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TERMS OF REFERENCE, . .

In ac'cordénce with C.Res:1997/2£32; thé Plaﬁning Group for Herring Suﬁeys (Co-Chainnen: E. Torstensen, Nbrway
and K.-J. Stzhr, Denmark) met in Bergen, Norway from 12-14 January 1998 to:

a):

coordinate the timing, area altocation and methodologies for acoustic and larval surveys for herring in the North Sea,
Division Vla and IIla and the Western Baltic;

b} combine the survey data to provide estimates of abundance for the population within the area;

¢) hold a Workshop on acoustic echogram examination procedures;

d) asssss the results of studies on the separation of west coast and North Sea herring stocks within the acoustic survey
time series; the examination of the pre-1991 surveys for poscible under-estimation due to signal saturation in the
electronics; the inter ship-calibration and the study of variability of trawl performance between participants;

e) review the results of the above studies and then report on the applicability of further study on the herring survey time
series. : :

2 PARTICIPANTS

Eckhard Bethke Germarny

Bram Couperus The Netherlands

R P TTL FO el I

ral..u J. Crianacs U Lavirnialil )

Eberhard Gaitze . Germany

Corneliug Hammer o _ Cermany

Nils Hikansson Sweden

Jens Pedersen Denmark

Dave Reid UK (Scotland)

Dietrich Schnack Germany

John Simmonds . - UK {Scotland)

Karl-JTohan Stahr (Cu—chalrman) Denmark

Reidar Toresen Norway

Else Torstensen (Co-chairman) Norway

Kaare Hansen Norway

3 HERRING LARVAL SURVEY

31 Review of Larvae Surveys

Due to a substantial decline in ship time and sampling effort allocated to the herring larvae surveys in recent years, a
study was requested on the effects on the estimates of larvae abundance and production derived from these surveys. A
first step of the analysis discussed at last years meeting considered the effect of a reduction in the number of sub-areas to
be sampled and the required frequency of intermediate complete surveys. The main result was that it would be prudent
to concentrate effort on a.few target areas rather than attempting to cover all spawning areas of the North Sea, but that
complete coverage would nevertheless be required, to observe long term trends in the relative importance of different
spawning areas and in z/k values. For the further analysis the following tasks had been defined:

1)
L

2)
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Reliability and changes of the z/k values should be studied as the LPE is especially sensitive to this parameter. A
standard procedure to estimate #/'k should be defined and the existing data series revised accordingly.

An intermediate status report of the requested analysis was presented during the present meeting, concentrating on the
LPE index (Appendix A). From the discussion the following conclusions can be drawn:

1)

The z/k values include some substantial degree of random variation; in addition some area specific trends are
indicated, the time scales of which are, however, difficult to identify within the given variability, the restricted extent
of the time series and the data gaps included.
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3} The regressions of LPE on SSB so far obtained for complete coverage as compared to different subsets of sampling
units, defined by time and area, do not indicate a reduction in the precision of stock size estimates, when the index is
generally based on a sampling scheme of the kind presently achieved. The analysis is, however, yet incomplete and
results could have been largely effected by methodical problems related to the cxc]usnon of too many samplmg units
by too narrow criteria for sufficiently complete sampling within these utiits.

4) The analysis should be completed, including a comparison of the performance of LPE, 1.AI and MLAI under

resiricted sampling effort conditions. For the time being, the MLAT should be used for assessment purpose.

3.2.1  Surveys planned for 1993/99

" Germany ' 16-30 September 1998 Orkney/Shetland

Netherland 14-24 September 1998 Buchan
Netherland 14-18 December 1998 Southern North Sea
Germany *01-15 January 1999 Southern North Sea
Netherland #15-31 January 1999 Southern North Sea
= preliminary
Opiimal compleie coverage for calculaiing LAI and LPE, as defined in ‘ihe previous Planning Group report {Anon.
19973, should be aftempted every thiee years, star uug from 199972000 or as soon as puaa‘bl A total of ’Bﬁut-‘y‘ﬂ'days

survey time would be required, which is about a doubling of the effort presently allocated.

3.2.2  Data processing

The herring larvae database has been transferred to IfM Kiel (Germany). Updating and reporting on yearly resultsis
planned to be done at Kiel from 1998 onwards. A backup of the data bank and of the calculation routines should be kept

at Aberdeen for the next two years.

A backup of the data bank updated until éarly 1997 will be kept in Aberdeen.
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41  Review of Acoustic Surveys in 1997

Herrilig
4.1.1 ° Acoustic surveys Nm'th Sea and west of Scotland in 1997

In 1997 the coordmated survey compnsed six 1ndw1dual surveys covering the North Sea and the West of Scotland
(Table 1). The methods employed were in accordance with the recommendations in Anon (1994). Individual survey
results were collated in Aberdeen and presented in a short report to ACFM in October 1997 (Appendix B) and a- full
survey analysis and report will be made available for the Herrmg Assessment Working Gr()up The results of the Danish
SUD \‘U)" was pu:bcmt:-u \nppullum LJ d.[ll.l Wlll UU lllblUUﬂU lIl l[lU lull Sur VU)" ll‘JlJUl L. o
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Tahle 1 Dates and locations of acoustic surveys in the 1997 co-ordinated herring acoustic survey
Scotia 16 June—3 July North of 56°30'N west of 3°W
Dana - - {212 July . | North-of 57° east.of 6°E - -
GO Sars |28 Junie—18 July North of 57° east of 1°W with reduced effort east of 3°E
Scotia 828 July North of 58° 30' between 4°W and 2°E
Tridens 30 June—18 July South of 59°N west of 2°E
W Herwig 23 June-16 1 South of 57°N east of 2°F reduced effort between 2°-6°E

412, Western Baltic -

A joint German-Danish acoustic survey was carried out with R/V “Solea” from September 12 to October 2 1997, The
survey covered the Sub-divisions 22, 23, 24 and the southern part of the Kattegat. All investigations were performed at
night as in previous years. :

The acoustic equipment used was an echosounder EK500 connected to the Bergen-Integrator BIS00. The transducer 38-
26 was installed in a towed body. The towed body had a lateral distance of about 30 m from the ship to decrease the
influence of escape reactions of fish.

The cruise track was 1035 nm long and 48 trawl hauls were carried out to identify the targets. From each haul samples
were taken for the determination of length, weight and age. After the haul the hydrographic condition was investigated
by a CTD-probe.

The S, values for each stratum were converted into fish numbers using the TS-length regressions:
Clupeids: TS =20 logL (cm)-71.2
Gadoids: TS =20 log L (cm) - 67.3

A1 ™ M a.____-_. A H L M : T a 1~
4.1.2. Cruise track and haul pusiilons are given in Figure 4.1.2.

L
'k
The abundance of herring was similar to the year before with a slight increase. of about 15% in all Sub-divisions.
However, sprat numbers in all subdivisions increased by more than a factor of two approaching the long-term mean in
this arcas.

4.1.3  Other surveys in the area

In connection with the environmental impact monitoring carried out during the construction of a fixed link across the
Sound, western Baltlc spring spawmng herring migrating through the area have been monitored in both auturnn and
“spring.

The aim of the environmenial unpau. moniionng was iv examine if the consiroction would disturb the mlgrauon pattern

-With-refereince to the uuuu.urlus camied out oi ucumg uuguxuuu ini the puuuu before the initiaiion of ihe consiruciion
work (the base-line investigations) (Nielsen, I.R. 1996), the herring has been monitored in the autumn and in the spring.
The purpose of the monitoring surveys were to examine whether the herring are migrating from the feeding grounds to
the Sound in autumn in the same proportion as during the baseline investigations, and migrate south in the spring for the

spawnmg grounds in the western Baltic.

~The environmental impact monitoring has shown a higher biomass in the estimates from the surveys in the 1996/97
migration period and the 1997/98 migration period compared to the 1995/96 migration period (see Appendix D). This
higher biomass seems to be due to an income of a strong 1994 year class of Western Baltic herring.

This strong 1994 year can be followed in the 1996/97 m1gra£mn through the Sound as 2-3 year-old herring, in the

1 dnaneT -

ishery af ihe spawning ground in 1%97 as 3 year-oid herring, and in the Sound in November 1997 as 3—4 year-oid

[~
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4.1.4 . Sprat

Data on sprat were provided by Tridens and Walther Herwig [l G.O. Sars, Scotia and Dana found only single.
specimens of sprat (Figure 4.1.4). The squares 4559, 45E8, 45F0, 46F1, 4610, 46E9 and 46E8 were covered by both
ships. No sprat were caught in the 46-squares, From this it is assumed that the northern extension of the sprat stock i m;
the area was reached during the surveys. ‘

In the regular survey area of the “Walther Herwig LI off the Jutland coast, less than 600 t sprat-were estim‘ated Due tof
the short time series of mvestlgatlons it can not be decided whcther thls is due to low stock size or to msufﬁcwnt.

novarnoa af tha dictrilaitinm nean
\JU\’U]LI.&N LI ulnuluuuuu v,

'T‘hs- coverage in 1997 was smaller than usua_l as vessel time was used for mrerr-ahhrarmn exercises. After termination of
the “Walther Herwig 1II” survey, significant amounis of fish were detected close to the Wadden Sea area in the German
Bight. These concentrations could not be sampled due to the lack of time. It is reasonable to assume that herring and/or

sprat have formed these concentrations. The southern areas will be-included in future surveys.

During the analysis, problems with the age reading of sprat otoliths oceurred and otoliths collected on “Walther Herwig
111" were sent to Norway and Sweden for re-reading, It was found that the German reader systematically estimated the
age by one year higher tha_n the N orwegian and Swedish readers.

Samples for ageing were not taken during the Tridens survey owmg to lack of manpower and insufficient experlence in
sampling sprat. '

Another problem identified was the determination of the maturity stages of sprat. It was felt by the group that a mini-
workshop of about two days should be held in early September 1998 in Arendal with Danish, Dutch, German,
Norwegian and Swedish participants for improvement of the age reading and maturity staging. Travel funds- shal} be
applied for from the European Fish Ageing Network (EFAN). :

During the 1998-survey each participant should collect and freeze a sample of about 5 kg sprat of various sizes and
brlng these to Arendal for macroscopic examination of maturity stages. An cxchangc of sprat otoliths from thc 1998-
survey w111 be performed as soon as possible after the surveys. :

1 Sea and west of Scotland will be carried out according to the nermds: and areas

Vessel Period Area

Charter Tuly | North of 56°30°N, west of 3°W

Dana . [ 29June-16July. . | North of 56°30°N, east of 4°E

G.O. Sars .. - 27 June—20 July North of 37°N; cast of 1°W with reduced effort east of 3°E
Scotia 10-27 July . - North of 59°N, between 4°W and 2°F

Tridens 29 June~17 July South of 59°N, west of 2°B

W Hemﬂg I 22 June-13 Iuly So Jﬂ'} of 37°N, east of 2°F reduced effort between 2°-4°E

T the western Baltic the following Survey will be carried out:

[Solea ] 2200ctober [ ICES Sub-divisions 21 South, 22, 23 and 24




intercahbranon see. Sectlon 7

The individual results from the national acoustics surveys in June-July 1998 will be collected and the total result of the
survey will be presented to the Herring assessment working group. Survey results for sprat shall be send to Else
Torstensen, Norway and survey results on herring shall be send to John Simmonds, Scotland. Data has to be send before
15. November 1998,

5 ACOQUSTIC SURVEY METHODOLOGY STUDIES
5.1 Separation of Norih Sea and Yia Norih Herring
Since 1995 the abundance of herring in the arca 30Mm cither side of 4°W has increased considerably. The location of
this line used to separate the stock has become increasingly critical
Biomass (Thousands of Tonnas)
2,500 ; -
l | Vian
. . ) [ 4-5w
2,000 ﬂ 3-4W
- Va
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Year

Figure 1 Index of total biomass of mature autumn spawmng herring in the North Sea and West of Scotland from
: : acoustic surveys.

been collected from re searcn vessel trawl hauls during June and July has been

5.1.1 Materials and methods

A total of 224 trawls with.a catch of more than 50 herring have been carried out:in the Orkney Shetland and West of
Scotland surveys from 1993 to 1997 inclusive. Eighteen of these are from the area between 3W to 5W. The data
collected from each haul provide information on age proportion, length distribution, length at age, and proportion
mature at age, The location of the trawl, the number caught and sampled, as well as a total of 82 biological parameter
values were available for use in estimating the separation:

Proportion at length 15-37cm in 0.5cm intervals

Proportion at age 1 o 9+

Cumiulative proportion at age 1 1o 1-8

Overall mean length,

Variance of length

Mean length at age 1 to 9+

Growth parameters; o, Lec , @33 (coefficient with Lee = 33cm)

Year

A series of neural networks were constructed and trained to recognise data sets from west of 5W and east of 3W as two
separate categeries {0 and 1), West Coast and North Sea. The remaining haul data from 3W to 4W was then presented to
the trained networks to establish in which area these are most likely to belong. Later in the analysis the 18 unknown



haiils ‘were examined, and it was found that none of f these has significant nuinbers of 1 year herring. So ail hauis wiih

more than 50% 1 year herring were removed from the training sets. This reduced the total number of hauls from 224 fo
205 hauls.

