter and complete gastric
evacuation, also seen by Pandian and Vivekanarid®ab].

According to Pandian and Vivekanandan (1985), theceation rate is positively correlated
with the feeding rate. As the sandeel in this expent had no food available, the evacuation
should slow down. On the other hand, Jobling (198aihd the gastric evacuation rate to be
higher for a diet consisting of small particlesrtbfar a few large particles. Copepods are
small and have a high surface to volume ratio, tiedevacuation rate should therefore be
catalysed. It may seem like the different factorslede each other and that the digestion rate
of the sandeel is as expected at such low tempegatar any other carnivore fish (Pandian,
1985).
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The results from the digestion experiment are vetgresting, as the digestion proceeded
much slower than the working hypothesis predic¥dh a complete gastric evacuation rate
of 50-80 hours and a digestion rate of approxinyaB€-60 hours it is plausible that the
sandeel can stay in the sand for more than 24 heitin®ut emerging to feed and thereby
being a source of error in the acoustic abundastimation. The sandeel caught during the
experiment seemed to follow a similar digestiore ra$ the sandeel used in the experiment.
Sandeel caught subsequent to the experiment waty,eamal continued to emerge from the
sand for several days without the presence of amgeprhis raises the question of why the
sandeel do leave the sand? Are they triggered loplyght and hunger? It might seem this
way, seeing as similar amounts of sandeel weredfanrthe water column both with and

without the presence of copepods.

4.4 Conclusions and future aspects

The results from the digestion experiment stromggijcate that the sandeels emerge from the
sand once a day at the most to feed, but thatghtmot have to leave the sand more than
every second day. It may also seem like light isitgrby far is the main factor causing the
sandeel to leave the sand. To strengthen thetsdsnin this study, the experiment should be
repeated with a better design and more replicatesrder to get a more precise estimate.
Evacuation rates should also be studied over tino@@ location with repeated dredge or grab
sampling. Material for this kind of analysis wadlected during the 2010 survey.

Traditional sampling methods alone are not suitecabundance estimation on a small spatio-
temporal scale. However, by combining conventideahniques with acoustic methods this
can be done with a reasonable degree of uncertdihiy methods used in this study seem
promising, and should be deployed in future inggdions for verification of the results and
further development. One of the main focuses inftibgre should be the limitations due to
the presence of hard elastic shelled organisms.v@yeto improve the method would be to
gather information on the vertical distribution &a®n biological sampling equipment from a
device such as the multinet. It would also be dé#irto gather information from an acoustic
lander, which is a tool developed for acousticito smeasurements of fish and zooplankton.
An acoustic platform can be placed on the oceaor #md gather information all the way to
the surface while the survey can perform otherda$kis would make it possible to estimate

the copepod abundance in the upper 10 meters.
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APPENDIX A

Tables from taxonomic analysis

Results from the taxonomic analysis. Stations 19@{Zable I) are from the 2009 survey and
308-335 (Table 1) are from the 2010 survey. Alinaals are measured in volume density

(ind/m?).

Table I: Results from taxonomic analysis for th@2WP-2 samples. The animals were determined

down to desired taxonomic level for this study. @dleulations are in volume density (indjm

Stations Calanus Microcalanus Psaudocalanus Naupilii Metridia Cyclopoid Apendicularia
2009 sp. sp.
194 503808 4096 32768 14336 2048 331776 0
195 231424 10240 233472 4096 14336 473088 0
196 485376 6144 43008 6144 4096 212992 2048
197 146432 1024 12288 1024 0 122880 0
198 36352 0 3584 0 0 108544 0
199 104448 3072 10240 5120 2048 124928 1024
201 124928 1024 29696 31744 1024 712704 1024
202 34304 5632 37376 10240 1024 491520 0
203 38656 9216 11008 5376 512 145408 0
204 147456 32768 27648 7168 0 386048 0
205 266240 8192 59392 12288 4096 618496 0
206 125952 0 4096 0 0 96256 0
Stations Themisto  Temora Limacina Polychaeta Decapod Chaetognata Hydrozoa
2009 sp. longicornis retroversa larva
194 4096 0 2688 0 0 2048 0
195 8192 0 128 0 0 0 0
196 8192 0 3328 0 0 12288 0
197 0 0 4224 0 0 6144 0
198 0 0 0 0 0 3072 0
199 1024 1024 0 0 0 4096 0
201 3072 0 2048 0 0 5120 0
202 0 0 0 0 0 1536 0
203 0 256 0 0 0 256 0
204 260 0 0 0 0 0 0
205 0 6144 0 0 0 0 4096
206 0 0 0 0 1024 1024 0
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Table 1I: Results from taxonomic analysis for tftH@ WP-2 samples. The animals were determined

to desired taxonomic level for this study. The wialtons are in volume density (indThe table

continues on the next page.

Stations Calanus Microcalanus Psaudocalanus Naupilii Metridia Cyclopoid Apendicularia
2010 sp. sp.

308 38912 12288 19456 27136 28160 122880 17920
309 81408 13312 24576 25088 8704 143872 3584
310 34304 2048 5632 4096 5632 24576 512
311 141824 1536 41984 8192 40960 59392 26112
312 331264 4096 18944 28672 30208 71168 20992
313 299008 5120 19456 5120 22528 20480 46080
314 254976 7168 31744 14336 39936 107520 34816
315 62976 3584 13824 5120 8192 41472 5120
316 58368 3584 11264 10752 26624 53248 8192
317 102912 2048 3584 1024 19456 15360 0
318 95232 5120 11264 1024 30720 63488 3072
319 129024 9216 17408 0 79872 99328 8192
320 202752 21504 24576 6144 68608 45056 7168
321 63488 2560 7680 1536 17920 39936 1024
322 215040 9216 15360 3072 36864 55296 10240
323 44032 6144 25600 17408 6144 334848 3072
324 28672 5120 9216 15360 9216 316416 2048
325 11264 512 10240 2560 3584 95232 0
326 8192 0 6144 6656 3584 94208 1536
327 6656 2048 6144 4608 3584 28160 0
328 6400 1024 4096 1792 3072 30976 0
329 14336 512 12288 8192 7680 101888 512
330 6144 2048 6656 7168 3584 91136 0
331 15360 13824 17408 4096 10240 73728 512
332 4608 768 2816 4352 1280 39424 256
333 2560 1024 768 768 1280 32256 4096
334 28672 9216 15872 15360 3584 150528 0
335 291840 2048 23552 207872 22528 176128 34816

