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The effect of temperature in the gspawming and nursery areas on

recruitment of autumn~spaiming herring in the North Seh

by

K.H. Postuma

1. Introduction

Year-class strength is considered to be largely dependent on the survival
in the different stages of the life of the young herring, from the eggz stage
onwards. The factors governing this survival during the different stages of
life may as well be biotic' (predators, diseases, suitable food) as abiotic
(temperature, salinity etc.). Within certain unknowm limits recruitment strength
seems not to be determined by the egg—production of the parent stoclk. -

Blaxter and Ilempel (1961) studied the success of the hatching and the sur-
vival of herring eggs and larvae under different controlled conditions,
Blaxter (1956) shoued (Figure 1) with eggs of autumn-spavming herring at tem-
peratures ranging from 5.5 € tv 14.5 €, a significant effect on the hatching
success: at low temperatures the percentage hatched is sigmificantly lower
than at high temperatures. For spring-spawming herring Blaxter (1956) showed
a highly significant negative reclation betwecen temperature and the hatching
rate, within the same temperature range. The results of the experiments on
the spring-spawming herring were confirmed by Ilempel and Blaxter (1961) with
eggs of continental spring-spavming herring (Kiel, Cuxhafen).

The experiments mentioned indicate that temperature conditiong during
spatming time on the spawming grounds may well be cne of the factors directly
controlling the success of recruitment.

This paper aims at investigating the relation betueen the spawming tem—
perature and the subsequent recruitment of the autumn-spaiming herring at the
Doggerbanlt and in the Straits of Dover and English Channel. In addition, the
cffect of temperature conditions in the nursery areas on year-class strength
of the mentioned populations has been studied. lloreover, the egg-production
of the Dogger— and the Dowms-—-stocks which might also affect year-class strength
has been taken into account.

2. llaterial and methods

A. Recruitment data

The data of the Bank-stock (Table 1) are arrived at by analysis of the
catch and catch-statistics of the Delgian and Dutch trawl fishery on spawming
herring of the Doggerbank., The recruitment strength as at three years of age
of the different year-classes, is calculated as the mean number of herring
caught per day Ly a standard trauler of 500 B.H.P., using estimates of age-
groups four and five only.
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Table 1. Recrnitment Dogger herriﬁg year-class 1947 - 1962

Year-class R3 x 1000 loz. Year-class R3 x 1000 log.

1947 14.6 - 2.16 - 1955 14.8 2.17
1948 .. 7.0 1185 -~ 1956 37.3 2.57
1949 1.7 2,07 1957 2.0 1.30
1950 f 5.9 177 ~1958 12.6 2.10
tos1 - 6.7 1.83 1959 0.7 0.84
1952 . 23.5 2,37 1960 21.8 2,34
1953.. 43 1.63" 1961 6.0 1277
1954 6.3 1.03 1962 . . 141 2.15

ot
Year-classes 1947.— 1953 from Belgian trawl fishery.
Year-classes 1954 — 1962 from Dutch  trawl fishery.

. ) t |
" Data for the recruitment of thé Doums-stock (Table 2) are derived from
the routine sampling of drift-net caught herring in the southern North Sea
(Bast-Anglia, Burd 1966). This herring is considered to be identical with
the herring spawning oun.the’grounds in the Straits of Dover and the English
Channel.

Table 2. Recruitment Dowhs kerring

Year-class  R3 x 1000. log.  Year—class  R3 x 1000 log.

1925 3.6 0,93 1945 40.9 1,61
1926 19.1. 1,28 . 1946 44.3 1.65
1927 161 1,20 1947 22.6 - 1.35 .
1928 10.0 1.00 1943 25.5 141
1929 35.5 1.55 1949 26,8 1.43 -
1930 8.3 0.92 1950 31.5 1.50
1931 -+ 260 1.42 1951 21.8 1234
1932 24.8 1.39 1652 10.9 - 1.04 -
1933 13.1 1.12 1953 32.1 1.51
1934 C43.7 1.64 - - 1954 24.3 1.39 .
1938 291 1,46 1955 2.5 0.93
1939 15.0 1.18 1956 18.0 1.26
1940 27.9 1,45 1857 3.0 0.90
1941 23.9" 1.38 1953 13646 1.56
1942 35.9 1.55 1959 3.0 ..0.48
1943 18.2 1.26 1960 . 18.0 1.26
1944 27.1 43 1961 16.8 1.23 -

