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INTRODUCTION

At the 1978 Statutory Meeting, the»CQunqil adopted a resolution put forward by the
Pelagic Fish Cormittee to carry out a co-ordinated acoustic survey for herring in
the North Sea and Division VIa in 1979. The guidelines for the survey were set

out in the Report .of the Herring Assessment Working Group (CM 1978/H:67 Revised),
and the objectives of the survey were to estimate the bionass of adult herring
north of 57°N in subdivision IVa W and Division VIa. The recommended timing of the

survey was July.

To brganiée the survey the COuncilwset‘up a Planning Groﬁp and the foliowing rep-
resentatives were nominated: ’

*R S Bailey (Convener) UK
*A Corten L . . The Netherlands
M Diner France. S
H Dornhein ‘ Federal Republic of Germany
*W I Dunn UK »
*S Iversen Norway
_ *A Maucorps ... France
R B Mitson o o UK
R J Wood X

The members of the group asterisked in the above list met at the Marine Laboratory,
Aberdeen, from 6= 7 March 1979 and a further informal meeting was held on board
the THALASSA in Lerwick, Shetland, on 18 July 1979, while the survey was in procress.

This report is a synthesis of cruise reports received by the convener from parti-
cipants in the survey and does not represent an agreed consensus. -

Planning of the Survey

"/The areas to be;covered'by the survey were deéidé&rfrom#an analysis of therdistriy
bution of herring catches made by the Netherlands and Scottish vessels during the
period 1971-1978. To limit the survey to manageable proportions, three areas in
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which the lﬂrgest catches had been taken were defined (Figure'1): area I -~ the

, northeast coast of England, area II - the Orkney-Shetland area, and area IIT -

" the Hebrides. Because of its importance, the Planning Group decided to include
the western part of Division IVb in the survey (area I) despite the recommendat:on
by the Pelagic Fish Committee to limit thensurvey to areas north of 57 30'N,

To utilise the avallable veusels to the full, 1t was planned that wherever possible
a scouting vessel should survey each area a few days in advance of the vessel
carrying an echointegrator, and that both vessels should carry out trawling to
identify the composition of echotraces and to establish the diurnal behaviour
pattern of herring. Ech01ntegratlon was to be emploved only when the limits of
herrlnr concentratlons had been defined.

Immediately before and during Lhe survey, reports of herring concentrations were
obtained from commer01al fishing vessels and, where appropriate, these were used
in the detailed planning of cach ship's track Information was exchanged during
the survey by radio contact at sea and by radio telephone to Aberdeen.

Participation of vessels

The following vessels took part in the survey:

Nationality Name Dates Scientist in charge
France THATASSA 13-30 July A Maucorps

France MOUSSE 9-21 July J Masset

The Netherlands - °~ ‘ANNIE HILLINA 2-20 July " A Corten ' ,
Norway - . . . JOHAN HJORT - 10-18 July J Lahn-Johanneusen »
UK © " SCOTIA 4 ?5 July=-15 August R 8 Bailey ‘ '
UK. '~ EXPLORER 6-20 August ' I G Baxter

" The acoustlc and trawling gear used on each vessel are 1istéd'in Table 1. An
additional survey was carried out independently of the ICES-co-ordinated survey
by the UK vessecl CORELLA and a brief account of her work was kindly made avallable

for the report by the Fisheries Iaboratory, LOVGSLOLt
DESCRIPTION OF THE SURVEY

In the text below a brief account is glVLn of the work carried out by ﬁach vessel
or pair of vessels. Trqck charts are glven in Figures 2-9.

a) ANNIE HILLINA and JOHAN HJORT

The ANNIE HILLINA surveyed arca I off the northeaot English coast from A= 7 July
(Figure 2a), three days before the JOHAN HJIORT arrived in this area. She found
no evidence of major concentrations OL herring and the only fishable traces found
in this area were on Berwick Bank (55°50'N). Since it was thought possible that

~ central North Sea herrlng might still have been distributed further north, a

30 mile grid was carried out (Figure 2b) north to area II (Shetland) where the
spacing of transects was reduced to 10 miles (Figure 2¢). The area off the

east coast of Shetland was investigated in detail and herring traces werc found
around Fair Isle, south of Shetland and close inshore northeast of Shetland. The
sensitivity of the echosounder on ANNIE HILLINA hppeared to ‘be inadequate to
record low density traces such as scattering layers.

The JOHAN HJORT spent from 10-13 July in area I delimiting the herrlng concentratlons,

investigating the behaviour of the fish and carrying out an cch01ntegrator survey
(Figure Ba). The remalndcr of her tlmp ub to 19 July was ‘spent searohlng in the
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area between south Shetland and Noup Head Orkney (Flmurc 2b) and 1nvest1gat1nv
herring behaviour patterns.

b) . THALASSA and MOUSSE

The MOUSSE left Boulogne on 9 July and, passing directly through area I, carried
out an.extensive sonar and echosounder search in area IT around Orkney and Shetland
(Figure 4). The track chosen was based at first on the results of the Dutch and
Norwegian vessels, but for most of the survey it was based on the past experience
of the skipper, Mr Francois Libert, and on recent information from Boulogne trawlers
passing through this area. Xach area in which echotraces were found was investi-
gated both by day and night. Trawl hauls were carried out to identify traces
Whlch were reasonably substantial and which were sufficiently far above the bottom
for integration by THALASSA. On inférmation from a commercial vessel 1nten51ve
work was carried out NW cf Noup Head where considerable herring’ concentratlons
- were found on 15 July. On the voyage to Boulogne a further unsucceSSLul search
was made off northeast England.

THALASSA also searched unsucoessfully in the off hore zone off northeast EpW1and
“during the northward passage, and then proceeded directly to carry out ccho-
integration in the arca off Noup Head (Figure 5). Subsequently THALASSA surveyed
the area south and southwest of Shetland before scarching in the North Minch

and around North Rona. Before returning scuth, a survey was made in the south-
eastern part of area II where herring bycatches had been reported by French
trawlers. On the return voyage a short joint survey was carried out w1t1 SCOTIA
over Turbot Bank off Aberdeen. - ‘ :

c) SCOTIA

.After a brief survey of Turbot Bank off Aberdeen on 26 July, SCOTIA spent from
27-31 July completing the survey of the -Shetland area by carrying out a searching
grid up the east and west sides of Shetland (Figure 6) Further searching was
carried out unsuccessfully around North Rona, but in’the North Minch herrlng
were found in an area off Stornoway (Figure 7). ' After a detailed eoh01ntegrﬂtor
survey, the search was continued into the South Minch and then to the St Kilda
area., A further integrator survey was carried out in this area, and the search
continued to the north coast of Scotland.

d) EXPLORER

From 7-16 August, EXPLORER carried out an extensive echosounder grid around the
. Shetlanda(EiNure 8) but the only herring concentrations found were near Fbula,
where an integrator survey was carrled out. - The second half of the cruise was

devoted to an intensive survey off the northeast coast of England (Figure 9),
using a bottom mmﬂAbrswmhﬂ&A

METHCDS
Within each of the areas showm in Figure 1, the recommended procedure was as follows:

a) searching for echotraces characteristic of herring using echosounders and sonar;

b) establishment of the identity and composition of traces by trawling;

c) investigation of herring behaviour patterns, particularly vertical migration
and dispersion;

d) establishment of the area of herring distribution;

e) detailed cchointegration within the arca of distribution.



In most areas, searching and trace identification took up a high proportion of

the available time and in no cases was the above procedure carried out to the letter.
Since most herring traces found were on or close to the seabed, sonar did not

prove to be & particularly useful searching tool in most areas and most concen-
trations were found by vertical echosounder.

Idenfification of echotraces was carried out using both pelagic and bottom trawls.
.In some areas, midwater traces proved difficult to sample. TFor this reason, for
cexample, EXPLORER used only a bottom trawl after a trial period as midwater
trawling was unsuccessful.

Ichointegration

The method of estimatin@;Bhﬁmﬂwing-abundance in area I used by JOHAN HJORT is
described below in the section on results. Essentially, the method relied on
finding an area where herring were sufficiently dispersed to record single fish
echoes and then fitting a regression of the number of fish récorded against the
integrator deflection as a calibration. The proportion of herring in the total
biomass was. estinated using back scattering strength measurements of fish of
different lengths provided by Nakken and Olsen (1977) and the results of trawl
hauls in the area to allocate the acoustic biomass to species.

On SCQTIA and EXPLORER "acoustic biomass' was related to the back scattering
strength of a known target used for calibration (a table tennis ball) through

an assumed target strength of herring (~34dB kg~ '). Where necessary the proportion
of the estimated bionmass attributable to herring could be estimated from their
proportion in appropriate trawl hauls.

