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I. Introduction.

N the present treatise I have tried to contribute to the knowledge concerning the racial characteristics
I of the summer- and autumn-spawning herrings of the North Sea and of the relation between these
herrings and other sea herrings of the North Sea and adjacent waters.

Two classes of characters have been used by various authors to characterise the various races of fishes:
those which, when once formed, remain constant during the whole life of the specimen (number of verte-
brae, fin rays and keeled scales etc.), and those which are relative measures, as, for example, the length
of head in proportion to the total length, the distance from the point of the snout to the anus in pro-
portion to the total length, etc.

There is no doubt that the first mentioned group of characters present considerable advantages
compared with the second group. The second group of characters may vary according to the different
stages of development and are moreover influenced by the environment and perhaps by the state of pre-
servation. Thus a considerable amount of uncertainty arises, the extent of which can not be determined
without special investigations. .

The experiences encountered in hatcheries etc. with young of the trout and other fishes placed
under different environments induce us to be cautious in using the second group of characters as race
characters. The same is the case with the experiences gained in the race studies of the common eel (An-
guilla vulgaris Turton). Dr. Jons. ScamipT has shown (1914, 1916) that all eels from the whole of Europe
belong to the same race, and yet it is a well-known fact that their appearance may be very different.
The grown up eels vary not only in colour but also in shape, and even the skull is subject to great
variations (TorLiTz 1922). I have preferred therefore at the present stage of the investigations to employ
only characters of the first mentioned group.

The following individual constant characters are taken up for statistical treatment in the present paper:

1) Number of vertebrae
a. Total number of vertebrae (named Vert. S. = Vertebrarum Summa).
b. precaudal vertebrae (the vertebrae in front of the first closed haemal arch).
c. caudal vertebrae (Vert. S. minus Vert. prac.)

2) Number of keeled scales between the ventral fins and anus (K,).

3) Number of fin rays in both ventral fins together.

4) Number of fin rays in dorsal fin. Only the branched rays are counted.
5) Number of fin rays in anal fin

a. total number of fin rays
b. number of branched fin rays
¢. number of unbranched fin rays.

Concerning the description of these characters I refer to two of my previous papers (A. C. JOHANSEN
1919, 1921). Abnormal and defective specimens are omitted. When this is the case mistakes in the count-
ing of any consequence can easily be avoided for the following characters:

Total number of vertebrae

Number of fin rays in ventral fins

Number of branched dorsal fin rays

1*

1!



Number of branched and unbranched anal fin rays.

If the skeletonising is not carried out with caution the foremost haemal arches may be damaged,
and this can lead to mistakes in distinguishing between the caudal and precaudal vertebrae.

It is sometimes difficult to find the limit

between the foremost and the hindmost keeled scales

(K, and K,), especially in small specimens. It will therefore be safest to reckon with the possibility of a few

mistakes in case of small specimens.

branched dorsal rays and counted only the branched ones.

formula =

For the calculation of ¢ the formula:
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The total number of variants is indicated by n.

The characteristics used here of the different stages
with HEINCKE'S

Stage of Maturity

I. (Young virgin herrings). .

11

111

v

<

VI

VII

VIII

. (Maturing herrings)

. (Maturing herrings)

. (Full herrings).....

. (Full herrings).....

. (Spawning herrings)

. (Spents or Blood-Herrings)

. (Recovering Spents)

The stage VIII passes into the stage I1 or II—

Female

The height of the ovary is helow 4 mm and

the eggs can only be dis tinguished by help

of the microscope. The colour of the ovary
is whitish, greyish, or faintly reddish.

The height of the ovary is ca. 4—8 mm

the eggs can be distinguished by help

of a magnifying glass. The ovary is as
a rule of a reddish colour.

The height of the ovary is ca. 8—15 mm.
The eggs may be distinguished with
naked eye. Their diameter is 0.2—
0.5 mm. The ovary is as a rule of a
reddish or yellowish colour.

The ovary takes up a predominant part
of the abdominal cavity. The eggs are
0.5—0.8 mm in diameter.

The whole abdominal cavity is taken
up by the ovary. The eggs about 0.8
—1 mm in diameter or more.

The roe running.

The ovary is empty or contains only
a few residual eggs.

The specimen has passed spawning some
time ago. The eggs as in stage I—II, bul
the ovary is usually of greater dimensions.

is indicated by HEINCEE as stage ILa.

value, and the starting point for the calculation of the mean value.

of maturity of the herring are in near agreement
(1898). They are shown in the survey below.

Male

The height of testes is below 4 mm. The
colour is whitish or greyish.

The height of testes is 4—8 mm. The
colour greyish or reddish grey.

The height of testes is 8§—15 mm. The
colour is greyish or reddish grey.

The height of Lestes is more than 15 mm.
The colour is greyish white.

Testes almost fill up the whole abdominal
cavity. The colour is pure milky white.

Sperma running. The colour is milky
white.

Testes baggy, bloodshot. Small remains
of sperma may be present.

The specimen has passed spawning some
time ago. Testes bloodshot, no running
sperma.

I1I. A stage which almost agrees with my stage VIII



II. The Shetland Summer Herrings.

During the months from June to September a very considerable herring fishery based on summer-
spawning herrings takes place in the waters surrounding the Shetland Isles. From June to the end of Au-
gust the Shetland Herring is captured mostly as full herrings, and in September mostly as spent her-
rings. According to Furton (1891) the spawning takes place during the months July to September in the
environs of the Shetland Isles, for instance, at the south eastern part of Mainland. According to BIERKAN
(1917) the spawning takes place in August—September on Unst Bank to Viking Bank in the North, and
round Bressay Shoals in the South.

The Shetland Herring was made the subject of special race studies by the Norwegian zoologist
Hi. Broca who published his results in the treatise: “Norwegische Heringsuntersuchungen wihrend der
Jahre 1904—1906” (1908). Broch’s material was collected partly from the Norwegian research steamer
“Michael Sars”, partly from the steamer “Kinn”, and partly from the cutter “Frithjof”. It originates from the
northern part of the North Sea and adjacent parts of the Norwegian Sea belween 59°—62° N. and 1°W.
— 3% Ex

As a result of his investigations Brocu arrives at the conclusion that the Shetland Summer Herring
belongs to a peculiar race, which, in certain respects, occupies an intermediate position between the Dogger
Bank Herring and the Norwegian Spring Herring. As mean values for the number of vertebrae and keeled
scales, Broch gives the following figures:

Total number Number of keeled
of Vertebrae scales (Kg)
The Dogger Bank Herring. ........ccioiviviinavaes 56.45 14.63
The Shetland Summer Herring...............c.... 56.70 14.44
The Norwegian Spring Herring .................... 57.60 c. 14.11

Broch makes the following remarks concerning his determinations of the maturity of the herring
(. c. p. 13—14):

“In den unsern Observateuren mitgeteilten Instruktionen werden die Entwickelungsstufen der Ge-
schlechtsorgane auf folgende Weise eingeteilt:

1. Hering der nie gelaicht hat. Bei diesem liegen die Geschlechtsorgane, die in der Regel in Fett be-
graben sind, dicht unter der Wirbelsaiile; es ist unmdglich mit dem blossen Auge zu entscheiden,

welchem Geschlecht sie angehoren. Die Héhe der Geschlechtsorgane iiberschreitet nicht 2—3 mm.
1. Hohe der Geschlechtsorgane 3 bis 9 mm (3 mm bis /; Zoll.).
[II. Hohe der Geschlechtsorgane 9 bis 18 mm (%/; bis 2/; Zoll.).
Die einzelnen Eier in den Ovarien sind klein und eckig; keine klaren Eier.
IV. Hohe der Geschlechtsorgane iiber 18 mm (*/; Zoll.). Testes ganz milchweiss, Sperma nicht {liessend,
die Ovarien mit einzelnen, zerstreuten, hellen Eiern.
V. Sperma und Eier fliessend.
V1. Ausgelaicht (Bluthering wird mit einem hinzugefiigten b. bezeichnet).

In zweifelhaften Fillen werden Zwischenstadien angegeben (z.B. II—III).

Wenn man diese Tabelle mit HeinckE’s [l. c. 1898] vergleicht, fillt sogleich eine Grundverschieden-
heit auf; seine Einteilung erfordert, dass dem Untersucher eine Lupe zur Verfiigung steht und es ist not-
wendig, dass er grosse Ubung besitzt wenn er mit einiger Schnelligkeit die Einteilung von HeiNcKES Ent-
wickelungsstadien anwenden konnen soll. Gerade dieser Umstand erforderte fiir uns eine Anderung der
Einteilung. Unsere Observateure waren Fischer, und es war unméglich ihnen auf einem Laboratorium
Gelegenheit zu lingeren Ubungen zu geben; dazu kommt, dass die Zeit die auf einem Heringsfischerboot
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fiir diese Art Arbeiten angewendet werden kann, sehr knapp bemessen ist, und es war notig, innerhalb
kiirzester Zeit moglichst viele Individuen untersuchen zu kénnen. Aus diesem Grunde war es notig die
Hohenmessungen der Geschlechtsorgane bei der Einteilung ihrer Entwickelungsstufen einzufithren. . X

The herrings investigated by Broch, which, according to his opinion, belonged to the Shetland Summer
Herring, were captured in the months September, October and November, and they are nearly all indicated
as being of maturity VI (Broch’s scale). Other herrings were captured at the same time of maturity II
and I1I which, according to Broch’s opinion, belonged to the Norwegian Spring Herring.

A survey will be found below showing the results of Broch’s analyses with regard to the characters
constant for the individual: :

Analyses, according to Broch, of Shetland Herrings.

Dats Plce of capture Yoo A vees. e Kk NRSVERY (arocis seate)
13/1X 1904 ca. 61°51' N., 0°45' E. 32 30.66  56.94 2359 1441 » (V) VI, (11—IIT)
14/X 1904 Viking Bank 60  30.65  56.62 2373  14.39 i VI
27/X 1904 = 16 3021  56.63  23.31 1425  17.62 VI
1/X1 1904 — 20  20.36  56.65  23.60 1460  17.95 VI
2/X1 1904 — 9 3095  58.00 2400 1450  17.50 VI

Total 130 30.40 56.73 23.63 14.41 17.76

For the three latter samples the material is given in detail and the following table shows the extent of
the variation.

Vert. S. Vert. pr=c. Kg Rays in both ventr. fins
No. Freq. No. Freq. No. Freq. No. Freq.
55 1 22 4 13 3 15 3
56 15 23 14 14 18 16 3
57 18 24 17 15 15 1% 1
58 3 25 3 16 1 18 32
sia o 15 1 19 1
60 1 : ‘
n 38 38 38 38
m 56.71 23.50 14.45 17.76
a 0.87 0.80 0.85 0.75
G 0.14 0.13 0.13 0.12
O 0.10 0.09 0.09 ! 0.09

We shall consider here another of Broch’s analyses of summer-spawning herrings from the northern
part of the North Sea (1. c. 1908).

BrocH examined 29 herrings of maturity VII (Broch’s stage V1) of a length of 26—32 c¢m, aver. 28.8 cm
captured from “Michael Sars”, on September 10. 1904 at Station VII ca. 40 miles S. E. of Fair Isle at
59°14’ N. and 0°38 W. The analysis gave the following result:

Vert. S. Vert. prec. Ko Rays in ventr. fins
No. Freq. No. Freq. No. Freq. No. Freq.
56 14 23 11 13 2 16 1
57 15 24 14 14 10 16 ws
oo 25 3 15 15 17 4

26 0 16 2 18 24
27 1 gt -
n 29 29 29 29
m 56.52 23.83 14.59 17.76
a 0.51 0.89 0.73 . 0.64
Om 0.09 0.16 0.14 0.12

a5 0.07 0.12 0.10 0.08
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Broch also referred this herring to the Shetland Summer Herring. It will be seen that in this group
the mean figure for Vert. S. is somewhat lower and the mean figure for keeled scales somewhat higher
than for Broch’s other Shetland Herrings.

Heivcke (L c. 1898) investigated a sample of summer-spawning herrings which were captured at
Fair Isle from an Emdener Logger on June 27. and 29. 1887. The herrings had a size from 24.6—30.8
cm, average 26.4 cm. Nearly all the specimens were of maturity III—VI, and the sample in its entirety
was named Voll Heringe by HEINCKE. A few specimens were of maturity I—II, and quite a few had

ol
spawned (maturity VII). Heincke's analysis gave the following result for the individually constant characters:

Summer Herrings from Fair Isle, 27. and 29. June 1887 (Heincke):

Vert. S. Vert. preec. Vert. caud. Ky Rays in ventr. fins
No. Freq. No. Freq. No. Freq. No. Freq. No. Freq.
55 5 22 1 31 1 13 5 16 1
56 35 23 11 32 13 14 19 17 6
57 31 24 16 33 12 15 39 18 67
58 4 25 2 34 4 16 10 19 1
.o . it 17 2
n 75 30 30 75 75
m 56.45 23.63 32.63 14.80 17:91
o 0.70 0.67 0.76 0.85 0.37
(i 0.08 0.12 0.14 0.099 0.043
Gy 0.057 0.09 0.10 0.070 0.031

Repeke (1918) has investigated a sample of herrings which was captured on the plateau East of the
Shetland Isles at 60°37.5' N. 0°41' E. on June 23. 1906. The sample consisted of 50 specimens of a length
from 24—27 cm. Redeke assigns to most specimens a maturity of 11 and for a smaller number that of 1—II,
II—III and III—IV. We may assume that the specimens of maturity II—III and II[—IV are summer or
autumn spawning herrings, and Redeke was of the opinion that the whole sample consisted of such herrings.
The analysis gave for the individually constant characters the following result:

Vert. S. Vert. preec. Vert caud. Ka Rays in ventral fins
No. Freq. : No. Freq. No. Freq. No. Freq. No. Freq.
55 1 23 10 30 2 12 1 16 3
56 20 24 24 31 4 13 2 1% i
b7 22 25 13 32 15 14 18 18 46
58 7 26 2 33 25 15 21
Z G 27 1 34 4 16 4

17 4 ‘s
n 50 50 50 50 50
m 56.70 24.20 32.50 14.74 17.86
a 0.74 0.88 0.91 1.03 0.50
[i7 0.10 0.12 0.13 0.15 0.07
(ip8 0.074 0.088 0.091 0.103 0.050

As the samples of herrings from the area around the Shetland Isles which were investigated by
Heincke and REDEKE, seemed to differ from the samples investigated by Brocw, the racial characteri-
stics of the Shetland Summer Herring were exceedingly doubtful. For this reason I asked the Chairman
of the Fishery Board for Scotland, Mr. D. T. JonEs, to forward a sample of typical summer- Or autumn-
spawning Shetland Herrings for investigation, and Mr. Jones kindly complied with my wishes.

The Shetland Herrings which I have examined, were taken from a catch of 72 crans, which, accord-
ing to information kindly supplied by Mr. Jongs, was caught in drift nets 20 miles S.E. of Balta Sound (at
abt. 60° 35’ N. 0° 13’ W.) on September 1st 1921. The sample consisted of 363 specimens of the following lengths:




cm 3 Q Total

25 o, 1 2

26 13 12 ‘ 25

27 40 37 T3

28 47 86 133

29 22 60 82

30 10 25 35

31 3 6 9
Total 136 227 363

Average length'® 28.37 28.78 28.63

1 Corrected by adding 0.5.

Arranged according to maturity the herring fell into the following groups:

Maturity: 3 ? Total
I e 27 1
v .. 70 70
IV—VI 135 e 135
V—VI e 129 129
VII 1| ) 1 2

136 227 363

The results of the detailed analysis of the herring are given in the survey below:

Vert. S. Vert. prec. Vert. caud. Ka
No. Freq. No. Freq. No. Freq. No. Freq.
51 1 20 1 29 1 13 i
o o o e 30 6 14 104
54 1 22 14 31 21 15 175
55 10 23 106 32 129 16 54
56 170 24 179 33 137 17 12
57 163 25 48 34 66 18 i
58 17 26 14 35 3 19 1
59 1 27 1 v 3 = s .
n 363 363 363 363
m 56.504 23.837 32.667 14.846
o 0.718 0.882 0.941 0.882
Om 0.0377 0.0463 0.0494 0.0463
Loy 0.0267 0.0327 0.0349 0.0327
Rays in ventral fins Rays in dorsal fin. Rays in anal fin.
(Both fins together) branched Total branched unbranched
No. Freq. No. Freq. No. Freq. No. Freq. No. Freq.
15 ;| 14 58 14 1 11 1 2 23
16 33 15 211 15 15 12 12 3 288
14 36 16 87 16 68 13 87 4 43
18 283 17 3 17 154 14 142
19 6 . & Sl 18 96 15 99
20 1 X e 19 20 16 14
s A 20 1 17 1 i i
n 360 359 354 356 354
m 17.731 15.097 17.105 14.045 3.056
G 0.669 0.655 0.948 0.930 0.429
Gm 0.0353 0.0346 0.0504 0.0493 0.0228
05 0.0249 0.0244 0.0356 0.0349 0.0161

! The spawning of the specimens of maturity II1 would probably not take place earlier than October.
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In order to investigate whether the specimens of different maturity and sex showed the same racial

characteristics I have divided the material in the following way:

27 females of maturity III
== ¥

70
130
136

males -

== V—VII
— IV—VII

The analysis for the individually constant characters gives for these groups the following results:

27 Females of Maturity IIL. S.E. of Balta Sound. Septbr. 1. 1921.

Rays in ventral fins

17
18

Rays in ventral fins

16
17
18

n

Vert. S. Vert. preec. Vert. caud.
55 il 23 5 31 1 13
56 13 24 19 32 11 14
57 10 25 3 33 12 15
58 3 . 34 3 16
n 2% 27 27
m 56.56 23.93 32.63
a 0.75 0.55 0.74
Om 0.14 0.11 0.14
G -0.10 0.07 + 0.10
Rays in dorsal fin. Rays in anal fin
branched Total branched
1 14 5 15 1 12 1
26 15 15 16 5 13 6
16 7 17 11 14 12
18 9 15 8
19 1
27 27 27 27
17.96 156.07 1:7.156 14.00
it 0.68 0.91 0.83
0.04 0.130 0.17 0.16
0.03 0.092 0.12 0.11
70 Females of Maturity IV. S.E. of Balta Sound. Septbr. 1. 1921.
Vert. S. Vert. przec. Vert. caud.
54 1 23 20 30 2 13
55 s 24 40 31 2 14
56 32 25 8 32 28 15
57 35 26 2 33 25 16
58 2 34 13 37
n 70 70 70
m 56.53 23.89 32.64
[ 0.63 0.71 0.92
Om 0.075 0.085 0.110
(125 0.053 0.060 0.078
Rays in dorsal fin Rays in anal fin
branched Total branched
6 14 7 14 1 11 1
7 15 49 15 4 12 3
57 16 13 16 13 13 19
17 32 14 25
18 14 15 18
19 5 16 3
70 69 69 69

Fiskeri, VIL 5.

