
,.
•

This report not to be cited vnthout prior reference to the Council*

INT"ERNATIONAL COUNCIL FOR TEE
EXPLORATION OF THE SEA

::' General Secretary
Palaegade 2-4
DK 1261 Copenhagen K
DEI%1AmC

CH1980jH:24
Pelacic Fish
COlllr.li ttee

REPORT ON THE ICES-COORDllJATED ACOUSTIC
:H:ERRnm S1'OCKS I I 1980

by

SURVEY OF

INTRODUCTION

L'1 aCCOrdal1Ce with lCES resolution C Res 1979/2: 26, a coordine.ted acoustic
survey vßS curried out in the Orkney-Shetlro1d area of the northwestern North Sea
(lCES Division lVa west) in the period 26 Jlme-31 Jul'- 1980. Plro1s for the survey
are described in the IlFinal rcport on the lCES-coordinated acoustic survey of
herrine; stocl~s in 1979 11 (CH 19ßo/H:3).

The vessels taldnc; part in tJ:e survey, their dates and the acoustic and trallling
equipment used, are given in Table 10 Tracl~ charts for each ship an positions of
tra\-.rl hau..ls are shov,n in li'ic;s 1-5. EaC~l s~:ip participating \-]3.S allocatec' an area
to cove! and all ships were requested to survey Jche statistical rectangle ir.u;lediately
to the south of the Shetland Iso (E848).

TI1is report is compiled fr08 cruise reports provided by participants in thc
survey.
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RESULTB

.Distribution_~rrinG

Durine; a prEüirr.inary survey of the \l/1101e area, SCOTIA fmmd a concentration of
herrin~; in 'Lle area east and eouth of Shetland (Fig 5a). Fast 0:;: Fetlar, echotraces.
\fere in the form of both mid\-,rater pluri~es (tjJ.0e A) and less intense recordings .
several 8etres above the sea be (type B). 1~e other s' ips confirned the area
of concentratio. to the south of Shetland and Ll addition furt. er cOl1centrations
of plume traces ware locatecl by THf-\.LA.SSA south\-lest of Shetland (Fig 1), and by
EXPLORER \'f0st 01' Shetland (Fig 4) 0 Ln t 1e area south-southeast of Shetland, the
traces \-/ere largely type Bo Both TRIDENS and SCOTIA lJlade catches of .1errinr; in
this areao In other areas, herring echotraces were 80re patchi_y distributed
either in t~e forl of isolated pl~1es (t _e A) 01' type B traces. The densest
concentrations of mostly tJ~Je B traces recordcd by G 0 BARS tOvßrds the end of
July were north and northeast of the Orl:ney Iso There \-JaS thus So\;le evidence of
a movement during July from the area east of Shetl~"1d tovards the spavming areas
to the north of Orkney and south';!0St 0 - Shetlando

Identification of echotraces

Positions of both pelagic an ottorJ 'i::raul hauls a- e shOvrn in Figs 1-5 anel
a suril.t-nar.; of catches is given in TabIre lI-VI. Wi th the exccption of t ase made
by TRIDENS, catches of herrin,1 \l61'e ß"enerally sl~allo T'le percentaGes of herrine
in each pelagic travJl haul are sho"rn in F-lr. 60 Despite the variabili ty, this
sho\;,s an area to th southeast of Shetlar..d in wllich hauls 1:/ere predominantl:
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composed of herring and further areas \A1ere herrinc made up a significant proportion
of the catches. In some areas echotraces were elose to the sea bed over rough
grotcnd and trawling ,vas either not possible or resulted in appreciahle gear damage.

As in the previous year, echotrace patterns in the survey area iere axtrecely
varied. In some areas discrete plume-like records 1:/ere located (type A) and" in
the absence of evidence to the contrary, it is assun1ed that thesa were caused by
herrinß shoals. In the area to the east of northern Shetland where this type of
trace was seen, the research vessel G A REAY, pelaßic trawling for other purposes,
made repeated large hauls of herring. In other areas where similar traces oecurred,
eg to the ,,,est of Shetland, confirmation of their identification was not obtained.

