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Introduction

“Ilerring stocks are lmown to show large fluctuations in the success of
their annual propagation,; as appears from the considerable changes in year—
class strength from year to year. The mechanism responsible for this fluc-
- tuating success of the different broods are not fully understood.

Among the factors, wvhich are thought to be responsible for the*fluctu-
ations in year-class strength year-to-year variations in the feeding condi-
tions of the larvae have been suggested (Hempel & Blaxter, 1963, llempel 1963).
In this concept the mortality in the larval stage or in part of the larval
stage is thought to be dependent on food.Ior plaice such a relationship has
indeed been indicated (8 Shelbourne, 1957). The availability of food for the
larvae is most likely apparent from their condition, defined as the length/

veight relationship.,
( weight )
length3

(llempel & Blaxter, 1963).

This study intends to give information on the condition factor of herring
larvae in the central North Sea in the years betueen 1957 - 1964. A small
amount of 1nformat10n on the condition of larvae in tne Downg area (southern
llorth Sea) is also provided. :

‘Besides infdrmation on the yecar-to-year variation in the condition of the
larvae, the variation within a seagon has been studied. The survival chances of
the  larvae due to feeding conditions might vary in the course.of a spawming sea-
son, If this were true, a short spawning season, as often occurs, vhen the stock
is low or is Dbuilt up mainly by a few age groups, wrould have fewer chances for
success. than a long spawning season in the case of . a large stock and many age
groups. ‘

~ Variations 1n'cond1f10n have been related to other factor 'in the spawning . -
arca or of the spaiming stock. ’

llaterial and llethods

The material used in this study has been derived from larval surveys, .
carried out in the central Horth Sea in the years 1957 - 1964 (1963 excluded)
and in the Dovms area in the years 1958, 1960 and 1961. The surveys in the
central llorth Sea took place malnly in' the' aprea of " the south-vest oldO of" the
Lawgerbanh, roughly between: 53 30' 1I.L. - 55°00' 1.L." and between 0°30' E.L. -
37°30' L.L. in the period between September — Hovember. In'the years 1957 - 1960
four surveys were made per season, in 1961 - 1964 only two surveys. In the
carly yecars the spawming scason in the ared:lasting from mid-September to the
end of October was fully covered.
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Ho attempt has been made to follow the larvac outside the spatming arca,
as the surveys verc mainly aimed at determining larval abundance.

In the Dowms areca only one survey” per season hag been carried out, mostly
in the first half of December.

The Sampling instrument employed in the surveys was a modified Gulf III-
gsampler, with a monel gauzec netting. lVhen sorting the larvae for weight/length
determination it was found that many uere damaged, presumably by the catching
operation. Undamaged larvac had to be“sclected from the samples. To obtain
sufficient numbers per size-group, larvac of all hauls of each survey were talen
together.

The larvae which werc fixed in a formaline solution of appr. 3 = 455 were
mcasured to the nearest mm. he velght uas determined as dry weight. Yolk
sac larvac wvere not used. : .

Dry weight has ' been détermined of groups of larvac of the same size, rather
than of individual larvae. The numbers in:.a group ranged from 10 to 100 appr.,
only in' the case of large larvae (15 mm) ‘numbers as low as 1 - 4 have been
ueighed. The larvae vere rinsed in. dlutllled uater, dried in a desiccator at
a temperature of 70  C and ‘ueighed to an accuracy of 0.1 mg. The condition
factor was obtalncL from mean dry welpht (mer ) x 1000 .

lcngth (mm3)

Condition factors

The results of the ucight/length aﬁ&i&éié:of the larvae of the central
Ilorth Sea are shown in Figure 1.

The Figurce shous (heavy line) the mean condition factor plotied against
the length of the larvae, combining the material of all years and all surveys.
It appears that initially the condition factor tends to decrease somevhat,
betueen 6 and 3 mm, i.e. after yolk-sac absorbtion, remains fairly constant up
to a length of 15 mm and starts to increase in the higher length-range. A similar
pattern has been described by Ilempel and Blaxter for larvac from.the Clyde
area. Changes in the condition factor. could be: cauﬁed by changes in bodj
proportlon or reilcct chanﬂeﬂ in body re erve ‘(“-~

Plﬂurc 1 al o pre cntu the condltlon fat:tor‘u for the dlffercnt years in
the -central Horth Sea, taklnm the larvae of all uurveyu together.'

The data of the individual.years chew in general the same pattern as de~
ceribed above far the mcan condition factor in r-lation to length. Beoides,
dlffcr necs between. the ydars arc indicated, though somewhat veiled by the
rathdd hl”h ‘variation between sizc-sroups.