57



Stations Aglantha Temisto Temora Polychaet Decapodlarve Chaetognata Hydrozoa Teleost
2010 digitale larva

309 9216 0 1024 0 0 0 512 0

311 9728 512 4608 5632 512 0 0 0

313 8192 0 0 3072 0 0 0 0

315 7680 512 2048 2048 0 0 0 0

317 4608 0 0 512 0 4096 512 0

319 1024 0 1024 0 6144 2048 0 0

321 2048 1024 512 512 1024 512 512 0

323 0 0 3072 3072 0 0 0 0

325 1024 0 0 0 0 0 0 0

327 1536 0 0 1024 0 0 0 0

329 10752 512 1024 512 0 512 1536 0

331 0 0 512 1024 0 512 0 512

333 0 0 512 0 0 0 0 0

335 3072 0 11264 2048 3072 0 0 0
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APPENDIX B

Length distribution

Histograms showing the length distribution obtairfiesin the zooscan. Stations 194-205 are
from the 2009 survey and 308-335 are from the 280i@ey. The box in the upper right
corner of each histogram, show the station numin@mber of measured copepods, mean
length and standard deviation.

2009:
o
o
— N —
Station:194 Station:195
S - | N= 486 o N= 575
Mean= 0.97 =t Mean= 0.91
3 - St.dev= 0.60 St.dev= 0.58
1= € o
2 g S
o Q4 O
o _|
o _| n
N
o - r O —
I I I I I I I I I I I I I I
00 05 10 15 20 25 3.0 00 05 10 15 20 25 3.0
Length distribution [mm] Length distribution [mm]
=] B . — Em .
= Station:196 Station:197
N= 520 8 | N= 726
8 Mean= 1.04 - Mean= 1.07
= M St.dev= 0.72 S - St.dev= 0.72
£ 81 § o
Q Q O
@) o | @)
< o _
=)
& ” g -
o o
T T T T T T T T T T T T T T
00 05 10 15 20 25 3.0 00 05 10 15 20 25 3.0
Length distribution [mm] Length distribution [mm]

59



Count

Count

Count

50 100 150 200 250 300

0

200 300 400

100

100 150 200 250

50

0

Station:198
N=923

N Mean= 0.61
St.dev=0.43

T T T T T T T
00 05 10 15 20 25 30

Length distribution [mm]

M Station:201
T N= 1699
Mean= 0.69
St.dev=0.46

i o e
I I I I I I I

00 05 10 15 20 25 30

Length distribution [mm]

Station:203
- N= 880
Mean= 0.86
u St.dev=0.63

T T T T T T T
00 05 10 15 20 25 30

Length distribution [mm]

Count

Count

Count

60

60 80

40

20

100 200 300 400 500 600

0

100 150 200 250

50

Station:199
M N= 489
Mean= 1.00
St.dev=0.66

T T T T T T T
00 05 10 15 20 25 30

Length distribution [mm]

Station:202
N= 2035
Mean= 0.66
St.dev=0.37

P W

T T T T T T T
00 05 10 15 20 25 30

Length distribution [mm]

Station:204
N=618

. Mean= 0.84
St.dev=0.60

T T T T T T T
00 05 10 15 20 25 30

Length distribution [mm]



Count

100 150 200

50

Station:205
N= 554
Mean= 0.91
St.dev=0.66

T
0.0

T
0.5

T T T T T
10 15 20 25 30

Length distribution [mm]

61



2010:

Count

Count

Count

200 300 400

100

200 300 400

100

100 150

50

Station:308
N= 1646
Mean= 0.67
St.dev=0.35

T
0.0

T
0.5

T T T T T
10 15 20 25 30

Length distribution [mm]

Station:311
N= 1597
Mean= 0.97
St.dev=0.53

Length distribution [mm]

Station:313
N= 829
Mean=1.03
St.dev=0.70

T
0.0

T
0.5

T T T T T
10 15 20 25 30

Length distribution [mm]

° [ Station:310
< N=775
Mean= 0.68
o St.dev=0.43
3
=21 _|
€
]
=] o
@) S
o |
n
o 4
T T T T T T T
00 05 10 15 20 25 30
Length distribution [mm]
S [ Station:312
N= 2281
S | Mean=0.91
< St.dev=0.64
. s4 T
S ®
[e]
O o
S 4
N
o
S 4
-
o 4
T T T T T T T
00 05 10 15 20 25 30
Length distribution [mm]
o
2 —
Station:314
o N= 1488
g Mean= 0.80
St.dev=0.58
o
S
= ™
c
]
[e]
o g
N
o
S 4
—
o 4

T T T T T T T
00 05 10 15 20 25 30

Length distribution [mm]

62




Count

Count

Count

50 100 150 200 250 300

0

20 40 60 80 100

0

100 150 200

50

Station:315
N= 998
Mean= 0.67
St.dev=0.36

0.0

0.5

T T T T T
10 15 20 25 30

Length distribution [mm]

Station:317
N= 693
Mean= 1.01
St.dev=0.74

0.0

T
0.5

T T T T T
10 15 20 25 30

Length distribution [mm]

u St.dev=0.56

Station:319
N=1015
Mean= 0.83

T
0.0

T
0.5

T T T T T
10 15 20 25 30

Length distribution [mm]

Count

Count

Count

63

300

200

0 50 100

100 150

50

100 150 200

50

Station:316
N=1177
Mean= 0.65
St.dev=0.35

0.0

0.5

T T T T T
10 15 20 25 30

Length distribution [mm]

Station:318
N=782
Mean= 0.83
St.dev=0.54

0.0

0.5

T T T T T
10 15 20 25 30

Length distribution [mm]

Station:320
N=1160
Mean= 0.86
St.dev=0.63

T
0.0

T
0.5

T T T T T
10 15 20 25 30

Length distribution [mm]