The results of trawling given in Tables lI-VI demonstrate that herring were not
cOLfined to areas where plume echotraces ,,,ere found. Hore frequently, they were
associated with more dispersed eehotraces lyiuC from 5-20m above the sea bed. 1Ta,il
hauls through traces of this type contained a variety of species in addition to
herring (notably whiting, but also mackereI, squid and Nor,vay pout). Both TRIDENS
and G 0 &\RS, however, reported that echotraces in wlich herring were caught were
consisteJ1tly denser and further from the sea bed than those yielding other species.
It is clear from the complexity of traces, nevertheless, that identification of
echotraces by inspeetion is likely to give rise to considerable errors and for
this reason the biomass attributable to herring in this type of eehotraee has
also been estimated using the results of pelagic tra~uing.

The oompleXityof echotraces rccorded in this year I s survey is very similar •
to that found the previous year and the results confirm the inherent difficulty
experienced in identifying individual echotraces in this area. Furthermore, the
difficulty experienced by fOUT of the five participating vessels in sampling herring
in any quantities raises the possibility that travlling may not in all cases have
provided a representative sampIe of thc echotraces investigated.

At night there was some evidence of dispersal of her-ring shoals but usually
they remained within about 30m of the sea bed. In no arca v~s there a '1ell-defined
vertical migration to the surface. Catclles of herrin,:,; made by EXPLORER using a
bottom tra,vl (Table V) were small and it is therefore lik~h;; that only a small
proportion of the herring population \vas distributed belowj\vorking depth rance of
the echointegrators.

Biological data

Length compositions of herring for each statistical rectan,gle sampled are
given in Table VII. Herring caught ranged from 23-37cm, most being rather larße
herring from 26-34cm in length. Me~1 values for each rectanGle showed little
variation, although fish to the south of 590 30'N (ie south of the latitudc of
Fair Is) Vlere on average atout 1cm shol~ter th~1 those further north. A combined ..
length composition for eamples tal:en by G 0 SARS, not giyen here, is very similar'"
to those shown in Table VII.

Age compositions are not yet available from all surveys, but the results from
G 0 SARS are shown in Fig 7. Three-rincers (1976 year-class) were the predominant
age group, and there were very few t,~-ringcrs. The ~ength compositions of the
fish in other sampIes indicate that nlOst of the herring vlere three ringers and
older and that there wera relatively sr,lall nur.IJbers of the recruiting 1977 year-classo

Available maturity data are summarised in Table VIII. From 27 June-Lr July I

most fish ,,,ere at stages 3 or 4, v/hereas later in the survey from 2>-31 July, most
were at stages 5 or 6. Thc small percentage of fish at stage 8 1'!ere mostly larße
fish and were probably spring spa\omers.

Herring biomass estimates

Four of the five vessels participating in the survey earried out echointegration.
On each ship calibrations 1'/ere performed ngainst st~ld:ard targets of rno\'m target
strengt_,- For comparative purposes all biomass estimates ,,,ere standardised assuming
a target strength of herring and ot1cr fish of -34dB/l~G. The results from each
vessel's st~veys are given below, and are sw~narised in Fig 8.
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a) G 0 SARS

survey (Fig 3), and the
the mean. TIlis indicates
a reasonably reliable

1 )

The track and ?o;:;it10ns 01' tra\Jl stations are ShO\VI1 in Fig 4. Integrator
values in eight depth channels "roTe allocated to foul'" cate~ries: herringj bottorn
fish (ie those less than 20m lrom the sea bed); other fish; and planl ton (including
O-g-roup fish). _

Average integrator values for herring (~c) 1ere calculated for the four subareas
Sl10\VI1 in Fit; 9 in two separate waye. In the 'first, the echotraces \tiere divided
into those judeed to be herring and those judged to be other fish on the basis of
trawl hauls and the appearance of the traces. Li the second, the densities of herring
and bottom fish cornbined VJere subdivided into thcir components purelyon the
composition of trau1 catches (Given in Table IV). Li both cases average densities
of herrinc (DE) were ca1cu1ated using tuo different ass~~ptions about ta2~get
strenbth, name1y that the target strength of a unit v!(üßht of fish v.as independent
of length of fish or alternative1y introducing a 1ength-dependent target strength
relationship. The appropriate formulae were as follows

- . - /l 2DU = O.15M
U

tonnes ~ , assuming that t:e avcra:e target strengt 1 for all
~~zes of f~sh_is - 3~·d.B/lq~;~
D

H
= O•.:!L ~.rHE tonnes/lml , assuming that - 34d.B/l<g is the average target

2~·

strength for a fish of 24cm lencth and that -eIe average target strength per
lq~ decreas~s .rith 1010g L. ~ is the mean 1en[t11 oI" herring in tra\ü catches in
that sub area, and thc values used are sho,vn in Fiß 9.

