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REPORT ON THE INTERNATIONAL SURVEYS OF HERRING LARVAE 
IN THE NOHTH SEA AND ADJACENT WATE.t'IB IN 1972/73 

Introduction 

by 

A Saville and D W McKay 
Marine Laboratory 

PO Box 101 
Victoria Road 

.Aberdeen 
Scotland 

This report gives the results of the sixth international survey of 

herring larvae in the North Sea and adjacent waters. These surveys were 

started in 1967, following a recommendation of the ICES Herring Committee 

in 1966. They are intended to provide measures of changes in the herring 

spawning stocks which are independent of catch per unit effort data. 

Results of previous surveys are published in Saville (1970), Bo~tius 

& McKay (1970), Wood (1971), Zijlstra (1972) and Schnack (1973). 

Material and Methods 

During the autumn and winter of 1972/73, seven countries participated 

in the surveys with the follO\ving research vessels: Denmark: RV ''Dana"; 

England: RV "Cirolana" and RV "Corella"; Federal Republic of Germany: 

RV "Anton Dohrn"; Iceland: RV "Arne Fridrikson"; Netherlands: RV 11\-Jillem 

Beukelsz" and RV "Tridens"; Scotland: H.V "Clupea"; and Sweden: RV "Thetis". 

The timing of each survey in each area is given in Table 1. 

On all ships, sampling was carried out using a modified Gulf III 

sampler towed in a double oblique haul, sampling the whole water column 

down to 5 metres above the bottom. A more detailed description of the 

gear and sampling technique is given by Saville (1970). 

The reduction in the number of stations sampled, and a resultant con­

centration of sampling effort in areas where L,:'c"ing larvae are expected 

to occur, which was introduced in 1971/72, was again followed in the 

1972/73 surveys (Anon 1971). The survey periods are given in Table 1, 
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in which the total surveyed area is broken down into sub-areas as proposed 

by the Working Group on North Sea Herring Larval Surveys, viz: 

1) Shetland-Orkney (north of 58°00 1 N) 

2) Buchan (56°-58°N) 

3) Whitby-Dagger (53°-56°N) 

1+) Southern Bight-English Channel (south of 53°N) 

5) Kattegat (Kobbergrund) 

From September 1972 to January 1973 a total of 1 233 stations was sampled. 

The results, recorded as numbers below one square metre of sea surface at 

each station, are shown in Figures 1-28 for separate areas, survey periods 

and size groups of larvae. 

For all areas, except the Southern Bight-English Channel, the size 

groups are, as in previous reports, <10mm, 10-15mm and >15rnm long. For 

larvae of the Downs stock, which hatch at a greater length, the size groups 

were changed in the 1971/72 survey to <11mm, 11-16mm and >16mm, and this 

grouping has again been used in this report. Yolk sac larvae were omitted 

in calculating larval abundances (Anon 1971). Charts of surveys on which 

no or very few larvae of a size group were caught have been omitted from 

this report. 

Abundance estimates were calculated from larger scale charts than 

those given here - approximately 1/1 000 000 to 1/2 000 000. On these 

charts contour lines were drawn at levels of 1, 5, 25, 100, 500, 1 000 and 

2 000 larvae per square metre and 8Ubsequently planimetered. The area 

between two contour levels was multiplied by the mean of these contour 

levels to estimate the abundance of larvae. '.The area within the highest 

contour level was multiplied by the mean of that level and the highest 

observed station value. 

In previous reports on these surveys there has been considerable 

diversity in the way that the abundance estimates have been calculated 

and reported. For example, the 1967 and 1968 abundances were calculated 
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by multiplying the area between contour levels by the value of the lower 

contour level, the 1971 abundances by multiplying each station value by 

an ar·ea appropriate to that station, whilst in the other years the area 

between contour levels was multiplied by the mean of the station values 

between the · contours. Similarly there have been some differences in the 

areas, and in the size groupings, for which abundance estimates were 

reported. This has resulted in it being difficult or impossible to make 

realistic comparisons of year to year changes in larval abundance over 

the period covered by these surveys. To correct for this all the past 

survey data for the Shetland-Orkney, Buchan and Whitby-Dogger areas have 

been recalculated, as described above for the 1972 data, and the result-

ing estimates are given in Table 2. 

Results - Distributions 

Shetland-Orknex 

The Shetland-Orkney area was sampled during three periods, 6-11 Sep­

tember, 12-21 September and 22-27 September by Danish, English, Icelandic 

and Scottish research vessels. Fi ·1e cru.ises were c;:,_r-ried cut durin8 these 

periods, covering areas cf different extent, and the data .:_'ror:i these were 

combined into three surveys to give the optimum coverage of the area. 

During the first survey the sar:ipling was fair·ly complete, the nmin 

omission being the area to the east of the Scottish mainland (~igs. 1-~ ). 

The major concentration::; of larv&e 1 e.ss than '10nm 1 ong 1-:ere 1ocatcd beb·ecn 

Orkney and .F'air Isle, and at the ·,.;estern enLnrnce to L~e Pen t2-anc', Fir t h. 

') 

In the Orkney-Fair Isle patch densities up to '1 730 per rnc '.\'ere obLai:'1ed. 

On this survey larvae 10-15mm 1.onc sh0v:ed a r :: r e r similo.r distribution to 

that of the smaller size group but ;:ere much less abnmiant. 