Count

Count

Count

150

100

50

100 150 200

50

100 150

50

a Station:321
N= 768
Mean= 0.85
St.dev=0.62

T T T T T T T
00 05 10 15 20 25 30

Length distribution [mm]

Station:323
N=791
Mean= 0.62
St.dev=0.30

T T T T T T T
00 05 10 15 20 25 30

Length distribution [mm]

Station:325
N= 701

] Mean= 0.61
_ St.dev=0.27

T T T T T T T
00 05 10 15 20 25 30

Length distribution [mm]

Count

count

Count

64

80 100 120

20 40 60

0

100 150

50

60 80 100 120

20 40

0

Station:322

- N=731

Mean= 0.98
St.dev=0.70

T
0.0

T
0.5

T T T T T
10 15 20 25 30

Length distribution [mm]

Station:324
N=773

- Mean=0.60
St.dev=0.29

—

T
0.0

T
0.5

T T T T T
10 15 20 25 30

length distribution[mm]

Station:326
N=511

M Mean= 0.58
St.dev=0.27

he.

T
0.0

T
0.5

T T T T T
10 15 20 25 30

Length distribution [mm]



Count

Count

Count

40 60 80

20

100 150 200

50

150

100

50

Station:327
N=213
Mean= 0.52
St.dev=0.24

00 05 10 15 20 25 30
Length distribution [mm]
uB Station:329
N=934
Mean=0.68
St.dev=0.34
= —

T T T T T T T
00 05 10 15 20 25 3.0
Length distribution [mm]

[ Station:331
N= 587
Mean= 0.68
| St.dev=0.35
T T T T T T T
00 05 10 15 20 25 30

Length distribution [mm]

Count

Count

Count

65

100 150

50

100 150

50

100 150 200

50

Station:328
N= 750
Mean= 0.67
St.dev=0.35

0.0

0.5

T T T T T
10 15 20 25 30

Length distribution [mm]

| St.dev=0.27

Station:330
N=674
Mean= 0.61

0.0

0.5

T T T T T
10 15 20 25 30

Length distribution [mm]

- St.dev=0.26

Station:332
N=734
Mean= 0.60

T
0.0

T
0.5

T T T T T
10 15 20 25 30

Length distribution [mm]




Count

Count

60

40

20

100 150 200

50

Station:333

- N=279

Mean=0.71
St.dev=0.31

0.0

0.5

T T T T T
10 15 20 25 30

Length distribution [mm]

Station:335
N= 936
Mean= 0.77
St.dev=0.41

T
0.0

T
0.5

T T T T T
10 15 20 25 30

Length distribution [mm]

Count

66

100 150 200 250

50

Station:334
N=922
Mean= 0.60
St.dev=0.31

T
0.0

T
0.5

T T T T T
10 15 20 25 30

Length distribution [mm]



APPENDIX C

CTD profiles
Stations 194-205 are from the 2009 survey and 3®aBe from the 2010 survey. The box in

the upper right corner of each CTD profile, show 8tation number and the units for the
different parameters. Temperature is measured jrséfihity in practical salinity units (psu)
and density in specific seawater density (Kg®00)

2009:
Station: (194 Station]| 195
— Temp [*C] — C]
< 4 Sal[PS
' — Dens [ky/m® -1000] Q [kg/ m° -1000]
E o E _
s 7 s
o Q o
g & §4
€7 _|
o
3 - 3
I I I I I I I I I I I I
5 6 7 8 9 10 5 6 7 8 9 10
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2010:
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APPENDIX D

Echograms

Screen shots from LSSS. Stations 194-206 are fnen20®09 survey showing fragments from
each of the 6 frequencies 18, 38, 70, 120, 2002200333 kHz.
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APPENDIX E

. o
Houjoratnigainsiituttet ralvl drawings (Engas, 1995):
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Gear nr./dr
Fartay
Rigging av rockhopper gear Date
Campelen 1800# Tokt Flskelir
Kantrollert av I 19,2 m
/
3 K ekl idt b j !
TR Babord & styrbord seltsjon oxes micl e 3"""”}].-’
\ . ” T ’/ ! Blsentrisle kjet tib
f 19,1 m
Babord 147 Guparmiskiver 8" Stalfullstykke | [77 Gurmmitullstykke || Stoppere
seksjon  0x3=07 stk | ' 12wtk | 2 stk _
— - Senterkjetting
Styrbord [14" Summiskiver || B" Staltullstykke ||7" Gurnmitullstykke || Stoppere ] - 19.0 m
seksjon  (9x3=07 stk | 3 stk | 12 stk | 2 stk
- - Mal senter koblingslekke -__:_"'"-::______""
p— Midt zelsjon e
7 ol —
14" Gummiskiver 87 Stakullstykke Gummif ullstykke Stoppere Kamponent Vekt pr | Total | Total
14x3=42 stk | 15 stk | 2 stk | 2 stk | stk_(kg) [ antall | vekt (ka)
Kommentarer E 147 gummiskive (= 58 ca, 102 B0
Mal uten svivel .
[Zla stakullstykke |6 33 198
I] Gummitullstykke [1,5 33 54
I Stoppere 0.5 4 2.0

Sernerkietting 16mm | >-okg/m| 18.0m | 1045
Ekmertrisk_kistting 7rorn| 1. 1kg/m) 19,1m | 20,9

Stender 8.0m/16mm kjetting O Festeringer (nr.5) 108
| SUM () .99

Babord/ Styrbord




APPENDIX F

Calibration

2009: Calibration results for RV G.O. Sars for 1838, 70, 120, 200 and 333 kHz

HAVFORSEMINGSINSTITUTTET
REDERIAVDELINGEN

SEXEION ELENTRONSK INSTRUMENTERING
DRIFTSJOURNAL 1 Kalibrering med referansekule =z
Farey: FF GO Sars Diato 13 05. 2000
Ekkolodd : 505 EREDn2 Lokalitet : Grénforden

Thee: 24 2048
Hule : Cl-84 (korrigart For lydhasighet dler 1) B unindyp - 45 m

Calibration Version 2.10.11

Comments:

Referancs Target

TS <430 d8 kin. Dlgance 16.00m
TS Cevelbn 60 d5 Max Digance 21.50m
Transduear: EF1E-11 Sorlal No. 2035

Fieguency 18000 H Beamiype Spit
Gan 2186 dB Twa 'svay Beam Ange -17.3dB
Al AngE Sens 1390 Alng Angle Sens 1380
Alfrw. Beam Angk 1055 deg Along Beam Ange 1083 deg
Al et Angle .28 9= Alng. Offset Angl 008 deg
SaConediion -1ga ds Cepin D00 m
Transcalvar: GPT 15 kHz 0072033 & EF15-11

PulEs Duration 1024 ms Sampk enval Q189 m
Pawer 2000 W Fedeler Bandwdm 1.57 kHz
Soundsr Ty ps:

EXE0 versbn Z.1.1

T3 Deecton:

WAR. Vale -440d8 kM Spachg 100 %
Wz Beam Comp 60 d5 kMin. Edhokng 80%
kiz. Priase Dey 8.0 Max. Echokngh 180 %
Envirocnmsnt:

Albsoipiion Coefl 2 9 d&'iam Sound Vielocky 14772 mis
Baam Mol rasults:

Tensducer Gah = 2201 48 Salomedtion - “156d56
At Bzam ANgE = 10.70 deg Alang BeamAngE = 1089 deg
AL T AR = 027 9= Al O AR 008deg

Deats Oewistion TR beam mosel:

RMVE = (055 d8

Mex = 254d5 Moo= 89 Afw. =-46 deg Abng= 36 deg
M= 27145 Moo= 34 ATw. = 51 g2 Abng=-1102g

Dete deviztion TRm potynomizl modsl:

RS = 05208

Mar= 24205 Moo= 80 ATw. =46 0g ADNg= 36 02g
M= 27106 Mo = 34 AT = 51deg ADng=-01deg

Bemerkninger :

KA N

Vindstyrke : 4 kn. Vindretning : 44 grader

R& dataFil:

Filnawvn: ifibsarE ERE0 DACalb ton #albrerng 14050901 8kH2 K] 18HE_1024
Kalibrering utfert av: Terje Hauglsnd, Bijare Kvings
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REDERIAVIDELINGEN
SEXEION ELEXTRONSK INSTRUMENTERING

%'; HAVFORSEMINGSINSTITUTTET

DRIFTSJOURNAL 1

Kalibrering med referansekule =z

Faray: FiF GO Sars Diato 14 05,2000

Ekkolodd : GOS5EREDn2 Lolalitet : Grénflorden

TE,

-]

- -33 50d4B

Dite devistion TROM be&m maodel:

RS = 05205

Mot = 25305 Moo= 50 AMw =-36 deg ADNg= 080:g
Mn= 2450 Mo = &7 A= 30deg Abng= 23 deg

Dt oo vistion Trom poly nomisl mogel:
RMG = 05035

Mar= 24405 Moo= 25 ARW. = 21deg Alng =-05dsg
M= 25106 Mo = &7 AFw.= 30deg ADRg= 23 deg

Huls : CIL-ED (korrigert for lpdhastighet dler KE) Bunndyp : 45 m

Calibration Version 2.1.0.11
Commeants:
Rt ranca Target
TS 3360 dB Mn. Digance 16.00m
TS CevElDn 60 d8 Max Digance 200m
Transducar: EZZSE 3arlal No 30310
FrRQuens) 38000 He Beamfy pe Sgit
Gain 2546 dB Twa 'svay Beam Ange -205dB
Al BOgE SenE 2180 Blong Bnge SenE 2180
Ay, B=am AngE .05 deg Along Eeam Ange 95 deg
Al Ot Angie 1103 deg Along Offset Angl 014 deg
a3 Conection 17 ds Cepn 003 m
Transcshver: GPT 38 kHE 00072004657 5 EEND
Pulbe Duration 1.024 ms Sampk menal Q189 m
Power 2000 W e & er Bandwiin 243 kHE
Soundar Ty s
EXE0 versbm 211
T & Deec tion:
Mih . vake -440d5 Mn. Spachg 100 %
bz . Beam Comp 60 d8 Mn. Edokngh 80 %
Wz Prmse D ai Max. Eokngm 180 %
Environmeant:
Albsopiion Coefl. 10.1 d&'km Soun d YelocRy 147T7.Zmis
Baam Mode | rasuits:
TenrsducerGah = 2555 d8 SaCometion - -0g1ds
Alfrw. Beam Ange = T.14 deg Along Seam Ange = 655 deg
Al OT5E AngE = 4110 deg Along Of%et Angle= 115 deg

Be merkninger :

Wiy A1

Vindstyrke : 4 kn. Vindretning : 53 grader

RadataFil:

Filnavn: fikzar'ERS0 Datz'Calb etion Walbrerhg 1405 09058kH2 KAl M-z _1024

Kalibrering utfert av:

Terne Haugland, Bijare Kvings
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REDERAVDELINGEN
SEKESIONELENTRONSK INSTRUMEKTERING

é; HAVFORSKMINGSINSTITUTTET

89

DRIFTSJOURNAL 1 Kalibrering med referansekule =z
Fariey : FF GO .Sars Diato 14 05,2000

Ekkolodd : GOSERBDn2 Lokalitet : Grénfiorden

T8 .- -41 10dB
Hule : W15 1 (korrigert for lydhastighet dler 13) Bunndyp : 45 m
Calibration Version 21011