B. Temperature data a ) e e e

B

Doggerbank (Table 3)

This set of data is arrived at from observations- of bottom—temperatures
by research vessel on the spawning grounds at 20 — 30 fathom depth, the places
where the major spawning seems to ocour in' the second half of September.
Additional data--are dexived fyom the I.C.E.S. Hydrographical Bulletins.

Table 3. BRottom temperatures on the Doggerbank, 20 ~ 30 fathoms.
2nd half of September,

Year t°¢ - Year +°¢
1947 §13;5; 1954 1224
A A
1950 §13§1§ 1957 131
1951 (12.8) 1958 . 1244
1952 (12.9) 1959 1574
1953 (13.6) }gg? . 12;8

201 4.5 -

1962 13.3

The temperature data in paranthese are based on less than three observations.



Sandettie — Channel (Table 4)

A complete set of data of bottom-temperatures on the different spawn-
ing places in the southern North Sea and Inglish Channal was not available.
As representative for the temperature conditions on the spawming grounds in
December, the surface temperature in December is choosen on the position of the
North-Hinder lightvessel (51°39' N.L. - 2°34' E.L.).

It is, however, realized that direct observations during the spawning time
on the spawming grounds proper are far more desirable.

Table 4. Sugface temper%ture in December on the posgition
51738 #.L., 2°34' E.L. of the North Hinder lightvessel.

Year tOC Year tOC

1925 7.3 1944 ( 9.8)
1926 3.7 1945 ( 9.2
1928 9.8 1946 é 9.0
1929 10.5 1947 10.5
1930 9.9 1948 9.9
1931 8.3 1949 10.3
1932 3.7 1950 9.0
1933 7.6 1951 11,0
1934 11.0 1952 8.7
1935 9.0 1953 11.2
1936 S 1954 10.7
1937 9.5 1955 9.6
1938 10.0 1956 9.2
1939 ( 9.6) 1957 9.2

1940 ( o.7) 1958 10.0
1941 ( 9.7) 1959 11.0
1942 (10.4) 1960 10.4
1943 ( 9.6) 1961 9.3

The data are the monthly means of the daily observations. The data in paren-
theses are calculated by the regression between the air temperature in Den
llelder and the orth Hinder sea-temperature.

Hursery areas (Tables 5 and G)

As representative for the temperature conditions in the nursery areas
in the spring and summer months, the observations of the surface‘tempergture
in April and June on the position of lightvessel Texe% (53 02¢ I-.T.L6 - 422!
E.L.) and April and August of the Vyl lightvessel (55°24' H.L. - 7 34' E.L.)
have been chosen.
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Table 5. uurface temperature in' April and June on the position
53 02' N.L., 4 %221 &, L., of the Texel lightvessel.

Year April June Year April June
1925 7.3 13.4 1946 7.1 13.5
1026 8.4 13.2 1947 5.6 15.6
1927 8.3 12.7 1943 8.1 1424
1923 T.4 12.6 1949 7.0 13.5
1929 4.9 12.0 1950 7.8 14.0
1930 7.2 13.7 1951 6.7 1314
1931 6.3 12.1 . 1952 6.7 13.¢
1932 6.6 12.9. 1953 6.6 13.5
1933 7.6 13.8 1954 6.0 13.5
1934 5.6 12.9 1955 5.0 1.4
1935 7.2 13.2 1856 5.3 12.2
1936 7.1 1324 1957 3.6 13.7
1937 7.3 13.9 1958 5.1 12.5
1933 7.5 13.0 1959 7.5 14.1
1939 7.6 13.8 1960 6.9 13.6
1940 6.4 14.4 1961 8.5 14.0
1941 5.9 13.0 1962 5.7 1.9
1942 5.6 12.9 1963 4.1 1224
1943 3.5 14.3 1964 5.3 1344
1944 4.9 12.8 1965 5.6 12.3
1945 8.7 14.8 1966 6.6 13.7

The temperature is the monthly mecan of the daily ohservations. The data in
parentheses are calculated by the regression betuecen the air-temperature in
Den Helder and the sea-surface temperature at Texel lightvessel.