THALASSA used the same type of equipment as JOHAN HJORT and obtained calibration
factors by carrying out inter-calibration experiments with both JOHAN HJORT and
SCOTIA. In the former case the inter-calibration was carried out’ over a track of
23 nautical miles on an even bottom west of Noup Head (Orkney), teking separate

. recordings every mile. By fitting a regression line, the factor for converting
THAIASSA (TH) readings to JOHAN HJORT (JH) readings (mm deflection) was:

JH = 10.1 x TH + 357;5 (r = 0.93)

Using a hull-mounted transducer, however, the threshold required on THALASSA's
equipment was so high that even zero readings are equivalent to a considerable
acoustic biomass.

~ The inter-calibration with SCOTIA was carried out over Turbot Bank but in this
case transducer problems on SCOTTA meant that most of her recordings were close
to zero. The high correlation coefficient of 0.90 between the two series of 17
readings is due to two values which were appreciably above zero. »

Owing to the inadequacy of the two inter-calibration experiments, no attempt has
been made in this preliminary report to convert the THALASSA integrator results

~ to biomass estimates. To enable some evaluation of the echointegrator techniques
used on the other vessels to be made, however, selected examples are given in the
section on results. Since therc has been no opportunity for a joint evaluation
of the validity of the estimates of herring biomass in each area, no atterpt

has been made in this report to provide an cstimate for the entire area covered
on the survey. .



.- RESULIS -
The results of the survey aré‘prosented below for each area separately:
The results of trawl hauls carried out during the survey are listed in Table 2, and
the length composition in samples containing more thon 10 herrinpg in Table 3. Trawl

hauls mentioned in the text refer to code numbers in the tables.

Central North Sea

a) Area I - Northeast English coast

‘Searching by ANNIE HILLINA was confined to daylight, when small pelagic schools

were detected up to 20 miles offshore, the highest density being off the mouth of
the River Tyne (Figure 2a). Bottom schools were recorded in a small area on Berwick
Bank (5505O'N), where one trawl haul contained large herring (Plate Ia). The small
midwater schools, however, were not identified by trawling as they were too near
the surface. ' ’ ‘

During their passages through the more offshore parts of this area, neither the
MOUSSE nor THATLASSA found any evidence of herring schools. ‘ o

Despite the apparent scarcity of herring in this area reported by ANNIE HILLINA,

the JOHAN HJORT carried out a detailed survey of the coastal area (Figurce %a) on
the basis of reports of herring bycatches made by UK commercial vessels (per J Wood,
Fisgheries Iaboratory, Lowestoft). Ten trawl hauls were carried out in the area

and herring were caught in eight of them, the largest catch being 140kg by pelagic
trawl. In addition the hauls contained a variable proportion of other species,
notably sprats, whiting and spurdogs. By day herring were caught by bottom trawl
when the shoals were invisible to the echosounder. From 2000-2400 hours traces
appeared and ascended towards the surface.

They remained there for two hours and then descended between 0200 and 0LOO more
rapidly than thoy ascended (Plate II). At night, pelagic trawl hauls contained
herring. It therefore seems likely that herring were only accessible for echo-
integration for about six hours at dusk and dawn.

In the second half of August, EXPLORER found herring in the coastal area somewhat
further south than those reported in early July (Figure 9). She was only able

to sample by bottom trawl but, nevertheless, herring were caught in 10 out of

17 hauls. At this time, the shoals thought to be herring were distributed close
to the bottom by day, whercas at night there was 1little evidence of them except
that more diffuse marks were occasionally recorded in midwater (Plate Ib, c). The
areas where traces of this type were observed are indicated as areas B and C in
Figure 9, ‘ ‘ ‘

The limits of herring distribution were established by the JOHAN HJORT by meking
transects at night when the fish were above the seabed. The area of their distri-
bution extended about 60 miles north to south and from 5-20 miles from the coast
(Figure 10). Within the area outlined, herring appeared to be continuously distributec
wherecas outside the arca sinilar traces were insignificant.

The JOHAN HJORT made an abundance estimate of herring in area I by:

1) Using the single fish counting method described by Midttun and Nakken (1977)
" to estimate the constant C in the equation (1) p = Gu, where p is the total
number of fish per square nautical mile and/u‘is thé integrator deflection (mm)
per nautical mile; : '



2) Estimating the constant C'in the equation (2) C!' = C x alb, where a1l is the
maximum dorsal aspect scattering cross section of a fish of 1enbth 1 (Nakken
and Olsen 1977)3 v ~ ‘ ,

%) Estimating the abundance of ﬁerrlng by splitting ﬁhe species composition
according to the equation (3) N = lg, Yu, where s ‘is the number of fish.and
k. is the fraction of fish in cate ory’ 1 (Nakken 3nd Dormasnes 1975) . .. When
W represents n different categories of flsh, equation (3) glves

k= (¥ k007

Owing to the behaviour pattern of herring in this area only the integrator values
recorded from pelagic fish at night were used for the abundance estimate. As the
. survey grid density was not uniform throuphout the herrlng area, soparate means
were calculated for each of ,the four sub—areas A to Din Flgure 10 (Table 4)e

Wlthln the herrlng area the spe01es comp051tlon in pelagio trawl hauls by night
and the length composition of all herring caught were rather homogeneous in sub-
areas A to C, whereas the catch by day in sub-area D (trawl haul JH 171) contained
predominantly O-group herring (Table 3). An overall nean of the percentage by numt
of the main species was therofore calculated for the combined sub-areas A+B+C

and another mean for sub~area. D (Table 5).

.Single fish echoes were recorded on the EK50 sounder just before dusk near trawl
station JH 172 which yielded an almost pure catch of herring. The numbers of fish
(assumed to be herring) per nautical mile were calculated and the regression between
these values ( pl) and the corresponding integrator values of/u when applied to
equatlon (1), gave p= 1560/u or C = 1560 (Figure 11). - _
The constant ¢! was estimated from equatlon (2), ¢ ¢ - ¢ xalf where a = 2.09 x 106
and b = 1.36 for herring (Nakken and Olsen 1977). By usi%g the length composition
-data of herring from trawl station JH 472, the mean of al” was found to be

180 x 10, Hence from equation (2), 0.2811 and this constant was assumed

. to be applicable to other species for whlon a and b have been determined.

By applying the estimated ¢ value to sprat, whiting and spurdogs for values of
a and b given by Nakken and Olsen (1977), a length-dependent. C value for each
specics was calculated (Table 6)., The mean C values for each species within sub-
‘areas A+B+C combined and another mean value for sub-area D were then calculated
by using mean length compositions of each species in the area (Table 7).

Abund'\ncee%tlmateu for herr:nW, sprat, whiting and spurdogs were obtﬂlned by applying
~ the mean proportion of each speciles in pelagic trawl catches as estimates of the k

values in equation (3), thus solving K (Table 8), and then applying the mean u of
pelagic fish. The results given in Table Q@ indicate an adult stock of herrlé
numbering nearly 100 million with a blomasu of about 16 000 tonnes. .

An intensive integrator survey. carried out by EXPLORER between Hartlepools and
Flamberough Head covered an arca of about 2 200 squarce kilometres (area C in

Tigure 9). Depth of water in the survey area was mainly 40-60 metres. Separate
measurements were made of echo returns above and below the 20m depth level, and
since echotraces of a type expected from herring generally occurred at depths
greater than 20m, echo returns above 20m were not used for the biomass calculations.
A grid of squares 6 nautical miles by 6 nautical miles was placed over the

survey area and the acoustic biomass for each square or half square was estimated.
The results in tonnes per square are given in Fipure 12. The total acoustic
biomass for the survey area was estimated to be 20 500 tonnes.
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From trawl hauls made in the survey area the total catch was 89 baukebs of whlch
"there were 48 bashets of herring. (94m) Sub-dividing the biomass on the basls of
- the oatch rlves an estimate of herrlng blomasq of 11 OOO tonnesa

A gimilar calculation carried out for the survey in the Bayman's Hole region (area

B in Figure 9) which covered an area of 810 square kilometres gave a total acoustic
biomass of 10 676 tonnes. On the basis of the catch the herring biomass was estimated
to be about 900 tomnnes. R L g

A further survey of area I was carried out Trom 23 August to 5 September by CORELIA,
Just prior to this cruise commercial demersal trawlers reported catching -full herrlng
- off Robin Hood's Bay. By day the shoals recorded by CORELLA were very compact and
nostly extended only a few metres above the seabed. After dark-the fish remained

in shoals although these were generally far less compact and rather higher above

the seéabed - few above 30 metres when the bottom depth was approximately 55-60metres.
Exceptionally a very small number of shoals extended to within 10-15 metres of the

- surface and a few shoals were still very dense during the middle of the n1ght Once
it began to get light the fish rapidly descended and shoals again became very compacta.
It appeared that most of the shoals were sufficiently dispers ed‘Ior_successful_
integrator surveys for almost 6 hours during the night from approximately 2200h

to 0400h GMT. - o | .

