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This work on the North Sea herrings was begun in the summer of
1913, but owing to other pressing work and to the author’s stay abroad
for some time the final elaboration has been delayed. A further delay
was caused by the loss of a lot of clichées in the great fire of Bergen
in January this year, and very possibly this disaster might even cause
an additional delay by retarding the printing of the publication.

Simultaneous with the elaboration of the material from the North
Sea, a lot of samples from the adjacent waters, viz: the Skager Ra"ck,
Cattegat, the Belt Seas, the west coast of Great Britain and the coast
of Ireland were examined. Afterwards the work was however limited to
the North Sea proper and the rest of the material was left for publication
later on. Some preliminary results of the investigations have been pu-
blished in Dr. Johan Hjort’'s: ,Fluctuations in the Great Fisheries of
Northern Europa.“ The growth question of the herring races of
Northern Europe has been studied by Mr. Einar Lea and a report
on the matter will soon be published.

Here I will take the opportunity to thank Dr. Johan Hjort for his
kind interest in the work and for his valuable suggestions on many
points — suggestions based on his broad knowledge of the biological
conditions relating to the fisheries. I am also indebted to my col-
league Mr. Einar Lea, for the communication of many interesting facts
derived from his studies, which has been of great help to me in my
work. Also to Mr. James Chumley, Glasgow, who has most care-
fully revised my manuscript, I herewith offer my sincere thanks.

Bergen March 1916.
Paul Bjerkan.




- I. The Samples.

The material treated of in these investigations consists of herring-
samples collected during the years 1910--1913 in various parts of the
North Sea.  Most of the samples, especially those from the northern
parts of the region, were collected by the Norwegian fishery research
S/S ,Michael Sars¢ during several cruises in Norwegian and Shetland
waters and southward to the Dogger Bank. For some of the other
samples we are indebted to ‘the'Fishery Boards of England, Scotland
and Holland. A few samples were purchased, wher herrings from
certain fishing grounds were unobtainable in any other way.

As might be expected the material thus obtained is somewhat
unequal in character. Some -of the samples were measured and scaled
and the maturity and amount of fat estimated, when the the herrings
were fresh or on ice, while other samples had been preserved. The
number of individuals in each sample varies greatly, sometimes being
counted by tens, and sometimes amounting to 600 or more. The
following list gives the number of individuals in each collection, and
indicates whether they were examined in the fresh condition or preserved
in salt or formalin. .

Most of the herrings were taken in spring and summer; from the
southern part of the region we have some samples taken in late sum-
mer and late antumn up to the middle of December, but very few
samples were taken in winter, and from January to March none at
all, »This is unavoidable, being dependent on the fishing seasons, and
on the fact that most of the research expeditions take place in the
spring and summer months.

For each year all the samples obtained have been arranged chro-
nologically according to the fishing-regions. The various stocks of
~herrings in many .cases overlap the boundaries of the regions, and thus
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we have in the discussions to rearrange the samples according to the i Coll. no. 15, 60° 44’ N. 3° 30" E. #/s 59 indiv. formalin
leading principles in each case. f\ » » 16,61° 4, 2037, s 43 —,—,
. . 17, 61° 44" | 0° 25" 35 34 —,—, N
Tgto. . , . 18,60°53 , 2049 , 1 112 —yy
' North-Eastern part: ‘: , . 19, 60046 , 2048 2/6 110 —,—,
Coll. no. 15, ,Revkanten® 60° 30' N. 28/; 372 indiv., salt. | o, 20, 60° 49" , 29 50° 23/ 59 Y i
» » 16, 62° 18" N. 40 28" E. 8/ 21 —,—, formalin 1 N , 21, 61° 9( , 2094 2/g 64 —,—, .
. » 17,600 38 20 48" By 63 —,—, - | o, 922,600 51" , 92052 6/z 103 _”#" i
» » 18,590 48° , 316" , ¥l 104 —,—, » »f . . 23 60018 , 3° 2 U, 88 — ,—, i
, » 20,5837, 2031, Ty 15 ——, | oL 60036, 30 3 . wiy 36—
, ., 21,6003 , 2039, W 272 —,—, S s oy 903 —
» » 22,60°36", 256, e 15—y 1 . . 26, 60027 , 3015, B/ ——
. o 23,60028 , 2053 , 28/10 145 —,—, » ‘ ., 27,599 58 , 3016 , %5/ 7T —,—, i
., . 24,60023 , 2031, Wi 134 —,—, ! 98 60° 3 . 3016, 6/, 262 . .
Dogger Bank: : ., 29,600 8 , 3011, Y 104 —y—,
. » 25, 55% 22" N, 2° 23" E. 18,39/ 286 —,—, » , ., 30,600 8 , 3°12 , 4g 83 —,—, )
by w26, —,— —— 2o 194 —,—, 4 , ., 31,600 3 , 3012, Us 102 —,—,
» » 27,550°12 , 1050, Mo 185 —,—, ] , . 32,5955 , 3013, o 49 —,—,
' Faroe Islands: ' « o 33,59°55 , -3°14' , % 57 —,—, o
. » 28, Skaalefiord /s 204 —,—, fresh . . 34, 59052 , 3013, 10/g 134 —p—)
Shetland: ’ E . . 85, 60021 , 2°55 0/ 92 — . —,
, , 19,590 56' N. 1° 50' E. 16/ 84 —,—, formalin [ " Dogger Bank: ‘
., » 29, 48 miles S. by E. of BardHead /7 220 —,—, salt . 36 55018 N. 30 18' E. 1 164 —,—,
| East Coast of England: | » s 37,55021' , 30 14", 195 136 —p—,
» » 30, 24 miles E. of Spurn Lightship 8.9/, 485 —,——, fresh ., 38, —,— —— 20/ 65 —,,—, .
., » 31, Off North Shields /1 528 —,—, S L. 39,55095 , 2056, 20110 —,—,
, » 32, 17 miles E. by S. of Lowestoft /10 534 —,—, , . 40, 55° 23' 20 38" 28y 137 —,—, .
s w33, 52° 50" N. 2° 30' E. ¥/ 492 —,—, 1 W 41,540 8 2015 11/, 390 —,,—, salt
. » 94, Off Lowestoft /10 193 —,—, formalin Shetland: ‘
, - Holland: . | B L, 42, 59° 37" N. 1° 10' W. 185 91 —,-, formalin
. » 67, Zuiderzee, Helder /6 190 —,—, formalin 4359018 , 0015, Yo 174 —,—, )
IQII. : X » 5 44, 59027 0% 8 9 184 —,,—, ’
North-Eastern part: ' ' ’ »  » 45, 59° 25' » 0° 22" E. s 101 —,—, ”
Coll. no. 13, 60° 39' N. 2° 57' E. 55 90 indiv. formalin » ow 46,59728", 0733, P 26—,

14’ e — 85 21 E——— vi . ’ 3 477 60° 7' 9 10 41 ) 2l/g 131 TTHTT »

»n » n
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Coll. no. 48, 59° 51’ ,, 0° b1'E. /7 177 indiv., formalin
., . 49, 60032 , 0° 8, 29/ 119 —,,—, .
., ., 50, 60°30" , 0°15 , ‘ 30/g 309 —,,—, "
., s bl,60° 7", 20 0, %9 110 —,,—, ’
. , D2,59° 5 1020, 26/g 33 —,,—, salt
., , 53,53 miles E.S.E. of Bard Head %/s 79 —,—, ”
w » b54,30 , SE ., —,— ¥ 8l —,—, ”
. , 05,4 , SE. —— 25 86 —,—, "
. , 56,70 ,, E.byS4S, —— s 80 —;—, ”
., 57,70 , ESE , e 37 76 —,—, ”
., 5 D8, 40 ,, S.byW. ,, BressayLight %% 91 —,—, .
., » D9, Landed at Lerwick ' Bfs 93 —,,—, ”
» o 060, — = autimn/ ter 474 ——, »
. , 61, — ,, Shetland ' [7 242 —,—, ’
East éoast of Scotland:

, ., 62, 586 N. 0°10 E. 10/ 124 —,—, .
., ., 63, 56°20 , 0°20 , We 92 —,—, ’
., » 64, Landed at Grangemouth 20/5.198 —,,—, .

, ., 65, — ,, Aberdeen 6/g 238 —,,—,

. 66, — — 25/7 200 —~-,,—, ”

» o, 67, — ” — ' 24y 217 —,,—, "

.., 68, — , Fraserburgh -~ % 266 —,—,

., 69, — 207 205 —p—y

.o 70, — . — /5 997 — —

. s, L =, — 28/ 253 — ), —, »

oo 12, — — 20/5 305 —,—, ”

s 73, Wick Sea 27 236 —p—y

w oo 14— 19/g 246 —,,—, .

East Coast of England:

., 75, 16 milesE.byN. ofSpurnPoint 20/g 394 — - fresh
» » 76,40 , S.S.E. ofNorthShields®/s 86 —,—, salt
. 17,32 , E. 78—

s o 78,27 , ENE , —, S 84—\

., 79,16, ENE. , —,— g 84 ——

., 80,20 , ENE. , —,— 9 86 —p—,

. 81,922 , E.byN. ofNorthShields®/s 87 indiv., salt

82,33 ,, NE.byE.,, —,— 37 82 ——,
83,20 , ENE. , —,— 30fg 422 — ”
84, 55% 45" N. 0° 5 W. n Bz 86 —,—; .
85, 52° 35' E. 29-35' E. - 13/ 504 —,,—, fresh
Without locality:
obtained Holland (coast of Holland?) 2%/¢ 148 —,—, formalin
—  Hamburg (Dogger Bank?) 27y 233 —,—, salt

— —— | —y— P ) 2%/ 266 —,—, "
1912.
North-Eastern part:

. 11, 61° 9" N. 2° 19' E. 10115 161 —,,— fresh
12, 57° 31’ ,, 6° 54" 2.22fr 32 —,,— formalin
13, b7° 43" ,, 5° 28" 2223/, 98 —, — »
14, 57° 26" ,, 3° 43" 27 12 —,— »
15, 58 21" , 3% 4’ 24.26/7 184 —, —  salt
16, 58° 53' , 3° 18" 25/7 314 —,— formalin
17, 59° 40" ,, 3° 22" 26/; 206 —,,— ”

Shetland: k ’
18, 15 miles S.S.E. of Bressay fr 92 —,— salt
19,50 , SSW. , —,— o 85—

20, 30 , S.S.E. ,, Fair Isle ), 88 —
91, 5 , S.S.E. , Sherries, Fetlar 2/s 105 —, — " .
92, 9 , W. , Fitfull Head /s 70 —,—
East Coast of England: :
93, 520 52' N. 20 17' E. 1/ 521 —,— fresh

24, 52° 40’ ,, 2° &' Y/ 6138 —,—
25, 53° 38" ,, 0° 40' ,, 18/g 378 —,,— »
' 26, 30 miles ‘E. by S. of Tynemouth 6/7 495° —, — »
27,28 ,, ESE. ,, —,— 8lg 442 — — "
IQI3. '
East coast of England: -

6, 54° 50’ N. 1° 0" W. 16/5 714. —,— fresh
7,520 55 , 2092' E. 201 429 ——
8, 27 miles E. of Lowestoft /15 457 —,—
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Storrow’s samples from England and the Dogger Bank:
Coll. A, 10 miles E. of Longstone /6 69 indiv.
, B. 10 , E , —,— /5 66 —,,—
» C, 10—12 miles E. of Dunstan-
borough Castle %/ 107 —,—
, D. 10—12 , E. of Dunstan-
borough Castle 17/: 83 —,—

, E. 15 miles E. by S. of Seahouses %z 78 —,—
, F, 24 | E.}S. of Tyne /s 97 —,—
, G, 24 , S.E.byE, s o— 25 100 —,—
, H, 20 ,, E, »y 19 100 —,—
, -1, 23 ,, E.byN. 5 %/9 100 —,,—
. J 20 , E.byN. - 6/ 198 —, —
, K, 18 , ENE. - 8y 198 —,,—
, L 17 , SE.S. b, — 12/, 903 —, —
, M, 25 , ESE. y 18y 105 —,,—
. N, 8 , SEDbEIE , — 15fg 195 —,,—
. O, 80 , SEbYE$E. , — 19 164 —,
, P, 80 , ESE. southerly, — 17/ 188 —,,—
L.Q, 120 , E4N. by — 18/, 160 —,—
, R, 62 , ESE by — 19y 95 —
.S, 75 , ESE. o— 2/ 160 —,,—
» T, 75-79 ,, S.E.by}E. gy o — 2y 161 —,,—
, U, 125  E.iN. oy — %y 158 —,—
, V, 125 , E.iN. by o 29/9 160 —,,—
, W, 122 , E.byN. y — o o 116 —,—
, X, 118 ,, E.iN. yo 8/10 159 —,—

This list shows that the number of samples taken each year is
very variable; in 1910 there were 21, in 1911 76, in 1912 17 and in
1913 only 3 samples. For 1913, however, I have been able to add
24 samples from English waters from the Dove Marine Laboratory’s
preliminary publication: Herring Races — B. Size, Age, Growth and
Maturity by B. Storrow (1914, p. 59—). These samples make a very
welcome addition for the year 1913, and help to fill up blanks from
those waters in the preceding years.

”//
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Positions

of
Herring -Samples
+ [3-85 Samples 1944

0

e

N

_

 Fig. 1. Positions of the herring-samptes taken in the year 1911,

One sample, viz: coll. no. 28 (1910) does not belong to the North
Sea, but I have found this sample from the Faroe Islands very useful
in explaining some facts respecting the herring stock from the Northern

part of the North Sea.
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Positions

. of
_ Herring—Samples
+ 16— 34 & 67 Samples 1910}
oy/-g7  —77 1912
A6-8 T 1913
A-X Storrows —»-— 1913
7 _ |

s

879 420
020

f

Fig. 2. Positions of the herring-samples taken in the years 1910, 1912 and 1913.

The above list and .the two maps of the North Sea (figs. 1 and 2)
give. the exact positions where the herrings.of each sample were taken:
In some cases it has not been possible to obtain detailed information
about the position. The samples from Scotland, for-instance, having
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only the landing place and date of capture, but as we know the prin-
cipal fishinggrounds used by the fishermen of those places, we may make

a shrewd guess as to the position by comparing the composition of -

the samples with those from the neighbouring regions. Three other

samples taken in 1911 (two bought in Hamburg and one obtained in-

Holland) are quite uncertain as to locality of capture. They might
have been taken in the Shetland waters, east of Scotland or in the

. Dogger Bank region. These samples have been entered in’ the -above

list for the year 1911 as colls. A, B and C. We may however later
on venture to indicate the probable fishinggrounds from a-study of
thé composition as to age and maturity.
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II. The Gear.

Most of the material was taken by drift net, the only exceptions
being the Zuiderzee sample (coll. 67, 1910) taken by ,zegen* (seine)
and Storrow’s samples L—X (1913) taken by trawl. - The drift nets
used by the herring fishers in the North Sea vary in width of mesh,
which has, doubtless, a selective influence on the composition of the
catchés, — an influence that cannot be measured directly, but may
perhaps be estimated indirectly.

The following figures show the variation in the size of mesh in
the gear used in the North Sea and adjoining waters:

North Sea:

cm.
Dutch  herring drift nets, Width of mesh (from knot to knot) 2.9—3.0
German ’ — — —y— 2.9-3.0
Norwegian ,, — —— —— 2.7—2.9
English?) ,, —y— —y— — 2.6—2.8
Scottish  , e y— — ey 2.5—2.6
English ”» trawl —yy —y— 2.5
Coast waters:
Dutch ,,reepnets* —— —— 2.3—2.4
.,  legen* herring seine = —,,— — 1.8
»  soardelen® » e — —— 0.7—0.9
Norwegian large herring nets —,— - —— 3.1—3.5
— fat » ey — 22--2.6
—,— spring herring seine —,,— —_—— 1.6—2.0
—y— sprat nets ey ey 1.0—1.2
—_—— seine — —— 0.9—1.5

» ”»

13 During the spring herring fishery drift nets are used with meshes down to
2.3 cm. (from knot to knot).
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The fabric of the thread used in the different nets varies greatly.
The English herring trawl has a very coarse texture, and the meshes
are double threaded, so that they are actually much narrower than
indicated by the figures. - e

Delsman (1914, p. 173—) has dealt with the selective influence of
the gear, and is of opinion that'most of the differences found in the cat-
ches from the North Sea might be due to differences in the gear used.
He thinks (p. 178) it probable that the composition of the herring shools
is pretty uniform, at least as regards the adults (three years old and over),
the individuals of the younger age-groups being more numerous, and the
individuals of the older age-groups less numerous, the older they are.
He is led to this conclusion by catches taken by drift net, seine and
ysardelen“ seine in the Zuidérzee, compared with samples taken by
drift nets with different sized meshes in the North Sea. o

In the Norwegian herring fishery both seines and nets with very
different sized meshes -are used. According to Hjort (1914, p. 14—)
the different stages of herring, viz: small herring, fat herring, large
herring and spring herring are mostly found separately, so that the
different kinds of herring are principally limited to certain districts
along the coast. The large herrings (fulls) are exclusively caught by
drift nets, and the spring herrings (spawning herrings) by seine, purse
seine and nets. Most of the samples of spring herring were taken by
seine, and we have thus an opportunity of comparing seine-caught and

drift-caught herrings as to their age-composition.

Hjort (I. ¢, p. 219) has published the results of the large and
spring herring fisheries for the winter 1913—1914. The large herrings
were taken by drift nets with very large meshes (3.1—3.5 cm. from
knot to knot), and the spring herring mostly by seine, but notwith-
standing this both kinds of herrings agree very closely as regards age-
composition. In - this instance at least we must admit that the coinci-
dence in-the composition of the two kinds must be due to the actual
composition of the schools and not dependent on the gear used.

In fig. 26 (see below), I have, according to Lea: ,Fiskets Gang,
1915, No. 29, shown the invasion of a young and rich'yearclass (1910)
among the Norwegian spring herring during the months af Fe-
bruary, March and April. The 3 samples were taken by seine, but
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among the drift-caught herring during the same season we may also
recognise this invasion, as shown by fig. 3. Now the new yearclass
is six years younger, and the herrings relatively smaller than those of
the predominant yearclass (1904), for which the herringfishers at the
time had adopted .their drift-nets, and yet the invasion is felt in the
drift-caught samples almost as strongly as in the seine-caught samples?).
Both figures show that the composition. of the herring schools does
not always agree with Delsman’s sketch at least as regards the northern
waters.. The age frequency curves: may be unimodal with an old

i

/9/2 // /0 09 06 07 06 05 04 93 02 0/ 00 /899

%

501

4ok — 18 Samples, 3615 indiv.
: [All drift caught]

sk '9’2 1914 - 8% 1015

~=-0One of the spec;al

2op samples, 173 .indiv.

0F

a

Fig. 3. Age-composition of Norwegian 11ervring samples showing that very different
age-groups are caught by drift nets.

yearclass predominating, bimodal or even trimodal according to the
number of rich yearclasses; Among the material under consideration
bimodal age frequency curves occur in Shetland waters 1912 (fig. 13).

Delsman (1914, fig.-1, pl. 1) demonstrates that a difference  of
Yo cm. in the mesh (meshes 2.4 -and 2.5 cm. from knot to knot)
may cause a difference in the catches to such an extent that the modes

1 The same fact is brought out very concluswcly by a statement of the Nor-
wegian fishery agent in England, Mr. Johnsen, December 27, 1915:  ,A remarkable
feature of the fishery is the abnormal large herrings caught in the same nets, in
which smaller herring is the rule. There‘is no parallel to these old yearclasses
on the coast of Ayr, the average weight being ca. 1 pound.”
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of the length frequency curves differ about one cm.; the two samples
referred to were- taken in different localities. During these investi-
gations 1 have found, among the Lowestoft herrings and in other cases
too, that the average length of the different age groups might differ
one cm. and more for all the age groups-in the samples taken during
the same month. As this was the case with the predominant age
group as well, ‘there was a difference in the length frequency curves
quite like that indicated by Delsman. As the samples were taken
during the same fishery I have taken it for granted that similar 1mp1e-
ments were used in both cases. '

%
40F
e C A . o v o
/ ' . . .
sob -y -~= Width of meshes.[knot to khot} 26cm.
/'/ \.'\ R — 37 e PR . 2
-,II / \\ -{ . . . B : ' 28 -
L) Y O T T T 29
Y s .
! /.f}- . Smiths Knoll, Yarmouth
oy N - 9
ol - I/ \\. o /H, 1913 [ Delsman]‘
I/ 3 . \\_
I/ : JUONN : .
,, \\\1-.
=2 b" ' : \_:‘...:\'l-..

22 23 24 25 26 27 28 29 3o0Cm.

Fig 4. Lengtl frequency curves of three samples from Smlths Knol caugﬁt by nects
with different sized meshes. ’ :

Delsman (l.c. p. 180) gives the figures of length frequency of three
samples taken by drift nets with different sized meshes, viz: 2.6, 2.8
and, 2.9 ecm. (from knot to knot) off Smith’s Knoll, Yarmouth 9/11, 1913,
and from these figures | have constructed the length frequency curves
shown in fig.. 4, It will be seen at once that the size of the mesh in
the nets used affects the composition of the catches, but not to such
an extent as might have been expected. The three length frequency
curves denote that the true mode lies somewhere between 25 and 26
cm. In both of the samples from Lowestoft in the material taken in
1913 (coll. 7.& 8) the predominant yearclass (1909) has the average
length of 25,6 cm., and it seems probable that the modes of the three
frequency curves are determined by the average length of the herrings

2
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of the predominant age group. From table Id. it will be seen that the
average length of all the individuals in the two samples is 25.5 cm.

It is very interesting to compare the composition of trawl-caught
and drift-caught herrings. The English Fishery Board has made exten-
sive investigations and published some preliminary results as to the
comparative length of the herrings caught. As stated above, the Eng-
lish herring trawl is very coarse in fabric and double threaded and will

thus catch comparatively very small herrings. In the English Fishery
' Report for the year 1912 (Part I, p. 21) we find the following state-
ment regarding these investigations: ,The comparison of the drift-
caught samples as a whole with the trawled herring is effected in
Fig. 2 ... .. it is clear that no material difference exists between
the fish measured in respect of size.”

Of Storrow’s samples taken in 1913 more than half the number
were taken in the trawl, and the age composition of these samples is
shown in fig. 19, (see below). The age frequency curves of the drift-caught
samples from off N. Shields indicate young herrings in accordance with
the material from the three previous years. The samples from the
trawling grounds towards the Dogger Bank consist of older herrings.
The age frequency curves are bimodal, with modes for the yearclasses
1909 and 1906, the first being highly predominant. The trawled samples
from the Dogger Bank mostly have the yearclass 1909 predominant,
but two of the samples differ as to age composition, viz: W, with the
young yearclass 1911 highly predominant and a slight mode in the
frequency curve for the yearclass 1909, and X, with somewhat older
animals.