Table 0. uurface temperature in April and June on the position 55 24' .L.,
7 34' L.L. of the Vyl lightvessel.

Year April Aurugt Year April Mugust
1946 4;7 16.6 1957 6.6 1640
1947 .0 181 1958 2.9 16.3
1948 7 0 16.7 1859 6.2 18.1
1949 5.5 15.4 160 4.8 16.2
1950 6.2 17.5 1961 7.1 15.6
1951 5.0 16.3 1062 4.9 15.3
1952 4.7 16.3 1963 31 16.4
1953 5.1 16.7 1964 3.6 157
1954 4.2 15.6 1965 4.7 15.8
1955 3.5 171 1966 3.9 15.9
1956 3.5 15.0
The data are published in the "Annales Bioclogiques™ by . Thomsen (Denmark).

C. Correlation

Recruitment data of the two stocks have been correlated with temperature
conditions during the incubation time of the eggs on the spawning grounds, and
with the temperature conditions during the spring and autumn (in the nurseries)
during the first year of life., lVhen possible partial and multiple correlation
coefficients between recruitment and two factors were determined. Recruiiment
data have been log-transformed to get normal distributions.
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3. Results

A. Correlations recruitment Dogger (Table 7)

" The temperature and recruitnent data for 1954 - 1962 are the most reli-
able, being based on nurseries observations., It is apparent that recruitment
and spawming temperature are correlated negatively, both single (r.01) and
partial correlations (r.01/2, r.01/3, r.01/4, r.01/5) are significant,

Of the cingle and partial correlations betuecen recruitment and tempera-
ture in the nurseries, only those betueen recruitment - April temperature Vyl
(r.04) and the recruitment — April temperature Vyl excluding the August tempe~
rature (r.04/5) are nearly significant.

The multiple correlations between recruitment - gpaiming temperature +
temperature nursery are all significant; it should be noted that the relation
recruitment - spaiming temperature + April temperature Vyl (r.0.14) is the
highest. ' :

The 1946 - 1962 set of data is merely used to confirm the phenomena appa-
rent in the 1954 - 1962 data. The same correlations appeared to be significant
but in addition the partial correlations between recruitment April temperature
Texel, without the effect of June temperature Texel (r.02/3) and recruitment -
April temperature Vyl, without the' influence of Vyl temperature Auvgust (r.04/5),_
were both positive and significant.

It may be concluded from these data that the recruitment strength of the
herring spawming at the Doggerbanl: is largely determined by the temperature
conditions during the spavming time in Sepiember on the spaiming grounds and
by the tempzraturc conditiong prevailing in the nurseries in the first year of lifle,
in April.

Relatively low temperatures in September:on the spawvming positicong, and
relatively high temperatures in April in the nursery arcas are in favour of a
good recruitment of the Dogger herring.

Table 7. Correlations recruitment Dogger 1947 - 1961, 1954 - 1962.

Single 1947-1961 sifm 1954-1962 sign
r.01 = -0.7335 plox -0.7719 s
r,02 = +0., 4801 — +0.2755 —
.03 = +0.2397 _— +0.1339 -
r.04 = +0.5%29 b +0.5535 —
r.05 = +0.0760 — ~0.0572 -
Partial . ,

r.01/2 = -0.7568 Pt -0.7544 =
r.01/3 = -0.7544 o ~0.7673 =
r.01/4 = -0.38092 blod -0.8522 plad
r.01/5 = -0,7350 P -0.7961 x
r.02/1 = +0.5369 x +0.1223 -
r.02/3 = 40,5374 x +0.3135 —
r.03/1 = +0.3477 — +0.0234 —_—
r.03/2 =  -0.3500 — ~0.1078 -
r.04/1 =  +0.7130 ' e +0,6371 -
r.04/5 = +0.5942 x +0.5625 -
r.05/1 = -0.1041 —_ -0.3116 —
r.05/4 =  ~0.1051 - ~-0.1323 —
Iultiple : ,

r.0.12 = 0.8209 oy 0.7759 x
r.0.13 = 0.7706 powd 0.7720 x
r.0.14 = 0.38803 e 0.9000 piod
r.0.15 = 0.7369 iz 0.7764 e

Table continued...