The behav1our of herring'in the LOngstone'area could not be assessed with certalnty
owing to the presence of considerable numbers of uandeels (observed with a TV camera).
However, traces of the! plume' type were found bff Beadncll Bay where commercial
demersal trawlers, at the same time, were catching reasonable numbers of ripe
herring. A considerable number of newly hatched herring larvae were taken close

by in a plankton haul. Traces of the 'plune! type werc observed to rise and then
break up into a scattered trace in the top 15 metres or so at dusk. Identification
was attempted with a TV camera but most fish were observed by_the,echo,Sounder.to
avoid the lights on the underwater vchicle, Some sandeels were scen, however, and
in addition sprat or O-group herring were seen at the surface in the stern lights.
as CORELIA drifted. Within these areas a anumber of successful acoustic surveys

was made but Wt will be some time oefore the results can be properly evaluated

No concentratlons of fish which mlght have been spawning herrlng were observed off
Whltby/Sklnnlnmrovc or at the Dowsing.

b) Turbot Bank

Although outside the areas included in the survey programme, & urvey of Turbot
Bank (30 miles NE of Aberdeen) was carried out after reports were received of heavy
bycatches .there by commercial trawlers. Herring were located on 26 July by both
THALASSA and SCOTIA. By day the shoals were located close to the seabed and two
trawl hauls contained predominantly large herring (TH 670; 878 in Tables 2 and 3).
At dusk the shoals became more diffuse, but did not appear to migrate upwards .
(Plate Id, ¢). After a short search to delimit the area of herring distribution,
SCOTIA carrlod out an 1ntegrator svrvey, S

During the preliminary surVey the distribution of herring traces was ]1m1tcd to. an
arca 5 x 3.5 nautical miles in extent (Figure 13). Total integrator values for.
cach leg of a zig-zag survey were recorded and weighted by the area to which that
leg applied. Using this method a total biomass of 1.4 x 107 tonnes was estlmﬂted
But the proportion of fish below the lower limit of the integrator (2m from the
seabed) is not known. In addition, the fact that some traces were found on the edge
of the survey arca indicates the 11ke11hood that it dld not oover the entire area
of herring distribution.
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¢) Other areas

No significant concentrations of herring were located in other parts of the Central
North Sea, although herring-like traces werc observed by JOHAN EJORT on Aberdeen Banlk,
and a small catch was made at 56°30'N (AH3).

Northern North Sea

Area II Orkney-Shetland

An extensive area of herring-like traces mostly near the seabed was found by ANNIE
HILLINA south of Fair Isle and further concentrations to the west of the island and
south of Shetland (Figure 2¢). Trawling in these areas indicated that the. echo-
traces were of mixed composition (herring and whiting predominantly). Trawl hauls
in areas of similar traces east of Shetland, however, contained mainly Norway pout.

The only other area where herring were caught was inshore to the northeast of Shetland.

Because of the large area involved the JOHAN HJORT also devoted most time in this
area to searching and trawling. By day, herring-like shoals were detected close to
the seabed, while at night they became less dense and rose somewhat off the bottom.
They did not, however, form scattering layers as they did in area I. Traces which
were attributed to herring from their general appearance were recorded SE of Fair
Isle, between Fair Isle and Sumburgh Head, SW of Sumburgh and between Sumburgh and
Lerwick (E. Shetland). 1In this area two trawl hauls contained herring., Further
traces of this type were also recorded west of Noup Head (Orkney). Owing to the
shoaling behaviour, even at night, and to the variable mixture of species caught in
trawl hauls, a detailed echointegrator survey was not carried out in this area.

Using sonar as the main detection method, the MOUSSE found very few-typical herring
plumes in area II (Figure 4). Off Noup Head (Orkney), there was no sign of herring
traces on 10-11 July, whereas on 15 July they found relatively large quantities.
Furthermore, the shoals were apparently not visible on the echosounder until the
afternoon (1200 GMT). In that area the shoals were close to the bottom with a height
of 10-15m, becoming less dense in the evening and reappearing towards mid-night as
midwater plumes 20-50m in height, and finally disappearing towards 0500 GMT. The
trawl hauls carried out by MOUSSE also confirmed the mixed species composition of
traces in area II.

THALASSA carried out echointegrator surveys in a number of areas in which MOUSSE had
recorded herring (Figure 5). In the area northwest of Orkney two detailed surveys
were carried out at an interval of five days and, despite the large catch of herring
made by MOUSSE, the quantities recorded were not large during either of them. South-
west of Shetland the shoals remained at the same depth (just clear of the bottom) by
day and night (Plate IIIa, b), although by night they were less compact.

Integrator surveys were also carried out by THALASSA around south Shetland (Figure 5).
In this area, one trawl haul (TH 660) contained a mixture of herring, whiting and
Norway pout, the last two of which may have formed the rather diffuse echotrace

close to the bottom shown in plate IIIc, while the herring may have caused the more
distinct plumes. Southwest of Shetland and around Foula a further survey indicated
considerable concentrations of fish but a trawl haul south of Foula (TH 661) contained
mainly whiting. |

. THATASSA also found a concentration of herring southeast of Fair Isle where French
trawlers had reported herring bycatches. Again in this area the echotraces were
composed of plumes above the bottom and more diffuse traces close to the bottom. No
shoals were seen at night, but there was evidence of dispersed fish still relatively
close to the bottom. Two trawl hauls contained predominantly herring (TH 668) and
whiting (TH 669) respectively.



-8COTIA largely confirmed the distribution of herring recorded by other vessels and
in addition carried out a further search to the east and west of Shetlandc' In
neither of these areas were herring caught by pelagic trawl, although traces similar
to those found south of Shetland were recorded.. In the.Fair Isle/Shetland area,
near-bottom traces were locally intense. One component of the traces rose to near
~the surface between 2115 and 2200 GMT, while another component remained 20-30m above
the seabed (Plate IVa, b). Owing to a transducer fault, no integration was possible
in this area.

On an extensive survey of the Shetland area in August, EXPLORER found typical herring
traces only in the area south of Foula, and even in that small area, the density of
shoals was very low (Figure 8). In that area by day intense plumes were recorded
extending from the scabed to 50m above (Plate IVc). Despite extensive searching

no shoals were recorded at night, although scattering layers were observed.

An echo survey of the Foula area was carried out by EXPLORER. The results were
analysed in two different ways: by estimating the biomass of individual shoals
encountered from individual transmissions and multiplying up to the total area
surveyed; and secondly by calculating the mean acoustic density over the entire

track and raising to the area surveyed. By these methods the average biomass of

the larger shoals was estimated to be 23 tonnes and the small area hatched in Figure 3
is estimated to have contained 20%0 and 1490 tonnes by the two methods respectively.
Unfortunately, however, few shoals were recorded, so the error of the estimate is
likely to be high in this area. w ‘ :

From the above it ip clear that the interpretation of the survey results in the
Orkney~Shetland area is highly complex. To summarise, herring were distributed
widely over the area, at least in July, but were usually mixed with other species,
notably whiting. The shoals were in most cases fairly small and only rarely were
typical plumes observed., By day they were mostly on or close to the bottom, while
by night they appeared to remain near the bottom and became rather more diffuse.

It proved almost impossible to delimit the exact arca of herring distribution
because traces identical to those proved to contain herring by trawling were found
over a large area, yet in some areas (ez cast and west of Shetland) trawls contained
only species other than herring.

West of Scotland

Area III-

a) North Rona area

THATASSA searched this area . in late July and found traces characteristic of herring
in the area south of North Rona. The herring in this area appeared to be difficult
to catch although two catches were taken  fishing close to the bottom. As in the
arca south of Shetland, there was apparently little change in behaviour at night,
the shoals remaining close to the bottom but becoming a little more dispersed.
THATASSA carried out a detailed integrator survey of the arca (Figure 5). An example
of echotraces found in this area is shown in Plate Va.