The following network node constructions were used:

All hauls

All data 32 input 20 hidden 1 output node
Hauls <30% 1 year A
Growth 16 input 16 hidden 1 output node
Age Structure 9 input 9 hidden | output node

To tesi the recogruuon of the neiwork method 10 the hauis were removed from the training sets and the networks
reirained. These hauls were then presented to the new networks and the success ol recognition used as a check of

network performance.

.

51.2 Results
The results are preliminary and forther work is required.

The All data network was capable of separating the training data, and on a scale of O to 1 no west coast hauls had values
greater than 0.3 and no North Sea hauls had values less than 0.75. :

For the test sets 10% of hauls were removed before training. Suecessful reeogmtlon was at 85% for age structure and
90% for growth.

The all data network has rather pc(\.uud.l Wclguullgb for the pal'al_ﬂt:wlh, clllu ult;l.clUlt:, it was: decided I.ndl an ldrge
network might be focusing on rather obscure differences between the data sets. Therefore, the reduced data sets and
networks, growth and age structure were selected for further development

The preliminary results suggest that there is consuierable mixing 10 the North of Scot]and and that the g-mun of hauls
may be rather independent of eight the West Coast or the North Sea However further work is required.

5.2 Inter-Calibration

It was recommended by ICES that the acoustic survey participants should utilise as many opportunities as possible for
inter-calibration during the 1997 surveys. In order to minimise the effect of spatial and temporal variability of herring
abundance, the exercises were intended to be inter-ship calibrations, with the vessels running the same course at the
same time. Since such an arrangement required some extra time for cruising, which inevitably: reduced the coverage: of
the sampling area to some exient it was imperiant to plan this efficiently. Ii was decided thai pairwise infer-calibraiions
would be more efficient than trying to organise all vessels to be together at the same time, and it was Judged to be
acceptable to cairy out up to two inter-calibrations per vessel : :

The first inter-calibration was carried out at about 57 40N by:OE by G.O. Sars and Walther Herwig I1f on the morning
of 1 July. Due to severe weather Tridens was unable to reach this location-in tithe, and could not participate as planned
The inter-calibration was carried out throughout the entire survey day, durmg Wthh no fishing took place

The second cahbratmn carried out between Walther Henvzg HI and Dana after the completion of the- fu'st inter-.
calibration. During 2 Tuly Walther Herwig IH sailed eastward and contacted and Dana. The inter-calibration was carried
out in the morning of 3 July at a position 57 45'N and 06 00'E about 30Nm south west of the Norwe‘gian‘cnast.

Tite third inier-calibraiion was carried oui beiween G.G. Sars and Scoiia on 16 July al aboui 80 45N 30W. There was no
need for a fourth inter-calibration because Scoria carried out both Scottish surveys using the same equlpment for-both
cruises, : :

5.2.1 Procedure for the inter-calibration of echosounders during the North Sea herring survey
The vessels were positioned with one in front and the other 0.5 Nm behind at 500 m on the stern quarter. The speed

during the Inter-calibration was-10 Knots. The period of mtegratlon depended on the extent of the fish. aggregatlons and
the needs of other parts of the survey

M
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a.stable formation the, the leading vessel gave a. start signal and stdrted logging. The other vessels start logging afier
steaming 0.5 Nm. A synchronising signal was given by the leading vessel every 5 Nm.at. which time both vessels record
their geographic position and annotated their echograms accordingly: The leading vessel was changed approximately
half way through each inter-calibration ensurmg that. any bias that might be due-to a lead vessel was examined during the
procedure.

A sampling interval of 1 Nm was used for integration. The integration: was started-at 10 m below water surface and the
Sa-values were stored by 20 metre depth layers area so that 8 surface channels could be registered on one echogram and
provide one bottom following layer and one total layer. Threshold for the echogram' was set -to -80 dB for both
calibrations involving G.0. Sars. The threshold was set to -70 dB for Walther Herwig fII and the minimum level
possible for Dana during their inter-calibraiion. Other than these requirements the normal survey settings were used for

PR
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Three pairwise inter-calibrations were carried out, a summary of the data collected are given in the text table below.

Vessels Date and time Distance Comparison Cruise Track Figure
G.0. Sars 1/7/97 90Nm Whole water column Figure 5.2.1
Walther Herwig 0900-2000utc ' :
Dana 3197 3INm Whole watér column Figure 5.2.4
: Walther Herwig 0815-1300utc '
, G.O. Sars 16/7/97 45Nm Whole water column Figure 5.2.7
Scotia | 0900-1500utc
General

G.O. Sars/ Walther Herwig

The area chosen was about 40Nm east of Fraserbrough: a short south east transect was followed by two transects south
west and then north east, the particular direction was chosen specifically to minimise the effects of the weather. The
inter-calibration was carried out mostly on a few scattered schools close to the seabed, these were particularly dense
during the section of the track in the south west of the area. In addition, there was a consistent plankton trace in the
upper part of the water column: During this inter-calibration the weather was very poor, and G.0. Sars with a keel
appeared 0 be iargeiy unaifecied by the aeraiion. However, Waither Herwig Iif showed some evidence of missing
transmissions which are bUl’I‘CLLly exclud he data pl'ocessulg, by ihe EK S_YST.GHI, but some signal 10ss may have
PR Py
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Walther Herw:' g HI / Dana

The aréa chosen was about 30Nm south west from Lista on the Norwegian coast. Dara was in front for the first part of
the track, travelling NNE. Walther Herwig I1I led during the second half travelling first west and then southwest. The
water depth was between 125 to 150m. The fish concentrations were made up mostly of small schools on the seabed and
a midwater plankton layer. The weather was good with no-sign of any signal loss due to aeration.

G.0. Sars ! Scotia-

1

The inter-calibration was carried out with a layer of small herring schools mixed with a very small pruporuun of gdumu.s
close o the seabed. The hemming conidributed about 70% of the biomass, and a plankion layer near ihe sea suiface
provided the remainder of the integral. Four zig-zag transects were carried out to the north east of Shetland, G.O. Sars
ted for the first two transects and Scotia for the second two. The distributions were quite even, and most of the variation
between the two vessels was due to the differences in density of schools detected by the two vessels which followed

tracks at-about 200 m apart from each other.
Data Processing

For the G.O% Sars, Scotia and Walther Herwig HI inter-calibrations there was no difference in the equipment and
settings; the results could be compared directly. In-the case of Dana and Walther Herwig HI the equipment was different



i s botwe i
and there is some:doubt ahout the exact alignment o 5 between these echosounder sysisins.

It is.thought that. Dana has a threshold of -65dB rel 1 volt and the Watther Herwig HI data was reworked in the: BI 500
at-this threshold. At the original level of ~70dB a small but significant intercept was observed in this inter-calibration,
however,. this disappeared when the :data was reworked with the increased threshold for Walther Herwig Iil. The
sequence of data:values were plotted as.two-time series and the alignment of the sequences checked (Figures 5.2:2, 5.2.5
and 5.2.8). Output data values on the turns and exchange of leadership were removed if necessary and the sequences
selected. The sequences were plotted as XY scatter plots and a linear regression used to define a relationship (Figares
5.2.3, 5.2:6.and 5.2.9). To obtain a regression relationship each data set was regressed on the other using a simple:least
squares regression, the final regression was selected as the mean of these two lines (solid line). The CV for this factor
was-calculated as the-sum of the intervals for the two regressions, summed using the route mean square. The interval for
the mtercepl was estimated in the same way. In-addition the factor assummg zero intercept was calculated from the data

SCTICS fTicans.

. .
am inter-calibrations from Neorth Sea

The inter-calibration data details are shown in following figures.

Vessels _l 7 . Sequence p]ﬁt . Scatter Plot
G.O. Sars | Walther Herwig Figure 5.2.2 Figure 5.2.3
Dana / Walther Herwig - | Figure 5.2.5 F.i gure 5.2.6
G.0. Sars | Scotia — Figure 5.2.8 Figure 5.2.9

The results of the inter-calibration are given-in summary the following text table.

| Vessels - Ratio CvY " | Intercept Approx. Limits
G.0. Sars | Walther Herwig 0.76 0.04 -13.4 +50
Dana { Walther Herwig 0.83 0.12 0.6 +200
G.O. Sars { Scotia 0.28 .04 0.8 +360

5.2.3 _Co:ﬁc]usinns

In all cases the dlfferences bctwcen the slape fro the

nnnnnn s roena adfaa mler st Y Ol oaee A O ar oo L
negligibly different. In two cascs:thcy were effectively identical, G.G. Sars and Scotia were found 0 have ile saine
performance. The ratio from the calibyation from Dana and Walther Herwig Il was not significantly different .from
nmtv but did indicate 5]10ht1v lower gensitivity Walther Herwio I The veen (7.0, Sars and Walther

L SEAIVEALY YWLLINICY S0 Wem Afi. L0 R H

Herwig III gave a ratio factor of 0.76 however, the accuracy of this factor and how it s ould be applied is currently
uncertain. During this inter-calibration the weather was poor and there was some evidence of loss of signal from Walther
Herwig, not seen on G.0. Sars which has a keel system for the transducer. The weather was the worst encountered
during. the 'whole survey, thus the effect was at its greatest. These data requires further investigation to establish if the
apparent reduction from Walther Herwig IIf is weather dependant. :

53 An Analysis of Trawl Variability in the 1995 Herring Acoustic Survey

The objective of this study was to examine the spatial variability in length and age and to assess to what extent the
observed variability may be affected by obtaining trawl samples from dlffercnt vessels. Trawl data from the 1995 co-

- I Qaselaa A ATl G
ordinated herring acoustic survey were taken from Denmark, Morw s, Germany, Scotland {(North 8
g
5

and west Atlantic) and the Republic of Irgland, Only those trawl

remEiiily S5 S AL pluiib land, SASALY RSl WA

total of 152 trawls.
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The mean length of fish from each trawl was calculated and a variogram was plotied. The variogram was fitted with a_
linear model; this is an indication of the presence of a trend. This trend-is obvious in the kriged map of mean length:
small fish occur in the south east of the North Sea and larger fish occur towards the north west of the North Sea towards
the Orkney and Shetland Isles. The test statistic of .the Kolmogorov Smirnov test (Dp,y) was calculated for all pairs of
trawls for which there were 30 or more fish (a total of 6555 tests), Values of Dy, were averaged within distance classes
to produce a plot of mean: Dy, against distance (a KS-ogram). The spatial continuity in length is reflected in the KS-
ogram; trawls close together have more similar length distributions than those further away. Notably, the KS-ogram for
traw] pairs within individual surveys was very similar to the KS-ogram for pairs between surveys. This indicates that any
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spatial variability in length is likely to.be due to natural variability st a location rather than any
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The greatest differences in Dy, occur in areas where length changes occur across short distances such as the region
between the German and Dutch surveys and that between Danish and Norwegian surveys. These regions should be
trawled more extenswely if large numbers of fish are observed during the survey so that the mean length can be
determined with greater precision.

Age proportions have a structured spatial distribution only for the youngest ages (linear variograms), Dlder ages are
distributed almost random]y, dlstrlbutlon by length is evidently the determmmg factor.
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This work has been postponed due to lack of resources, the data will he examined
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for the acoustic survey database being developed under EU project HERSUR. The study will be carried out during this
period. :

6 WORKSHOP ON SCRUTINISING OF ECHOGRAMS

A vital step in the analysis of an acoustic survey is the visual scrutiny of the echogram and the allocation of the
echointegral values to particular species. This process is essentially subjective and is usually carried out by trained and
experienced scientists who have been responsible for the survey itself. The workshop was designed to examine the
consistency of the mechanism of echogram scrutinisation.

’ j ‘mar 3 : Af nwma Ao bt P Bl 1O
To this end, the members of the planning group supplied echograms cach of one days duration from five different
surveys, Scotia, Tridens, G.O. Sars and Walther Herwig in the North Sea, and Christina 8 in ICES area VIa(M). These

were supported with trawl data. Six scrutiny groups were set up, representmg the ori iginators of the data. Each group was
then required to scrutinise all five surveys to a common format. For the purpose of the workshop the groups identified
only herring from the echograms and worked on the basis of five nawtical mile samples, The analysis was carried out
using digital data presented on the Bergen Integrator (BI500), NB. One echogram (Christina 8) was only available on
paper and was analysed on a 2.5 nantical mile basis. OQuiput data from the exercise were in the form of Sa values by 5
mile samples and produced by all six groups including the originators.

Preliminary analysis of the individual team and survey results are presented in Tables 6.1 to 6.3. It should be borne in
mind that the teams in the exercise were usually unfamiliar with the surveys they had to analyse and also usually with the
precise method of analysis on the BIS()D In general there was remarkable agreement between the analyses by the
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different teams, Three of the surveys had CV valucs of 10 ihe
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A full report of the scrutiny workshop will be presented to the Echo Trace Classification Study Group (SGETC) in A
Coruifia, Spain in April 1998,

7 INTER-SHIP CALIBRATION

Tt was decided by the planning group to utilise as many opportunities as possible for intcrcélibratidn during the 1998

survey. In order to minimise the effect of spatial and temporal variability of herring abundance, the exercises are

intended to be inter-ship calibration, with the vessels running the same course at the samc time. The inter-ship

calibration will he nerfm'me_d ar‘r‘nrdmn to the procedure for the intercalihration of echo sounders during the Morth Sea

------ Anea  maEw AL ._._,A....u.lval L LN L) e ) \.lI.lI.lllE Lilw/ Liviill wiva
herring survey given in the Planning Group Report for 1997 (Anon. 1997). Details of various ships communications are
provided in Table 7.1, '

The Walther Herwig and the Tridens will leave port 22 June 1998 and sail to their site for echo sounder calibration,
presumably Kristiansand, Norway. After calibration they will sail to an area near Kristiansand for an echo sounder
intercalibration onfabout 24-25 June 1998. Details on timing and location will be arranged by radio contacts between
the two vessels. Radio contact will be established during 22 June 1998,

o



The vessels Tridens and G O Sgury will meet for echo sounder intercalibraiion in the over-lapping area (NGTﬂ'l' of 5

South of 59°N, East of 1°W, West of 2°E) in the first week of July 1998, Details on timing and location will be arranged
by radio contacts between the two vessels. Radio contact will be established 2 July at %:00 UTC.

