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ABSTRACT

A survey was unuertaken in June 1972 to investigate the distribution and '

abundance of pelagicfish cgss and larvae in thc central and southern North S,~a•

•

The results are prescnted as ascries cf charts contoureuat diffcrentl~~elsof

aensity for sprat"mackcrel, horse mdckereland pilchard~ The total number~ of
., " ~

e3gs ~and larvac are determincd for cach'species withiri sub-areas ane'overnll.

Assessments,of spawning stock sizc arem~de for sprat, mackcrel and horse mäckerel.

INTRODUCTION "

T~is,survey wasllildertaken,by thc research vesscl CLIONE between 4~16Junc and

19-27 June ~972. It wasdesiened to investi0ate thc distributloddrid ~undancc of

eggs andlarv3c ofpclagic fish spccics(princivally sprat and'mackcrel) ov~r th~

central,and southern,retiicn'of theNorth Sea, corrdsponuing with lCES sub~~re~s Ivb
an~lVc, and covered an area bctween the limits 520 and 57oN~ It wasali~ combined

... :

_.with a survcy to determine the distribution and abundancc of O-group gadoids using.. ',. "

a Boot~2.Y sampling net. The basic station grid w6s constructed ,around ci, fr?'nle~ork

of 30' latituclc x 30 ',lonE;itude, which resultcd :tri; stations spa~od nbout 17 'nau:tical

• miles a~art; on ithc, cust-\vcst~'leGs, \V'ith a 'north-south sepa.rution bctwcen thes~ l~g~.
of 30, nautical miles. , ' Ho\Vcver, in, senc are.~s· sampling frequency \'laS' increased by ,

the,inter::>olntion of udc.litional stiltions,p~rticula~iybff th~ northe~st coast of

England and the Wilsh.

A, tot.:l1 of 193 pl:lnktort'stations' were workcd using n' fibrcc;lnss bodied high speed

townet, 50.8 cmin diameter, which was fittec.l with 3 ncsccone possessind nn intakc
.. . . '. .'

ilperture20.3 cmin <linmeter. Internal nnd'm'tornnl flowmoters were ilttacheu and

the filtration not w~s of nylcnßauuing 23.62 meshes to the centimetre.

Double oblique tGWS from thc surfnce to within about G mof the bottorn were made

at each station with thc vessel's speed maintnincu ilt 5 knots. Fish cS3s and larvuc

were pickerl out from thc samples, ',identificd, .::m1tho nurnbers raiscd to thc equivalent
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2beneath 1 m of sca surface usinG thc ancillary data for cach tow. Thc dcnsities +

were thon plotted on ,charts and contoured by lOßarithmic intcrvals~ Appropriatc

keys to idcntify thc density contour levels are shoWn in each chart.

In order to bettor com~are thc relative distributions of eGgand larval

~undance over the survey region it waG divided into smaller sub-areas, as shown

and nalfleu in Figure, 1... Uithin each of'these thc total numbers of eggs <md' larvae

for each spedes was estimnted by plnnimctcring thc" 'areas'within 'each dcnsity range

and raisinc by average density to ßive total numbers. Thc results are summarized

in Tablc 1. Usin~ thc fccundity aata available, very approximate estimates of

spawning stock sizes werc then determined for sprat, mackcrel and'horse mackerei~~!

RESULTS

Sprat (sprattus spr~ttu3)

The eggs (FiGUra 2a), were ~istributed ovcr a wide area of thc central North

Sea with sevcral more loc~lised higher ucnsity patc~cs in,~vidence. Some of these •

are in thc general proximity of uintcr fishin~; localit;ies,:..although the latter are

extremely localised compared with the spawning fish distri~uticns. Spawning was at

a generally lower density in the.Southern Bi~ht and confined mainly to the western

half. A partial northern boundary was evident to thc north and northeastof the

Dogser Bank region, but with the conteurs remaining open to-thc cast anel west.".... '. - ,.