Table 7 (cont.)

Serie n significance -af 5 9 (x) 1% (5x)

1947-1961 15 14 0.4770 0.6230

1954-1962 9 13 0.5140 0.6410
8 0.6320 0.7650
T 0.6860 0.7980

0 = recruitrent, 1 = spauning temperaturc, 2 = Aprii temperature Texel,
3 = June' temperature Texcl, 4 = April temperature Vyl, 5 = August tempera-
ture Vyl.

B. Correlations recruitment Douns herring (Table 3)

The cet of temperature and recruitment data from 1925 until 1961 can be
divided in pre-war (1925-1939) and post-var material (1946-1961). Of the
single correlations in the 1926-1939 set only the correlation recruitment -
June temperature Texel (r.03)'is significant and the positive relation recruit-
ment ~ December temperature H.llinder (r.01) is nearly significant.

Of the partial correlations, the rclation recruitment — June temperature
excluding the effect of the December temperaturc (r.03/1) and the relation
recruitment - spaiming temperature without the influence of the April tempera-
© ture (r.01/2) are both significant and positive. The latter is caused by a
negative correlation between the December temperature ant 1. linder and the
April temperature in the following year at Texel lightvessel. The multiple
correlations betueen recruitment-spaiming temperature and April temperature
Texel (r.0.12) and recruitment-spauming temperature + Junc temperature Texel
(r.0.13) are both significant. The 1925 — 1961 data largely confirm the re-
lations found in the 1925 - 1932 set of data. The partial correlation between
recruitment - April temperaturc, c¢liminating the influence of the December tem—
peraturc (r.02/1) has become highly significant,

The data for 1946 - 1961, houever, do not show any of the herefore mentioned
relations.

From the Dowms data we may conclude that recruitment of this population
before 1940 was influenced by the temperature conditions on the spawning grounds
and by the temperature conditions in spring and pre-summer in the nursery
areas during the first year of life. Relatively high temperatures in both
the spawming and nursery areas uere in favour of a successful recruitment.

The inverse rclation between the December II. llinder temperature and the
April temperature at Texel masked the effect of the spaiming temperatures on
recruitment.

The failure of the correlations after 1946 uill be discussed in the next
chapter,

Table 3, Correlations recruitment Downs 1925 - 1939, 1946 - 1961, 1925 - 1961.
Single 1925-1939  sign  1946-1961 sien  1925-1951 sigm

.01 = +0.4788 —_— +0.0455 — +0.2541 _—
.02 = +0.2996 -— 40,1819 —  +0.2641 —
r,03 = +0.5239 b +0.3650 — +0.4429 =
Partial , :
r.01/2 = +0.5649 x +0.0550 —  +0.4994 xx
r.01/3 = +0.4761 —  -0.0430 —  +0.1572 _—
r.02/1 = +0.4425 - +0.1874 . — . +0.4838 P
r.02/3 = +0.1199 — 4023446 ~— . 40,1266 —
r.03/1 = +0.5266 x +0%3547 —  +0.3765 =
r.03/2 = +0.4600 ~—  +0.1302 —  +0,3392 x
Iultiple | : .
r.0.12 = 0.6166 x 0.1898 - 0.5476 I
r.0.13 =

0.6654 ot 0.3673 —_— 0.4600 x



Table 3 (cont.)

Serie n

1925-1939 16
©1946-1961 12
1925-1961 28

Significance d.f 54
x o
27 0.3670 0.4700
26 0.3740 04730
15 0.4820 0.6060
12 024970 0.6230
11 0.5520 06840
10 0.5760 0.7030

0 = reeruitment, 1 = December temperature II, Hinder, 2 = April temperature
Texel, 3 = June temperature Texel.