On the second sur•,1ey ( 12-2'1 September) cc-;ernge ; :a.s aia i.n r,ood ,ri th 

all the recoramended areas, except those t.o the north and ea.st of She'. . .Lnn6, 

being sampled (Figs. 3-5). Larvcte :)fall size sr(ml,s \•: e:ce ca ught 1::i.L :1 

the r~ain concentraticns of tte s1:-~all e st c a tet-:_:or.J" r)c .l.1.Li.~ t nke:: i n the 
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Orkney-.l<'air Isle area and to the west of Orkney. In the former area 

densities of up to 2 384/r/ were obtained while in the patch to the west 

of Orkney the maximum density was 2 669/m2• Larvae of 10-15mm again 

showed a rather similm· distribution to that of the smaller size group 

but at much lower levels of abundance. The most striking difference 

between the distribution of these two size groups was the relatively 

high abundance of larger larvae in B15 which might suggest a drift 

southwards into the Iforay Firth from the areas of high density of 

smaller larvae to the east of Orkney. Larvae greater than 15mm long 

on this survey were taken only ir. small nu.'Tlbers at isoloted stations, 

apart from a band extending south-east from Clythness to Kinnaird Head. 

On the third survey (22-27 September) coverage of the area was less 

satisfactory, sampling being restricted to the east of Orkney and the 

outer Moray Firth (Figs. 6-8). Larvae of all size groups \·Jere present 

with the main concentratio:i.s of small larvae, at lower densities than 

on the previous survey, being found in the Orkney-.?air Isle area and to 

the east of Orkney. On this survey larvae 10-15mm long v,ere more abundant 
-, 

than the smaller size group, with levels of more th,m 100/m<'... covering an 

extensive area to the east of Orkney, and their distribution extended 

further to the south-east of Orkney. Larvae more tha.~ 15mm long at this 

time were taken in two patches; one east of the Pent1and Firth and 

Clythness, and a second extending from Orkney to south of 58°N and 

eastwards to the prime meridian. 

Buchan 

The Buchan cirea 1,ias surveyed three times during the period 30 August-

5 October. The first survey (30 .i\u gust-1 September) was of limited extent 

and only the smallest size group of larvae vJaf~ obtained in a 1iatch hith 

a maximum density of 30C/m2 off Hattray Head (Ji'ig. 1). 
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On the second survey (13-20 September) coverage was more extensive 

with all the recommended stations being sampled. Larvae in the ..:...10mm 

size group were caught in an area very similar to that of the previous 

survey but at much lm•1er densities. On this survey a small patch of 

larvae, 10-15mm long, was found somewhat to the south and east of the 

patch of small larvae (~'igs. 3-4). 

Most of the recommended stations were again sampled on the third 

survey (26 September-5 October) and larvae of all size groups were collected. 

Small larvae were taken at only one station, off Buchanness at a density 

2 of 8/m. A patch of 10-15mm larvae occupied a similar area and at similar 

densities to those found on the preceding survey. L~rvae >15mm long were 

taken in small numbers at several stations over Aberdeen Bank (Figs. 6-8). 

Whitb;y-Dogger 

The Whitby-Dagger area was surveyed four times in September-October. 

On the first survey (5-13 September) all the recommended stations were 

sampled and larvae in the <10mm and 10-15mm categories were obtained 

(Figs. 9-10). Larvae in the srr,:,J 7 0 ?'.' size group were taken off the Longstone 

2 area at densities of up to 1~13/m and, in a larger area at lower densities, 

off the Humber. Larvae in the 10-15mm size group were caught, in the 

same two areas, at lower densities. 

The second survey (19-27 September) again gave good coverage of the 

area. Small larvae were still present in the Longstone area, but in lower 

concentrations. There wa.s also a patch of small larvae, with a maximum 

density of 85/m
2

, in the vJhi tby-Flamborough Head area. Larvae in the 

10-15mm size group were more abundant than in the preceding survey, and 

were taken in two areas coinciding with those of the small larvae (Figs. 

11-12). 

The third survey (30 Septerhber-6 October) covered all of the 

recommended area and larvae of all size groups v;ere collected (Figs. 13-15). 

Larvae of the smallest size group were taken in the same t:.,·o areas as .:m 
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the preceding survey; in the Longstone area at lower densities, and in 

the Whitby area at rather higher ones with a maximum concentration of 

2 192/m. On this survey, larvae 10-15mm long were more abundant than the 

smaller size category but the locations of the main centres of density 

were very similar, being only slightly displaced to the south-east. 

Small numbers of larvae >15rnm long were taken in a narrow band extending 

south-eastwards from the Whitby area to 53°30'N. 

On the last survey of this area all of the recommended stations 

were sampled and all size groups were again present. Larvae less than 

10mm long were taken only in two small patches at low densities, one in 

the Whitby area and another off the entrance to the Humber. Larvae in 

the 10-15mm size group were also taken in the same two vicinities, but 

with a rather more extensive distribution, at very low densities. 

Larvae >15mm long were taken in a narrow band extending south-eastwards 

from the Whitby area to 53°30 1N. 

Southern_Bight-English_Channel 

In December 1972 and January 1973 four surveys of this area were 

carried out with good coverage of the area on all surveys. 

On the first survey (11-21 December) no larvae >16mm were caught 

and numbers in the smaller size groups were generally low. The maximum 

density of larvae <11mm, 29/m
2

, was found in the western Channel, off 

Le Havre, with small patches at lower densities off Point d'J\illy and 

in the Sandettie area (Figs. 19-20). 

On the second survey (2-11 January) small larvae were much more 

widesprea,d, although densities were still low, with one patch extending 

from the Bay of the Seine to east of Point d'll.illy, while another was 

situated in the Sandettie area. In neither patch did the densities 

2 
exceed 16/m. Larvae in the 11-16mm category were also taken over a 

considerable area in the survey extending from the Bay of the Seine to 

Sandettie (Figs. 21-22). 
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Small larvae were c a ught over much of the surveyed area during the 

third survey (9-1 3 January) with a maximum density of 33/r/ off Point 

d' Ailly and of 9/m
2 

in the Sandettie area. On this surve,y l a rvae in the 

11-16mm size group were less widespread than on the preceding one, but 
-, 

were taken in concentrations of up to 26/mc off Point d 'J..illy and in lower 

concentrations in the Bay of the Seine and at Sandettie. Larvae >16mm 

were taken only at low concentrations at a .few stations in the .Bay of the 

Seine and at the eastern entrance to the Channel (li'igs. 23-25). 