In order to obtain a better evaluation of these betucen~years differences
Table 1 has been set up, showing the average condition factor per yecar for the -
length—groups 8 - 14 mm, thus in the. length—range, vhen the. condition factor
is fairly cong tant. This procedure has, the,, advantage that the numbers of ob-;,»
gervations in that length—range are quite numerou ' vhich .was not the case in
the length—group ‘over 15 mm. A comparison of the. larval condltlon in the -
length-range over 15 e has, therefore, been omltted . .

vy

Year ' ~ACondi‘_l:ion\ff‘ac‘i:i)i‘““ .. .. . . Humber of larvae. .
1957 Lo 054 e e T 1202 -

1958 0.155 o 1264'

1959 0.170 456

1960 0.183 556

1961 0.156 226

1962 0.132 394

1963 - o -

1964 0.153 290

Table 1. Conditiongs factors of herring larvae in the central lNorth Sea
September-llcvember, average for length-groups 0-14 mm, in the
years 1957-1964 (1963 excluded).



In four out of“seven years the condition factors are fairly similar at a
value of about 0.155, but in threce years the values uere rather different,
namely high in 1959 and 1960 and lou .in 1962, Testing these differences for
gignificance was difficult, as the condition factor has been determined. on groups
of larvac and not on individualg, wvhich prevents the computation of a variance.
It should be pointed out, however, ‘that from TFigure 1 it appears that the dif-
ferences in condition factor betucen mm—groups in the length-range studied, was
generally lou uithin a year, especially in the year with a lou or high condition,
vhich might suggest that the differences found are real.

The variation in condition factors in the course of the seagon in vhoun in

Table. 2, The values presented arc again averages for the size-groups & ~ 14
rm and.are shown for periods of half a. month.

Year o ' . Periuoad.

st half 2nd half 1st:half -ﬁi-j?an half 1st half
. SCptember A Septembg;_" chobebf:fsi : October ~ Ilovember
1957 0.133 0.219  TFI0A55 . et o ~0.090
(47) (42) (170).° - : | (33)
1958 - 0.168 0.152 0.157
E (91) - ... (636) . - .. (537) .
1959 - - 0.193 063 0,164 0.130
- B ) B € -1 ) B (245) (71)
1960 -~ o= 0T - 204186 0.173 10,133
Ten i e (150) s (206) (129) (1)
196177 U~ 00143 04169 - -
B R 1 N L) D
S (303) (91)
1964 “ - 0.145 ~ 0.158" -
_ Lo (113) () :

Table 2. Condition factors of herring larvae (8 - 14 mm) in different
periods of the spawming season in the years 1957 - 1964 (1963
excluded). Iumber of larvae in parentheces. :

The uvithin-year  variance in condition factor scems to be rather low-in
most of the years. This is remarlable, ac the valueg obtained at different
periods in a secason arc almost independent. During cach survey in a year a
different population of larvae has been sampled, presumably as the larvae

... are drlftlng out of the area and are growing out of the length—range considered.

One nlght say that in most years the period estimates of the condition of . the
larvae are ‘equally good to characterize ~the years condition factor. In one
year, houevcr, 1057, differcnces in the condition of the larvae in the course
of a ceason were indicated. In that ycar the condition was highest in the se-
cond half of September and very low in the first half of Hovember. In fact,
the low condition factor in the beginning of Illovember is at a level found by
Hempel and Blaxter for starving larvac.

This study gives therefore only a slight support for the hypothesis that
the survival changes of larvae fluctuate in the cause of a spawning season.

The material on Dowms larvae uac rather small. Thé condition?fédfbrs of
the Dowms larvae are chown in Table 3, again for the:length-range 8 - 14 mm.
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Year .. :T}il\;li ”;f “Condition factor . ﬁgéﬂumﬁer of larvae
1958 . ST 0u146 : Y
1960 0.170 119
1961 0.187 . 92

Table 3. Condition factor' of Dowmg larvae (8 - 14 mm) in- 1058 1960 and
1961 in December.

The condition of the Dowms larvac are not very different from those of
central Iorth Seca larvae, notuithstanding the fact the cggs of Dowms -
cspatmers arc about-twice as heavy as eggs of Dogger fish, namely appr. 18
mg/100 eggs for Dogger herring, against appr. 35 nﬁ/100 eags for Dovms figh.
Betueen yecars the condition factors of Dowmg larvae differed, probably sig-
nificantly.