Despite considerable searching from 31 July-4 August, SCOTIA found no signs of
herring in this arca (Figure 7).

b) Eé;th Minch

In the western half of this area SCOTIA found fairly extensive bottom cchotraces.
Plume traces were also recorded in one area but two trawl hauls there contained
only sprats and O-group gadoids. Three hauls on the bottom traces, however,
contained a variable mixture of herring and other species. On the east side of
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the North Minch, a heavy surface scattering layer was present at night, but iz not
known 1f this contained herring as it was too ncar the surface to trawl. After
delimiting the area of bottom traces, an intensive integrator survey was carried
out. In an area of 220 square nautical miles, the total acoustic biomass was
estimated to be about 5 000 tonnes, but it is not known what proportion of this is
likely to have been herring or vhat proportion of herring were too close to the
bottom to integrate. T : :

c¢) South Minch

Heavy traces were found in several parts of this area, but two trawl hauls contained
pure O-group Norway pout, and a mixture of this species, whiting and saithe., One
haul near the surface northwest of Tiree on traces which ascended at dusk contained
a mixture of Norway pout, whiting and herring. Herring concentrations in this area,
however, did not appear to warrant further attention.

d) St Kilda

On SCOTIA there was little evidence of characteristic herring echotraces in this

arca. DBottom traces containing herring were found near St Kilda, but their ‘
distribution seemed to be very localised and again catches were very mixed. Never-
theless, since some traces in this areca appeared characteristic of herring, a detailed
integrator survey was carried out. In an area of 120 squarc nautical miles south

of 8t Kilda the total acoustic biomass was estimatoed to be 15 000 and 10 000 tonnes

on two surveys carried out on the same day, but once apgain the proportion of herring
is not known. - ‘

. Other catches of herring were made in the area between St Kilda and the Flannan
Is., but time prevented further investigation therec, '

e) North of Scotland

A short survey by.SCOTIA in this area located typical herring plumeé on Whiten Head
Banlz, but the single trawl haul there was unsuccossful.

In the area west of Scotland, as at Shetland, echotraces appeared to be of a highly
complex composition. Typical herring plumes were Ffound in some areag but in general
herring were caught together with other species in near-bottom traces. The resecarch
vessel effort in this areca was inadequate to carry out a comprechensive SUrvey.

Biological Data

The biological data (eg ape and maturation stages) on herring sampled during the
. survey are not yet fully analysed.  The nmean length of herring in ecach sample

- (Figure 14), however, shows that in most areas adult herring predominated. The
only areas with a high proportion of small, mostly immature, herring (less than
2lien) were the North Minch, around Fair Isle and in a few samples off northeast
England,

Herring immediately to the south of Shetland were in stages 4 and 5 (ripening and
ripe), while those caught northeast of Shetland were mainly in these stages with a
small component of low maturity stage fish which were probably spring spawners.

The herring caught in the central North Sea in July were a mixture of fish in low
maturity stages and maturing fish and may therefore have consisted of a mixture of
Bank and Downs spawners. In Aupust most caught there were in stages 3 and I with
a relatively small percentage of stage 5, and in some hauls some at stage 8. West
of the Hebrides in carly August, the mature herring were also mainly in stages 4
and 5.
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Thus, overall, the survey did not provide evidence of large quantities of immature
recruits; those that were found were located in relatively small localised areas.

DISCUSSION

From the accounts piven above for each area it is clear that the resnlts of the
survey are complex and that no adequate estimate can at present be made of the

total biomass of herring in any of the areas surveyed. In an attempt to analyse
the reasons for this, each stage of the procedure is discussed separately below.

Searching

Without prior knowledge of the likely wherecabouts of herring, the ships had to

spend a considerable proportion of their time searching. As might be expected,
herring were located most casily in areas in which commercial vessels had reported
either cchotraces or bycatches in the previous one or two weeks., In other areas,
there was little indication of what type of echotraces were likely to be attribut-
able to herring and this may partly explain the relatively small guantities recorded
by the MOUSSE, which was searching primarily for typical herring plumes. In addition
the low sensitivity of the echosounder on board ANNIE HILLINA probably resulted

in her missing a number of concentrations, for example in area I. Since most

traces in July and August were close to the bottom by day and dispersed at night,
sonar did not prove a particularly useful tool for scarching.

Experience from this year's survey should greatly increase searching efficiency
on future surveys because it is now clear what type of traces may contain herring.

Furthermore, prior information from commercial vessels is clearly an advantarc.

Tdentification of traces

Few of the herring echotraces identified on the survey were in the ferm of
characteristic herring plumes, and in most areas the herring appeared to be one
component of rather complex traces near the bottom. In the area around south
Shetland, similar if not identical traces appeared to contain variable mixtures

of herring, whiting and Norwey pout and because of this it was almost impossible

to delimit the exact area of herring distribution, or which traces should be
attributed to herring. One possible solution to this problem would be to use

the proportion of different species of fish in trawl hauls to allocate the acoustic
biomass estimated by echointegrator. This requires the rather demanding assumption
that the composition of trawl hauls is representative of what is in the sea in

that area, Furthermore, more information would be required about the target strength
(back scattering strength) of different sizes and spccies of fish., This is of course
one of the fundamental difficulties of carrying our acoustic surveys for fish

which constitute only a small percentage of the total fish biomass. To meke a
biomass estimate from the present survey would require some subjective judgment

of the composition of traces. ‘

The investigetion of the behaviour of herring by travling and echo survey is one
aspect of the identification of traces. Off the northeast coast of England in

early July, the echotraces indicated that fish were migrating upwards and dispersing
at night. South of Shetland, the evidence suggested that the vertical migration
was less pronounced or non-existent, although there appeared to be some dispersal
of traces at night. Confirming these bechaviour patterns in each arsa can be
extremely time-consuming because trawl hauls need to be carried out at different
depths and different times of day and night. Off northeast England, for example,
JOHAN HJORT carried out hauls using a bottom trawl by day, and confirmed the presence
of herring closc to the seabed, and using a pelagic trawl at night confirming the
presence of herring in midweter. Combined with the echosounder records (Plate I1),
this evidence strongly suggests a diurnal migration of herring in that area, Off
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Shetland, on the other hand, the traces near the bottom by day appeared to .divide
at night into those ascending to the:surface and those remaining fairly close

to the bottom. In the situation where successive trawl hauls contain widely
different proportions of different species, a considerable number of hauls is
needed to confirm the behaviour of one of them When this procedure has to be
carricd out in all areas where herring are found, the time required is a major
part of that available. This is perhaps the main reason why the results of

trawl hauls are not adequate to allocate the biomass estimates to species. During
the survey, this also provided the main logistic dilemmma, whether to remain in
one smell area of unknown importance to clarify the distribution and behaviour

of herring, or whether to continue searching in other areas. The only solutions
to this problem are either to increase the boats and time allocated, or to match
the area to be surveyed to the available effort.

Delimitation of herring distribution

The difficulty of proving the identification of complex ephotraces was the main
reason why the limits to the areas of herring digstribution could not be defined

in most arcas. Furthermore, the results of trawling (Figure 14) indicated that
herring were widely distributed sometimes at low density. ZFor this reason, one
participant in the survey has suggested the possibility of carrying out a grid

of trawl stations over a wide area to estimate the proportion of the total herring
population present in the areas integrated.

Fchointegration

In addition to the problem of trace allocation discussed above, in somec areas
echointepgration was impossible either because the shoals were too dense or because
they were too close to the scabed or sea surface. Off northeast Enpgland a period

of four hours at dusk and two at dawn appeared to bé the only possible times for
integration. In other areas, an unknown proportion of the traces were too close

to the seabed by day. Even if this proportion were knowm, the proportion of different
species above and below the limit might not be the sames

In practice, the difficulties of echointepration during the survey lay in inadequate
calibration and intercalibration between vessels. Without discussion between
acoustic experts, for example, it would not be possible to decide on- the most
appropriate conversion factors between JOHAN HJORT, SCOTIA and THALASSA. In future,
this might to some extent be overcome by standardising the calibration procedure.
which differs in principle in the different countries taking part, and by express.ag
the results of echointegration in a standard way. S

Biomass estimates

The Planning Group decided at its meetings that it would not be possible to provide
an overall estimate of biomass without a meeting to analyse the results. As a tasis
for discussion, the results of individual surveys of amall arcas are presented

in this report. In each case, the biomass estimates appcar rather low. The

reason for this is not clear but must presumably mean either thaﬁ they do not

cover the most important herring areas, or that a substantial part of the herring
biomass was outside the integrator depth limits, or that the highly contagious
distribution of herring resulted by chance in heavily biased estimates: On several
surveys, it was noted that the echointegrator survey failed to record appreciable
concentrations of herring despite intensive searching beforehand to delimit the
areas in which integration should be carried out. A possible reason for this is

the potential mobility of herring. JOHAN HJORT, for example, experienced con-
siderable difficulty in relocating herring found by ANNIE HILLINA only a few days
before. To solve this problem, it may be appropriate to concentrate effort on a
number of vessels within a small area to maintain continuous surveillance of the
distribution of the herring until the inteprator survey of that area is complete.
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Timing of the survey

Owing to the long period during which this year's survey was carried out, sone
information is available on the appropriateness of July as the month for future
surveys. Off northeast England, vertical migration reduced the available time

for echointegration during July, but nevertheless ensured that the herring were
accessible in a relatively disperscd state for part of each day. In late August,
the extent of vertical migration appeared to be less and again the herring appeared
to be accessible for about six hours.