Comments:
Referancs Target
TS -41.10d5 kN Digance 16.00m
TE DevElon 60dB8 Max Digance Z2.00m
Transducar: ESTOTC Sarlal Mo, 105
FrRouency 70000 He Beamitype Epit
Galn 2691 d5 Twa 'svay Beam Ange -215dB
AT AOgE SenE 2300 Alng Ange Sens 2300
A EEEM ANGE 654 deg Alng Seam Ange .55 deg
A Ofset Angie 105 deg Alng Offset Angl 004 deg
Salorection <035 d5 Ceph Q.00 m
Transcshvar: GPT 70 kHz 009072003100 2 ESTOTC
PulB2 Duration 1.024 me Sampk mfenval Q152 m
Power a00 W Feeer Bandwdm 286 kHz
Soundar Typs:
EREQ versbn 211
T3 Deecton:
M. Valke -51.0d5 Mn. Spachg 100%
Mz Beam Comp 60d8 Min. EmokEngh 80%
Wz Prgse Dev a0 Max Edhokngh 180 %
Enwironmesnt:
Absoption Coeft 21.6 d5'iam Sound Velooky 14772 mis
Baam Mode] resuls:
TERsducer Gah = 2695 dB SaComedtion - -0.34dB
At Ezam Angl = £.52 deg Alng Ssam Ange = £.51deg
Alrrw. Offzel Ange = <108 deg Along Offset Angle= <106 deg
Date deviztion Trom beam model:

G = 023d5

Meg = Q6805 Moo= 101 Alw. = QEdeg Along = 3.008g

Mn= -1 705 Mo = o2 A= 23 0og Abng= 13deg
Date deviation TRom poly nomital moddel:

VG = 02138

Meg = O71dE ko= 101 Alw = Q8deg Along = 3.00eg

M= -1 7005 Moo= &2 ATTW.= 23 02g ADRg= 130eg
Bemerkninger :
Wi N
Vindstyrke : 7 kn. Vindretning : 53 grader
RadataFil: tiflksasiERG] DataCalb =tion Walbrerh g 140505k Kalbrerhg 14052009 70KHEZ_ 1ms-D200305 14 -Ta2005 8.1
Filnavn: tiflksasiERE] DatxiCalb =tion Walbrerh g 1405 09 MkHRKaEl TRHE 1024

Kalibrering utfert av: Terje Hauglsnd, Bisre Kvings



REDERIAVDELINGEN
SEREION ELEKTRONSK INSTRUMENTERING

%’; HAVFORSKMINGSINSTITUTTET

DRIFTSJOURNAL 1 Kalibrering med referansekule sz
Farey: FiF GO .Sars Diato 14 05. 2009
Ekkolodd : GOSEREDn2 Lokalitet : Grénforden
TS, . 13 5048
Huls : WC-38 1 (korrigert For lydhagtighet dler £3) Bunndyp : 45 m

Calibration Version 2.1.0.11

Comments:

Rsferancs Tarpst

TS ~39.50 dB Mn. Didance 16.00m
TS DeviEton 60 d5 Max Disance Z3.00m
Transduear: ES1207C 2arlal No. 124

Frequency 120000 He Beamfype Splt
E3in 2683 dB Two Way Beam Ange -21.04d8
Al AOgE 320 2300 Alng Aogk S 2300
Alrw. BEEm ANGE 643 deg Alng Seam Ange f4adeg
Al Oset Angle 02 deg Alng Offset Angl 004 deg
SaCorection 13 48 Cepmi Q.00 m
Transcshvar: GPT 120 kHz 00072033 0de 3 ESIA0-TC

Pulbe Duration 1.024 ms Sampk Imenal Q189 m
Power 230 W Feceer BEandwbih 05 KHZ
Soundsr Ty ps:

EXEQ versbn 211

T3 Deecton:

k. Valkue =500 d5 M. Spachg 100 %
. Beam Comp 60 d5 Mn. EqhoEngh 80%
W PrEse D a.0 Max Edokngh 180 %
Envronment:

Ansoption Coel 332 d5'iam Sound Velooky 14772mis
B Mode ] rasults:

Tensducer Gah = 2654 dB SaComediion - 131 dB
Aty Ecam Angk = £33 gag Along. Szam AfgE = £.47 deg
Aty Offset Angk = 07 deg Alng. Offset Angie= 013deg

Dits devistion TROM besm model:
AWE - 01208

Max = 04105 Moo= 256 ATw. = 43deg Alng =-05 oeg
M= 27505 Mo = 54 AWM= 39 deg ADRG= 12deg

Date deviation from poly nomial mosdel:

FME= Q17 d5

M= 05108 Moo= Z56 ARW. = 4.3deq Alng —-05 deg
M= 265d6 Mo = 54 ARW. = 39 deg Abng= 12deg

Be merkninger :

Vindstyrke : & kn. Vindretning : 43 grader
RadataFil: tiflksasiERE) DataCalb =tkon Walbrerh g 1405 09012 0k Hr¥albrern g 14052009 120KHE_1ms-02 00905 14-TO24 05
Filnavn: tiflksasiERE] DataCalb =tion #albrerh g 1405 09120k HEal 120kHz 1024

Kalibrering utfert av: Terje Hauglsnd, Bijsre Kvinge
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REDERAVIDELINGEN
SEXEJON ELEXTRONSK INSTRUMENTERING

%'; HAVFORSEMINGSINSTITUTTET

DRIFTSJOURNAL 1 Kalibrering med referansekule ==
Farey: FF GO Sars Dato 14 05,2000
Ekkoloedd :  GOSERSDInZ Lolslitet : Grinforden
TS, -39 40dE
Hule : WE-3E 1 (korrigert For lydhadighet dler 1) Bunndyp : 45 m

Calibration Version 2.10.11

Comments:

Referance Target

TS -3940 4B kN Dlganoe 16.00m
TS Cevelbn 60 d5 Max Digance 230m
Transducar: EE200TC Zarlal No. 205

FROuEnTy 200000 Hz Seamiype Spit
Gan 2672 dB Twa 'svay Beam Ange -x15dB
Al AngE Sens 2300 Alng. Angle Sens 2300
Alfrw. Beam Angk 666 deg Along Beam Angle 6T0deg
Al et Angle 0008 82 Alng. Offset Angl 006 8eg
SaConediion 127 dB Cepin Q.00 m
Transcahvar: GPT 200 kHz 0 @072 0ME5 b4 EENNTC

PulEs Duration 1024 ms Sampk enval 0189 m
Pawer 150 W Fedeler Bandwdm 308 kHz
Soundsr Ty ps:

EXE0 versbn Z.1.1

T3 Deecton:

WAR. Vale -510 48 kM Spachg 100%
Wz Beam Comp 60d8 kMin. Edhaokng 80%
kiz. Priase Dey a0 Max. Echoknghn 180 %
Envirocnmsnt:

Albsoipiion Coefl 46.7 dB'tm Sound VielocRy 14772 mis
Baam Mol rasults:

Tensducer Gah = 2662 dB Salomedtion - 1:xdB
Al Bzam ANGE = BT 92 Aling, BeamAngE = 647 deg
AL O ANGE = 0005 82 Alng et Angie= dEae]

Dt deviztion Trom beam modsl:
RME = 025 &5
Mai= 07605 Moo= T3 AMw.— 27deg Alng = 23 deg
Min= -1.00d5 Mo = 237 AFw.= 45 0eg Abng=-07 d=g

Deata deviation Trom pody nomitsl mosded:

RMVE = (16 dB

Mt = 04408 Moo= 258 AMW = 35deg Along =-20029
Mr= 058dE Koo = 227 Afw. = 46 deg Abng=-0T deg

Bemerkninger :

Vindstyrke : 7 kn. Vindretning : &1 gradsr
RadataFil: tiflksasiERG] DataiCalb mtion Walbnerh g 14050520 0k Hralbrerhig 14052000 200k Hz_ 1m:s-02 00905 14-T032 30
Filnavn: tiflksasiERE) DataCalb =tion walbrerh g 1405 020 0k Helkal 200kHZ 1024

Kalibrering utfert av: Terie Hauglsnd, Biare Kvings
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REDERIAVIDELINGEN
SEXSIONELEKTRONSK INSTRUMENTERING

%f; HAVFORSKEMINGSINSTITUTTET

DRIFTSJOURNAL 1 Kalibrering med referansekule mazo0
Farey: FiF GO Sars Diato : 14 05 200G
Ekkoledd :  GOSERGIN2 Lolalitet : Groenforden
T3 .. -43 5048
Huls : WC-22 (korrigert for lpdhagtighet dler £33 Bunndyp : 45 m

Calibration Version 21011

Comments:

Raferancs Tarpet

TS 4390 d8 M. Disance 17.50m
TS CevElbn 6.0 dg Wax Digance 21.50m
Transducar: ES33TC Sarlal Mo, 102

FRouency 3333 HE Seamiype Spit
Galh 2607 4B Twa 'svay Beam Ange -21.04dB8
Alrw. Angk Sens Z300 Along Angle Sens 2300
Alrm. B2am Ange .87 deg Along Beam Angie £.19deg
Alrm. st Ange 0007 925 Along, Ofset Angl 013 deg
Salonedtion 033 dB Depin Q.00 m
Transcshvar: GPT 333 kHz 00072058 bd 1 ES333-TC

PulEs Duration 1.024 ms Sampk Feenial 2190 m
Pawer 0 W Fe e ler Sandwii 311 kHz
Soundar Ty ps:

EXEQ versbn 211

T3 Detection:

k. Vake -540d5 Mn Spachg 100 %
ki Beam Comp 6.0 dg Mn. Eoknghn 80%
Wi . FrEse Dey a0 Max. Edhokngh 180 %
EnvAronmsnt:

Absompiion Coefl T3.7 d8'iam Sound velocky 14814 mis
Beam Mods | results:

TEnsducerZan = 2690 d8 SaCaomection - -0xade
Al BEamATGE = .52 deg Along, BeamANgE = 644 deg
AL Ol ATGE = 0006 8= Along, el Age= 07 deg

ek s viztion Trom beam modsl:

RME = 06435

Mai= 16705 Moo= 19 AMw. = 27deg Alng = 04 d=g
Min- 20905 Mo = 58 AFw.= 43 deg Abng=-12 deg

Dita de viztion Trom polynomial model:

ANE = 06008

M= 14005 KD.= 19 Amw. = 27deg Alng= 04 dag
Min= -1 57dE Mo = 162 Afwe=-08deg Along= 0.4 deg

Bemerkninger :

Vindstyrke : 15 kn. Vindretning : 20 gradsr

RadataFil: tifksariERE] DataiCalb etlon Walbnerh g 1405 09053 3 Healbrerh g 14052008333 He_ 1ms-D0 00905 14-TOGS 45
Filnawn: tiflksarRERE] DataCalb =tkon #albrerh g 1405 09053 X Hewalbrern g 1405200833 HE_1ms skEe

Kalibrering utfert av: Terie Haugland, Bijare Kvings
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Survey settings and calibration results for the extko sounders used in the 2009 sandeel

survey
Parameter Frequency

18 38 70 120 200 333
Absorption coefficient [dB/km] 2.90 10.1 21.6 33.2 46.7 73.7
Pulse Duration [ms] 1.024 1.024 1.024 1.024 1.024 1.024
Bandwidth [kHz] 1.57 2.43 2.86 3.03 3.09 3.11
Power [W] 2000 2000 800 250 150 60
2 Way Beam Angle [dB] -17.3  -20.8 -20.6 -21.0 -20.5 -21.0
TS Transducer Gain [dB] 22.01 25.55 26.93 26.84 26.62 26.90
Sa Correction [dB] -0.69 -0.70 -0.35 -0.31  -0.27 -0.33
Angle Sensitivity - Along ship 13.90 21.90 23.00 23.00 23.00 23.00
Angle Sensitivity - Athwart ship 13.90 21.90 23.00 23.00 23.00 23.00
3 dB Beam Width - Along ship [deg] 10.83 6.96 6.55 6.49 6.70 6.19
3 dB Beam Width - Athwart ship [deg] 10.93 6.98 6.54 6.43 6.66 6.87
Angle Offset - Along ship [deg] 0.08 0.14 0.04 0.04 0.06 0.13
Angle Offset - Athwart ship [deg] -0.28 -0.08 -0.05 0.02 -0.09 -0.07
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2010: Calibration results for RV Johan Hjort for 18, 38, 120 and 200 kHz

HAVFORSEMINGSINSTITUTTET
RECERIAVDELINGEN

SEKEJON EL EXTROMNSK INSTRUMENTERING
DRIFTSJOURNAL 1 Kalibrering med referansekule mezos
Fariey: F/F Johan Hjort Dato 11 05,2010
Ekkolodd :  jjherfiinr Lokslitet : Sandviksflakst

TS, . 142548
Kule : CU-54 (horrigert For lpdhadighet dler £3) Bunndyp : 55 mn

Calibration Version 21012

Comments:

sanavksfaket 1152019

Raferancs Targst

TS 5425 dB Mn. Disance 19.00m
TS CevElon 40d5 Max Didance Z5.00m
Transducar: ES15-11 Sarial No.