On the fourth survey (29-30 January) all .size i:;roups of .larvae were 

again caught but numbers of small larvae v;ere extremely low with only one 

station of 3/m
2 

and three stations of 1/m
2

• Larvae int.be 11-16mm size 

group were, however, more numerous on this survey, being found in an area 

covering most of the southern part of the C.:harmel and. wi tt a second patch 

at densities of up to 12/mc in the Sandettie a rea. LGrvae >16rnm long were 

also dispersed, at the time of this survey, over a very simila r area with 

a maximum concentration of 7/m
2 

off the Belgian coast (Fies. 26-28). 

Kobbergrund 

Two surveys cf this area were carried out in October 19'?2 1,:i thout 

catching any significant numbers of herr.i,ng l a rvae~- Ch bo t h s urveys larvae 

,.Jere caught at only nine stations and a t no s tat i on djd the de'.lsi:y exc eed 

2 1/m. 

Quantitative Estimates 

The major aim of t hese s ur 11eys 1-s to rr.on:Ltor ch~HI L~e<3 it: J. a 1--11:-. ... l pro-

duction a s a measure of spawning stock sizes . In Table] , es Lina ~es of 

larval abundance are given for 1972/73 .for ti1e Uiree L;ize r;i:·,, u_ps o f h erri1;.,7, 

larvae, s eparately by c:u'ea and survey p e rio <.l . 

These results, ao i n previous years since thesf.: survey I:) bec<-~ .n , a.gnJ_n 

area in the total herring populat ion of the ·I<o rt:·: Sr-:::.i. 
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To show more clearly the changes in larval abundance within areas 

over the period covered by these surveys the estimates of larval abundance 

taken from Table 2 for previous years, and from Table 3 for 1972 are broken 

down into 15 day periods in Table L~. When a survey extended across two of 

these periods the estimates are given on the dividing line between them. 

In the Shetland-Orkney area the interpretation of these data with 

regard to changes in larval production in area IVa from year to year is 

rendered n:ore difficult by the rather different time periods of the surveys 

between years. It \vould seem clear 1 however, that both in respect 

of the smallest and the intermediate size cater;ories of larvae, the 1972 

surveys gave higher larval abundances than in any previ.ous year since 

these surveys were inaugurated. In the latter half of September 1972 1 

numbers of the smallest size category i,1ere particularly high both on the 

complete survey of the area, and on the partial one carried out somev:hat 

later 1 in which only the area to the east of Orkney was sampled. Wood 

(1971) and iijlstra (1972) both commented on the possibility of larval 

abundance in this area being over-estimated because of transport of larvae 

into the area from spav1ning in VI a. In relation to the 1972 surveys it 

is of interest that on both of these surveys the abundance of the smallest 

size category of larvae, which one \,·ould not expect to have been trans­

ported far from the spevming area, v1as !·1igh ,. and that there were major 

concentrations of this size r:;roup to the ~ast of Orkney v.'hich VJOuld demand 

transport over a considerable distance. On the basis of this evidence it 

would seem that there ,'las, in 1972, a considerable recover·y in the size of 

the spawning stoc}~ in the Shetlancl-Orkne;y area from the lm,: levels of 

1968-70. 

The results given in Table Lf for t.he 3uchan ,3_:·ea sho·.-1 that in 1972 

production of the smallest si 7.e category of larvae 'vias appreciably J_0\•1er 

than in 1971, although still high in comparison \,i th the 1967-7C period. 
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For larvae in the 10-15mm size category the abundance estimates were low 

compared with those of 1971 and not very different from those of the years 

prior to 1971. This could suggest either a very low survival rate of the 

larvae hatched in the Buchan area in 1972, or alternatively a lesser trans­

port of larvae into this area from the Shetland-Orkney area. 

In the Central North Sea the estimates of abundance of both the less 

than 10mm larvae and of total larvae would suggest that larval production 

was appreciably lower than in 1971 and indeed perhaps somewhat lower than 

in any previous year except 1969, both in the Longstone-NE Bank area, and 

in the Whitby area. i,s in other years of these international surveys there 

was again no evidence of any spa1rming in the Dagger-Well Bank area. 

In the Southern Bight-English Channel area comparison of larval abun­

dance over the entire period of these international surveys is made more 

difficult by the fact that in 1967/68 and 1968/69 this area was not included 

in the reports and by the change in the size-groupings used in this area 

subsequent to 1970/71. However, Wood (1971) gives some estimates of total 

larval abundance in 1967/68 and 1968/69 from English surveys in this area, 

and these have been utilised in Table 4. The figures for total larval 

abundance should therefore be comparable throughout. The data given in 

Table l~ show that in 1972/73 both early larval 9.bundance and total larval 

abundance was appreciably higher in this area than in 1971/72. The 

abundance of larvae of all size groups, however, v,as much lov,er than in 

1970/71 and probably somewhat lower than in 1969/70, although higher than 

in 1967/68 and 1968/69. 

Discussion 

In the Report of the Working Grou:p on iior th Sea Herring Larval Surveys 

(Anon 1971) it ',Jas stated that: "such data a.s were availatle str-·ongly 

suggested that the production of larvae approxima.ted to a no:::·mal cur,,-e 

with little variation in the timing of the mode". 'I'he Group ,,ent on to 
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suggest that under these circumstances better estimates of total larval 

production ~ould be obtained if three surveys could be done in each area 

during the production period as this ,,ould define exactly the normal curve. 