In area II (Shetland), the results from different vessels were somewhat conflicting.
In early July, herring were rather close to the bottom by day and it is not clear
if they were migrating uvpwards to any significant extent at night. In the Noup
Head area, plume traces were very compact and may have been too dense for successful
integration. In August, EXPLORER expericnced considerable difficulty in locating
herring, while in July there were some reports of herring closer inshore than the
survey arca. For this area, therefore, it is not yet clear which is the best time
of year for the survey.

In Division VIa, herring alsc appeared to be fairly close to the bottom by day
and again there were reports from commercial vessels of inshore shoals likely

to have been missed on the survey. It is thercfore possible that in areas II and
IIT an earlier timing might be more appropriate.
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Table 1. Details of acoustic equipment and trawling gear used on survey vessels

VESSEL
THATASSA
MOUSSE

ANNTE HILLINA

SCOTIA

JOHAN HJORT

EXPLORER

TRAWL ECHOSOUNDER

Pelagic trawl (sprat-mesh Simrad EX S38
blinder)

2000 mesh~Pelagic trawl Simrad
(15mm mesh blinder)

Pelagic trawl Simrad EQ
(Sensitivity poor)

1000hp Delagic trawl (20mm  Simrad EK36/8
codend) and 900hp Blue whiting
trawl (20mm codend)

Pelagic 1600-mesh capelin

trawl, 16 x 16 fathom Simrad EK38 A
opening (22mm codend)

Demersal 1800-mesh shrimp

trawl 21 x 6m high (4Omm Simrad EK50 A
codend, and smaller mesh

cover)

6~700hp Delagic trawl Simrad FK30

(20mm codend)
Demersal herring wing
trawl

SONAR

Simrad

Simrad SB

Simrad SK3

Simrad

ECHOINTEGRATOR

Simrad QM MK II

Aberdeen Echointegrator

2-channel Simrad QM ME II

Aberdeen Echointegrator



Table 2 (Continued) CATCHIS (kg) OF HORRING AND OTHER NMAJOR SBECIES . s

Vessel ~ Haul  Date Position Gear -~ Stat Catch (kg)
Tio rect . - '
! Herring Haddock VWhiting Norway Others Herring
R , Pout percentage
Johan
Hjort . 177 12 July 5600'N  Bottom .41E8 . . - . u'. - R B
01 20ty travl 3 116 - 297 + 150 1%
" 178 12 quly 5602w n 4188 - : D , ‘
' 02”00ty 14 4 .20 0 6 32%
d 179 13 Jwy 55;’ 32t Pelagic  40E8 - Crs : .
01 24ty travl . 34 0 14 0 246 12%
) u 180 13 July 57337'1\1 n 44E9 . . TR crg .
01°001Y 0 0 0 0 0 -
" 181 14 July -58%41'W v 46129 e
\ 01°00'y 1 + 1 + 2 6 255
B 182 14 July 59215‘1? n 4TE8 o . P R .
01019'W : 78 ] - 290 0 24 205
n 183 14 July 5915w n A7E8 o S "
_ 01 28'y 1 L+ o 0 * ga 100%
n 184 14 July  59.50'W " 48E8 . - SN I » v
01 16'W : 0 + L 0 .+ o
" 185 15 July 59 38'N " 48m8 . R o ‘ :
‘ 02 00ty 0 0 o0 0 0 -
"o 186 15 July  59,50'N  Bottom 4856 : : . ’
03,23 travl 0 16 S 0 4 23 0%
L 187 15 July 60 15'N  Pelagic 4988 . R , ~
1,45 travl + 0 o 560 0 0 o OB
u 188 16 July 59,50'N oo 488 ° g :
, - 01511 ST + R - - o+ 100%
A 189 16 July  59,18'N  Bottom 47E6 : o % o
: 03 511y travl 0 0 ~e ok 0 0 0%
- i o K] Y ! o ’ ’ ‘
© Thelasss 657 15 July  55.42'N  Pelagic 40E9
, ’ 00,3417 travl -0 0 0 0 o - -
" 7658 15 July  55,40'N " 40E9 e
_ 00,341% . 0 0 c 0 .0 0 : -
" 659 15 July  55,39'N " 40m9 o .
. . 00 _34'W - . ] w0 g 0 L :
G . 0 0 g ) + 0%
" 660 19 July  59,55'N " 48E8 U ‘ '
or2w ‘ 108 -0 87 235 0 2
n 661 20 July  60,04N " 4987 &
: _ 02,05 | " 14 v 1650 0: 12 1%
n 662 21 July 59,22 " 4TE6 o
A 03,591W . 0 °0 S| 0 0 -
" 663 22 July  58,50'N " 464 RS
. g ; 05,361y : 0. 5 0 0. 0 ' o%
4 22 July 58 52'N " 4684 DN
05 241y 1 0 St 0 1
o 665 223 July 58246!1\1 o 4614 0%
Iroronee 05 44t 484 .0 ¢ 8 0 161 L 4%
w666 23 July 52037'1\1 " 46E4 B -
06 00y 5440 L 10 015 B 527 o1
no 667 24 July 59011 " 47m8 S -
§ 01036115 350 0 934 . 43 61 -1
" 668 25 July 59 28'N " 4759 - :
' 00 52" 417 0 84 ~. 10 36 (573
" 669 25 July 59,29'N n 47E9 o T
00 561w 0 .3 452 .63 + t g
" 670 26 Jjuly  5723'N " 43E8 o
01 o7'Y 1581 1. S 0 10 CO9%



Table 2 (Continued) =~ CATCHES (kg) OF HIRRING AND OTHER MAJOR SPECIES

Vessel Haul Date Position  Gear Std.'b Catch (kg)
‘ Yo o ;ect
P Herring Haddock Whiting Norvay Others IHerring
s ; Pout - percentage
[o]
Mougse 01 11 July 5%29'N  Pelagic 4736
: 03,47 trewl - 50 64 29 115 11 195
" 02 13 July  60,56'N " 50:«;? : ‘. : ‘
' oo 471y 0 0 - 27 420 0 05
" 03 14 July 60 37'N " ?01«*0 e ; ‘
I ooo 45'E 30 18 106 100 = 12%
n 04 15 July  60,28'N " %9.1?} ; ; ; :
‘ ' 0,17'E B 0 112 ? 750 2 05
" 05 16 July 5%16'% " 4786 ; P ‘
~ 03501y - 15000 0 Q 0 0 100%
" 06 17 July  5%44'W no 48ET7 ’
: 02, 321 44 0 22 0 0 67%
v 07 18 July 5% 47N " 48r8 ,
' : 0%, 45" ‘ 750 0 300 0 0 7%
" 08 20 July 5% 3Ll'N " 40E9 ’
R 0Q, 22V . -0 0 675 0 308 . 0%
" 09 20 July 54 17N " 3770 ' ‘ )
i 100 13'E SR e 0 0 0 245 0%
Seotla 78 26 July  57.25'0  Pelagic 4318 -
‘ v 0106  trawl 880 + ch Lt + 96%
" 79 28 Juy 60 36'n " 5059
: : 00034y 0 + 0 C* 4 of
" 80 28 July 60° 22 " 49E9 . .
00036'N C 0 34 93 * + 0%
" g1 29 July 60 31N " 50E8 :
; : 02 00'Y o 0 + o 0 + 0%
" 82 29 July  6Q28'N n 49E8
' 03 00w Co 0 o 0 * 056
" 83 29 July  6Q 34w n 5088
" 01 40'W 0o + 4 + 0 o+ 0%
" 84 30 July 59 50'N " 48E8 :
N 0] 421y 702 1 491 B 42 57
" 85 30 July 59 40'% " 48E8 :
, ‘ ) 501y : l 372 + ] 0 0 6 100%
i 86 31 July 59 15'N J 4784
o 05 %531y 0 + R 0 17 07
" 87 1 August 58%6N " 4683
‘ 06211y . o -t + Lk o A
" 88 3 fugust 58%9'N " 45E3
. i 061y . 0 .+ CE + o+ 0%
n 89 4 August 5e°54' Con46m3 «
: 06° SV B 0 + * 0 * 0%
n 90 4 pugust 58 2srn " 45E3 ,
: 06 021y - + + -+ 85 T
" 91 5 August 58 09'N " 4583
- . 06081y ’ o+ + 17 8 - 40gh
n 92 5 August 58 11'N n 45E3 : : a
‘ 06,031 \ 8 o #* 7 -+ 9% 505
" 93" 5 August 58,03'N "o 4583
06,10V s 643 .+ + 4 .+ 4 100%
" 94 5 August 58 04'1\! n 4583 :
‘ 06 10'W ; 0 + + + LF 0%
" % 6 August 57, 52‘N o 4483
' 06 041y 1+ + T+ 34 8
" 96 7 August 57 07N " 4383 :
‘ 06. 51 2 0 68 135 51 1%
" 97 7 August 56056'1\1 " 4282