The vessels Dana and G.O. Sare will meet for an echo sounder in ve g b
North Sea and Skagerrak onfabout 29-30 June 1998, Details on timing and location will be arranged by radio contacts
between the two vessels. Radio contact wrll established 29 June at 18:00 UTC

Further intércalibration will be attempted between Walther Herwig and Dana in the area around 57°N and 4°E (1 e.
ICES square 42F3 and 42F4) in the first weék of July 1998. Details ‘on timing and location will be’ arranged by racho
contacts between the two vessels. Radio contact will be estabhshed 1 July at 9:00 UTC.

A second intercalibration will be attempted between Scoriz and the west coast charter Details on tlmmg and location
wrll be arranged by radio contact between the two vessels.

Responsible for the intercalibration:

Scotia: Iohn Slmmonds . )
West coast cha_rter. Paul Fernandes
Dana: Jens Pedersen

The results for each intercalibration, together with the results of the acoustic survey, should be submitted to John
Simmonds, Aberdeen, by o later than 15 November 1998. The results should be submitted in a spreadsheet in
Microsoft Excel version 5.0 or later. The format for exchange of data should be Sa-values of 1 Nm sampling intervals
and related log number, time and posmon information.

The Planmng Group should meet in Hrrtshals Denmark frori 24 February 1999 under the charmanshlp of K - Staehr
Denmark and E Torstensen Norway to:

a) coordinate the timing, area allocatlon and methodologles for acoustlc and larval surveys for herring in the North Sea,
Dwrslon VIa and Iffa and the Western Baltic; '

b) combine the survey data to provide estimates of abundance for the pophlation within the area;
For acouslic surveys:

exrstmg manual of the North Se
v
¥

nt developments in methodolg

fy

The Planning Group recommends that the echogram scrutmy workshop be repeated on a regular basis. To this end a
further workshop should be held in 2000.

The Planning G_mﬁp recommends that de\f_elepment'of species recogr_ﬁ_tion methods should be a priority.
For larvae surveys:

a) Yearly surveys should continue for-the present time to focus on Southern North Sea as well as on the
‘Orknenyhetland and/or Buchan area. Complete coverage should take place every three years beginning in the year

2000. Thrs will require participation by Germany, Netherlands and Norway. If possible other countries d"‘"‘f‘ ‘“‘

“nunly nrl
mvavea

b) The analysis of the historical database on the effect of the reduced sampling effort, should be completed to provide
an improved basis for a final decision on the index and the target sampling units to be used. '
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Table 4.1.2 Survey statistics- R/V "Solea" September 1997

subdiv rect area Sa I N total N herring N spraif
) nmf]. jmEnmé] [cm?] [iii] Cfmii o [y
21 4158 85 L ' P 3.53 195 . . 188 i3
21 4157 485 147 2.86 249 186 1
21 4256} - 987 14 2.97 469 339 0
21 4257 659 197 1.13 1151 315 2
21 total 3116 2064 1009 15
22 224 1297 48 0,55 1123 a1 408
22 22B 1694 69 2.54 460 352 1
22 22C 1086 102 3.31 335 227 29
22 22D 1102 288 2.18 1454 1056 373
22 total 5179 3372 1717 811
23 4057 195 2190 6.04 707 580 ' 122
23 . 4157 56 445 3.80 66 64 2
23 total 251 772 644 123
24 3757 205 715 1.52 964 439 508
24 3857 853 196 2.04 818 448 331
24 3858 882 602 1.59 3340 1021 1918
24 3859 1036 568 1.37 4296 569 3665
24 3857 438 287 2.16 581 395 i71
24 3558 780 629 1.22 4336 468 33i Qi
24 3555 525 723 1.51 2537 27 2508]
24 total 4723 16572 3367 1 2420|
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Tahla 61 Percentage deviations from the originators analysis
Team 1 Team 2 Team 3 Team 4 Team 5 Team 6
Christina § 0 225 -19.12 -7.31 ~10.92 11.02
GO Sars 46.34 0 -0.35 -60.67 -18.24 33.96
Walther Herwig -0.76 -7.26 -13.44 0 -2.35 2.4
Tridens 86.04 667.29 -71.51 -32.71 )] 71.80
Scolia 2.12 -8.33 0.3 | -4.8 -19.92 0
Table 6.2 Percentage deviations from the mean of all analyses.
Team 1 Team 2 Team3 | Team 4 "Team 5 Team 6
Christina S 4.18 6.52 -15.73 -3.43 ~7.20 15.66
GO Sars 21.55 -16.94 -17.24 3345 32.09 -11.27
Walther Herwig 3.7 -3.02 -9.49 4.57 2.11 2.05
Tridens -13.45 243.52 -87.0b -69.43 -34.58 21596
Scotia 7.62 -3.40 -4.42 10.44 -15.61 5.38
Table 6.3 Means, standard deviations and coefficients of variation for each survey and for the pooled data sets.
Survey Mean Standard Deviation " Coeflicient of variation
Christina S 5975 606 0.10
GO Sars 6126 ' 1442 0.24
Walther Herwig 13808 | 674 0.05
Tridens 14812 | 16874 1.14
Scotia 8538 792 0.09

[
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Table 7.1

Communication information for research vessels participants in the North Sea herring survey.

Vessel Telephone Telefax Telex Radio call sign
mobile satellite mobile satellite .
G O Sars  |Bridge: +4794 5568 11 +871 3257 15010 |. +47 94 54 99 00 +871 3257 15012 | +581 4257 15010 LLZG
Mess: +47 94 50 5071 +871 3257 15011 ' +581 3257 15014 '
GSM: +47 91193383 o .
Scotia +44 8363859735 “+871 144 0552 +44 836 38 59 75 | +871 144 (561 GOWS
+872 144 0552 +872 144 (0561 :
Walther Herwig +871 112 3221 +581 112 321'7 - DBFR
+581 4211 21550
Tridens +316352111635 +871 1300346 | +581 4244 03310 PBVO
- Pana - - |Bridge: -+.45--3_0 2003-63- -| +871-161 0205 “+581 161 0205 OXBH

Scientist: +45 30 28 68 64

| +871 161 0207
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Figure 4.1.2

Cruise.track and traw! stations — R/V “Solea” September 1997,
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Figure 5.2.4 Cruise track for Dana - Walther Herwig IIl Tnter-calibration 3 July 1997
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Figure 5.2.5 Sequence of echo integrator values (SA) for the whole water column for
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Figure 5.2.7 Cruise track for inter-calibration of G.O. Sars and Scotia July 1997
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Workin g Document to the Planning Group for Herring Surveys
January 1998

Effects of reduced sampling effort on larval production estimates (LPE) from
North Sea Herring Larvae Surveys.

D. Schnack I. Grb‘ger |

Institut fiir Meereskunde Institut fiir Ostseeforschung -
Diisternbrooker Weg 20 : ’ An der Jigerbik 2

D-24105 Kiel D-18069 Rostock
Introduciion

Due to a substantial decline in ship time and sampling effort allocated to the Herring Larvae
Surveys since the end of the 80's, it has been questioned, whether these survéys can still provide
abundance and production 1nd1ces (LAI and LPE) comparable to those of previous years and
ble for the use as measure of stock size. Since 1992/3 a multiplicative model was

1S¢ 7 f
'cciﬂn' values (Pa tterson and Bev r;ﬂne 1004 1005a) and for the nerinde cince
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no tradltlonal indices were calculated, but the multiplicative model approach was used to
analyse overall trends in the larval data series (Patterson and Beveridge 1995b, 1996; Patterson,
Schnack & Robb 1997). This method assumes that larval production in each area and time unit
defined for the traditional sampling schedule is a certain constant proportion of the total. In view of
the urgent demand for reliable stock size estimates, the Herring Assessment Working Group
requested to evaluate the vahdlty of assumptions in the methods used and to define the minimum
sampling cffort required and. possible survey sirategies that could be achieved considering given
restrictions in ship time.

A first- analysis of the effect of usmg only few target areas for the abundance estimates was
I TR TR - N [N S SR [ PRI R o IV UL IV WVUNETE 1o ¥ o U AU, o) MRCINRSRR PRSI
PI‘b‘bC[llCu eIl C(LISCLL u uuuug lIJ.U l.d.bL )’Cdl.b l."].dl L1ii g Ul.ULl]_J HCCLLL 5 VAAELJLL. L2257 1) 11l dl lyﬁlb

was based on the historical larval herring data base and the reported abundance and preduction
estimates for the individual spawning areas. In addition the residuals from the multiplicative model
were inspected for trends in the relative contibution of the individual areas to the total spawning.

Based on this discussion it was suggested to develop an EU application for additional funding of
these surveys to keep or improve the present level of sampling effort and plan for a yearly sampling
of defined target areas; with a three years cycle for complete coverage of all traditional sampling
areas. The analysis of the effect of reduced sampling effort was to be completed by including the
effect of the timing of surveys and by testing the reliability and variability of the z/k values required
for the larval production estimates. This anaiysis required a re-caicuiation of the indices for
individual sampling units defined by standard time periods and areas. As the data bank had to be
transfered to M Kiel this also required to re-establish the calculation routines and reviewing the
utilized procedures.

is is not cnmrﬂeted yet, due mainly to nroh]emq in the documentation of details
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of th alculatlon routines and.some redundant, partly conflicting definitions given, The presented
working document, thus, presents a short intermediate status report, and includes no final results
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impiemeniation of daia bank and review of calculation procedures.

The larval herring database has been transfered, can be utilized and will: be updated at Rostock and
Kiel. In order to produce from this data base-yearly abundance:and production estimates comparable
to the previously-reported results and to study the effects of restricting the surveys in area and time,
it was necessary to identify the calculation procedures previously used in detail. The documentation
included some problems, especially in the definition of the smallest area units, in the procedures of
interpolation and combination of results. The values obtained for larval abundance index LAI and

larval production estimate LPE are critically depending on some of these details.

The LAI is especially effected by interpolation methods used for filling gaps from unsampled
stations. -Re-calculations of index values according to the given documentation resulted in
differences compared to the published data. The problem may be related to different area difinitions

necessary to define the standard procedure and re-calculate the data series. For this purpose and

before testing the effects of different survey strategies on this index, it is attempted to introduce a
. 1 gia - ae Frlliam - o e onrmmlad ctatioaens hig fool- 20 At ok Anaeladad

geostatistical method for filling gaps from unsampled stations. This task is not yet completed.

From previous analysis of the data set (Anon 1990), it was expected that the LPE was better suited
for reducing the number of surveys per subarea than the LAI depending only on the smallest size
group of larvae. Thus, analysing the effect of the presently reduced sampling effort and testing for
an optimum combination of sampling units, as defined by fortnight time periods and subareas, was
started using the LPE index and included an inspection of the z/k-values (see below).

Funding for an improved sampling effort

The suggestion was, to develop a combined EU proposal for the acoustic and the herring larvae
surveys. Within this programm, the larvae surveys should aim for a yearly coverage of specifically
defined target sampling units, which can be done on the basis the effort presently allocated to these
surveys, and for a complete coverage comparable to the earlier level of effort every three years. In
the short time available for developing the proposal, it turned out that no additional partners could
be identified, who were able to participate on a three years basis in this survey programm. The
present and slightly increased level of sampling effort has now been ensured for two vears by the
approved EU contract, but attempts have to be made to allow for a three year cycle of complete
coverage by including additional partners in the next funding proposal. -

Keiiabiiity and changes in z'k-values

The size distribution of larvae from which the z/k-values are derived in the different subareas are
depending not only on' growth and mortality of the larvae but also on their drift from and to
neighbouring areas and on the temporal variation in the the spawning activity. The size distribution
data are in several cases obviously not adequate and the selection of useful data and size ranges to
be used is to some extend a subjective one. Thus, -these values can be expected to show some
substantial random variability, but may also depend on actual differences in the environmental
conditions. So far, the LPE calculation used an long-term average z/k-value for each subarea, which
was updated each year by including the new available information as a single additional data point
to the complete time series. Thus, the validity of the average is improved, but actual changes are not
considered. ‘Figure 1 shows the yearly variation of z/k-values for the four traditional subareas
considered in this survey programme. The coefficient of total variation, which is in the range of 30-
40%, includes a high degree of random variation. Additional area specific trends are indicated, but it
appears difficult to confirm these statistically and to identify the relevant time scales to be
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considered. The data set includes ucqut:m gaps and is 100 small yei for a more ngUIUUb iime series

analysis. It may be reasonable to use some kind of moving or running average, by which the
variability will not be completely smoothed as in a general long term mean, but actual shifts in:the
z/k-values are still considered and will be transfered into the LPE calculation. The figure includes as.
an-example (by solid line) the results of a procedure, where each new value is averaged in equal
weight with the average value used in the previous year. The remaining variablity can further be
reduced by giving less weight to the most recent year, but this will also reduce the inclusion of
perhaps relevant trends into the LPE index. - -

The first step in this analysis, discussed at the last years Planning Group meeting, was restricted to
the given historical set of LAI and LPE values, which are available for the traditional subareas but
not for the individual standard time periods separately. It was indicated that a reduction in effort and

concentration on two target areas only, did not obviously decrease the precision of SSB estimates by
these index values. To study the effect of sampling time as well, the I PE index was.considered fir

rat
as mentiohed abhove. A new time series nF T'D'P vahies - wace calenlated haced on tha nrnl-\
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documentation for each sampling unit (area per standard time period) separately. For this pupose
also z/k-values have been re-calculated for each unit as well. Regressions of LPE on SSB from: VPA
were calculated for values obtained: from complete coverage, combining all sampling units, as
compared to values from reduced: sampling, combining differently compose subsets of sampling
units. It was planned to compare:the degree of explained variance (R5) and the inverse prediction
error according to Neter et al. (1985) among the complete set and the different subsets of sampling
units. In order to exclude the effect of incomplete sampling within individual units, the presently
available comparison considered only those values derived from at least 90% complete samipling

unﬂ"un the 11nitc
Vivaaakl viaG MILILS.