Ko

3
4

Ko

2
6
17
2

27

14.70
0.72
0.14
0.10

unbranched

23
4

]
=1

3.15
0.36
0.07
0.05

2
26
31
10

1

70

14.74
0.79
0.095
0.067

unbranched

2
3
4

4
57
8



m-

Om

55
56
57
58
59

n

m
a

; Gﬂl

Rays in
15
16
17
18
19
20

n

m
73
Om
Gﬂ'

Rays in ventral fins

16
17
18
19

Og

17.13 15.09
0.61 0.54
0.073 0.064
0.052 0.046

10

17.00 13.94
1.03 1.01
0.124 0.122
0.088 0.086

130 Females of Maturity V—VII. S.E. of Balta Sound. Septbr. 1. 1921.

Vert. S. Vert. przec.
4 22 9
64 23 39
56 24 54
5 25 18
1 26 9
27 1
130 130
56.50 23.86
0.66 1.02
0.058 0.090
0.041 0.064

Rays in dorsal fin

ventral fins branched

1 14 23

1% 15 74

16 16 32

90 117 1
2
it

127 130

17.61 15.08
0.80 0.67
0.071 0.059
0.050 0.042

51

55
56
a7
58

Total
15
16
17
18
19
20

29
30
31
32
33
34
35

Vert. caud. Ka
1 13
3 14
13 15
39 16
45 17
27 18
2 19
130
32.64
1.09
0.095
0.067

Rays in anal fin

branched

5 12 3 2
24 13 27 3
49 14 47 4
39 15 39

6 16 7

1 17 1

124 124

17.16 14.19

0.96 0.95

0.086 0.085

0.061 0.060

136 Males of Maturity IV—VIL S.E. of

Vert. S. Vert. prec.
1 20 1
ok 22 5
5 23 42
61 24 66
62 25 19
7 26 3
136 136
56.49 23.77
0.81 0.87
0.069 0.075
0.049 0.053
Rays in dorsal fin
branched Total
10 14 23 15
12 15 73 16
110 16 3b 17
4 17 2 18
: 19
136 133

30
31
32
33
34
35

26
62
33

134

Balta Sound. Sept. 1. 1921.

Vert. caud. Ko
1 13
4 14
51 15
55 16
23 17
1
136
32,71
0.84
0.072
0.051

Rays in anal fin

branched
12 5 2
13 35 3
14 58 4
15 34
16 4
136

3.058
0.42

0.050
0.035

7
30
71
14

7

i

130

14.91
0.94
0.083
0.059

unbranched
12
103
9

124
2.98
0.41

0.037
0.026

42
56
28

136
14.87
0.89

0.077
0.054

unbranched
7
105
22

134
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m 17.79 15.12 17.10 13.98 341
o 0.61 0.70 0.91 0.88 0.45
T 0.052 0.060 0.078 0.076 0.039
o 0.037 0.043 0.055 0.053 0.028

It will be seen that the females of maturity IIT have a higher number of ventral fin rays, a some-
what higher number of vertebrae and a little lower number of keeled scales than the females of maturity
V—VII. The material investigated is, however, not large enough for us to decide whether there is a diffe-
rence of real importance or not. The females of maturity IV do not show any striking deviations from
the females of maturity V—VII, and it will be noticed that there is no marked difference between males
and females of the same maturity stage.

A comparison with the older material shows that the result of my analysis agrees with
Heincke's but differs a little from Redeke’s and essentially from Broch’s analysis.

For one particular character the sample from Fair Isle differs a little from the sample which I
have investigated. There is a difference in the number of ventral fin rays of 0.20 while the standard de-
viation of the difference is 0.057. Here, however, it must be remembered, that the standard deviation of
the mean figure for the sample from Fair Isle is calculated on the basis of a proportionalely small number
of specimens (¢, = 0.031), so there is very little reason for laying much stress upon this difference.

Though the sample investigated by REDpEkE is rather small, and though the deviations from my
analysis need not to be of real importance, it is, however, peculiar, that his sample shows a higher number
of vertebrae (Vert. S. and Vert. praec.) and a lower number of keeled scales than the samples investigated
by Heincke and me. The explanation of the difference is probably that Redeke’s samples contained a few
young specimens of Spring Herrings. It is by no means certain that specimens which, at the end of June,
show the maturity stage I—II or II are summer- or autumn-spawning herrings.

Redeke supposed that the sample investigated by him belonged to the same race as the Dogger
Bank Herring.

The differences, however, between the results of Broch’s analysis on the one side and Heincke’s
and mine on the other are essential. In Broch’s samples the herrings have a perceptibly higher number
of vertebrae and a lower number of keeled scales than the samples investigated by Heincke and me. If
we suppose that the standard deviation of Broch’s mean figure for the 130 specimens from Vikingbank
ete. is abt. 0.07, a comparison between Broch’s analysis and mine gives the following result:

Difference between results of BRocu’s analysis of Shetland Herring 1904 (130 speci-_

mens) and JoHANSEN’s of Shetland Herring 1921 (363 specimens):

Dift. Vert. S. 0.23 St. Dev. Diff. 0.08
— Vert. pree. —0.21 - — — 0.08
— K, —0.44 - — — 0.08

The question is now: Has Broch dealt with a summer spawning herring belonging to a race differ-
ent from that examined by Heincke and me, or has he dealt with the same race mixed with winter or
spring herrings. It seems that Brocu has dealt with a herring race differing from that examined by
Heincke and me. A mixture of specimens of this last race with specimens of the Norwegian Spring
Herring or the Shetland Spring Herring could show a similar number of Vert S. and of K, as that found
by Broch, but it would show a higher number of precaudal vertebrae, as both the components
of the mixture have a higher number of such vertebrae than that found by Brocu (comp. Chap. XI). As
there is evidence to hand that the herring race established by Brocu is bound mainly to deep water in
the northern part of the North Sea, I propose to name it: The North Sea Deep Water Herring, and
to apply the name of Scotch Summer Herring to the race examined by HEeiNcke and me (comp. Chap.
III). The specimens from “Michael Sars” St. VII (59°14' N., 0°38’ W. September 10. 1904) which are men-
tioned on p. 6—7, may belong to the Deep Water Herring.

2*-
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lII. The Scotch Summer Herring.

It is a well known fact that the great herring fisheries in the North Sea in summer and autumn off
the eastern coasts of Scotland and England from the Orkneys to Flamborough Head are mainly based on a
summer- or autumn-spawning herring. As KvLE has pointed out in his treatise: “Monthly Data and Charts
over the Herring Fishery in 1903” (1906), the fishery for this herring commences in the month of June
at the Orkneys and the northern coasts of Scotland after which it extends southwards. In July it is carried
on in the area east of Scotland up to about 100 miles from shore, and in August it extends southwards
past Flamborough Head. In September the fishery is greatly diminished off the coasts of Scotland, and
north east England.

The spawning period for the Scotech Summer Herring is, according to FuLToN (1891), MASTERMAN
(1896), dnd Bowwman (1923), mainly the months July, August and September, in the same months therefore
during which the great fisheries take place. The mature specimens of the Scotch Summer Herring vary
as a rule in length from about 22—32 cm, and the average length is in most catches about 25—28 cm. .

We shall now examine the most important of the samples of the Scotch Summer Herring investi-
gated by HEINCKE, BrocH, and REDEKE.

Heincke (1898) investigated 24 full herrings of a length 24—30 cm and of maturity IV—VI cap-
tured on the east coast of Scotland off Peterhead in August of 1871. The investigation showed the following
distribution of the variants for keeled scales and rays in the ventral fins:

Ka Rays in ventral fins
No. Freq. No. Freq.
13 2 17 3
14 1 18 15
15 20 19 1
16 1
n 24 23
m 14.83 17.83
a 0.63 0.49
O 0.13 0.10
Oy 0.09 0.07

Brocu investigated 31 herrings captured off the Firth of Forth on “Michael Sars” St. VI at about
56°08' N. and 0°05’ E. on September 8. 1904. The lengths of the herrings varied from 231 to 307 mm (aver.
954 mm) and Brocu indicates the stage of maturity for most specimens as II—III or IIL. Broch's analysis
gave the following result: (I c. 1908)

Vert. 5. Vert. pree. Ko Rays in ventral fins

No. Freq. No. Freq. No. Freq. No. Freq.
55 2 22 2 13 .2 13 1
56 15 23 7 14 7 W s 2
57 12 24 17 15 19 15 1
58 2 25 5 16 3 . 10
; 17 5
18 23
19 1

n 31 31 31 31
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m 56.45 23.81 ' 14.74 17.61
v 0.72 0.79 0.73 1.09
G 0.13 0.14 0.13 0.20
ay 0.09 0.10 0.09 0.14

Brocu referred this herring to the Dogger Bank Herring.

Repeke (l. c. 1918) investigated 50 herrings captured in Moray Firth on July 18th and 19th, 1906.
The average length of the herrings was 24.7 c¢m and the stage of maturily varied from II—IV. The analysis
gave, for the individually constant characters, the following results:

Vert. S. Vert. prae. Vert. caud. Kg Rays in ventral fins
No. Freq. No. Freq. No. Freq. No. Fredq. No. Freq.
55 2 23 17 31 1 13 1 16 3
56 21 24 29 32 17 14 15 17 2
o7 24 25 4 33 24 15 29 18 45
58 3 o a0 34 6 16 5
- 3 35 2 . e
n 50 50 50 50 50
m 56.56 23.74 32.82 - o 14.76 17.84
a 0.67 0.60 0.83 0.66 0.51
Om 0.10 0.08 0.12 0.09 0.07
oy 0.07 0.06 0.08 ' 0.07 0.05

Repexk referred this herring to the Dogger Bank Herring.
It will be noticed that all the samples of herring represented here, are in close agreement with the
Summer Herring from Balta Sound investigated by me (comp. Chap. II).

IV. The Dogger Bank Herring.

In the middle part of the North Sea, especially around the southern and western part of the Dogger
Bank, and between the Dogger Bank and the English coast, a great fishery takes place in September, Oc-
tober and November. It is based on an autumn spawning herring which has its spawning places in the
neighbourhood of the areas where the greatest fisheries occur, and its spawning time in the period during
which the main catch takes place.

Repeke (1918) has investigated the stage of maturity of herrings from the Dogger Bank at different

times during the spawning period, and he found that it is not till about the middle of October that the

majority of the specimens have spawned®.

Hemvcke (1898) has investigated a small sample of herrings captured on the eastern part of the
Dogger Bank at 55°10"N. 3° 40"E. on September 9. 1890. The sample consisted of 5 specimens of a length
of 24—27 em and of the maturity stage V—VI. The distribution of the variants was as follows: '

Vert. S. Vert. priec. Kg Rays in ventr. fins
No. Freq. No. Freq. No. Freq. No. Freq.
56 i 23 2 15 5 18 5
57 4 24 2
25 1
n ] 5 5 )
m 56.80 23.80 15.0 18.0

BrocH (1908) investigated 31 specimens of an autumn-spawning herring captured between the Great
Fisher Bank and Dogger Bank on September 5. 1904 (“Michael Sars” St.1V.56°16" N. 5° 16’ E.). The aver-
age length of the herrings was 25.2 cm, and the stage of maturity III, rarely IV. From his analyses he

! In October 1904 REeDERE investigated 64 haddocks captured on the Dogger Bank and found that in 60 of these the stomach
contained herring eggs.
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obtained the following mean figures: Vert. S. = 56.32, Vert. praec. = 23.90, K, = 14.31. Brocu does
not give the analyses in detail, but the standard deviation of his mean figures may be estimated to be
about 0.14.

BrocH referred this sample to the Dogger Bank Herring, but its low number of keeled scales makes it
very improbable that it should belong to that race. It seems more probable that the sample belongs to the
Jutland Bank Herring (comp. Chap. V).

BrocH examined 31 herrings captured on September 6. 1904 on the western part of the Dogger
Bank at “Michael Sars” St. V. at 54°47' N. and 1°18' E. Their average length was 256 mm and the maturity

stage was as a rule II—III, more rarely IV. The analysis of the data is not given in detail, but the means
are as follows:

Vert. S. 56.58
Vert. prec. 23.74
K, 14.84

The standard deviation for these means may be estimated to he about 0.14.

Dersman (1914) investigated the number of vertebrae of 156 autumn spawning herrings captured
on the Dogger Bank on October 3. 1911 and on September 14. 1912, The result of his analyses was as follows:

Dogger Bank, 54°30'N. 1°25'E. Oct. 3. 1911.

Length 22—30 cm (aver. 27.0). Maturity (Heincke’s scale) IIL, IV (V, VI).

Vert. S.
No. Freq.
59 4 m 56.43
56 55 a 0.62
57 44 Om 0.060
58 3 0y 0.042
n 106

Dogger Bank, 54°35"N. 1°32"E. Septbr. 14. 1912.
Length 23—30 cm (aver. 27.2). Maturity (11D, 1V, V (VI).

Vert. S.
No. Freq.
55 1 : m 56.54
56 23 a 0.61
57 24 O 0.087
58 2 Ty 0.061
n 50

REDEKE investigated 40 herrings captured north west of the Dogger Bank at 55°36'N. and 0° 10" E.
on August 19. and September 3. 1906. The specimens were of an average length of 25.2 cm. The maturity
stage was for most specimens III and IV. The analysis gave the following result:

Vert. S. Vert. prac. Vert. caud. Ka Rays in ventr. fins
No. Freq. No. Freq. - No. Freq. No. Freq. No. Freq.
55 1 23 13 29 3 14 10 16 2
56 19 24 14 30 1 15 24 17 3
b7 19 25 7 31 6 16 6 13 35
58 1 26 2 32 10
in 27 3 33 14

28 ] 34 6 .

n 40 40 40 40 40
m 56.50 24.28 32.23 14.90 17.83
o 0.60 1.32 1.37 0.63 0.50
Om 0.09 0.21 0.22 0.10 0.08

i 0.07 0.15 0.15 0.07 0.06
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REDEKE investigated 25 herrings captured on the Dogger Bank at 54°30° N. 2°40' E. on October 11. 1906.
The average length of the specimens was 26.4 cm and the stage of maturity of the majority of the specimens va-

ried from III to V—VI. The analysis of the specimens gave, for the characters which I consider, the following
result:

Vert. S. Vert. przc. Vert. caud. Ko Rays in ventr. fins
No. Freq. No. Freq. No. Freq. No. Freq. No. Freq.
bb 1 23 7 30 2 12 1 15 1
56 13 24 12 31 2 13 T 16 o il
57 10 25 4 32 9 14 2 17 1
58 1 26 2 33 6 15 10 18 22
i s s 34 4 16 11 19 1

35 1 s o ,

n 25 25 25 24 25
m 56.44 24.04 32.40 15.25 17.88
o 0.65 0.89 1.26 0.94 0.67
Om 0.13 0.19 0.25 0.19 0.13
Gy 0.09 0.13 0.18 0.14 0.09

Both samples taken together give the following result:
Dogger Bank Herring investigated by REDEKE.

Vert. S. Vert. pree. Vert. caud. Ko Rays in ventr. fins
No. Freq. No. Freq. No. Freq. No. Freq. No. Freq.
55 2 23 20 29 3 12 1 15 1
56 32 24 26 30 3 .s . 16 2
57 29 25 11 31 9 14 12 17 4
58 2 26 4 32 19 15 34 18 57
e 5 7 27 3 33 20 16 17 19 1
28 1 34 10
. 35 1 i
n 65 65 65 64 65
m 56.48 24.18 32.29 15.03 17.85
o 0.62 117 1.32 0.78 0.57
Om 0.08 0.15 0.16 0.10 0.07
Oy 0.054 0.103 0.116 0.069 0.050

It is probable that the herrings mentioned here have their spawning places on the very Dogger Bank
or in the area between the Dogger Bank and the English coast.

The herrings mentioned here from the area around the Dogger Bank are evidently nearly related
to the Scotch Summer Herring. As stated in Chapter VII the Dogger Bank Herring has usually a little
higher number of keeled scales (K,) than the Herrings from the north western areas of the North Sea.

RepekE (l. c. 1918) considered the samples which he had investigated from the Shetland Isles and
Moray Firth to belong to the same race as the Dogger Bank Herring.

The “Yarmouth-Lowestoft Herring” which is caught in the south-western part of the North Sea
(especially between 52—53°N. and 2—3° E.) in October, November and December, consists mainly of winter
spawning herrings, which belong to the Channel Sea Herring (see Chap. XI). The autumn spaw-
ning herrings are of little importance in the area where the “Yarmouth-Lowestoft Herring” is mainly caught.

REDEKE (1918) has investigated 3 autumn spawners of maturity VII caught at 53°06’ N. 3° E. on November 7.
1906 and has found the following numbers of vertebrae etc.:

No. Total length  Vert. S. Vert. prze. Ks Rays in both ventral fins
mm

1 270 57 24 15 18

2 245 57 24 15 18

3 242 55 23 14 18

Average 25.2 56.33 23.67 14.67 18.00
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- The number of Ispecimens‘ investigated by Redeke is too small to allow us to decide to which race
they beldng, but they harmonize very well with the Dogger Bank Herring.

From analyses carried out by Heincke and me it appears that in the eastern part of the North Sea
young herrings occur which are in very close accordance with the Dogger Bank Herring, and as the pre-
valent currents will tend to transport a great deal of the small larvae from the spawning places of the
Dogger towards the waters west of Jutland (comp. Fig. 5) it is also probable that many of the Dogger
Herrings grow up there.

The results of some analyses of young herrings from these waters are given below.

Hrincke examined a sample of young herrings of a length of 13—17 cm and of maturity 1 cap-
tured west of Sylt at 54°55 N. 6°34'E. on August Ath 1889. The analysis gave the following result:

Vert. S. Vert, prac. - Ke Rays in ventral fins
No. Freq. No. Freq. No. . Freq. No. Freq.
54 il 22 2 14 10 16 2
55 0 23 3 15 13 17 4
56 12 24 11 16 % 18 22
BY 16 25 Tt . s 19 1
58 1 26 b e 5 20 1
n 30 28 30 30
m 56.53 24.36 14.90 17.83
o 0.73 1.13 0.76 0.75
O 0.13 0.21 0.14 0.14
Oy 0.09 0.15 0.10 0.10

This sample agrees in every respect with the typical Dogger Bank Herring.

From the west coast of Jutland off Thybordn I have had for investigation a large sample of young
herrings which were captured on July 16. 1918. The number of vertebrae and of keeled scales were investigated
in 200 specimens of a length of 5—9 cm. Moreover the number of vertebrae was counted in 140 speci-
mens of 6—11 em length.

The analysis gave the following result:

200 specimens 5—9 cm.

Vert. S. Kg
No. Freq. No. Freq.
54 2 13 4
55 Janle 14 51
56. 95 15 83
57 83 16 53
58 7 17 7
e i 18 1
o o 19 1
n 200 200
m 56.40 15.08
g 0.7 0.93
Om 0.050 0.066
0, 0.035 0.046
The length and the number of vertebrae of the 140 specimens were as follows:
Length e¢m Vert. S.