07 17 o .t + 68 0 %



Table2 (Continued)

Vessel Haul
No

Explorer 201
" 202
" 203

" 204

Date

25 August
26 August
26 August

27 August

Position

54, 481N
00, 19"y
55% (1351
00501
55, 261
01,281y
55, 38'N
01 27

Gear

Bottom
travl
"

Stat
rect

38E9
39E9
39E8

40E8

CATCHES (kg) OF HERRING AND OTHER MAJOR SPECIES

Cateh (kg)

Herring Haddock

34 4H
. 34
0 25
0 17

Vhiting

34

42

Others

17

17
25

Herfing
percentage
40%
g
0%

o



Table 3 Length compositionsef herrimg from hauls in vhich at least 10 were caught, AH=Annle Hillina JH= Johan Hjort TH=Thalassa M=Mousse 5=5 cotia E=Explorer

Northern Forth Sea (IVa)
Stat rect 50E9 - 50F® 49E7 48?27 48E8 107 4889 4786 4728 m gxg ;239 ggg
, Lfg g R B % N S84 e wmy P sms AW amo 182 667 668 161
Length to %em below - - ) o 1@13.5 .ow e i
1:;;,5 : - : o e . ' 1 2212.5 '
1 4 1 1
17 - ’ 1 6 2@1645
17,5 2 1 15 2@17
5 T 2 2 1 21 2 1 @175
‘ ' 1 19 5 1 14 ) 2018
19 Z 3 2 51 § 1 _ 19 J1ia 4 1219 Z e
: 1 12 1 e 28 127 ) 7 ‘
20 1 44 &5 35 1 4 )27 20 -
86 44 42 g ) 20 1 )
21 2. 107 39 41 4 54 31 -
4 133 19 46 1 4 3 42
22 1 98 9 16 27y 43 i e
- . 2 1 6 9
23 3 ™1 22 ’ ‘%‘"‘ 12 1 1 } 8 23 B
A 2 1 1 2 23 .2 2 1 ) 11 o
72 ' Z 2 3 I 6 22 5 1 1 ) 7 11 8 L
; 18 6 2 4 11 27 1 1 15 ) 14 23 1 -
5 L 3 12 5 26 23 1 5 15 ) 4 10 72 2
, — 116 4 19 15 6 44 22 a2 - g§ 2 ) 1554 2 ‘
1 11 15 20 5, 2910 69 28 Y 1 7 2 ) 17 59 2
, 3 3 8 22 18 3319 43 14 2 - 11 2 13 1) : 29 4§ 2 T
; 75 - 2 5 19 12 5420 71 20 1 9 3 22 3 ) I 37
5 1 3 7 17 12 1 6419 34 8 5 2 17 .2 3v14 1 2 -
A s U A N 7 s me — 2 T 13 : :
2 5 2. 22 2 1 16719 1 1 2 7 8 1 3 2 )
29346 14 1 371319 23 3 12 7 7:' T
8 1 2 2 15 3 2 9721 20 5 2 26 5 1 2
305 3778 ' A 3 2 1021 32 1 35 4 : .
6 11 & 16 2 1 25 30 33 3 h
31 5 14 3 2 10 1 3 301 4% 1 7 ' 7 T 2 -
219y 8 2 13 % 2 20 o 0
? 5 21 1 1 7 1 1 112 36 32 — 0 L
1 18 '8 3 8 14 5 —
- 33T 13 12 z. 11 o 3 -
2 b) o 1 -
34 -5 9 - ) N 1
2 6 1
3% 1 3 2 1 1
' 1

36 1
Total measd 63 120 109 86 21C. 119 22 2B 248 592 788 13 405 204 244 116 128 150 395 333 20 . 26



Table 3 (oontd.)

West of Scotland iz )

Stat. rect. 46 E4 45 E1 45 B3 4 Bl 48 E2
Haul Ko TH 665 TH 66 5104 S$105 S91 S92 s93 S9 598
Length to %cm below
gt 1645 1 @14
1745 2 1
i8 1
2
19 2 1
8 2 6
20 10 1 23
14 4 42
21 26 1 54
22 7 81 2
22 16 5 55 1
1 11 5 4 8
% 1 16 5 48 2 16
: 7 6 64 3 19
24 14 3 ¥z 2 29
. 10 4 1 9 1 27 9 34
%5 30 F) 1 1 6 2 26 4 26
26 8 3 6 2 22 8 45
26 58 11 2 8 3 14 11 26
50 14 4 2 9 5 21
27 62 11 2 1 9 18
43 7 1 3 9 15
28 36 5 2 2 1 8 G
25 8 3 2 1 1 4 11
29 24 9 4 1 4 5
19 16 1 1 1 3 3
5] T7 IT T 3 1 7 3
25 15 1 1 2 1
3T 14 Z il 5 T T
6 3 2 1 1
32 2 1
1
Total
measured 449 134 21 26 185 49 565 °0 291



Table 4 Mean integrator values u (mm per nautical mile) of pelagic fish by
night in sub-areas shotm in Figure 10.

Sub-area A B C D Sum A-C

Area in square

nautical miles 196.9 384.3 259.4 215.6 840061)
e 173.9 1445 138.9 241.7 149.7

1) Weighted mean by sub-areas

Table 5 Percentage (by numbers) of the main fish species in pelagic trawl catches
by night (sub-areas A-C) and by day (sub-area D).

Trawl st. Herring Sprat Whiting Dogfish
O-group Older
Sub-eress 172 - 99, 4 - - 0.k
" 174 - 11.8 k.5 3.0 0.7
" 175 - 3okt 93.5 3.1 -
" 179 - 3.2 91.8 1.8 3.2
Mean - 290""5 670 1+5 290 1 01
Sub-area D 171 - 68.1 0.8  27.6 3.5 -

Table 6 Length-dependent C-values for the main pelagic species.

Herring: C=1.34 x 105 X 171°36 (a = 2.09 x 10-6, b = 1.3%6)
Sprat: C = 3.38 x 107 x 17 1°72 (a = 8.32 x 10"7, b = 1.72)
Whiting: ¢=1.28x10%% 172"  (a-2.19 %1077, b = 2.46)
Dogfish®)., € =7.1 x 10”7 x 1°° (a=Lhx10 7, ©b=2)

1) Approximate figures.

Table 7 Mean C-~values within sub-areas1),

Sub~area Herring Sprat Whiting  Dogfish

O-gr. Older

A-C - 1638 5957 952 197

D 10685 2032 10592 778 -

1)

Number of fish per square nautical mile per mm deflection per nautical mile.

Table & K-values within sub-areas (herring+sprat+whiting+dogfish)

Sub-area A-C: X = (O%Z%g + O;ggg + O°gg; + O°?;;)_1 = 2688
Subeares D K = (0.707 + 0.008 . 0,248 , 0,056)-1 - 7154

10685 2032 10592 7738



TABLE 9 Abundence estimates of herring, sprat, whiting and dogfish in area I.