Tuble 1 shows that thc maximum e6~ populations were,within thc northeast coast

of Eng~and(3G%) and Scottish cast conGt (24%) scctors. The,larval distributions are

~;iven cn thc basis of size bTcupinGs, and the sm::tllest, 3-5 mm in length (Figurc'.2b)'
:. ..' -' .'..... ': ." ~ .' .

shcwed a similar distribution to that of thc e~gs. At the,environmental temperatures

prevailinc (11-130 C) thü'cGßs Shcul~ havc hatchüd in about 3-~days and thisdistribu-
, .' . -' .' , " " . . ..

tion of smallüst larvaü does rclnte to the,spawningpatches shown in Fisure 2a.

l1iJ.ximum numbers (40%) were within the DogBer sector, followed by the Gcrman

Bisht '(20%),and castern half of thc SQuthern Bißht (17%) (Tuble 1). The larßer size ~
ßroups (Figurcs 2c and d) tended.to bc mainly distributed within a band:cxtending

. ;. "

betwccn thc Southern and,GermanBir,hts, within thc southeastern half of thc survcy·

area, and showed rcduccd densitites towards thc English eOGst. ~n thc 5-9 mm nnd.

10-14 mm size LTOUpS thc castern half of the southcrn North Seu and Gcrman Bight

sectors accounted for abcut G8% of the total numbers (Tuble 1). Distribution churts'

for thc larger lnrvac ~re not given, but in the 15-19 mm size group thc southern North

Seu and German Bisht scetors accounted for about 88% cf thc total (Tuble 1). Thc

distribution of lareer larvae was Gcncrally in marked contrast to that of thc smaller

ones, with a shift in the centre of abundance towards thc Southern Bißht-German Bight

axis. Larvae in thc sizc raz:tee 20-24 mm were only mught in rclativcly small numLers
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at a fcw stations, <md 75% of the total were withinthe. western halfof the southern
. " - '

North Sea (Tuhle 1). The distribution.. of thc sprat by-catch taken during 'the ICES

Yaung Herrin~ Surveys in thc month of Fcbrunry 1972 (originally analysed·in johnson,

1974)i8 shown in Figure.3. This distribution is incomplete'becausc ntthe time of

t~e s~rvey a lar0c proportion of thc totnl ~opulation was still confincdto ve~

localized overwinter,ing arOGS inshore nndthosc rogions wercnot 3uequatcly covered
. , ... l .' ,',

by the sam~lingpcsiticnsonthe survcy.- ,The contoured densiticsareuxpressed as
'. - (' .~ \

numberspcr haur fishing .\'1ith tho bottom herrin/; ·trawl. ::Thora are a number of'
:', ...

similar fCGtures betwocn this distribution and thatof the eggs(Fieure 2a),'

purticul~rly in relation ta the northcrn boundaries and thc ~enerallylowerdonsities

over thc shallower parts of,the Dog~er re,sion. ,However, thc' factthat thc t\'lO

distributions do not match in prccisc detnil is hardly unc~ccted in view of the 4

month interval bctween the survcys.

Tho eeneriJ.l,p3ttern of distribution shol'ln by the smaller larvae·« 10 mm) in

June 1972 (Fig~res 2b and c) is very similar to that shown as typical for'Junc by

Bainbrid:~c et al. (1974). This. was detcrmined from muterial collected by the-'':'

Contlnuous Plankton Recorder (CPR) over thc period194Ü-19G7. Althou6hthis~was .

only idcntif~ed as 'clupeids' it was assumcd to hiJ.ve been predominantly sprat.

In FebruGry 1973 avery extensive Gnd densc concentrati6nof tho 1972 yearclass

was locnted as O-ßroup fish byruseqrch"vessel 'intho cOGstal-uaters near Flamborough
• - • .' i ••

Head (Johnson and Hulrne, 1974)•. It is\af :interest·to note that this cancentration

area would not hGve been prcdictablc trom the Inrvaldistributions recorded in:June

1972 when larvGe ,were noticeably absent from theimmediatc coastal waters of this

re~ion. The noaresthieh density vatches were.~hen centred about 30-40 nGuticnl

mHes northcGst of Flamborou3h.Hcad and the inshore·concentration of O-group'fish

must have buHt up later in ,thc senson. . • .. ., .

Mackerel (Scomber 8cOmbruS) ., ..