The selective influence of the trawl is for the older and larger
animals nil, and for the younger stages it is, on account of the coarse
fabric, smaller than in most other implements used by herring fishers,
Hjort (1914, p. 57). By comparison of the catches the trawl caught
herring therefore is of great importance. We find that the trawled
as well as the drift-caught herring indicate considerable variations in
the composition of the herring schools in the sea. We find that drift-
caught samples may point to the precence of rich yearclasses of very
different ages, as shfown by the Norwegian large herring and spring
herring samples. We might then suppose that in most cases where

" No. 1
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herrings of different sizes and ages are met with in drift-caught samples
this denotes a difference in the composition of the herring shoals fre-
quenting the fishing ground. As Delsman admits, the herring fishers
adapt the size of the meshes of their nets to the average size of the
herrings fished for, and the selection caused by the nets will then only
affect the amount of extremely large or small herrings, the first being
of minor importance in these investigations.

Regarding the younger stages of the herring, they might as stated by
Hjort (1914, p. 60—), be supposed to keep to the shoaler areas nearer
the coast. The O-group evidently occurs near the shore, the I-group
about the 20 meter line, and the Il-group hardly nearer the shore than
the 40 meter line. They evidently thus congregate in shoals according
to their size and development. It is difficult to account for this distri-
bution; it might be due to the hydrographical conditions, the search
for suitable food, the svimming capacity, or most probably a combi-

. nation of all these factors. The important fact is that the individuals

of approximately the same stage of development keep together in shoals
in the North Sea, as found on the coast of Norway. The older im-
mature herrings (fat herrings) along the Norwegian coast also congre-
gate in separate shoals, now.and then mixed with smaller herrings of
minor quality, and the same seems to be the case in Shetland and
English waters (see Coll. 18f22, 1912; Coll. 81, 1911). While along
the Norwegian coast shoals of pure immature herrings (fat herrings)
are met with, the samples from the North Sea include young herrings
in the first stages of developing sexual drgans. Some of the young-
herring samples are found mixed up with spents and recovering spents
(Coll. 76—80, 1911), the search for food being apparently the congre-
gating agency. Later on the maturing herrings join the shoals of

_spawning herrings (see later). ‘A sort of natural selection is suppo-

sed to keep the younger and smaller stages out from the shoals of
grown up, maturing and spawning herrings, thus limiting the range of
size in this direction. It seems certain that some of the smaller ani-
mals pass through the meshes of the drift nets, and we cannot know
how much. The comparison of samples of trawled and drift-caught
herring by the English investigators shows that the selection due to
this cause cannot be very material.
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III. Age Composition.

Smith in ,Skandinaviens Fiskar (1895, p. 957) seems to have
been the first to have noticed the connection between the growth rings
of the scale of the herring and the age of the fish. Broch (1908,
p. 30) observed that the scales are excellent for the purpose of deter-
mining the age of the herring, and since then numerous papers on
age determination have been published by Dahl, Hjort, Broch,
Schneider, Lea, Lee, Meek, Storrow and Delsman. I will not here
enter into the discussion of the reliability of the herring scale as an
age indicator, as this is now acknowledged by most of the authors dealing
with the question, the divergences of opinion now concerning rather the
bearing of the growth investigations as based on calculation from measure-
ments of the growth zones of the scales.

Lea (1910, p. 16— ) has described the methods of age deter-
mination used in the herring investigation, to which I refer the reader.
The methods may be modified according to the bearing of the inve-
stigaﬁons, as to whether they are connected with growth measurement
or only involve age determination. '

The age frequency has been calculated in percentages, and the re-
sults regarding each sample are given in table I. The years heading
each column - in the table denote those years in which the herrings had
their first summer growth in accordance with the practice in vogue in
the international herring investigations. The same is the case with
all the ﬁgufes of age frequency curves in this paper.

From these percentages I have calculated the average age of the
herrings in each sample, which is entered in the next column. In
using these figures it must be noticed that, according to the practice
referred to above, they only denote the number of full summer zones
and in order to ascertain the actual age of the herrings, as well as the

1
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average age of all the individuals in a sample, the season in which
the herrings were born must be taken into consideration. Thus with
the same number of summer zones a herring born in the autumn must
be about half a year older than one born in the spring, the first living
through the first winter without assuming scales. To facilitate the use of
the table I have as a footnote appended thereto a series of corrections.
If a sample of spring herrings supposed to have been born approxi- -
mately in March is caught in August it is only necessary to add the
value found for five months in the series of corrections to the average
age given in the table, and if it is a sample of autumn spawners,
spawning say in September, we must add the value for eleven months
to the average age. In the same way the ages of the different year-
classes must be found by adding the number of months between the
supposed birth season and the time of capture to the age:indicated
by the years heading the columns. In mixed samples this is naturally
impossible. , .

In order to get a general view of the conditions found in a
certain region [ have mostly calculated the average age composition
for the month, and according to these figures have constructed the average
age frequency curve for each month. If the samples vary greatly in
age composition, the components are shown separately in dotted lines,
while the monthly averages are shown in continous lines. By this
procedure [ might be able to follow the variation of the stock as to
age composition during the season, and to compare it with the ma-
turity and quality as they change with the season.
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IV. Maturity, Quality, Condition.

Maturity in this paper is mostly used as a short expression for
degree of maturity, thus involving all stages of sexual development
from immature herrings up to spents and recovering spents.

The sex is determined by eyesight or in case this is difficult (as
in some young individuals) by the aid of a lens. Male is denoted
by &, female by 2.

The state of the sexual organs is classified into seven stages:

Stage I. Virgin individuals. Very small sexual organs close under
vertebral column. ¢ wine coloured torpedoshaped ovaries
about 2—3 cm. long and 2—3 mm. thick. Eggs invisible
to the naked eye. 4 whitish or greyish brown knife-shaped
testes 23 cm. long and 2—3 mm. broad.

Stage II. Maturing virgins or recovering spents. Ovaries somewhat
longer than half the length of ventral cavity, about 1 cm.
in diam. Eggs small but visible to the naked eye. Milt
whitish, somewhat bloodshot, same size as ovaries, but still
thin and knife-shaped.

Stage III. Sexual organs more swollen, occupying about half the ven-
tral cavity. :

Stage IV. Ovaries and testes filling nearly two third of ventral cavity.
Eggs not transparent. Milt whitish, swollen.

Stage V. Sexual organs f{illing ventral cavity. Ovaries with some large

. transparent eggs. Milt White, not yet running.

Stage VI. Roe and milt running (spawning).

Stage VII. Spents. Ovaries slack, with residual eggs. Testes baggy,
bloodshot.

(Hjort and Dahl).
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Doubtful cases were formerly indicated by giving two stages, e. g.
[—II, II-III etc. but the practice now in the Norwegian herring in-
vestigations is to drop these double indications, in each case including
them under the higher stage, and this practice is followed here.

~ Quality is here used in accordance with Hjort (114, p. 168) as
denoting- the chemical composition of the herring, i. e. whether the
fish contains more or less fat, and the amount of intestinal fat (ister)
is commonly used as an indicator of the quality in the herring inve-

stigations.

The amount of fat contained in the ventral cavity is denoted by
four different signs: -
= fat in large quantities.
= moderately fat.
= a little fat
—= practically no fat.

‘(Hjort and Dahl).

The sexual development has been found to be correlated with
the amount of intestinal fat. The small herrings are devoid of intestinal
fat, but having attained a certains length, they begin to accumulate
fat in the ventral cavity, and approach the fat herring stage. When the
sexual organs begin to develope, this fat is by and by absorbed, and
used in the development, so that the amount of intestinal fat decreases
with the increasing size of the sexual organs, and in the more advanced
stages the herrings are mostly ‘devoid of fat, as is the case with the
spents. After the propagation the herrings again store mtestmal fat
and advance in quality. ‘

o — 1+ 8

In this manner we get practically five categories of herrings:

Maturity
. stages
‘1) Small herring .......ccoceevvivieiveriinennn, immature and lean
2) Genuine fat herring ..........ccoecvvren... ——

8) Fat herring (maturing virgins fat to mOdemtely
(Matjes) {recovered spents, mature} } o
4) Full herring...........oocoovcovrvciin.., mature} moderately } IV_VI
. fat to lean
5) Spents and
fecovering spens { .............................. .. mature and lean } VIL 1T
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The first category is not represented in our material. Unmixed
génuine fat herring are often met with along the Norwegian coast,
especially in the North. Among the samples treated of here many
immature herrings are found during the months of June and July,
off North Shields, round Bressa Shoals and Shetland, but they are al-
ways mixed with a quantity of herrings farther advanced in sexual
development. Spents and recovering spents are often found among
the spawning herring, but they seem to segregate from the spawning
shoals, and are often met with among the immature and maturing
youngherrings, apparantly in search of food. Sometimes there is an
admixture of herrings relatively much retarded, or much advanced, in
development, and this might be ascribed to an intermixture of herrings
of different spawning seasous.

This correlation between the sexual development and the amount
of intestinal fat has enabled me to calculate in percentages the her-
rings belonging to each category of the combination of the maturity
and quality stages, viz: Im, IIm,'H—, I, etc. To give a general
view of the samples I have arranged them as shown in the three
following tables:

1. North Eastern part, 61° 44" N., 0° 25’ E.

Coll.: 17 Development of sexual organs % L
<
. : 5
3V, 11 | 1 | I | W | vV |VI|vI|FE
g m
g+ 1.8 11.8
"6‘ -
7 I 35.2 35.2
¥
» |0 53.0 53.0
Total 100.0 100.0
g 50.0 50.0
Q 50.0 50.0

]
|
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2. North Eastern part, 60° 51’ N, 2° 52" E.

Coll.: 22 Develdpment of sexual organs %o .
=F
' S

6/VIL 11 [ 1 | I | | Iv |V |VIjv|®

= |'m 58| 1.9 7.7

= 13.6] 16.5 30.1

ks

5 I 2041253| 1.0 46.7

& .

N 0 29| 87| 39 15.5
Total 427 52.4| 49| 100.0
r 13.6120.1] 1.0 43.7|

? 29.1]233| 39 56.3
3. Shetland, 60° 32" N, 0° 08’ E.
Coll. 49 Development of sexual organs % —
<
o

29/VII, 11 1 I m|w/| v |vi|lvilFf

e | m

|

kS

3 I 0.8 0.8

o =

N 0 6.7 0.8]30.3]30.3| 25]|286]99.2
Total 6.7, 0.8|31.1/303 25| 28.6(100.0

d 59! 08235 59! 08! 12.6]49.5
? 0.8 76| 244 1.7]16.0]50.5
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. The first sample (Coll. 17, 1911) consists of recovering spents from
the ,Revkant, all spring-spawning herrings' from the last days of May.
The second sample (Coll. 22, 1911) is a mixture of recovering spring
spawners and developing Shetland summer spawners. The third sample
(Coll. 49, 1911) consists of spawning Shetland herring with a few spring
spawners intermixed. ‘

The three tables are shown here as a proof of the method used to
get a Dbetter judgement of the character of the samples as regards
maturity and quality and only the totals of each maturity stage and
quality stage, found as shown above, are entered in table I. Maturity
stage II I have in the table found convenient to split up into two
groups: fat (m, 4-) and lean (0,1), as explained below.

Dealing with the conditions in the different regions, I have usually
taken the maturity -and quality separately, as each is represented by a
special graph showing the development from month to month, with the
discernible components mostly shown separately. As these components
coinside with those found by the age investigations it is very easy to
make comparisons. In order to compare the samples as to quality I
have found it convenient, in accordance with Hjort (1913, p. 47), to
give the stages special values, viz: m =3, - =2, 1 =1, 0 =0,
and from these I have calculated the average quality of each sample,
the averages being entered in table I next to the fat stages. In the
graphs they are shown separately, and when necessary in the course
of the description I have added the corresponding figures in tables.
As the coll. number has been added in every case the calculated fi-
gures may be controlled by the percentages found -for maturity and
quality in table L

It has been found, as stated by Hjort (1914, p. 74), that the
quality of the herrings belonging to stage Il might in some cases be
used as an indication as to whether the herrings in question are re-
covering spents (recently spawned), maturing young-herrings or herrings
which had spawned months previously. The first are mostly very lean
(0,1); the second mostly pass through the fatier stages (m, --) of stage
Il into stage IIl; and the third have in most cases again accumulated

intestinal fat and might be classed as ,recovered spents¢. As the quality -

of a whole sample of herrings might vary very much according to the
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abundance of food, etc., care is necessary in judging each case, and
if possible comparison with related samples is desirable. In the graphs
representing the maturity the lean stages (0,1) of stage Il are shown
separately, mostly following stage VII in the columnﬁ.

The counting of the males and females belonging to each stage
of maturity has given but slight results; the proportion may vary from
30.0 % males to 70.0 % females on one hand, to 68.8 %o males to
31.2 9, females on the other. The numbers seem to be more. neérly
equal towards the spawning time, but there seems to be no prevailing
rule. As a whole the females are in the majority in more than.half
the samples at hand. Regarding the comparative development of
males and females in the samples the males seem to be more ad-
vanced in samples of herrings in the first stages of sexual development,
but in samples of herrings in'the more advanced stages the females
seem to have developed as fast as the males. This may be a real
fact, or only a feature denoting that the stages as defined in the
classification are not of the same value in both males and females.

In order to get a general' means of comparing the condition
of the herring in the different samples 1 have fried the equation of
an inversion parabola of the form: ’

p =k
where p is the weight of the herring in grammes, [ the length in

- centimetres, and %k a coefficient depending upon the condition of the

herring. % is high when the herring is fat and bulky, or when the
sexual development is far advanced, and highest in fulls with much
intestinal fat.

The weight is determined in grammes by means of an ordinary
letter balance weighing objects up to 500 grammes.

The length is determined in centimetres, fractions being reduced
to the nearest integer. Length is measured from point of lower jaw
(when mouth shut) to middle part of vertical line drawn between the
flukes of the tail, when these have their natural spread (Heincke).

In the following table (1 a) I have calculated the coefficient for the
different length groups of one yearclass of a sample of small fat her-
ring from the North of Norway, in which the length ranges between
16.0 cm. and 24.5 ¢cm.- Number of individuals 1169.
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Small fat herring from the North of Norway

Ia.

(year-class 1907)
Number of individuals 116g9.
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All the herrings were immature and very fat (m). Leaving the
jower and higher length groups with very few individuals out of the
question, we find that though all the herrings have much intestinal
fat the larger ones must be more bulky, the coefficient increasing with
the length of the animals in the length groups 17.5 cm to 22.5 cm.
The mean coefficient of these better represented length groups is about
0.0061. ' »

In the next table (2) I have calculated the coeificient for the
length groups of the yearclass 1904 of a sample of large fat herring
from the North of Norway. Length 22 cm. to 30 cm., 282 individuals.

In order to get a short expression to denote the sexual develop-
ment of the different length groups, I have given the stages values
from 1—6 (stage VII valued as Il = 2), and thus got an average as
in the comparison of the sample as regards intestinal fat, see p. 26.
Though all the herrings are on an average very fat, between 2.50 and 3,
we find, especially among the higher length groups, herrings with
more developed sexual organs. The coefficient is much higher in this
sample than in the former, about 0.0080.

Year-class 1904.

=t
ey < 9 o
<t — 0D S _
<L © S

7 -
) S Q
<t [ [T S el
< * =

=
5 S g
o3 N < S (=
< * S

[72)

) © ~ | © <
> : L

80~ | €138+

al : S .

w |l 3 <+

o R & =

N o~ = -+

2 o
< o — S
N wy o0 S .
(i) LQB o
= be g g
o ' %

> o) & —
— bt ~ =
ol — Yol S _I‘
-
10 — o~ 8
=3 « o S o
0 <)

=
2 9 —: 8
< = @ = <
X = <t :

[aw)

-t e
w0 o~ © 8 —
& = 3 5] J

S

wQ
2 o e ) ™
= = =) S )

o

[*2]

2 ©Q N 8 o
© « > S 4
<

A
S T T - N

; S Je

R ™
& < ™~ &
™~ ™ - S i

[}

N
=) Q e ™
b~ o — S
S s 3 | F
e
S ! |
=
=

o
=) ‘2 5 =
©w — % S
o =] +

: ; 2| 3 =
i : o | 8 3
H H [«]
. . = .
: i w | © Eg‘
: § 5 = H5S
g L5 | 8 | <3
. % ° E 9
QL »
g8 ¥ 8] B
e | E |2 |1 | £
5 5 > =
- Z < 2 a

Length cm........... (22) | (23) 24 25 26 27 7 28 29) | (30)
Number................ 1 — 1 23 | 92 | 87 | 52 17 7 3 | 282indiv.
Average weight

gl veiiviiinenenen] 90.0 — 112.7] 120.7 | 132.5| 151.4| 191.1| 202.9 | 206.7
k= lﬁ}z ...... 0.0085] — 10.0081| 0.0077} 0.0076| 0.0077} 0.0087| 0.0084| 0.0076| Mean:0.0080
Difference fr. the

mean (X 10000) +5| — {4+ 1|+3|+4|+3|+7{+4|—+4
Stage of sex, or-

gans (mean)....| 1.00 — 107 122} 1.32| 1.65| 291 | 2.36 | 2.33 | from 1-—6
Stage of fat

(mean).............. 3.00 291 | 2.87 | 292 | 2:83 | 247 | 2.71 | 267 ,» 9—0
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In the following table the coefficient is found for the different
length-groups of the yearclass 1908 of a sample taken off North Shields
(Coll. 83. 1911), the length ranging between 21 cm. and 28 cm., 159
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4 ‘All individuals (422).
Length, cm...| 0y | @) | 22 | 23 | 24 | 25 | 26 | 27 | 28 | (29)  (30)
Number...cco.. 2 ) 27 78 73 68 77 64 ' 19 . 5 | 3
e .
A\;Zgg%?, gr... ‘80.0 96.7 | 112.2] 122.71 132.7| 147.8| 161.1 | 180.2| 200.8 | 206.0 | 226.7
P
- 3
(mean 0.00916) ...... 0.0100] 0.0104| 0.0105| 0.0101| 0.0096] 0.0095] 0.0092| 0.0092| 0.0092| 0.0085| 0.0084
Difference fr. : .
ihemean....—{—4 48| +9|+5 0 (=1 +4|+4]+4|=11|=+12
(X 10 000)
St of sex.
oré%rels (mean) | 2.00 | 2.83 | 3.22 | 3.47 | 3.98 | 426 | 479 | 4.90 5.00 | 5.00 | 5.00
Stage of fat ’ o
(mean)........ 300 | 2501 185 1.79 | 143 | 1.04 | 029 | 006 | 0.00 | 000 | 0.0

individuals:
3. Yearélass 1908.
Length cm. ..o 2n 22 | 23 24 25 i 26 27 | (28)
NUMDET ..o 1| 7 o7 58 |87 10 8 | 1 |159indiv.
Average weight gr. 100.0| 120.0 123.9| 132.5| 149.2| 164.0| 166.2| 210.0
k = —;;3 ...................... 0.0103@ 0.0102{ 0.0096| 0.0096/ 0.0095 0.0085 0.0096|mean: 0.0097
Difference fr. the mean.. + 6+ 1504 5|+ 1 ~ I +—4 ]+ 121 =1 _
(X 10000)
Stage ofsex.organs (mean)| 4.00 | 3.57 | 3.70 | 4.05 | 4.38 | 4.70 4.37 >5.00 from 1—6
, - fat (mean).,.j 200 1.29 1 165 | 141 | 1.08 ! 040! 050 | 000 , 38—0

The averages of maturity (1-—6) and quality (3—O0) of the length
groups are calculated and entered in the table. The herrings have
highly. developed sexual organs (average between 3.50 and 5.00, some
of stage VII), and the smaller animals are slightly fat. The coefficient
is thus higher than in the foregoing samples, and is higher than in
any of the samples under consideration, the mean being about 0.0097.
It mostly falls inversely to the length groups, following the decreasing
quality but very‘unevenly, owing to the presence of individuals of
stage VIL

By calculating the coefficient for the different length groups of
the whole sample (Coll. 83, 1911) as found in the following table (4),
we find the same decrease of the coefficient following the decrease
of the quality, although the sexual development increases with the
length. . The mean coefficient is about 0.0096:

In the graph (fig 5) the figures shown in the tables have been
plotted, and in each case compared with the parabola constructed on
the mean coefficient according to the formula p = k. /% As an
inset (1b) I have given the result of a calculation on small herring
from the West Coast of Norway.

By the calculation of the coefficient for the whole sample I have
first calculated the average weight and the average length of the her-
rings in the sample, and from this I have found the coefficient accor-
s
average length. The coefficient thus found is however somewhat in-
convenient and in the tables I have therefore entered it as:

i = 1000 k.
and I can thus mostly write it in two figures viz: 6.1, 8.0, 9,6 etc.;
i is in the following called the indicator.

ding to the formula £ = p being the average weight and [ the

In the samples treated of in this paper each herring has been
scaled and measured, the investigation involving the examination of
each individual as regards age, maturity and quality, The investigation
might have been carried out more easily, if the investigation was only
involving condition, by weighing the whole sample and then measuring
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Fig. 5. Length-weight relation of samples of small herrings, smalt fat herrings, large
fat herrings and relatively fat full herrings.
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the herring, finding the frequency of each length group, then 7 is
found by the formula: .
1000 g

n
where g is the weight of the whole sample, # the number of indivi-
duals in the sample, / the mean length of each length group and f
the frequency of each length. The average weight of the herrings in

1).

As already stated, in some of the samples the herrings were. exa-
mined fresh or on ice, in others preserved in salt or formalin. The weight
of the herrings from the different samples is therefore not quite com-
parable, as some of the samples were almost dry, while others were.
quite covered with liquid. The indicator entered in table I is the figure
found directly by calculation from the weight of each sample as received,
and in each case the manner of preservation must be taken into con-

the sample is then % and the average length

sideration.

When the samples consist of fresh herrings only I should think
the indicator, thus found, might be of use as a means of comparing
samples of small herrings, fat herrings, and fulls among themselves,
in the latter case allowing for the stage of development. The limits
of the indicator might be found for each kind of herring, -and we
might thus have a means of showing by figures whether the herrings
in a catch are in a bad or good condition. These limits might differ
slightly for the different races of herrings, the Shetland herring being,
for instance, more bulky, but this could be ascertained by examining
a sufficient number of samples of suitable material.

) After having finished my manuscript I find in Report of the Lancashire Sea
Fisheries Laboratory (1911), that Johnstone on the suggestion of Meek has used the
length weight relation in the plaice measurements off the English coast. His formula for
the calculation regarding the whole catch is however different from that given here'and
will in most instances give slightly different results. As ,indicator 1 find (L. c.) that
D'Arcy Thomson has suggested a formula giving a figure a tenth smaller than that
used here, As being written with only two figures the latter is however more
convenient, and I therefore retain it. '
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V. North-eastern part of the North Sea.

~ As the samples are most numerous for the year 1911 I have taken
these samples as a starting-point in the discussion of the biology and
migrations of the North Sea herring. In most cases I have found it con-
venient to arrange the samples for each month, thus showing how the
conditions concerning age-composition, maturity and quality change
from month to month during the season represented.

