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ABSTRACT
A survey was undertaken in June 1972 to investigate the dlstrlbutlon and

‘abundance of pelagic fish eggs and larvae in the central ond southern North Sea.

' The results are presented as a series of charts contouréd at different levels of

density for sprat,. nackerel, horse mackerel -and Dllchard - The totul numbers of o
eggs -and larvae are determined-for each species within ‘sub-arcas and ovcrall._
Assessments of spawning stock size are. made for sprat, mackcrcl and horsc mackerel..
INTRODUCTION - ' ' ' o :
Thiswsurvey was- undertaken by the research vessel CLIONE betwéenzu?;GZJune andu'

19-27 June 1972. - It was designed to investigate the distributionfono abundance of
eggs and -larvae of. pelagic fish soec1es (pr1n01ually sprat and’ mackerel) over the :
central.and southern.regicn of the North Sea, correspondlnp with ICES sub-areas IVb
and. IVe, and covered an area between the linits 52° and 57°N. It was also oomblned '
.with a survey to determine the distribution and abundance of O- group gad01ds using h
a Boothbay sampling net. The basic station grid was constructed. around a framework
of 30' latitude x 30' lenzitucde, which resulted in'stations soacod about l7 nautlcal
. miles apart:on:the. east-wes tlegs, with a north-south sepuratlon between these le

of 30 nautical miles. - However, in scme aréas sampling frequency was 1ncreased by

the .interpolation of additional stations,’ partlcularly off the northeast coast of

England and the Wash, R ' .

A .total of 193 plankton 'stations were worked USlnv a ‘fibreglass bodied hich speed
townet, 50.8 cm in diameter, which was fitted with 2 ncsccone posse551nu an 1ntake -
aperture 20.3 cm . in diameter. Internal and external flowmeters were attached and
the filtration net was of nylen gauging 23.62 meshes to the centimetre. ' .

~Double cblique tows from the surface to within about 6 m of the bottom uere made
at each staticn with the vessel's speed maintained at 5 knots. Fish eggs and larvae

were picked out from the samples, identificd, and the numbers raised to the equivalent
<
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beneath 1 m2 of sea surface using the ancillary data for each tow. The densities .

were then plotted on charts and cdntoungd by logarithmic intervals. Appropriate
keys to identify the density ccntour levels are shown in each chart.

In order to better nomware the relative distributions of eqg and larval
abundance over the survey renlon it was d1v1ded into smaller sub—areas, as shcwn B
and named-in Figure. l... Within each of’ these the total numbers of egss Qnd larvae i
for each species was estimated by planimetering the areas within each den51ty range
and raising by average density to give total numbers. The results are summarized
in Table 1. Using the fecundity data available, very approximate estimates of _
spawniny stock sizes were then determined for sprat, mackerel and horse mackepel’
RESULTS
Sprat (Spratitus sprattuo) o _

The eugs (Flﬂure 2a) were dlstrlbuted over a wide area of the central North
Sea w1th Qeveral more locallsed higher density patches in.evidence. Some of these -
are in the general proximity of winter fishing locdli;ies?ialthough_the latter are
extremely . loéaliséd compared.with the spawning fish distributicns. Spawning was at
a ﬂenerally lower denSLty in the Southern Bight and confined mainly to the western
half. A partial northern bounuary was evident to the north and northeast of the
Dogger Bank reglon, but wlth the contcurs remaining open to.the east and west.

‘ Table 1 shows that ‘the maximum egy populations were within the northeast coast
of England (36%) and Scottlsh east coast (24%) sectors.  The larval distributions are
glven on the ba31o of size greupings, nnd the sma llést, 3-5 mm in length (Figure 2b)-
shewed a 81mllar dlatrluutlon to that of the eggs. At the environmental temperaturcs
grevallln" (11-13 °C) the eges should have hatched in about 3-4 days and this.distribu-
tlon of smallest larvae does relute to the spawning patches shown in Figure 2a.