6 5 55 4

7 41 56 68

8 53 57 64

9 22 58 3

10 15 59 1

il 4

n 140 140
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m 8.09 4 0.5 56.49
g 113 0.63
Om 0.096 0.053
Oy 0.068 0.038

Taking the vertebrae of the two groups together we get the following result:

Vert. S.
No. Freq.
54 2 m 56.44
55 17 o 0.68
56 163 Om 0.037
57 147 s 0.026
58 5 10
59 1
n 340

It appears that this herring with regard to the keeled scales and vertebrae is probably in full accor-
dance with the Dogger Bank Herring.

V. The Jutland Bank Herring.

The Jutland Bank Herring has its spawning places on the Little Fisher Bank, the Jutland Bank,
and adjacent parts of the Skagerak, and the spawning period is September—October.

HeinckE (1898) proved the occurrence of ripe autumn spawning herrings N.E. of Jutland Bank
at 57°20’'N, and 7°56' E. on September 12. 1889, and in 1903 Duck stated that the stomach of the haddock
and the frogfish (Lophius piscatorius) captured on the Little Fisher Bank and the Jutland Bank between
September 30. and October 4. 1903 contained herring eggs. — In September and October 1922, I found that
young herring fry occurred in the neighbourhood of the Little Fisher Bank, the Jutland Bank and
the south western Skagerak (see Figs. 1 and 2).

HEINCKE examined a sample of herrings captured on September 12. 1889 N.E. of the Jutland Bank
at 57°20'N. 7°56'E. (1898 p. 72), and he ascribed the following stages of maturity to 30 specimens:

Length cm I ) v
24 i s
25 1
26 ek o
27 2 1
28 s v
29 A 1
30
31

VI—VII

mmﬁ

— koo

. !
1 2 26 1

The mature specimens had an average size of 28.6 cm. The immature specimen of 25 cm
(maturity I) had 58 vertebrae, 14 keeled scales and 18 ventral fin rays. In all probability it belonged to
the Norwegian Spring Herring. The frequency distribution of the 29 specimens of maturity V—VII for
the number of vertebrae, keeled scales and ventral rays was as follows:

Vert. S. Ko Rays in ventr. fins
No. Freq. No. Freq. No. Freq.
55 1 13 3 16 3
56 11 14 11 17 3
57 17 15 11 18 22
s 16 4 19 1
n 29 29 29

Fiskeri, VII. 5. 3
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m 56.55 14.55 17.72
o 0.58 -0.87 0.70
Om 0.11 0.16 0.13
Oy 0.075 0.11 0.092

HEeINcKE investigated 26 young herrings of maturity I—II and of 14—24 cm length captured 28 miles
N. by W. of Hanstholm on August 12. 1889. He found the following numbers of vertebrae etc.: Vert. S. =
56.31 + 0.14; Vert. prec. = 23.81 £ 0.21; vert. caud. = 32.50 + 0.17; K, = 14.73 & 0.17; Rays in ventral fins
= 17:81 £ 017,

The Jutland Bank Herring is not sufficiently characterized by the investigations carried out hitherto,
but it seems probable that it is closely related to the Scotch Summer Herring.

V1. Autumn Herrings from the German Bight.

In the German Bight autumn herrings occur which usually are of little importance but sometimes
may be numerous. HEINCKE writes as follows about these herrings (1898 1' p. LXII—LXIII): “wihrend
die Herbstheringe der nordlichen Nordsee in ungeheuren Schwirmen auftreten und den Gegenstand einer
grossartigen Fischerei bilden, sind die Schwirme der Herbstheringe der siidlichen Nordsee klein und in-
dividuenarm. Namentlich gilt dies von der siiddstlichen Nordsee oder der deutschen Bucht. Es ist jedoch
wahrscheinlich, dass dem nicht immer so gewesen ist, dass es vielmehr Zeiten gegeben hat, z. B. der An-
fang dieses Jahrhunderts, wo grossere fangwiirdige Mengen von Herbstheringen in der deutschen Bucht
vorhanden waren. Es ist auch wahrscheinlich dass eine solche Zeit einmal wiederkehren wird”.

A sample of mature herrings described by HEeINCKE was captur'ed south of Horns Reef at 55° 26" N.
6°50' E. on September 13. 1890. The specimens were of maturity V—VI and their lengths were as follows:

cm 3 {

29 1

93 .. s

24 3 1

25 4 2

n 8 3

m 24.2 + 0.5 24.7 4+ 0.5

It will be seen that the average length of the specimens was smaller than is usually the case in
the mature Dogger Bank Herring.

The analysis gave for the individually constant characters the following result:

Vert. S. Vert. prac. Vert. caund. Ko Rays in ventr. fins
No. Freq. No. Freq. No. Freq. No. Freq. No. Freq.
56 6 23 4 29 1 14 5 16 2
57 5 24 3 30 2 15 4 19 X
25 1 31 0 16 2 18 9
26 2 32 2 <o 3e S
27 1 33 4
D i - e 34 2 =5 o o e
n 11 11 11 A il
m 56.45 24.36 32.09 14.73 17.64

From this small sample we are not able to judge whether the German Bight Herring differs from
the Dogger Bank Herring or not, but some analyses of young herrings caught in the German Bight suggest
that we have here to do with an autumn spawning herring which differs from the Dogger Herring by a
somewhat smaller number of Vertebrae (Vert. S.).

We will here consider some analyses of such young herrings.

A sample investigated by me, consisting of young herrings of a length of 8—10 cm, maturity I, cap-
tured from the “Dana” by otter-trawl south of Horns Reef at 55°20’'N. 7°20" E. on September 19th 1922,
showed the following distribution of the variants:
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Vert. S. Vert. preec. Vert. caud.
No. Freq. No. Freq. No. Freq.
55 5 22 2 30 3
o6 37 23 21 31 L)
57 20 24 28 32 19
58 3 25 10 33 27
oo 26 3 34 7
27 0
28 1 )
n 65 65 - 65
m 56.32 23.92 32.40
(11 0.69 1.02 0.01
Om 0.085 0.13 0.13
(o 0.060 0.09 0.09

The 'survey below shows the distribution of the variants for the vertebrae etc. of 50 young herrings

of lengths of 9—11 cm caught by herring trawl from the “Dana” southwest of Graadeep at 55°23" N.
8°12' E. on November 30. 1922:

Vert. S. Vert. preac. Vert. caud. Kg Rays in ventr. fins
No. Freq. No. Freq. No. Freq. No. Freq. No. Freq.
55 2 22 1 30 1 14 12 16 4
56 29 23 13 31 5 15 17 17 9
57 16 24 24 32 22 16 19 18 36
58 3 25 10 553 18 17 2 19 1
55 S 26 2 34 2

e 35 2 e 35

n 50 50 50 50 50
m 56.40 23.98 32.42 15.22 17.68
a 0.67 0.84 0.95 0.86 0.65
O 0.09 0.12 0.13 0.12 0.09
O 0.07 0.08 0.09 0.09 0.07

The scales proved to be without winter ring. We are evidently concerned here with autumn herrings
of the year class 1921.

HEinckE has investigaled some samples of young herrings captured at the mouth of Elbe, where

there is a possibility of an intermixture with spring spawners. The high number of keeled scales suggests,

however, that the possible intermixture of spring spawners cannot be of much importance. The analysis
of 105 specimens of a length of 8—23 ecm and maturity I—II, captured on November 30th 1877, No-
vember 17. 1886, December 1891, February 2. 1887, March 22. 1889 and March 11, 1891 has given the
following results for the individual constant characters:

Vert. S. Vert. prec. Kg Rays in ventr. fins
No. Freq. No. Freq. No.t Freq. No.? Freq.
55 7 22 4 13 3 16 5
56 38 23 12 14 20 1 (78 8
57 29 24 18 15 57 18 91
58 2 © 25 7 16 22 19 1
ik o .s s 17 1

28 1 A5 o

n 76 42 103 105
m 56.34 23.79 14.98 17.84
g 0.68 1.09 0.75 0.50
Om 0.08 0.17 0.07 0.05
Uy 0.06 0.12 0.05 0.03

1 One specimen with 20 Ko omitted as abnormal.
2 — — 11 Ventr. fin rays omitted as abnormal.

3#

i
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A sample investigated by HEiNckE consisted of young herrings of 9—14 cm length captured off
Helgoland on October 3. 1894. The distribution of the variants was as follows:

Vert. S. Vert. prac. Kg Rays in ventral fins
No. Freq. No. Freq. No. Freq. No. Freq.
56 13 23 4 13 2 13 1
57 11 24 15 14 8 14 1
58 1 25 5 15 9 15 1
16 ) 16 2
17 1 17 3
e 18 16
n 26 24 25 24
o m 56.52 24.04 14.80 17.21
(1] 0.59 0.62 1.00 1.41
Ok 0.12 0.13 0.20 0.29
O 0.08 0.09 0.14 0.20

It will be noticed that the average number of rays in the ventral fins is here unusually low.

HEINCKE invesligated 17 young herrings captured North of Terschelling at 53° 45'N. 4°47 E. on
September 4th 1890. The specimens were of length from 13—16 cm and of malturity I. The analysis gave
the following result:

Vert. S. Vert. przec. Ks Rays in ventr. fins
No. Freq. No. Freq. No. Freq. No. Freq.
54 il 23 8 14 3 17 &
55 1 24 7l 15 14| 18 14
56 9 25 2 16 2
57 5 s e 17 1
58 1 5
n 17 17 17 17
m 56.29 23.64 15.06 17.82

The high number of keeled scales makes it improbable that these herrings should belong to the
Channel Sea Herring or local races of spring herrings from the Zuider Zee or the southern part of the
North Sea.

It will be seen that in all these samples, except one, the number of vertebrae is somewhat lower
than in the Dogger Bank Herring and the Scotch Summer Herring. It might be suggested that the low
number of vertebrae in the case of the young herrings examined could originate from an intermixture with
local spring spawners, but that such an intermixture is of any consequence is improbable on account of
the high number of keeled scales found in the samples.

It is possible that some of the samples of the young herrings investigated may be Dogger Bank
Herrings, but it is improbable that all the samples should’ belong thereto.

From the analyses to hand we gain the impression that the autumn spawning herrings of the German
Bight have a similar high number of keeled scales as the Dogger Bank Herring but a somewhat lower
number of vertebrae. The average number of vertebrae in 244 specimens was 56.36 against 56.49 in the
Dogger Bank Herring. (257 spec.)

The spawning places for the autumn herrings from the German Bight are not known as yet.
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VII. General Survey of the Racial Characteristics of the Summer-
and Autumn-Spawning Herrings of the North Sea.

It appears from the analyses mentioned in Chap. II—IV that a part of the Shetland summer
herrings belongs to the same race as the Scotch Summer Herring, and that we have only
been able to point out very small — and perhaps not constant — differences, in the indi-
vidual constant characters between the Scotch Summer Herring and the Dogger Bank Her-
ring. The Jutland Bank Herring is not yet sufficiently known, but it seems probable that this herring is
in close agreement with the Scotch Summer Herring. We will therefore refer all these herrings to
one single race and use a common name for them all: The Bank Herring of the North Sea.
This herring may be characterized provisionally by the following average numbers of vertebrae, keeled scales,
rays in ventral fins and rays in dorsal and anal fins (Comp. Table 9, p. 84):

Total number of Vertebrae. .. .:.:ce:ouies e aonvass oiss 56.50 + 0.05
Number of precaudal Vertebrae........................ 23.90 + 0.07
— - caudal Vertebrae......-c.ouesenararsaonssss 32.60 &+ 0.07
— - keeled scales (Kp)..-cvvvnevnnrerrneransanns 14.85 4 0.07
- - fin rays in both ventral fins................ 17.75 + 0.05
— - branched dorsal fin rays.................... 15.20 4 0.10
Total number of anal fin rays. ......c.coverieiiinnnnn 17.20 4 0.10

The Bank Herrings from various parts of the North Sea are evidently in close agreement with
each other as to the morphological characters. It appears, however, from the survey below, that the Bank
Herrings from the north western part of the North Sea have usually a little lower number of keeled scales
than the Bank Herrings from the Dogger Bank and adjacent areas to the East.

Number of Keeled Scales (K,) and Precaudal Vertebrae in Herrings from the
' North Western Area and the Dogger Bank etc.

Locality No. of

North western Area. Date specimens Maturity Kg Vert. prac. Investigator
S. E. of Balta Sound...... 1—IX—1921 363 IIT—VII 14.85 23.84 Johansen
Bait  Tslewww o v ssitig vbis o 27/,0—VI—1887 75 (30) III—VI 14.80 23.63 Heincke
Moray” Firthi - . ¢« .o o sme 18/, —VII—1906 50 II—IV 14.76 23.74 Redeke
Oft Peterhead ............ VIII—1871 24 IV—VI 14.83 - Heincke
Oft Firth of Forth........ 8—IX—1904 31 II—II1 14.74 23.81 Broch

Dogger Bank etc.

N. W. of Dogger Bank 19—VIII & 3—IX—1906 40 II—1v 14.90 24.28 Redeke
Dogger Bank............. 6—IX—1904 31 II—Iv 14.84 23.74 Broch

— e 11—X—1906 25 II1—VI 15.25 24.04 Redeke
West of Sylt............. 4 —VIIT—1889 30 I 14.90 24.36 Heincke

It is not known whether the relatively high number of keeled scales is characteristic to all herrings
spawning on the Dogger Bank and in the area between the Dogger Bank and the English coast (comp.
Fig. 6) or only to a part of them. There is some evidence to hand that the herrings which have a rela-
tively high number of keeled scales, have usually a higher number of precaudal vertebrae and a lower
number of caudal vertebrae than the other Bank Herrings of the North Sea.

There is a possibility that the sample from the Dogger Bank investigated by Brocn has contained
some specimens belonging to the Channel Sea Herring (specimens of maturity II).

The morphological differences between the Scotch Summer Herring and the Dogger Bank Herring
(or a part of those) are indeed very small, but they indicate a certain degree of independence for each
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of the groups. Future investigations may show whether the differences are so constant that we can use
them as a distinguishing mark between two different races of Bank Herrings.

In connection with the small morphological differences pointed out here, it should be noted that
herrings of the same age are larger in the north western part of the North Sea than off the East Coast
of England (see Chap. VIII).

The Autumn Herrings of the German Bight have probably a somewhat smaller number of
vertebrae than the Bank Herring of the North Sea, as will appear from the survey below:

Number of vertebrae ete. in the Bank Herring of the North Sea and the Autumn Herrings
of the German Bight.

A. The Bank Herring of the North Sea.

No. of spec. Average
Locality Date examined length cm Maturity Vert. S. Investigator

S. E. of Balta Sound...... 1—IX—1921 363 28.5 III—VII 56.50 Johansen
Fair Isle. ...cuousm:eena. 27/, —V I—1887 75 26.4 III—VvI 56.45 Heincke
Moray Firth ............. 18/ ,—VII—1906 50 24.7 I—Iv 56.56 Redeke
Off Firth of Forth........ 8—IX—1904 31 25.4 II—III 56.45 Broch
N.W. of Dogger Bank 19—VIII & 3—IX—1906 40 25.2 III—Iv 56.50 Redeke
Dogger Bank............. 6—IX—1904 31 25.6 II—IV 56.58 Broch

— e ¢ i i 9—1X—1890 5 25.7 V—VI 56.80 Heincke

— O L e i 3—X—1911 106 27.0 I11—VI 56.43 Delsman

— S Saglate s e wele 14—IX—1912 50 27.2 III—VI 56.54 ==

— —— i wleie e e 11—X—1906 25 26.4 I11—VI 56.44 Redeke
[Jutland Bank............ 12—-1X—1889 29 28.6 V—VII 56.55 Heincke]

B. The Autumn Herrings of the German Bight.

No. of spec. Average
Locality Date examined length Maturity Vert. S. Investigator
S. of Horns' Reef. ... a0 13—IX—1890 11 24.9 V—VI 56.45 Heincke
— — = 1 N 19—IX—1022 65 o I 56.32 Johansen
S. W. of Graadeep........ 30—XI—1922 50 o I 56.40 —
Mouth of Elbe ........... 1877—1891 76 ats I—II 56.34 Heincke
Off Helgoland. . .......... 3—X—1894 25 - i 56.52 —
N. of Terschelling ........ 4—IX—1890 29 e 1 56.29 —

In connection with the small difference in the number of vertebrae it should be noted that the
Autumn Herrings of the German Bight are probably spawning in water of less salinity than the Bank Her-
ring of the North Sea (see Chap. X). '

The North Sea Deep Water Herring, which is known from BrocH's investigations, has a little
higher number of vertebrae (Vert. S.) than the Bank Herring of the North Sea, viz. 56.70 = 0.05, and a
somewhat lower number of keeled scales, about 14.40 to 14.50 in mean value (comp. p. 6). The spawning
places for this herring are probably situated on rough grounds on rather deep water on the northern plateau
of the North Sea (see Chap. IX and X) where the temperature in the spawning period is somewhat lower
than in the area where the Bank Herring is spawning.

VIIl. Age and Size of mature Summer- and Autumn-Spawning Herrings
from different parts of the North Sea.
Some doubt has been expressed in later years as to the validity of the results arrived at by the new

method of age determinations, by means of rings in the scales (D’Arcy W. THoMPsON & CATHERINE
SuerriFF 1922). In my opinion the “ring method” signifies a great progress in comparison with the me-
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thods previously-used for age determinations, but it is quite clear that the method is far from being exact.
Erroneous determinations are probably frequent, and mainly on account of the fact that the winter rings
are often not more distinet than the “secondary rings” which have nothing to do with the winter rings.
Each naturalist forms here his own praxis in his distinction between the two sorts of rings. He may be
able to count the number of “‘winter rings” approximately in the same way at different times, but this is
not a sufficient proof that the counting is correct. There is some evidence at hand that the first winter
ring is often feeble or wanting, and in old specimens it is usually the case that there is an outer zone
with more or less indistinet rings which are lying very close to eachother. In this zone the distinction be-
tween winter rings and secondary rings becomes highly arbitrary.

It is beyond the purpose of this paper to give a general view of the age determinations hitherto
carried out of the autumn herrings .of the North Sea. I shall here represent only the results of the age
determinations of the samples of Shetland Herrings and Bohusldn Herrings® examined by me and
my collaborators (see Tables 1, 2 and 4), and for the sake of comparison I shall state the result of some of
the age determinations of mature autumn spawning herrings from other parts of the North Sea investigated
by Hisort & Lea (1910) and by Storrow & DoroTHY Cowan (1920). :

This comparison (Table 3) shows, that herrings with the same number of winter rings (4—9) were
practically of the same average length at Balta Sound and at Peterhead. On the other hand the autumn
herring on the stretch from North Shields to Haighsborough Float are, on an average, 1—2 cm shorter
at the same age than the herrings from the Shetland Isles and Peterhead, and finally, the Bohuslin Her-
ring has on an average the same size as herrings of the same age from North Shields to Haighsbhorough Float.