FRouensy 18000 Hz Beamiype ot
&an 2288 d8 Twa 'Wvay Beam Ange -17.0dBE
Al Ange S2nE 1380 Alwng Angle Sens 1380
A EBEEM ANGE 11,35 deg Alng SeEm Ange 11,04 g
AT OTEet Angle 001 deg Alng Ofetang 012 deg
EaConeciion 080 dB Depmn 6.00 m
Transcahvar: GPT 18 kHz 0007205737 11-1 ES15-11

Pu s Duration 1.024 ms Sampk inenal 0189 m
Pawer 2000 W Feceler Bandwbm™ 157 kHz
Soundar Ty ps:

EXEQ viersbn 221

T35 De oo ton:

MR Value -450 d8 Mn. Spachg 100 %
hazx. Beam Comp 60dB Mn. Edoknghn 0%
Mz Prizse Dev a0 Wax Echokngh 180 %
Environmsnt:

Albvsomption Coeftl 27 dEiom Sownd Velooky 14780 mis
Baam Mode | resulis:

TERsducer Gah = 2291 d8 SaComedion - -rade
A ERamMANGE = 11,01 deg Alng SEEM ANgE = 1051 deg
AP Ofset AN = 003 deg Alng Offset Angiem {105 deg

Date deviation Trom beam model:

AVE = 01z2dB

Mex = 04305 Noo= 103 Amw. = 6.0 deg ADng= 5.4 deg
M= 03548 No.= 125 A =-12deg Along= 7.3 deg

Dt deviztion Trom poly nomial modsd:

RME = 01035

Mai= 032705 Moo= 103 AMw. =450 deg Abng= 54 deg
Min=- 02405 Mo = 201 Afw.=— 21 deg Abng=-30deg

Bemerkninge Megst gode kal forhold

Vindstyrke : 1.5kn. Vindretning : 05 grader
RadataFil:  WERGTa Breng? H10FS0Z 2010 205-0001 00511 -T16254 3raw
Filnavn: WAERGTEE Iredngi2 0101 5 pE sanaviksa

Kalibrering utfart av: Egil Ona, Terie Sworsn, Jan Erik Nygssrd
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REDERIAVDELINGEN
SEXEION ELENTRONSK INSTRUMENTERING

%f; HAVFORSKEMINGSINSTITUTTET

DRIFTSJOURMNAL 1

Kalibrering med referansekule mazos

Farey: FiF Johan Hjort Ciato 11 052010

Lokzlitet : Sandviksflaket

Ekkolodd :  jherdiOnr

TS, 335048

Diats deviztion TROM be2m mode:

AWE = 01308

Mex = 03305 Moo= 102 ATw = 22deg Along = 3 6 deg
M= 031dE Mo = 36 ATm.=-3.4deg Alng- 26deg

Dats devistion Trm pofynomizl model:

AWE = 01008

Mex = 03005 Moo= 124 Afiw =15 deg Abng= 47 deg
M= 03005 Mo = 111 A= 03 deg ADng= 43 deg

Huls : CLU-ED (korrigart For lydhagighet dler LE) B s chypp 86 m

Calibration Version 21012
Comments:
3 sanavksfEket 11.5.2010
R rancs Tarpst
TS 336048 k. Distance 19.00m
TS Cevelon 40d8 kax DiEance 2500m
Transducar: E33EB Sanal No
FRouency 38000 Fz SeEmiype Spit
Eain 2664 0B Twa 'svay Beam Ange -x64dB
Alfrw. Angk Sens 2189 Alng Angle Sens 28]
Alrw. BEEm ANGE 717 deg Alng Seam Ange 725 deg
Al Ofset Angle 010 deg Alng Offet Angl 005 deg
SaConesciion -155d8 Depi 6.00 m
Transcalvar: GPT 38 KHE 00072057350 2-1 ES3SEB
PulEs Duration 1024 ms Sampk fenval Q189 m
Pawer 2000 W Feelner Bandwidi 243 kHz
Soundar Typs:
EXE0 versbn 221
T3 Detec thon:
kN Value -450d8 Mn. Spachg 100 %
ki . Beam Comp 60 dg Mn. Ednoknghn 80%
bz . Przse Dev a.0 Wax. Echokngn 180%
Emvronmsnt:
Albsoption Coeft 9.9 d5'iom Sound Velooky 1473.0mis
Baam Mooe | resuis:
TeEnsducerZan = 2689 dB SaComection - -061dE
Ay EBamAngE = .54 deg Alng Seam ANgE = 655 0eg
AL ORI ANDE = .10 deg Blng et Anglem 4105 deg

Be merkninge M eget gode kal forhold

Vindstyrke :  kn. Vindretning : grader
RadataFil:  WERGTKa Brefng2 010Ra0at = 2010 205-0001 03511 T 16254 3raw
Filnavn: RET#a Rareing 01058 pd sandviksn

Kalibrering utfert av:

Egil Ona, Terje Sworen, Jan Erik Nygsard
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REDERAVDELINGEN
SEKEIONELEXTRONEK INSTRUMEERTERING

%’; HAVFORSKMINGSINSTITUTTET

DRIFTSJOURNAL 1

Kalibrering med referansekule =z2ms

Dite devistion TROM be&m maodel:
RS = 01508

Mot = 03705 Moo= B0 AMw = 33deg Aleg= 33 dag
M= 08506 Mo = 271 A =-1.5 080 Along=-4 5 0ag

Dt deviztion Trom poly nomizl modsd:
AMS = 01205

Wai= 03705 Moo= 141 AT = 0.1deg Alng = 4.9 025
Min= 7305 Mo = 271 ATt =-1508g Alng=-4 5 02g

Faray: FiF Johan Hjort Dato 11 05,2010
Ekkolodd :  jherfinr Lokzlitet : Sandviksflakst
TE .. -35 50dB