In the 1972/73 surveys at least three ,mrveys were done in each of the major 

areas of larval production. Examination of the resultn of these surveys, 

for larvae in the smallest size category, would not suge;est, hovwver, t'.1.at 

the production cycle can be defined by a normal curve, except possibly in 

the Shetland-Orkney area. In this area, if tlle production curve is normaJ., 

the results from earlier surveys would suggest that there is considerable 

variability in the timing of its mode. It may 1::ell be that, in practice,_ 

in each discrete spawning area the production cycle is normal. But in the 

wider stock distributional areas conside:reu in these surveys one is dealing 

with a number of discrete spawning sites - for exar:1ple 1 ir_ the Central North 

Sea with North-East Bank, Flarnborocigh Head, Whitby, and Dagger - each of 

which has rather different timing of larval production. Under these cir-

cumstances even three or four surveys cannot measure vii th ?<ny great pre­

cision the production of larvae in these large areas containing a number 

of spa1rming areas each with its 0\-m spawning time end year to year varia-

tion in larval pr'oduction. 

It may be, therefore, that \vit!10ut a major in.:::rease in sampling 

intensity these surveys cannot provide other than rather gross estimates 

of year to year variations in spavning stock sizes ,:ithin ru·eas. 'rhis, 

however, is not intended to belittle their importance in the current 

situation, when major chanc;es are taking _place iri stock sizes over very 

short periods and estimates <Jf variations in Lhem, dependent on r:ieas·..ires 

of fishing effort, are facing major di.f:ficul ties. ']'lie ciata gj ven in 

Table 4, for example, would sugr;est a rnajor r·ecovery of t..l1e spa1xni~g stock 

in the Shetland-Orkney area in 1971 and ~articularly 

very lov, levels it att!'l.in.ed in 1968-'70. This is all Ll1e more con'lincin,; 

in 1972 because cf the major inc~ease in abundance of "'.;hf-: srr.allest c0.tecor_y 
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of larvae to the east of Orkney which is unlikely to have been derived 

by transport from spavming in area VIa. Similarly in the Buchan area, 

over the period of these surveys, there would appear to have been an 

incontrovertible increase in spawning in 1971, and to a lesser extent in 

1972, compared with the very low levels attained in this area in 1967-70. 

In the Whitby-Dagger and Southern Bight-English Channel areas the 

picture is less optimistic. In the former area there would appear to 

have been no significant change in larval production over the :v . ·1cd of 

these surveys, apcc:-t from the extremely low level attained in 1969. In 

the Southern Bight-English Channel area the larval production figures 

were certainly very much higher :i.n 1972/73 than in 1971/72 but are still 

low even by comparison with tr,e moderate ones o.f 1970/71. 

In the Kobbergrund area spawni:.1g ,:as negligible and it seems clear 

that the autumn spawning stock in this a.rea ha::-: sho·,m a continuotts decline 

since 1970 and is no•,, at a very low 1 evel. 
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Table 1. Surveys carried out in 1972/73 

Number of 
Country Area Period stations 

sampled 

England Shetland-01'kney 1-5/9/1972 69 ~ 
Scotland II G-19/9/1972 49 
Denmark II 12-25/9/1972 79 1- 267 
Scotland II 19-26/9/1972 52 
Iceland II 12-28/9/1972 18 . 

Scotland Buchan 30/8-1/9/1972 31 Scotland II 6-19/9/1972 58 
Denmark II 25-27/9/1972 17 157 
Scotland " 19-26/9/1972 52 

Netherlands vJhi tby-Dogger 5-13/9/1972 87] Netherlands II 19-27/9/1972 81 - 780 
England II 30/9-6/10/1972 97 ;) 
Netherlands II 17-26/10/1972 115 

. 

Netherlands Southern Bight-English Channel 11-21/12/1972 121 ] Netherlands II 2-1 '1/1/1973 89 - 352 Germany II 9-13/1/1973 62 
England II 29-30/1/1973 80 

Denmark Skagerak-Kattegat 4-6/10/1973 1
t5 } 77 Sweden Kattcgat Cct 19?,~ 32 
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Table 2. Recalculated abundance indices for previous surveys 

Area Period 
hbundance of herring larvae X 10-'1 

<10mm I 10-15mm l >1 5mm I Total 

1967 Surveys (S;;. •:;_J le 1970) 

Shetland-Orkney 8-22/9/1967 586 1 135 204 1 925 
II 25/9-6/10/1967 1 122 539 257 1 918 

Buchan 11-24/9/1967 1 115 Bo 196 
I I 25/9-13/10/1967 0 7 36 43 

Whitby-Dagger 3-8/9/1967 1 003 17 0 1 020 

" 10-13/10/1967 .' 194 L18 91 333 

1968 Surveys (13ogtius & i'-icKay 1970) 

Shetland-Orkney 2-1 1t/9/1968 222 270 32 524 
II 19/9-3/10/1968 32 121 91 244 

Buchan 2-14/9/1968 0 1 0 1 

Whitby-Dugger 3-5/9/1968 1 L,1 62 1 204 
It 15-23/10/1968 133 12 28 173 

1969 Surveys (Wood 1971) 

Shetland-Orkney Lf-16/9/1972 492 489 132 1 413 
11 18/9-11/10/1968 92 102 53 2L17* 

Buchan 3-25/9/1972 0 1 0 1 

Whitby-Dogger 9-11/9/19'72 · 9 4 0 13 
It 6-1 1+/10/1972 19 181 Li it 244 

1970 Surveys (Zijlstra 1972) 

Shetland-Orkney 11-29/9/1 ~)70 389 1 165 236 1 790 
II ~0/9-11/10/1970 7". 650 333 1 054 