Dororny Cowan has found previously that herrings in the northern parts of the North Sea are
larger at the same age than herrings from the more southernly fishing grounds off the English east-coast.

Table 1. Age and Length of mature Herrings caught S. E. of Balta Sound on Sept. 1. 1921.

(Age indicated by number of winter rings in the seales).

Totalno.of] Average ‘ Corrected
Length cm. 25 26 27 28 29 30 31 specimens | length cm by 0.5
No. of 1
2 winter rings
1917 3 1 e A 1 26.0 26.5
1916 4 i 2 8 9 2 2 23 27.74 28.24
1915 5 1 9 20 24 13 2 - 69 27.65 28.15
1914 6 ac 3 18 20 13 3 il 58 27.97 28.47
1913 7 al 6 18 22 23 5 1 76 28.04 28.54
1912 8 36 1 3 22 16 9 3 54 28.70 29.20
1911 9 W i 2 10 4 5 1 22 28.68 29.18
1910 10 o i o 1 3 1 5 29.0 29.5
1909 11 s 1 1 30.0 30.5
3—4 1 1 27.0 27.5
4—5 - 1 1 2 29.5 30.0
5—6 1 1 S 8 28.0 28.5
6—7 1 4 1 7 28.29 28.79
6—9 " . . . . 1 1 30.0 30.5
7—8 o8 ¢ <3 1 1 1 1 4+ 29.5 30.0
8—9 i o e 1 1 2 <+ 29.25 29.75
8—12 e ‘s e 1 o 1 28.0 28.5
9—10 o 15 o . 2 1 7 3 29.33 29.83
s 2 s 3 5 11 2 1 1 23 27.83 28.33
Total number of spec. . | 2 | 25 | 77 133 82 3 | 9 363 |

! See also p. 72—73.



Table 2. Age and Length of Herrings
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of Maturity VIII caught in purse seine N. W. of Hirshals. March 6. 1923.

Total no.| Average Corrected
Length em 20 21 22 23 24 25 26 27 28 29 of spec. | length em by 0.5
No. of
Zeartglas winter rings
1919 3 2 2 5 2 1 1 1 ) 14 23.36 23.86
1918 4 2 4 14 8 7/ 4 1 o 1 41 22.88 23.38
1917 5 2 3 7 6 8 7 2 35 24.26 24.76
1916 6 ) 2 1 it 6 4 1 15 25.87 26.37
1915 7 1 i 1 26.00 26.50
1914 8 2 1 3 27.67 28.17
1913 9
1912 10 s s i 2
1911 11 5 i 1 1 28.00 28.50
4—5 1 2 s 3 23.33 23.83
4—6 o 1 1 28.00 28.50
4 35 i 1 iz 1 25.00 25.50
47 1 1 i 1 3 24.00 24.50
67 e e 2 . 2 26.00 26.50
Total no. of specimens .| 2 9 | 20 | 22 | 19 | 15 | 18 | 10 | 3 | 2 120 | |

Table 3. Age and Average Length of mature Autumn Herrings from various parts of the North Sea.

20 miles S. E.| 14 miles E. 5 10 miles 3 miles N. of 3 miles
of of & lNorth E.N. E. of | [Grimsby] | North Hais- N'.W' ot N. W. of
Locality ............ Balta Sound | Peterhead piields Scarborough borough Float R Skagen
Gglapsen & | (Stomow & | (jort & Lea)| ST & | ajort & Leay | Sigrrow & | Cghansen & | (Tehanees &
Bate. 42 b5 L ot 1—9—1921 | 9—9—1919 [22—10—1909| 20—9—1919 | 30—9—1909 [20—11—1919| 6—3—1923 | 5—1—1924
State of Maturity ...| III—VII IV—VII IV—VIIL IV—VII V—VII III—VII VIII VII—VIII
No. of winter rings Average length cm
Dils s st we e o 25.0 23.0 23.32 23.3 23.42 i i
Bie a1 Ty 26.5 26.61 26.9 25.55 24.1 24.33 23.86 23.87
SR B 28.24 27.47 26.3 26.48 25.0 25.57 23.38 25.34
Bliraarsoimnts 28.15 28.41 26.6 26.98 26.1 26.37 24.76 26.47
615 vin ) Somnsta 28.47 29.19 26.8 27.74 26.7 27.08 26.37 27.65
R b 28.54 29.25 26.8 28.09 26.9 27.34 26.50 26.50
By od s RS 29.20 29.67 27.2 28.50 27.8 28.0 28.17 29.00
¢ IR R 29.18 29.80 27.2 28.50 27.0 28.67 28.50
1 {0 e et e 29.5 30.30 27.7 5 25.7 28.67 0
iR B B 30.5 30.5 28.0 27.0 28.50
5 1 SR AR 31.0
No. of winter rings Number of specimens
D5 5% 57 o a i 3 i1 19 16 12 h ‘-
Bl e i e 1 31 7 42 141 85 14 ° 27
z RO e 23 38 6 60 206 30 41 31
B e Sl 69 17 24 . 56 67 . 60 35 31
6 o5 vs wea 58 27 13 |19 25 48 15 13
R s 76 12 13 I 82 9| 32 1 2
s U O 54 18 12 12 6 10 3 2
9l o i derai 22 5 11 4 9 6 1
B0 s v svarase 5 3 12 T 3 3 -
1 B e e 1 2 3 1 1
P e R O 1
Total no. of spec.. .. 309 157 102 245 482 286 110 107
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Table 4. Age and Length of Herrings of Maturity VII—VIIl caught in purse seine 3 miles N. W. of Skagen.
January 5. 1924.

Total No. of Average | Corrected
Length em. 20 21 22 23 24 25 26 27 28 29 5

specimens || length cm. by 0.5

Year class |No. of win-
ter rings

1920, .... 3 2 2 b 7 5 2 1 2 1 i 27 23.37 23.87
FOABE oy 4 1 7 6 5 6 6 31 24.84 25.34
1918..... 5 3 2 8 5 8 3 2 31 25.97 26.47
1917..... 6 2 1 5 3 2 13 27.15 27.65
1846 v 7 il 2 s i 2 26.0 26.5
FHE e 8 1 | 2 28.5 29.0
1914, . ... 9 1 . 1 28.0 28.5
Total no. of specimens| 2 2 | 6 | 17| 13| 17| 15| 2] 9| s 107

[X. On the positions of the Spawning Grounds of the Summer~ and
Autumn~-Spawning Herrings of the North Sea.

We are still far from knowing the extent and location of the main spawning grounds of the summer
and autumn spawning herrings of the North Sea, but a series of new facts throwing light upon this diffi-
cult problem, has been brought forth in the last decennaries, and it will be worth while to consider, how
far our present knowledge extends.

Furron has, in his important work on “The Chief Fishing Grounds on the East Coast of Scotiand”
(1891) given detailed information about the situation of the spawning places both as regards winter (or
spring) spawners and summer spawners. Very little is stated about the way in which the spawning places
have been located, but it seems probable that Furton for the preparation of his charts has collected all
the material then available concerning:

1) actual finds of the herring spawn on the sea bottom.

2) observations about the occurrence of newly hatched herring larvae.

3) observations about the localities where fishes with herring spawn in the stomach have been
caught,

4) observations about the places where great quantities of ripe herrings (of maturity VI) are caught..h"

The position of the spawning places for the summer spawning herring on the stretch from the Shet-
land Isles to Northumberland, as located by Furron, is represented in this paper on Fig. 8 p. 41. The
spawning places are almost all situated at depths from about 25 to 80 meters.

The charts of Furton are, of course, of a provisional nature.

From a consideration of the state of maturity of the herrings in different catches taken east of the
Shetland Isles, Bsjerkan (1917) draws the conclusion that spawning takes place on the slopes of Unst
Bank and south of a line drawn between this Bank and Viking Bank, including Bressay Shoals.
If this conclusion is right it would seem that spawning takes place here at depths from 80 to 120 meters
or even more.

RusserLL (1914) draws attention to the fact that during the autumn fishing off the coast of North-
umberland considerable quantities of haddock are caught whose stomachs are crammed with herring spawn.
Some records of the place of capture of such “spawny” haddocks have been collected at North Shields
during 1911. The places of capture were situated off the English coast between 55°30 and 56°0" N. lat,,
and it appears that they occurred not far from the spawning places located by Furrton. Four of the catches

were taken at depths of about 60 meters, 15 catches came from depths between 60 and 80 meters, and 4
Fiskeri. VIL 5. 4
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catches from depths between 80 and 90 meters. The landings occurred between August 8th and Septem-
ber 26th 1911.

MEEK records (1919) that the summer herring in 1918 was spawning North of the Farnes off the
Northumberland coast.

Woop (1922) tried to locate the spawning grounds east of Scotland and the Shetland Isles by re-
cording the localities of occurrence of shoals of ripe herrings. He finds in this way that spawning places
were situated near Out Sherries, east and southeast of Sumburgh Head, on the Fair Bank, east of Lewis,
and on several places near the east coast of Scotland, where they were known from previous investigations
by FurtoN, MITCHELL, ete. Woop was aware that an accurate determination of the spawning grounds can
not be reached by a study of the state of maturity of the herrings in the catches, and he summarises
his experiences in the following manner: “Although fish full of milt and roe may be found at least 100 miles
from land, as may be seen in samples of trawled herring, it is fairly obvious that the most favoured areas
lie close to or within the immediate coastal zone”.

Woob gives also some information about the occurrence of “spawny” haddocks in the Scotch waters
in the summer of 1922, but this subject is more fully dealt with by A. Bowman (1923), who gives a series
of valuable records regarding date and locality for catches of “spawny” haddocks in spring and summer
of the two years 1921 and 1922. Among the interesting results arrived at by Bowman the following should
be quoted: “In the first place, it is obvious from the accompanying chart that the spawning grounds
chosen by the herring for the two years in question were approximately the same, the variations on the
whole not suggesting any considerable change from one year to another in the localities chosen ...”

“In the second place, the chart shows that the greater number of ‘spawny’ haddocks caught by
trawlers in spring come from grounds to the north-west of Scotland, extending from the Butt of Lewis to
Muckle Flugga, whilst the greater number of catches in autumn come from the East Coast of Seotland...”

“The third point brought out by the data is that, although the spawning grounds extend over con-
siderable areas, the distribution of the spawn itself does not appear to be uniform, but occurs rather in
more or less extensive patches...”

“The fourth and probably the most interesting point elucidated is.that spring and autumn spawning
may take place on approximately the same grounds . ... The selection of the same grounds by spring and
autumn spawners suggests that two of the most potent factors determinating the positions of the herring spaw-
ning grounds are depth and nature of bottom™.

“Finally, the data suggest that, at least on the more extensive spawning grounds both during summer
and winter successive waves of spawning shoals visit the spawning grounds to deposit their eggs, and that
haddock drawn from the surrounding area segregate on these grounds in turn throughout the incubation
periods™.

The localities from which “spawny” haddocks have been recorded by Bowman in August, September
and October 1921 and 1922 are represented on Fig. 7 p. 40 without keeping the two years apart.

From the Dutch investigations of BoEgE (1906), REDEKE and vAN BReEEMEN (1907—1908), it is quite
clear that spawning places for autumn herrings occur on the Dogger Bank itself and in the area off the
east coast of England between 53° and 55° N. lat. Repeke found that almost all haddock in a sample
caught north of the South West Patch of the Dogger in October 1904 contained herring eggs, and at many
of the Dutch seasonal stations newly haiched herring larvae were found. It will here be worth while to
recall the localities where such small herring larvae were found.

The positions of the Dutch Seasonal Stations were as follows:

H i N W. of Pexel ... ... s . ania s 53°14'N. 4°15"E. ca. 30 m
H 2 8. of Cleaver Bank ... .::coven. - 53°45'N. 3°27"E. - 40 -
H 3 S.of Dogger Bank . . ............. 54°06'N. 2°55'E. - 40 -




H 4 Dogger Bank ..... .. ... .. . ... ... .. 54°33'N. 2°05"E. ca. 20 m
H 5 W.of Dogger Bank... . .. . .. .. .. .. 54°06'N. 1°26’'E. - 50—70 m
H6 Off Spurn ........................ 53°40'N. 0°32'E. - 25 m
H 7 NoWeoof Gratiee ~oox e v voms # 5 5 @ e 53°06'N. 1°11"'E. - 20 -
H 8 Deep Water Channel ... .. ... ... . 52°40'N. 2°28'E. - 40—50 m
HS8A — = S L e O e 52°30'N. 3°00'E. - 40m
H 9 E. of Deep Water Channel..... . ... 52°15'N. 3°28'E. - 30 -

On the Dutch seasonal cruise in November 1902 some herring larvae were taken at the surface
with plankton net at St. H 6. On the cruise in November 1903 no herring larvae were observed, but in
November 1904 great masses of larvae were caught at several stations, and mainly at H3, H 5, H 6 and
H 7. At the two last stations the Hensen Nel was used for vertical hauls, and at H 6 were taken 43 larvae
(of 8—17 mm length) pr. m% and at H9 13 larvae (of 9—10 mm length) pr. m2 At station H 8 no larvae
were taken by the Hensen Net and only a single larva with the Helgoland Young Fish Trawl (Scher-
brutnetz), and at St. H1, H 8a, and H9 no larvae were captured either with Hensen Net or with Young
Fish Trawl.

On the Dutch seasonal cruise in November 1906 numerous herring larvae were taken with young
fish trawl and egg nets on the Stations H3, H4, and H7, and at all these stations newly hatched larvae
of less than 10 mm length occurred. Newly hatched larvae were also taken on St. H2 and St. H 8, but the
number caught here was much smaller. At St. H4 several larvae of 11—20 mm length were taken. At St.
H8a and H9 no herring larvae occurred.

Having regard to the direction of the prevalent currents I consider it probable that the numerous
young herring larvae from St. H 3 taken in November 1904 and 1906 originate from spawning places on
the south western part of the Dogger Bank. The larvae taken at H6 and H 7 come without doubt from
spawning places situated between the Dogger Bank and the English coast.

RepeErE and vAN BREEMEN are of opinion that the few herring larvae caught at the Dutch Stations
south of 53° N. lat. in November originate from spawning grounds situated between the Dogger Bank and the
English coast and not from herrings which have spawned in the actual area where the larvae have been taken.
They lay stress upon the fact that the herring of the Deep Water Channel is a winter spawning herring,
and they believe that the spawning places for this herring are situated near the entrance of the English Channel.

Hiort (1905) gives much valuable information about time and place for the catches of full herrings

and spent herrings in various parts of the North Sea. It appears from Hisort's observations that almost
all herrings caught in November in the important herring fishing area between 52 and 53°N. lat. and 2
and 3°E. long. are full herrings and only very few spent herrings.

BorLEY and RusseLL state (1922) that spawn of herring was taken on the Inner Trawling Ground
(West of Dogger Bank) in September 1913, but a more exact location is not given.

The same authors are of opinion that a great spawning ground probably occurs in the neighbourhood
of Smith’s Knoll. They write about this question as follows (p. 48): “In view of the enormous concen-
tration of the herring off the Norfolk coast in the region of Smith’s Knoll in the later part of the season,
the existence of a great spawning ground in the vicinity can hardly be doubted. There is, however, no
direct information on this point”.

The herrings which are caught in great quantities in the region of Smith’s Knoll in October—No-
vember are mainly winter spawners (see Chap. XI), but as no great herring fishing takes place in this
region at the time when these herrings are spawning (about December—January), it seems doubtfull whether
BorrEy and RusseLL are right in their view.

Very little has been published about the situation of the spawning places in the eastern part of the

North Sea.
4*
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Duce (1903) and Eurensaum (1904) state that the stomach of the haddock and the frogfish cap-
tured on the Little Fisher Bank and the Jutland Bank from September 30. till October 4. 1903
contained herring eggs. Duge (1903) writes as follows about this observation:

“In der Zeit vom 30. September bis 4. Oktober 1903 fischten die Fischdampfer Eva, Kapitin KiLPER
und Jape, Kapitin M. Mopersitzkr aus Geestemiinde auf der Kleinen Fischerbank auf etwa 57° N-Breite
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Fig. 1. Catch of herring larvae per 30 minutes haul with Petersen’s Young Fish Trawl in September—November 1903—06 and
September—October 1922. )

und 7° O-Liinge, wo sie einen recht guten Fang an grossen und mittel Schellfischen erzielten. Beim Aus-
weiden der Fische fiel es auf, dass ihre Magen stark und theilweise zum Platzen gefiillt waren. Der In-
halt bestand aus kleinen Fischeiern. Alle in dieser Gegend gefangenen Fische und auch die auf der Jiitland-
bank angetroffenen hatten ausschliesslich solche Eier im Magen. Auffillig war ferner die grosse Menge
todter Fische, die mit dem Netz heraufgebracht wurde. Ausser ganz frischen, offenbar eben eingegangenen
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Fischen, die noch ganz klare Augen hatten, kamen zentnerweise Fische vor, die schon lénger todt waren. Unter
den todten Fischen waren Seeteufel (Lophius) ziemlich héufig, die ebenfalls den Magen voller Rogen hatten.
An einigen Stellen, nahe dem steinigen Grunde, kamen grosse Mengen Fischeier mit dem Netze herauf,
die sich in den Maschen festgesetzt hatten.

Den Fischern war diese Erscheinung sehr auffillig, da es sich um ganz enorme Mengen von Fischeiern
handelte, die nach dem Inhalt der Magen und den im Netze haftenden Quantititen am Grunde vorhanden
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Fig. 2. Catch of herring larvae per 30 minutes haul with Petersen’s Young Fish Trawl in September—October 1922.

sein mussten und da sie annahmen, die Fische hatten soviel Eier gefressen, dass sie eingegangen seien,
bezw. wie behauptet wurde, dass ihr Magen geplatzt sei”.

A series of new facls is, however, to hand concerning herring larvae caught in the Danish fishing
experiments with Young Fish Trawl and Plankton Nets in the North Sea and the Skagerak in the years
1903—07 and 1922—24.

In Figs. 1 and 2 the calches of herring larvae taken by the Danish research steamer with
Petersen’s Young Fish Trawl') during the autumn season have been represented. In Fig. 1 the catch
is represented graphically, and the Chart comprises stations from the years 1903—06 and 1922. In Fig. 2

1) The opening of Petersen’s Young Fish Trawl in front was 2—25 m X 1.3 m. In some cases a ring trawl of stramin of
2 m in diameter was used.

vl



the number of herring larvae taken in September—October 1922 is put down with statements about number

of larvae of different size.

Fig. 3 illustrates the number of larvae taken with vertical hauls with Hensen Net per m®
It appears from these charts that no herring larvae have been caughtin the Horns Reef area
(between 55 and 56° N. and east of 6°E.) during the Danish fishing experiments with young fish
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Fig. 3. Catch of herring larvae with vertical hauls by Hensen Net, per m®

Over the line: number of larvae of less than 10 mm length.