Condifiohféf"héfrinﬁilarﬁae in relation to other factors

____Differencegs in the condition.of the. larvac are most lilkely determined

by the availability of food, of vhich no estimates were available. Temperature,

too, might have had an effect on the condition of the larvae in regulating the .
netabolic ratc and the activity, but no relationship can be found in the data,
supplied in Table 4. ‘

It is possible that competition for food betuecen the larvae hags played a
role. Therefore, the condition' of the larvae hags been compared uith larval
abundance in' the years studied. Table 4 demonstrates that no relationship
is available. It must be mentioned here that a slight correlation is detect~
able betueen the temperature in the spawning area and larval abundance. Lower
temperatures are found to coincide with higher larval abundance. This observ-
ation is interesting in the light of the correlation found by Postuma’ (this
Symposium) betuween temperature on the gpawming ground and rccruitment, However,
no clear relation existg betucen larval abundance and year-class strength, as
given in Table 4.

The condition factors are mogs t likely mainly determined by feced supply,
which will algo affect the growth-rate. Ilo relationship, hovever, could be
detected between the average length' of the larvae and the condition factors,
as appears from the data in Table 4. This might be due to the fact that the
length of the larvae is not only determined by the grouth-rate, but also by
the age of the larvae. The larvae caught in differcent years might have been
of a very different age, caused by a differcnt rate of transport out of the
sampling area under the influcnce of wind, etc.

Finally, as stated in the introduction, larval mortality might be parily
governed by food supply and, thereforec, by the conditions of the larvac. In
this concept a high condltlon factor of the larvac might lead :to successful
broed and a strong year-class, whereas poor feceding conditions ‘and-a lou con-
dition factor might result in a weal year-class. Table 4 shows an lndek for
rccruitment on the central lorth Sea spaiming ground». From a comparison with
the condition factorg of the larvae it is obvious that no clear relationship
is available, although the year with the highest condition for the larvae
produced the largest year-class.

2. b e a
Terperature  Larval Length Recrultment

Condition Uest Dogger’ abundance larvac (n3)
Year larvae’ at 20-30 fm. (x 109) (mn) (x 1000)
1957 0.154 13.1°C 232 3.3 2.0
1958 0.155 12.4 " 437 102 12,6
1959 0.170 15.4 " o7 8.9 0.7
1960 0.133 12.0 " 137 ' 10.8 21.8
1961 0.156 4.5 " 59 g.2 6.0
1962 0.132 13.3 " 93 101 141
1964 0.153 - 13.3 ¢ 52 - - 125 (6.1)

Por cxplanation of Table 4, please see page 5.



Table 4. Comparison of larval condition with '

(a) Temperature on the south-vestern slope of the Dogger Bank
O
in the second half of September, at a depth of 20 — 30 fm.

(b) Larval abundance, taking the average abundance of the sur—
veys in the pcrlod from half September to the end of Octo-
ber (number x 107)

(¢) Average length of all larvae caught during the surveys.

(d) Year-class strength of the spawming population in the Dogger
area, calculated as reccruitment as at three years of age
(numbers per day trauling of a 500 B.H.P. vessel).

Conclusion

The condition of the larvae in the ceniral and southern North Sea did
show a small variation from year to year, and in the course of a season in a
single year. In the period obgerved, i.e. up to about 1 - 2 months after
spavming (in the case of the central MNorth Sea, the main area sampled) the
differences in condition were certainly not striking.

The condition of the young larvae showed no relationship with the strength
of the year-class, vhich evolved from the larvae. Thus it seems that in the
case of autum-spayming herring of the llorth Sea the feeding condition of the
larvae up to 1 -~ 2 months after hatching is not critical for the success of
the year-class. Thig is not remarkable, as in the period investigated the food
supply of the larvae will in general still be rather good, following close
after the autumn plankton bloom. lloreover, between the early larval stages
and recruitment at an age of threc yecars lies a long period, in which the young
fish has to overcome probably several difficult events. In the study of Postuma
(this Symposium) it is suggested that year-class strength is at least partly
determined at an age of half a year, somewhere in the coastal uaters.

Therefore, the assumption, mentioned in the introduction, that the food
supply and thus the condition of the larvae would determine, to a larve extent,
the success of a year-class is most likely incorrect, at least for autumn-
spatming herring of the Iorth Sea.
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fig.1 Condition of herring larvae in the central North Sea for the period 1957-1964

( 1963 excluded ).Graphs showing condition plotted against length of larvae (mms)
for each year and the mean value for all years,