' Max1mun numbers (48%) were w1th1n the Dogtger sector, followed by the German
BiJht (20") and eastern half of the Southern Bight (17%) (Table 1). The larger size
groups (Fl&urcs 20 and Q) tended to be malnly distributed within a band:extending
between ‘the Southern and Gernan Blrhts within the scutheastern half of the survey .
area, ani showed reduced densitites towards the English coast. In the 5-9 mm and .-
10-14 mm size groups the castern half of the southern North Sea and German Bight
séctor accounted fur abcut 68% of the total numbers (Table 1). Distribution charts’
for the larger larvag are not given, but in the 15-19 mm size group the southern North
Sea and German Bight sectors accounted for about 38% cf the total (Table 1). The
distribution of larger larvae was generally in marked contrast to that of the smaller
ones, with a shift in the centre of abundance towards the Southern Bight-German Bight

axis. ~Lervae in the ulZC range, 20-24 mm were only caught in relatively small numbers



at a few stations, and 75% of the total were within.the. western half of the southern
Nerth Sea (Table l).. The distributicn.of the sprat by-catch taken during the ICES
Young Herring Surveys in the month of February 1972 (originally analysed.in Jchnson,
1974) is shown in Figure 3. This distribution is incomplete:because at the time of
the survey a large proeortlen of the total pcpulation was ‘still confined to very
lOC&llZLd overwintering areas inshore and these regicns were-not adequately covered
by the sam*)l:mfr n031t1cns on the survey.- .The contoured densities are expressed as
numbers aer heur flShan with the bottom herring -trawl. ..There are a number of:
31m11ar features between thlS distribution and that'of the eggs (Figure 2a),:
particularly in relation to the northern boundaries and the generally lower densities
over the shallower parts of  the Dogger region. - However, the' fact -that the two
dlstrluutlons do not match in precise detail is hardly unexpected in view of the 4
month 1nt°rval between the surveys.

‘ The ﬁeneral yattern of distribution shown by the smaller larvae (< 10 mm) in
lJune 1972 (Flgures 2b. and c) is very similar to that shown as typical- for June by
Bainbridse et aZ (1974) This was determined from material collected by the-
Continuous Plankyon Reccrder (CPR) over the period.1948-1967. Although«thieiﬁas )
only identified as 'eluﬁeids' it was assumed to have been predominantly sprat.

. In February 1973 a very extensive and dense concentraticn’of the 1972 yearclass
-was locatea as O-group: fish by research. vessel 'in' the coastal-waters necar Flamborough
Head (Johnson and Hulme, 1974).‘,It is of .interest -to note that this concentration
area would not have been predictable from the larval distributions recorded in'June
1972 when larvae were noticeably absent frcm the immediate coastal waters of this
: re"ion; The nearest high density patches were then centred about 30-40 nautical
mlles nertheast of Flamboroubh Head and the inshore concentration of O—;rouw flSh
must have built: up later in the season. Cor i '
Mackerel (Scomber scombrus)

‘The eggs (Fl qure 4a) were mainly found within a broad band extending adross the

Ncrth Sea frcn the FlSth Bank and German Bipght arcas tcwards the northeast coast of
Enbland ‘ . o
The IéES Report of the Mackerel Working Greup for 1974 reproduces anregg distri-
bution chart (Figure u4b) covering the northern Horth Sea (ICES regien:IVa)'relatiﬁg
to a survey undertaken between 22 June-6. July 1972 Ly Iversen (1973). The area
covered Jth overlapped w1th the .northern limit of the CLIONE survey, although there
was a time 1nterval of 2-3 weeks between them. It is evident that egg dens itics were

generally much higher on the later survey.



The larvae (Figure UYc) were -mainly cenfined to the east of the Dogger Bank and
within the German Bight, these secters acccunting for 84% of the total number
(Table 1).

The average .pattern of mackerel larval distribution for June as shown by
Bainbridge et al (1874), also determined from CPR samples over the period'19u8-1967,
showed that the larvae tend to be relatively more abundant over the western half of
the central Ncrth Sea in this .month, whereas the results of the June 1972 surQey
showed -them to be relatively more abundant over the ecastern half. The CPR results

also suggested that peak larval production was attained during July.

_Horse Mackerel (Trachurus trachurus)

The distribution of eggs (Figure 5a) shcwed spawnihg to be mainly confined to
the southeast of a line between the Wash and Jutland coast of Denmark, with moderate
densities throughcut most of the German Bight and higher density patches to the sout
of the Dogger. However, the main:spawning appeared to be within the Southern Bight
and towards. the eastern side; but the southern limits of spawning were ﬁo% ébvered.
These are shown in the surveys analysed by Macer (1974) and Wallace and Pleasants
(1972). The eastern half: ofithe southern North Sea accounted for 49% of the fotai
egys, whilst the Dogger and German Bight sectors acccunted fer a further:28%.(Table 1).