Sub-area A+B+C Sub-area D Area I total
Mean density Abundance Mean density Abundance Abundance
) 00C' per Number in (§) 000" per Number in Number in
square mile millions Tonnes square mile millions  Tonnes millions Tonnes
Herring O-gr - - - 1222. 4 263.5 L& 263.5 L&1
Older 119.5 100.5 16716 13.8 3.0 301 103.5 17017
Srrat 270.4 227.3 2023 428,38 92,4 32k 319.7 2347
Whiting 8.5 7.1 705 69.2 14.9 1491 22.0 2196

Dogfish bk 3.7 3721 - - - 3.7 3721



ANNA HILLINA

EXPLORER

6 July 55950!'N 01°33'W (Berwick Bank)
20 August S54219'N 00°01'W

_2L August S4°U4H'N  00°20'W

26 July (Turbot Bank)
26 July (Turbot Bank)
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Table 1. Details of acoustic equipment and trawling gear used on survey vessels

VESSEL
THATASSA
MOUSSE

ANNTE HILLINA

SCOTIA

JOHAN HJORT

EXPLORER

TRAWL ECHOSOUNDER

Pelagic trawl (sprat-mesh Simrad EX S38
blinder)

2000 mesh~Pelagic trawl Simrad
(15mm mesh blinder)

Pelagic trawl Simrad EQ
(Sensitivity poor)

1000hp Delagic trawl (20mm  Simrad EK36/8
codend) and 900hp Blue whiting
trawl (20mm codend)

Pelagic 1600-mesh capelin

trawl, 16 x 16 fathom Simrad EK38 A
opening (22mm codend)

Demersal 1800-mesh shrimp

trawl 21 x 6m high (4Omm Simrad EK50 A
codend, and smaller mesh

cover)

6~700hp Delagic trawl Simrad FK30

(20mm codend)
Demersal herring wing
trawl

SONAR

Simrad

Simrad SB

Simrad SK3

Simrad

ECHOINTEGRATOR

Simrad QM MK II

Aberdeen Echointegrator

2-channel Simrad QM ME II

Aberdeen Echointegrator



Table 2 (Continued) CATCHIS (kg) OF HORRING AND OTHER NMAJOR SBECIES . s

Vessel ~ Haul  Date Position Gear -~ Stat Catch (kg)
Tio rect . - '
! Herring Haddock VWhiting Norway Others Herring
R , Pout percentage
Johan
Hjort . 177 12 July 5600'N  Bottom .41E8 . . - . u'. - R B
01 20ty travl 3 116 - 297 + 150 1%
" 178 12 quly 5602w n 4188 - : D , ‘
' 02”00ty 14 4 .20 0 6 32%
d 179 13 Jwy 55;’ 32t Pelagic  40E8 - Crs : .
01 24ty travl . 34 0 14 0 246 12%
) u 180 13 July 57337'1\1 n 44E9 . . TR crg .
01°001Y 0 0 0 0 0 -
" 181 14 July -58%41'W v 46129 e
\ 01°00'y 1 + 1 + 2 6 255
B 182 14 July 59215‘1? n 4TE8 o . P R .
01019'W : 78 ] - 290 0 24 205
n 183 14 July 5915w n A7E8 o S "
_ 01 28'y 1 L+ o 0 * ga 100%
n 184 14 July  59.50'W " 48E8 . - SN I » v
01 16'W : 0 + L 0 .+ o
" 185 15 July 59 38'N " 48m8 . R o ‘ :
‘ 02 00ty 0 0 o0 0 0 -
"o 186 15 July  59,50'N  Bottom 4856 : : . ’
03,23 travl 0 16 S 0 4 23 0%
L 187 15 July 60 15'N  Pelagic 4988 . R , ~
1,45 travl + 0 o 560 0 0 o OB
u 188 16 July 59,50'N oo 488 ° g :
, - 01511 ST + R - - o+ 100%
A 189 16 July  59,18'N  Bottom 47E6 : o % o
: 03 511y travl 0 0 ~e ok 0 0 0%
- i o K] Y ! o ’ ’ ‘
© Thelasss 657 15 July  55.42'N  Pelagic 40E9
, ’ 00,3417 travl -0 0 0 0 o - -
" 7658 15 July  55,40'N " 40E9 e
_ 00,341% . 0 0 c 0 .0 0 : -
" 659 15 July  55,39'N " 40m9 o .
. . 00 _34'W - . ] w0 g 0 L :
G . 0 0 g ) + 0%
" 660 19 July  59,55'N " 48E8 U ‘ '
or2w ‘ 108 -0 87 235 0 2
n 661 20 July  60,04N " 4987 &
: _ 02,05 | " 14 v 1650 0: 12 1%
n 662 21 July 59,22 " 4TE6 o
A 03,591W . 0 °0 S| 0 0 -
" 663 22 July  58,50'N " 464 RS
. g ; 05,361y : 0. 5 0 0. 0 ' o%
4 22 July 58 52'N " 4684 DN
05 241y 1 0 St 0 1
o 665 223 July 58246!1\1 o 4614 0%
Iroronee 05 44t 484 .0 ¢ 8 0 161 L 4%
w666 23 July 52037'1\1 " 46E4 B -
06 00y 5440 L 10 015 B 527 o1
no 667 24 July 59011 " 47m8 S -
§ 01036115 350 0 934 . 43 61 -1
" 668 25 July 59 28'N " 4759 - :
' 00 52" 417 0 84 ~. 10 36 (573
" 669 25 July 59,29'N n 47E9 o T
00 561w 0 .3 452 .63 + t g
" 670 26 Jjuly  5723'N " 43E8 o
01 o7'Y 1581 1. S 0 10 CO9%



Table 2 (Continued) =~ CATCHES (kg) OF HIRRING AND OTHER MAJOR SPECIES

Vessel Haul Date Position  Gear Std.'b Catch (kg)
‘ Yo o ;ect
P Herring Haddock Whiting Norvay Others IHerring
s ; Pout - percentage
[o]
Mougse 01 11 July 5%29'N  Pelagic 4736
: 03,47 trewl - 50 64 29 115 11 195
" 02 13 July  60,56'N " 50:«;? : ‘. : ‘
' oo 471y 0 0 - 27 420 0 05
" 03 14 July 60 37'N " ?01«*0 e ; ‘
I ooo 45'E 30 18 106 100 = 12%
n 04 15 July  60,28'N " %9.1?} ; ; ; :
‘ ' 0,17'E B 0 112 ? 750 2 05
" 05 16 July 5%16'% " 4786 ; P ‘
~ 03501y - 15000 0 Q 0 0 100%
" 06 17 July  5%44'W no 48ET7 ’
: 02, 321 44 0 22 0 0 67%
v 07 18 July 5% 47N " 48r8 ,
' : 0%, 45" ‘ 750 0 300 0 0 7%
" 08 20 July 5% 3Ll'N " 40E9 ’
R 0Q, 22V . -0 0 675 0 308 . 0%
" 09 20 July 54 17N " 3770 ' ‘ )
i 100 13'E SR e 0 0 0 245 0%
Seotla 78 26 July  57.25'0  Pelagic 4318 -
‘ v 0106  trawl 880 + ch Lt + 96%
" 79 28 Juy 60 36'n " 5059
: : 00034y 0 + 0 C* 4 of
" 80 28 July 60° 22 " 49E9 . .
00036'N C 0 34 93 * + 0%
" g1 29 July 60 31N " 50E8 :
; : 02 00'Y o 0 + o 0 + 0%
" 82 29 July  6Q28'N n 49E8
' 03 00w Co 0 o 0 * 056
" 83 29 July  6Q 34w n 5088
" 01 40'W 0o + 4 + 0 o+ 0%
" 84 30 July 59 50'N " 48E8 :
N 0] 421y 702 1 491 B 42 57
" 85 30 July 59 40'% " 48E8 :
, ‘ ) 501y : l 372 + ] 0 0 6 100%
i 86 31 July 59 15'N J 4784
o 05 %531y 0 + R 0 17 07
" 87 1 August 58%6N " 4683
‘ 06211y . o -t + Lk o A
" 88 3 fugust 58%9'N " 45E3
. i 061y . 0 .+ CE + o+ 0%
n 89 4 August 5e°54' Con46m3 «
: 06° SV B 0 + * 0 * 0%
n 90 4 pugust 58 2srn " 45E3 ,
: 06 021y - + + -+ 85 T
" 91 5 August 58 09'N " 4583
- . 06081y ’ o+ + 17 8 - 40gh
n 92 5 August 58 11'N n 45E3 : : a
‘ 06,031 \ 8 o #* 7 -+ 9% 505
" 93" 5 August 58,03'N "o 4583
06,10V s 643 .+ + 4 .+ 4 100%
" 94 5 August 58 04'1\! n 4583 :
‘ 06 10'W ; 0 + + + LF 0%
" % 6 August 57, 52‘N o 4483
' 06 041y 1+ + T+ 34 8
" 96 7 August 57 07N " 4383 :
‘ 06. 51 2 0 68 135 51 1%
" 97 7 August 56056'1\1 " 4282

07 17 o .t + 68 0 %



Table2 (Continued)