Equivalent calculations were carriec out for each subarea for herring and
bottorn fish cOlJlbined, again making the same -eHO asslU'!'lptj_ons about tarßet strength
alld allocatinc the biomass densities in proportion to the composition of tra"u
hauls in that subarea (details are given in Table IV). Foul' alternative estimates
of herrins bionass in each subarea uer~ thus obtained. Average densities for each
subarea are givcn in Fio 9 and contoured levols of herring density are given in
Fig 10.

Estimates of herring alid bottorn ficill biomass for each subarea calcllated in
the ways described above are given in 1'ab1e IX. 1'here is good agreement betueen
thc estimates made assuming length-dependent and lenßth-incependent target strength
values ar,d this is lar>ely because of the small length range of herring sampled.
The values based on travu haul data only are sm~ller than those bas~ on a more
subjective allocation of echotraces. A possible eA~lanation for this is that
herrinG were underrepresented in trawl catchec because of their greater ability to
avoid the traul. The range of herring biooass estimates obtained by the foul'
metllods is 13 000-24 000 tOrJleso

Part of the survey area \-,ras covered tvlice durin[j t 1e
herring biomass estimates on each differed by only 15% of
that, despitö possible systenatic erro1's, the survey ßave
index of abundance.

•

b) 1'HA:LASSA

1'he track and travü haul positions are sho1:111 in F-.i.S 1. Foul' areas of echotrace
concentrations were found, but in only tl1e easter~ßost of these .~s there evidence
of any appreciable quantities of herring. By nicht tl1e shoals in this area vfere
large (up to 20-30m high and 250-3DOm across). By day they were less numerous but
denser a.11.d Vlere in t 1e forr.1 of ~lumes (20m hieh and 50;;1 across) 0

For each statistical rectangle surveyed an estimate cf total fish biomass was
made assuning an average tarset stren:.:>th 01' - Y~dB/l:~o Tra\'11ing by THALASSA provided
insufficient evidcnce to allocate echotraces to species (Tabl~ Ir) but, using
trawl haul data from the other ships a.11.d by examination of the echotraces, an
estirnate \'JaS made of tlle proportion of lerrinc. 1'11e results are shotm in Fig 8
and thc estimate of the 1crrinc population in the .si x statistical rectangles
covered vJaS ~ 000 tonnes out of a total of 95 000 tonnes fish biomass.
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c) EXPLOReR

The h'o.cli:: {;L....cl -bra.vü naul position~ are SO\'111 in Pig 40 The proportion of
echointegrator readings attributable to herrin5 1-Jas estimated in two \>JaYs. First,
the contribution of distinct plume traces', the positions of which are shovll1. in
Fig 4, was calculated and the entire value \~s allocated to herring. Second,
other fish traces vithin 30m of the sea bed wero allocated from the nean percer-tage
of herring in pelagic trawl hauls in the respective statistical rectangle, or \vhere
appropriate in areas smaller than .a rectaJlgle.Thtimates of herring biomass tl1US
COllsisted of t~ro components, that present in plwile traces, and that in more dispersed
traces near the sea bed. Figure 8 shows for each rectangle the estimated total
biomass of herring. ~le estimate for the whole Orl<ney-Shetlrold area \vas approx.
270 000 tonnes of fish, of ~rllich 150 000 tannes las estimated to be herring (100 000
tonnes in the form of plumes).

d) SCOTIA

The track chart and. mid\·.rater travTl hau~ POSll:10nS are ShOll111 in Fi~ 5. After
the survey ended, it became apparent that non-linearity in the relationship betvJeen
input and output voltage in the echointegrator had resulted in conside~able under
recording of dense echotraces. This \-JaS sho\'JIl by a "lide disparit;y in the average
densities of total biomass (fish ~ld planlcton combined) recorded on the'SCOTIA and •
EXPLORER surveys. In retrospect this fault is im_ossible to rectify, but to provide
a rough estimate of herring biomass, the SCOTIA values havc been raised by a factor
of 6.4\ which is thc ratio between EXPLORER and SCOTIA mean biomass densities for
all species combined ~ncluding plar~ton)Q