‘The larval distributions -(Figure 5b). were much more restricted and were mainly

within the Scuthern Bight and southeastern corner of thc German Bight, with 97% ‘of

the total number within these two secters (Table 1).
Pilchard (Sardina ptlchardus)

_The ezgs (Figure 6) were restricted to the eastern half of the Southern Bight
where they extended in a rather..narrow band along the Netherlands ‘coast from Texel to
the Schelde estuary. The larvae (not shown) were mainly confined to a small patch
just off the Schelde, although, as with horse mackerel, the southern 11n1ts of spawn
wera not covered, ‘ ‘ ’

. Previous surveys (Wallace and Pleasants, 1972) have shown the northern’limits of

. pilchard spawning to be-within the Southern Bight and the results of the June '1972

survey are in accord with this, although Aurich (1353) noted the occurrence of pilchard

- eggs within the German Bight over the period 1949-52,

ESTIMATION OF SPAWNING STOCK SIZES
There arc cbvicus difficulties in attempting to estimate the size of a spawning

population frem the results of a single survey since it is not possible to employ

the usual methsd of constructing a total egy production curve and relating this to

the total number of spawners through the average fecundity. However, in the case of
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serial spawning fish such as sprat, mackerecl and herse mackerel, where eggs are
spawned in discrete batches and with~ripéhing,periods between successive batches; .
it should be possible to assess the spawning stock size nccessary to account for the
total number of eggs recorded con a single survey.  Such an estimate is likely to be
a minimal cne since, cven if the survey is undertaken at a time of peak spawning:
activity, it seems unlikely that all the potential spawners will be active simultan—
eously particularly in thu case of a oyec1es whlch has a very thcnded season (uuch
as’ syrat). The method uoeg in this assessment required 1nformat10n on eg batch
size, the rela ‘ticn of thls to length cor Wbl"ht of fish, the : verage size of flSh in
the syawnlng ponulaticn, sex ratio, elg uevelornent‘tlme and e:zg mortallty rate._ It_
was found that the>backvround data avallgble were rather limited, and in cases wﬁere
they were cntlrely lacking reascnable assumﬁtlons had to be’ nade. chertheless the
results of thesc assessments and the paramcters used in arriving at them are summarlsed
in*Table 2, which also includes an estimate of u‘,awnln\ stock for the Norweﬂlan mackerel
egg survey in the northern North Sea. The sdurces for the various data used are
summarised by species ‘and type of 1nformatlon below. The sex ratio was assumed to be
1:1 for all species. ‘
SPRAT
Egg batch/31ze/fecund1ty/lenwth or weight (Heidrich, 1925 Pectrova 1960 de Sllva
1973). Evg uevelopment time (Cunningham, 1896). »
Mortality rate in the ege stage (Grauman and Polivaike, 1375). Average iée of
fish in the spawnln" ﬁopulatlon’(ICES Young; Herring Survey, February 1972 and length
distribution in the German Industrial Fluhery in 1972 Tiews, 1974).
MACKEREL L
Egg batch 31ze/fccund1ty/lenpth (Biéelow énd‘Welsh 19253 Sette 1943; ahd Maéé;,
unpuullshed data) Duvelokment time and mertality rate in the euo stage (Setfé; 1543).

Averase size of fish in the spawning population (ICES data shects of mackerel l;ngth

'zdlstrlbutlons taken by Dutch trawl in the ccntral and northern North Sea in the second

quarter of 1972'- the cstlnnte excluded all flSh bglow 30 cm in length).

. HORSE 'MACKEREL

Egs; batch size/fecundity/length (Macer, 1974 end unpublished Hata){ Egg develcp-
ment\timéé*and‘aVCPa"e size of fish in the bopulationlwere those used by Macer in his
1874 assessments. The ncrtality rate in the cﬂﬁ tageAwas not known and assuned to be
the samé as mackercl. - . | -
CONCLUSIONS

The results of the June 1972 survey showed that at that time sprat and mackerel
crovided the largest populaticn of cggs in the central North Sca. The sprat were

probakly near their peak spawning activity, whereas the mackerel (as shown by the



results of the Norwegian survey undertaken 2-3 weeks later further 1orth) had

probably not yet attained their peak level. Horse mackerel spawning was mainly
confined to the southeastefn part of the North Sea and showed its highest abundance . .
in the Southern Bight. However, the southern limits of its spawning were not covered.