Buchan 20/8-11/9/1970 2 2 0 4 
II 8-29/9/~97CJ 9 1 0 10 
II 29/9-13/10/1970 ·1 5 " 8 c::_ 

Whitby-Dagger 26/8-11/9/19'70 199 0 0 199 

" 8-16/9/1970 554 31 0 585 
" 6-12/10/1970 171 268 "106 51+5 

1971 SurveJF> (Sclmo.ck 1973) 

Shetlc>...nd-Orkney 31/8-9/9/1971 1 71,2 ,I,8 () 1 890 
II 1G-2'7/9/1971 361 ')9!+ 2'.>C 1 Gos 
II 1-7/10/1971 31 656 l:9c 1 177 

Buchan 6-8/9/1971 ;~ "'! i'+ () () 214 
11 9-16/9/1971 138 ?06 D 3.L;.4 
II 20-:,,0/9/197~ ?6 16G 85 -z-:, r · 

_./L;) 

\-ihitby-Dogger 7-15/9/19?1 124 17 C 141 
II 15-23/9/1971 18L, 118 0 30? 
It 2-7/10/19'71 357 205 71f 636 
ti 12-20/10/1971 J+5 1GJ :17 ~~G7 

*Survey incomplete 
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Table 3. Estimates of larval abundance in 19?2 

,.Uundance -9 
Area Period 

of herrirn, larvae x 10 
<10mm j 10-15mm l >15mrr: l Total 

Shetland-Orkney 6-11/9/1972 1 1i37 255 0 1 692 
II 12-21/9/19'?2 6 1'/7 1 510 10 7 697 
" 22-27/9/1972 795 1 282 50 2 127* 

Buchan 30/8-1/9/1972 70 0 0 70 
II 13-20/9/1972 [:_ 7 l+ 16 _,/ 

II 26/9-5/10/1972 1 7 11 19 

Whitby-Dagger 3-13/9/1972 159 25 0 184 
II 19-27/9/1972 105 145 0 250 
II 30/9-6/10/19?2 '160 400 8 568 
" 17-26/10/1972 ')-Z 27 53 1J3 I 

L_,/ 

<11mm I 11-16mm l >16mm l Total 

Southern Bight-English Channel 11-21/12/,972 1? ·12 0 29 
" 2-11/1/1973 311 1,1 0 75 
" 9-13/1/1973 L:.-6 51 1 93 
" 29-3J/:/1973 1 28 38 6? 

*Survey incomplPte 



1967 

Date <10 nnn 10-15 mm Tot ai <10 mm 

1-15/9 222 

586 l 135 1 925 

16-30/9 32 

l 122 539 l 918 

1-15/ 10 -

1-15/9 -
l 115 196 

16- 30/9 -
- 7 43 

1-15/ 10 -

1-15/9 1 003 17 1 020 141 

16-30/9 - - - -
1-15/10 194 48 · 333 

16- 30/10 - - - 133 

1967/68 
Date 

<10 mm 10-15 mm Total <10 ,mm 

8- 23/12 ? ? ?~ ? 

2-15/ 1 ? ? 50 

? 

16-30/1 ? ? 10 

* Survey incomplete. 

Table h Estimated abundances of larvae in different areas by 15 day periods in the years 1967-72. 

aounaim< e or ne~-na J.arVae x J..V 9 

1968 1969 1970 1971 1972 
10-15 mm Total <10 mm 10-15 mm Total <10 nnn 10-15 mm Total <10 mm 10-15 mm Tote.I f<lo mm ~0-15 nnn ~otal 

~BEl'LAND-ORKNEY 

270 524 493 489 l 413 l 742 148 1 890 1 4:)7 255 l 692 

389 1 165 1 790 

121 244 92 102 247 - - - :;61 994 1 605 6 177 1 510 ~ 697 

795 1 282 ~ 127* 

- - - - - 71 650 l 054 :;1 656 1 177 - - -.. 

~ 

l 1 2 2 4 214 - 214 70 - 70 

- l l 

- - - - - 9 1 10 138 206 344 5 8 17 

- - - - - 1 5 8 76 166 325 1 7 19 

WBITBY-DOGGER 

62 204 9 4 13 199 - 199 124 17 141 159 25 184 

554 31 585 
- - - - - - - - 184 118 302 105 145 250 

19 181 244 171 268 545 357 205 636 160 400 568 

12 173 - - - - - - 45 165 267 23 27 103 

SOUTHERN BIGHT-ENGLISH CHANNEL 

1968/69 1969/70 1970/71 1971/72 1972/73 
10-15 mm Total <10 mm 10-15 nnn Total <10 mm 10-15 mm Total <11 11-16 mm Total <11 mm 11- 16 mm Total 

? 20 13 12 25 \ 23 t ,a ~2~i 6 3 10 17 12 29 
( 70 137 

( 17 ( 22 ( 39 2 99 134 [ 34 (41 ~75 
( 73 (186 (259 46 (51 98 

? 10 - 88 149 3 5 8 

- 25 74 - 1 3 1 28 67 

,., 
r;._ 



FIG. I 
Numbers of Larvae <10 mm 
below 1 sq mcztre 
Northwestern North Scza 
30 Aug -11 Srzpt 1972 
• English survey 1-8 Sept 
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• Scottish survey 30 Aug-11 Sept 
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FIG 2 
Numbers of Larvae 10-15 mm 
below 1 sq. metre 
Northwestern North S12a 
30 Aug -11 Sept 1972 
• English survey 1-8 StZpt 