1. Age-compositibn.

1911. 1t will be seen from table I, and from fig. 6 showing the
average age-composition in percentages of individuals from .month to

month during the summer of 1911, that 1904 is by far the most frequent -

year-class in all the samples from the region. As shown by Hjort
(1914, p. 24— ) the year-class 1904 is quite predominant among the
Norwegian large and spring herrings during the years 19101913, and
the preponderance of the same year-class here indicates that the Nor-
wegian herring stock frequents the fishing grounds in question at
least during the months from May to September. In May the mean
percentage for this year-class is 37,9, increasing from south to north
from 27.8 % (Coll. 13) to 56.9 % (Coll. 17); the other year-classes
group themselves very smoothly around the predominating year-class,
the small collections 14 and 17 only exhibiting some exceptions. The
average age (without correction) ranges from 6.80 to 8.02, 7 years
being the age of the predominating year-class. The collections 13
and 15 contain some individuals of considerable age, the oldest
reaching 18 years.

In June, July and August we find a continuous decrease in the
percentage of the year-class 1904, thus denoting that we have an im-
migration of other herring stocks to take into consideration. I may

. NORTH-EASTERN PART. 35

May 1911, Coll.13~17.

— Jume (911, Coll 18-21
o [9+2]

— Julyten, Coll.22-28
—-—— ”» ”n g 24"23

— September 191, Coll. 35

1 " } 1. 1 i N 1 4 A L L
7908 07 06 05 04 J3 02 0/ 7900 /899 98 97 96 95 94 63 92
Fig. 6. Age composition of samples from the North-eastern part of the North Sea

during the year 1911, compared monthly.
3
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call attention tq the year-classes 1906 and 1908 in June and July, which
year-classes in-some of the original collections (see table 1b) make them-
selves very conspicuous. There is an immigration of older year-classes
too, 1901 being of much interest, amounting in Coll. 24 (July) to
25.0 % and thus raising the average age in some of the samples to
more than 9 years.

From August to September a segregation of a lot of the immigrants
seems to have taken place, the predominant year-class again increasing
to 40.2 % in September; though we have only one collection taken in
September, we shall find that the above supposition is confirmed when
we come to discuss the maturity.

1910. While the samples taken in 1911 might be said to have
been secured at the ,Revkant“ i. e, the slopes from the North Sea
platform down to the depths of the Norwegian Channel, where the
Norwegian herring-fishery in the North Sea is largely cérried on, the
1910 collections are ‘'more scattered, one station (Coll. 16) lying off
Stadtland and others on the North Sea platform, miles from the slopes
of the Norwegian Channel. The collections therefore vary more in
age-composition than those taken in the following year (1911). The
year-class 1904 is in some of the samples more predominant than in
1911, which corresponds with the Norwegian spring herring, the same
year-class amounting to 77.3 %/ in 1910 as compared with 70.0 °/o in 1911.
It is most 'abundant in the sample off Stadtland and the samples from
the Revkant (Colls. 15, 17, 18) taken in July and September, ranging
from 46.8 % to 54.0 %. But in some of the samples from the North
Sea plateau taken in October and November the percentage of the
year-class 1904 amounts to 36.6 to 48.9 (Colls. 23—24), thus making
its influence felt throughout the whole region. We shall see that in the
Shetland waters too this year-class takes a more prominent place in
1910 than in 1911. This feature in the composition of the herring
stocks of the region in 1910 is explained by the fact that the indivi-
duals of the year-class 1904 had then-come to maturity and joined
the spring herring, so that among the Norwegian stock of mature herring
the year-class 1904 was more numerous in individuals in 1910 than in
any preceding or following year. "Hjort (1914, p. 43) states that this one
year-class in the years from 1907—1913 yielded more than haif of the

i
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Norwegian spring herring fishery. When a stock of herring receives
such an immense augméntation through one year-class it is very likely
to ex'end its usual range of distribution. This is confirmed by the
sample from the Faroe Islands (Coll. 28, 1910), with a percentage of

© 51.0 of the 1904 year-class, and this though we have a component of

young, mostly immature, herrings, that lowers the percentages of the
other year-classes considerably. If the 1908 year-class were excluded,
the percentage of the 1904 year-class would rise to 59.5, an amount
approaching the percentage of that year-class among the genuin-Nor-
wegian spring herring in 1910. As shown by Hjort and Lea (1911,
p. 18) 22 %y of the 1904 year-class in the collection are ,marked
herrings*, that is to say, in the third summer (1906) they exhibet a
very bad growth, a phenomenon common to many of the herrings that year
prevailing in the waters of Northern Norway. The migration of these ,mar-
ked herrings* has been traced along the Norwegian coast since 1908, and
as shown by Hjort and Lea (1912, p. 9) they have spread in several
directions south and west of Norway. The authors therefore conclude
that an immigration of Norwegian herrings into the fiords of the Faroe
Islands has taken place between September 1909 and april 1910. This
suggestion I find confirmed by the direction of the principal migration
of the stock during the following summer 1911,

In the graph (fig. 7) I have compared the age composition of the
herring stock prevailing in ‘the region during the summers 1910 and
1911 for the months represented in both years, for April 1910 I have
made use of the Faroe sample mentioned above. It will be seen at
once that the year class 1904 is much more frequent in 1910 than in
1911. In September the average percentages are much alike in both
years, but we must remember that the September collection of 1910
was secured on the North Sea plateau, miles from the Revkant and
from the maximum development of the Norwegian herrings in those
waters, :

1912. The samples for the year 1912 are not all quite comparable with
those for the preceding years, as some of them (Coll. 12—14) were
taken by nets of much smaller mesh than commonly used by herring
fishers in the North Sea. As may be seen from the map (fig. 2)
these samples were taken further south than the others, and about 50
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Fig. 7. Age composition of samples from the North-eastern part of the North Sea
during the years 1910—1911, compared monthly.

miles distant from each other, which might explain the diiferent age
compositions (see table Ic), though they consist of fairly young herring.
The -remaining samples were taken by nets varying in size of mesh
up to the largest used. In these samples too we find a very marked
difference in the age composition, the herrings being older the farther

north we proceed. From these facts it follows that, though taking the
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size of mesh into consideration, the difference in age composition is
largely due to the composition of the herring shoals in the respective
jocalities. That the predominance of the year-class 1904 decreases the
farther southh we proceed on the Revkant we have found in the year
1911 as well, and the presence of younger year-classes farther south
and east we_know from catches at Riser 1910 ‘and Langesund 1911.
The latter sample contained 75 %/ of the year-classes 1908, .which in
1911 seems to be of importance in those waters and in 1912 is pre-
dominant in two samples (Coll. 15 dand 16). As to the appearance of
this year-class among the Norwegian spring herring see below. It thus
seems as if the area off Jaderen and Lister on the Norwegian coast,
south and west of the Norwegian Channel, is a young herring district,
which might have considerable importance, especially for the herring
fishery on the south-eastern coast af Norway. That the conditions in
those waters at times might be influenced by invasions of herrings of.
more southerly origin is most probable.

2. Maturity.

The state of the sexual organs in the herrings from the region
may to a certain extent be of importance in identifying the herring
stocks frequenting the fishing grounds in question. The principal
herring stocks that we might expect to find there are the Norwegian
and the Shetland herring, the first being a late winter or spring spaw-
ner, the latter a summer spawner, spawning in August—September. In
the first and the latter months of the summer we may therefore easily
recognize the two principal components by their stages of maturity.
During the intervening months this might be more difficult, the Norwegian
herring then recovering and developing the sexual organs, while the
Shetland herring are mostly highly developed, often with some indivi-
duals retarded in their development.‘

1911. In order to discuss the 1911 samples as regards state of
maturity I have arranged and summed up the different year-classes for
each available month, as shown in fig. 8.

As seen at a glance, the May collections include only stage II,
thus denoting that we have to do with spring spawners, regenerating
sexual organs. Only two samples (Coll. 16, 17) were examined as
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Fig. 8. Maturity stages of samples from the North-eastern part of the North Sea
during the year 1911, compared monthly, year-classes separated.

regards maturity, the other three being in too bad condition for the
purpose. Of the remaining samples, one (Coll. 15) is of considerable
interest. Of this sample Captain Iversen says in the journal of the
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,Michael Sars“: ,Caught 15 barrels of spents, mixed with individuals
of fulls, partly spawning males and females, with full and commencing
soft roe. The bulk were of a bad quality owing to the preponderance
of spent herrings*. I shall refer to Captain Iversen’s statement later
on, and here draw attention to it as of importance.

In June we find components of younger, immature herrings and
some fulls (stages II—IV), showing an immigration of other herring
stocks. In July and August the fulls have increased, and in July a
few spawning and spents are to be found. It is difficult to say whether
the bulk of the fulls belong to the primary stock of spring herring or
to the immigrants. As mentioned above, some of the firstnamed might
then have recovered and commenced the redevelopment of the sexual
organs, and, on the other hand, some of the summer spawners are
evidently retarded in their sexual development. By comparing the age
composition and the state of maturity, I have come to the opinion
that the bulk, if not all, of the individuals in stage Il belong to the
primary spring herring stock.

From August to September a segregation has taken place; the
immature herrings and those in stage IV have disappeared and some
spent herrings have joined the primary stock. As shown later on in
the discussion of the Shetland herring (Coll. 51), spawning took place
at that time a little to the west of the place where the September
herring sample (Coll. 35) was secured.

1910. This year we find about the same sequence regardmg the
sexual development of the herring stocks of the region. The summer
spawners, however, are not so numerous as in 1911, this being in
conformity with the facts brought out in the discussion of the age
composition during the two years.

1912. The bulk of the herrings captured thlS year are lmmatme
herrings (stage 1) and herrings for the first time preparing for propa-
gation. Most of the herrings with more highly developed sexual organs
are found among the samples from the southernmost stations, where
North Sea bank herrings of more southerly origin might come in.
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3. Quality.

The meaning of the term quality as used here is given on p. 23.
As samples are not available for the successive months both in 1910
and 1911, T have found it convenient to take the two years together,
the samples then supplemenﬁng each other.

1910 and 1911. In order to give a general view of the conditions
as regards amount of ister (intestinal fat) in the months from May to
November I Lave arranged the average percentages of the individuals
of the different fat stages for each month, as follows:

1911 1910
Month i o] e
3) | (@) Average 3| (2) Average
m | L0 B0 |m I
May oo 121 5.0 125.4 168.4 0.39 . ; — ‘ N —
- | o )
June..oooiionn, 1.11 9.5136.5 52.9} 0.59 — i — i - —
I \ \
I i T
JUY oo, 11.9 27.4 42.4‘18.3‘1 133 |147(58.1 ;25.8 1.4 1.86
} ‘ i
August ... 17.0 207 |31.8 !30.5 TN [ U S
' |
N 1 } o
September .......... 3.3114.1129.3 153.3 0.67  [40.1125.9 4.0 130.0 1.76
| | i
i ] 1
October. ... — | — | — ‘ — 25.1127.8121.5 125.6 1.52
. ‘ ‘ i { - |
November............ — } — L — i - — 5:2129.0 136.7 129.1 | 1.10

As mentioned on p. 26 I have found it convenient, in accordance
with Hjort (1913, p. 47), to get an average contents of ister for each
month by giving the different fat stages values: m —= 3, + — 2, 1
= 1 and 0 = 0.. 4

These average values for each month show that the amount of
ister differs much in the two years. Taking the year 1911 we find
during the two months May and June very low amounts of ister,
viz:  0.39 and 0.59, the bulk of the herring being in stages 0 and 1.
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Fig. 9. Percentages of fat stages of samples
from the North-eastern part of the North
Sea during the years 1910 and 1911,
compated monthly.
Average (3—0) above.

In July and August we have

an increase to respectively 1.33
and 1.24, many of the indivi-
duals having advanced to the
stages -+ and m. In Septem-
ber again the amount falls to
0.67, the great majority belon-
ging to the stages 0 and I.
When we compare these con-
ditions with those indicated in
the discussion of maturity, and
remember that the bulk of the
herring stock is made up of
recovering spring spawners,
we find the sequence of events

. in accordance with what has

been said about the relation
between maturity and quality
p. 23. In 1910 we have no
samples for May and June,
but in July we find, as in the
following year, the highest
average value of ister. This
value, 1.86, is, however, much
higher than in 1911, the mo-
derately fat herrings (stage )
being especially abundant. We
have no August sample, but
in September we see that the
herrings have not only retained
the high ister stages, but the
highest stage (m) has risen to
40.1 °/y of all the individuals.
The average however is lower

than in July, owing to the high percentage of spawners and spents

without ister.
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During October and November we find relatively high averages
of ister, viz: 1.52 and 1.10, but the amount of intestinal fat decreases,
according to the development of the sexual organs, in inverse ratio.
The average amount of fat thus falls as in 1911, but the increase is
much more rapid and the decrease slower than in that year. This
difference is partly due to the more marked preponderance of spring
spawners in 1910, but other influences might come into play, such as:
hydrographical conditions (temparature, salinity) working partly as direct,
partly as secondary, agencies, changing the external biological condi-
tions, food, etc, and we must also remember that in 1910 the main
stock of herring were younger, many individuals of the predominating
year-class having for the first time taken part in the propagation.

In fig 9 the quality of the samples for the years 1910 and 1911,
discussed above is shown graphically. Below are shown the percen-
tages of the fat stages represented by columns, and above the averages
from month to month are represented,

1912. The samples for the year 1912 are more unequal as regards
quality even during the same month, consisting of fat herrings or a very
uneven mixture of recovered spents and young herrings. Collections
12 and 14 are very fat (average 2.09 and 2.50), and were taken in
the most southerly positions. Farther north the quality decreases,
though the average quality in no sample falls below 1.0. These facts
agree very well with the sexual development of the samples.

4. Summary and discussion.

As shown above, the bulk of the herring frequenting during the
summer the fishing grounds of this region, and especially the Revkant,
are herrings belonging to the Norwegian stock, Norwegian spring her-
ring, which, after having spawned on the banks near the West Coast
of Norway in the months of February, March and April, emigrate to
those regions to recover after propagation and to feed on the abundance
of animal plankton occurring there. As mentioned by Hjort (1914,
p. 176), 1 found, by an examination of the stomach-contents of fifty
herrings caught on the Revkant during the spring, a total of 205 cm.?,
consisting of 338 Meganyctiphanes norvegicus (adults) and 8 Thysa-
noéssa (Rhoda) raschii (various sizes); Some of the stomachs being
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empty, this gave an average of more than seven of these comparati-
vely large crustaceans. It appears that the herring go there to feed,
and during the spring months find food in abundance at that place.
In the Norwegian Channel vertical hauls from the bottom to the surface
(360—0 m.) showed, besides small crustaceans, Copepoda (Calanus,
Eucheta, Metridia a. o.) also larger crustaceans, Euphausida (Mega-
nyctiphanes and Thysanoéssa). Vertical hauls from lesser depths (75
--0 m.) showed only Copepoda, and no Euphausida, which latter are
therefore presumably restricted to the deeper water layers. Closer in,
on the banks, only larval Euphausida were found, no adults; the adult
crustaceans here consisted almost exclusively of Copepoda.

By closely examining the age composition of the herring stocks
from both sides of the Norwegian Channel I have found that the con-
ditions are not so simple as they appear at first sight. As already
mentioned, the Norwegian spring herring in the year 1911 showed a
percentage of the year-class 1904 amounting to 70.0. In the samples
from the other side of the Norwegian Channel we find in May that
wear an average percentage of the same year-class of 37.9. We have
seen when discussing maturity and quality that those May herrings are
one and all spring spawners, belonging to stage II, recovering after
propagation. Why this great difference in the percentage of the pre-
dominating year-class-if the latter herrings were simply emigrants from
the Norwegian spring herring districts? The available material does
not answer the question directly, but I may be allowed to form a
liypothesis, in trying to elucidate the composition of the herring stock
of the region during the late spring and summer months.

We may recall Captain Iversen’s statement regarding the inter-
esting collection 15 (1911), to the effect that he caught spawning and

~spent herrings on the Revkant on the 8th of May that year. It has
‘long been questioned whether spawning took place in the neighbourhood

of the Viking Bank in spring. During the true spring spawning
season no herring fishery actually exists in those regions of the North
Sea, and unfortunately the sample in question, that might have helped
to solve the problem was not scientifically examined as to maturity.
The fact however remains, that men well trained in estimating the
condition of herrings found spawning and spent herrings there in May.
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If spawning to some extent is a common occurence every year on the
banks there, then we may understand the difference in age composition
of the spring herring from the Revkant and from the West Coast of
Norway. The Norwegian spring herring, having at present a very
characteristic age composition, may mix with the genuine spring her-
ring from the Revkant, having a different age composition, with the
result ol lowering the percentages of the predominant year-class of
the Norwegian herring. That the year-class 1904 still makes itself felt
in all the samples from the Revkant is obviously due to its unique
preponderance among the genuine Norwegian spring herring, and to
the strength of the emigration of this herring to the Revkant.

We cannot explain the nonhomogeneity of the herring samples
from the Revkant in May by an estimation of the stage of maturity,
both components being presurhably spring spawners. We must there-
fore see whether other peculiarities in the age composition of the herring
of the Revkant point in the same direction and whether the hydro-
graphical conditions in the region might favour a spring spawning.

I have drawn attention to the year-classes 1901 and 1908 among
the herrings on the Revkant. In the percentage curves of the age
composition these year-classes give only small modes compared with
the year-class 1904. We must however bear in mind that the year-
class 1901 is very old, on the verge of extinction, and that the year-
class 1908 is in 1910 and 1911 very young. In 1912 we find the
year-class 1908 of much importance in many of the samples, especially
from the southernmost stations. Among the Norwegian spring herring
the year-class 1901 is only slightly represented in 1910—12 and the
year-class 1908 is for the first time of importance in some of the samples
taken in January 1914. The appearance of the year-class 1908 among
the spring herring of 1914 is of much interest; According to Hjort
(1914, p. 219— ) all the samples but one taken in the month of
January gave only slight percentages of the class. In one sample se-
cured off Kristiansand the year-class 1908 was represented by 28.7 %,
compared with 29.8 %o of the year-class 1904. In some other February
samples, also collected off the south-western coast of Norway, the said
age group was more than usually frequent. As shown by closer exa-
mination, counting of vertebrae, etc., this high frequency was not due

No. 1} NORTH-EASTERN PART. A7

to invasion of true North Sea herring. The herrings had the number
of vertebrae characteristic of the Norwegian herring, as shown by
Heincke (1898), and the development of the sexual organs showed
that they were true spring spawners. The invasion of this compara-
tively young year-class however only served to confirm the predomi-
nance of the year-class 1904; when the invaders had been thoroughly
mixed up with the spring herring shoals, the year-class 1904 again
took the lead by virtue of its immense preponderance of individuals.

From what has been stated 1 have ventured to assume that the
two year-classes 1901 and 1908 are characteristic age groups of the
presumed spring spawning herring from the Revkant, parallels to the -
year-class 1904 among the Norwegian spring spawners, but not nearly
so important. The sudden appearance of the year-class 1908 among
the Norwegian spring herring off Kristiansand was probably due to
accidental invasion of spring spawners from the Revkant.

The hydrographical conditions in the North-eastern part of the
North Sea, and especially at the Revkant and adjacent banks, are very
variable. Helland-Hansen and Nanseu (1909, p. 143—) state that:
,the bottom-water of the northern North Sea is Atlantic water that
has come round Shetland southward in autumn and winter. It has
got temperatures below 7° C., partly by vertical convection currents
in winter and partly by a slow transmission of low temperatures (by
conduction) from above,“ and further: ,There are obviously rather
great variations in this influx, seasonal as well as annual.© The latter
pert of the quotation is confirmed by plates IX—XII in the same work,
showing the hydrographical condition in different years and seasons.
Especially at the north-eastern border of the North Sea plateau we
find that the variations in the hydrographical conditions are very great.
The great seasonal and annual variations in the north-eastern part are
due to the varying strength of the Norwegian coast current running north-
ward bringing Baltic water and coast water of a low degree of salinity
(27—33 %00). This current is strongest in the spring and early summer
months owing to the melting snow in the adjacent countries.

As shown by Hjort (1897, p. 6) the herring will not go near
land on the coast of Norway, when this water of low salinity sets in,
the fishery than being limited to the deeper water, where bank-water
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and water of higher salinities are found, — or the herring may disap-
pear almost entirely.

On the Viking Bank and adjacent regions the prevailing currents run
in a southerly direction, but eddies are obviously very common here,
the banks being situated, especially during the spring, in a border region,
where the southerly running Atlantic water and the Norwegian coast
current come into contact. During the spring the salinity of the water on
the banks may lie between 34 and 35 %o, but the conditions will vary
much according to the varying strength of the opposing currents. The
temperature of the water on the banks will however during the spring
be lower than 7° C. in either case, the Atlantic water being cooled
down to that degrce as stated by Helland-Hansen and Nansen (see
above). In the late spring months, April and May, therefore the hydro-
graphical conditions on the Revkant may to some extent resemble
those on the banks of the West Coast of Norway some two months
earlier, only the salinity may be a little higher. Ffom the above
discussion [ think the herring might very likely spawn on the western
side of the Norwegian Channel in the spring, perhaps somewhat later
than on the coast of Norway. The interesting collection 15 (1911)
was taken on the 8th of May, long after the time of the herring
spawning off the West Coast of Norway. The intensity of the spring
spawning of the western banks is likely to vary much according to
the annual variations of the hydrographical conditions, and this may
occasionaly bring about an exchange between the neighbouring spring
spawning regions.

The prevailing currents on the eastern and western sides of the
Norwegian Channel are, as shown above, opposed to each other, and
therefore when the hatching has taken place, the fry is likely to be
carried off in opposite directions [rom the two spawning regions. As
shown by several authors, and recently most plainly by Hjort (1914,
p. 35), the young herrings from the Norwegian spring herring districts
are mostly carried northward by the coast current, fishing for immature
herrings mostly taking place in the fiords of Northern Norway. Respec-
ting the western banks we have not such precise and extensive in-
vestigations to rely upon, but as shown by the cruise of the s/s ,Michael
Sars“ in 1912 young herrings were met with on the North Sea plateau
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west and south of Jederen. The young, mostly immature, herrings

were 1—4 years old, and especially the year-classes 1908 and 1909

were frequent. Some of the older herrings were preparing for pro-
pagation, and these must from the development of the sexual organs

- mostly be spring spawners (see table. Ic, Colls. 12—15).

The hydrographical conditions thus seem to indicate not only, that
a spring spawning might take place on the banks west of the Norwegian
Channel but also that a certain age composition different from that
of the spring spawners of the West Coast of Norway might very well
be found there. - If this be the case, then the comparatively low percen-
tage of the year-class 1904 among the spring spawners on the Revkant
in May 1911 is explicable.