Below the line: number of larvae of 10—17 mm length.

If no figures at the stations, no larvae were caught.
The Danish records from 1899 and 1900 originates from C. G. Joh. Petersen (1903).

trawl and Hensen Net during the autumn. Experiments with Hensen Net were undertaken in Sep-
tember 1922 (13 Stations). Experiments with Young Fish Trawl were carried out in September 1903 (1 Sta-
tion), and in September 1904 (7 Stations).
Later experiments with Young Fish Trawl in the waters close west of Graadeep have given negative

results during the following months:
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Fig. 4. No. of herring larvae of autumn spawners caught in the spring months per 30 minutes during the Danish fishing ex-
periments by Petersen’s Young Fish Trawl
Over the line: number of specimens caught in the upper layers.
Below the line: number of specimens caught in the lower layers.
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November 1922 (2 Stations)
December — (1 Station)
January 1923 (1 Station)

— 1924 (2 Stations)

From these experiments we gain the impression that if spawning places for an autumn herring occur
in the Horns Reef Area or adjacent parts of the German Bight, they must be of very little importance.

In February of 1904 a few herring larvae of 24—41 mm length were caught with Young Fish Trawl
south of Horns Reef, and in April of the years 1904, 1905, 1906, 1907 and 1923 several larvae of 13—45 mm
length were taken in the Horns Reef Area. These large larvae may have come from the southern part of
the German Bight or even from more distant areas.

In the area around the Little Fisher Bank and the Jutland Bank some newly hatched larvae
were taken with Young Fish Trawl at the end of September and the beginning of October 1922, (Fig. 1,
9 and Tables 5 and 6), but most of
the stations gave negative catches,

and the same was the case with a
few stations taken in October 1904.
In verlical hauls with Hensen Net
a few larvae of 15—16 mm length
were taken off Thyborén in No-
vember 1899 and December 1900
(Petersen 1903). A coast herring is
spawning in autumn (September—

November) in the western part of
the Lim Fiord, and we do not know
whether the larvae taken off Thy-

borén originate from this herring

. August, = or from the Jutland Bank Herring.

Fig. 5. View of the mean surface currents of the North Sea. After Bohneche. 1922. In the south western Skagerak a

few herring larvae have been caught

in autumn. Two larvae of 9—11 mm and 6 larvae of 14—15 mm length were taken N.W. of Rubjerg

Knude Light on October 4, 1922, and 8 larvae of 11—17 mm length were taken at about the same place

on October 14. 1922 (see Tables 5 and 6). It is probable that spawning places occur here and there in the
south western Skagerak, but there is no evidence that these spawning places are of much importance.

Altogether we gain the impression that the spawning places situated in the area of the Little Fisher
Bank and the Jutland Bank are usually not of very great importance.

From Fig. 4 it will be seen that many very large caiches of larvae of autumn spawners have been
taken off the west coast of Jutland in the spring months.

As all the large catches of larvae of autumn spawners have been taken in the spring
months and none in autumn, it seems probable that most of the larvae occurring in the
spring months at the west coast of Jutland have been transported by the currents from
the Dogger Bank or the East Anglian Area. In this connection it should be remembered that the
analysis of a large sample of young herrings, originating from autumn spawners, and taken at Thy-

‘borén on the 16. July, 1918, showed the same racial characteristics as the Dogger Bank Herring (comp.

p- 16—17).
If we regard the situation of the spawning grounds in the western part of the North Sea between
53° and 55° N. (see Fig. 6) and the direction of the prevalent currents (Fig. 5) we should expect that
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greater quantities of herring larvae should be caught off the northern coasts of Jutland than in the Horns
Reef Area. If we look at the chart Fig. 4, we notice, however, that more larvae have usually been taken
in the Horns Reef Area than off the more northern parts of Jutland. This fact seems to show that
the active migrations of the herring larvae plays a great réle when they have reached a
certain length.

Great shoals of young herrings occur often at the western entrance to the Lim Fiord, and it will be
noted that a very large catch of larvae has been taken there.

From Fig. 4 it will be seen that almost all the great catches of larvae of autumn spawners are taken
in the coastal areas in the spring months. This fact harmonizes with the view of A. T. MASTERMAN (1896):
that the older stages of the herring larvae and the youngest stages of the herring after the transformation
occur mostly in the litoral Zone?).

It will be seen from Fig. 1 and Fig. 2 that many young herring larvae have been taken in the
castern Kattegat in autumn, but these larvae originate from spawning places actually in the Kattegat, and the
herrings spawning there are different in their racial stamp from those spawning in the North Sea (see
Chap. XI). In the neighbourhood of Skagen a few young herring larvae have been caught. It is not known
whether these have come from the Skagerak or from the spawning places of the northern Kattegat. During
the autumn of 1899 and of 1900 a series of vertical hauls with Hensen Net were taken from the light
vessel of Skagen in such periods when the current was coming from West, but no larvae were caught in
such hauls (C. G. Jou. PETERSEN, 1903).

If we look at the chart Fig. 3 it is a striking feature that very few larvae have been taken in the
Danish waters in comparison with those taken at the Dutch Stations H6 and H7 off the East Coast
of England. The greatest catches per m? in the Danish waters are4 and 2, but on the two named Dutch
Stations, 43 and 13 larvae were caught respectively.

In Table 6 the size of the larvae taken in the Jutland Bank Area in September and October 1922
is represented. It will be seen that most of the larvae taken between September 28. and October 2. were
very small. They were probably hatched in the last half of September. Their average length was only
9.4 mm, while the average length of the specimens taken on the 14.and 15. October was 14.5 mm. This
may indicate a growth of about 5 mm in the first half of October. It appears from Table 7 that the growth
in the winter months must be much slower, about 4 to 5 mm per month. In the period from March 21. to
May 4. the increase in length may be estimated to be about 13 mm or about 9 mm per month.

Table 5. List of Stations where Herring Larvae were caught in the Jutland Bank Area including the Southern Skagerak

North of Jutland. Sept. Oct. 1922,

Fishing experiments from the “Dana” with Petersen’s Young Fish Trawl.

=) Central 2l Duration

'-*_%2 Date Place Position ?spltrlll e Rl Depth of fishing of fishing E;llv(;i
H e e = : ——— || caught
e L - ll.nt. 1 E. Long| Surtace‘Bottnm | Surfnce‘iot.tnm Hours\ Min.|

T wm | === S S ]’ =
2839 | Sept. 28| 17 miles W.3/, N. of Lodbjerg Light ... 56°49 | 7°45' 36 12.0 | 12.3 || 33.7 | 34.5 ||Near bottom | s 30 12
9843| — 29|22 miles W. of Lodbjerg Light ........ 56°45' 7°36" 41 12.4 | 12,5 34.1 34.5 ||Near bottom 85m wire 30 5
0852 | Oct. 1|55 miles NW. by W.1/; W. of Bovbjerg L. 56°49" | 6°32 48 12.6 | 10.6 | 34.5 | 34.7 ||Near bottom 80m wire 30 )
9853 — 1|45 miles W. by N. of Lodbjerg Light... 56°49" | 6°51' 34 12.8 | 11.8 || 34.8 | 35.0 ||[Near bottom 75m wire| .. 30 29
2861| — 2|NW. of Hanstholm . ..............ovv 57°25' | §8°01' 80 i i 1. .. | Intermediate 130m wi.re‘ 2 14
2862 | — 3|26 miles NW. [, W. of Hanstholm....... 57°20" | 7°57" 60 - o i .. ||Intermediate 70m wire“ 2 1
2869| — 4|22 miles NW.1/,N.of Rubjerg Knude Light ||57°42' 9°15’ 47 11.8 | 12.0 || 34.3 | 34.8 ||Near bottom 100m wire|| 2 ar 8
2892 11| 2.5 miles NE. by N.of Skagen Light-Vessel 57°48'.5/10°45".5) 90 ‘ 10.2 89 || 24.6 | 35.2 ||[Near bottom 250m wirel| .. | 30 1
2006| — 14|26 miles NW.1/,W.of Rubjerg Knude Light | 57°41" | 9°04 70 || 10.82 9.0 || 32.09| 34.97 | Intermediate 4 A ‘ 8
2012| — 15|5.5 miles W.%/, S. of Hejen Light ...... 57°43" (10°22' ‘ 25 || 10.8 | 11.2 i .. ||Near bottom <o | 30| 5

1 MasTERMAN (1896 p. 295) writes as follows about this matter: “By a length of some 20—25 millimetres, the young her-
rings have reached the surface water, or are near the surface, and they then migrate shorewards, taking up a littoral habit, commonly
at the mouths of rivers, where they usually move about in small shoals.”

Fiskeri. VIL 5. 5
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Table 6. Lengths of Herring Larvae caught in the Jutland Bank Area including the Southern Skagerak North
of Jutland in September—October 1922,

Fishing experiments from the “Dana” with Petersen’s Young Fish Trawl.

Motith .o uslasimimeis e September October
LB b R i e e 28. 29, 1; 1, 2, 3 4, 11, 14, 15.
YA i crsninisio oo staraiissas |Ealiss 1922 1922 1922 1922 1922 1922 1922 1922 1922 1922
Station INe: (o 0.0, 2839 2843 2852 2853 2861 2862 2869 2892 2906 2912
Length mm. |
St sl o o
e 3 2
Bl Lk 4 1 2 7
2 I Tt 2 3 2 2 15 3 1
10, st o) 1 2 3 4 5 .-
1 T I e 1 1 1 1
12 s s e 1 B 1
i PR R B 2 1 2 »
1 A e z 4 3 i
10 s e 1 2 1
1670 o ol 1 1
S LU 1 1
1 JA WS
1056 50 i e 1 i
0 o
@i’ s 7o o1 9 w | 1 78 1 | 8 5

We can now summarise the results arrived at concerning the extent and location of the spawning
places for the summer and autumn spawning herrings of the North Sea in the following way:

The main spawning places are situated near the British coasts, from the Shetland Isles to Norfolk,
at depths from about 20 to about 90 meters, including the Dogger Bank. Spawning places of some im-
portance are situated on the Little Fisher Bank and the Jutland Bank, including the adjacent parts of the
Skagerak, The Herrings spawning on these grounds seem to belong to one single race: the Bank Her-
ring of the North Sea (see Chap. VII).

Spawning grounds are also situated here and there far from the shore on the banks of the northern
plateau of the North Sea at depths from about 70 to 120 meters, or even more. The racial characteristics
of the herrings spawning there are but little known, but according to the results of investigations carried
out by Broch, it must be supposed that these herrings belong to another race than the Bank Herring,
viz.: The North Sea Deep Water Herring (see Chap. VII).

The position of the spawning places of the Autumn Herrings of the German Bight is not
known as yet. They are usually of very little importance.

X. On the Temperature and Salinity at the spawning places of the Summer-
and Autumn-Spawning Herrings of the North Sea.

After Bulletin Trimestriel 1906—07, Partie Supplementaire, the maximum temperature for the
year at the sea bottom is represented on the chart Fig. 6, p. 39, and on the same chart the approximate
situation of the spawning places of the summer- and autumn-spawning herrings is shown according to
the information referred to in Chap. IX. It appears from this chart that most of the spawning places occur
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Table 7. Lengths of Herring Larvael) caught in various months from September to May in the Jutland Bank Area.
Danish Fishing Experiments with Petersen’s Young Fish Trawl.

March

Month...........+ September October November | February 1130 May
Date: e as i 28.—29. 1.—15. 14.—19. 17. 1903, 1904 1—9.
............. 1922 1922 1903 1904 1906 1923

Length mm
..... 7
..... 8
..... 9
R | 10
7 R 11
B ket 12
2 T | (R 13
2 s s 14
ek TUR W e 15
B s 16
AR | W 17
s ey i 18
I I 19
20
21
22
23
24
s 25
3 .
>
as 4
1 3
2 4
1 3
3 3
L 5
4 4
3 3
3 6
5 6
1 1 10
2 30
1 e 52
2 61
9 68
7 68
8 67
13 69
12 59
5 48
2 35
2 15
4 7
- 5
1
2

No. of larvae of
antumn herrings . 17 72 8 23 17 98 ca. 644

Aver. length mm. . . 8.7 10.9 \ 13.75 l 237 \ 29.8 L 42.3

No. of larvae of
spring herrings ..

1 The largest specimens taken between April 30. and May 9. were in the transitional stage, but none of these were covered

by scales.
5{-’-
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Table 8, List of Stations where Herring Larvae of Autumn-Spawners were caught off the West Coast of Jutland and in the
Southern Skagerak in the spring months 1904 —07 and 1923.

(Petersen’s Young Fish Trawl).

5 Central £ | Temp.| Salinit Dura- || 3 .
= ey, e Cl. Voo y o H:)};r?é Ea Length in mm
..g.' Datc Locality it [ TR G (Sl fishing n % :%0 selag] .
= v | B | 5[E|2] ] 8 | 28|25 |25 |58
) -4 a |8 Eg Rl 5 5 = EE|fH|&
[
185(1904 Febr. 17 | 6.5 miles WNW of Hirshals ........... 57°37" | 9°457 30 (2.7 | .. |34.0 Surface 1i, 10 23 | 33 | 29
186 || — — — |18 miles WNW of Hirshals............ 57°397 | 9°267 26 J3'3 .. |134.3 Surface 1 71 15 | 28 | 23
187 — — — | 25 miles WbyN of Hirshals............ 57°407 | 9°127 42 137 .. ([34.5 Intermediate| %/, 4( 12 | 21 | 18
188 — — — |1 mile SEL,S of OX@ . .ovcvvoeeiivia 57°46° | 8°49’ | 210 (3.3 ..|33.0 | Intermediate | &g 2( 23|36 | 30
190|| — — — | 23 miles SE1/,S of Ox6 ............... 57°49.5°| 8°37" | 425 | Intermediate e 2 200 | -
| | | Surface 1/, 1 .. | .. | 24
202 — — 26 | 8 miles SW'/,S of Graadeep Buoy ..... 55°19" | 8°08/ 14 (1.1 {Near Lottom | 1, ol 394 41 | 40
: N [ Surface if, 2 24
203 — —  — |5 miles SW?/,S of Graadeep ........... 55°21.5| 8°10.59 13 |1.5(..|31.8 lNear bottom| /s 0
220(| — March 16 |5 miles NE by E of Skagen L.V....... 57°49.5/10°50" 88 10.3|..0 -+ | -- Intermediate || '/, e | B
221| — — — |7 miles NE by E of Skagen L.V....... 57°52.57110°48” || 135 |[1.1 [5.4|25.9(33.3| Surface A 2| 24 | 28 | 26
222 — — — |9 miles NNE!,E of Skagen L.V. ......|[57°55" |10°47.5" 170 |0.1 |5.6(24.6 |34.9|| Near bottom | 2/, 1
. . IIntermediate 1 4
349 (1905 March 20/22| 2 miles W of Spirbakken Bro ......... 57°42" |10°23” 17 |13.3 |3.5|]32.2 (32.3 lNear bottom| 1/, 3
351|| — — 22/23|9 miles WNW of Kjettrup Bro........ 57°20" | 9°247 9 [2.3]..(821] .. Intermediate| 8 130 [
352|| — — 23 |29 miles WNW of Hanstholm ......... 57°14’ | 7°43’ | 50 [4.9/5.0(35.0 [35.1| Intermediate| 6 200 . | .-
353 | — — 24 | 2,5 miles W of Lodbjerg Light ........ 56497 82197 17 |3.6 |4.0 ‘32.1 34.0(| Intermediate 8 1100 24 ’ 43
354|| — — — |3 miles W of Torup Bro.............. 56°58” | 8°18” 18 |3.9 [4.0/33.5|33.9|| Near bottom| 1 20| 20 | 30
367 — April 7 [13.5 miles NE by E of Skagen L.V. ... |/57°56" [11°00" || 105 |4.2 |5.0(34.0 |34.8| Near bottom| /[, | R (R
Surface | 2 9| 25 | 37
369 || — — 8 | 32 miles N2/,W of Hirshals............ 58°05" | 9°36/ || 414 |3.9] .. [32.3 {Intermediate | 9 oll .. | ..
372l — — 9 |18 miles NW by W2/, W of Bovbjerg Light | 56°35’ | 7°35/ | 27 ||4.8 |5.3/34.7 [34.7| Surface 418 20 20 | 35
373 || — —  — |10 miles N by W of Horns Reef L.V...|[55°44" | 7°13" 27 ||4.5 |4.8(133.5|33.6 || Near bottom 2 200 || 22 | 40
i | I Surface 2 100| 32 | 38
380 | — — 14! |FBegger Bank, Taili Bnd: oo ool vy 55°33" | 4°39’ 32 ||5.5 [5.5((34.8 |34.8 llntermediate 3 125 33 | 38
381 — — 15 | 8 miles SSW of Blaavand Point ....... 55°26" | 8°02’ 14 |4.4 [4.5]30.5 [30.6 || Near bottom| 1/, 10| 35 | 45
[ Intermediate || 1/, 25| 22 | 46
382 — — 150 S IR SN GEER S v el s s Sstaaia &3 305 o 55°36° | 7°50° 15 [|4.2 [4.5/31.1 [31.3 lNear bttamlfl 25 8| 25 | 41
: fSurface 3 1650 32
741|1906 March 19 |16 miles E'/,S of Skagen L.V.......... 57°48" |11°13’ 65 (2.9 13.8([32.4 |34.4 INEal‘ hottoti 5 1150 a3 | ..
Surface 1 1 35
751 — — 23 |15 miles NE by N of Skagen L.V...... 57°58" |10°50" |149 2.6 5.1/132.9 [35.0||{ Intermediate|| 2 2 25
158 Near bottom 4+ Oiff o | e
754 || — — 23 |32 miles N by W of Hejen Light...... 58°157 |10°09” || 550 |13.5 5.3|33.1(34.9|| Surface 2 5 24 | 37
758 — — 24 |11 miles N'/,W of Skagen L.V......... 57°56" (10°32’ 97 (3.7 | .. |33.8 Surface 1 96| 12 | 35
759 — — 24 |3 miles N by E of Skagen L.V. ....... 57°47’ |10°38’ 85 |2.5|..|81.5 Surface il 142 .. | 32
. . 1 f Surface 3 61| 18 | 38
770| — = 30 |7 miles E*/,N of Hirshals Light........ 57°37" |10°09’ 13 |2.6 4.1 130.2 |33.1 lIn‘termeciiate 3 6000 40 | ..
782| — April 3/4 | 23 miles NW'/,N of Hirshals Light ....|57°49" | 9°22’ || 105 4.3 |5.6 Intermediate | 1/, il |27
783 — — 3/4 |42 miles N'W'/,W of Hirshals Light.... | 57°57’ | 8°50’ || 510 |3.5(5.7| .. | .. Intermediate| 1 21| 18 | 34 | ..
784 — — 4 |9 miles E by S of Oxe Light ......... 58°05" | 8°21” || 108 |3.2|5.3|133.4 |34.9(| Surface 1 1 35
- I Surface 1 0 o
787 — —  — | 9 miles NW!/,W of Hanstholm ........ 57°11° | 8°21” || 25 |5.0 |4.6(35.0 |34.9 | Tntermediate| 1 .. |22
788 — —  — | 2.5 miles W by N!/,N of Thyborgn Bro ||56°42" | 8°08’ 15 (4.7 |3.5|33.8 34.7| Surface 1 120( 15 | 42
789 — — 5 | 23 miles NW'/,W of Bovbjerg......... 56°407 | 7°29° 31 |4.5 |5.0/34.8 35.0| Surface 1 5/l 21 | 35
791 — —  — | 38 miles W1/,S of Bovbjerg Light...... 56°20" | 7°007 37 4.2 |4.534.4 134.6|| Intermediate| 1 38| 20 | 32
792 — —  — |34 miles N'/,W of Horns Reef L.V.....|[56°06" | 6°58’ 36 4.2 3.8 34.3 34.4|| Intermediate| 1 300 15 | 30
793 — — 5/6 | 22 miles NNW of Horns Reef L.V 55°52° | 6°567 37 |4.0 [3.7|34.5 34.8 J’Surface : 15 20 | 42
SRS 2 7% | Intermediate|| 1 100 14 | 40