Using the adjusted densities, the fiml biomass ~as allocated to herring and
other species in the ,vay described above for the EXPLORER survey. ~le results for
the t"ro halves of the SCOTIA survey are ShO\'ffi in Fig 8. The estimated total of
herring for the first survey of the whole Orlmey-Shetland area was 210 000 tonnes
of which 55 000 tonnes "..ras in the form of recocnisable plume traces. On the second
survey which covered a smaller area th total ".ras about 70 000 tannes of herring.
It should be stressed, however, that because of the dubiety about the validity of
the raising factor mentioned above, th6se results should be treated with great caution.

DISCUSSION

Since it \-JaS not possible for thc Planninß Group to meet to evaluate these
surveys, this discussion is limited to a few cornments made in the reports of the
participants.

Fron! the vertical distribution of herrin7 fOlh~d durine the survey, it seems lilcel
that most he~ring.we~e available fo~ echointegrationo A far more serious difficulty ...
was that of 1dent1fY1ng echotraces 1n the area surveyed. Only one of the four ,.,
ships carrying out mid\vater trawling \VclS able to s~nple herring in reasonable quantities
with any reliability and the composition of most tra~l hauls is therefore likely to
give a biassed estimate of the composition of mixed traces. The method using
travTling to distinguish herring traces from those caused. by other species, and
allocating the biomass to species from the appearance of the traces, is thus likely
to give a more nearly correct estimate. TI,is method las a subjective element, however,
and the resulting identifications are likely to be subject to considerable error.

The other unr€80lved problem is thc correct target strength to use for herring
and wll.ether i t is length 'dependent. \'Jhat evidence thcre is from cage experiments
sugßests that -34dB/lcg may be rather low (Ed\ßrds, 1980, lCES C11 1930/B:19), but
on the other hand avoidance behaviour of herring in the pat. of the ship (either
sideways 01' dO\l1n1lJa.rds) might result in a 10\'lerinß of effective target strength by
a factor of unl~~o\~ proportions.

The herring biomass estimates in rectC4~gles covered by more than one ship (Fig 8)
indicate considerable variation between the results of the different ships taking part.
Excepting the somewhat dubious results from SCOTIA, however, the quantities of herring
in the total area south of Shetland appeared to be low on most surveys. On the assumption
of target strength used, the total biomass of her~~ng in thc Orkney-Shetland area is
not likely to have been more than 150-200 000 tonnes.
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']able I Vessels participating in the 1980 survey ~nth details of equipment used:

Vessel

THALASSA

Survey dates

15-25 July

Acoustic equipment

Si~rad Effi38 sounder
Simrad 0)11 HK Ir integrator.

Pelagic trawl 11m vertical
openingj semi pelagic
trawl 7m vertical openingj
bottom trawl 6m vertical
opening•.

TR1DENS 8-17 July

G 0 SARS 23-31 July

Vertical echosounder.

Simrad EK38 sounder with
NORD-10 computer for echo
integration. Ceramic trans
ducer.

Engel tra\'11

Pelagic trawl 45 x 15m
mouth; Bottom trawl
47 x 6rn rnouth

---------------------
EXPLORER

• SCOTIA

10-28 July S~nrad EK38 SOUllder ~nth

Aberdeen echointegratoro

Magnetostrictive transducer •

26 June-14 July Simrad D<38 sounder \~th

Aberdeen echointegrator.
Ceramic transducer.