The resuiis of s comparison are summarized in Figure 2. R5 values (Rsq) and prediction errors
are- given- relative to the value for complete coverage. The reduction in effort was done by the
following scheme: :

1) exclusmn of all Central North Sea units, most gaps and uncomplete sampling was observed here

2)-testing all combinations of four to two Buchan and Orkney/Shetland units; :

3) at the combination under 2) with lowest prediction, testing all combinations of 3 out of 4 time
periods in the Southern North Sea area. : R

IIIUng 13]."@ lb SOme Vd.l'ld.LlUIl lIl I.IIU I'GbLllLb no bLlDdeIll.ldl UIIIﬂIGIlLCb UULUIII@ UDVlOUb DOHIC
subset combinations even led to reduced prediction errors, but this is probably not statisticaily
stignificant:: This analysts contains the problem, that by the. 90% completeness. criteria too. many
subsamples were not considered where they should have been included, and the data sets look rather
stmilar for different combinations of sampling units due to these gaps. A different approach is
necessary with a Jower comleteness criteria for the sampling within units and with a reasonable
interpolation nrocedure for missing values. ‘Where- qamnimg 18 too. mcnmnlete the Whﬂ]f‘ vear haq to

be: excluded from the comparison. -

Conclusion.- :

This analysis, as the previous one, did not indicate a reduction in the prediction capability of ithe
LPE by the presently reduced samnpling effort. The: present results, however, may ‘well have been

largely effected by too many sampling units not being considered due to a too strong completeness
criteria: The analysis has to be revised and to be extended to both indices. As regressions for indices
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based on reduced sampling schemes have not yet been sufficiently tested and approved, the
multiplicative model approach, at present, appears to provide the most reasonble information from
the larvae surveys for assement purpose. The sampling schedule should be kept for the time being as
suggested in the last Planning Group report,
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“Figure 1: Time series of z/k values calculated for the four standard areas of the herring larvae
survey programme. The solide lines indicate the progression of average values

derived from combining as a new mean the most recent value with the previously
o used average in equal weight, i
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- LPE on SSB obtained from different combinations of sampling units relative to
complete coverage. The combination of - samplmg units are indicated by letters as

P gy Lo

fOHGv‘va, where numbers indicate the standard \uu Lulgut ) time pt:uuub coitsidered:

' uuiiie:v'f oucuauul,Z & Bu\,ua.ui,Z & Ceniral WS1-4 & Southern NSi-4
Orkney/Shetland1,2 & Buchanl,2 & Southern NS1-4
Orkney/Shetland2 & Buchanl, 2'& Southern NS1-4
Orkney/Shetland] & Buchanl 2 & Southern NS1-4
Orkney/Sheﬂandl 2 & Buchan2 & Southern NS1-4

.Orkney/Shetlandl,2 & Buchanl & Southern NS1-4
UrKney/bhetlandz & Buchanz_’ & Southern NS1-4
Orkney/Shetland]l & BuchanZ & Southern NSi-4
Orkney/Shetland2 & Buchanl & Southern NS1-4

. Orkney/Shetland] & Buchanl & Southern NS1-4

Orkney/Shetland2 & Buchan2 & Southern NS2,3,4

: Orkney!ShetlandE & Buchan2 & Southern NS1, 3. 4

Orkney/Shetland2 & Buchan2 & Southern NSl,2,4
Orkney/Shetland2 & Buchan2 & Southern NS1,2,3



‘Preliminary Estimates from Acoustic Surveys of ICES areas IVa and IVb -

John Simmonds; Marine Lab, Aberdeen, Scotland -
Martin'Bailey, Marine Lab, Aberdeen, Scotland
Reidar Toresen, Inst Marine Research, Bergen, Norway

TTE T

bram L,ouperus' Klv, 1Jrnu1acn N el:nerianas

Sur_veys

Scotland  ®-28July  5830106145N,4Wto2E
Norway 27 Jung - 18 July - 5371062 N,3W/IEt 5 E
Netherlands 1- 16 July ' : " 5430t059N4Wio2E

Germany 23 June - 16 July . 54to 57N 2E to 7E

The results for the four surveys have been combined to give preliminary estimates of North Sea
autumn spawning herring by age class and spawning proportion at 2 and 3 ring. Procedures are the
same as 1996 surveys (ICES CM 1997/H:11). The stock estimates have been worked out by age for
30 min by 1 degree stat squares for the North Sea. Where the survey areas for individual vessels
overlap the mean estimates for each overlapping rectangle have:been used. If effort in-overlapping

squa.res is different (2 or 4 transects. per rcctanglc) weighting of the individual estimate has been
1 fr 100‘ an d 1007 L\i\TGﬁ'h Qea l:n'h'lmn
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totals are included at the base of the tabie. It shouid be remembered that estimates of 1 group are not
regarded as accurate, the changes in this cohott from 96-97 are not significant and the relative

abundance of 1 group in 96 and 97 are not representative of yearclass strength. . .

The results must be regarded as preliminary as the Danish data has not yet been included because it
has not been made available in time. However, although this means we are unable to provide
estimates of North Sea herring in IlIa, it is unlikely to have a'major impact on the overall estimates
for the spawning stock as relatively little of the SSB is usually found in these waters. ‘This data is

likely to have an effect on the estimates of immature fish.
The preliminary indications from these .surveys- are th-at the stock is continuing to recover and that
the 2 year old recruitment to spawning stock (this years) is very good and 3 year old recruitment

(last years) is better than for a number of years. Numbers and biomass of spawning fish are therefore
increasing from 7195 to 9799 million herring and from 1427 to 1742 thousand tonnes.

John Simmonds 8 October 1997 .
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, of Autuimin Spawning Herring for North Sea from acoustic surveys in
996, 1997 in North Sea . {Numbers *10°° Biomass tonnes * 1079).

1. - . |Numbers (millions) |Biomass (Thousand Tonnes) |Mean Wt {g)
Ring/year 1996 1997 1996 1897 1997
o 4798 7723 208 339 43.9
2i 1620 2113 143 200 94.7
2m 2576 3951 366 531 134.3
3i 65 163 9 23 141.8
3m 2724 2932 540 502 171.3
4 1074 1689 274 385 227.7
5 303 674 81 173 256.3
6 97 243 29 59 244.0
7 82 75 25 19 251.8
8 133 76 43 21 273.2
S+ 206 158 69 52 329.3
Immature 6483 8999 358 562 514
Mature 7195 9799 1427 - 1742 177.7
Total 16380 20740 1792] 2308 111.3
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Introduction
In several years Denmark has participated in the international acoustic survey of herring in the
North Sea, Skagerrak and Kattegat. In the past five years Denmark has covered the North §

east of 5°E, and between 57°N and 59°N, Skagerrak and Kattegat. The time effort of the Danish
survey has decreased from 22 days in 1991 to 12 days in 1997.

Survey area

The survey was carried out-in the North Sea east of 5°E, and between 57°N and 59N, Skagerrak

and: Kattegat (Fig. 1). The area was splii up inio 8 subareas (Fig. 2). The survey started in the
west by doing parallel transects, 10-20 mnautical miles apart in an north-souilr direciion. In the

. The track wac then laid out with semi-

systematic spacing.

Methods

Acoustic data was sampled using a Simrad EK400 and -a Simrad EYS500 38 kHz echo sounder
with ‘a towed ‘body (type Es 38-29) and a hull mounted split-beam transducer (type Es-38),
respectively. The towed body and the hull mounted transducer was 3.0 m and 6.0 m below the
d in conjunction with a Simrad ES400
split-beam echo sounder and the ECHOANN analyzer system, with the EK400 sounder serving as

the transmitter (Degnbol et al., 1990). The pulse duration was 1 ms and the receiver bandwidth 1

 kHz between -3 dB point during the survey. The integration data was stored by the ECHOANN

analyzer system for each nautical mile for each 1.0 m depth interval. Speed of the ship during

acoustic sampling was 9-12 knots.

The hydroacoustic equipment was calibrated using a standard copper sphere of 60 mm in diameter

at Bornd, Gullmarn fjord, Sweden in May 1996 and October 1997. The two calibrations were

consistent .



Trawl hauls (Fig. 3) were carried out during the survey for length, age, maturity and weight of
individﬁal herring. Pelagic trawling was carried out using a Fotd trawl (16 mm in cod-end), while
benthic trawling was carried out using an Expo trawl (16 mm in cod-end). Trawling was carried
out in the time interval 12.00-18.00 h and 23.00-05.00 h (Table I). In conjunction with eaéh trawl.

haul CTD profiles of temperature, salinity, density and fluoresecence were collected. -

The fish caught in each trawl haul was sorted and analysed for species, length, age and weight.

The fish were measured to the nearest 0.5 cm total length and weigh"ed- to the nearest 0.1: g wet

mishi To aoohk kol 10 kL 1ad Y § 1 n i
€ignt. 4ii Cacil Ndll 1V nCITIRE WOIT Saiipich per v.o Cin leng‘h class of herring for separation of
North Sea avntumn spawners and. Baltic spring spawners, and for determination of age and

maturity. . Micro-structure formed during the herring's larval period is retained as the central part
of the adult otoliths and used to discriminate between North Sea autumn spawners and- Baltic

spring spawners. A total of 3,932 otoliths of herring were sampled and examined. -

The acoustic data were judged for each nautical mile. Herring and sprat was not observed:on
depths below 150 meters; Layers below 150 meters was therefore-exciuded during -ihe acousiic
judging. The contribution from plankton, air, bubbles, bottom echoes and noise were removed.

‘When fish echoes were mixed with -plankton echoes the contribution from plankton was estimated

similar plankton recordings not containing fish. Significant contribution from.air bubbles; bottom

echoes and noise were removed by skipping those layers.

For each subarea the mean back-scattering cross section was. estimated for herring, sprat, gadoids

and mackerel by the TS-length relationship recommended by The Planning Group.for Herring

g

- V47 N A Ay |
QUTVEYS (ALIDL, 1579).

herring TS. =20 log L - 71.2 dB
Olog L - 71.2 dB

JEs b

-3

8=

[

sprat
gadoids TS = 20 log L - 67.5 dB
mackerel TS = 21.7 log L - 84.9 dB

[
=



where L is ‘the total fish length in cm.: The number of each fish: species was assumed to be in
propoition  to their- contribution in trawl -hauls. The density of a particular fish species was
therefore eqtlmated hy subarea using the contribution of the s
trawl hauls was allocated to subareas with uniform depth strata. Allocation to length-age for each

species was assumed to be in accordance with the length-age distribution in the allocated trawl

Lauls.

As the current maturity of North Sea autumn and Baltic spring spawning herring was below 10%.

The spawniog biomass of herring was esiimaied using the maturity key:
age 0 and 1: no mature individuals
age 2: 50% mature individnals
age 3: 85% mature individuals
age 4+: 100% mature individuals
b YR I
neSulls

In 1997 the temperature of the water in the surface was characterized by summer heating with
témperatures ranging from 16-21°C, which was 2-3°C higher than in 1995 and 1996. Below the
C, which was in

consistent with the previous years,

Approximately 1,600 nautical mile were surveyed (Fig. 1)} and 37 traw] hauls were carried out
(Table I and Fig. 3). The total catch was 21,723 kg with a mean catch of 587 kg.- Approximately
55% of the catch was made up by herring as the total catch of herring was 12,019 kg and the
mean caich of herring 353 kg. The catch of sprat was insignificant. The length frequency of
herring for each trawl haul is given in figure 4.

A total of 5.7* 10° herring o JA68 tonne
biomass -of the North Sea autumn and the Baltic ‘spring spawning herring was 195,924 and

123,543 tonnes, respectively (Tabie IIT). The biomass by age was calculated using the estimated



number of fish by age (Table IV) and the mean weight by age calculated from the length-weight
relationship given in Table V. Approximately 50% of the spawning biomass was found in:subarea

IV-VI {Table II}).-

Generdlly, the mean weight of herring by. age was significant higher in subarea I-V thar in
subarea VI-IX (Table VI). Significant difference in length of herring between subareas-.wa_s not
found. However, herring caught within the 100 m lipe of depth show a iendency io be smaller
than herring baught within the area of the 100-200 m lines of depth and above: the 200 m line of

Animdl (s &n &a3%
acpun \ig. 53-5C).