Several authors state that the herrings are very capricious in their
spawning habits, suddenly abandoning spawning grounds habitually
frequented for generations. Fulton (1891, p. 178) says this is true as
regards the spawning groufids off the west coast of Scotland. During
the lapse of years similar indications have been recognised in the
Norwegian spring herring fishery, which has been transferred north
and south along the coast from Lindesnes to Trondhjemsfiord, and
at times the herring would not come near land to spawn on any of
the usually frequented spawning grounds (Sars, 1879, p. 107). Sars
presumes that in the latter case the herring may spawn on the banks
farther out, indications of the precence of herring shoals having been
observed in the open sea. As shown above this might be the case
in so far that the herring is then to be found in the deeper water, the
upper waters being too fresh to allow the herring to come near land.
Then the coast current during the months, when spring herring fishery
ought to take place on the West Coast of Norway, may be so strong
that the herring can not spawn on the Norwegian side of the channel.
Hjort (1897, p. 5-—) has shown that this was probably the case in
the year 1895, combined with a common disturbance in the hydro-
graphical conditions of the northern waters. He has found that such
disturbances in the hydrographical conditions have occurred during
several periods in the 19th century, and always caused a fluctuation
of the fishery from the North Sea region to the Norwegian Sea. Du-
ring such periods the spawning of the Norwegian stock of herring
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takes place - farther north, but the hydrographical conditions on the
Revkant may allow of an increased spring spawning, being in such
periods more like the conditions on the banks of the west coast of
Norway. As already mentioned fishing on the Revkant has not taken
place during the months when spring spawning takes place, and we
have accordingly no knowledge whether such fluctuations are caused
by a tranfer of spawning of genuine Norwegian spring herring.
Boeck (1871, p. 128) has indicated transfer of the spawning of the
Norwegian spring herring to the western banks in the years, when
spawning does not take place near the West Coast of Norway.

This discussion shows that the presumed spring spawners on the Rev-
kant may have a certain independence in their relation to the large
spring spawning stock of the West Coast of Norway, byt exchange of
spawning grounds might occur with changing hydrographical condi-
tions. Through such a combination many of the salient points in the
fluctuations of the spring herring fisheries of Norway might be explained.

Apart from this, we find in these fluctuations features that indicate
variations in the total number of individuals belonging to the stock,
as discussed by Hjort in his ,Fluctuations in the great Fisheries of
Northern Europe.“ Such variations are characterised by annual in-
crease of the average length and weight of the individuals caught, as
mentioned by Jensen (1881, p.9), and are obviously due to the pre-
ponderance of certain year-classes comparable to the year-class 1904
at present.

As shown by the age composition of the different samples the
preponderance of the year-class 1904 increases from the south to the
north, as shown by Coll. 17 (1911) and the Faroe sample (Coll. 28,
1910), when compared with the southern samples. We must there-
fore presume that the Norwegian spring herring occurs with less
intermixture in those northern regions ~during the summer. The
spring herring are recorded by Sars (1879, p. 121—) fo leave the
Norwegian coast in a north-westerly direction. The left wing of
the shoals then touches the Revkant and adjacent banks, finding
abundance of food, and remaining there are mixed first with the
presumed spring spawners of these banks, and later on with outposts of
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the Shetland herring. The bulk of the shoals however proceeds north-
westward to Tampen and farther north, reaching in the heat of the
summer the vast feeding grounds of the main North-Atlantic current.
The shoals might be Jed farther north according to the hydrographical
and - biological (food) conditioﬁs, but -in the course of the summer they
approach nearer and nearer to the coast, following the development
of the Atlantic current. In the autumn we know that Atlantic water
reaches the Norwegian coast carrying with it Atlantic organismes like
salpe etc. The salpa are recorded by Boeck and Sars under the
name of ,Silderek®, a term at least in former times used in the
large herring districts because these plankton-organismes were sup-
posed to indicate the approach of the herring.

In the present herring period the returning herring shoals first
come near land at the mouth of Trondhjemsfiord as ,large herrings®
(fulls) in the latter days of November or in December, and later on
the large herring fisheries proceed farther south to- about the coast
of Aalesund and Stadtland. In former periods large herring fisheries
are recorded even farther north to Lofoten etc. Nordgaard mentions
(1910, p. 9) that in 1909 vast quanties of salpae were found off Hit-
teren at the mouth of Trondhjemsfiord in late autumn, and at times they
may be found still further north. This indicates that the Norwegian
herring stock during the summer and autumn in those regions has a
connection with the North-Atlantic current, and to some extent follows
the water-layers of Atlantic origin.

The fishery for spawning herring (yvaarsild“) however does not begin
in these northern districts, but farther south, off the coast near Sta-
vanger and Haugesund. At precent the first touches with the spawning

- herring are usually recorded in the middie of January off Utsire, and

later on the fishery proceeds northward to about Stadtland. This some-
what puzzling fact may be understood by bearing in mind that the
shoals of Norwegian herring that remained at the Revkant take
the shortest route back to their habitual spawning places, and the
development of the sexual organs may be more advanced in these her-
rings which have prevailed in southern latitudes, thus forcing them to be
the first to seek their spawning grounds. Later on the herrings which

4
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during the summer have sought father north proceeds southward to

the spring herring districts from the large herring districts, or directly
from the open sea .in a direction opposite to that in which they
disappeared in the spring. o

The devel opment of the herring fisheries in the latter years has
shown that the above named discontinuity of the two herring fisheries
is mostly apparent. As mentioned the large herring fisheries are carried
on by drift-nets farther out at sea, while the springsherring is caught
nearer land by gill-nets, seines and purse seines. Before good sea-
going boats were common the herring fishers were therefore confined
to fish the large herring when it came comparatively near the coast.
This has been the case periodically at certain places along the coast
between Lofoten and Stadtland (the large herring districts). Later on
the fishers has found the large herring many places off the spring
herring districts (south of Stadtland) too. Iversen (1915, p. 95) states
about the coast district Bemmelen—Jederen: ,This drift net fishery
is as the drift net fishery off Solsvik—Feie (near Bergen) and off Kri-
stiansand a large herring fishery, the herring being taken early in the
season and being of the same quality as the large herring. In the
official reports this drift-caught herring is erroneously confounded with
the spring herring.“ Off Moldeen and Kinn large herring is taken in
quantities' with drift nets, but the more lucrative cod fisheries take
placé at the same time and occupy the population in January and
February when the large herring is mostly found there. The general
impression is that shoals of large herrings might be found off the
Norwegian coast from Lofoten south to Kristiansand, and that the
discontinuity of the fishery is mostly due to fishery-tecnical and fishery-
oeconomical conditions along the coast. The difference between large
herrings (slosild, sloefulls) and genuine spring herrings (vaarsild) is thus
qualitative; the first named are fulls with hard roe, the latter (mostly)
fulls with soft roe, about to spawn or spawning and therefore often
mixed with spawned herring  (tomsild, blodsild).
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VI Shetland.

The Shetland samples are most nu\m’e‘rous fo’t“"the year 1911,
twenty samples being available, while for ‘the years 1910 and 1912 we
have only two and five samples respectively. Most of the samples
were collected by the s/s ,Michael Sars¢, others were bought at Shet-
land, some of them without exact locality, but knowing the landing
places and dates of capture we may determine the positions by com-
parision with samples from known localities.

1. Age composition.

1911. We have samples taken in 1911 ranging from the middle
of May to the first days of September. Of the 20 samples available,
collections 52 and 60 must be omitted in the following.discussion,
because the herrings seem to have been ‘assorted, but these. samples

will be referred to in the summary.

In the graph (fig. 10) the age" composmon shown by the average
percentage curves is represented from month to month by continuous
lines. When different components are discernible the average percen-
tage curves of these are represented by dotted lines. The positio'ns of
the samples are given in the map (fig. 1).

For May this year we have three samples (Colls. 42, 53 -and 59)
The exact- locality for -Coll. 59 is not recorded, but havmg be@n_
landed, at Lerwick it was probably taken to the south-east of that plaée
near Coll. 53. As will be-seen the year-class 1906 predommates bemg
in two of the samples (Colls. 53 and 59) very marked. *In the remaining.
sample (Coll. 42) the herrings are older, the’ year- ciéss 1905 being
preponderant, and the frequencies of the year-classes 1898—1904 fallmg
between 5 and 15 per cent. . - : : U ir

In June we find a component with about the same age c0mposx
tion as that of May to:the north of Bressa Shoals (Cols 54,55 and
58). On Bressa Shoals however a very marked component with the
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Fig. 10. Age composition of samples from Shetland waters during the year 1911,
compared monthly.
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year-class 1907 as the preponderant age-group is found (Colls. 4346,
56). Collection 47, secured in the north-eastern part of the region
towards the Revkant, I have not taken into consideration in the average

« age curve for June, represented by the continuous line, the age-com-

position of that sample indicating a very strong admixture of Norwegian
herrings, The average age composition of the samples for June, thus
arrived at, shows very distinctly the preponderance of the year-class 1907
in the waters on and about Bressa Shoals. It may be mentioned that

- in collection 52, the year-class 1907 is represented with about 58 9%,

thus confirming the results shown by the remaining samples.

In July the percentage curves show the predominance of the year-
class 1907 as in June, but not so marked, one of the samples (Coll.
48) consisting of comparatively old herrings. This sample was taken
more to the north-east, as will be seen from the map, thus confirming
the general impression that in this part of the Shetland waters the
herring might be somewhat older than in the south-east, in the neig-
bourhood of Bressa Shoals. The two remaining samples (Colls. 57
and 61) show an age composition with 1907 as the preponderant
age-group, but the percentages for the year-classes 1906 and 1905 are also
high, as might be expected from the age composition in May and June.

From the last days of August and the first days of September we
have three samples from the -northern part of the region, the August
samples (Colls. 49 and 50) being taken to the south-east of Unst Bank
and the September sample (Coll. 51) to the south-west of Viking Bank.
These samples vary so much in age composition that no attempt has
been made to draw an average curve, but this great variation of the
year-classes will be referred to later on in the general discussion.

1910. For 1910 we have ouly two samples (Colls. 19 and 29),
but the age composition is very interesting seen in combination with
the conditions discussed in dealing with the North-eastern part of the
North Sea. Collection 29 secured near to Bressa Shoals in July con-
tains up to 19.5 % of the year-class 1904, which is the preponderant
age-group, the year-classes 1903, 1905 and 1906 being also well repre-
sented. Collection 19 was laken more to the east, south-west of
Viking Bank, and gives 26.2 %, of the predominant year-class 1904.
Both samples confirm the conclusion that the Norwegian stock of her-
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rin‘g this year had a tendency to extend beyond the habitual range
of distribution. I have already stated that this may be due to the
augmentation of the stock, caused by the immense number of indivi-
duals belonging to the predominant age-group 1904, which this year
must have been more' numerous than ever among the mature stock.

1912, Five samples are available for 1912, three for June (Colls.
20— 22) and two for July (Colls. 18--19). 'In both months we find
that the year- -class 1907, the predominant age- group in the precedmg
year is of much 1mportance The dominant year-class is ‘however 1909,
while the mtervehmg year-class, 1908, is of minor importance. The
average age-curves for each month, and’ most of the'separate samples,
thus display two sharply defined modes for the years 1907 and’ 1909.
This shows very distinctly that in Shetland waters. too the propagation
may fall very different in successive years, as may be proved by investi-
gation of the age 'compositiOrr of the stock on the fishing grounds
later on. The discrepancies between the various samples may be
understood, when we remember that at least one age- group is com-
paratrvely young, arrd that immigration from the young- fish grounds
is going on. "The varrous shoals are not thoroughly mixed up, and
the samples secured may represent different degrees of congregatron
As it is the samples agree very well, consrdermg the distances between
the localities where the samples were taken '

2. Maturity.

In order to get a general view of the stages of maturity of the
herrmg stock in Shetland waters during the summer time, I have tried
graphrcally to show the conditions in the years 19101912 as indicated
by the available samples in fig. 11, which should be studied in con-
nection with the two maps (p. 11 and 12) showmg the posrtron of
each sample

1911. The May samples were collected in the south western part
of ‘the region, and display a comparatrvely low degree of sexual
development most of the mdrvrduals belongmg to stage L. Some
immature herrings (0.6 o)) and spents (1.9 %) are present. The
majority of the herring thus seem to have spawned in early spring
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Fig. 11, Matuarity stages of samples from Shetland waters during the years 1910—-1912,
compared monthly.

and are now regeneratmg the sexual organs, but about 26 %, are
in stages llI—IV and might thus be summer- or autumn-spawnets.

~ The conditions during June and July confirm the impression that
a great part of the herrings are winter- or spring- spawners, the per-
centage of stage II being 529 and 49.6 respectively, whrle 10—20 %
are immature herrmgs, and we must bear in mind that part-of the
herrmgs of stage 1l might be maturing young-herrings and not
regeneratmg herrmgs The exact proportion of spring- and summer-
spawners in the samples cannot be determined, but later on I shall
show that many of the herrings must be spring spawners, by taking
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into consideration the condition of maturity and quality combined,
as shown below. :

Except Coll. 47 all the samples taken in May'—July;,are from the
south-western part of the region, on and aboutBressé" Shoals. The
samples for August (Colls. 49—50) and September (Coll, 51), however,
were taken far to the north, the former south-east of Unst Bank and
the latter south-west of Viking Bank, and the graph shows at a glance
that here spawning and spent herrings were in the majority. The
difference in the conditions of maturity in the two parts of the region is
thus too great to be brought into accordance as successive stages of
the same stock. - We must therefore take the features displayed by the
samples as an indication that differences really exist in the stocks of
herring frequenting the northern and southern parts of the region.
To the south-west we find that the stock consist of winter- or spring-
spawners and summer-spawners, both being well represented, the
northern samples include summer spawners almost exclusively, spring

spawners being very scarce. Whether this is a result of the congregation

of the mature herrings on the spawning grounds at the time of pro-
pagation, or really a feature characteristic of those waters throughout
the year, can only be determined by closer examination of the various
conditions relating to the stock and the question is therefore postponed
to the -general discussion later on.

1910. In the July sample, we find spring-spawners-and summer-
spawners in about equal proportion. We have no August sample, but
in September we find the July conditions still in progress, with up to
25 °fo spawning and spents, and a large number that must be supposed
to spawn during the autumn. The July sample is from Bressa Shoals
and the September sample from the north-eastern border-region. As
already shown both samples, and especially the September sample
must be supposed to include many Norwegian spring spawners.

1912. The five samples for 1912 confirm the impression of the
presence of both spring- and sitmmer- spawners in the south-western
part of the region in the early summer-months. The samples were
taken farther west than those of the preceding year, and this might
explain why the spring-spawners are more numerous than  in the
samples for 1911,

1910—1912.
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3. Quality.

[ have tried to show in the graph (fig. 12) the amount of the
different stages of ister (intestinal fat) during the summer in the years
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Fig 12. Fat stages of samples from Shetiand waters during the years 1910--1912,
' compared monthly. Average (3-—0) above,




60 PAUL BJERKAN: NORTH SEA HERRINGS [Rep. Norw. Fish. Il

1911, The amount of ister is seen to increase very much from May
to June, partly due to invasion of immature and maturing young-herrings
as indicated by the rise of stage m from 2.5°% to 36.2%. But the
simultaneous expansion of the intermediate stages (1, +) at the expence

of stage 0 in the May samples indicates that a considerable part of the -

increase is due to the recovering of herrings which have spawned
during the spring. By a study of the maturity and ister conditions
combined we may arrive at more definite results on this point and this
we shall do in the general discussion later on.

In July we find that the amount of ister has decreased, as the
general development of the sexual organs proceeds. The spring-
spawners are to a certain degree still storing intestinal fat, but they
do not seem to be present in such numbers as in May and June,
and the summer spawners rap1d1y Consummg their intestinal fat thus
dominate the result,-

The ister condrtrons diSplayed by the August and September
samples confirm the result atrived at from an examination of the sexual
development of the herrings from the northern part of the region, for
we find that 92.5 and 99.1 %, respectively are without intestinal fat,
as might be expected for herrings in the act of spawning. The non-
conformity of the May July and ihe August—Septémber samples is
thus confirmed by the 1nvest1gatron of the fat conditions.

1910. In the two 1910 samples ‘we find a strong decrease of
intestinal fat from Jnly to September affecting especially the lower
stages, stage [ fallmv from 55.9 % to: 12%, stage -} remains about
13 % and. stage mincreases from 2.3 %% to 13.1%. These changes
in the fat conditions indicate that the summer spawners are at first
in a ma]orrty, and- that in September immature and maturrng young-
herrings have ]omed the shoals preparmg for spawmng

1912. The fat conditions- in 1912 are very lrke those in the pre-
ceding year, though the amount of fat is consrderably hrgher and the
decrease from June to July more rapid. Both -these features are
obviously due to a stronger component of immature and maturing
young-herrings, as will be seen at once by comparison with the age
composition and maturity of the same samples.
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As supplementing the graph [ add the following table showing
the exact figures:

Years ( . Month . Colts. (fr)z i) 1 0 A(‘girf‘(%e
910 | gy |29 231 13.3| 559 285| 089

- ,,\ August wanting C— | — W‘— — '-__
. lSeptemb_erm 19 131 131] 12]726 067

1911 | May | 19, 55, 50 | 25/ 119 382] 47.4] 070

~» | June 43—47, 54-—-56136.2| 22.3| 29.8| 11.9] 1.83

;,‘ CJuly 48, 57, 61 19.4129.2| 31.2 | 30.2 ""11.48’
L August 49-50 110.87] 27]925| 0.13
| ,,__W‘s,eptembér_ T — 09 — 991 b.oif"
1912 | June 20—22  |57.6]209] 96| 27| 242

Ly 1819 |187]956 284 273 136

" 4. Summary and discussion.

As might be expected, the' conditions in the Shetland waters are
more conipleﬁ( and therefore ‘more difficult to understand than those in
the north-eastern part of the North Sea. The changes in the stock
are more pronounced from locality to locahty and from month to
month, This seems to be due to the presence of strong components
of both spring-spawning ‘and “summer- spawning herrings. Among
the spring-spawning herrings we must drstlngmsh between the Compo-
nent of Norwegian herrrng in the eastern part of the regron and a
component of spring-spawners belongrng fo the’ western part round

the Shetland Islands.

According to the available samples there seems to be a striking
difference between the north-eastern area and the south-western area,
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round Bressa Shoals as regards age composition. In.the former the
herrings are much older, and when without immigrants from the
adjacent waters they are true summer-spawners. Spawning takes places
in this part in August and September on the slopes of Unst Bank and
south of a line drawn between this bank and Viking Bank. In the
south-west the herrings caught are younger, and spring-spawners and
summer-spawners are found together. Especially in the spring and
early summer months the spring-spawning component is very strong
on the fishing grounds of Bressa Shoals and adjacent waters. Un-
fortunately we have no samples of spawning herrings from this part,
and therefore we cannot tell where the two components spawn. Broch
(1908 p. 52) examined a sample taken by the s/s ,Michael Sars®,
September 10th, 1904, and found about 58 %, of Heincke’s stage
VIIY), just spawned. This sample was taken a few miles S. W. of Bressa
Shoals, and we find the same two components viz: summer-spawners
58 9o (stage VII) and spring-spawners 36 %o (stages II—II), both
according to Broch (1908, p. 26) Shetland herrings. From this we
might conclude that the summer-spawners we have traced on Bressa
Shoals in the earlier summer months, spawn somewhere near this
bank in August-September. The spring-spawners are apparently more
nearly related to the Shetland .coast, at least théy seem to be of a
more westerly origin, than the other herrings of the Shetland waters.

In the Shetland waters we have thus found two summer-spawning
grounds, viz: (1) Unst Bank to Viking Bank in the north, with decidedly

older herrings and (2) round Bressa Shoals to the south, with younger-

herrings; there are also two spring-spawning elements; the Norwegian
herring in the north-cast and the spring-spawners of Bressa Shoals,
which latter might be a coast herring from the Shetland coast.

That this complex character of the herrings fished east of Shetland
has persisted for ages we might conclude from the statements of
Mitchell (1864, p. 55) in 1864: ,The greatest quantities are caught
in July, August and September. The herrings taken on the east side
are generally two-thirds “full fish® and one-third ‘spent fish¢, while fully
more than one-half of those caught in September are spent fish.*

1y Called by Broch ,stage VI©,
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Mitchell (l. c.) states too that the herrings from the west side are
quite different from those fished on the east side, three-fifths of them
(fished July—September ?) are spent herrings, ,or rather have not
ovaries developed, but do not appear to have recently deposited their
spawn“. From this last somewhat vague statement it might be con-
cluded that the herrings in question are not summer-spawners, but
probably herrings af more westerly origin, spawning in the spring.
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In order to get a general view of the samples taken in Shetland
waters during the years 1910, 1911 and 1912 .1 Have cotstructed’ the
graph (fig. 13), Showmg the averages from month to month. The
samples from the eastern border are shown separately, but have been
excluded from the averages of June and July 1911, as in’ fig. 10.

Fig. 13 only gives the percentage curves ol age, so I have drawn

- up the following table, where the monthly averages are taken chrono-

logically, beginning with 1910, and the characteristic facts as to age,

maturity, quality and locality shortly indicated. By studymg the graph
and table together, I hope the main features of the herrings from this
region may be understood. :

Year anl\(/ixogghé. - Character szgege " Locality
July [ 1904 slightly predom. Fat: 0.89 [6 29 Near Bressa
L 29 | Spring and summer spawners: f Shoals
1910 Sept {1904 much predom.. Fat: 0671 East border
Spring and summer spawners ] ‘
1906 predom. -Fat: 0.70 16.13 Near Bressa
42, 53 .59 | Spring avn'd sumimer spawners J ~ Shoals
June 1907. predom. - Fat: 1.86 14.Z6 Near Bressa
43-46, 54-56, 38 | Spring and summer spawners | “Shoals
(June) {1904 slightly predom. Fat: 182\ 10 East border "
1911 Spring “and summer- spawners - J

57, 61 | Spring and summer spawners Shoals
(July) 1905/06 slightly predom. Fat: 1-60}6 7
Spring and summer spawners |

Aug Sept 1906 predom. many older. Fat: 0091 North-East
J - [e

East border

49—51
June
20—22 | Spring and summer spawners
July {1909 predom. 1907 next. Fat: ,1 36}5 04
18—19 | Spring and summer spawners o
Following the chronological order, we find that in 1910 the year-
class 1904 predominates, slightly near Bressa Shoals, more decidedly

Summer spawners

1909 predom. 1907 next. Fat: 2. 421

July {1907 predom. Fat: 1.42 }5,45 Near Bressa
{ J South-West

1912
South-West

No. 1]
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towards the east. That Norwegian spring-spawners are represented in
the catches, is very likely, especially in the September sample (CoH. 19).
The Shetland -herrings represented in the July sample from Bressa
Shoals must however be comparatively older than those taken in the
two following years, more like the herring in Coll. 42 (1911).

If more samples had been available for 1910 we might, at least
west of Bressa Shoals, have traced the strong year-class 1906, predomi-
nant in May 1911. The year-class 1907, predominating near Bresqa
Shoals in June and July 1911, is however so young that its 1mportance
is likely to be felt for the first time among the shoals out there in 1911!
It is an immigrating year-class with immature and maturing herrings,
and this might, together with the recovering of the spring-,spawﬁers
of the samples, be responsible for the rise of the quality from May to
June. In the two samples from the eastern border taken in June and
July (Colls. 47, 48) we find older herrings in the more ‘easterly sample
(Coll. 47), with 1904 predominating. Among the spring-spawners of
these samples the Norwegian herring is likely to be represented. The
August—September samples (Colls. 49—51) from the north-east consist
decidedly of summer-spawners, being mostly spawning and spents
without intestinal fat; though the year-class 1906 is predominant, the
herrings are on the average much older than the herrings from the
south-western waters.