GOV bottom trawl

Blue whiting mid\~ter

trawl; 11])elagic" trawl

Table 111 Catches in pelagic traul hauls made by TRIDD'l'S:

Haul Position Date ßhootinb t~:lG Duration Catches in leg
No. GlIT + 2 (Dill)

1 59.43N 01.10\'.' 9/7 13.15 60 herring 17 000
2 59.26N 01.35\>J 9/7 19.25 100 herring 1 000, ,;[hit ing 2 000
3 60.ooN 00.25\11 10/7 07.30 25 herring 12 000
4 59.50N 00.48\'1 10/7 1~·.50 L~5 herring 500

J 5 60.01N 01.551;/ 10/7 21.50 55 whiting 3 000, mackerel 100
6 59. L~N 02.0O'vJ 11/7 08.20 25 herring 10, whiting 1 500,

mackerel .80
7 59.36N OO.OOW 11/7 16.30 35 No pout 300• 8 59.30N 01.26\1/ 11/7 22.20 20 Ir/hiting 1 250, loligo

..,
250I

9 59.00N OO.20W 14/7 13.15 20 sheppy areentine 60
10 59.00N 00.52\-/ 14/7 16.20 30 herring 9 000-
11 59.00N 02.06w 14/7 21.50 30 whiting 900, herring 100
12 59.20N OO.30W 15/7 11.15 6 herring 3 500
13 59.20N 01.55\"J 15/7 17.00 15 ~/hit ing 250
14 61.00N 01. 29~I 16/7 07.50 55 mackere11500, haddock 90
15 61.00N 00.42\rJ 16/7 11.~-5 85 N. pout 200, mackerel 70
16 60.50N OO.OOW 16/7 17.10

,
L~5 N. pout 350

17 60.35N Oo.oovJ 17/7 09.L~ 40 N. pout 1 500

/
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Table V Catches in bottorn trawl hauls made by EXPLORER (hauls vii th severe
gear damage "excluded) :

--- .. _._. ~ .. ."---... -Haur- 'JSät-e .. Position Cateh (kg)
No. HERRDTG OTHERS

170 12 JUlJr 59°48 IN 00027'H 1 3;0
171 12 July 60043:'N OOoJ7'\-J 0 60
172 13 July 60037'N 0'1°41 'VI 0 180
174 ',14 Jul~r 600 13'N b00331~1 23 120
175 14 July. 600 10"N 00°34 '"vI 10 330
176 "15 July 59°01 'N 01°01'\:1 . 225. 735
177 :15 July 59°00'N ' 01°02'\'1 0 2LIO
n8 17 July 59Q19"N . 01°01 1 \"1 1 ,: 390
179 '. '1(' July 590 33'N 01°05~.I:J 3 660
180 19 Ju'ly 59°20'N 03

0
33'iJ 1 240,

181 20 Jul;'l 590 04'N
° ..

66003 53 ' VJ 3·'
182 20 July 58952'N ' 03°38 'U 22 1620
183 21 July 590 40'N 02°42 '\'J 3- .. ,120
'1D6' 22 July 59°55'N 01°35'U 0 )+50
187 23 JulJr 590 42'N 01 °11-5 '\-] 1 LI-75 •188 23 July 59°L1-9 'N 01°41 1 \-! 7 185
189 23 July 59°29'N 01°16 1 \1 200 380
190 24 July 590 58'N 020 25'U 0 50
191 21+'July 600 16'N 020 27'"U 0 600
192 25. July 600 09'N 01°42'\'1 0 350

Note: other speeies v.ere predominantly gadolds including Norvay pout.

'fuble V!. Catches in pelagic traiü hauls, made by SCOTIA:

Haul rate Position Cate 1 (leb) , Predominant
..._No0c-" _.- ..- .... .. ". HLRRING OTHßRS species

2LI- 26 Juno 60
0

36'N 00°40 'vI 0.5 . 60 Nor\.ay pout , haddock, \"lli tin
25 27 June 600 33'N' OOoLlD '\rJ "10 20 . Nor\',a;y peut
26 27 June 600 32'N 00043'W 2.5 120 NOr1'JaY pout·
27 27 June 600 38'N 00°36 '\'1 0.5 0.5 .
28 27 June 600 40'N 00°1.1-3'\/ 1 0 7 20 NOr1:JaY pout .
29 28 June 600LIO 'N 000L1-3'VI 3.0 12: . Nor\'!?y pout
;0 ?fJ June 59°49'N 03°48'\'1 0.2 15 . Grey surnard
32 1 July 59