Th~., eg[;s (Fißurc 4iJ) wcrc ,m.J.inly. found \'lithin u broad bLmd extcnuinc"'across the

Ncrth Sea trom thc Fisher Dank anu Germ.J.n Bight areas tcwards thc nartheast coast of

Englnnd. ,

The ICES Report of thc MackerelWorking Group for 1974 reproduces an cgg distri

bution chart (Figure 4b) covoring tho northcrn North Sea (lCES reöion'IV.J.) relating

.toa survey undertnken betwccn 22 June-G July 1972 by lversen, (1973). Thc aren

covcreu j~st o~erlapped wit~ thc.n0rthern limit of the CLIONEsurvey, cilthough there

was atime interval of 2-3 wecks betweenthen. It i5 evident that eß~ densitics were": ';,"

sencrally rouch highcr on thc later survey.
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The larvac (Figure 4c) were mainly ccnfined to the east of the DOi;ber Bank and

within the German Bight, these scctcrs acccuntine for 84% of thc total number

(Table 1).

The averaGe ,pattern of mackerel larval distribution for June as'shown by

Bainbrid2e et aZ (1974), also determined from CPR sampIes ovar the period 1940-1967,

showed that,the larvae tenlto be relatively more abundant over the western half of

the central Ncrth Sen in this ,month', whereas the results of thc June '1972 survey

showedthcm to be relatively more uhundant ovar thc eastern half.Thc CPR results

also s?~~esteJ that peak larval production was attaine~ durine July.

" ' Horse Hackercl,. (Trachurus trachuru3)

Thedistribution of eGgs (Figure Sn) shcwed spawning to be mainly c~nfined to

.thc southeastof a linebetwecn the Wash and Jutland coast of Denmark, with moderate

densities throußhout most of the Gcrman Bight and hieher density patches to the sout~
of the Dop,ger. Howcver, the main:s~awnine appeared to be within the Southern Bißht

and tcwards, the eastern sido; but thc southern limits bf spawning were not tovered.

These are shcwn in the $urveys' analyscd by Hacer (1974)nnd Wallace and Pleasants

(1972). The c3stcrn half: of,:the southern NorthSea accounted for 499& of thc total

e3ss"whilst the Dogger and German Dieht scctors acccunted for a furthcr'2G% (Tuhle 1).

The larv.:tl distributions' (Figure Sb), were much more rcstricted and l'1Cre mainly

l-tithin the Southern Bight,and. southenstern corner of thc'Germ.:tn Bight, with 97% 'of

thc totalnumber.within these two sectors (Tuhlc 1).

Pilchard (Sardina piZchardu8) n_

The e53s (Fieure 6) were restricted to the eastern half of the Southern'Bight

where they extended in a rather_narrow band alon3 thc Netherlands 'coastfrom Texel to

theSchelde estuary. Thc.larvae '(not'sh~wn) were rn.:tinly confineJ t6 a small patch •

just off the ScheIde, althou8h, as with horse mackereI, thc southern limits of spalm J

were not covered.

Previo~s surveys (Wallace an1 Pleas.:tnts, 1972) h~ve shown thc ncrthcrn'limits of

?ilchnrd. s~awninG to bc ,within thc Southcrn I3ißht and thürcsu1ts 'of the June· '1972

survey are in nccord llith this, nlthough Aurich (1953) noted the occurrenceof pilchard

cggs within the Gcrm.:tn Bißht over thc period 1949-52.

ESTIMATION OF SPAWNING STOCK SIZES

There are cbvious difficulties in atte~ptinc to estimate the size of a spawnins

population fr~m the results of Cl single survcy since it is n~t possible to cmploy

the usua1 methJd of constructing a totn1 c~~ prüduction curve and rclating this to

the totnl number of sj)awners throu;:~h the average fecundity • HOvlever, in the c.:tse of
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seriul spawning fish such QS s~rat, muckerol und horse mackereI, whcre eegs Qrc

sp~~od in discrete batches and l1ith rirening periods betwccn succcssivc batches,~

it should be possible to assess thc s?awninß stock size nccessory to account for the

totalnumber of cGßs recordcu on a sinßle survcy. Such an estimatc is likely to be

a minimal ene since, cven if thc survey is undcrtaken at a time of ~cak spalvning,

activity, it seem3 unlikcly that all thc potential spawncrs will bc activc simultan

eously particularly in thc case of a si,ecies which has a vcry cxtcnded se.:lson (such ~

as .. SIlrat). Thc methC'd usecl in this' as~essJacnt rcquirecl information on esri batch

size, the relntien ~f this to lent,th er l'I'ei:::ht of fish, the flVer<lGe sizc of fish in

thc s~awninß po~ulati()n, sex ratio, e~g clevelopmenttime and G~g mcrtality rate. lt