- 18 -

• Scottrsh survey 30 Aug-11 Sept 
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FIG 3 
Numbers of Larvacz <10 mm 
bczlow 1 sq mcztrn 
NorthwlZS'tczrn North S<2a 
12- 21 Sczpt 1972 
• Danish surv12y 12 - 21 Sczpt 
• Scottish survczy 12-21 S12pt 
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FIG 4 
Numbers of larvae 10-15 mm 
below 1 sq metre 
Northwestern North Sea 
12 - 21 Sept 1972 
A.Danish survey 12-21 Ser:t 
• Scottish survey 12-21 Sept 
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40 30, 20 10 oo 
FIG 5 

Numbers of larvae >15mm 61° 

below 1 sq metr~ 
Northwestern North Sea 
12- 21 Sept 1972 
A Danish surv~y 12-21 Sept ~ 
• Scottish survey 12-21 Sept 
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FIG.6 
Numbers of Larvae< 10 mm 
below 1 sq. metrn 
Northwestern Norths~ 
22 Sept - 5 Oct.1972 
& Danish survey 22 - 27 S12pt 
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• Scottish survey 22 Sept - 5 Oct 
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40 30 20 10 oo 
FIG 7 
Numbers of larvae 10-15 mm 61 

below 1 sq metre 
Nortrwestern North Sea 
22 Sept - 5 Oct 1972 
• Danish SJIVrl:'/ 22-27~ ~ 

• Scottish SUJVrl:'j 22 Sep~ - 6 Oct 
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FlG8 
Numbers of larvae 15mm 
below 1 sq metre 
Northwestern North Sea 0 
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FIG 9-Numbers of larvae<10m 
below 1 sq metre 
Whitby- Dogger area 
5-13 Sept1972 
■ Dutch survey 5 -13 Sczpt 
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FIG 10-Numbers of Larvae10-15 
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FIG 11- Number of Larvae <10~ ( ... -44 ■8$ .~ ............ __ ~,... 
below 1 sq metre ..... 1........ ■ 
Whitby- Dagger area 
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FIG 12-Number of Larvae 10-15 . • 19 ■9 ■2 .. /■ 
below 1 sq metre mm ■1.. ■2 • ( 
Whitby - Dogger area ·· ··· ...•. 
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FIG 20 Numbers--of Larvae 11 -16 mm 
below 1 sq metre 
Southern Bight- English Channel 11-21 Dec 1972 
■ Dutch survey 
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FIG 21 Numbers of Larvae <11 mm 
below 1 sq mztre 
Southern Bight - English Channel 2-11 Jan 1973 
■ Dutch survey 
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FIG 22 Numbers of Larvae 11-16mm 
be.low 1 sq metre 
Southern Bight - English Channel 2-11 Jan 197i 
■ Dutch survey 
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FIG 23 Numbers of Larvae <11 mm 
below 1 sq metre 
Southern Bight - English Channel 9-13 Jan 1973 
♦German survey 
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FIG 24 Numbers of larvae 11-16 mm 
below 1 sq metre 
Southern Bight - English Channel 9 -13 Jan 1973 
♦ German survey 
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FIG 25 Number of Larvae >16mm 
below 1 sq metre 
Southern Bight - English Channel 9-13 Jan 19.73 
♦ German survey 
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FIG 26 Numbers of Larvae <11 mm 
below 1 sq metre 
Southern Bight - English Channel 29- 30 Jan 1973 
• Eng I ish survey 
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FIG 27 Numbers of Larvae 11-16mm 
below 1 sq metre 
Southern Bight -English Channel 29 - 30 Jan 1973 
• English survey 
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FIG 28 Numbers of Larvae >16 mm 
below 1 sq metre 
Southern Bight - English Channel 29 - 30 Jan 1973 
• English survey 
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HERRING LARVAE TO THE WEST OF SCOTLAND IN THE AUTUMN OF 1972 

by 

Introduction 

A. Saville and D. W. McKay 
Marine Laboratory 

PO Box 101 
Victoria Road 

Aberdeen 
Scotland 

Acting on a request from the Liaison Committee of ICES the North 

Sea Herring A9 sessment Working Group met in December 1969 to consider 

the state of the herring stocks around Ireland and north-west of 

Scotland. The report of this working group recommended that, in order 

to use abundance estimates of herring larvae for future stock assess­

ments in this area, regular sampling should be initiated (Anon 1971). 

Surveys of this area were carried out by the Fisheries Laboratory, 

Lowestoft, in 1965 and 1971 (Wood 1971, 1973) and by the Fisheries 

Laboratory, Lowestoft and the Marine Laboratory, Aberdeen in 1972. 

These surveys in 1972 are reported here. 

Material and Methods 

The spawning area of autumn spawning herring in area VIa, as 

delineated by Wood (1971, 1973) was surveyed completely on two occasions, 

and partially on two occasions, in 1972. The first survey was carried 

out from the 5th to the 8th September by the RV Corella covering only 

the area north of 58°N. The remaining surveys were done by the 

RV Explorer, with two complete surveys in the periods 15th to 22nd 

September and 22nd September to 4th October, and a partial one on the 

5th and 6th October when the area sampled was very limited. On none 

of these surveys was any sampling done in the Minches. 
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Samples were taken and analysed in the same ways as in the North 

Sea larval surveys (Saville 1970). Densities of larvae, in numbers 

beneath one square metre of surface, were plotted and planimetered 

and total abunqances estimated as described by Saville and McKay (this 

volume) for the North Sea surveys in 1972. 

Results 

The results of the first survey, carried out in the period 5-8 

September 1972, are given in Figs 1 and 2. A high density patch, 

almost entirely of recently hatched larvae, was located north of Cape 

Wrath, with a secondary patch of much lower density north and west of 

the Butt of Lewis. These patches were almost completely separated 

from those found west and north of Orkney during the North Sea·larval 

surveys (Saville and McKay this volume). The estimated number of 

larvae <10 mm long was very high at 7 690 x 109 . The number of larvae 

in the 10-15 mm length range was low at 660 x 109 indicating that 

hatching had started fairly recently (Table 1). 