4. Discussion

A. Necruitment — spaiming temperature

In the introduction the experiments of Blaxter and Hempel on hatching
success of eggs of autumn~ and spring-spawming herring at different incubation
temperatures are mentioned. These experiments revealed a correlation betucen
the incubation temperature and the proportion hatched; the correlation was
positive in the case of the eggs of autumn-spavming herring and negative for
the eggs of gpring-spaiming herring. Blaxter suggested that the difference in
sign of the relations might be caused by hercditory factors. Uillemsen (1953)
found in the cxperiments with epggs of Tsox luciug on the survival of these
eggs until the larval stage at different incubation temperaturesoan‘Optimum
shaped curve, uith an optimum svrvival of 50 ¢ betueen 3° and 12° C.

It is possible that the relation between the incubation temperature and
the survival of +he herring egg until the larval staze might be fitted by an
optimum curve. The position of the optimum temperature and not the sign of
the correlation might be the differcnce betireen the relation temperature-hatch-
ing success of autumn-— and spring-spauning herring (Figure 1). In the light
of Blaxter's and 1illemsen's experiments the negative and pogitive correlation
between recruitment and spawming temperature resp. the Dogger- ard Douns-popu-
lation can be understood. The regressions of both correlations may each be a
part of an optimum curve uith the optimum at the 127 C.

Temperatures in the second half of September onothe Dgggerbank, at a
depth of 20 - 30 fathomg, arc varying betucen £ 127 - 15 C; in December the
surface temperatures at the position of If. llinder lightvessel are ranging from
T - 117 C. The relationshin betueen year-class strength and spawming
temperature failed in the Doums area after 1946. The cause for this can be
tuofold. )

(a) An increase of the December temperature at the 1. Iinder lightvessel in-
the years 1946 - 1961 ac compared with the ygars 1923 - 1940. In the
years 1925 - 1940 temperatures ranged from 7 3 to 11 °0C, with only three
years with temperatures over 10~ C. In the years 1946 - 1961 temperatures
ranged from 807 - 11% C, with eight years with temperatures over the
10°C. llhen the real relation between recruitment and spawming tempera-
ture can be described by an optimum curve, with an optimun around 12~ C,
the possibility to find a significant correlation decreases when the tem-
peratures get closer to the optimum situation. This also means that
during this period recruitment wvas more or less independent of spawming
temperature and in the optimum position for recruitment.
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(b) A decrease of the egg-production of the Dowms population after 1955.
This will be discussed in the necxt paragraph.

B. Recruitment - ego-production

Studying the causes of the fluctuations in year-class strength, the effect
of egg-production upon recruitment has to be taken into account. The spawing
potential of the stock will be used in this paragraph as the egg-production
of the stock, as there are no methods to measure the egg-production of a herring
population directly, except of those populations which spawn in intertidal
zones (British Columbia). The egg-production of the Dogger- and’' Downs-popu-
lations are given in Tables ¢ and 10, for the years 1946 - 1961. In both
series a decline of the egg-production is apparent. Data on egg-production
are relative and cannot be compared with.each other.

Table 9. Bgg-production Dogger population 1946 - 1967.

i ITumbers Numbers -

Year _ - x 10 ' year x 10
1946 3.27 1956 2.04
1947 ' © 1.84 1957 . © 1368
1948 1.29 1958 1.63
1949 - : 2.16 1959 . » 149
1950 2.25 1960 1.66
1951 . 1.33 1961 1.1
1952 ©2.02 - ' 1962 0.68
1954 1.75 1964 1.1
1955 .. 1.92 1965 0.39

1966 - 0.74

1967 0.68

The egg-production of the Dogger herring population is calculated by raising
the numbers of herring in the length distribution of the daily catch of a
trayler of 500 B.H.P. with the numbers of eggs produced by herring of different
lengths (Zijlstra, 1553).

Table 10, Dgp-production Dowms population 1946 ~ 1961.

Year Numbers x 109 Year Humbers x 107
1946 1.70 1954 1.42
1947 1.7 1955 1.82
1943 1.62 = 1956 0.96
1949 . 1,62 1957 0.32
1950 - 1,70~ - 1956 0.63
1951 1.65 1959 0.53
1952 1.64 1960 0.92
1953 7 1.61 : 1961 1.36

The 1946 — 1956 data (Dnglish) and the 1956 — 1961 data (Dutch) are based
on the numbers of herring per shot (not corrected for efficiency) raised with
the numbers of eggs produced by herring of different lengths.