o

-
] ntrs g m in Dura- || 3
S 1()1;511:11-;!11 5 emp Salolu:ty gz iégll;li!?é %E | Length in mm
g Date Locality = o T s i = o
2 : ) 8 ishing @ 2lz2e|88] 50
A N. E. 5y 3 g s°lE8|52 2%
0 =) e = Z dE|g8|&"
. ] o | Surface 1
794 1906 April 6 | 36 miles WNW of Horns Reef L.V 6°19 47 | 34.9 lNear bottomm 1
795 19 miles N'W by W2/, W of Horns ReefL.V.| 55°377 | 6°46” || 38 34.8| Intermediate|| 2
796 3 miles SW by Wi/,W of Horns Reef L.V. || 55°32" | 7°157 28 33.5| Intermediate 2
798 1 mile NW of Vyl L.V....oooonroenees 55°247 | 7°437 20 33.4(| Surface i sl
802 3 miles WNW of Kwrgaarde Bn. ...... ‘ 55942/ | 8°04' 15 33.7(| Intermediate| 1
803 11 miles W of Haurvig Bn. ........... 55°53* | 7°617 24 33.9(| Intermediate g
804 17 miles W'/,S of Sendervig........... 56°03 | 7°38’ 30 34.4! Intermediate| 2
- . . l Surface ok
806 5 miles S by E of Blaavand Point..... 55°29” | 8°09 9 ‘4.9 33.7 {Near bpktomil A
Surface 1
930 35 miles NE/;W of Hirshals.......ccoo sse08 | 99847 || 500 \4 4 35.0/ ! Intermediate| 8
GOOI Near bottom 2
940 28 miles N/,E of Hirshals «coicvavesns 58°03° | 9°497 || 220 |‘4.4 5.8(32.7 [34.9| Surface 1
949 6 miles NE by E!/,E of Hirshals ...... 57°39/ [10°057 || 16 “5.0 5.81134.9 |35.0 | Surface 1
950 || — — 16 | 19 miles W by S of Rubjerg Knude . .. ||57°18" 9°15° 17 ‘5.2 4.8(34.3 34.3|| Surface 2
o55l — — — |17 miles NE by N of Hanstholm ...... 57°92/ | 8°46’ || 28 [5.3|5.4 34.3 (34.9|| Surface 3
56°467 | 8°09’ |!
gl mivailoe 47 | Of THYHOTEE -t icnmnbidmenaial ¥ - sgod2’ | 89077 19 |5.5(5.6|32.6 33.6 Surface 3
960! — — 18 |7 miles S by W of Blaavand Point .... 55927/ | 8°05” | 16 ~!5.5 5.6(31.5 31.5| Surface 1
og2| — — 29 |c. 5 miles NE!/,N of Horns Reef L.V... 55°397 | 7°30" || 17 “5.4 5.9(32.8 |32.8 | Surface 3
983 — — 30 |5 miles NE1/,N of Horns Reef N el 55°39" | 7°307 ﬂ 15 ||‘5.9 5.8/32.8[32.8(| Intermediate| 3
1
9991 (1928 April 29 | 9.5 miles SW by § of Paternaster Light‘ s7045" |11°207 || 85 |6.1 [6.2][28.0 |35.0 {?ﬁfﬁ:ﬁl it li:
1
0902|| — - — |7 miles NNW/,W of Maseskar Light... 58°11.5°11°13" || 62 |6.0 (6.1 l23.0 34.1 {;tr:ffmom lif:
2095 || — — 30 | Tanmis Bay .. .ceesvmnmmvmeenrsssant 57°40.5°(10°21" 10 |16.6 16.7134.5 |34.4|| Near bottom || /s
2996 | — — — | & miles EY/,N of Hirshals Light........ 57°36.57[10°08" \ 7 16.916.9 134.3 \34.3 Near bottom || /.
2097|| — —  — |17 miles W by S§ og Rubjerg Knude Light || 57°21" 9°18” 15 6.0 |5.7 |‘33.7 33.8|| Near bottom|| /s
o 1
2998 | — — — | 11 miles NE by E*/,E of Hanstholm Light 57°14" | 8°517 23 |5.5|5.4(33.8 33.8 {ilt-:?(;fottom 1}1;22
9999/ — May 1 |10 miles Eby N1/,N of Hanstholm Light 57°10.5’| 82537 | 15 [5.6 (5.5 (33.4 33.5 Intermediate| /s
s000l — — — |1.5 mile N by E'/,E of Vigso Bn. ..... 57°07° | 8°467 7 16.11(5.7 ;33.6 33.8|| Near bottom || /s
x . . - o rall | surface 1,
3001 — — 9 |9 miles N*/,W of Lodbjerg Light ...... 56°58 8712 24 (5.4 |5.3 |33.4 33.6 1Near bottarll 1
3002/ — — — |2 miles SW by W of Agger Bn........ 56°44’ | 8°11’ \ 9 6.1 {5.8133.1(33.1 ‘Near bottom || /s
Surface s
3003 || — — — | 7 miles W1f;N of Bovbjerg Light ...... 569307 | 7°547 24 |6.5(5.5(j32.7 33.0 {Near bottom\ 1
3 1
3004‘| _ _ _ |12 miles W/,N of N.Lyngvig Light ... | 56°02" | 7°45" || 26 5.8 [5.3 \32.7 32.8 \ ;f:f?fottom IL i
007 — — 5 |23 miles SWHW of VYL L.Veoooenns 55010’ | 7°057 | 33 hslsa l32.2 g4 SOIACE s N
w | Near bottom | 1j4 2
3009 — — 6 | 25 miles NW by W?/,W of Horns Reet L.V. || 55°407 | 6°357 || 40 7.1 (5.1 1}32.2 33.9 \{ls‘z::ffoitom H 1?: g
1
so12ll — — 7 |32 miles W by Nt/;N of Bovbjerg Light \l56°34’ 7°00” \ 31 ‘|6.1 4.7 \32.8 33.9\{{SNtrafj‘fottoml 15,‘: :i
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investigated were all taken in the warm area or on the boundary between the two areas. The samples of
the North Sea Deep Water Herring investigated by Brocu (1906), originated from the following lo-
calities:

1h25 00y o (o PRSI TN PR A 61°51'N. 0°45"E.  13. Sept. 1904

Viking Bank (several samples)..... October—November 1904
40 miles S.E. of Fair Isle ......... 59° 14" N. 0° 38" W. 10. Sept. 1904. (comp. p. 6—11).

These localities are all situated in the cold area.

The Bank Herring in the northern part of the North Sea is spawning in the period when the water
is warmest: viz. August—September, but the Bank Herring on the Dogger Bank and off the English East
Coast between 53° and 55° N. lat. is spawning later in autumn viz. September—November, with maximum
in QOctober, when the cooling of the water has begun. In this way the temperature on the spawning
places for the Bank Herring becomes rather similar on the northern and the southern
spawning places at the time when the main spawning actually takes place.

Fig. 7 represents the spawning places of the summer herrings (of different races) in the northern part
of the North Sea, according to Bowman, Bierkan and Woob, and the mean temperature at the sea bottom
in August?). Fig. 8 shows the situation of the spawning places of the Bank Herring in the north western
coastal area, according to Furton (1891), and the mean temperature for August at 40 meters depth. Fig. 9
represents the approximate situation of the main spawning places of the Bank Herring in the southern
area and the mean temperature at 40 meters depth in November.

If we consider the mean temperature at 40 meters depth in the north weslern spawning area in
August, it will be seen that it is about 10—12° C. (Fig. 8). In the southern area the temperature is, on
the whole, higher during this season (Fig. 7 and 8) and the spawning has not yet begun. In 20
meters depth the mean temperature for August is about 11°C at the Shetland Isles and between 12 and
13°C in the area east of Scotland, but from 14 to 16°C on the Dogger Bank, and 13 to 15° C in the
area between Flamborough Head and Cromer. At 60 meters depth the mean temperature is about 10°C
at the Shetland Isles and in the area east of Scotland, and at 80 m about 9—10° C. Thus it appears that
the spawning in the northern area at depths from about 20 to 80 meters takes place in August at a tem-
perature of ca. 9—13° C, and the same temperature is prevailing in that area during September.

Turning now to the chart for November (Fig. 9) we find that the mean temperature at 40 m
in the southern spawning areas is the same as that which we found in the north western
spawning area in August, viz. 10—12° C. In the north western area the temperature is in November
a little lower, about 9 or 10° C.?) In 20 meters depth and on the whole in the upper 40 meters layer the
temperature is about the same as at 40 meters. During the main spawning period in October the tempera-
ture is somewhat higher on the southern spawning places, namely about 11—13°C.

According to REpEke (1918) no spawning of herrings takes place in autumn in the south western
part of the North Sea south of 53°0° N.lat. The temperature here in September—October is more than
13° C. .on the sea bottom. :

The spawning in the eastern area around the Little Fisher Bank and Jutland Bank occurs in Sep-
tember—October. The temperature here is, in August, at 40 meters depth, about 8—10° C, but if we look
at the chart showing the maximum temperature at the bottom of the North Sea, we see that a higher
temperature of 10—12° C (Fig. 6) prevails there in the warmest period of the year, and that coincides
with the spawning period in September—October. ]

1) The isotherms are taken from Bulletin Trimestriel 1906—07, Partie Supplémentaire, and the means are calculated for
the period from August 1902 to May 1905. The isotherms and isohalines represented on Fig. 8—11 cover the same period.

®) In Bulletin Trimestriel, Partie Supplémentaire 1906—07, an isoterm of 11° C. giving the mean temperature on the
sea bottom for November is drawn on the stretch Aberdeen-Tynemouth. It seems to be a mistake for 10° C.
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Thus it will be seen that the mean temperature at the spawning places for the Bank Herring during
the period when spawning actually takes place probably lies between 9° and 13° G, and the mainspaw-
ning probably occurs at a temperature of about 10—12° C. The temperature varies at a certain
depth from one year to another, but it is not known whether this variation causes 2 change in the depth
or locality of the spawning places.

Fig. 10 represents the mean salinity for the year at the bottom of the sea, together with a sketch
of the approximate position of the known spawning places of the summer and autumn spawning herrings
of the North Sea.

As shown by D’Arcy THOMPSON (1909) the yearly variation in the salinity is, on the whole, slight
at the bottom of the North Sea. Its mean value amounts only to about 0.1 to 0.5 pro mille in the places
where the Bank Herrings have their spawning grounds. It will be seen therefore, that the mean salinity
of the water in the different places in the North Sea where the Bank Herring has its spawning places,
lies between 34.0 and 35.29),,. The salinity on the different spawning places for the North Sea Deep Water
Herring differs very little from 35.2%g0.

The situation of the spawning places of the Autumn Herrings of the German Bight is not
known, but as on the whole there is muddy bottom in the small area of the German Bight where the
depths are above 40 meters, Wwe must conclude that the spawning places occur at depths below 40 meters.
The spawning probably takes place in the period Septemher——Oétober, and perhaps mainly in October.
The mean temperature on the sea-bottom at depths from 90—40 meters is in September about 14—16° G,
in October 12—13° C. The mean salinity at the same depths is in S_gptember—Octoher about 32—34 /g
Thus it appears that the temperature is a little higher and the salinity somewhat lower than the values
we observed on the spawning places for the Bank Herring of the North Sea.l)

We can now give the following provisional survey of the temperature and salinity at the spawning
places for the summer and autumn spawning herrings of the North Sea during the spawning period.

- Temp.® C. Salinity /oo
The North Sea Deep Water Herring...........-- 6— 9 ca. 35.2
The Bank Herring of the North Sea............. 9—13 34.0—35.2
The Autumn Herrings of the German Bight . . &...¢ 12—14 32.0—34.0

Thus we see that the morphological differences observed are accompanied by differences regarding
temperature and salinity at the spawning places.

XI. On the Differences between the Bank Herring of the North Sea and
various other Herring Races in the North Sea and adjacent waters.

It has been shown in the present paper that small differences occur between the Bank Herring
of the North Sea and two other groups of summer or autumn spawning herrings occurring in the North
Sea, viz. the North Sea Deep Water Herrings, and the Autumn Herrings of the German Bight. In the follow-
ing will be mentioned some differences observed between the Bank Herring of the North Sea and various
other sea herrings occurring in the North Sea or adjacent waters, Viz.

1) An autumn spawning coast herring, of little importance, which has a lower number of vertebrae than the Bank Herring
of the North Sea, occurs in the western part of the Lim Fiord, where the mean salinity is about 30—31 /gq. It would be worth
while to investigate whether such autumn spawning coast herrings oceur also in other fiords or coastal waters of the North Sea e. g
in The Wash and adjacent waters.

6%

1ol
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1) The autumn spawning herrings of the North Eastern Kattegat (The “Kobbergrund Herrings”).
2) The winter spawning herrings of the Kattegat.

3) The Atlanto-Scandian Herring.

4) The Scotch Spring Herring.

5) The Channel Sea Herring.

6) The West Channel Winter Herring.

A. The Autumn Spawning Herrings of the North Eastern Kattegat (The «Kobbergrund Herrings”). -,

In the north-eastern Kattegat, east of Leess and east of the plateau between Laesg and Anholt, a
considerable herring fishery takes place from the beginning of September until December. From Sweden
this fishery is mainly carried out by purse seine, from Denmark mainly by drift-nets. The most important
part of the fishery is usually concentrated in the region of the Kobbergrund, Groves Flak, Fladen
and Little Middelgrund.

It is not exclusively autumn-spawning herrings which are captured in this area. Winter-spawning
and spring-spawning herrings are taken also, and these may form a considerable part of the catch (A. C.
Johansen 1923).

Hemncke has, in “Naturgeschichte des Herings” (1898), described a sample of herrings captured in
the eastern Kattegat off Varberg on October 10. 1887. The sample comprised 67 specimens of a length
from 26—30 cm and of maturity IV—VII. His analysis for the individually constant characters gave the
following result:

Vert. S. Vert. pree. Vert. caud. Ko Rays in ventral fins
No. Freq. No. Freq. No. Freq. No. Freq. No. Freq.
55 3 22 2 29 1 13 9 16 10
56 28 23 8 30 4 14 21 17 7
B 24 24 25 31 14 15 20 18 39
58 2 25 13 32 13 16 3 19 1
' 26 8 33 20 . 17 - :
oy s 27 i 34 5 18 1 as i
‘n 57 o7 57 54 57
m 56.44 24.35 32.09 14.39 17.54
a 0.66 1.06 1.18 0.96 0.80
a5 0.087 0.141 0.157 0.130 0.106
a, 0.061 0.099 0.111 0.092 © 0.075

For 10 specimens only Vert. S. were examined. If we include these we obtain a mean value for Vert. S.
of 56.37 4= 0.085.

The comparatively high number of precaudal vertebrae in connection with a comparatively low
number of keeled scales and ventral fin rays is peculiar to this herring.

From Dr. K. A. ANpErssoN | have received a sample of herrings captured by Swedish purse seine
fishermen (on October 23. 1915) in the neighbourhood of the Kobbergrund at ca. 57° 08 N. 11°23'E. The
sample consisted of about 300 specimens of the following stages of maturity:

26 specimens of maturity I—II1 (young herrings)

43 — - — II—IIT (spring-spawning herrings)
40 — - — A (winter-spawning herrings)
178 — - — VII (autumn-spawning herrings)

The sample is described in my previous paper: “Ueber die Winterheringe des Kattegats” 1923..
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The 178 specimens of maturity VII were of the following lengths:

cm 3 ? 3+%
21 e : | = &,
22 1l 1
23 2 i 2
24 5 7 12
25 11 11 22
26 10 11 21
27 16 16 32
28 33 15 48
29 11 19 30
30 1 8 9
Total 920 88 178
Aver. length cm? 27.49 27.69 27.58

1 Corrected by adding 0.5,

The analysis gave the following result for the individually constant characters:
Kobbergrund. 23. October 1915. Herrings of Maturity VII.

Vert. S. Vert. przc. Vert. caud. Kg Rays in ventral fins

No Freq. No. Freq. No. Freq. No. Freq. No. Freq.
55 16 22 3 28 1 13 8 16 43
56 90 23 27 29 7 14 78 17 27
57 66 24 61 30 21 15 66 18 105
58 6 25 50 31 36 16 25 19 3

26 27 32 59 17 1 .

27 10 33 44

s e 34 10 i

n 178 178 178 178 178
m 56.35 24.57 31.78 14.62 17.38
o 0.691 1.14 1.26 0.802 0.870
Om 0.052 0.085 0.093 0.060 0.065
G, 0.037 0.060 0.066 0.0425 0.046

The sample at hand has the same racial characters as the sample from Varberg investigated by
Heincke. The sample is evidently not a mixture of the North Sea Bank Herring and a smaller autumn
spawning Kattegat Herring. Our investigation of the correlation between length and number of vertebrae
gives the following result:

Length in cm

Number of

vertebrae 21 22 23 24 25 26 27 28 29 30 2
55 .. i i s 1. 1 2 3 5 4 6 s 16
56 gz 1 2 8 12 12 12 25 15 3 90
57 d 3 8 6 16 17 9 6 66
58 : - 1 1 ik 1 2 T 6
i 1 1 2 1 22 21 32 48 30 30 178

From this we obtain the correlation coefficient r = 0.041 4- 0.075.

Thus the number of vertebrae is practically the same in the smaller as in the larger specimens.

This herring differs in its racial characters distinctly from the North Sea Bank Herring. If we com-
pare the sample from the Kobbergrund with the sample of Scotch Summer Herrings from Balta Sound
investigated by me, we obtain the following result:
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363 Scotch Summer Herrings (1. Sept. 1921) minus 178 Kobbergrund Herrings (Oct. 23. 1915).