The numbers of larvae caught in the second survey (15-22 September) 

are shown in Figs 3-5. A patch of high density of recently hatched 

larvae was located west of South Uist with a second patch of much lower 

density north of Cape Wrath; there was again a clear demarcation between 

. 0 
the patches of small larvae west and east of the 4 W boundary between 

areas VIa and IVa. The estimated number of <10 mm larvae during this 

survey was 1 350 x 109 • Older larvae, 10-15 mm long and >15 mm long, 

were generally distributed at lower densities from Barra Head north­

wards along the western side of the Outer Hebrides and north of the 

Butt of Lewis and Cape Wrath, with the major concentration in the 

latter area where numbers up to 405 per square metre were found. The 

estimated total number of larvae in the surveyed area in the 10-15 mm 
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9 9 . and )15 mm length ranges were l 370 x 10 and 90 x 10 respectively 

(Table 1). 

The results of the third survey carried out from 22 September 

to 4 October are shown in Figs 6-8. Three major patches of larvae 

<10 mm long were found; the most important one was to the north and 

west of the Butt of Lewis, while subsidiary ones were located north 

of Cape Wrath and west of North and South Uist. The estimated number 

of the smallest size category of larvae was high at 2 410 x 109 • Older 

larvae were again widely distributed from Barra Head north to Cape 

Wrath, with the major concentration north of Cape Wrath extending east­

wards to the boundary of the survey area and west of South Uist. The 

estimated numbers of larvae in the 10-15 mm and >15 mm length ~anges 

2 140 x 109 and 81 x 109 respectively (Table 1). were 

The fourth survey, during 5 and 6 October, was of too limited 

extent to give meaningful abundance estimates. This survey, however, 

did indicate that there were still considerable numbers of recently 

hatched larvae in the area with a maximum density of l 014 per square 

metre (Fig 9). 

In neither of the two complete surveys was any substantial concen­

tration of larvae located to the north-west of Ireland and, from the 

results of the surveys in previous years reported by Wood, it seems 

likely that this was ¢1.ue to the 1972 surveys of this area being too 

early. This in turn would suggest that the timing of hatching in the 

northern and southern spawning areas within VIa may differ by as much 

as a month. 

Discussion 

It is difficult to compare directly the abundance estimates from 

the 1972 surveys with those of 1971 and 1965 reported by Wood as the 

timing of the surveys is different, as is the method of calculating 
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larval abundance. Wood (1971, 1973), when calculating larval abundance, 

multiplied the area between contours by the value of the lower one, 

whereas in this paper the area has been multiplied by the mean value 

of tbe boundary contours. Estimates from Wood's surveys, recalculated 

to make them comparable with those of 1972, are given in Table 2. From 

these data it would appear that the abundance of larvae in early 

September was considerably higher in the northern part of Vla in 1972 

than in the same period and area in 1971. No comparison can, unfor­

tunately, be made of the abundances between 1972 and the earlier years, 

over the area as a whole, as the timing of complete surveys was quite 

different. 

Because of the apparent difference in the timing of larval hatching 

in the two major spawning areas, to the north-west of Ireland and to the 

west and north of the Outer Hebrides, it is doubtful if any of the surveys 

yet carried out have been sufficiently extensive in time to give an 

adequate measure of larval production on which to base an estimate of 

the size of the spawning stock in Vla. The North Sea Herring Assessment 

Working Group using Wood's survey in 1965 produced estimates of the size 

of the spawning stock in the range 620 000 - 960 000 tonnes (Anon 1971). 

Wood (1973), basing his estimate on that of the North Sea Herring Assess­

ment Working Group from a Downs - Vla comparison of larval abundance, 

suggested that the spawning stock in Vla in 1971 was, as in 1965, of the 

order of 700 000 tonnes. 

These estimates of the size of the spawning stock in Vla are in 

serious conflict with those derived from virtual population analysis 

(Saville and Morrison 1973) on two counts: (a) that they suggest a 

spawning stock very considerably larger than those estimated from 

virtual population analysis and (b) they suggest little change in the 

size of the stock between 1965 and 1971 whereas the VPA would suggest 
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it had increased by about 50% between these two years. The explanation 

of the latter discrepancy probably lies in a change in the fecundity/ 

weight relationship in the VIa stock. In the earlier period the relation­

ship was F = -4 267 + 412.65w, in the latter one F = -3 556 + 307.l0W 

(Baxter unpublished information). No explanation for this change in 

the fecundity/weight relationship can yet be given. In the light of 

these discrepancies it seemed important to re-examine these estimates 

of stock sizes in VIa from larval abundances. 

In Anon (1971) estimates of stock sizes are given in the Downs 

and Central/Northern North Sea areas together with estimates of the 

larval numbers in the same areas and time periods. These data need 

considerable revision as some of the data on which the estimates are 

based have been modified in subsequent North Sea Herring Assessment 

Working Group reports, and because the estimates of stock sizes were 

calculated with an assumed M of 0.2 whilst all recent herring assess­

ments have assumed an M of 0.1. The adjusted values of stock size 

and larval abundance for these North Sea areas are given below. 