0
30'N '01°36'U 0 2

33 3 Jul;)r' 59°40'N 01°03'W 75 0
3L

J- 13 July 5So l}2 'N 00°58 'v] 270 4
35 4 July 59°56'N 01°09'\'1 1.2 0
36 4 July 59°54 IN 01°08 ''v! 150 -0 ·.Nor1tJCly pout.
37 L:. July" 5'9°52 'N 01 0 02'W 0 2 ; -
38 /5 July 600 36'N 00°38 '.\1 1 60 N()rway pout
39 5 July 600 35'N "00°25 '\-J 0 4
40 }5 July . 60°36 'N .oOoLQ Vi'! .: 0 0~'2

600 14'N . °11-1 " 6 July 00 18'w '0 30 Noruay poub, Sebastes
42 . )J 9 Jul;r .59°38 'N :01'°~6 qlJ 0 ?fJ whiting
43 !10JUIY' 59°44'N 01°02 '1;1 0 2'
44 12 July 600 33'N 01°40 '\,; 0 5
45 I 12 Julv 60

0
33'N 01°42 V\v 0 3

L~6
1 ° - 01°51 'vi 5LJ-OJ 13 July 59 h2'N -, \IJhiting

47 I 13 July' 59°1'1 VN 01°50'\1 5 510 macl~erel
!
!

1/
I'
I
I

I
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Table VII Pel'centa,ge length campesitions of herring tn each stati~tical rectangle, weighted by estimated numbers of fish

in each haul llampled: i

60030 1_61oU 60°-60030'1~ 59°30'.:60°N 59°301-60
0
N o 0

59-59°30 I U 59°-59°30 JN 59-59°30 I N 59-59°10 f N 58
0
301-59°N5~ 30'-60 U

OO_loli 0°_1~T 00_10W 1°_2% 2°-3O~T 00_10W 1°_;::0-.;[ 2°-3~[ 3°-4'\1 , 3°-4OWLength to
tom below
23 Oa2

.5 0.2 0.1
24 0.2 0.1 0.008 2.0.5 0.7 0.04 0.01 1.0 Oal 5.3 10025 0.5 0.002 0.9 0.05 0.3 0.6 10.5 3.1.5 0.3 0.002 2.7 0.07 1.8 0.9 5.3 1.026 3.9 0.004 2.3 1.4 3.4 3.3 3.8 3.1, ,.5 1.7 0.8 3.4 0.8 5.5 4.8 5.3 4.127 2.5 0.004 4.2 2.1 5.2 6.1 5.8 5.3 4.1':.5 2.9 4.7 '6.6 2.1 8.8 4.7 13.5 5.3 4~128 6.1 3.9 2.9 3.5 12.0 10.2 5.8 5.3 4.1.5 8.3 8.6 5.2 3.6 7.7 11.5 12.2 13.5 10.5 9.229 8.1 12.6 8.6 9.9 19.0 8.5 7.7 5.3 1'.0.5 9.8 9.4 11.9 10.6 7.7 10.4 8.2 19.2 15.8 12.230 7.8 11.8 6.1 ' 11.9 15.4 5.7 5.0 7.7 5.3 10.2.5 7.4 7.1 7.4 5.5 15.4 5.7 8.0 3.8 5.3 10.231 8.4 5.5 4.9 10.5 38.5 5.4 2.1 5.8 5.3 17.3.5 9.5 9.4 5.4 13.6 1.9 8.2 ·5.8 5.3 5.132 9.5 4.7 8.4 11.1 15.4 1.9 6.4 1.9 3.1.5 4.9 9,,5 .. .1°.9 ,5.9 1.5 4.5 3.8 5.3 3.133 4.1 3.2 5.4, 4.0 0.2 1.8 1.9 2.0.s 1.5 3.2 1.2 1.3 0.5 3.634 0.7 1.6 1.2 0.7 0.9.5 ' 0.5 1.': 1.3
35 0.2 2.4

.5 0.2 0.004 0.01
36 0.2 0.004 0.01

.5
37 0.002
Number 449' 275 513 1:327 13 320 284 52 19 98l>leasured

Ii
r,lean length

30.2 30.8 30.1 !30.7 30.9 29.0 29.7 29.4 28.6 29.6
1

(cm)
i,
I tTable VIII Percentage maturity cpmposition of herring: J.laturity SCOTU r'
l c; 0 BARS
~ stage 27, Jun&-4 July 23-31 JUly trJIaturity SCOTIA f, G 0 SARS 4 38.6t 10.6 f,stage 27 June-4 JUly 23-31 JUly 5 0.21 t 6

43.0 i
31.8 U2 7.4 I i 1.2 7 2.23 52.5 ~ j 4.7 8 1.4 6.5 ~ i

: tt. ~
1 I I' •\' , , J •i i
~ !