The samples taken in 1912 are all from the south-western part,
and though the year-class 1907 is again very prominent the year-class
1909 is predominant, with many immature and maturing fat herrings
invading the shoals. Though we find some recovering spents, the
maturing young-herrings lower the average of intestinal fat from June
to July considerably. The low degree of maturity of many of the
herrings of the July samples seems to indicate that they are not spaw-
ning this summer.

In order to show more plainly the relation between the spring-

~and summer-spawners from the western part, I have drawn up the

following percentage table for the years 1911 and 1912:
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Year |Month, Colls.| 1 II m v v | vi|vil 1

: | 1,0

1911 |May, 42&53%) 0.7 10.1]20.0| 07 ' 66.7
June, 43——45,47 an
»'54-56, 539) 22.5|32.6|223| 2.7 0.7119.0

) July, 57 & 61 | 11.2 31.6 133.0| 4.8 0.7 18.8
1912 | June, 20—22 | 13.6 | 61.6 | 12.1 ] 3.8 ‘ 3.1

N July, 18 & 19 30.7 | 155 ‘ 257|114 551 6.3

" In this table the critical stage II is divided into (1) herrings with
much and moderate fat (m, 4) and (2) herrings with little or no fat
(1, 0). The latter are placed after stage VII (spents), and are thus
regarded as recovering spents. In May we have samples only in 1911
and in those samples we find 66.7 %/ recovering spents, showing that
a lot of the herrings must have spawned in the winter or spring. In
Coll. 59, which has not been examined as to maturity, the herrings
again. are ,mostly spénts“. In the two following months the conditions
are made more complex through the fact that the recovering spents
are storing fat, and thus partly passing into the higher fat stages; at
the same time we have an invasion of immature and maturing young-
herrings, the latter rapidly consuming their intestinal fat in preparing
for propagation. And in July a few of the summer spawning herrings
might be spawning; in fact in 1912 a small proportion seemed to show
very distinctly that spawning had taken place. As a whole the summer
spawners in that year seemed to be more advanced than in the pre-
ceding year. The comparatively high percentage of stage II in July
tells against the supposition that all the herrings are summer spawners,
especially when we take the conditions of the preceding year into
‘consideration.

As we have seen, the herrings from the northern part of the Shet-
land waters were older than those from the south-western part, and it
is a question whether the same kind of summer spawning herring is

1 Coll. 59 ,mostly spents«. ¢) Coll. 46 without sex. determ.

No. 1}
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represented in both places: From the beginning of the herring fishery
in Shetland waters the fishing grounds round Bressa Shoals have been

- regarded as the special fat herring grounds. In the two years when

sufficient samples were taken in that part we find a lot of very fat
maturing young-herrings. In 1912 we find a small percentage of this
herring spawning in July, and Broch (1908, p. 52) has shown that
spawning takes place near Bressa Shoals in September. Now the
nursery grounds of the Shetland herrings must principally be in the
shallower waters near the Shetland Islands, and we can thus under-
stand why we find more maturing young-herrings out near Bressa
Shoals. Later on the same herring might migrate as far aé the northern
banks, and this is confirmed by the fact that the yearclass 1906, pre-
dominant in the spring on the southern banks, but later on displaced
by the young year-class 1907 is the most prominent year-class among

. the spawning herrings from Unst Bank to Viking Bank in August—

September 1911.
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VII. Scotland.

From Scottish waters samples are available only for the year 1911.
_ Thirteen samples are available, but of these only two (Colls. 62 & 63),
one taken by the s/s ,Michael Sars“ and the other bought in Hamburg,
have the exact locality of capture recorded. Of the other eleven sam-
ples we only know that they were landed at certain Scottish ports,
viz: Grangemouth, Aberdeen, Fraserburgh and Wick. This of course
lowers the value of the samples considerably, for the fishing grounds
frequented by the fishermen from these ports during the herring season
are very extended.

As regards age composition, maturity and quality I have arrived
at certain conclusions that permit me to split up the samples into certain
gfoups, and by comparing these groups with the conditions in the
adjoining regions some light rhay be thrown on the relations of those

groups.

1. Age composition.

As in the investigation of the herrings from Shetland and the
,Revkant, I have found it conveniant to group the samples chrono-
logically from month to month. As the herring fishery tends to move
from place to place in the course of the season, I may be able to see
whether those movements can be fraced in the éomposition of the sam-
ples, and I can more easily compare the age composition with the results
as to maturity and quality. In fig. 14 I have shown the average age
composition in percentage of individuals from June to September by
a continuous line. The dotted curves represent the different compo-
nents for each month. As may be seen at a glance, the year-class
1907 is predominant in all the months from June to September, as
was the case for the same months in the Shetland waters.
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In June we have four samples, the two with locality of capture
(Colls. 62 & 63) and samples from Aberdeen and Fraserburgh. The
age composition of the Aberdeen sample is very like that of the Coll.
63, with 1907 as the predominant year-class, while the Fraserburgh
sample resembles Coll. 62, with a preponderance of the year-classes 1906,
1907 and 1908. From the map fig. 1 we find that this coincides with
the localities, Coll. 63 being taken off Aberdeen and Coll. 62 off Fra-
serburgh.

In July the Fraserburgh and Wick samples display a predominance
of the year-class 1907, while in the Aberdeen sample the year-class
1908 takes the lead. In August the year-class 1907 again dominates
the samples from Fraserburgh and Wick, but in the Aberdeen sample
we find a large proportion of young-herrings of the year-classes 1908
and 1909 (about 60 %o).

In September the year-class 1907 is again predominant in the
Fraserburgh samples, while the sample from Grangemouth consists of
much older animals, with the year-class 1906 predominating. The age
composition of the latter sample resembles very much that of the
 samples from the Dogger Bank taken during the same month (see
below). A conspicuous feature in the samples from Fraserburgh and
Wick is a small amount of young-herrings of the year-class 1909,
increasing steadily from June to September.

2. Maturity.

In most of the June samples we find a large amount of virgin
fish. In the samples landed at Aberdeen (Coll. 65) and Fraserburgh
(Coll. 68) we have a lot of spent herrings (stage VII), but as most of
them have more fat than should be the case with spent herrings, [ should
think they are recovering spents and properly belong to stage II. In
the graph (fig. 15) representing the average maturity of the groups in
percentages from month to month, I have omitted these two samples.

The June samples seem to consist of summer- and autumn- spaw-
ners, and considering the many recovering spents in Colls. 65 and 68
also many 'spring spawners. From July onwards we find that the
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3.

Fraserburgh—Wick herrings are far
more developed than the Aberdeen—
Grangemouth herrings. For the first
(A) we can follow the development

- of maturity until they become spaw-

ning and spents in September, when
we find that some virgin fish have
congregated among the mostly spent
schools of herring. The Aberdeen—
Grangemouth herrings (B) seem to be
retarded in their sexual development,
and though we ‘may find a few spaw-
ning and spents in August—Sepjtem-

j -ber, the bulk of the Grangemouth

September sample is in the same
stage of maturity as the herrings
from the Dogger Bank caught during
the same month. This coincides with
the age compositions of the same
samples. '

Taken as a whole we find in
the Scottish samples summer-spaw-
ners, spawning in August—Septem-
ber, autumn-spawners, spawning in
September—October and, especially
in the June samples, a lot of spring-
spawners.

Quality.

As regards the amount of intestinal fat I have made a comparison

between the groups found by the age investigation, the result being
shown in fig. 16, where the June samples are slumped together. In
June we find the herrings to be very fat (average 2;0), especially in
the samples with many virgin fish. In July and August the fat de-
creases very fapidly in group A. (Fraserburgh, Wick), but in Septem-
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ber we find the quality much improved 24

owing to the invasion of virgin young- 75 i 0\\\/ : T fz
herrings. In group B we find the qua- %o | /:) p (l) é
lity still very high in July (average 1.80), %! h i Vo

! S S
but decreasing very rapidly in August- %% va |

September, as the herrings are deve- %
90,

\
AN

loping for propagation.

4. Summary and discussion.

Owing to the lack of information
as to the habitat of the larger part of
the Scottish samples, it is very diifi-

cult to draw any general conclusions

from the study of the age composition,
maturity and quality. The investiga- '
tions of maturity and quality seem to
show that the two groups defined ac-
cording to the age composition are very
well founded. The Fraserburgh and
Wick samples taken in July-September
seem to consist largely of herrings re-
sembling in age composition‘ maturity
and quality the summer spawners from
Shetland waters. Now Fraserburgh and
Wick are the northernmost of the vports

in question, and everything seems to
indicate that these samples were taken .
farther north than the other samples. FE-H ;S& i:astcostt;izsaﬁimsga“zgle“
The summer spawners in the June sam-  yea; 1911, compared monthly.
ples I am inclined to place mostly in Average (3—0) above.

the same group. If I might venture to

make any further suggestions as to locality, I think the samples taken
in the latter part of the season were secured nearer to the coast than

those in the earlier part. This is indicated by the appearance especially
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in the September samples of many young-herrings of the year-class
1909, known to inhabit the shoaler water up to the coast.

The second group is more difficult to explain, and I find that
very likely we have to do with two kinds of herring. [ have already
referred to the resemblance in all essential particulars between the
Grangemouth herrings and the herrings caught during the same year
on the Dogger Bank. The herring of the Aberdeen samples taken in
July and August are as a whole much younger than the other herring
among the Scottish samples, the year-classes 1908 and 1909 being
most abundant. The average length for each age-group is smaller
than for Dogger Bank herring and the herring from Fraserburgh and
Wick. This and the seasonal development seem to indicate a more
southerly origin. - They are more like the herrings caught off the
English coast about North Shields.
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VIII. Dogger Bank.

From the Dogger Bank we have three samples in 1910 and six
samples in 1911. Of the 1911 samples two, viz: Colls. 39 and 40, are
assorted herrings, which are no use for age-investigation, but might be
of interrest in the study of maturity and quality. All the samples from
-the Dogger Bank were taken in the latter part of the season: in 1911
September and in 1910 September and October and this will limit the
scope of the investigations to some extent.

1. Age composition.

The graph (fig. 17) shows at once that the herrings from the
Dogger Bank are considerably older than the herrings from the adja-
cent waters. In 1910 the yearclass 1905 is predominant, and in 1911
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Fig. 17. Age composition of samples from the Dogger Bank during the years 1910
and 1911.
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the yearclass 1906, the stock of herrings in both years being thus about
the same average age. The age-curves for both years are fairly smooth
and similar in character, the only ‘irregularity being in the case of the
yearclass 1900, which seems to be more abundantly represented than
might be expected for a yearclass of that age. Now the curves include
only seven samples, and it might be regarded as merely an accidental
coincidence, but when a parallel irregularity is met with in the Grange-
mouth sample (Coll. 65, 1911, see above), and in a sample from oif
Spurn Point on the English coast (Coll. 75, 1911, see below), it seems
worthy of attension. | : '

2. Maturity and quality.

There is very little to be said about the maturity and quality,
the samples being all of about the same seasonal development, as
shown in the following table, giving the percentages of individuals of
each stage of development:

Month | Coll. | 1 {Hm | I |[IV | V | VI {VI |l m |4 |10 A‘;’emoge
1910

September [25—26] — | 0.4 | 8.0/64.6/26.0 0.7| — | — | 0.2/ 0.4 0.2/99.2 0006

October... || 27 | — | 39 |542/23.8 39 — | — |142] — | 3.9|10.2/85.8] 0.18
1911 _

September [36—41) — | — [11.071.8/16.5 0.1 | 0.4] 0.3] — | 02| 02/96.9] 0.03

In this table I have included all the 1911 samples, as giving the
most reliable result; by omitting the assorted samples very small dif-
ferences would be introduced.

In both years the September samples include mostly individuals in
stage IV, and with very little intestinal fat; a few are spawning or spent.
It is remarkable that the October sample in 1910 is far less developed
than the September samples, showing that a very marked difference
in development may be found among the different schools about the
same . locality, and that the spawning season of the Dogger Bank
herring covers a long time, very likely from September to December
with the maximum of spawning in October-—November.
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Storrow’s samples taken in 1913 are dealt with at p. 79 and in
fig. 19. Of these, five samples, viz: Q, U—X, are from the Dogger
Bank, all taken by trawl. The predominant year-class in the average
age-curve is 1909, but two of the samples, W and X, differ in this
respect, W consisting mostly of young herrings of the year-class 1910,
while in X the herrings are older than the rest. The youngherring-
catch is very interesting, as being the only sample showing separate
schools of youngherrings out there. The sexual development of the
samples confirms the idea that spawning may take place as late as No-
vember-December. '

ENGLAND ‘ 77

IX. England.

From the English North Sea coast twenty-four samples were
taken in the years 1910—1913, for 1913 there are also twenty-four
samples described by Storrow (see p. 79—81), of which five, as will be
seen by the map (fig 2), are from the area designated Dogger Bank.
[ have found it convenient to combine them all, especially as about
half the samples were taken by trawl. Many of the English samples
are very large, occasionally numbering more than 700 individuals, thus
giving a fairly good representation of the shoals.

- 1. Age composition.

The samples for the year [1911 are most numerous and ‘cover
most of the season, so I start with this year in order to get a general
view of the conditions existing in the English waters.

1911.  Eleven samples are available from many parts of the East
coast of ‘England, from N. Sunderland to Lowestoit. The yearclass
1908 is predominant in the average age-curvesl almost every month
from May to November, as will be seen from the graph (fig. 18).
Where . different components are discernible during the same month [
have shown these by dotted lines, while the monthly averages are
represented by continuous lines. . '

In the samples taken off North Shields during the months May
to August the ‘yearclass 1908 predominates, with a fairly large pro-
portion of older animals} coll. 80 (June) has a large amount of youn-
geryherrings of the yearclass 1909. The May sample from off Scar-
borough consists of somewhat older animals, the yearclasses 1906 and
1907 being most prominent. The July sample (Coll. 84) taken far out
off N. Sunderland is more like the samples from Shetland and Scot-
land as regards age composition, the predominant yearclass being

- that of 1907. The November sample from off Lowestoft has up to
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58 %/ of the yearclass 1908, and shows an extreme predominance of
that yearclass. The September sample from o Spurn Head consists of
much older herrings than the rest of the English samples; the predo-
minant yearclass is 1905, and the age-curve resembles that of the
Dogger Bank samples of the preceding year.

1910. Four samples were taken in 1910. As in 1911 the North
Shields sample (July) consists of fairly young herrings, the predomi-
nant yearclass being 1907. The Spurn Head sample consists of older
herrings mixed with the yearclass 1907; the age curve otherwise recalls
the Dogger Bank samples. In the October-November samples from
off Lowestoft the yearclasses 1905, 1906 and 1907 are most prominent,
and the average age is thus this year higher than in any of the
following years.

1912. There are five samples, in most of which, especially off
Lowestoft, the yearclass 1908 predominates, as during the preceding
year. - The August-Septembe'r samples from off N. Shields and Spurn
Head consist of younger herrings, with the yearclass 1909 highly pre-
dominant, mixed up with a small amount of older herrings. In July
the yearclasses 1908 and 1909 are most prominent in the North Shields
sample, .

1913. Exclusive of Storrow’s samples, three samples are available
this year; the yearclass 1909 is most prominent, though the yearclass
1910 is slightly predominant in one of the Lowestoft samples;

Of ‘Storrow’s twenty-four samples thirteen are from the coast off
North Shields to North Sunderland, six from the sea towards the
Dogger Bank, and five from the area in the map fig. 2 designated
Dogger Bank. .

As the herrings from the firsinamed area were taken by driftnet,
and the others by trawl, I have found it convenient to treat them all
together in order to get some idea of the importance of the gear used.
The graph (fig. 19) represents the age composition in percentage of
individuals in the three groups. In all the N. Shields—N. Sunderland
samples the yearclass 1910 is highly predominant, while in the other two
groups the yearclass 1909 dominates the averages. Storrow states
(1914, p. 60) that the herrings in samples N and O are Dogger Bank
herring, so in the graph I have compared samples N-O with samples
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Fig. 19. Age composition of Storrow’s samples (1913).

P, R-T, but the age composition gives no clue to the solution of the
question, which could only be decided by minute growth measure-
ments, as tried by Storrow. It seems however that he was not quite
successfull.  He states (p. 63): ,For the Dogger Bank and Yorkshire
coast trawled herrings the 1913 growth increments, for those with 2,
3 and 4 winter rings, show too much variation to allow of a distinction
being drawn between them“. Thus the difference in size between the
two groups, N-O and P,R-T, which he only bases on the percentages
of individuals belonging to each length group (p. 60), may be due to
the fact that the herrings are somewhat older on the average in the

latter, as shown by the age-curves. I have myself from the samples
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at hand found that the Dogger Bank hérring may be a ftrifle larger
at the same age than the herrings nearer the coast.

Regarding the importance of the fishing gear, (driftnet and trawl),
and the selective influence of the former, the samples give some
interesting results, as indicated on p. 18. The comparative age of

‘the herrings caught by driftnet as well as by trawl seems principally

to depend on the composition of the schools [requenting the fishing
grounds. On the coast off N. Shields and N. Sunderland the herrings
are younger (smaller), farther out they are older (larger), and any
selection due to the nets used can only be of slight importance.
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In the graph (fig. 20) I have made a collective comparison of the
age composition of the samples taken in 1910—1913 at the two prin-
cipal fishing grounds off the English North Sea coast, viz: = Off North
Shields during the summer and off Lowestoft during the months Octo-
ber-December. There is a well defined difference, - for while the
N. Shields fishery is each year principally made up of herrings of the
same age, 3-4 years old, the Lowestoft fishery shows greater variations,
having years with stronger or weaker yearclasses. Thus while in 1910
the three yearclasses 1905, 1906 and 1907 are prominent in the Lowes-
~ toft samples, in 1911 and 1912 the rich yearclass 1908 is highly pre-
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Fig. 21. Age composition of all the samp es from the East coast of England
during the years 1910—1913, compared yearly.
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dominant, but in 1913 it has been displaced by the younger yearclasses
1909 and 1910, though still comparatively well represented.

Comparing the two districts there seems to be little connection
between them. The yearclass 1908, so prominent among the Lowestoft
samples, is of minor importance in the N. Shields district. If from the
available samples we were asked to name a prominent yearclass off
N. Shields it would be the yearclass 1907, highly predominant in 1910.
This is more in accordance with the age composition in Scottish and
Shetland waters, where during the following year this yearclass is
very important.

In the graph (fig. 21) I have compared the average age composition
of all the samples from the East coast of England during the years
1910—1913. We find a striking difference in the conditions here and
farther to the north. In the north-eastern part of the North Sea we
might for years fish principally on one yearclass while off the English

- coast the yearclasses are more evenly distributed. Strong yearclasses

may be found on some fishing-grounds, but as a whole the renewal
of the stock goes on very steadily.

2. Maturity.

In order to get a general view of the sexual development of the
herrings from the East coast of England [ have constructed the graph
(fig. 22), representing the percentages of individuals of the different
stages from month to month in the years 1910—1913.

1911, The May and June samples from off North Shields consist
of immature herrings with many spents and recovering spents, evi-
dently spring-spawners. In June one sample (Coll. 81) consists of
about 80 °o immature herrings, corresponding to the facts brought out
by the age investigation. Of the two July samples, one (Coll. 82)
was taken off N. Shields, and the other (Coll. 84) far out at sea off
N. Sunderland. The firstnamed consists of many immature herrings and
herrings developing sexual organs up to stage IIl, while the presence of
a few spents (stage VII) seems to connect it with the May-June samples
from the same area. Coll. 84 resembles the Scottish samples as to sexual
development, and the herrings thus seem to be summer spawners. The
August samples from off N. Shields consist mostly of herrings belonging

6
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Fig. 22. Maturity stages of samples from the East coast of England duritig the

years 1910—1913, compared monthly.

to stages IlI—V, more than 50 % of the latter, and thus seem to be
autumn spawners. The September sample from off Spurn Head con-
sists mostly of spawners and spents, and the November sample from
off Lowestoft has up to 60 % 'belonging to stage V, and a few spaw-
ners and spents.

1910. The July sample from off N. Shields is peculiar, consisting
of a mixture of all stages from immature herrings up to spawners and
spents and a few recovering spents; this will be referred to in the
discussion of the 1912 samples. The September sample from Spurn
Head has about 88 °/ belonging to stages V—VII, mostly stage V,
thus calling to mind the sample from the same place in September
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1911 and the autumn spawners of the Dogger Bank. The October-
November samples from off Lowestoft consist of winter spawners, more
than 97 %o belonging to stage V.

1912. The July sample from off N. Shields consists of more than
90 % of stage V, and some spawners and spents (stages VI—VII).
There are thus apparently schools of spawning herrings present here
at midsummer, as was indicated by Coll. 31, 1910, — the only mid-
summer spawners met with during these investigations. The August
sample from off N. Shields consists of maturing herrings up to stage V,
being thus far less developed than in the July sample. The Septem-
ber sample from off Spurn Head includes a lot of 'spawning herring
(stage VI), and thus confirms the results obtained in the preceding
years, autumn spawners being found regularly there during this month.
The October-November samples from off Lowestoft display the same
seasonal development as in 1910 and 1911.

1913. The May sample from off N. Shields consists of immature
herrings with many apparently recovering spents. Exclusive of Storrow’s
samples, no samples are available for the summer months, but for
November-December we have samples from .off Lowestoft. The sexual
development of the December sample (taken 1¢/12) seems to indicate
that spawning takes place in. some cases after midvinter, stages IlI—
IV being by far the most common in the sample.

Storrow’s samples were taken in 1913: a) off North Shields to
North Sunderland, b) towards the Dogger Bank, and c¢) on the Dogger
Bank. In the table below a monthly record of the sexual develop-
ment in these samples is shown, taken from Storrow’s table, but
omitting the intermediate stages I—II, Il etc., which are in each
case included in the higher stage. This I have done to make the
table uniform with the other tables in this paper in conformily with
the practice in vogue in the herring investigation (see p. 23). As no
statement regarding quality is given, no distinction can be made be-
tween fat and meagre herrings belonging to stage IL
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Month Coll. Iy jmywv., v vi|vi
June............. A-B 55.0{41.0/ 2.5 — | 1.5 — | — | Off North Sundertand
July o) C-D 33.537,11 18,0 85 1.0 — | — 1| , —— E
August ........ E-G 3.0/ 13.7| 31.7{ 20.4] 18.3| 1.0 — » North Shields :é'
<

September .j H-M 7.8/15.3|31.7/22.2/17.5, 2.5 2.8 ——

p eereereerend N-P, R-T| 23] 4.8/22.7/19.7/31.8 0.7/ 18.0| Towards the Dogger Bank
b eeererinns Q U-V | 7.0/10.0{31.3/23.3| 25.3| 0.7 1.3 Dogger Bank
_October........ Ww-X 24.0/ 16.0/ 29.5/ 24,0, 4.5 — | 2.0 R —

»

(trawl)

From this table we can follow the development from June to
October. In the first months we find many immature herrings off
N. Sunderland and North Shields, but in September the herrings seem
to be fairly well developed. Farther out they seem to be a trifle more
advanced. The maturity displayed by the Dogger Bank herring con-
firms the idea that they might spawn as late as November-December.
The average of the October samples shows many immature herrings
principally belonging to the youngherring sample from that month (W).