WaS foutid that thc backzrouncl data available were rather limited, and in cases where

they were cntirely l~cking rcasonablc assumptions had to be'malle. Nevertheless, the

results"of~thcsoQSSessments and thc parameters used in arriving at them are sUmmarised

fn" Tablc 2" which' also includes an estimatc of spuwnin,<; stock for thc Horwe.::;ian mackerel

eee survey in thc n~rthern 'tlorth Sen. Thc sources for the various data usedare

summurised by spccies and type of information below. Thc sex ratio was assumed to be

1:1 for all species.

SPRAT

Ef,E'batch!siz~!fecundity/length or weight (Hcidrich, 1925: Petrova 19GO; de Silva

1973): Rgt clevclopment time (Cunninßham, 109G).

Mortnlity rate in thc CßS stugc (Grauman ~n~ ~olivaiko, 1:'75). Average sizc of

fish' in the spa\miris population (Icr;s YounG Herring Survey, Fe~ruary 1972 and lcngth

distribution :inthc German Industrial Fishery in 1972, Ticws, 1974).

HACKEREL

"::'Egg batch s'i.zejfccundity/length (Bi3clm1 'and Welsh, 1925; Scttc 1943; and I1acer,

•

unpublished ~cit~). Dcvclopment time 'and mortality rate in the cSg sta3c (Sette, 1943).

Aver~sc sizc of fish in thc sp~tlning ~o~ulation (lCES data sheets of mackercl l~n&~h

';distributionstakcn Ly Dutch trawl in thc central and northcrn North Sea in the seconu

quarter of 1972'~ thc cstim~te cxcluded 'all fish bclow 30 cn in length).

HORSE'HACKEREL

EC;C; batch sizc/fecundity!lcngth (Hacer, 1974 and unpublished rlata).' E[~ develop

menf tiin~'s':and averaGc size of fish in tbe population were these used by .l1<J.cer in his

lQ71~ assessments. Thc n~rtality rate inthc e~c stase was not known and assumcd to be

thc same as mackerol.

CONCLUSIONS

Thc rcsults of thc June 1972 survcy showcd that at that time sprat and mackerel

pnwic1crl thü lur.~:cst populaticn of 08[;S in thc contral North Seu. Thc sprat were

l,robably noar their ~.cak SiJ3lVTIinö .:J.ctivity, where.:J.s thc m.:J.ckcrel (as ShOlvn by thc
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rcsults of thc Hon'lc,gietn survey undertnken 2-3 weeks later furthcr l:orth) had

probwly not yot att.::tined their peak level. Borse mackerel spawning was mainly

canfined to thc s8uthoastern part of thc North Sea and showed its highest abundance·

in the Southern Bißht. Hmlcver, the southern limits of its spmming were not covered.

This also applicd to the pilchard, whose em;s ''lere found only tmmrds the southern·

limits of the survoy area.
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TABLE 1 An analysis by sectors of the total nurnbers of cggs and larvae
.recor~ed ror.each pelagic species during the June 1972 survey

SECTOR SECTOR l'\RI:A -9SPRAT (No x 10 )
,., -9

(m- x 10 )

EGGS LARVAE (~~ length groups)

(x lÖ~9) 3-5 5-9 10-14 15-19 20-24

E coast Scotland 33.10 6,558 182 65 49 5 O·
(12.5) (24.4) :(1.7) (0.4) (0.9) (0.7)

NE coast England 33.93 9,671 856 550 232 15 0e (12.8) (36.0) (8.1) (3.3) (4.3) (2.0) 'e
He.sh 12.97 342 49 47 3 1 0

(4.9) (I. 3) (0.5) (O.3) (0.1) (0.1)