In the Skagerrak and Kattegat the estimated total stock of herring was 542,059 and 394,147
tonnes in 1995 and 1996, respectively (Simmonds et al., 1996). In.1997 the total herring stock
- was 319.,468 tomnes (Table II), which was 41.1% and 18.9% lower than in 1.995 and 1996,
respectively. The spawning biomass decreased from 401,309 tonnes in 1995 to 166,202 tonnes in
1996 (Simmonds et ai., 1996) and 128,325 tonnes in 1997 (Table II). The decrease in spawning
biomass from 1995 to 1996 was higher for the Baliic spring spawners ithan for the North Sea
autumn spawners {62% and 26 %, respectively). However, the spawning biomass of the North Sea
autumn spawners increased from 36,251 tonnes in 1996 to 52,062 tonnes in 1997, while the
spawning biomass _Qf-'.thf: Raltic spring spawners decreased from 164,079 tonnes in 1996 to 76,263

tonnes in 1997. The total catch decreased from 1,050 kg in 1995 to 634 kg in 1996 and 587 kg in

1997 (Fig. 6), which also indicate a decrease in stock size as the effort was alike the three years.
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Table1 Catch information by trawl haul during the acoustic survey of RV Dana in Skagerrak and Kattegal in the period 2-13 July 1997.

ICES Trawling | Trawling Total
Date Haul no Time sguare Trawl | Catch depth | Mean depth| Speed time catch Main species
dd/mnyyy hour m m kn 10in kg )
(20797 420 24.00 44F7 FOTO surface 210 4.0 &0 295 herring, mackerel, blue whiting
30797 563 16.50 44F6 FOTH 130-145 182 4.0 60 480 krill, pearlsides, saithe
030797 615 24.00 45F5 FOTG surface 314 43 60 085 herring, mackerel, blue whiting
040797 627 02.58 45F5 FOTG surface 301 3.3 60 400 herring, mackerel, blue whiting
040797 1 12.55 44F5 EXPO bottom 137 34 60 953 Norway pout, saithe, cod
040797 730 16.02 44F5 EXPO bottom 102 3.1 - 60 1398 Norway pout, cod, saithe
040797 788 23.34 43F6 FOTO surface 70 2.1 60 170 mackeref, herring
050797 807 02.50 43F6 - |- FOTO surface 56 35 60 84 jellyfish, mackerel, lumpsucker, herring
0350797 886 13.30 44F6 FOTO 235-250 295 3.4 60 35 krifl, pearisides, blue whiting
050797 902 16.2G 43F7 FOTO 140-154 204 3.0 60 76 saithe, lumpsucker, herring
050797 953 00.03 43F7 FOTO 126-140 173 33 60 148 saithe, Norway pout, blue whiting
060797 963 02.30 43F7 FOTO 17-34 132 4.4 50 150 herring, mackerel
060797 1055 12.45 43F8 EXPO bottom 28 32 40 150 herring, sandeel
060797 1073 15.50 43F8 EXPO bottorn 55 ? 106 herring
(060797 1137 23.47 44F8 FOTO surface 435 38 60 400 herring, mackerel, lumpsucker, blue whiting
070797 1156 02.58 44F8 FOTO surface 50 4.7 60 625 herring
070797 1234 13.08 45F9 FOTH 159-174 390 . 34 60 50 lerill, blue whiting, mackerel, saithe
070757 1252 16.45 4519 FOTE 290-305 500 33 60 40 resindnose grénadier, blue whiting
070797 1303 23.45 44FG FOTO surface 35 4.1 60 2730 herring
080797 1321 {3.02 44FG FOTO surface 90 3.6 60 1530 herring
080797 1389 16.45 44G0 EXPO potlom 146 31 60 1020 Morway pout, shritps
080797 1462 23.48 46F9 FOTO surfuce 486 39 60 387 herring, mackerei
090797 1479 02.44 46F9 FOTO surface 440 2.1 60 254 herring, mackerel
190797 1559 13.10 46F9 FOTO 250-265 445 3.9 60 7 shrimps, blue whiting
390797 1577 16.00 46F9 FOTO 190-205 315 39 60 53 herring, blue whiting
090797 1632 2345 46G0 FOTO surface 10§ 4.0 60 1275 herring, mackerel
1O0797 1652 (2,40 45G0 FOTO surface 115 3.5 60 965 herring, mackerel
100797 1729 12.45 44F% EXPO bottom 150 4.0 60 1240 Norway pout, blue whiting, haddock
1QQraT 1741 15.15 44G0 EXPO bottam 80 4.2 60 795 herring, Norway pout
100797 1803 13.45 45G1 FOTO surface 150 32 60 685 herring, mackerel, horse mackerel, krill
110797 1819 2.30 45G0 FOTO surface 200 3.4 60 350 mackerel, herring
110797 1900 13.35 43G1 EXPO bottom 28 3.0 ) 1782 herring
110797 1913 15.10 43G1 EXPO Bottom 66 5 60 565 herring, jeflyfish
110797 1977 23.36 43G1 FOTO surface 55 3.7 60 300 herring, jellyfish
120797 1987 (.53 43G2 FOTO surface 50 39 60 490 herring, jellyfish
10797 | 2077 1234 4162 Gov bottom 12 34 60 - 180 cod
120797 2090 15.08 41G2 GOV bottom 30 3.6 60 350 herring, cod, whiting
mean ¢atch 587.1 o
total 37 21723.0




Table 2 The total blomass (tonnes) and number (*1, 000, 000) of herrmg calculated by Sub -area

durmg the acoustic survey of RV Dana‘in the period 2-13 July 1997,

Biomass 'Number - % of % of

Subarea | tonnes [|*1000000f bicmass | number
I | 11447.2[ 2059 3.6 3.6
I 43110.7¢ - 705.6 13.5 12.4
111 ; '
v 88583.5| 1274.7 2771 22.4
v 12718.4]  141.3 4.0 2.5
VI 55160.4| 805.7 17.3 14.2
Vil 10123.9]  120.1 3.2 2.1
VIIl 35995.9] 417.0 11.3 7.3
IX | 623282 2021.4 19.5|  35.5
Total | 319468.2] 5691.7 100.0[ 100.0
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Table3 The calculated biomass (tonnes) of immature/mature North Sea autumn and Baltic spring spawners by Sub-area and age at the acoustic survey of RV Dana
in the period 213 July 1997, :

. Age Total biomass

Subarea 0 1 | 2Im |2MAT| 3Im [3MAT| 4 [ 5 | &6 7 8 9 10 tonmes

Northe Sea autumn spawners . ‘
1 3706.6( 11727 11727 2337 13244 196.8] 196.8] 196.8 8200.5
1 14053.2| 4138.6] 4138.6| 1116.5| 6326.9 o 29773.8
1 0
v 19732.4 11382.0| 11382.0| 1744.5| 9885.5| 496.1} 496.1 55118.6
' 3413.6| 824.4)  824.4| 531 3010 ' 116.2 5532.7
VI 23992.5| 31723 3172.3] 693 392.7 ' 30799.1
VII 428.3|  4278.1 , . 4706.4
VI 1162070 2387.0| 2387.0f 89.2| 505.4 , 16989.3
IX 1209.7] 29660.2{ 4838.9| 4838.9] sS44.4| 3084.7 _ 627.3 ) 44804.1
tonnes | 1638.0] 110457.3] 27915.9] 27915.9] 3850.7] 21820.6| 692.9] e92.9] 196.8] 627.3] 1162 0.0 0.0 195924.5
% by age 0.8 564 142 14.2 2.0 11.1 0.4 0.4 0.1 0.3 0.1 0ol 00| 100.0

. Baltic spring spawners ' S ' ' _
1 542.2 203.1] - 1150.8] 8117 269.5[. . 269.5 3246.8
1 13337.0 ' o 13337.0
111 . . 0.0
v 1606.3| 4785.5] 4785.5| 2389.4| 13539.9] 1606.3 | 4752.0 33464.9
v 165.3| 1336.6] 1336.6| 251.1| 14232 1006.0] S503.0{ 503.0] 330.5 6855.3
VI 4506.3| 3532.4] 3532.4| 1538.4| 87177 633.4] 633.4] 6334 6334} 3305 24691.8
VII 1934.1 1934.1] 117.0] 66310 384.6] 3845 ' . 5417.5
VIII 62721 3962.9] 3962.9{ 10919 6187.6] 1577.5| 950.3 32317 32301 19006.5
IX 192.3] 4188.3| 4188.3] 972.6] 5511.4] 1524.6] 7711 1752 17524.3
tonnes 0.0] 20977.5] 19739.8] 19739.8] 6563.5 37193.7] 7544.1| 3242.4| s6063.6| 1233.4] 600.0[ 323.1} 323.1 1235441
% by age 0.0 17.0 16.0 16.0 5.3 30.1 6.1 2.6 49 1.0 0.5 0.3 0.3 100.0




Table 4 The number (*1,000,000) of North Sea autumn and Baltic spring spawners by Sub-area-and age during the acoustic survey of RV Dana in the period 2-13 Tuly 1997. '

Age : : - ' Total number

Subarea 0 1 2Im | 2MAT| 3Im [3MAT| 4 5 | 6 | 7 8 o | 10 1000000
Northe Sea autumn spawners :
I 71.2| 226 226 4.5 255 3.8 3.8 3.8] N 157.8[
1I 253.3 74.6] 746 201 114.1 j 536.7|
I _ _ 0
v 320.6| 185.0| 185.0 28.4| 160.7 8.1 8.1 895.9|
v 42.0 10.2 10.2 0.6 37 . 1.4] : 68.1
A\ 433.6| 574 574 1.2 7.1 ' 556.7
%I 6.1  61.2 - - 67.3
VI 159.6]  32.8 32.8 1.2 7.0 : _ _ _ 233.4|
X 47.3] 11597 189.2] 1892 213 1206 : 24.5 o 1751.8|
number 53.4| 25012 5718 5718 77.3] 4387 11.9 11.9[ 3.8 245 1.4 0.0 0.0 4267.7|
% by age 1.3] 586 13.4 13.4 1.8 10.3 0.3 0.3 0.1 0.6 0.0 00 00 100.0[
Baltic spring spawners _ ' |
I 8.1 3.0 7 1al N 4.0 4.0 - 48.3
I 168.9 u : - 168.9}
11 ' ' 0.0
v 182 542  s42f 271 1533 18.2 53.8 : 379.0
v 1.7 13.6 13.6 2.6 14.5 10.2 510 541 3.4 3.4 732
VI 46.1 36.1 36.1 15.7 89.2 6.5 6.5 6.5 6.5 249.2
vl 18.9 18.9 1.1 6.5 3.7 - 37 52.8
VIII 6.1 38.3 38.3 10.6] 59.8 15.3 9.2 _ 1.1 3.1 183.8|
X 30| 644 644 15.0 85.71  23.5 11.9 27| 1 270.6
number 0.0] 2521 2255 22550 751  426.1 89.5 36.4|  68.1 13.9 7.4 3.1 3.1 1425.8
% by age 0.0 17.7 15.8 15.8 5.3 29.9 6.3 2.6 4.8 1.0 0.5 0.2 0.2 100.0
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1 Séa autuir and Baliic spring spawning

a
herring in Skagerrak and Kattegat during the acoustic survey of RV Dana in the period 2-13 July 1997.

Source of
variation . Do . ) . )
‘ Nerth Sea autumn spawning herring Baltic spring spawning herring
. df- ~ S8 .82 “F df SS 52 F |
Regrefssion 1] 111.159] 111.159} 9229.83 1| 33.672| 33.672| 2709.03(
Residual 442F - 5.323]  0.012] ¢ 280] 3.480[ 0.012 '
- Total “443| 116.483 281y 37.152 S
Linear regression
_ . 95% confidence _
S.E t-value- limits R number |
. _ Lower Upper '
North Sea Slope 3.228| 0.033| 96.07[ 3.162| 3.294| .0.9543 444}
herring : . C ' ':
o ntercept | 0.0004]  0.i24] -63.03] 0.0003] 0.0005]
Baltic . Slope 3.054 0.059 52.05 2.938 3.169| 0.9063 282_
herring * . K '
' Intercept | - 0.0007| - 0.223]  -32.56| 0.0005f 0.0011
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Table 6 The calculated mean weight {g) of North Sea autumn and Baliic spring spawners by Sub-area and age during
the acoustic survey of RV Dana in the period 2-13 July 1997.