This examination of the available samples shows that the her-
rings caught off the coast near N. Shields in the earlier summer
months might spawn as early as July, but most of the herrings
are autumn and early winter spawners. Spring-spawners are found
especially in the May-June samples. Off Spurn Head herrings are
found spawning principally in Septemper, like the Dogger Bank
herring. The herrings from off Lowestoft spawn from October perhaps
on till January, with the height of the spawning in November-December.
From the latter fishing grounds we have no samples in the earlier part

of the year, and thus know very little about the earlier stages and the
immature herrings.

3. Quality.
To show the average amount of intestinal fat from month to month
during the years 1910—1913 1 have constructed the graph (fig. 23).
1911. From May to June this year the quality increases slightly
owing to the recovering spents in the samples. The youngherring
sample in June (Coll. 81) consists almost exclusively of stage m. and
the average (3-0) is as high as 2.97. The July sample (Coll. 82) also
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Fig. 23. Fat stages of samples from the East coast of England during the years
1910—1913, compared monthly. Average (3—0) above.

cousists mostly of very fat maturing youngherrings with a few spents.

The July sample far out at sea off N. Sunderland (Coll. 84) consists of

moderately fat herring, and thus resembles the Scottish samples taken

the same month, spawning in August-September. The August sample
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from off N. Shields is moderately fat and is a contrast to the Spurn
Head September sample, which is quite devoid of intestinal fat, as
is the case too with the November sample from off Lowestoft.

1910. The North Shields July sample is moderately fat, consisting
of young herrings of all stages. The September sample from off Spurn
Head, and the November-December samples from off Lowestoft, are
almost devoid of intestinal fat, being about spawning time.

1912. The quality of the July sample from off N. Shields con-
firms the idea of the midsummer spawning of some schools frequenting
the “fishing grounds there, the herrings being devoid of intestinal fat,
in contrast to the August sample from the same area, which is moderately
fat, as usual. The September sample from off Spurn Head and the
Lowestoit samples for October-November correspond in quality with
the samples taken in preceding years at those places. _

1913. The May sample from off N. Shields is slightly fat, con-
sisting apparently mostly of recovering spents. The Lowestoft samples
for November-December are fatter than the corresponding samples for
the three previous years, and especially the relatively high quality of
the December sample is astonishing, though agreeing very well with
- the stages of maturity.

4. Summary and discussion.

In these investigations regarding the age composition, maturity and
quality of the herrings from the Fast coast of England, we have found
the conditions to differ considerably in the different fishing districts
along the coast. |

The fishery along the coast from N. Sunderland to N. Shields from
May 1o July-August depends principally on young herrings, 3—4 years
old: in 1910 they were mostly of the yearclass 1907, in 1911 the
yearclass 1908, etc. In the spring and early summer we may find
samples with herrings one year older. Some of these samples consist
more or less of spents, and recovering spents, and are thus compara-
tively poor; they show that spring spawners are present in some schools.
Most of the samples, however, especially about midsummer, include
many immature herrings, apparently maturing in the course of the
summer. Those herrings are mostly very fat, decreasing in quality
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as the sexual organs develop. They seem to spawn in the autumn or early
winter, but from that period we have no samples, the fishery being
then more important farther south. In two samples (Coll. 31, 1910,
26, 1912) the herrings were July spawners, and as already stated, they
are the only herrings met with during these investigations that spawn
in the height of summer. These spawning.herrings are very poor.
In one July sample (Coll. 81, 1911) still younger herrings are found
in large amount, less advanced in sexual development than the other
herrings taken the same month, more than three-fourths being still im-

-mature. It thus seems as if the fishing grounds in question are prin-

cipally frequented by maturing youngherrings and recovering spring
spawners which find their feeding ground there, while only occasio-
nally are spawning schools met with during the summer. ‘

Farther out at sea, towards til Dogger Bank, wee see from Storrow’s
sampleé (1913) that the herring are older and somewhat more advanced
in sexual development, the predominant yearclass being 1909. Storrow -
(p. 63) states that the herring out there ,of three and four winter
rings have a smaller increase than have the drift-net herrings of the
same age.“ According to Lea (1913, p.29) this might mean that
those herrings have segregated from the youngherring schools and
spawned for the first time the preceding year.

According to Mitchell (1864, p. 68) the herring fishery of North-
umberland in those days was carried on during the months of August
and September, the herrings caught being of large size and about to
spawn. It thus seems as if the fishery had changed since those days
both in season and character. Now it is a youngherring fishery
carried on in the months of June and July; then it was a fishery for
spawning herrings coincident in time with the fishery as carried on
now farther south, off Spurn Head.

Farther south along the coast, especially among the samples from
off Spurn Head, we have older herrings. The Spurn Head samiples
for 1910 and 1911 coincide in age composition and seasonal deve-
lopment with the Dogger Bank herring spawning in September. The
1912 sample consists of herrings spawning in September, but the year-
class 1909 is predominant, as in the North Shields samples for the
same year. A slight intermixture of older herrings however seems to
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indicate that they are partly at least different from the North Shields
herrings. Whether the Spurn Head herrings really are Dogger Bank
herrings, immigrating at times into this area, is difficult to say, but
the average length of the different age groups is more in accordance
with that of the Dogger Bank herring than with that of the North
Shields herring. ’

During the months from October to December a large herring
fishery takes place of Lowestoft and Yarmouth. As we have seen
already, this fishery principally depends on schools of fulls about to
spawn, and they seem to spawn in November and December. This
herring I will in accordance with Delsman call the Channel herring,
very strikingly different from the Dogger Bank herring, and occurring in
this area only in the late autumn and early winter. The spring spawning
herrings from this area, mentioned by Dahl (1907, p. 29), are not
represented among my material, the samples having been exclusively
collected during the winter. Now and then schools might be found
with herrings whose sexual development indicates spawning after mid-
winter (Coll. 8, 1913). Whether this indicates a fixed difference in
the spawning time, or only a retarded spawning, is difficult to say.
It is however interesting to note that the herrings of this sample seem
to be smaller than those of the same age in the other samples from
the area. Delsman (1914, p. 1563) who has investigated the question
of the Lowestoft spring herring more fully, states that the fishery is
only of minor importance, and that the herrings are mostly spent in
March. He also mentions that he has found herrings spawning in
January and February. In this connection it is interesting to note that
my material from the Cornwall coast (St. Ives Bay) and from the west
and south coast of England as a whole shows samples of herring which
seems to spawn after midwinter.

HOLLAND. 91

" X. Holland.

From Holland waters only one sample for June 1910 is available,
taken in ,Zegen* (Seine) near Helder, at the mouth of the Zuiderzee.
The herrings are comparatively young, (see tableI a) on an average
3.5 years (without correction), the yearclass 1907 being predominant
with about 58 %. As about 70 % of the herrings are in stage III
and about 20 %, in the stages IV and V, they must be summer or
autumn spawners. Dahl (1907, p. 28) and Delsman (1914, p. 138)
state that the genuine Zuiderzee herrings, like most coast races, are
spring spawners, spawning in March and April. The above sample
thus seems rather to belong to the North Sea than to the Zuiderzee.

In June 1911 a sample without locality was obtained in Holland
(Coll. A), having an age composition similar to that of June 1910,
the yearclass 1908 being predominant, and the sexual development is
about the same so that I should think both samples were taken off
the coast of Holland.

The age composition of these two samples is most like that of
the samples collected during the young-herring fishery in the same .
month off the coast near North Shields. It is thus most probable that
we have to do with the same phenomenon, viz: maturing young-
herrings congregating into separate shoals before joinihg the spawning
schools of older herrings.
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XI. Review and general results.

In the discussion of the age composition of North Sea herrings
we have found that certain year-classes are of more importance in
the catches than others. These more prominent year-classes may differ
in the various regions, and may alter with the different kinds of fishery.
Thus the fishery off the coast near North Shields in June and July is
a young-herring fishery; and the herrings caught are usually younger
than the herrings caught off the East coast of England later in the
season.

The preponderance of certain year-classes in the different regions
is most plainly shown by the 1911 sémples, of which we have 76. To
get a general view of the conditions I have constructed the graph
(fig. 24), to show how the samples from the different regions group
themselves about four preponderant year-classes, viz: 1904, 1906, 1907
and 1908. Of the samples represented in the graph 1 subsequently
found that Colls. 40 and 60 are not quite reliable, consisting most
probably of assorted herrings.

In the North-eastern part the predominant year-class 1904 coincides
with that of the Norwegian spring and large herring for the same year,
and this is plainly due to invasion into the region of Norwegian herring
during tlie spring and summer months. In the Shetland waters the
year-class 1906 is predominant in May and later on farther out at sea.
In June, however, the year-class 1907 is predominant in most samples
from Bressa Shoals and is spreading fast. The samples landed at the
northern Scottish ports, Wick and Fraserburgh, coincide with the Shet-
land samples, 1907 being the predominant year-class. The samples
from the Dogger Bank, on the other hand coincide with the Shetland
- samples, with 1906 as the predominant year-class. On the East coast
of England, off North Shields and farther south at Yarmouth and
Lowestoft, the still younger year-class 1908 is predominant. In the
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graphs of age composition in the different regions the four year-classes
prominent in the year 1911 are shown by vertical lines numbered 1
to 4, 1 meaning the year-class 1904, 2 the year class 1906, etc.

By comparing the age composition of the. herring samples for
1911 with the other years we find that the year-class 1904 is of
importance through more years on the Revkant than elsewhere. In 1910
it is still more predominant than in 1911, and if it is not so much
felt in the samples for 1912, it is because most of those samples were
taken farther south, where the preponderance of the year-class was not
so pronounced even in the years 1910 and 1911. According to the
Norwegian fishery investigations, we know that the year-class 1904
was the leading one among the Norwegian stock of herring from 1910
up to 1915.

The year-class 1906 must have been of importance in the Shet-
land waters during the year 1910, but the samples that year are too
few and were taken too far east to give evidence of the fact. It is
of interest that in 1911 we find this year-class especially in the middie
part of the North Sea, from Unst Bank in the north to the Dogger
Bank in the south. |

The year-class 1907 is predominant on Bressa Shoals and’
neighbourhood during the month of June 1911, and in the samples
landed at the northern ports of Scotland. In 1912 this year-class and
that of 1909 are of importance on Bressa Shoals and nearly up to the
Shetland coast. The intervening year-class, 1908, is of minor impor-
tance in those waters.

Off the coast of North Shields the year-class 1908 is predominant
among the young herring only during the fishing season of 1911; oif
Lowestoft and Yarmouth, however, it is predominant during the years
1911 and 1912, and is still of importance in the catches for 1913.

As stated by Hjort (1914, p. 22—), the fishery statistics of Norway
show that the year-class 1904 has been of much importance for the
yield of the Norwegian herring fishery from 1907 up to 1914. During
the years 1907—1913 it has yielded more than half the quantity of
the spring herring fishery, and is still (January 1916) the most important
year-class in the catches. Off the coast of Lowestoft and Yarmouth the
year-class 1908 seems to play the same important part among the
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Fig. 25. Yield of herring fishery off Lowestoft and Yarmouth, North Shields and
Grimsby, during the years 1906-—1915.

Channel herring during the years 1911—1913. The graph (fig. 25)
shows the yield of the herring fishery at Lowestoft and Yarmouth,
North Shields and Grimsby from 1906 to 1915 according to the Eng-
lish fish'eryvstatistics. In 1910 the yield of the herring fishery at Lo-
westoft and Yarmouth is comparatively small, but increases during the
years 1911—1913, when the year-class 1908 is well represented in the
catches. In 1913 the yield was more than double that for 1910. The
abrupt decline in the yield for 1914 must be principally attributed to
the conditions prevailing during the war. In contrast to this the yield
of the herring fishery at North Shields and Grimsby is more even
from year to year, and this coincides with the more regular occurrence
of the year-classes.

The changes in the predominant year-classes in the Shetland waters
during the years 1910—1912 do not give anyanticipation of marked
fluctuation in the yield of the herring fishery from year to year, and
this is borne out by the Scottish fishery statistics as well.

In the discussion of age composition in the different regions of
the North Sea we found that the renewal of the stock by propagation
seems. to. be more regular every year in the southern and western parts
than in the north-eastern part. Especially on the young-herring grounds
off North Shields and on Bressa Shoals the predominant year-class
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seems to be about the same age every season. But even among the

. spawning herring the conditions seem to be more regular in the south,

though we have seen that relatively rich year-classes may occur, as
was the case with the year-class 1908 among the Channel herring off
Lowestoit. New year-classes may appear and very soon distance the
older year-class, which may have shown itself rich enough to take
the lead during a couple of years. As regards the Shetland waters
the samples for the years 1910--1912 only show that the year-class
1908 was of minor importance in comparition with the year-classes
1906, 1907 and 1909. As to the herring on the Revkant and its prin-
cipal mother stock the Norwegian herring, we find other conditions
in vogue during the years 1910—1914, for here a certain yeayrf-class,
viz: 1904, is during many successive years quite predominant among
the mature herring. Previous to that it had during three years been
predominant among the immature fat herring in Northern Norway.
Younger, relatively rich, year-classes have appeared now and then at some
places along the Norway coast, but they have been completely outdi-
stanced by the immense numerical predominance of the older year-class,
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Fig. 26. Age composition of three samples of Norwegian spring herring, showing the
invasion of a young year-class among the spawning herring.
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when the shoals have become thoroughly mixed. To indicate how
the renewal of the mature stock is effected among the Norwegian her-
rings, [ have constructed the graph (fig. 26), showing the invasion of
a young rich year-class during the spring of 1915. The figures have
been taken from lLea (Fiskets Gang 1915, no. 39), and represent the age
compositi'on of three samples of seine-caught herring from the West Coast
of Norway. The three curves show that in the February sample the year-
class 1910 is only slightly represented, in the March sample it is next
to year-classi 1904 in number of individuals with 12 %, and in the
April sample it has 33.3 % against 38.4 %o for the year-class 1904.
The curves are all multimodal, the first showing distinct modes for the
years 1908 and 1904, and the two latter for the years 1910, 1908 and
1904. In quite the same way the year-class 1908 made itself felt in
some of the samples taken in the spring of 1914, The invasion of
the year-class 1910 has been found in the drift-caught as well in the
seine-caught samples as shown by fig. 3, p. 16. Such invasions of new
rich year-classes with up to four years intervals between them, give the
age curves of the herring samples from the coast of Norway quite a
different appearance from those of the herring taken in the southern
North Sea, which laiter led Delsman to make the statement quoted
on page 15.

By looking at the average age of the herring of the different
samples, we find that the herrings in the catches from the northern North
Sea are considerably older than those caught in the southern areas.
We must, however, remember that most of the herrings from the
southern and western North Sea are autumn -spawners, and as nearly
all the samples were taken during the summer season, these autumn
spawners are more than half a year older than shown by the averages
and as compared with spring spawners taken during the same months.
On the other hand, the young herring caught off the coast near
North Shields and on Bressa Shoals are younger than the average
stock of mature spawning herrings from the same regions. Taking
both these factors into consideration we still find that the average
age of the herrings from the southern areas is considerably lower than
that of those from the northern. '

No. 1} REVIEW AND GENERAL RESULTS. . 99

The explanation of this fact might be found in the more regular
renewal of the stock by propagation, together with a more intensive
fishery in the southern part of the North Sea. These two conditions
combined will naturally tend to lower the average age of the herring
stock to a certain extent. But another agency may come into play in
in lowering the average age of the herring in the south. In the Nor-
wegian herring investigation Lea (1913, p. 34—) has found indications
that herrings, which attain sexual maturity at an earlier age die earlier
than those, which are older when propagating for the first time. The
number of spawnings in the life cycle of the herring thus seems to be
more important than the actual number of years.

Hjort (1914, p. 175) states that ,the North Sea herring has pro-
bably only one, the Norwegian West Coast herring two, and the
North Coast herring as many as four ister stages before reaching
maturity.“ Among my material [ have no sample of genuine fat herring,
and as the young herring samples from the coast off North Shields
are mostly mixed up with older herrings, especially spring herrings, it
is difficult to state the exact limits of the age of the herring. The
number of relatively young animals among the spawning herring from
the southern areas shows however very plainly that the bulk of the
herring from there attain sexual maturity at an earlier age than farther
north. This being so, it will tend constantly to lower the average age
of the herring in the southern North Sea. In the salmon of the Not-
wegian coast we have a parallel pointing in the same direction. Dahl
(1910, p. 43—) has shown that the salmon in the southern rivers of
Norway emigrate to the sea at an earlier age, and become mature
earlier, than those in the northern rivers, and to this he attributes the fact
that the salmon caught in the northern rivers are mostly much larger and
older than those from the southern rivers. The same difference he has
found, as stated verbally, between the trout from the lowlands of the
West Coast and those from the mountain lakes and from eastern
Norway. The relation between the number of spawnings in the life
cycle of the fish, and the average age of the stock in the different
areas, thus seems to be a constant feature for northern waters.

If we try to get a general view of the spawning of the herring in
the North Sea, we find that the month of June is perhaps the only

7
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month in the year that spawning does not take place anywhere. It is
thus very difficult to recognise the general features, but from what we
know, and from the different statements found in literature (Heincke
a.0.), we may as regards spawning time, divide the North Sea herings
into three groups, viz: (1) Spring spawners, (2) Summer and autumn
spawners, and (3) Winter spawners.

1. As spring spawners | have ranged the Norwegian herring on
the Revkant, and the different coast herrings from Shetland, Scotland,
England and the Zuiderzee.. The coast herrings I have only found
occasionally among the samples, especially from Shetland and North
England, and from this it seems as if they spawned about March and
April, as is stated by Dahl and Delsman of the Lowestoft and
Zuiderzee spring spawners. As this spawning time coincides with that
of the Norwegian herring I have ranged them together. Respecting all
these herrings the spawning season seems to bear some relation to the
coast water currents.

9. Summer and autumn spawners are Heincke’s Northern bank
herring, which form the object of the Shetland, Scottish, North Eng-
land and Dogger Bank fisheries. If we follow the spawning of these
herrings from the northern border on Unst Bank to the Dogger Bank in
the south we find that the spawning takes placé later and later in the sea-
son. In Shetland waters we find the herring spawning in August-Septem-
ber; off the coast of North England an on the Dogger Bank in September-
October, perhaps November. Off North Shields we have found her-
rings spawning in July, but this seems to be only occasional, and the
bulk spawn much later. If we compare the range of this herring stock,
taken as a whole, with the North Sea currents, as shown by Dr. Ful-
ton’s drift bottle experiments (fig. 27), there seems to be a striking
coincidence, though these experiments were not extended to the waters
east of Shetland. To the course of these currents may possibly be
altributed the retardation of the spawning time in the southern part
of the area.

3. As winter spawners I have ranged the Channel herring of
Lowestoft and Yarmouth, spawning in November-December, perhaps
January. This stock seems to” be influenced by the currents entering
the North Sea from the English Channel.
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As"already mentio-
ned (p.:19) we must
presumethatthe young
herrings up to a certain
age and size remain in

the shallower waters
of the North Sea all
the year round. On
approaching maturity
these young herrings
congregate into shoals
at certain areas, viz:
Off .the coast near
North Shields and on
Bressa Shoals. Later on
they must be supposed
to join the spawning
shoals. After the spaw-
ning we may find some

| other herring schools,
Fig. 27. Results of Dr. Fulton’s drift bottle experiments as we have found spent

in the North Sea, spring herrings among
the young herrings off North Shields. The majority, however, are pre-
sumed to migrate from the North Sea towards the Atlantic. As regards
the Norwegian herring, this migration towards the open sea has been
referred to by severel authors (Boeck, G. O. Sars, a. 0.), and is con-
firmed by these investigations. A similar migration towards the salter
water of the Channel is sure to take place in the case of the Channel
herring, spawning“in November-December off Lowestoit, which after
spawning are not to be found in this area nor in the North Sea at all.
In the central and north-western North Sea it is more difficult to trace
the migration, but such a migration is presumed by most writers on the
subject (Storrow, a. 0.) and by analogy with the other areas, I can only

spents scattered among
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support the migration theory as regards the mature herring, which
have spawned on the banks in the North Sea.

This migration of the herring has a parallel in the migration of
the salmon from the fresh water of the rivers to the sea off the coast,
though the limits of salinity are different in the two cases, the lower limit
as regards the salmon being the fresh water. The young herring
seem to thrive everywhere in the coast water, moving farther out as they
grow older while the mature spawning herring of the West Coast of

Norway, according to Hjort (1897, p. 7), recoils from water having a.

lower salinity than 33 %w. The lower limit may vary for the ditfe-
rent races of herrings, and this might be one of the agencies keeping the
herring races apart. The upper limit of salinity we don’t know, either for
the salmon or the herring, as we don’t know how far out they migrate
after spawning. It seems however as if the herrings immediately after
spawning are more indifferent to salinity, the majority of the spent her-
rings migrating seawards, while we may find stragglers or even shoals
of spents nearer to the coast than the spawning grounds. Regarding
the Channel herring off Lowestoft we have some information pointing
in the same direction as Hjort’s observations off the Norwegian West
Coast. According to the Annual Report of the English Sea Fisheries
(1913, part I, p. 51) the salinity off Smith’s Knoll near Yarmouth in
October-December that year lay between 34.1 and 34.4 %, while the
salinity in the English Channel was above 35.0 %y. There is appa-
rently a migration towards the lower salinities as the spawning time
approaches, and the same must be the case with the herrings in the
remaining areas of the North Sea, if we accept the Atlantic migration
theory and the return of the herring®to the banks of the North Sea
towards the spawning time. v

Though the most striking feature in the migrations of the her-
ring is the difference in salihity in the localities passed through,
the temperature might have as much, if not more, influence, at least
in the maturing of the gonads. In the development of the gonads we
might distinguish between the growth of the eggs and the maturation,
viz: the absorbtion of water by which the eggs cease to be opaque and
become transparent. The increase in water contents during maturation
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must be considerable?), and it is possible that the salinity and tempera-
ture of the surrounding sea water are of some importance in the process.
I have not found any records in literature of investigations on the
physical conditions under which this process takes place, but I am in-
clined to think that experiments in this direction might be of much
interest.