TOUEE: Nert. /S < vom s v o s sisie sais S ZbR S s o 0.15 Standard Dev. of Diff. 0.06
e NBEE DTBChur sron » pionw ield Sias #1885 5 e sy —0.73 — — = — 010
— Vert.caud. . . ccooreaneesnarensanne e 0.89 — — 3 — (105
e By e g = eipiE S W i mr e s SE3 S 0.23 — — - — 0.075
 Ventr. Rays. .. ..oeooesesnrosrrssnmseenoen 0.35 — — - — 0.07

It will be seen that considerable differences occur in the number of caudal and precaudal vertebrae
as well as in the number of ventral fin rays.

A sample of herrings caught in drift nets at Groves Flak, 57°08" N. 11° 35 E., on October 7. 1922, o
consisted almost exclusively of autumn Spawners. Four hundred specimens of maturity VI have been in-
vestigated. Their lengths were as follows:

cm 3 ? 3+2
20 3 1 4
21 33 8 41
22 55 24 79
23 45 19 64
24 33 14 47
25 37 24 61
26 27 24 51
27 25 13 38
28 4 7 11
29 3 1 4
Total 265 135 400
Aver. length cm? 23.77 24.36 23.94

1 Corrected by adding 0.5.

The distribution of the variants for the individually constant characters was as follows:

Vert. S. Vert. pree. Vert. caud. Kg Rays in ventral fins
No. Freq. No. Freq. No. Freq. - No. Freq. No. Freq.
52 1 20 1 28 2 13 33 14 3
53 e 22 7 29 4 14 135 15 2
54 1 23 94 30 47 15 176 16 61
55 52 24 158 31 73 16 48 17 42
56 248 25 91 32 145 17 5 18 285
57 93 26 37 33 119 18 3 19 2
58 b 27 10 34 8 “r . 20 3
mie o 28 2 35 2 acie sie S &
n 400 400 400 400 398
m 56.11 24.23 31.885 14.665 17.56
o 0.67 1.09 111 0.89 0.85
Om 0.034 0.055 0.056 0.045 0.043
g, 0.024 0.039 0.039 0.032 0.030
Rays in dorsal fin Rays in anal fin
branched total branched unbranched
No. Freq. No. Freq. No. Freq. No. Freq.
14 39 15 7 12 7 2 8
15 216 16 29 13 37 3 346
16 139 17 155 14 162 4 41
17 ES 18 161 15 154
19 39 16 33
20 4 17 2

n 398 395 395 395
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15.27 17.53
0.64 0.87
0.032 0.044
0.023 0.031

14.44 3.08
0.86 0.34
0.043 0.017
0.031 0.012

Comparing this sample with the sample of 178 herrings from Kobbergrund, 23. Oct. 1915, we

obtain the following result:

178 autumn herrings, Kobbergrund, minus 400 autumn herrings, Groves Flak.
0.24 Standard Dev. of Diff. 0.06

Diff.

Tl B S o T S
ORETBROBNEALEN B e s e wvess susis s S<era peas ¢
Keeled scales K,
Ventral fin rays

0.34

0.10
0.11
0.08
0.08

The numerical differences are only small, but in case of Vert. S. and Vert. praec. they have a value
of 3 to 4 times the standard deviation of the difference.
If we compare the sample from Groves Flak with the sample of Scotch Summer Herrings from
Balta Sound, we get the following result:

363 Scotch Summer Herrings, Balta Sound, minus 400 autumn herrings, Groves Flak.
0.39 Standard Dev. of Diff. 0.05

Dift.

NAGTENPITER B s le eea st 0ai = GulE Hiess D88 = o0 3
IETEealll SR B e cm s s i ) v
Kegled. 8ealestTq). .o fom o vmir nos simpe o vy 4
Ventr. fin rays
Branched dorsal rays
Total anal rays.....ccvvmeieennneeninenn
Branched Anal TAYS. s & sos s oo s e soe ne
WUnbiranch! anel FEFE: o ame wea van o aba s o

—0.39

0.07
0.075
0.06
0.06
0.05
0.07
0.065
0.03

Real differences occur here for almost all characters except for the unbranched anal fin rays.

Having fresh material before me I investigated the state of maturity of about 1000 herrings caught
on October 9. 1922 with purse seine by Swedish fishermen E. of Laess at 57° 12" N. 11° 19" E. The investig-
ation gave the following result:

The specimens of maturity
gats” (A. C. Johansen 1923).

5 specimens of maturity I

64 — - —_ II
44 — - — IIT
71 — - — IV
c. 500 - - —_
c. 300 — - - VII

(young herrings)
(spring-spawning herrings)
(mainly spring-spawning herrings)
(winter-spawning herrings)

V, VI (autumn-spawning herrings)
(autumn-spawning herrings)

[—IV are described in the paper: “Ueber die Winlerheringe des Katte-

Of the herrings of maturity VII, 120 specimens have been analysed. Their lengths were as follows:

cm 3 2 g2
21 2 2 £
22 6 13 19
23 1, 12 23
24 8 i 9
25 19 11 30
26 10 7 17
27 5 6 11
28 2 3 5
29 o 2 2
Total 63 57 120
Aver. length cm:? 24.52 24.37 24.45

1 Corrected by adding 0.5.
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The distribution of the variants for the individually constant characters was as follows:

Vert. S. Vert. prac. Vert. caud. Ko Rays in ventral fins
No. Freq. No. Freq. No. Freq. No. Freq. No. Freq.
53 1 22 3 29 5 12 1 14 1
54 o 23 24 30 3 13 12 15 i
55 18 24 55 31 21 14 49 16 29
56 69 25 23 32 49 15 49 17 15
57 29 26 12 33 34 16 7 18 72
58 3 27 3 34 3 17 1 19 2
= - .t e e s 18 il s i
n 120 120 120 120 120
m 56.12 24.22 31.90 14.47 17.35
(] 0.75 0.98 1.10 0.88 0.95
Om 0.068 0.089 0.100 0.080 0.087
o 0.0438 0.063 0.071 0.057 0.061
Rays in dorsal fin Rays in anal fin
branched total branched unbranched

No. Freq. No. Freq. No. Fred. No. Freq.

14 5 16 9 13 10 2 1

15 56 17 36 14 41 3 103

16 55 18 52 15 49 4 14

17 3 19 18 16 18

. = 20 3 - aen e

n 119 118 118 118

m 15.47 17.75 ) 14.64 3.11

g 0.62 0.90 0.84 0.34

Om 0.057 0.083 0.078 0.031

g, 0.040 0.058 0.055 0.022

It will be seen that no real difference is found to exist between the sample of maturity VII from

Lese (9—10—22) and the sample from Groves Flak (7—10—22).
The samples mentioned above, have not a uniform racial stamp.? We shall here compare the mean

values found for the main characters investigated:
Rays in Branch. Total

Locality Date Ko, of  yaturity Vert. S. Vert.prec. Vert.caud. Kz ventral  dorsal anal
specimens fAns fin rays fin ray
) e
Oft Varberg 10.10. 1887 57—67 IV—VII 56.37 24.35 32.09 14.39 17.54
Kobbergrund 23.10.1915 178 VII 56.35 24.57 31.78 14.62 17.38
Groves Flak 7.10. 1922 400 VI 56.11 24.33 31.89 14.665 17.56 15.27 17.563
E. of Leso 9.10. 1922 120 VII 56.12 24.22 31.90 14.47 17.35 15.47 17.75

It will be seen that the Autumn Herrings of the North Eastern Kattegat differ from the Bank
Herring of the North Sea by a lower number of Vertebrae (Vert. S. and Vert. caud.), keeled scales (Ks),
fin rays in the ventral fins, and by a higher number of fin rays in anal fin.

1 [n the northern Kattegat a herring race 0ccurs, which is spawning in autumn in shallow water. A sample of 116 spe-
cimens probably belonging to this shallow water herring, was picked out by the author from the cateh E of Lesa mentioned
above. The herrings were of maturity V and their lengths varied from 19 to 28 cm (average 94.5 cm). The mean values found for
these specimens were as follows (A.C. Johansen 1923):

Vert. §. = 56.04 -} 0.076, Vert. prec. = 24.02 -+ 0.084, Keeled Scales (K2) = 14.77 - 0.082, Rays in ventral fins = 17.73 +
0.074, Branched dorsal fin rays = 14.94 - 0.059. Total anal fin rays = 17.51 == 0.082.

It will be noticed that this herring in many respects resembles the Bank Herring of the North Sea but that it differs from
it by a lower number of vertebrae.

Fiskeri. VIL 5. 7
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Still more differing from the Bank Herring of the North Sea are the autumn spawning herrings ot

the middle and southern Kattegat, the Sound, the Belt Sea and the Baltic (Hemncke 1898, A.C.Jonansen 1915,
1916, 1923). The further we go towards South into the Kattegat and Belt Sea and towards East into the

Baltic, the lower is the number of vertebrae and the num-
12 November, TEMPERATURE. C°
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- ﬂ ber of keeled scales, and the smaller are the herrrings
th 40m

Dep at first maturity.

We have seen above that the autumn herrings from
the northern Kattegat are different from the Bank Herring
of the North Sea. It will now be of interest to investigate
whether differences also occur in the temperature or the

salinity on the spawning places for the two groups of
herrings.

We have at hand only a few direct observations of
eggs of the autumn herrings deposited on the sea bed in
the north eastern Kattegat. Trysom has found the herring
eggs at the sea bed at Groves Flak and at Fladen

,- (ExmaN, PETTERSsoN and Trysom 1907). At the western

; - side of Groves Flak at ca. 23 meters depth we have taken,
— m o S 'fl Hh_ - by haul with a dredge, herring eggs attached to the alga
{@Nove:mber];_g__SALENITE. %o _ . _ Desmarestia. (“Dana” St. 2881. October 7. 1922, 57°05'5
g N. 11°32"E.). With the research vessel “Thor” (St. 307
October 28. 1904) we had previously taken herring eggs
from algae on the slope between the Kobbergrund and An-
holt. The position of the station is 57°01'N. 11° 34’ E. and
the depth 24—40 meters. In this particular area — around
Fladen and Groves Flak and east of Kobbergrund
— an important fishery of ripe herrings takes place in
September and October and of spent herrings in October
and November. Considerable captures of young herring
fry have also been made here in autumn by the Danish
research vessels (Figs. 1—2). There is therefore no doubt
that important spawning places for the “Kobbergrund Her-
rings” occur here.

25|

Only a few direct observations of the temperature and
salinity at the spawning places of the “Kobbergrund Her-
Fig. 11. Mean temperature and salinity in the Kattegat on  rings” are available, On the station “Dana 2881 at Groves
November 1st and the posi-tion of the observed spawning Flak October 7. 1922, mentioned above, the temperature
places for the Autumn Herrings of the North Eastern Katte- -
gat. (Temperature and Salinity after J. P. Jacobsen 1908). Va8 13° C. and the sahmty 33.3%g at the depth of 23

meters from which the herring eggs were taken. At “Thor
St. 307”7, in the neighbourhood of Kobbergrund, the temperature on October 28. 1904 was about 12° C. and the
salinity about 34°/4y within the depths from which the herring eggs were taken (24—40 m.)

For further information we will refer here to Fig. 11 showing the situation of some spawning places
and the mean values for the temperature and salinity in Kattegat for November 1st, at 20 and at 40 meters
depths. It will be seen that the salinity in the neighbourhood of the spawning places varies from about
29—32 pro mille at 20 meters depth, and from 33—34 pro mille at 40 meters depth. During the main
spawning time in September and the beginning of October, the salinity is 0.2—0.5 pro mille lower. The
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temperature is approximately 11° C. in November at 20 and 40 meters depth, but in the previous month,
during the main spawning time, it is about 12—13° C at 20 meters depth.

Thus it will be seen, that the salinity at the spawning places of the “Kobbergrund Herrings” in the
north-eastern Kattegat may be estimated to be about 20—34 pro mille, while the salinity at the spawning
places for the Bank Herring of the North Sea is about 34.0—35.2 pro mille. As regards the temperature
no difference is observed.

As mentioned above the “Kobbergrund Herrings* have not a uniform racial stamp. In this connec-
tion it should be noted that the salinity in the Eastern Kattegat varies greatly with the depth, and that
herrings spawning in the same area, but at different depths, are spawning in water of different salinity.

B. The Winter Spawning Herrings of the Kattegat.

Morphological differences between the Bank Herring of the North Sea and the winter spawning
herrings of the Kattegat are pointed out by the author (1923). The principal differences are here found
in the total number of vertebrae, the number of keeled scales (K,), the number of fin rays in the ventral
fins, and the number of rays in the anal fin, as will appear from the survey of the mean values stated
below:

Bank Herring Winter Herrings
of the North Sea of the Kattegat
Total number of vertebrae ............coneeereneeres 56.50 - 0.05 56.83 -+ 0.04

(14.20 -+ 0.10*

Number of keeled scales (Kg). .cvunremmcernnrmerers 14.85 -4- 0.07 lm 70 -+ 0.10*
Number of fin rays in ventr. fins. ........ooomernnn-s 17.75 4 0.05 17.95 4+ 0.03
Number of fin rays in anal fin .......oovenaeneeennen 17.20 4 0.10 17.77 £+ 0.12

The spawning period for the Winter Herrings of the Kattegat is January, February and March. The
salinity on the spawning places varies probably from about 29 to 349/,9, and the temperature from about
4 to 5°C. (A. C. JoHANSEN 1923).

C. The Atlanto-Scandian Herring.

The Atlanto-Scandian Herring comprises the Norwegian Spring Herring and the Icelandic Spring Her-
ring, both of which reach a much larger size than the Bank Herring of the North Sea.

Morphological differences between the large Atlanto-Scandian Herring and the Bank Herring
have previously been demonstrated by the author (1919) and were partly pointed out formerly by HEINCKE
(1898) and Brocu (1908). The difference is particularly great in the case of the total number of verte-
brae, the number of anal fin rays and the number of keeled scales (K,). For these three characters the
difference has a numerical value of about 1.0, the average being highest regarding the last characters and
lowest regarding the two first characters for the Bank Herring of the North Sea.

The spawning period for the Atlanto-Scandian Herring is February, March and April. The salinity
on the spawning places varies from about 33 to 35.2%/y, and the temperature varies probably from
about 4 to 7°C.

D. The Scotch Spring Herring.

The Scotch Spring Herring has been the object of racial investigations by HEINCKE (1898), who found
that morphological differences exist between this herring and the summer spawning herring of Scotland ete.

The spawning period for the Scotch Spring Herring is January, February, March and April, and
spawning grounds occur both off the west coast, the north coast, and the east coast of Scotland (Bow-
MAN 1923). '

1 Two different groups.
7*

1l
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, HEeiNcKE investigated 30 full herrings caught in February 1892, on Ballantrae Bank (S. W. Scot-
land), which is a well known spawning ground. Their lengths and state of maturity were as follows:

Length Maturity
cm v v VI
23 2
24 6 1
25 s 6 1
26 1! 3 1
27 | 2 1
28 2
29 2
31 i 1
Total 2 24 4

The state of maturity leaves no doubt that the specimens were spring spawners. The distribution
of the variants for the individual constant characters examined was as follows:

Vert. S. Vert. preac. Kg Rays in ventr. fins
No. Freq. No. Freq. No. Freq. No. Freq.
54 1 22 1 13 7 17 1
55 2 23 4 14 13 18 29
56 5 24 16 15 9
o7 16 25 7 16 1
58 6 26 2 .t e . e
n 30 30 30 30
m 56.80 2417 14.13 17:97
o 0.96 0.87 0.82 0.17
Om 0.18 0.16 0.15 0.03
a, 0.12 0.11 0.11 0.02

HEeINCKE made a racial study upon 31 badly preserved herrings caught at Barra (the Hebrides)
on July 7. 1891. The specimens had a length from 23—31 ¢cm. The main part of the sample were spring
spawners of maturity II or VII, and HEINCKE observed the following distribution of the variants for verte-
brae etc.:

Vert. S. Vert. praec. Ka Rays in ventr. fins
No. Freq. No. Freq No. Freq. No. Freq.
56 o B0 22 1 12 l: 15 1
57 17 23 4 13 3 16 R
58 6 24 18 14 19 17 2
i i 25 6 15 6 18 25
L 26 1 16 1 19
n 30 30 30 30
m 56.97 24.07 14.10 17.90
a 0.67 0.79 0.76 0.66
Om 0.12 0.14 0.14 0.12
o, 0.09 0.10 0.10 0.09

HEINCKE investigated 30 herrings of 245—293 mm caught in the Firth of Forth in January 1892.
He found the state of maturity as follows:
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Length Maturity
cm 111 v
24 Ve ..

25 1 i

26

27

28

29

V-VI VI

O WU AR
%]

There can be no doubt that all these specimens were spring spawners. The distribution of the verte-
brae etc., found by HEINckE, was as follows:

Vert. S, Vert. prazc. Ks Rays in ventr. fins
No. Freq. No. Freq. No. Freq. ‘ No. Freq.
56 7 24 11 13 <+ 17 1
57 21 25 14 14 15 18 27
58 2 26 5 15 8 19 e
45 . 16 3 20 2
n 30 30 30 30
m 56.83 23.80 14.33 18.10
o 0.53 0.71 0.85 0.55
O 0.10 0.13 0.15 0.10
G, 0.07 0.09 0.109 0.07

()

It will be seen that the three samples of spring spawners mentioned here all differ from the Bank
Herring of the North Sea by having a greater number of vertebrae (Vert. S.) and of ventral fin rays, but
a smaller number of keeled scales.

The samples investigated by HEINCKE seemed to have a rather uniform racial stamp.

As the view of HEINCKE about the differences between the spring spawners and summer spawners
of Scotland etc. has been. opposed by other authors, as MATTHEWS (1886—87) and Jenkins (1902), I found
it desirable to undertake a comparison again between spring- and autumn spawners based on new ma-
terial, and Mr. D. T. JoNes has been kind enough to procure such material for me.

A sample of spring spawners, which I received from Mr. Jones, was caught 12 miles west of Cape
Wrath (N. Scotland) on March 5. 1923. The lengths of the specimens varied from 26—32 cm, the average
size being 29.9. Most of the specimens were of maturity VI, a few of maturity V and VII. The distribution
of the variants for the individually constant characters examined was as follows:

Vert. S Vert. prac. Vert. caud. " Kg

No. Freq. No. Freq. No. Freq. No. Freq.
56 32 23 56 31 14 12 4
57 174 24 128 32 60 13 71
58 60 26 71 33 123 14 143
59 4 26 14 34 68 15 48

s 27 1 35 5 16 4

n 270 270 270 270

m 57.13 2417 32.96 13.91
o 0.62 0.83 0.87 0.74
G 0.038 0.050 0.053 0.045

g, 0.027 0.036 0.037 0.032

14!
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Ventral Fin Rays Dorsal Fin Rays Anal Fin Rays
Branched Total Branched Unbranched

No. Freq. No. Freq. No. Freq. No. Freq. No. Freq.