Area Period Catch I F M 
S,tock size Larval numbers (m tonnes) (m tonnes) 

' 9 l) 
Downs 1946-51 182 700 i 0 .4 0.1 580 473 • 824 X 10 

I : 
I 
I I I i 

1092) Northern/Central 1
1957

_60 
I 

490 000 ! o.49 I 0.1 i 896 318 · 3 585 X North Sea : 
l • ' 

: 
Northern/Central ! 1961-64 570 000 0. 53 • 0.1 952 393 5 745 X 10

92
) 

North Sea . 
1) 

All sizes of larvae 
2) 

Larvae <10 mm 
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Using the catch in numbers in Anon (1972) for the areas and time 

periods given above, and the mean weights per age group in the appro­

priate months and areas from the same paper one can calculate the mean 

weights of spawners in these areas and time periods. Using Baxter's 

(1959) fecundity-weight relationships one can then calculate the mean 

fecundities and the egg production per tonne of stock. Similarly these 

parameters can be calculated for VIa from the age compositions of stock 

given by Saville and Morrison (1973), Scottish weight per age data, and 

the fecundity-weight relationship given earlier for VIa. These para­

meters are given below. 

Stock Mean fecundity Fecundity per tonne 

Downs 1947-51 43 064 107 X 106 

Northern/Central North Sea 1957-60 82 193 195 X 106 

II II II II 1961~64 82 193 195 X 106 

VIa 1965 l 90 643 197 X 106 

VIa 1971 I 64 006 146 X 106 

Using these data the size of the spawning stock in VIa in 1965 and 

1972 can be estimated by comparison with the larval production and spawn­

ing potential of the stock in each of the three North Sea area/time periods 

from the relationship 

where S = spawning stock size in metric tonnes, F = fecundity per metric 

tonne, L = larval abundance, and the subscripts VIa and N.S. refer to 

areas. From this relationship, and using for VIa the numbers of larvae 



from the October surveys in 1965 and 1971, one gets the 3 estimates 

given below of the spawning stock in VIa in each of the years. For 

comparison, estimates are given of the biomass of the spawning stock 

in each of these years, derived from the virtual population analysis 

of Saville and Morrison (1973) by calculating the number of survivors 

of the stock at l January to the time of spawning, and multiplying by 

the mean weight per age group at spawning. 

Year 

1965 

1965 

1965 

1971 

1971 

1971 

Period/Area 
comparison 

' Downs 194 7-51 

Central/Northern 
N. Sea 1957-60 

Central/Northern 
N. Sea 1961-64 

; Downs 194 7-51 

I Central/Northern 
: N. Sea 1957-60 

Central/Northern 
N. Sea 1961-64 

I Estimated spawning 
I • • f 
:I stock size in VIa from 

larval abundance 
· (m tonnes) 

818 000 

227 500 

150 800 

l 020 700 

371 000 

220 500 

Estimated spawning 
stock size in VIa 

from VPA 
(m tonnes) 

231 700 

330 200 

The estimates from virtual population analysis and those from the 

comparison of larval abundance in VIa and in the Northern/Central North 

Sea is as close as could be expected from the nature of the data; the 

estimates from the Downs comparison are very much higher than the VPA 

ones. Several factors could be responsible for making the estimate 

based on the Downs comparison less valid. It may be s ignificant that 

this comparison is based on larvae of all size groups and not only on 

the smallest size group as in the Central/Northern estimates. Such a 
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comparison would not be valid if larval mortality rates in the Downs 

area and in VIa are appreciably different. They may be so; the eggs 

of Downs spawners are known to be considerably larger than those of 

the stocks spawning in September-October and this is thought to give 

them a greater capacity for survival (Blaxter and Hempel 1963). The 

fact that the Downs estimates are based on all size categories of 

larvae would also seriously affect their validity if the speeds of drift 

of larvae out of the surveyed areas were very different, although at 

this stage it is not possible to predict whether this would be likely 

to reduce or increase the disparity. 

A third factor which affects the validity of all the estimates 

from larval abundances is that they are based on a single estimate of 

larval abundance from each area which is made at or near the assumed 

mode of larval production. This is justified only on the assumption 

that the larval production curve in the two areas compared are the 

same apart from differences in the height of the mode. Too little 

is known of the shape of the larval production curve in any of the 

areas considered to make this a safe assumption; it is particularly 

dubious in area VIa where the rather limited data suggests that there 

may be two distinct spawning areas with quite different times of maximum 

larval production. It is hoped that more extensive sampling in this 

area in 1974 will provide better data for measuring larval production, 

as an index of spawning stock size. 
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Table 1. Estimated abundances of herring larvae on each survey 

in VIa in 1972. 

Survey No of Larvae x 109 
Date Area < 10 mm 10-15 mm >15 mm 

5.9 - s.9.72 N of 58°N 7 691 669 0 

15.9 - 22.9.72 55°N - 59°N 1 355 1 379 90 
22.9 - 4.10.72 55°N- 59°N 2 419 2 143 81 

Table 2. Estimated abundances of herring larvae on each survey 

in VIa in 1965 and 1971 (after Wood 1971, 1973). 

Date of Survey 
Larval Abundance Estimates (x 10-9) 

< 10 mm Total 

16.10 - 25.10.65 919 2 137 
8.9 - 9. 9. 71➔~ ? 3 267➔H~ 

16.10 - 24.10.71 996 1 977 

Incomplete survey. 

Approximately half in yolk-sac stage. 

Total 

8 360 
2 824 

464 
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Figure 1. Numbers of larvae <10 mm below 1 sq metre, 5-8 Sep 1972. 
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Figure 6. Numbers of larvae <10 mm below 1 sq metre, 22 Sep - 4 Oct 1972. 
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Figure 8. Numbers of larvae >15 mm below 1 sq metre, 22 sep - 4 Oct 1972. 
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Figure 9. Numbers of larvae <10 mm below 1 sq metre, 5-6 Oct 1972. 
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Fi gure 10. Numbers of larvae 10-15 mm below 1 sq metre, 5-6 Oct 1972. 
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Figure 11. Numbers of larvae >15 mm below 1 sq metre, 5-6 Oct 1972. 
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