Dr. Hjort has called my attention to the fact that the temperature
of the sea off the West Coast of Notway towards the spawning time
of the herring is considerably lower than some months earlier. As
shown by Hjort's observations off the West Coast in the nineties of
last century (1912, p. 709), the temperature may go down considerably
below 6° C. during January-April, while in November at the same place
it is above 8° C. The maturing herrings were not actually in that locality
during November, but farther north or farther out at sea, where the tem-
perature was comparatively high during the month of November, and
we may - conclude that the herring migrated from a higher to a lower
temperature. As to the Channel herring off Lowestoft we find (Fishery
Report, 1913, part I, p. 51) that the temperature off Smith’s Knoll du-
ring the months of October-December went down from 16 ° C. to
about 9 ' C. In the English Channel the temperature was high even
in November (13 ° C.), but fell later (March-May 9—10° C.). According
to Hjort (1905, p. 125-127), and confirmed by later investigations
(Bulletin hydrographique, 1908—1912), the temperature of the North
Sea below 30 metres is fairly constant summer and winter, about
6—7 9 C. or even lower. As we find a temperature about 10° C. '
between the Orkney and Shetland Islands and to the north east in
September, the herring must in their migration from the Atlantic to-
wards the North Sea banks during the summer months pass from water
of a higher to water of a lower temperature. It thus seems as if the

3 Dr. Hjort informs me verbally of some analyses of the eggs of gadus cal-
larias made by him in the year 1893 but not yet published. The analyses gave the

following figures:

Ovarial eggs Unfertilized, mature eggs
a | b l ¢ a | b
C7278% | 81229% | 93.854% | 95.029%

‘Water contents.... H 71.703 %
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ovaries grow, and the eggs store yolk matter, during the stay of the
herring in the warmer and salter Atlantic water, while the maturation
of the eggs, or the absorption of water by the eggs, takes place in
fresher and colder water, when the herring proceeds towards the habitual
spawning grounds. As already stated, the question as to the actual
importance of the agencies referred to can only be solved by direct
experiments, and 1 have tried, as far as the material allows, to arfange
the facts as they strike me.
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©36-41.Dogqerban
. * 42-61 Shetland,
el 262-74 Scotland
©75-85 England
805756 35 36 25 o 7% % EY Y 75 £z E7]

32

Fig. 28. Length-weight relation of the herring samples taken in the North Sea during
the year 1911.
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In order to get a general view of the condition (see p. 27) of
herring samples from the different areas of the North Sea I have con-
structed the graph (fig. 28). As already mentioned (p. 33) the material
is not very well suited for the purpose, the preservation of the samples
varying to such an extent that the length-weight relation is changed
considerably, but nevertheless it may be of interest to compare the
samples for the year 1911 in this way. In the graph the length-weight
relation of the diiferent samples is compared with the parabolas con-
structed from the formula p = k. I3, with k. ranging from 0.006 to
0.009,. so as to show how the samples withAlean herrings gather towards
the parabola of the lower k, and those with fatter and bulkier herrings
towards that of the higher. From table I b we find that the ,indicator®
(i = 1000 k) of the samples for 1911 ranges between 5.8 (Coll..16,
and 9.6 (Coll. 83). The lowest figures are found in the spent herrings
caught on the Revkant in the month of May, and the highest in the
sample of relatively fat and fairly mature herrings caught off North
Shields in the latter days of August. Comparing these figures from
the table with the graph we find that between these samples the others
range themselves especially about the indicator 8.0, where we find
most of the samples from Shetland, Scotland and the Dogger Bank
caught during the summer, and then in different stages of sexual
development. The young herring samples caught off North Shie‘lds
mostly lie above this indicator, but some samples fall below, which
fact 1 attribute to the different method of preservation (salt). As a
rule when the indicator falls quite out of place, we may find the expla-
nation in the manner of preservation (see the list p. 6-—9).

In these investigations it has been questions which I have been
obliged to leave in abeyance, either because they fell out of the lines
of this work or because the material at hand did not allow of a
thorough investigation. In most cases | have then however given an
indication of the lines in which I have found that the future inve-
stigations might fall.

Thus the question of herring races which I have only occationally
touched may find its proximate solution through the investigations of
growth of the herrings which go on steadily in Norway, England and
other countries. In this publication I have mostly stuck to the stocks
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of herrings habitating the different areas where herring fishery takes
place. From the age, maturity and quality of the herrings belonging
to these stocks I have tried to elucidate the relations of the herrings
in the different areas without taking any standpoint to the question of
races. As shown this has been sufficient to show that: the Revkarit-
herring proper has a certain relation to the Norwegian herring stock, : ,
the Yarmouth and Lowestoft herring to the herring found in the Literature.
English Channel, the summer spawning herring of the northern banks
of the North Sea plateau to the herring closer up to the Shetland coast

1871 Boeck, A.:- Om silden og sildefiskerierne, navniig om det norske vaarsildfiske.
Indb. kgl. norske dept. for det indre. Kristiania.

Bressa Shoals, etc.) and th i . :

(' € . 5 . s, efc) I.]d e Dogger Bank herring tO‘ the mature her 1908 Broch, Hjalmar: Norwegische Heringsuntersuchungen wihrend der Jahre 1904-—

ring fished in August-September off the coast of Middle and North ; 1906, Bergens Museums Aarb. 1908, No. 1. Bergen.

England, and finally: that the two laifer groups together with the 1897 Cleve, Ekman, Hjort and Petterson: Skageraks tilstand under indevarende
 Scotland herring form a unity corresponding to Heincke’s Northern sildeperiode. Kristiania,

1907 Dahi, Knut: The Scales of the Herring as a means of determining Age, Growth
and Migration. Report on Norw. Fishery and Marine Invest. Vol. I,
No. 6. Bergen,

—,—  The Age and Growth of Salmon and Trout in Norway. London.

(The same in Norwegian. Landbruksdepartementet, Kristiania).
1914 Deisman, H. C.: Uber das Wachstum von Nordseehering and Zuiderzeehering.
Rapp. en Verhandelingen Rijksinstituut voor Visscherijonderzoek. Decel L.
Afl. 2. S-Gravenhage. v

1891 Fulton, F. W.: The chief Fishing-Grounds on the East Coast of Scotland. 9th
Ann. Rep. Fishery Board Scotfand. Part lil. Edinburgh.

1898 Heincke, F.: Naturgeschichte des Herings. Teil I. Abh. d. Deutsche See-

fischerei-Verein, B. II.  Berlin.

1909 Helland-Hansen, B. and Nansen, F.: The Norwegian Sea. Report on Norw.

Fishery and Marine Invest. Vol I, No. 2. Bergen.

1905 Hjort, Johan: Norges Fiskerier. I. Norsk havfiske. Bergen.

bank herrings. The more particular shades of the relation between
the different herring stocks must however be left to be solved on
_ other lines, : 1910

1910 —,— : Report on Herring Investigations until January 1910. Publ. de
Circonstance. No. 53. Kjebenhavn.
1913 —— : Den franske industris kamp mot de norske sardiner. - Aarsb.

vedk. Norges fiskerier 1912. H. 4. Bergen.
(Translated into German. Hamburg).
1914 —— . Fluctuations in the great Fisheries of Northern Europe. Rapp.
et Proces verbaux, Vol. XX. Kjgbenhavn.
(The same in Norwegian, Kristiania).
[see also under Cleve and Murray).
1911 Hjort, Johan and Lea, Einar: Report on the International Herring Investiga-
tions during the year 1910, Publ. de Circonstance. No. 61. Kjabenhavn.
1915 Jversen, Thor: Om en subvenert ferskfiskrute. Aarsb. vedk. Norges fiskerier
1915. H. 1. Bergen.
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ferte praktisk-videnskabelige undersagelser over vaarsildfisket. Kristiania.
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Table Ia, 1910.

110

S| _-Z Year-classes :g,;

= Number of individuals %o w

CRES RS : 5

© .S |11909/1908{1907]1906{1905/1904/1903{1902] 1901 1900|18991898(1897189618951894 z

15| 287|372 — | — | 0.8{10.2| 3.8/46.8| 4.8 56| 3.0 9.4| 48 32 08 1.3 — | 03691
16| 8| 21| — | — | 48| 48] 95/47.6] 95 — | 142 48 48 — | — | — | — | — 662
17| | 63 — | — | 1.6 7.9/22,2/540 6.3 32 48 — | — | — | — | — | —| _ 581
18150 |104| — | 1.0{ 4.8 6.7]21.1/53.8] 1.9] 1.9 1.0 1.9 29 19 10| — | — | — | 595
19] 1% | 84| 12] — | 24| 2.4/155/262/13.1 155 9.5 95/ 47| — | — | — | — | — 700
20| | 15 — | — |200]133| 6.7/26.6 — 133 — | 6.7 67 67 — | — | — | — l6.33
21| | 272 — | — | 07) 2.9 85 13.611.4|147|17.3[11.4[11.8 51| 1.5 11] — | — [827
22| 2/0| 75| — | — | 1.3[10.7] 8.0,29.3/12.0/13.3 4.0/ 80{107 270 — | | — | _ 719
23| 280 145]| — | — | 0.7) 7.6(17.2/ 489 83| 6.2 55 27 14] 07 07 — | — | — 630
24| 1/ 134 — | — | 2.2/13.4)22.4|36.6| 89| 6.7 6.0 30| 07] — | — | — | — | _ l6.00
25| 185 | 286 — | — | 11.218.222.0, 189 150, 7.0] 3.8 2.8 07 04 — | — | — | _ 565
26| 21/p | 194|| — | 0.5 6.7)12.4/19.1/19.1/ 13.4| 14.4) 82| 46! 10| 05 — | — | — | _ |l6.28
27 | 2410 155) — | — | 52| 9.0|22.6/18.1|142] 7.7| 580116 26| 1.9 1.3 — | — | _ 672
28| /u204) — |142) 2.0 3.4/23.0 510! 44 1.0 — | 05 05 — | — | — | — | — |50
2911973 1220|| — | — | 3.6]15.0]18219.517.7/ 109 9.1| 82 1.8] 09 — | — | — | _ l629
30| % |485)l — | 1.0/20.013.0|12.2 16.3|15.7| 7.6| 7.4| 27| 25 08 08| — | — | — | 584
31| /o |528|| — |186]57.6/ 193 88| 06 — | 0.2 — | — | — | | — | | | _lsn
32| /10| 534 — | 6.0|216|28.7|25.7 11.4] 6.2 04| 06| — | — | — | — | | — | __|438
33| 11| 432|| — | 2.2/17.9/23.4)25.4 16.3 8.5 3.5 1.8] 06 06 04 — | — | — | — {490
34|40 193| — | 135/ 34.7/19.2/ 14.0| 7.8 57 36| 15 — | — | — | — | — | — | _ 457
67! /51190 — | 841579205 53 48 21 11| — | — | — | — | | — | — | _ |50

1) Table of correction of average age.
Monttr | 1 2\3'4 516l 7]8] 910 11{12 13’14 15
Year 0.08] 0.160.25 0.33{ 0.42/0.50 O.58|. 0.67' 0.750.83 0.92| 1,00/ 1.08] 1.16] 1.25

111
Table 1a, 1910.
Stages of sex. organs Stages of fat Average z
No. of indiv. %o No. of indiv. % sls | = § Remarks
Bl P2

I M Hoaf I P IV | V| VI/VII|m | 4| 1] 0 2 olE e

— 1 59.7|11.3|25.5] 32 03| — | — 1147/ 58.1|25.8| 1.4] 1.86] 28.6|180]/7.7

48| 38.1 | — 1333/ 14.3| 9.5 — | — |142.9{19.0] — | 38.1]|1.68; 30.8| 206 |} 7.1

1.6/ 60.3| 4.8/22.3] 9.5 1.6 — | — ||33.3|39.7| 6.4|20.6] 1.86| 30.6| 206 7.2

7.7) 55.8| 1.9/192| 5.8 — | 2.9 6.7|44.2|31.7] 2.9{21.2(1.99{29.8/ 179/ 6.8

3.6/ 238 1.2| 3.6/42.9 95 7.1} 8.313.113.1] 1.2{72.60.67/29.8/190|7.2] Shetland.
13.3] 40.0| — | 6.7126.7) 6.7| 6.7 — {40.0|13.3| 6.7|40.0| 1.53| 28.4| 161|7.1

— | 710|114 [L7] 29] — | 04| 2.6|51.5/30.1| 9.9| 8.5)|2.25|31.0] 204|/6.9

2.7 293|547/ 133] — | — | — | — || 9.3/29.3]38.7|22.7/1.25| 31.2| 190 6.3

5.5 22.7| 6.9/58.6| 6.3 — | — | — | 14.5/24.1| 15.9| 45.5/ 1.08} 31.0| 210 7.1

— | 97| 52{35.8/374{11.9] — | — || 5.2/29.0/136.7{ 9.11.1031.1| 240} 8.0

— | 03| — | 7.3/61.6/29.4] 14 — || — | 0.3] 0.3/99.4(0.01] 27.6| 1617.7

— | 05] — | 88675227 — | 0.5 0.5 0.5 — |99.00.03| 27.6{ 169 8.0

— | 391425421238 39| — | — || — | 3.9/10.3/85.8(0.18/ 28.5/171|7.4

142 — | 25| 39| 4.9/44.6/28.4| 1.5| — | 5.4[13.7/80.9/0.25/28.0| — | —|| Faeroe Istands.
— | 11.4| 9.5/24.6/36.3,18.2) — | — || 2.3|13.3]55.9]28.5/0.89] 27.8| 187118.7| Shetland.
— | — | = | — | 11.9)87.7| — | 04| — | — | 3.1]96.9)|0.03] 27.3| 190/9.3

83| 36.5| 38.1117.112.5| 14.6| 0.6] 7.3//43.4] 26.4| 14.0 16.2(1.97| 24.3| 136/ 9.5

— — | — | — | 39961 — | — | — | —| 12/98.8 0.01|25.7| 146} 8.6

— | 02} 04 — | 1.20982 — | — || — | 0.4| — |99.6/0.01|26.3| 154/ 8.5

1.5 3.1 0.5/58.6/35.3 1.0 — | — | 05| 4.1, 7.3/88.1,0.17/25.0{ 117|/7.5

1.1] 83| 4.2/70.0[14.7] 47 — | — Il 3.2| 7.9/32.6]55.3]0.58/ 22.2| 90| 8.2
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Table 1b, 1911. (Continued). Table I b, 1911.
= o ;é Year-classes Stages. of 'sex.. organs Stages. of. fat Average g
%- g g Number of individuals %o No. of indiv. %o No. of indiv. % §§ aé %o;: S Remarks
© S 1910‘19091908}1907190619051904190319021901 1900'18991898}18971896?95 I>11m+’1101 m v |v|vilvifm|4+ 1|0 [F2[8%E9]
130 % | 90f — | — | — | L1}11.1/15.6/27.8/13.5[ 5.6| 89 4.4| 4.4 3.3 22/ 1.1 11 — === === | | | 801 — || spents.
14 o5 | 21 — | — | 48| 48[14.3] 4.8(333 48| — 191 — | 48 95 — | | _ — === == == 296 — ||
15| | 89| — | — [ — | 17| 3.4/186/305/203 34| 51| 85 51| — | 1.7 — | —y === = R R | R 298] — || —|[spawners and spents.
16| s | 43| — | — | — | — | 9.3/14.0/419/16.3 47/ 93| 23 23 — | | | _ | 46,954 — | — | — | — | — | 23] 2.3 7.0/ 88.40.19/30.3|160] 5.8
17|35 34 — | — | — | — |17.6/11.8/55.9] 88| 20| — | 29 — | — | — | | _ 1118882 — | — | — | — | — [ — [11.8/352] 53.010.59|30.2/ 165 | 6.0
181 17 {112|| — | — | 09| 2.7| 7.1,14.3/28.6|13.4) 89 89| 89 54 09 — | | _ — | 19.758.0/21.4] 09| — | — | — || 2.7/ 18.8/66.0; 12.51,12]29.4| 173 6.7,
192/ | 110} — | — | — | 09] 7.3] 6.4/20.0/17.2/19.1|11.8] 6.4 6.4] 09 18 1.8 27| 451828100 — | — | — | — | 1.8 2.7/20.9 74.6/0.32/29.5 — || —
20| | 89| — | — | — | 34| 3.4[22.0/37.3| 68136/ 3.4 1.7] 68 1.7 — | _ | _ 51 85(694/153 1.7) — | — | — | — | 8.5[15.3] 76.2/0.17|29.5| 176 6.9
21| 64} — | — | — | 1.6{14.1| 9.4/39.1) 7.8| 47| 7.8/ 7.8 3.1 47 — | — | _ 16/ 7.8(766/109) 31| — | — | — Il — | 7.8/43.8 48.4]0.59]30.1/195/7.2
22| % [103|| — | — | — | — | 1.0 5.8/14.6/14.6/16.5/17.5/11.7] 8.7 4.8 48 — | — | 194|233 524 49/ — | — | — | 7.7/30.1/46.7| 15.5|1.30| 29.6{ 201 || 7.8
23| 77| 88 — | — | L1} 34| 68| 57/21.6/13.6|159| 8.0/148 80 — | 11| — | 5.6 42.0127.3[23.9] 11| — | — | — |22.7/ 30.7/ 30.7| 15.9{1.60{ 29.0| 181 \.,7.4
24|20/ 36| -~ | — | — | 2.8/ — [11.1]30.6/11.1) 83250 5.6/ 2.8 28 — | — | _ 1 1941362/444 — | — | — | — || — |25.0l58.4] 16.6]1.08/29.5 188]|7.3
251 217 (228 — | — | — | 29| 49| 94 23.8/ 135 9.4 10.8] 6.7/10.3] 4.0/ 2.7/ 1.8 04 0.4 27.4|10.7/51.2| 8.1 — | 0.4] 1.8 11.7|31.4 36.8| 20.1/1.35| 29.4 190 7.5
26|24 970 — | — | — | 1.0/ 5.2/16.5 24.7| 12.4 41 5201031103 62 2.1 2..1 . E 1.10 25.8145.3/23.7] 41| — | -— | — |/ 11.3/ 19.6| 46.4| 22.7]1.20, 29.6| 181 /7.0
27 % 7T — | — |13.0 89| 6.5 5.2/27.3/13.0] 7.8/ 11.7] 52| 52 — | 1.3 — | | 737 —_ === =1 === =1 =1 —|— 1290 — |-
28| 20/7 1262\ — | — | 46| 2.7/10.3/12.2/22.1/16.8| 12.6] 69| 4.2| 4.2 23| 08| 0.8 — | 763 0.4 244 4.6/47.0/1225 — | — 1 LI}17.9/27.1/35.6| 19.4)1.44 289 — |—
29| ¥ 104} — | — | 38 29 7.7/10.6(26.9 9.6/ 115106/ 4.8 7.7 19 10| 1.0 — | 798 1.9 96| 58452375 — | —  — | 7.7/17.3/336] 41.4)0.91)29.0|1958.0
30| ¥s| 83| — | — | — | 60[13.321.7/24.1| 8.4[12.0| 48] 4.8 1.2 12 12 19 —| 78 — === == ]—|—1l=|—1—1] — | — (292 — |—
3t s |102) — | 1.0f 1.0| 7.8/13.7/22.4] 16.5[10.8| 9.8/ 10.8] 1.0 3.0/ 1.0l — | 1.0 — || 7.05 — = === —1—1—|—|—1—=| — | — 1288 —||—
32) 8| 49| — | 20| 4.1112.2)12.2(20.4/28.6] 2.0{ 2.0| 83| 41| — | 41 — | — | — | 6.64 —_ - ===l === 1= —1 — | — 1285 — i—
33| % | 57) — | — | — | 7.0[19.3[17.5[12.3[15.8/ 158 88| 35 — | — | — | — | — | 710 — | 12.3| 88[47.3]316] — | — | — | 3.5[15.8/29.8] 50.9]0.72| 29.0/ 203|/8.3
34/ 10/ | 134| — | 37149 821164202202 37| 6.7 30/ 1.5 07| 07| — | — | — | 5.60 6.0 397 | 89424 3.0 — | — | — |38.9)22.5 28.2 10.4)1.90/29.1/ 188 7.6
3518/ 92| — | — | — | 1.1] 76 185 402152 76/ 4.3 — | 22 1.1 11| — | 1.1l 7.41 — | 8.745.7/25.0; 6.5{ — | 1.1113.00 3.3} 14.1| 29.3] 53.3||0.67; 30.7| 2021/ 7.0
36|18 [164|| — | — | 3.714.025.0(17.1|17.1| 9.7| 49| 37| 1.8] 24| — | — | — | — |l 625 — | — | 06| 24]750[220] — | — || — | — | — |100.0] 0.00| 27.5| 168 |8.1
37|15 1136| — | 0.7] 29| 6.6 23.5/19.9/16.2[12.5 81| 44 37 07 07] — | — | — | 663 — | — | — | 15/69.1]294] — | — ] —  — | — |100.0/0.00 27.8| 173 8.1
38120 | 65| — [ — | 9.2 6.216.9/21.5/169/169 7.7| — | 3.1 — | 1.5 — | — | | 6.43 — 1 — | 15 3.1/862 92 — | —| — | — | — 100.0/0.0027.5 165}7.9
39| 2/ | 110|| — |11.0{43.6/32.7| 82| 86| — | — | 09| — | — | — | — | — | — | — || 3.55 | — | — [227|75.5| 0.9 09 — || — | 0.9]14.6| 84.5[0.1624.6 115||7.7 Assorted sm.herrings
40 29 | 157| — | — | 7.0/11.5/14.7)15.914.7| 10.8/ 11.5] 5.7 5.1| 06| 1.3| 0.6] 0.6/ — | 6.84 — | — | — | 1.9/59.936.9) — | 13/ — 1 06 2.6 96.8 0.0427.1 166 8.3 —.,— herrings.
41| Y6 1390 — | 1.0| 6.2/15.1|37.2(23.3] 9.0 46/ 2.5/ 03] 08 — | — | — | — | — | 540 — | — | — 326659 05 — | 1.0} — | — | — [100.0/0:00| 26.6| 161} 8.6
420854 21 — | — | — | 4.8/ 9.5/19.014.3/14.3| 9.5| 9.5/ 95| 4.8/ 48 — | — | — | 800 — | — [904| 96| — | — | — | — | — | 48/14.3] 80.9|024)30.2/176||6.
43| 8 |174|| — | 1.7/12.6/40,8) 26.4/126| 36/ 23] — | — | — | — | — | — | — | — | 455 184 51.1| 6.4/21.8] 23] — | — | — |65.0/16.6/ 12.7] 5.7)2.41|26.9| 157 8.1
44| o | 184|| — | 2.2/ 11.4{30.4/ 26.1/19.6] 7.1| 22| 05 05 — | — | — | — | — | — | 485 39.2| 40.7| 9.8] 93] 1.0 — | — | — 162.5[20.7] 15.2  1.6]2.42| 26.9] 147} 7.6
45| 1%/ | 101 || — | 3.0/ 10.934.6/25:7111.9] 69| 50 — | — | 20 — | — | — | _ | _ 4.87 9.9 20.7 [25.7|38.6] 5.0, — | — | — |[10.9] 27.7{ 54.5| 6.9 1:43| 27.4] — || —
46 | 20/s | 26| — | 3.8/15.4/34.0/19.2|{11.5/11.5] 3.8 — | — | — | — | — | — | — | — |l 470 — === == == —=1—=|—1 — =270, — |—
47|21/ | 131\ — | 0.8 2.3| 6.9/19.1]22.9(23.6[16.8 53| 23 — | — | — | — | | _ il 6.40 6.1 42.019.8/29.8| 2.3| — | — | — ||32.8/27.5/28.2| 11.5|1.82| 27.9| 163/ 7.5
48127/ [177)) — | 0.6 11.9]11.9|16.4| 16.4| 147/ 14.7] 6.7| 40| 1.7] 06| 06| — | — | — | 6.17 13.0 26.6 | 21.4/31.0] 7.4/ 0.6 — | — {255/ 22.6/38.3| 13.6|1.60] 27.8{ 169/ 7.9
49|29/ | 119 — | — | 2.5] 4.2/168]10.1/20.2/20.2{ 13.4[ 10.1] 1.7] 08 — | — | — | — 7.24 — | — 6.7| 0.8;31.0/30.3| 2.5/28.6] — | — | 0.8] 99.20.01} 30,2 2141[17.8
50 %9 |308]| — | — | 0.6/12.3]22.7/23.6/18.4| 87| 4.9 3.6 22 19 1.3 03 — | — |l 652 03| 6.1 7.2] 45 6.8 81| — |66.0] 23] 7.4 4.5 85.80.26 29.5|1877.3

1) 1893: 1.7 %.