\ © Apge
Subarea| O 1 2 3 | 4. ] s 6 7 8 9 10
~ Northe Sea-autumn spawners
I 58.0| 124.0[ 124.0 101.0 126.0 158.0
I 56.0 103.0 113.0 110.0f 134.0 155.0
II1 57.0 106.0 116.0y 101.0] 126.0 159.0
v 535.0 100.0} - 113.0 110.0 134.0 159.0 ‘
v 57.0 81.0] 121.0 137.0
Vi 45.0 85.0 i11.0 '
VI 5.0 50.0 2.0 121.0 137.0].
Vi 50.0 74.0 68.0
X 5.0 37.0 56.0 53.0 133.0
mean
Baltic spring spawnem
I 45.0 136.0 119.0 215.0 88.0
I 51.0 83.0 122.0 1:'(_}.0 134.0 2_15,03 88.0
III 45.0 136.0 119.0 - 215.0 88.0
v 51.0 83.0| . 1150 120.0] 83.0] 134.0| 2150  88.0|
Vv 52.0 78.0 96.0 100.0 116.0 106.0 187.0 122.0 168.0
VI 27.0 85.0] "101.0 176.0 83.0 84.0 157.0 ' '
VII 52.0 740  91.0 96.0 106.0 144.0 141.0 168.0
VIII 49.0 74.0 83.0 &8.0 103.0 168.0 198.0
IX 55.0 60.0 68.0 68.0 86.0 20.0 '
mean ’
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Figure 1 Cruise track during the acoustic _survejr of RV Daﬁa in the pefiod 2-13 July 1997.
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Figure 2 Subareas used during the acoustic survey of RV Dana in the period 2-13 July
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~* Figure 3 Traw] haul positions during the acou
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Figure 4 (i:ontinued)

of RV Dana in the period 2-13 July 1997,
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- Figure 5 The iengin of hetring caught within the 100 m, 100-200 m and > 200 m line of depth during the acoustic survey

* of RV Dana in the period 2-13 July 1997.
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Objectives

The objectives of environmental impact monitoring of herring in the Sound are to follow the
hemng stocks in the Sound to examine if changes in behaviour occur as a result of construction
activities in connection with the establishment of a fixed link across the Sound between
'Copenhagen and Malmo
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The migration of herring will be monitored several times during the migration season to ensure that
the herring will come into the Sound at the beginning of the migration in the autumn and leave the
Sound for the spawning grounds in the early spring.

Background

The Sound is a transition area for several migrating fish stocks such as herring, garfish, lumpsucker,
mackerei and to some exient cod. Also, some smaiier, iocal stock componentis of cod, flaifish,
herring and several other fish are found here.

Of these stocks,.hefring is the -domjﬁzint one. Results from early tagging experiménts (Beistér 1979;
Otterlind 1984) showed that the Sound is a major overwintering area and an important migration
route for the western Baltic ( Riigen ) herring stock. The western Baltic herring stock is of high

importance for the fishery in Skagerrak/Kattegat and the Baltic Sea with catches of around 200,000
tannac nar vaar dniring tha mnot racant vaare (Maaonhal 100A4Y
LULLNLCS POT Yool ullilng uis IOUSL IVULTNIL yualo urvhiiuUe 1770,

The most important feeding grounds for the western Baltic Herring stock are situated in Skagerrak-
Kattegat and the North Sea arca where the 2 year old and older herring are located during summer.:
In the late summer (July/August), they migrate southwards through Kattegat. During the period
August to March the herring are found in high concentrations in the Sound and spawning takes
place at Riigen and surrounding areas in the western Baltic April-May after spawning the herring
migrate back to the Skagerrak-Kattegat area.

In connection with the construction of the fixed link across the Sound, fine -grained sediment will
e crromandad T A ot avanral Tmractigatisme hova ohosge at Ffich oy nunt
O€ SUSPCNaca in the tUl. Several inv —beEahU 18 have shown that fish miay avoid plumes of

A 1 al i | ‘I USRS WU, BIEPU. (IR P B [
SU.SPGIIGGCI IIldIf:I'ld..l Ait pldIlIllIlg phnasc of ihe llJ&t:U link acioss the souiid no data was available

which described thresholds for avoidance reactions to plumes of suspended sediment of limestone
and glacial till for herring during a migration situation. However, laboratory experiments
investigated threshold values for avoidance by sensitive pelagic species as herring from other types
of suspended sediment, showed threshold values at 9-12 mg/] for sediment with median particle
diameter of 6.2 Fm (Johnston & Wildish 1981). Demersal fish such as cod, flatfish and eel seem to
be able to tolerate somewhat higher concentrations of suspended material.

Related to the construction of the fixed link across the Sound a number of environmental criteria,
among others with respect io IlCITlIlg in the Sound, shail be lt:bpe'(,l_cu and Goeycu Related to
migration routes and distribution of herring in the Sound the Danish environmental authorities
(Miljg- og Energiministeriet, Trafikministeriet, Januar 1995) and Swedish authorities

(Vattendomstolen, July 1995) have set the following criteria:
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The situation must not arise that sediment plumes simultaneously prevent the passage of herrings
through borh the Drogden Channel and F hnrerenden when movmg south to their spawning grounds

—_ i :
A8 Craernicn 1 gé’;ué' W

with criteria on other aspects of nature ar o ensire the
migration of eel, garfish, mackerel and lumpfish.
Monitoring programme and methods.
Based on the knowledge on the migration pattern for the Western Baltic Herring Stock obtained

during the Base- line studies, autumn 1993 to spring 1995 (Nielsen, J.R. 1996),
env1r0nmental 1mpact monitoring of herring in the Sound has been set up.

The base lme studies showed that the herrmg migrate into the Sound in the early autumn,
(September~00tober) from the feeding grounds in Skagerrak Kattegat. Large concentrations of -
herring stay in the Sound throughout the winter, then migrate south for the spawning grounds in the
spring. During the base-line studies, this migration south occurred primarily before March-April.

T'o monitor if the construction work in the Sound will disturb this migration pattern a program has
| TR AV, FITRRPE TS S . SR a1l . T T Ll 1
OECIL 8CL UP 1O ITOMNIor Lidl uIc noiiing d.iuvﬂ‘lg in the Sound d ng ihe auiuinn occur in NUmDpers

1

Comparamc with those found during the base-iine stume_s and that they leave the Sound in the spring
to migrate south,

A programme with two monitoring surveys in the autumn, one in September-October and one in
November ( in 1995 only the survey in September-October has been conducted) and w1th two
surveys in the spring, one in March and one in April, was agreed upon by the constructor and the

1117 112 L3 Lo

environmental authorities in Denmark and Sweden.

Matérials and.methods

onitoring surveys were conducted as hydro-acoustic su s an

vey

performed with scientific, multi-panel gill nets equipped with a broad spectre of mesh sizes.

Study and survey area: The study area covers both Danish and Swedish waters in the Sound from
Helsinggr in the north to Drogden in the south. The study area has been divided into 13 subareas in
order to describe small scale geographical variations within the larger area (Fig. 1). Each subarea is
approximately 2.5 NM wide in the north-south-going direction. The area sizes of the different strata
in nautical square miles (NM*¥*2) are given in Fig. 1.

Aatn hac I Y SRR (UL TR
Hydre acoustic eche integration: Sampling of echo integration data has been performed with a

mobile, scientific SIMRAD EY-200 38 kHz single beam echosounder system mounted in R/V
HAVFISKEN, DFU, during all acoustic surveys. From the research vessel integration was carried
out with a towed body (paravane) mounted transducer (swinger) typically towed in a depth of ca. 2
m below sea surface. This operation distance is as near the surface as possible taking physical
turbulence from currents and wind into account. The upper 3 m layer from the transducer placement
can not be integrated using echo sounder methods in general, i.e. integration has not been performed
ih the 0-5 m depth layer in the whole study ared. The operating frequency on all surveys was 38
kHz, and basic settings of high power, 1 ms pulse duration, and 1 kHz receiver bandwidth were

I
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al. 1986; Degnbol et al. 1990).

The echo integration systems were connected to GPS navigation units from which synchronous o
position data were sampled. Sampling of acoustic integration data was performed during night. The .
standard acoustic survey transects divided into way points and way point positions are shown in

Tab. 8. These transects cover each strata with a constant zig-zag-pattern on both Danish and
Swedish side of the Sound. The specific way point sequence durlng each acoustic 1ntegrat10n L
survey, i.e. the actual integration cruise route for R/V HAVFISKEN on each integration night and
survey depended of wind and current direction, Cruise speed was typlcally 3-6 knots dependent of-

...........

w1uu ana current. AqubLib llll.C-gld.U.Ull ddtd WEIC d.l.l.d.lybUU Wl.l.l.l LllG DbllU ﬂllll d.lld.l.y 5er bybLClJ.l
{Degnbol et ai. 1990) and hereby the acoustic data were judged for approximately each.0.4-0.5
nautical mile. The contributions from plankton, air bubbles (including wind induced up welling of
surface layers and propeller noise from passing vessels), bottom echoes and (other) noise were
removed during the judging procedure: Bottom detection on dense fish schools / aggregations
(typically herring) were compensated during judging. When fish echoes were mixed with plankton
echoes the contribution from plankton was estimated by comparing the integration values with

values obtained on other close sammnling positions with c:lmﬂm' 1en] ated plankton recordineg’ nvr'

Gints Lindlldvl L LLIbD LA Salllipplllls PRUonidils Welll s34 ISULAb Pl il ibaidiiles i

conta,lnlng flsh

For each subarea mean target strength (mean TS) was estimated for each species or category of
species and each species iength group by using TS - length relations for the most 1rnp0rtant fish
species oceurring in the Sound by fish biomass. The target strength is species and size dependent,
-and TS is mainly determined by factors as target swimbladder size, target swimbladder directivity
(tilt angles), target fat content and target behaviour. The following empirical estimated TS
algorithms were used (Anon. 1992 (4)):

Harrino TR =Mt T _T1 72 fAnan 102320
llylllllé Ay = LS LUE j ) oLl \mluxx. L)’UJA}-
P P WO, mo LN T Vot B FA e 1O AN
LTAUOUILS 10 = LU0 L. - U720 LAdULL. 1704 ).

An overall mean TS for each subarea was then estimated. The TS contributions from each species
and species length group were weighted in the proportion of their respective eccurrences inithe gill
net catches during the parallel (in time and space) performed biological sampling based on gill net
fishery. The mean area back scattering strength (Sa) for each subarea was estimated. The total
number of each fish species and fish species length group in each subarea was then estimated by -
calculating the values of mean Sa divided by mean TS. The number of each fish species and fish
species length group was then assumed to be in proportion with their contribution to total catch in
the 5111 net 11:;1161‘}" 1-\1106&{101'1 1o 1engm and age group for each spe-:ies was assuined to be in
accordance with the length and age distribution for each species in the gill net catches. _Anocation of
fishing stations was based on a spatial and temporal representative and covering fishery_related to . .
the acoustic integration activities. : e
Biological sampling: Fishing surveys were performed W1th expenmental (501ent1f10) gill nets (Tab
9). Each setting comprise 7-9 nets (panels) with mesh sizes 19.5 mm, 21.0 mm, 26.0 mm, 27.0 mm,
28.0 mm, 29.0 mm, 34.0 mm, 46.0 mm, 55.0 mm and 60.0 mm. Usually fishing was performed with
standard sets of 8 nets (panels) with mesh size 19.5, 21, 26, 27, 28, 29, 34 and 55 mm, respectively.
The used gill nets were _app:ommately 30-40 m long and 5 m high (deep): Technical measures of the
used gill nets during surveys are given in Tab. 9.. Dependent of time, weather and water currents the
fishing stations were stratified to cover both demersal and pelagic water layers and all geographical
strata during each survey on both Danish and Swedish side of the Sound. Both demersal and pelagic
gill net settings were carried out related to judgment of highest probability of catching the fish. . -
representatively. Fishery was mainly performed during night:synchronous with acoustic integration. -
Fishing were performed from R/V HAVKATTEN, DFU. : : :
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Catch were for each mesh size on all settmgs durmg all ﬁshmg surveys sorted and determined to
fish spemes Standa:d samphng included length measurements (total length) of all caught fishby
species per mesh size, and total welght (in grams) of catch by species per mesh size, and thus, also
resulting recording of total catch weight bv species pooled for all mesh sizes on each fishing station.

Clupeoids (herring and sprat) were length estimated to semi-centimetre {scm) below and all Gth"i'

Lin RICED aelipria o A Le N Ly

C

species to centimetre {cm) below

Results.

To date eight surveys have been conducted in the env1ronmenta_l 1mnact monitoring programme _
(Table 1.). For the migration nermd 1995/96, one in the autumn 1995 and two in the spring 1996,

for the migration period 1996/97, two in the autumn 1996 and two in the spring 1997 and for the
migration period 1997/98, one in the autumn 1997.
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The biomass in tonnes per NM##2 and abundance in mill. per NM**2 for each survey are given in
Tabie 2 and Table 3. The results for each survey are given for the 2.5 NM subareas used during the
base line studies (see Figure 1). Mean length and mean weight per stratum for each survey are given
in Table 4 and 5. ' |

Biomass in tonnes per NM**2 for surveys conducted in the autumn, Se
Nnvpmhpr hoth durin

. LET S ry— ..l -
_""able §. Biomass in tonncs per NM**2 for sur veys condu

1 L Y

i cied in the spring March and April both
during :the base-line studies and the environmental impact momtor_mg.are given in T_abl

..)

" MO e

Discussion
The same migration pattern as seen during the base-line stud"es has been recognised in the
environmental impact monitoring with the herring migrating into the Sound in large numbers in the

autumn and migrating out south in the early spring.

This migration south seems to be influenced by hydrographic parameters. In spring 1996, the winter
was very cold with ice conditions until March and this seems to have delayed migration south. This
is also reflected in the figures for German landings per month at the spawning site of Greifswalder
Bodden (Figure 2). .

In the migration period 1996/97 and 1997/98 the highest biomass for both the base-line studies and

i i 1 PP T UL R R |
the environmental impact monitoring were estimated {Table 6 and 7). Both for the spring and

e As ool

ti'n ied. At the same time ihe mean length and the mean

pared to the migration period 1995/96 (Table 4 and 5).