.Correlation calculations between .recruitment and egg-production were carried
cut for both stocks, the data are given in Tables 11 and 12.

Dogrer population (Table 11)

The egg-production seems to have no influence on the success of the subse-

" - quent recruitment (r.06 = ¥0.1835), cven if the effect of spawming temperature

is eliminated (r.06/1 = -0.1543). On the other hand, the number of eggs spawmed
seemg not to interfere with the relation spavming temperaturq/recruitment success

(r.01/6 = -0.7335).
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Table 11. Correlations egg-prbduction Dogger herring 1947 -~ 1962.

Single 19471962 sifm
r.01 = : ~-0.7335 i
Partial .-
r.01/6 = -0.7335 Z
r.06/1 = +0.1543 —
Hultiple: ot

r.0.16 = ~0.7403 o
n = 16 sign. - ° a.f, R S [
15 0.4520 0.,6060

14 0.4970 0.6230

0 = recruitment, 1.= spawning temperature Dogger, 6 = egg-production Dovver
herring.

Doung population (Table 12)

The correlation between recruitment success and egg-production is nearly
significant (r.04 = +0.4511), and vhen the effect of the April temperature
Terel is eliminated it becomes significant (r. 04/2 +0.5315)." The combined
influence of the egp—production + April temperature nursery (r.0.24 = 0.5511)
and. the egg—prcductlon + June temperature nursery (r.34 = 0.5031) year—class
strength are both significant.

PFrom these data it ma;- be concluded that in the period 1946 — 1561 the
recruitment of the Dowmo stocl: was related to the egr-production and conse-—
quently the drop in the recruitment of the Dowms herring can be related to the
decrease of the ezsz-production of this stock.

Then the effect of egg-production was ellmlnated, still no relation could
be showm between temperature on the spaiming grounds or in the nursery in April
Jand June.

"It muct be stresced that tle variation in ithe egr~production of the Dowms
stock of herring during 1946 - 1661 was conglder@bly larger than that in the
Dogger populatlon (Tables © and 10).

Table 12, Correlations egs-production Douns herring 1946 - 1961.

Single . 1046-1961 . . sgimm

o=

r.01 = +0.0455 -
r.62 = L 4001019 —
7,03 = +0.3650 —
r.04 = +0.4511 —_
Partial . -

r.01/4 = +0.0610 R
r.02/4 = +0.,2283 —
r.03/4 = +0.2614 —
r.04/1 = ' +0.4525 o —
r.04/2 = +0.5315 =
r.04/3 =

+0.3783 . —

0.4544 —

r.0 14 =
r.0.24 = 0.5511 hid
ha .0034 = 0-5081 pt
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Table 12 (cont.)

n=16 sign.  d.f. ‘ 5% 1%
15 0.4320 0.6060
14 0.4970 0.6230

0 = recruitment, 1 = Lccember temperature H. Hinder, 2 = April temperature
Texel, 3 = June temperature Texel, 4 = egg-production Dowms herring.

C. Recruitment - temperature nursery

.The fact>™ “temperature nursery', which is found to be related to recruit-
ment strength, is cliosen as oir exponent of the general living conditions of
the young herring in the nursery areas. The production cycle in sea is apt to
start earlier in years with high values of sun radiation and sca-water tempe-
ratures, which arc affecting the feeding conditions of the young herring.
Roughly speaking high sea-water temperatures are likely to represent good and
low temperatures poor feeding conditions.

Biickmann (1950) has shovm that herring larvae from the central and southern
llorth Sea are transported to the continental coast (Holland, Germany and
Denmark) and invede the estuaries and other inlets from February until
April. Recent Dutch investigations in 1667 and 1968 on the immigration of .
herring larvac in the Dutch laddensea confirmed the German observations.

Doggrer population

The temperature conditions in spring cn the Dutch coast (Texel) and the
Danish coast (Vyl) could be related with year-class strength, vhercas the
summer conditions secmed to have less influence. Poggibly by that time the
immature herring from the central Ilorth Jea are already leaving the costal
areas.