Table 1 b, 1911. (Continuation). L4

S _g Year-classes %
- ;g Number of individuals % ~ ¢
§ - S 191019091908190719061905‘1904]190319021901‘1900'1899‘1898*1897‘1896;1895 =
510 2 | 110 — | 09 — |14.531.812.7(10.0{ 15.5| 6.4 55 18 — | 1.9 — | — | — | 6.33
50|20 | 33| — | — |242|576]121] 6] — | — | — | — | — | —|— | —|—]—] 400
53| ws | 79)| — | — | 13177316127 10.1] 89 38| 63| 3.8 1.3] — | 25 — | — | 623
54| 150 | 81)| — | 86210/ 185136148/ 11.1) 49) 74 — | — | — | — | — | — | —| 496
55| 20/ | 86]| — | 17.4) 105/ 19.823.3[10.5| 58 8.1 23 23| — | — | — | — | — | — | 475
56| 27 | 81] — | 49 86|38.317.3/185 7.4) 49 — | — | — | — | — | — | — | —[ 483
570w | 76 — | 1.3 02/197]237/237[145 39 39| — | — | — | — | —|—| —|538
58| v | 91 — | 3.3 88]18.7/30.8/220| 88 44| 22/ — | 11| — | — | —|—|—|522
59| g5 | 93] — | — | — |12.9/36.6/25.8/15.1 64 21| 11| — | — | — | — | — | —| 877
60| 2 |a74| — | — | — | 19| 8920222203120 7.8 36| 21| 06 0.2 — | — | 7.54
61| f|242] — | 12 83]29.319.4/161/10.7] 7.9) 12 2.5 08| 25 — | —|— | — | 551
62| 10/ | 124 — | 1.6/25.8) 24.2[823[113) 48] — | — | — | — | — [ — | —|— | — [ 44
63|10 | 92| — | — | 54/37.0[315141| 87 22 11| — | — |~ | —|—|— | —[49
64| 20js [128] — | — | 3.1(102|227| 219187125 70| 23 16| — | — | — | — | — | 6:30
65| o | 238] — | 2.1/21.0]33.2/ 214|160 38 17| — | — | — | — |~ |~ | —|—| 445
66| /|200) — | 185 355230105 6.5 3.5 20 — | 05 — | — | —|—|—|—| 372
67| 0% | 217 09| 205295 189| 7.4/ 37| 3.2 28 32 05 — | 05 — | — | — | —| 367
681 o/ 266 — | 08121.4237241]17.3) 9.1 1.1} 15| 04 04 — | — | — | —| —| 480
69| /2|205] — | 63/18.0(454/166| 6.8 54 15| — | — | — | —|—|—|—|—| 416
700 fo|227] — | 62/101|47.1/15.8/ 106 44| 44| 04 09 04 — | — | — [ — | — | 454
71|20 | 253 — | 99115249126 7.9, 6.3 63 67| 59 24/ 28/ 0.8 16 — | 0.4/ 530
720 15 1308] — 102/112]40.3161) 92| 62 46| 1.3] 03 03] — | 03 — | —| — | 454
78| 1 |236]| — | 5.1/190]415 182 8.1 51| 1.3 08 — | — | — | — | —| | | 432
74| Jo|2a6|| — | 70| 10.4]53.7 126 8.1 44] 24 04 — | — | —| | —|— | |42
75| 20js [394]| — | 05 51| 8.9/14.2/18818.3160 58| 63 38 18 05 — |— | —| 676
76|22/ | 86l — | 1201741979290 128 47 47) 28] — | — | — | — | — [ — | — | 479
77| =75 | 78] — | 6.4)52.6/24.3) 115 26| 26 — | — | — | — | — | —|— | — | —| 384
78| % | 84| — | 36/321/23.8/191|136 3.6 24 12 — | — | 12 — | —|— | — | 442
79| 12/ | 84| — | 24369|207| 111119 36| 24) 12 — | — | — | — | —|—| =] 42
80| 1o/ | 86| — |13.9/419(18.6{186| 35 35 — | — | — | —|—|—|—|—{—1]366
81126/ | 87|| - [460/506] 34 — | — | — | — | —|—|—|—|—|—|—|— 288
82| o | 82| — 195476/ 144 61| 87 37 49 — | — | — | — | —|—|—|— | 357
83 | 0js |422|| 02| 14.9|87.7 287128 43 07 07| — | — | — | — | — | —|—|—| 388
saliy | 86l - | 23/198441267 47 — | 12| 12 | —| — | —|—|—|—]422
85 | 19| 504 — | 13.9)57.313.3) 6.5 3.8 38 10{ 0.2 — | — | 02 — | —|— | — | 346
A |20 | 148] — | — |365]27.7)21.6] 5.4) 20 47 14 07 — | — | — | — | — | — | 432
B |2 233 — | — | 82 64/112[16.7/12.4]129 133 11.6] 1.7) 30| 1.3 13 — | — | 7.22
G | om0l 266] — | — | 30| 751229195143 120| 56| 6.8 4.1 34] 04| 04 — | — | 682

n

115 Table 1b, 1911.
Stages of sex. organs Stages of fat Average ‘;
No. of indiv. % No. of indiv. % e |z § Remarks

N
I g od| v v ]vi|vim|+]1] 0 ||725 ;“‘.N
— 1 09 1.8/ 0.9]13.6/59.1]228] 09| — | 0.9 — | 99.1{10.02]| 29.0| 205 8.4

— | 36.415.1{42.5| 6.0] — | — | — ||21.3/42.4 30.3| 6.0)1.79| 25.7| 144 (/8.5 Assorted herrings.
1.3] 20.2]43.0/30.4| 1.3| — | — | 3.8| 5.1]19.0{62.0{ 13.9)1.16|28.0, 158i7.2
30.8| 26.4122.3| 14.8] 2.5 — | — | 1.2137.0/24.7/32.1| 6.1]1.93] 26.3| 146/ 8.0
32.6; 17.5|27.8/17.5) 4.7 — | — | — 1129.2|19.7} 30.2] 21.0/1.57| 26.3| 137} 7.5
12.4| 13.623.5{44.4| 3.7, — | — | 2.5)13.6] 8.6 39.6| 38.30.98|27.0| 154|7.8
53| 6.6]30.2/50.00 66/ — | — | 13| 26| 66446 46.1)0.66 27.3| 167 8.2
14.3| 58.2|16.5) 99| — | — | — | 1.1)/38.4 33.0/46.4| 2.2/2.98| 26.4| 146 ||7.9

- =4+ | == | =] =1 F+i—=1—=|— 1 + || — [27.8] — ||—]| Mostly spents.

— | — | 0.8 0.6/ 2.5/39.156.6] 0.2| — | 0.8 0.2] 99.0|0.02| 32.2| 220|/6.7|| Assorted herrings.
17.0] 56.6 | 7.4{16.1f 29| — | — | — [ 30.058.3/10.7| 0.82.17| 26.6| 166 || 8.8
7020 193 | 73] 32| — | — | — | — |[79.9] 80/ 9.7, 2.4]2.65 26.1/136|7.7
54| 29.3| 9.8/50.0! 54| — | — | — [127.2|35.8/31.6| 5.4 1.85/26.8| 147 7.6
— 1 31, — | 93610, 47| 9.4/12.5]| 1.6/ 6.2| 7.9 84.3(10.25 28.4| 202|/8.2
37.3| 266 | 8.7 2.5 — | — | — {24.9/12.6{48.4| 34.8] 4.2|1.69| 24.9/ 107 /6.9
37.0| 24.5| 9.0/280] — | — | — | 1.5139.5/23.5|15.0| 22.0/1.81|24.5| 124||8.4
20.7) 19.8 | 27.6/13.4| 8.8 — | 0.9 9.20127.2/13.3115.2| 44.3|1.23! 24.3| 117 8.2
15.8| 22.5| 1.1] 08| — | — | 0.4]59.3]15.8/49.2/33.1| 1.9, 1.59] 25.2{ 125| 7.8
49 126107/55.7|15.1) — | — | 1L.0| 9.2/10.3/16.6| 63.9/0.65 26.5 164| 8.8
— | 04| 04] 3.5 2.2/ 0.4|78.0/15.1] — | 3.5 0.8 95.7)0.08| 27.6| 163/ 8.3
14.2) 512|229 82/ 4.0 — | — 145.4|15.4| 6.3 9.2| 69.1,0.68] 27.4| 134!6.5
9.8 17.7]34.4| 4.3] 0.6| — | 0.3/ 32.9]10.1] 18.4) 22.6/ 48.9/0.90| 26.5| 130}/ 7.0
11.1) 8.421.1)51.2| 80| — | — | — || 6.4] 9.3129.5| 54.7/0.66 26.4| 155 8.5
04 24| 1.2/21.6/71.2] 1.6 — | 1.6/ 1.6| 6.9 2.4| 89.10.21| 27.1| 176 8.8
— | — | — | — 1.0/608}32.9 53 — | — | — {100.0/0.00{ 28.3] 2041 9.0
67.5) 12128 — | — | — | — | 185 — | 4.7|55.9] 39.4/0.64]26.0/ 107|/6.1
58.1y 13} 61| 1.3 — | — | — |36.0 7.7/38.5/17.8| 36.0||1.18/23.7| 8916.7
274 95|166] — | —— | — | — | 46.5| 6.0{25.0/17.8] 51.2/0.86|24.7| 112|7.5
53.6) 16.7|33.5 — | — | — | — 114.3]19.0/ 46.4{ 22.7| 11.9|1.73] 24.5| 116/ 7.9
37.2) 488| 59) 12| — | — | — | 7.0(55.7)30.2/10.6] 3.5]2.38]24.3]123 8.6
793 184 | — | 23| — | — | — | — 1196.8] 3.5] — | — |2.97]22.5] 93|/8.2
45.11 45.2| — | 3.7 — | — | — | 6.0185.4/10.0] 2.4| 1.212.79/23.5/117}{9.0
4.0/ 45| — |14.9/19.2|57.4| — | — ||17.3]19.7| 6.3] 56.7/0.98| 24.9/ 148 9.6
— {1 16.3] 9.3,45.4{200, — | — | — || 8.1)26.9/44.2) 20.8)1.22,25.7) 145} 8.6
0.4 10| 3.6/ 0.2/35.6/59.4f — | — || 1.2| 3.2| 7.0] 88.8)0.17} 24.6] 122 8.2
— | — | — 695278 27| — | — | — | — | — [100.0/0.00| 23.5| 98| 7.6
— i 04| 3.0, 3.0;72.5/12.0] 3.5/ 56| — | 0.4 0.4 99.2/0.01| 26.3/ 153 8.4
— | — | 30| 23/42.1|184/154{188| — | — | 04| 99.6|0.00] 27.6|155/7.4

]




Table I ¢, 1912.
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o g Year-classes &
R Number of individuals % ~
Z181% ' :
© Zd 1911 191011909 1908‘1907 1906|1905(1904(1903/1902(1901{1900:1899|1898/1897/1896 <:E
1116|161 — | — |12.4) 5.0] 3.1] 8.1|12.4|11.2]19.9|14.3] 6.2| 4.3 2.5 06| — | — || 7.80
12|20 | 32(18.837.5/250, 62 94 3.1 — | — | — | — | — | — | — | — | —|— 250
13|22 | 98]l — | 102347206112 92 10] 41| — | — | — | — | — | — | = | — [ 378
14] 25 | 12| — [417)417)166] — | — | — | — | — | — | = | —| =1 —] —1| 269
15| 24 | 184] — | 1.1]23.4/31.5/169| 109 5.4/ 49 44| 05| 05 05 — | — | — | — | 4.82
16|29 | 314] — | 1.3[16.6/17.8/15.9)15.3| 7.3/10.8] 7.6 45| 1.3| 1.0 06| — | — | — | 5.18
17 26/; 206 — | — | 49 53| 4.9 3.9 7.8/16.5|15.0{16.5/13.1| 6.7/ 29| 1.5 1.0 — || 8.70
18] 1 92| — | — 435130185 8.7 22 32 76| 1.1 — | 29 — | — | — | — || 461
19| /1| 85| — | — |15.3/18.8/28.2/ 11.3/10.6| 59| 4.7| 23| 1.2| 1.2 — | — | — | — || 5.47
20|20/ | 88| — | — |33.0/29.5/20.4 125 23] 23| — | — | — | — | — | — | | —| 428
21| 2/} 105| — | — |31.4/ 12.4/20.0/10.4/12.4| 6.7) 29} 38 — | — | — | — | — | — | 5.11
22| g1 70| — | — 124.3/21.4/28.6/129/10.0) — | 14 14| — | — | — | — | — | — | 4.76
93|, 521 02 62322386 9.2 52 40 3.3 06 02 02 —| 02 — | — | —| 406
24| 50| 613|| — | — | 4.6 46.8/32.9| 6.8 44| 2.3 1.5 05| — | —| 02 — | —|-—1 476
25| 18/5 | 378 — | 3.7/47.4/15.3]13.5] 9.5] 2.7| 34| 1.6 0.8/ 1.6/ — | — | 0.5] — | — || 4.28
26 | 107 | 495] — | 8.7/20.5/31.5015.6| 7.1 3.4 2.6/ 06 0.8] — | — | — | — | — | 09| 4.14
27| 18/s | 442 — | 10.4|57.3/19.0; 6.1} 3.8 1.1 1.8 05 — | — | — | — | — | — | — || 3.49
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Table I¢, 1912,

Stages of sex. organs Stages of fat Average 2
No. of indiv. % No, of indiv. %o sls |5 § Remarks

Bl 25 ¥8

I [l | Mo | |1V | V| VI VIm | 4 1[0 7287 5 |
8.1} 5271311} 81} — | — | — | — |\21.7/41.6/29.9] 6.8/1.78|29.7| — | —
37.6| 31.21 9.4/18.7| 3.1 — | — | — 46.9]18.7| 31.3|- 3.1}2.09) 22.6| 8473
29.6| 17.3|25.5/27.6] — | — | — | — |16.3|15.3] 51.1| 17.3|1.31| 25.1| 106 | 6.7
50.0| 334| — | 167 — | — | — | — [/58.3}33.3| 8.3| — []2.50|23.2| 92| 7.4
2.7 28.8(20.6/43.0] 49 — | — | — || 1.0/ 36.5/55.5| 7.011.30 25.7|116| 6.8
3.5 20.4(10.2] 53.8/12.1] — | — | — || 13.1| 17.9) 48.1] 20.4]| 1.24] 26.5| 133/ 7.2
0.5/ 18.9(19.9/52.4| 83| — | — | — | 3.9,22.3]52.0; 21.8)|1.08} 27.6; 154 7.3
— | 39.1| 4.315.2|19.6|14.2| — | 7.6/ 31.5| 20.7{ 22.8| 25.0| 1.59| 26.9| 178/ 9.2
— | 22.3] 8.3|25.9/31.7} 87| — | 3.5| 5.9]30.6|34.0/29.5(1.13] 27.2/ 170 /8.5
22.7| 65.9| 57| 3.4 23] — | — | — |164.7/26.2| 9.1} — ||2.56|27.3] — ||—
11.2] 60.9| 6.7 86| 7.6 — | — | — |152.4/27.6/13.3| 6.7]2.26] 28.4 — || —
57 579 | — | 143} 14| — | — | — |/55.7/35.8] 7.1| 1.4|2.52/27.5] — {|—
2.0 1.4 23| 3.7/29.8/52.2| 0.4] 8.2 1.5| 4.9| 6.5|87.10.20| 25.6| 137 8.2
— | — | 02 1.3/32.2/656, 0.3} 0.5 — | 0.5 7.9/91.7|0.09] 24.8| 126 8.3
— 1 — | — | — | 0.3|57.7)42.0| — || — | 0.5 3.2|96.3|0.04/ 26.2| 151}/ 8.4
04| 04| 06| — | 0.6/938 32 1.0 — | 0.6 0.6|98.8|0.02|26.6|1497.9
— | 20) — |31.431.2/35.3] — | — ||22.6|25.9| 5.6| 45.7) 1.25 24.9| 145 /9.4




Table 1d, 1913.
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S ;é Year-classes o
= £ E Number of individuals % ©
S 1A |° : 3]
o 2 1912|1911 1910| 1909} 1908 1907 1906 | 1905|1904 | 1903 | 1902 {1901 | 1900|1899 z
6|95 714 — | 342634541189 42 1.1} 04| — | 031 — | — | — | — | 4.00
7|20/ 429) — | 2.3(33.8 (284270 44| 23| 1.2] — | 02| 02| — | — | — |l 511
8| 1%/12)419| — | 4.3(30.1(41.3|164| 43| 19| 1.2| 05 — | — | — 1| — | —| 499
A %) 69 — |102]478|362| 52| —  — | — |— | — | — | —| —| — 1310
B|®s| 66)f — | 614241303212 — | — |— | — | — | — | —| —| — | 36
C |17 |107| — |262(5611168 (.19} — | — | — | — | — | — | —| —| — | 3.0
D|Yq| 83| — 168506264 62| — | — | — | — | — | — — ] — | —[132
E|®s| 78) — 11675002656 77| — |— |— |— | — | — | —| —| — |82
F|2§s| 97| — | 721443361 (113 10| — | — | — | —{— | —| —| — |35
G| 2/ |100] — | 9.0140.0|44.0| 6.0 — 10— | — | — | — | —| —| —1135
H| {100} — | 6.0[500(27.0| 30| 90| 30} 20| — | — | — | —| — | — 137
] 26|100] — | 60(530(300] 30| 1.0| 20| 1.0| 10] 10! — | 1.0| — | — | 3.7
J | %198 — | 65/47.0/830| 80| 15! 251 05| — | — | — | —'| —| — 136
K| 8198 — |140|56.0235| 30| 15| 05| — | — | — | — | — 1| 05| — 32
L |2/5|203)| — |153 (468|320 45/ 05| — | 05| — | — | 05| —| —| —| 3.3
M |13 |105| — |41.9 /467 95| 1.0| — 10| — | — | — | — | —| —| —| 27
N | %/ 1195 — | — 11261503(200| 67| 57 21| 21| 05| — | —| — | — | 5.0
O %164 — (122256317 | 79| 6.1|103| 37| 12| 06| 06| — | — | — | 4.1
P |188) — | — | 91(321(200| 911]134| 70| 43| 05| 1.6| 05| 2.7 — || 5.6
Q|5 ]160|| — {126 226308 17.6| 3.1| 87| 1.9| 13| — 13| 25| 06| — || 44
R|®s| 95 — | 21| 84337158 /14.7]105] 42| 7.4] 21| — | — | 11| — | 54
S |22 |160| 0.6 | 7.5|17.5 (244|188 | 6.3 (143 | 3.1 | 25| 31| 06| 06| — | — || 4.9
T |26 |15l — | 1.3]|126(305(159 (126 99| 27! 60| 33| 40| 1.3| — | — || 5.7
U |25/ | 158| — 1101 |14.6 |22.2 12,7 | 82|10.1| 57| 44| 51| 32| 25| 06| 0.6] 5.7
V26 160 — |138| 88(39.4{206| 75| 1.3! 19| 44| 06| — | 06| 1.3] — | 40
W | %10|116| 7.8 |44.8 138|155 95| 34| 09| 1.7| 09| 09| — | — | 09| — | 3.1
X | 80159 — 1126|164 (241|241 | 19| 44| 51| 44| 44| 06| 1.3 — | 1.3]| 5.0
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Table Id, 1913.

Stages of sex. organs Stages of fat Average 2
No. of indiv. % ' No. of indiv. % = 1= § Remarks
9| bog| o,
U i [Wosf 10 [ v | v [V fvim | ] 1| o e 5o 89 |
22.7) 42 |71.5) 1.2) 03| 0.1) — | — }{ 0.1 | 9.839.7) 50.4|| 0.60} 24.6| 1001/ 6.7
— | 05| 0.7) 44{51.0/42.2) — | 1.2]| 0.5| 4.4 |33.3|61.8/0.44] 25,5/ 137 /8.3
— | — | 4.7|31.3|61.1} 2.2) — | 0.7|| — | 1.2|56.9] 41.9/10.59| 25.5| 1401 8.5
65 33 — =] 1| —=|—=1—1—1]—|—1 — 1235] — || —| (Storrow).
45 49 Sl— 1t 2|~ |—|—|—1—=|—|— 236 — | — .
39 31 2 7| 2| —1 —|—|—|—|—| —1230 — | — .
8| 44 |14l10]|—|— | —[—1—|—|—]— |26 —| — ,
6 11 52116 | 14— —|— | — 11— —| —|243 — | — .
1 16 |20 1741 2| —||— —|—| | — |21 —| — .
2 14 23 | 38 | 22 1] — | — = — | — || — 247 — || — )
7 9 22123134} 5| —f| —t— | — | — 1 —|283] — || — )
— 10 3126125 3] — 1l — 1 — | — | — 1| —|24.8 — | — .
— 10 28134124 4| —||— 1 —|—|—|— |20 — | — .
5 26 391910 3| — | — | —|— | —1 —|244] — || — ”
8 15 39| 18|11 2| 7| — | —|—|—| —|248 — | — ”
27 22 29113 1y —1| 8||—|—1{—|—| — 1236 —| — )
— 4 2313036 — | 8| — | —~|—]—1i|— 1256 —| — »
8 10 19113720 — (30| —! —|—|—1~—1250 —| — »
— ) 26122137 | — 13— — | — | —1|| — 268 — || — )
6| 12 3527116 —| 4||— | —|—|—|— 249 —| — ,
— 27120 42| 1| S5 — | — | — | —| — 1265 — || — y
6 8 11917 14| — |8 — | — | — | —|—[262 —| — ,
— 2116142 317 — | — | —|—|— 266 — | — »
4 8 118]25 43! —| 2/ — | — | — | —|—|[262 —| — ,
11 10 4111817 2| 2| — | — | — | —| — {260 —| — »
40 19 24| 4| — ] — | =] =1 =] = — (237 — || — )
8 13 36 34| 51— | 4| —|— | —|—| —[254 —| — ,