Hule : WC-IE 1 (korrigert For lpdhastighet dler 13 Bunndyp : B m

Cslibration Version 21012
Comments:
120 Samdviksfaket
Rferancs Target
TS -39.50 dB k. Disance 19.00m
TS DevElon i0d5 Max Digance 25.00m
Transducar: ES1207 Sarlal Mo
Frouency 120000 Hz Seamiype Sait
Gan 2385 dB Two ¥yay Beam Ange -205d8
Al AOgE SenE 100 Alng Angk Sens .00
ATy BEEm ANGE 723 deg Alng SeEm Ange 707 deg
Al Ofset Angie 015 deg Alng Offset Angl .08 deg
Saloreciion <034 d5 Cepf 6.00 m
Transcahvar: GPT 120 kHz 00072057357 4-1 ES 10T
Pulbe Duration 1.024 me Sampk menval Q182 m
Power 30 W Feceler Bandwbmh 305 KHE
Soundar Ty s
EXE0 viersbn 221
T & Deec tion:
Mih . vake =500 dB M. Spachg 100%
bz . Beam Comp 60dB8 M. Echokngh 80%
Wz Prmse D 43 Max. Ehokngn 180%
Environmeant:
Albsopiion Coefl. T.5.dEkm Sound VelooRy 1475.0ms
Baam Model resuls:
TenrsducerGah = 2423 d8 EaComedtion - -1EdB
Alfrw. Beam Ange = 713 deg Along Beam Ange - 694 deg
Al OT5E AngE = 002 deg Alng Offset Angle= 0.04 deg

Be merkninge Meget gode kal forhold

Vindstyrke : 1.5 kn. Vindretning : 05 grader
Ra dataFil: FE0Wa lorenngi2 010N Adat 22010 2050001 00511 -T1E284 3raw
Filnavn: FE0¥a loredngi2 0104 20 pd sndriksl

Kalibrering utfert av:

Egil Ona, Terje Sworen, Jan Erik My sard
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REDERIAVIDELINGEN
SEXEION ELEXTRONSK INSTRUMENTERING

%; HAVFORSEMINGSINSTITUTTET

DRIFTSJOURNAL 1 Kalibrering med referansekule ==
Farey: FiF Johan Hjort Diato 11 05,2010
Ekkoledd :  jherBlnri Lokslitet: Sandwiksfishst
TS, . 33 4048
Kule : WC-38 1 (korrigert for lpdhadighet dler L) B wnindyp i

Calibration Version 21012

Comments:

200 kHz Sandvksl @lmo2

Raferance Target

TS -3940 4B WAL Dilgtancs

TS CevElbn 40ds Max Digance
Transducsr: EZ200FC Sarlal No.

Fie guency 200000 H2 Beamfype

el 2633 0B T 'Wvay B eam Ange
AT ANGE S20E 2300 Along Angle S
Aty Beam Angle BT deg Along Beam Angie
Alrrw. Ofisel Angie 119 deg Along Offset Angl
EaConection 23d5 Cepn

Transcalvar: GPT 200 kHz 00072057352 3-1 ES200-TC

PulEe Duration 1024 ms Sampe menvEl
Pawer 120 W Fe @ er SEandwdm
Sounddsr Ty ps:

EXE0 viersbm 221

T3 Detection:

Mh. Vake -450d8 Mn Spachg

Az Beam Comp 60 d8 Mn Edokngh
Wz Prmse Dey aa Max. Edokng
Emvironmsnt:

Az piion Cosil 3.1 dEViam Sound velocky
Baam Model racults:

TenrsducsrGah - 2681 dB SaComestion -
Alrm SEamANGE = .17 deg Along BeamAngE =
AlPT O ATTE = 0002 8= Along el AT

Dt e viation Trom beam model:

FME= 02048

Mg = 04408 Moo= 134 AMW. =39 deg Abng=-1.7deg
Mn= -030dB8 ko = 213 Afmw. = 37 deg Abng=-23deg

Dite gevistion Trom polynomizl modsl:

RS = 016 05

Mt = 04905 RD= 157 AW = 40deg Alng =-05 deg
M= 06105 Mo = 255 Awe= 20055 ADNg=-3502g

19.00m
2500m

=it
21748
2300
645 deg
0128 deg
£00m

Q189 m
308 kHz

100%
a0%
180%

4T7a0mis

12348
651 deg
020 deg

Bemerkninge Meget gode kal forhold

Vindstyrke : 1.5 kn. Vindretning : 09 grader
RadataFil: FoE0Ea Borengi? 01 NFadat 22010 205-0001 00511 -T 16284 I.raw
Filnawn: WOERGTHa Breing2 200 p2 sndvkslcEl 2

Kalibrering utfert av: Egil Ona, Tere Svoren, Jan Erik Nygaard
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Survey settings and calibration results for the extko sounders used in the 2009 sandeel

survey

Parameter Frequency

18 38 120 200
Absorption coefficient [dB/km] 2.70 9.9 7.8 3.1
Pulse Duration [ms] 1.024 1.024 1.024 1.024
Bandwidth [kHz] 1.57 2.43 3.03 3.09
Power [W] 2000 2000 250 120
2 Way Beam Angle [dB] -17.00 21.90 -20.8 -20.7
TS Transducer Gain [dB] 2291 26.98 24.23 26.81
Sa Correction [dB] -0.60 -0.58 -0.34 -0.23
Angle Sensitivity - Along ship 13.90 21.90 21.00 23.00
Angle Sensitivity - Athwart ship 13.90 21.90 21.00 23.00
3 dB Beam Width - Along ship [deg] 11.04 7.25 7.07 6.46
3 dB Beam Width - Athwart ship [deg] 11.08 7.17 7.23 6.27
Angle Offset - Along ship [deg] 0.12 0.05 0.08 0.28
Angle Offset - Athwart ship [deg] -0.01 0.10 0.15 0.19
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APPENDIX G

North Sea surface temperature

North Sea surface temperature in April and May fi#$80-2010 (BSH, 2011)
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APPENDIX H

The most important sandeel grounds in the North Sea
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