15 1 13 1 16 5 13 12 iy e

16 o 14 29 17 46 14 56 2 4

17 9 15 151 18 128 15 140 3 222

18 247 16 84 19 76 16 57 4 44

19 9 14 2 20 8 17 (5]

20 2 am e 21 1 ‘s {5 i i

n 268 267 270 270 270

m 18.00 15.21 18.10 14.95 3.15
o 0.36 0.65 0.87 0.82 0.40
Om 0.022 0.040 0.053 0.050 0.024
a, 0.016 0.028 0.037 0.035 0.017

The racial characteristics of the Scotch Summer Herring are known from analyses of HEINCKE,
Brocu and Repeke and the author (see Chap. II and III). The largest sample examined is that from
Balta Sound investigated by me. Comparing the Spring Spawners from Cape Wrath with the Summer
Spawners from Balta Sound we obtain the following result:

363 Shetland Summer Herrings, Balta Sound, minus 270 Scotch Spring Herrings,
Cape Wrath:

1075 5 B o st I o e B B D B R e v —0.63 Standard Dev. of Diff. 0.05
i =1 158 o - < N U —0.33 — — - — 0.07
—=  WertuCautlc 5 & oie' vals v o S S9R T S5 E vl bk e —0.29 = — - — 0.07
- 0.94  — — - — 0.06
—= Nenir, HI1. SPAYS. « wsis ssss i o ssbie sois stoia = savs wete st —0.27 — — - — 0.04
— branch. dorsal rays .............. ... i, —0.11 — — - — 0.05
— total anal An FaVE.  rew ses sen = el ped ieics Seaee —1.00 — — - — 0.07
— Dbranch. anal fin rays ...... ..., —0.91 —- — - — 0.07
— unbr. anal fin rays . .......... . ... —0.09 — — - — 0.03

It will be seen that for almost all characters there are essential differences between
the samples, and these are especially great in the case of Vert. S,, K, and anal fin rays.

For the characters treated by Heincke (Vert. S., K, and Rays in ventral fins) I have ob-
served differences of at least the same magnitude as he has found.

The Shetland Spring Herring has a similar racial stamp as the Scotch Spring Herring from
Cape Wrath investigated by me. A sample caught on March 21, 1923, 9 miles North of Flugga, consisted
of 300 specimens of maturity VII, the lengths of which varied from 25—33 cm, average 29.6 cm. The dis-
tribution of the variants for the individually constant characters was as follows:

Vert. S. Vert. prec. Vert. caud. Kq
No. Freq. No. Freq. No. Freq. No. Freq.
55 2 22 1 29 1 12 6
56 40 23 39 30 6 13 89
57 197 24 129 31 23 14 165
58 57 25 95 32 102 i 54) 39
59 4 26 32 33 112 16 1
o 20 27 3 34 32
e “ u 28 1 30 4 o 5
n 300 300 300 300
m 57.07 24.44 32.63 13.80
a 0.63 0.92 0.99 0.69
Om 0.036 0.053 0.057 0.040

g, 0.026 0.037 0.040 0.028




Ventral Fin Rays
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Dorsal Fin Rays -

Branched Total
No. Freq. No. Freq. No. Freq.
16 3 14 35 16 1
17 8 15 164 17 55
18 279 16 96 18 150
19 5 17 3 19 83
20 4 S 20 11
n 299 208 300
m 18.00 15.22 18.16
a 0.37 0.66 . 0.77
Om 0.021 0.038 0.045
o, 0.015 0.027 0.032

Anal Fin Rays

Branched
No. ~ Freq.
13 5
14 68
15 153
16 71
17 3
300
15.00
0.76
0.044
0.031

Unbranched
No. Freq.
3 251
4 49
300

3.16
0.37
0.021
0.015

Comparing this sample with the spring herring from Cape Wrath we obtain the following figures:
270 Scotch Spring Herrings, Cape Wrath minus 300 Shetland Spring Herrings, Flugga.

Diff.

It will be seen that there is a small difference in the distribution of the caudal

brae, while all

Vert. Prec. . .oovverevnaeiiinn i inaiaeraeens
NTGTe TCRTIEL | o) s soieoss sisre fmoe Siess & Girks momiin missie o iz, SHSTe 2
Keeled Scales Ky. o oovini i
branch. dorsal fin Tays .......coiiiiiiiiinnn
total anal fin TAYS. . ....ccevvrnrervncncnrannans
branch. anal fin rays .. ....covvevnneiiineaae.s
unbr. anal fin TAyS . .. ... i i

the other characters agree very closely.®

0.06 Standard Dev.
—0.27 — —

0.33 — -

0.11 — —
—0.01 — —
—0.06 L —
—0.06 @ — —
—0.01 — —

of Diff. 0.05

0.07
— 0.08
— 0.66
— 0.055
—  0.07
— 0.07
0.03

and precaudal verte-

If we compare the Shetland Summer Herring from Balta Sound with the Shetland Spring Herring
from Flugga we obtain the following result: '
363 Shetland Summer Herrings, Balta Sound, minus 300 Shetland Winter Herrings,

Flugga.
DifT.

1 The distribution of the specimens according to age agreed very closely in the two samples. In

majority of the sp

It appears from the survey below that the Shetland Spring Herring (and therefore the Scotch

N ETE., PIEG: - v 5 5arss salsiae wisthd s wiae 2iage < b aiate =
NET: GRS o e wriosantsi® smmimin sdormtsea st sibie sommn sy tudlafs
Keeled scales Ky . ..vvivnnnnininnnneenn
Ventral fin Tays .....vivenrneacrerrannainanens

ecimens belonged to the year class 1918 (see p. 115).

—0.57 Standard Dev. of Diff. 0.05

—0.60 — =
0.04 — —
1.05 — —

s Ay I

differ much from the summer-spawning Herring of Iceland examined by me (A. C. Johansen 1921a):
477 summer herrings S. W. Iceland minus 300 spring herrings from the Shetland Isles:

—0.02 Standard dev. of Diff. 0.05

DHE. Ve, Sl oo o e 508
— NVert. PLEC: ... .. o4 on sis 208 06 G b v vin 2 0.24
—  Vert. candi . viiomsmm e —0.26
—  Keeled scales (Ko) . ......coovvvvnnn. —0.22
— Ventral fin rays..........o0oiveinnann —0.09
— branch. dorsal fin rays ............. 0.01
— total anal fin rays ................. —0.01
branch. anal fin rays............... 0.07
— unbr.anal fin rays............0000 —0.08

== — - — 0.07
0.075
— — - — 0.05
= — - — 0.04
0.05
— — - — 0.06
0.06
= — - — 0.03

— 0.07
— 0.08
— 0.06
— 0.04

both samples the great

Spring Herring) does not

A sample of young herrings caught at Kon gshavn, the Faroes (16—8—19) and described by me (A. C. Johansen 1921 a)
is also in near agreement with the Scotch and Shetland Spring Herring.

We have evidently agroup of North East Atlantic Sprin

¢ and Summer Herrings, occurring at Scotland,

Shetland Isles, the Faroes and South and West Iceland, which are very near related to each other and may

belong to one single race. This race differs from the Atlanto-Sc

andian Herring by a lower number of Vertebrae (Vert. S.):



Diff. branch. dorsal fih rays.......cccvvemeiinn aenvin —0.12 Standard Dev. of Diff. 0.05
— fotal amal A0 WAV « ¢ cue s e cmre e see s s s —1.05 — — - — 0.07
— branch. anal fin rays .........cciiiiiiiiiiaen —0.95 — — - — 0.07
— unbr. anal fin TAYS « = sa: soc 2as s o vas 2en & saF aos —0.10 s — - — 0.03

For almost all characters there are essential differences between the samples. The greatest numerical
differences occur in the number of keeled scales and the total number of anal fin rays where it exceeds 1.0.
The spawning places for the Scotch Spring Herring and the Shetland Spring Herring are probably
situated at a depth of about 20 to 150 meters (comp. EwarTt 1884 and Bowman 1923). The temperature
in February and March varies here from about 5 to 8° C., and the salinity at least from 34.3 to 35.3%.

E. The Channel Sea Herring.

The winter spawning Herring of the Channel and the south-western corner of the North Sea has been
subjected to special race-studies by SauvacE et Canu (1892), CLigNyY (1904), DELsman (1913) and REpexE (1918).
Crigny (1904) has investigated the number of vertebrae of 125 winter spawning herrings captured
in the southern part of the Channel in the neighbourhood of Cap d’Antifer in the winter of 1901—02.
The distribution of the variants was as follows:

Vert. S. Vert. prac.
No. Freq. No. Freq.
55 7 23 5
56 48 24 33
57 62 25 58
58 8 26 19
27 2
i « % 28 2
n 125 119
m 56.57 23.88
a 0.70 0.90
Om 0.063 0.083
G, 0.044 0.059

0

Sauvace et Canu have examined the number of keeled scales of 416 winter spawning herrings cap-
tured in the neighbourhood of Boulogne in November—December 1892.
The distribution of the variants was as follows (CrLieny 1904):

Nal coon aen e 12 13 14 15 16 17
Fred.... ... 3 75 192 117 27 2

From this we get: m = 14.23, ¢ = 0.86, o, = 0.042 and ¢, = 0.030.

Of the 416 specimens, 282 were investigated by Canu and 134 by Sauvace. The mean values for
these groups were 14.3 and 14.1 respectively. |

According to Criany the herring captured in autumn near Boulogne belongs to the same race as the
herring captured in January—March near Cap d’Antifer.

DeLsman (1913) investigated 96 herrings of maturity III—V landed in Yarmouth on October 24.
1910. The lengths varied from 21—29 cm, and the average length was 25.5 cm. The number of vertebrae
(Vert. S.) in 50 specimens was as follows:

No. ........ 55 56 57 58
Pretfng v ooz s 1 24 24 1

Thus we get: m = 56.50, ¢ = 0.58, g, = 0.082 and ¢, = 0.058.
REDEKE has investigated 100 herrings of maturity III, IV (VI) and of lengths from 230—300 mm
captured at station H8 (ca. 52°39'N. 2°30' E.) on November °/s 1905.:
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The distribution of the variants for vertebrae etc. was as follows:

Vert. S. Ka Rays in ventr. fins
No. Freq. No. Freq. No. Freq.
54 2 12 1 14 1
5b 7 13 11 15 0
56 37 14 59 16 3
57 42 15 29 17 12
" 58 11, 5 i 18 84
59 1 i o e
n 100 100 100
.m 56.56 14.16 17.78
a 0.89 0.65 0.60
Om 0.089 0.065 0.060

a 0.063 0.046 0.042

ReDEKE investigated 100 herrings of maturity (IIT) IV—V and of a length of 914—9290 mm cap-
tured at 52°43.5° N. and 2°50" E. in November 1%/5, 1905. The variants are distributed in the following way:

Vert. S.2 Ko Rays in ventr. fins
No. Freq. No. Freq. No. Freq.
54 1 13 6 16 2
5o 3 14 53 17 7
56 37 15 38 18 91
b7 50 16 3
58 9 . i s s
n 100 100 100
m 56.63 14.38 17.89
o 0.73 0.65 0.37
Om 0.073 0.065 0.037
a 0.052 ' 0.046 0.026

It will be seen that these samples have the same number of vertebrae and keeled scales as the
herrings from the Channel investigated by CrieNy, Canu and SaUvAGE. In the number of vertebrae, as
well as in the number of keeled scales, the difference is less than twice the standard deviation of the
difference. REDEKE also was of the opinion that these samples belonged to the Channel Herring or to
the same race as the samples investigated by CriGNY, Canu and SAUVAGE.

The Channel Sea Herring has evidently a lower number of keeled scales than the North Sea Bank
Herring.? If we compare the 363 Shetland Herrings investigated by me with the 416 Channel Herrings in-

1 Dr. Repeke has kindly informed me, that the Vertebrae in this samﬁle have been counted according to Orton’s method,
i. e. with the omission of the urostyle. Here, as in the other cases, the arostyle has been counted as one Vertebra.

2 RepekE investigated 25 herrings caught in the south western part of the North Sea at 537 06’ N. and 3° 0’ E. on November
7th 1906. The specimens were of an average length of 25.0 em, and the maturity stage was III or IV for 22 specimens and VII

for 3 specimens. It thus appears that we have to do mostly with herrings which spawn in winter and in a few cases with herrings
spawning in autumn. The mean values found were as follows:

Vert. S. Vert. prec. Ks Rays in ventr. fins
m 56.56 23.84 15.00 17.84
0 0.71 0.90 1.00 0.75
Om 0.14 0.18 0.20 0.15
0 0.10 0.13 0.14 0.11

Peculiar to this small sample is the high number of keeled scales, which agrees with that of the Bank Herring. The
3 herrings of maturity VII, which may have spawned in October or November, had respectively 15, 156 and 14 keeled scales, and
therefore not a higher number than the specimens of maturity III and IV. We can not expect that the specimens of maturity 111
and IV would have spawned earlier than December. There seems to be a possibility that the sample belongs to a late spaw-
ning branch of the Bank Herring, and not to the Channel Herring.
Fiskeri. VIL 5. 8
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vestigated by Canu and SauvaGe, we obtain a difference of 0.62, the standard deviation of the difference
being 0.06. The difference between the number of keeled scales in the Channe] Sea Herring and in the
Dogger Bank Herring is probably still greater. If we compare the 416 Channel Herrings with the 65 Dogger
Bank Herrings investigated by REpeke (see p. 15), we obtain a difference of 0.80 with a standard deviation
of the difference of 0.11. The Channel Sea Herring has possibly also a little higher number of vertebrae
than the North Sea Bank Herring. Of the Channel Sea Herring, 375 specimens had an average number
of vertebrae of 56.57, while 803 mature Bank Herrings from various parts of the North Sea had an average
number of vertebrae of 56.50,

The spawning period for the Channel Sea Herring is December, January and February. Impor-
tant spawning places are situated in the eastern part of the Channel. According to REDEKE and VAN BREEMEN
(1908) spawning places probably occur also in the North Sea near the entrance of the Channel. BorLEY
and RusseLn (1922) are of opinion that a large spawning ground for herrings spawning late in the season
occurs in the neighbourhood of Smith’s Knoll (see p. 27 of this paper).

The mean temperature on the spawning places is in January about 7—9° C., and in February 6—8° C.
The salinity varies from about 34.4°%/ to 35.3%.

The temperature on the spawning places is for the Channel Sea Herring about the same as for the
North Sea Deep Water Herring, and the morphological differences between these two groups of herrings
also seem to be very small. The mean figures available for vertebrae, keeled scales and fin rays in ventral
fins for the two races are as follows:

Channel Sea Herring North Sea Deep Water Herring
WerL: (8. v i oy aarslen S 56.57 4 0.04 (375 spec.) 56.73 4- 0.07 (130 spec.)
RV i e S R 23.88 4+ 0.08 (119 — ) 23.63 + 0.07 (130 — )
5 i nir o o O A B 14.24 -|- 0.035 (616 — ) 14.41 4+ 0.07 (130 — )
Ventral fifi TAYS = = vo ciwe s sl s 17.83 £ 0.04 (200 — ) 17.76 4-0.12 ( 36 — )

F. The West Channel Winter-Herring.

The winter spawning herring which occurs in the western part of the English Channel, has been made
the subject of race-studies by the Biological Laboratory at Plymouth, and Dr. J. H. OrToN has published the re-
sults of the investigations in an important treatise: “An account of the Researches on Races of Herrings’ (1916).

The samples examined were caught off Plymouth in December 1914 and January 1915. The lengths
of the specimens varied from 22—28 cm, and the state of maturity was in most cases IV, V or VI, and
in some cases III and VII. The spawning period for this herring is December, January and February.

The survey below, which is constructed on the basis of OrTonN’s tables, shows the distribution ot
the variants for the individually constant characters examined in about 1000 specimens of maturity III—VL

Vert. S. Vert. preee. Ko

No. Freq. No. Freq. No. Freq.

55 13 22 23 12 i

56 295 23 356 13 39

57 626 24 502 14 335

58 85 25 130 15 533

59 2 26 10 16 106
157 6

" s e e 18 : |

n 1021 1021 1021

m 56.77 23.753 14.71

g 0.63 0.738 0.74

“Om 0.019 ©0.023 0.023

a, 0.014 0.016 ; 0.016
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Rays in dorsal fin

Unbranched Branched Total

No. Freq. No. Freq. No. - Freq.

2 35 13 1 16 1

3 753 14 22 17 12

4 202 15 251 18 185

16 549 19 550

17 166 20 235

S i 18 1 21 7

n - 990 990 990
m 3.169 15.869 19.037
i 0.460 0.712 0.714
Om 0.015 0.023 0.023
g, 0.010 0.016 ) 0.016

Rays in anal fin
Unbranched Branched Total
No. . Freq. No. Freq. No. Freq.

1 3 12 10 14 1

2 62 13 146 15 11

3 767 14 457 16 130

4 157 15 314 17 421

5 3 16 61 18 334

17 2 19 © 91

L i 410 20 2

n 990 990 990
m 3.092 14.279 1 piAs |
I 0.479 0.832. 0.878
Om 0.015 0.026 0.028
a 0.011 0.019 0.020

We shall now compare the sample of “Plymouth Herrings” investigated by Orron and the sample
of North Sea Bank Herring from the Shetland Isles investigated by me.
~ Plymouth Winter-Herring (Orton) minus North Sea Bank Herring from Balta Sound
(Johansen).

Tl Verte 8 @ o ool i duis & ses s siars = ses -+ 0.27 Standard deviation of Difference 0.042
R e e e e o O — 0.08 — — . — 0.051
< Verk. Caud. o .o oo mie s Faini st e 4 -+ 0.35 — — — ¢ 0.05
—: By sl 5 SGIE Se LRI Hsys A dhes S G - —0.14 — e -— 0.051
—. -Dorsal, hranehedl . .. - ase e s e s -+ 0.77 — — — 0.042
— Anal, unbranched :........ccovvuen.- + 0.04 — - —  0.027
—: _Anal. branched . .. ds=s s vee o mes st ¢ -+ 0.23 — - — 0.055
— AL BOBAL: (i g ain. sty sa o e s + 0.27 — — - 0.057

It will be noticed that we are dealing here with a real difference both in the number of vertebrae
and in the number of dorsal and anal fin rays. The West Channel Winter Herring has a higher number
of vertebrae and of dorsal and anal fin rays than the Bank Herring from the Shetland Isles. It will
be seen from the survey below that the Plymouth Herring differs from the Channel Sea Herring in having
a higher number of keeled scales and also a higher number of vertebrae.

1021 Plymouth Winter-Herrings (OrTox) minus 416 Channel Sea Herrings (Canv).

Difference K, = 0.48. Standard deviation of Difference 0.048.

1021 Plymouth Winter-Herring (OrToN) minus 125 Channel Sea Herring, Cap d’Antifer
(CLIGNY).

. Difference Vert. S. = 0.20. Standard deviation of Difference 0.066.
8#