•t,
r •t'

" b !n
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Table :A:A ..
• )lWJ .....-:.w.

p..?crundance 01 ,herrlng arH.l herring + bo~;tum fish

tlOOO tonnes} estimate~ by differe~~. rneth6~e~

~~ ~ Average target strength (d~/k~).

G 0 EtA!."t-$ 'l'I'>U'TlI/$~ I .

i

I

I Ahundance .o·f herr.1.n;1 ~}
, botto2n ffehl' 1000 tonrH~::.e

~~undance of herring
10tHi tennes

. Es timatee b~sed 0&'1

evaluation öf integrator
values of pure herring

Sub-area A

Sub-area a
Sub-ares. C

Sub-~:rea [)

TOTAL

-. : j

... ~ .. I
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~ M?gic traVJt hauls
A He.rring echotraces
::: Possibl~ herring

echotraces

..

•

~-.~- .. - I"lIIII _ ..- .-_:1" ... . ._tl._ 1
T' T r

,

S'l'.:L'"Vf;'y t1'6r..k c! TBlDms, 8-17 Jnly 1980, showing positio.us of
trsul oo-uls nnd ft:l'sa.f! ef h@rrillg echotrllces.
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!f.Li: Surv-s,' track and trtatic~) of'. G 0 s..~St 23...'1 ,T~ 19f;Qo c=.~ 23::~26 J)Ü'!,
-=:.0= 27-31 J\1l1. 1: H.1d\"egfe.phic l.~tatiol'l; Z: Pa1.e~c t:ro:wlj 3: J3t1ttcm
t~.wl; 4: Zoop."l.anktc~ station (Ju~ net) ..
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Sux"'ll'ej tI'Clck or EXPI.01l'ER, 1()"'28 Jul.Y 19S.o. ü.o·.d.Iig porsitiona of' t%'\1w' hauls
(l:1t;nlx;lred black circ:l.z:s) ImC arttm of Itplwm&" echct.-..aces (triB.:.tgles). •
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Survey trnclt cf SCOTL\. 26 June-14 Jul.7 1980. Gho':li.ug ~6it.icn

ot tm'trl hauls e.n~ ~03S of "plum3" eehotraecs. Dt9Xß5 Gi."1ow
a:Nl!.\S cf intensivG:su.rvays in \\mch nm'lero~ß t.srring eehotraces
l10rc roco:rd~d. Numbc:,::"cd dots = trawl hauls; triangles = "plume"
echotraccs. '
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1l~'8 5·2 61~9 16·3 9·Z 5-1 .. 5/ :!l-S
f1 19 U "', 21 ....

1tHJ :Jo':!$}
2ß .....,. 61 ;..

7-2 0,1:- S~5 13,4- . J1 ~ 1'1
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i ß :'~o ~'joo'
2t)~ Z1 ,6 (H~ (~Nil). '., rn;;,. . oS log 4- ...
~~. '.' I ('l L: I • I

.6OCfttA (1at aur~el)

~: Est5.matGd bi~ of herrlr-~ in 'the~d f.n::inee: ~r Utat:iJrt.:i.oai
rectBngl, on cach min'fQ. for the ~:m and SCO".f.IA cw:ve38
the nUlll1'ber cf half· holir i1:to~"ationa psr. l~.aotiir.gle are, sbom..
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Bubareas At 119 , C Md D su...""Ve:16d by G 0 EAE.f).. c; = tize 01' the E;U~ea,a. ::: a:verage ·;i,Q~~~~r vüue for '':pur-e" heiring, L _ :: a:veZQg.1
ifitepfo~ val'lie for h~g + bottom fieh, 4r == av~ge ;!ength for
herring, 4r :B ::: average length 01' herring +. b8ttom .fi~, in::; average
wei~t fre.~t'1on o! hening, n ::: stMmed dista.no~ (n&utiaaJ. m11es)
\dth::l.n· the subaroa.
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!112p: Distribution of integrator values for
hp.rring, G:O~ "$'.," 23-31 July 1980.