{ This also applied to the pllchard whose egys were Tound cnly towards the southern:
|

limits of the survey areca.
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TABLE 1 An analysis by sectors of the total numbers of eggs and larvae
.recorded for each pelagic species during the June 1972 survey
SECTOR SECTOR ARCA SPRAT (o x 10°°)
(m” x 10 9)
LGGS LARVAE (mm length groups)
(x 1079) 375 5-9 10-14  15-19  20-24
E coast Scotland 33.18 6,568 182 65 49 5 0.
‘ (12.5) (24.4) “(1.7)  (0.4) (0.8) (0.7
NE coast England 33,93 9,671 656 550 232 15 0
_ (12.8) (36.0) (8.1) (3.3) (4.3) (2.0)
Hash 12.97 3u2 49 47 3 1 0
(4.9) (1.3) (0.5) (0.3) (0.1) (0.1)
S North Sea (West) 16.67 1,390 412 1,006 788 180 33
(6.3) (5.2) (3.9) (6.0) (1u.8) (23.9) (75.0)
S North Sea (East) 21.83 1,589 1,814 4,610 2,024 304 L
(8.2) (5.9) (17.2) (27.3) (37.8) (uo.u4) (9.1)
Doger 42,08 2,898 5,031 3,284 416 66 4
(15.8) (10.8) (47.3) (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) (u0.2) (30.3) (23.4) (2.3)
Gut-Fisher Bank 40.56 552 37 2 g 0 1
(15.3) (2.1) (o.4) (@) (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 uu
{n) = % distribution between sectors
/Continued
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TABLE 1 (continued)

SECTOR - SECTOR AREA MACKEREL HORSE PILCHARD
A (m2 % 1079 MACKEREL. -
EGGS  LARVAE EGGS LARVAE EGGS LARVAE
(x 1079) (x 107%) (x 107°)
E coast Scotland 33.18 406 0 0 o0 0 0
f ‘ (12.5) (1.8)
NE coast England 33.93 4,268 80 3 0 0 0
o (12.3) (I2.2) (3.2 (@)
Wash 12.97 - uy 2 20 0 0 0
' ‘ (4.9) (1.2) (0.1) (0.2)
S North Sea (West) 16.67 . 671 10 2,283 287 0 32
: . (6.3) ©(3.0)  (0.4) (21.7) (18.7) (23.6)
S North Sea (East) 21.83 805 129 5,190 838 48y 123
: : (8.2) . (38.5) (5.2) (49.1) (58.4) (100.0) (76.4)
« P
Dogger . 42.08! . 8,306 1,107 1,106 . 45 0 0
: (15.8) (36.6) (44.5) (10.5) (2.9)
German Bight 34.64 4,264 1,001 1,836 308 0 0
i o (1a.0) - (18.8) (n0.2) (17.4) (20.0)
Gut-Fisher 'Bank  40.56° ' 1,132 14 0 0 0 0
~ ’ (15.3) (5.0) (0.%)
Jutland = . 29.98 2,790 AL 117 0 0 0
: . (11.3) (12.3)  (5.8) (1.1) :
Grand totals 265. 84 22,686 2,487 10,560 1,538 484 161

(n) = % distribution between sectors
v - . ! :

p-—



TABLE 2 Estimates of parameters used to calculate the total weights of the spawning populations of sprat, mackerel
and horse mackerel in the North Sea during June 1972

Total -

Species Mean - Mean Total Total HMean Total weight Raising Corrected
nurber length batch  number number weight of spawning @ factor to  total weight
of eggs of ¢ size of ¢ of ¢+ 9 of population allow for of spawning

spawners spawners spawning - mortality  population
fish - in the egg
. stage
=9, -6 -
(10 73 (cm) (x 10 ) (x 10 (gms) (tonnes) (tonnes)

SPRAT - , ; o :

(Sprattus sprattus) 26,863 12.4 f‘ ' 2,500 10,745 .21,490 15 322,356 R 1,6 515,770

HMACKEREL -

(Scomber scombrus)

i, S'of 57% 22,695 34,6 31,670 716 1,433 384 550,137 ‘x 1.2 660,164
ii,® N of 57°N 18,352 34.6 31,670 570 1,140 384 437,764 'x 1.2 525,317
HORSE MACKLREL |
(Trackurys trachurus) 10,580 29,5 48,370 218 436 231 X 1.2 121,020

100,850

“Determined from Iversen's (1973) egg distribution chart
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