S North Sea (\>Jest) 16.67 1,390 412 1,006 788 180 33
(6.3) (5.2) (3.9) (6.0) (14.6) (23.9) (75.0)

S North Sea (East) 21.83 1,589 1,814 4,610 2,024 304 4
(8.2) (5.9) (17.2) (27.3) (37.6) (40.4) (9.1)

DOD1cr 42.08 2,898 5,031 3,284 416 66 4
(15.8) (10.8) (In.s) (19.5) (7.7) (8.8) (9.1)

German Bight 34.64 3,675 2,101 6,771 1,631 176 1
(13.0) (13.7) (19.9) (40.2) (30.3) (23. Lj.) (2.3)

Gut-Fisher Bank 40.56 552 37 2 9 0 1

e (15.3) (2.1) (0.4) (~n (0.2) (2.3)

Jutland 29.98 178 51 526 228 6 1
(11. 3) (0.7) (0.5) (3.1) (4.2) (0.8) (2.3)

Grand totals 265.84 26,863 10,533 16,861 5,380 753 44

(n) = %distribution between sectors

/Continued
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TABLE 1 (continued)

SECTOR SECTOR AREA HAC1<EREL HORSE PILCHARD
2 -9' r1ACKEREL(m x 10 )

EGGS LARVAE EGGS LARVAE EGGS LARVAE

(x 10-9 ) -9 (x 10-9 )(x 10 )

E coast Scotland 33.18 406 0 0 0 0 0
(12.5) (1.G)

NE coast England 33.93 4,268 80 3 0 0 0

• (12.:j) (l~.C.) ( ,'3 • ~~ ) (0)

Hash 12.97 44 " 20 0 0 0L

(4.9) (1.2) (0.1) (0.2)
,
j

S North Sea (Hest) 16.67 671 10 2,288 287 0 33
(6.3) ( 3.0) (0.4) (21. 7) (18.7) (23.(i)

S North Sea (East) 21. 83 80S 129 5,190 898 484 123
(8.2) (3.5) (5.2) (49.1) (58.4) (100.0) (76.4)

Dogger 42.013; 8,3CJ6 1,107 1,106 45 0 0
(15.8) (36.6 ) (44.5) (10.5) (2.9)

German Big~t 34.64 4,264 1,001 1,836 308 0 0
(13.0) ,(18.8) (40.2) (17.4) (20~0)

Gut-Fisher'Bank
:
040.56 " 1,132 14 0 0 0

(15.3) (5.0) (0. G)

• Jut1"md 29.98 2,790 144 117 0 0 0
(11. 3) (12.3) (5.8) '(LI)

---
Grand totals 265.0Lt 22,686 2,487 10,560 1,538 484 161

(n) = % distribution betHcen sectors
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TABLE 2 Estimates of f3rameters used to ealeulate the total weights of the spawning populations of sprat, maekerel

and horse maekerol in the North Soa during June 1972

Spedes Totäl . Hean· t1can Total Total l1ean Total weight Raising Correeted
nur:~er length batch number number weight of spawning factor to total Height
of eggs of ~ size of ~ of cf + ~ of population al10H for of spaHning

spawners spmmers spmming mortu.lity populu.tion
fish in the egg

stage

Ü: 10-9 ) (ern) (x 10-6) (x 10-6) (gms) (tonnes) (tonnes)

SPRl\T
(Sprattus sprattu&) 26,863 12.4

.':

. 2,500 10,745 .21,490 15 322,356 'x 1.6 515,770
.~

HACKEi\.EL
(Scomber ocombrz-lS )

i. S 'of 57°1'1 22,nCJ6 34,6 31,670 716 1,433 384 550,137 • x 1.2 660,164

ii. ~.: H of 570 N 18,.J52 34.6 31,670 570 1,140 384 437,76/+ x 1.2 525,317

HORSE lJACKERC:L
(Trachuru8 trachurus) 10,5&;0 29.5 48,370 218 436 231 100,850 ,x 1.2 121,020,

'';Determined frOh! Iverscn's (1973) egg distribution chart
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Horse .Mockerel eggs
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Figüre 5b
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Horse Mackerel larvae
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Figure 6

Pilchard eggs
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