Vessel Haul
No

Explorer 201
" 202
" 203

" 204

Date

25 August
26 August
26 August

27 August

Position

54, 481N
00, 19"y
55% (1351
00501
55, 261
01,281y
55, 38'N
01 27

Gear

Bottom
travl
"

Stat
rect

38E9
39E9
39E8

40E8

CATCHES (kg) OF HERRING AND OTHER MAJOR SPECIES

Cateh (kg)

Herring Haddock

34 4H
. 34
0 25
0 17

Vhiting

34

42

Others

17

17
25

Herfing
percentage
40%
g
0%

o



Table 3 Length compositionsef herrimg from hauls in vhich at least 10 were caught, AH=Annle Hillina JH= Johan Hjort TH=Thalassa M=Mousse 5=5 cotia E=Explorer

Northern Forth Sea (IVa)
Stat rect 50E9 - 50F® 49E7 48?27 48E8 107 4889 4786 4728 m gxg ;239 ggg
, Lfg g R B % N S84 e wmy P sms AW amo 182 667 668 161
Length to %em below - - ) o 1@13.5 .ow e i
1:;;,5 : - : o e . ' 1 2212.5 '
1 4 1 1
17 - ’ 1 6 2@1645
17,5 2 1 15 2@17
5 T 2 2 1 21 2 1 @175
‘ ' 1 19 5 1 14 ) 2018
19 Z 3 2 51 § 1 _ 19 J1ia 4 1219 Z e
: 1 12 1 e 28 127 ) 7 ‘
20 1 44 &5 35 1 4 )27 20 -
86 44 42 g ) 20 1 )
21 2. 107 39 41 4 54 31 -
4 133 19 46 1 4 3 42
22 1 98 9 16 27y 43 i e
- . 2 1 6 9
23 3 ™1 22 ’ ‘%‘"‘ 12 1 1 } 8 23 B
A 2 1 1 2 23 .2 2 1 ) 11 o
72 ' Z 2 3 I 6 22 5 1 1 ) 7 11 8 L
; 18 6 2 4 11 27 1 1 15 ) 14 23 1 -
5 L 3 12 5 26 23 1 5 15 ) 4 10 72 2
, — 116 4 19 15 6 44 22 a2 - g§ 2 ) 1554 2 ‘
1 11 15 20 5, 2910 69 28 Y 1 7 2 ) 17 59 2
, 3 3 8 22 18 3319 43 14 2 - 11 2 13 1) : 29 4§ 2 T
; 75 - 2 5 19 12 5420 71 20 1 9 3 22 3 ) I 37
5 1 3 7 17 12 1 6419 34 8 5 2 17 .2 3v14 1 2 -
A s U A N 7 s me — 2 T 13 : :
2 5 2. 22 2 1 16719 1 1 2 7 8 1 3 2 )
29346 14 1 371319 23 3 12 7 7:' T
8 1 2 2 15 3 2 9721 20 5 2 26 5 1 2
305 3778 ' A 3 2 1021 32 1 35 4 : .
6 11 & 16 2 1 25 30 33 3 h
31 5 14 3 2 10 1 3 301 4% 1 7 ' 7 T 2 -
219y 8 2 13 % 2 20 o 0
? 5 21 1 1 7 1 1 112 36 32 — 0 L
1 18 '8 3 8 14 5 —
- 33T 13 12 z. 11 o 3 -
2 b) o 1 -
34 -5 9 - ) N 1
2 6 1
3% 1 3 2 1 1
' 1

36 1
Total measd 63 120 109 86 21C. 119 22 2B 248 592 788 13 405 204 244 116 128 150 395 333 20 . 26



Table 3 (oontd.)

West of Scotland iz )

Stat. rect. 46 E4 45 E1 45 B3 4 Bl 48 E2
Haul Ko TH 665 TH 66 5104 S$105 S91 S92 s93 S9 598
Length to %cm below
gt 1645 1 @14
1745 2 1
i8 1
2
19 2 1
8 2 6
20 10 1 23
14 4 42
21 26 1 54
22 7 81 2
22 16 5 55 1
1 11 5 4 8
% 1 16 5 48 2 16
: 7 6 64 3 19
24 14 3 ¥z 2 29
. 10 4 1 9 1 27 9 34
%5 30 F) 1 1 6 2 26 4 26
26 8 3 6 2 22 8 45
26 58 11 2 8 3 14 11 26
50 14 4 2 9 5 21
27 62 11 2 1 9 18
43 7 1 3 9 15
28 36 5 2 2 1 8 G
25 8 3 2 1 1 4 11
29 24 9 4 1 4 5
19 16 1 1 1 3 3
5] T7 IT T 3 1 7 3
25 15 1 1 2 1
3T 14 Z il 5 T T
6 3 2 1 1
32 2 1
1
Total
measured 449 134 21 26 185 49 565 °0 291



Table 4 Mean integrator values u (mm per nautical mile) of pelagic fish by
night in sub-areas shotm in Figure 10.

Sub-area A B C D Sum A-C

Area in square

nautical miles 196.9 384.3 259.4 215.6 840061)
e 173.9 1445 138.9 241.7 149.7

1) Weighted mean by sub-areas

Table 5 Percentage (by numbers) of the main fish species in pelagic trawl catches
by night (sub-areas A-C) and by day (sub-area D).

Trawl st. Herring Sprat Whiting Dogfish
O-group Older
Sub-eress 172 - 99, 4 - - 0.k
" 174 - 11.8 k.5 3.0 0.7
" 175 - 3okt 93.5 3.1 -
" 179 - 3.2 91.8 1.8 3.2
Mean - 290""5 670 1+5 290 1 01
Sub-area D 171 - 68.1 0.8  27.6 3.5 -

Table 6 Length-dependent C-values for the main pelagic species.

Herring: C=1.34 x 105 X 171°36 (a = 2.09 x 10-6, b = 1.3%6)
Sprat: C = 3.38 x 107 x 17 1°72 (a = 8.32 x 10"7, b = 1.72)
Whiting: ¢=1.28x10%% 172"  (a-2.19 %1077, b = 2.46)
Dogfish®)., € =7.1 x 10”7 x 1°° (a=Lhx10 7, ©b=2)

1) Approximate figures.

Table 7 Mean C-~values within sub-areas1),

Sub~area Herring Sprat Whiting  Dogfish

O-gr. Older

A-C - 1638 5957 952 197

D 10685 2032 10592 778 -

1)

Number of fish per square nautical mile per mm deflection per nautical mile.

Table & K-values within sub-areas (herring+sprat+whiting+dogfish)

Sub-area A-C: X = (O%Z%g + O;ggg + O°gg; + O°?;;)_1 = 2688
Subeares D K = (0.707 + 0.008 . 0,248 , 0,056)-1 - 7154

10685 2032 10592 7738



TABLE 9 Abundence estimates of herring, sprat, whiting and dogfish in area I.

Sub-area A+B+C Sub-area D Area I total
Mean density Abundance Mean density Abundance Abundance
) 00C' per Number in (§) 000" per Number in Number in
square mile millions Tonnes square mile millions  Tonnes millions Tonnes
Herring O-gr - - - 1222. 4 263.5 L& 263.5 L&1
Older 119.5 100.5 16716 13.8 3.0 301 103.5 17017
Srrat 270.4 227.3 2023 428,38 92,4 32k 319.7 2347
Whiting 8.5 7.1 705 69.2 14.9 1491 22.0 2196

Dogfish bk 3.7 3721 - - - 3.7 3721



ANNA HILLINA

EXPLORER

6 July 55950!'N 01°33'W (Berwick Bank)
20 August S54219'N 00°01'W

_2L August S4°U4H'N  00°20'W

26 July (Turbot Bank)
26 July (Turbot Bank)
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1820 GMT 17 July B59°43'N O0l°42'W SW Shetland
2217 GMT 17 July 59°44'N 01°47'W SW Shetland

PLATE III a) THALASSA
b) THALASSA
c) THALASSA 1515 GMT 19 July 59°53'N 01°13'W SE Shetland
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PIATE IV a) SCOTIA 2100 GMT 30 July 59°50'N 01°06°W  South Shetland
b) SCOTIA 2315 GMT 30 July 59°44'N 01°42'W  South Shetland
c) EXPLORER 1200 GMT 12 August 60°00'N 02°10'W South of Foula
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PLATE Vv

SCOTIA
SCOTIA

b)
c)

a) THALASSA 1800 GMT
1115 GMT
1700 GMT

22 July 58°52'N 05°30'W NW Cape Wrath
9 August 57°40'N 08°35'W St Kilda
5 August 58°01'N 06°11'W North Minch
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