Doims population

The year-class strength of the Dowms populaticn ig, according to the
1925 — 1961 data, influenccd t; the spring— and summer—temperature con-
ditions on the ccntinental coast (April and June, Texel). This could be
tentatively explained in terms of a longer presence of young herring in the
coagtal arcag ccmparcd with the ycung herring in the central North Sea.

D, General

In the preceding chapters it is chown that temperature conditions both
on gpawning grounds and in the nurgeries influence are comnected with factors
influencing year-clags strength of lNorth Sea autumn-spavming herring.

It might be expccted, therefore, that long—term fluctuations in the tem-
perature conditicns have an effect on the abundance of the herring stocks in
the Horth Sca, as has been suggested by Bogdanov and Fedorov (1965) for the
Atlanto-8candian herring.

Dovms population

For the Dowms pcpulation the overall increcase in temperature in the
spauning area since 1922 (Figure 2) should have been favourable, since
1933 temperatures are over normal and during the period 1946 — 1952 they -
are extremely favourable. In the sixties, however, spaiming temperature
show a tendency to decline again. Temperature conditions in the nursery
areas, especially in June, were also improving since 1922 and fellowed more
or less the same trend as the December temperatures. The spring temperatures
fluctuated a good deal, but after 1946 they follow the same pattern as the
June temperaturcs and show a tendency to decline since 1952 (Figure 2).
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However, the possibility to compare the overall stock density with uatural
conditions is seriously hampered by human interference through its fisheries;
but it seems very likely that the Doims stock has built uvp itself during the
thirties and fourties, favoured by natural corditions and the fishery-stop
during the second world war.

After 1946 natural conditions remained favourable, but attracted by the
enormous abundance of the herring in southern North Sea a heavy fishery de-
veloped, yielding substantial catches and consequently causing a heavy mor-
tality in the end.

So it looks as if gince the fifties the Dowms stock has run a double
hazard resulting in very low abundances., Temperature conditions in the nur-
serieg worsened in the fifties, followed by the temperature conditions on the
spavning grounds in the sivities. The heavy fishery caused a depletion of the
parent stock, and consequently a decline in egg-production and, as shoun above,
this could be correlated with poor recruitment.

Dogger population

The Dogger material only covers the period after 1946. The spaiming
temperatures since 1946 were decreasing slowly and getting more favourable
for good recruitment ?Table 3). After 1956, tuo for the Dogger very warm
years, 1959 and 1961 folloved, with a very cold year (1960) in between. Con-
ditions in the nurseries were, as for the Dowms stock, favourable in the four—
tigs‘but became poorer in the fifties, uith some varm yecars 1957, 1959 and
1961. _

The Dogger population is like the Douns stock heavily fished at present,
vith rising mortalities and a decreasing cgg-production but until 1961 no
relation betucen cgp—-production and recruitment could be shoun. Ilowever, since
1961 egg-production has steeply declined in the Dogger area (Table 9). The
recent low egg-production figures have not been incorporated in the calculations
in this paper, as the resuliting year-class strength is not yet fully Imoun.

5. Conclusions

(a) Temperature conditions on the spaiming grounds of autumn-gpawning Horth
Sea herring during incubation time seem to affect year-clasg gstrength
possibly through the differential egg-mortality at different temperatures.

(b) There are indications that the relation between ycar-class strength and
gspavming temperat%re'is fitted by a dome-shaped curve, with optimum con-
ditions around 12~ C.

(c) The erperiments of Blaxter (1956) on the differential hatching success
at different incubation temperatures for autumn-~spauming herring tend to
confirm the suggestion under (b).

(a) Higher temperatures in the coastal nurseries for half a year old herring
in spring and pre-summer are favourable (or are conneccted with favourable
conditions) for the autumn-spavming North Sea herring.

(e) The egg-production of the Dowms population after 1946 could be related
to the recruitment of this stock, vhich was not possible for the Dogger
population. The variation in egg-production in the Douns stock in' the
period studied, however, was larger than that of the Doggmer stock.
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