: - A
vey higher abunda
5

g

The change in abundance for the migration period 1996/97 did not seem to have influenced on the
landings at the spawning site of Greifswalder Bodden (Figure 2) as the herring seem to have arrived
at the spawning site at the same time and in the same amount as in previous years giving the bases
for a normal fishery pattern in the area.

A comparison of the Iength distribution in the estimated biomass from surveys carried out during
the same time in the migral:ion period 1995/96 and the migration period 1996/97, (October

1295/October 1996, March 1996/Maich 1997 and Apl'u 1996/!—\131’11 1997), showed a higher

-|nnf

abundance of smaller herring in the 1996/97 migration period than in the 1995/96 migration period
(Figure 3 to 5).



T ~ 14 aAia i
u.mng the Basc-line studies, migration period 1094/95, young immature herring i.e. 1- and 2-group

were present in Oct.-Dec., with a mean length of 22-24 cm. Vertebral counting showed that these
immature herring could have been North Sea herring at the southern boarder of the d1str1but10n area.
These small herring were concentrated in the most northern part of the Sound and only in 4.
Quarter.’

The smaller herring seen in 1996/97, especially in March and April, seem to be dominated by the
size groups around 24-25 ¢cm corresponding to the 3-year age group (Nielsen, J.R. 1996).

Th(.- 2-year old herring from the Western Baltic Stock are described to enter the migration pattern
ILYE PR, LYt kil PP Lot #hll et st wxrd M miniera 4 p . 3
known for ihe oldér herring of this stock, This means that this component will artive in the' Sound in

1 ~

Ll
the Iollowmg automn during the s south nngrauon as nearly 3 years old herring.

The observed high abundance of young herring ( 3 years) in autumn 1996 and spring 1997
correspond with the observed higher abundance O-rings found in the larval surveys at Greifswalder
Bodden in 1994 compered to the previous 5 years (ICES CM 1997/ASSESS:8). 7
The fishery at the spawning site also showed highest proportion of 3-year old herring in the spring
1997 for the period 1993 to 1997 (Gréhsler, T. ,JOR, pers.com.). These 3-year old herring did
arrive in the later part of the spawning period due to the age composition in the catch at the
spawning place (Grohsler, T. ,IOR, pers.com.).

A comparison of the length distribution in the estimated biomass from surveys carried out au.rlng
the autumn in the migration period 1995/96, the migration period 1996/97, and the migration period
1997/98 (October 1995, november 1996 and November 1997), showed that this higher abundance

of smaller herring in the 1996/97 migration period compered to the 1995/96 migration perlod
continned in the 1997/97 migration per riod (Fi gure 6).

07 iln Ajatviharti H
T/ uic 15115“.1 distribution seem to be domina
]

m:corresponding to the 4 year age group due to the age length key found during the 1994/95
migration period (Nielsen, J.R. 1996). ‘ Lo : IR

A ktr ﬂm:x cira- ornnn urnnﬂr] 5 R’ L

y nia
LILLLE BEAA AL J Lhlb Ol EI.UIJI AFLLAVL b Vet LS

Conclusion:

The higher biomass in the estimates from the surveys in the 1996/97 migration period and the
1997/97 migration period compared to the 1995/96 migration period seem to be due to an mcome of
a strong 1994 year class of Westem Baltlc hcrrmg

This strong 1994 year can be followed in the 1996/97 migration through out the Sound as 2—'3 year-
old herring; in the fishery at the spawning ground in 1997 as 3 year-old herring and in the Sound in
November 1997 as 3-4 year-old herring in the 1997/98 migration period.

We thank the @resundskonsortium for financing the monitoring program for herring in the Sound as
at part of the Environmental Momtormg Program in connecuon with the estabhshment of a flxed
link across the Sound '
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Table 1. Environmental Impact Monitoring

Month -

- Septerﬁ ber

'ﬁctober'

November -

December

|January:

Februzry

March

April

Surveys 19395/1996

5-09-95

5-03-96 -

S-04-86

Period

2-13/10

18-22/3

10-14/4

Acoustic integration

* -

*

e

Biological sampling

*

*

Individ. analysis of herr.

*

x

Hydrographich sampling

x

*

[

Surveys 1996/1997

5-10-96

511-06

S$-03-97 -

S-04-97

Period

Acoustic integration

30/9-6/10

1117111

o

03-09-03

*

05-10-04

€

Biological sampling

*

*

*

Individ. analysis of herr.

*

W

*

" |Hydrographich sampling

E 3

*

x

Surveys 1997/1998

SA1-97

Period ...

11-15/11

[Acoustic integration

*

Biclogical sampling

* -

Individ. analysis of herr.

*

Hydrographich sampling

T x

table1
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Table 2. Environmental Impact Monitoring

BIOMASSE IN TONNES PEER NM**2
Data from November are preliminary

60417.47

YEAR 95 96 97

MONTH October March April October  |November March April November
SURVEY [3-09-95 5-03-96 5-04-96 5-10-96  [S-11-96 S-02-97 |S-04-97 5-11-97
STRATA

G01 283 .31 329.58 21042 213.85] 2533.85 176.95 376.16 1480.47
Go2 250 47 " 174.96 40.20 1 1025.62 893.82 299,17 554.53 - 1371.48
G03 591,09 246.35 137.52 275.56)  1109.42 524.01| 668.24 1757.33
G04 334.07 344,50 163.54 1704.43| 1538.58 363.79] 299.31 1036.54
Go5 34342 161.38 102.80 621.42 819.06 291.40 213.86 . 851.46
GOB 148.88 127.82| 165.38 895.21 771.73 755.56| 262.98 550.90
GO7 110.88 136.66( 22.47 1396.25 416,61 263,99 253.76 613.35
G088 405.43 74.82 77.30 T73.22 297 .43 - p.00 96.08 -485.52
G009 166.71( §5.18 45.07 499.06 24961 - -0.00 70.42 378.91
G10 60.09 46,75 - 28.51 - 30.72 151.99 0.00 20.26 288.17
G111 58.27 28.98 10.98 19.70] 1089 0.00 2.08 3.79
G12 3.26 2.19 1.21 3N 575 0.95 0.79

Mean 231.16 148.26 83.78 €21.56 733.23 222.99 234.87 801.583
Min - 326 2.19 1.21 371 5.75 - 0.00 079 3.79
Max. . 591.09 344.50 210.42 1704:43] 2533.85 755.56| 668.24 1757.33
Total Tonns .36329.08 187596.58} 162172.70 61498.63| 58863.57

180666.10

table2

20304.09
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Table 3. Environmental Impact Monitoring
~ ABUNDANCE: IN MILL PER NM*2

Data from November are preliminary

5231

Total no.”

YEAR 95 96 97
MONTH October March Aprii Qctober  |NMovember| March April November
SURVEY |S5-09-95 S5-03.96 (S-04-96 S-10-96 [S-11-96 5-03-97 |S-04-97 5-11-97
STRATA "

Go1 1.77 1.97 1.26 1.61 18.70( 1.19 2.53 12.58]

1Go2 NS 1.03 ©0.24] 7871  71.35 201} 3.731 11.65

1503 . 2.99 _ 2145807 081 e 1.9 8.39|- 3.45 4.40( - . 12.05
. |Go4 JAas o .97 0.930 ‘o471 10.30 2.48 2.04| 7.03
Gos" © 189 S0 057 4.08 4.40 240 - 176

1G08 0.70 0.87 113 4.99 414 5.45 1.90 3.48

1G07 0.741 1,00} 0.16 8.65 2.44 1.90| - 1.83 415
G08 2.66 -0.41} 0.43 487 1.65 0.00 0.82 2.93

- 1G09 0.91 . 0.49 0.26| - 2:98 1.45 0.00 0.65 219

“UlG1o 0.34 S0.27) 017 o7 079} - 0.00 0.19 1.67
G11 S 0,33 0.18 - 0.07| 0.11] 0.05] 0.00 0.02 0.02] -
G127 0.02] 0.01 0.01 0.02 0.03] 0.01]. 0.01]

IMean 1.32 0.89] -0.50 3.87 4,97 1.57 1.66 8.73
Min 0.02 0.01f 0.01 0.02 0.03| 0.00 001 0.02
Max = 2.99 1.97 -1.26 - 9.47 18.70 5.48]" 4.40 12.58

344,83 - 221.82 122.91 1166.42| 1052.06 438.44 1239.60

table3

422,13}




Table 4. Environmental Impact Monitoring
Mean length per stratum in cm.

Data from November are preliminary

tabied

[YEAR 95 56 97

Month October March April October [November March April November
SURVEY |S-09-95 5-03-96 15-04-986 S-10-96 (S-11-96 5-03-87 (S-04-97 S5-11-97
STRATA

GO 26.2 28.0 28.0 249 26.1 26.7 26.7| 24.9
G02 25.8 28.3) 28.3 2471 25.2| 26.5 26.5{. 24.9
G03 28.3 283 28.3 26.3 259 26.7 26.7 26.8
G04 27.9 28.4 28.4 27.2 25.9 26.2 26.2 26.2
G05 274 28.7 28.7 . 258 27.9 24.8 24.8 . 211
G06 28.9 266 26.8 270 27.9 25,8 25.8 26.9
GO7. 26.3 25.8 25.8 26.0 27.0 258 25.8 . 263
GO08 26.1 287 287 28.5 27.8 0.0 249 274
09 28.0 26.3 28.3 26.5 27.4 0.0 242 27.8
G10 274 280 28.0 27.0 28.4 0.0 24.2 . 27.8
G111 27.4 27.2 . 27.2 273 '29.5 L 00 242 27.8
@12 258 272 27.2 27.3 29.5 242 242 '
Mean 27.2 27.7 27.8 26.3 26,5 - 259 259 259



3¢

Table 5. Environmental Impact Monitoring

Mean weight per stratum in gram.

Data from November are preliminary

YEAR 95 96 97

MONTHH [October March April Cctober |November| March April November
SURVEY |3-09-95 S-03-96 |S-04-96 S-10-95 [S-11-96 S-03-97 [S-04-97 S-11-97
STRATA

GO1 160.1 1676] 1676 132.8 150.1 148.4 148.4 117.7
{Go2 1513 . 1704 170.4] 1303 1347 "~ 1485] 1485 1177
GO03 197.4[ 170.3  170.3} 1543 146:5) ~151.9 1519 1458}
G04 1913 1751 17511 180.1 156.7 146.7 148.7[ 147 5] -
G05 182.0[ . 1791 1791 152.3 195.2 1215 1215 18627
G06 211.4] 1469 146.9 179.4 195.2 1386 138.6] 158.4
{Go7 161.5 136.4] . 1364 161.2 178.8} 138.6 138.6 147.7
GO08 1522 181.0 181.0 165.4 190.8} 0.0 117.0]" 165.8
IGo9 183.7[. 173.8 173.6 166.8 182.4| . . 00 108.5 173.0] -
G10 175.1[ 170.1 170.1 176.0[.. 204.3] . 0.0]" 1085] 172.5]
G11 174.9( 157.0 157.0 181.1 226.1 0o} 1085 172.4)
g1z . 146.6 - 157.0 157.0 1811 226.1 1085 108.5 :
{Mean 175.2 163.8 165.2( 162.2 165 140.3[ 1394 145.8]

tables




Table 6. Base-line and Environmental Impact Monitoring

Autumn

BIOMASSE IN TONNES PER NM**2
Cata frorn November are preliminary

table6

YEAR 93 94 95 96 97]
MONTH September |Cctober Neovember Qctober November October Qctober November November
SURVEY 5-09-93 5-10-893 5-11-93 5-10-94 S-11-94 8-09-95 5-10-86 5-11-96 5-11-97
STRATA
G 557.74 324,20 312.89 49.73 283.31 213.85 2533.85 1480.466
Go2 73793 453.03 506.01 487.41 ~78.85 ;25947 1025 62 893.82 1371.481
1603 £551.81 B51.39| . 490.77 632.76 64.06 581.09 275.56( - 1109.42|- - - - 1757.334
504 726.00] . 448.47 (" 256.90 591.81 244 56 334.07 1704 43 1538.58 1036.538
G05 407 88 453.94]  179.74 41060 31575 34342 62142 819.06 851.4644
G086 568,71 41226 _176.88 424,05 381.70 148.88 895.21 Ti1.73 550.9043
1G0O7 54165 26561 266,47 28239 . 286.52|. 119.88 139625 . 416.61 613.3522
{Gos 398.25 398.70 £52.93 390.79 437 .33 - 40543 77322 297.431 4855226
JG09 433.94 420.30 415,38 578.28|: - 272647 -166.71 49906 - 24961 378.9054
G10 414 .59 188,62 297.97 151.39f 40355 £0.09 3072 151,99 288.1669,
G11 194.96 319.68 257.64 57.68 - 72.88 58.27 19,70 10.89 3.79461
G12 157.34 34.68 35.09 134, 443 - - 3.26 3.71 - 85.75 o
Mean - 482 .56 355.91] 267.8 333.31 197.59 23116 621.86( . 733.23 801.6301
Min 157.34 3468 35.09 1.34 2.87 ~3.26 3.71 5758 3.79451
JMax _ 737.93 551.39 506.1 632.76F -  437.33 581.09 1704.43 2533.85 . 1757.334
Total Tonns| 130,241,011 98,741.95| 69,504.27 ¥9,723.63} 6714645 50,417.471 187,596.58( 162,172.701 180666.1
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Table 7. Base-line and Environmental Impact Monitoring

Spring

BIOMASSE IN TONNES PER NM**2

[VEAR 94 95 96 a7

MONTH March April March April March April March April
SURVEY |S5-03-94 8-04-94 5-03-95 S-04-95 S-03-96 5-04-96 5-03-97 [S-04-57
STRATA :

GO1 16.34 219.43 32.00 320.58 210.42 176,95  37€.16
G02 93.59 40.60 104.57} 37.45 174.96 40.20 299.17| 554.53
G03 - 142147 77.28 157.63; - 70.25 246 35 - 137.52( 524.01| - 668.24
G04 ~101.90 40.74] 229,97 50,33 344.50] - 163.54 363.79| - 299.31
G05 8160 © 20.89 - 8220 - 4126 181.38] 102,80 291.40| 213.86
GO06 - 81.95( - .--26.03] 34.85 83.82 127.82 . 165.38 75556 " 262.98
GO07 - 114.54 1238 60.86| 143.87 136.68 £2.47 © 263.99 253.76
Gos 8.14| 30.33 27.86 - 74.82 77.30 0.00 96.08
G09 - 4.05 29.23 3121 85.18 45.07 0.00 70.42
G10 452 31.87 20.79 46.75): - 28.51 - hoagl. 2026
G11 3.31 - 49.59 - -8.53] - 28.98| 10.98] - 0.00] 2.08
G12 T 1.38 403 . 455 219 1.21 0,95 0.79
Mean -104.29 2131 85.21 45.99 148.26 83,78 222.99; 23487
Min- - - efe 8480}~ - 1.38 - 403 4.55| 2.19 1.21 Q.00 079
Max 14217 77.28 229.97 --143.87 344.50 210.42 755.56 £666.24
Total Tonns | 15,291.28 5,342.55 10,673.60| 14,651.56 36,329.08] 20,304.09 51,498.63|58,863.57

table7
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square miles (NM**2) is given for each strata.

Survey area divided by stratum in the Sound. Area size in nautical
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Figure 2, German herring landings (tonnes) at the spawning site off Greifswalder Bodden




Length distribution in the Sound
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Figure 3. Length distribution in the Sound October 1995 and October 1996
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An anal;gsis of trawl variability in the 1995 herring acoustic survey.

Iniroduciion

Acoustic surveys in the North Sea have been co-ordinated by the Internatlonal Counc11 for the

Exploration of the Sea (ICES) since 1984. Currently the following countries participate in the co-

ordinated survey: Scotland, Denmark, Germany, Norway, The Netherlands and Sweden. The survey is

planned by the ICES Herring Survey Planning Group (HSPG) which meets once a year to discuss cruise
1 £

=4

:Du

plans and improvements to the co- ord.z.. ted survey. One of the recommendations arising from the 1997
! n S, BT L. P U I T T 1er
HSPG was to undertake a study of the length frequency and age proporiions of trawl hauls by different

A
vessels in similar areas during the 1995 survey. The objective of the study was to examine the spatial
variability in length and age, and to assess to what extent the observed variability may have. been
affected by obtaining trawl samples from different vessels.

Methbds and Materials

Trawl data were taken from the 1995 co-ordinated herring acoustic survey from Denmark, Norway, the
Netherlands, Germany, Scotland (East and West} and Ireland The followmg information was supplled

for each 1‘1"911'!1

n wrhi nl‘\ harrire toao notvrchfs £ laatatees.
R L) Lida 114

Wil O8I Was Caugiii. \,,Uuu.l..l.y, ;JUJ.P, Ucal l}’PU, DUUI’UI, Haul lVU . It’}al' NIUHHI,

Day; Date; Time shot; Duration; Longitude; Latitude; Water depth; fishing depth; Validity; Total catch;

Length frequency; Pool code; Age proportions for North Sea fish; Age proportions for Baltic Sea fish;
Mean weight at age for North Sea fish; Mean weight at age for Baltic Sea fish. Data from a total of 152

trawls were submitted.

3
()
o

'The Kolmogorov-Smimov (KS) test is often used to assess the goodness of fit of on T
frequency distribution to another (Zar 1984). The recommended procedure for stratifying an acousti
survey into areas of equal target strength is based on differences in length frequency distributions as
determined by the KS test (MacLennan and Simmonds 1992). In the present study the KS test was
performed on all combmatmns of the trawl data amounting to a total of 11,476 tests. The distance

between each trawl for each K3 iest was also calculated. The test statistics (Dmax’s) were binned into
distance iags and plotted against distance: the resuiting figure may be termed a KS-ogram.

Results .and Discussion

The mean length of herring in each trawl was plotted as a post plot (Figure 1). A trend i

g L. LN

g
this plot that is confmned by the calculation of the variogram gf mean length (Figure 2} A
‘was fltted and used to krige the map of mean length (Figure 3). There is a clear trend in mean ength in
the North Sea: small individuals occur in the south-eastern part of the North Sea and larger ones in the
north-western end. Medium sized fish occur in the rmddle and close to the coasts of mainland Britain
and Norway.
The KS-ogram for the full dataset is given in Figure 4, this uses all 11476 tests between all trawls. The
shape of this figure is what might be expected from a spatially continuous variable such as length; at
short distancés the maximum difference between cumulative distributions is small (trawls are similar),
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whilst at large distances the difference in length distributions is greater. The dip in the KS-ogram at
about 550 nmiles is probably due to the similarity of trawls with medium sized fts.. which can be
PR P I I ST Y k" Londewidnie tha vrpnmb nmnmb A0 O blacn d sl it ~d N vz T

bauEllLJdlEC— U.I.-‘.’ll.d,llbcb CI.PCU.L \c. 5 UCIWECI WIS WEAL CUASL 01 »COUdLd aild COsL 01 INOIR Wﬂy} 15C LI.'GI.IU I.B

more mancea Wnen One COHSIC[GI'S only HIOSC frawis IOI' WD_ICI] tnere are a minirnum number of rengms
A sample size of 30 was chosen as a minimum resulting in a total of 6555 tests. The resulting figure
showed even greater similarity at short distances (Figure 5). The remaining analyses were conducted on
this “significant™ dataset.

To establish to what extent the observed variability in length distribution may have been affected by
obtaining trawl samples from different vessels the KS-ograms from within surveys were compared to
those between surveys. The inter survey KS-ogram (Inter-ship KS-ogram Figure 6) and the intra-survey
KS- -ogram (Intra—shlp KS-ogram Figure 7) were similar over, the same ranges and both showed a similar
pattern to the fuil dataset KS-ogram. This can be interpreted as follows: trawl variability within a
survey is.as variable as that between surveys and therefore any variability is probably driven by actual

vanablht_y in length d.lStI'lbllthtl at a spatial loca_tlon _rather than: that caused by dlfferent ship samp_l_lng. _,

When considering individual survey KS- -ograms (Figure 8), it'is evident that there are drfferences in
spatial continuity in length dlstrrbutrons between surveys. Norway has the most variable length

..JStI'lbLtl.,nS and this is certainly reflective of the large area covered by this survey. The Netherlands
and Denmark have continuity at short mst'"'ces and less at longer distances implying that these surveys

occur in areas of a trend in length distributions. Germany has an erratic KS-ogram probably due to a
medium to long range variable spatial length distribution; at short distances the continuity is qu1te good.
The Scottish east survey has less variability than most over most of its range, whilst the Scottish west

survey has a more variable spatial length distribution. There may be some anisotropies in these datasets

Wthh may account for the dlfferent shapes although these have not been exammed

An analysis of those trawls from different surveys that fall within 30 nmiles of each other was also
conducted. The Iocattons of these trawls are given in Figure 9. Statlstrcs from these trawls are given in

indicate that mogt com
44 |+ Lo

i H r!l“"Fl 'I"F“Jl(ﬁ‘nﬂ“\]‘] le‘l]ﬂl‘
LT

....
O
H

U
u. 1111S 15

indeed the case (Figure 10). However, one would expect this relat10nsh1p to occur only for those

21 ol n) 1 as 1. L1

distributions which are symmetrical (i.c. normal or combinations of normal), because the mean length :

in these cases would be an acceptable measure of central tendency and therefore a good summary
statistic.

The largest KS value in Table 1 refers to the combinations of trawl 20 from the Netherlands and trawls
750 and 751 from Germany. These two combinations produced a KS result of 1 and a mean length
difference of 11 cm. This large difference is however, unlikely to be due to trawl performance error but
in the mgmy variable spatial distribution of length in uus area (approx. 55°N, 2°E). At this location I.hU

map of mean lengtn shows tne DlggCS[ rate of cnange relative to distance (mgure J) It is IHBIBIOI'S an

area where differences in trawls can be great regardless of trawling method. Similarly high KS values '

occuired ‘between Denmark and Norway at about 57°30° N 6°E. Thrs also comc1des with an area of
change in'mean length.’ ' :

Tt is thg"‘g ofe impgrra t th.a- in ar trawh be renreqentatlve and oerha'os more

ertainty. In these Iocatrons time var1ab1hty

ot

1 as of the gre‘a[eg.. char
numerous o tabhsh h e length dlstrlbutlo with mo

Q
Koh
e
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may actually play a significant role although this has not been considered here. It may be prudent to

onsider altering the borders of surveys such that they do not coincide with borders of length change; in
o T o
Iz

hie latter case 1i mighi be better for the Germans and Dutch to overlap more.

0

[

Age proportions are related to length up to a certain point. Obviocusly young fish are small, but after age
2 in herring the lengths at age overlap considerably. It is therefore not surprising to find that for young

older fish have less structured spatial distributions and the variograms are subse
in many cases almost random (Figure 11b). This is further evidence that heming arc dis
according to length beyond a certain age. The interpolation of age at location is therefore heavily
dependant on an age length key. It is therefore imperative to obtain reasonable samples from a regular
as possible a grid in order that a good age-length key be determined over the whole area. The procedure
put forward by Guiblin and Rivoirard (Guiblin and Rivoirard 1996) would seem to be appropriate to
deal with the distribution of ages. ' B

T 0
-
i
3
t

Conclusions
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mainland coasts.

2. The spatial continuity is reflected in the KS-ogram which shows that trawls close together have more
similar length distributions than those further away.

3. The greatest differences in the KS statistic occur in areas where the length changes in short distances
and these borders should be taken into account when deciding on survey borders and overlaps.

4. Age proportions have a structured spatial distribution only for the youngest ages. Older ages are
distributed almost randomly - distribution by length is evidently the determining factor.

Guiblin, P. and Rivoirard, J. (1996)."Spatial distribution of length and age for Orkney Shetland
herring.” ICES CM 1996/D:14 Ref. H, 20 pp. (mimeo).

MacLennan, D.N. and Simmonds, E.J. (1992). Fisheries acoustics. Chapman & Hall, L
pp.

ndon. 325

Zar, J.H. (1984). Biostatistical analysis. Prentice-Hall, New Jersey. 718 pp.
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Post plot of mean length of herring taken in trawls during the 1995 acoustic survey.

Figure 1
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Figure 7
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hted. ML=mean lencth

AV —LLICGLL dCdigtil

Table 1 -Statistics from trawls from different vessels within 30 nmiles of each other. Trawl
: combinations with hich K8 values (verv differant) are hichlich
combinatior ith high KS values (very different) are highlighted
) nemanmnmla ciea Tialia AT — alonhiita diffararnns i vmmns lan ot
\\Jl:l].}, u-"ocuu]:nu DAL, LJ!.JJTI'(I A¥Lls = QUOVILIULW WLl wl Wil 11 l.ll.Uml. wlhX LLL.
Country Country Trawl | Trawl | "nl n2  [Distance] KS ML (- ML | Delta |
#1 #2 #1 #2 . _ (nmiles)| #1 #2 ML |
Denma.rk_' Norway 5017 364 3594 57| 23.4210.7406 2_5.56 19.24 6.32],
Denmark” - - |Norway 5017]  395| 3594 100| 25.14|0.3283| 25.56| 27.77| 221}
Denmark / 5017 399 3594 121 14.51| 0.4045} 25.56] 21.94 3.62
19.24

Denmark.

3168

57

10.17

1 .

9 106 15 1001 194 5.86
Norway . TScotland (east 416] 212] 100] 7448] 24.63[0.1338] 26.67] 27.11] 044
Norway " |Scotland (cast) 426 . 213 100 1215 23.55|0.4033| 24.84| 2591 1.08
Norway Scotland {east) - 427 213 42 1215 21.90[0.3629] 24.82] 25.91F © 1.09]
Norway Scotland (easty | 449]  224] 103] 2151 21.43]05583] 26.64] 2875 . 212]
Norway Scatla"id {cast} 449 2251 103 383, 27.7110.1827; 26.64) 26.62 0.02
MNorway Scotland (east) 449 226] 103 248| 29.68}0.3131| 26.64] 27.82 1.18]:
Scotland (east) |Scotland (west) 245) . 43| 4814| 8816| 11.10§0.3052| 26.99| 26.00 0991

Scotland (west) 246 43132750 8816 8.40 29.47) 26.00 348

Scotland (east)
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Figure 11a  Variograms for age proportions 0-3M for the North Sea herring acoustic survey 1995. <.
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Figure 11b  Variograms for age proportions 4-9- for the North Sea herring acoustic survey 1995
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