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I. Introduction.

a) Area investigated.

In the spring and autumn of 1925 and the spring of 1927, a number of fishing experiments were carried
out from the 5/s “Dana” with a 50 ft. otter trawl in the southern Horns Reef Area.

This region is bounded on the north by Horns Reef and 55° 33’ N. Lat., which intersects the western-
most point of the Reef, on the south by 55°00° N. Lat., and on the west by 6°00" E. Long. The fishing
experiments were too few in number for a quantitative or qualitative determination of the stock between
the coast and a depth of 10 metres, and this investigation deals accordingly for the most part with the
stations lying outside the 10 metre line. Fishing experiments carried out in Slugen, a channel up to
26 metres in depth through the eastern part of Horns Reef, gave results which, by reason of the special
features as to depth and bottom, diverged appreciably from those given by the other fishing experiments
and are irrelevant to the rest of the material.

b) The extent and nature of the material.

In 1925 from the 2nd to the 4th of April, fishing experiments with trawl were carried out south of
Horns Reef at 10 stations and from the 14th to the 20th of October at 18 stations. Of the spring stations
one was situated in Slugen, and of the autumn stations there was one station where the depth was less
than 10 metres.

From the 28th to the 30th of March 1927 fishing experiments with trawl were carried out in the
southern Horns Reef Area at 8 stations, of which one was situated in Slugen.

Material from previous years for the purpose of comparison is available notably from the autumn-

of 1922, when fishing experiments with trawl were carried out in the southern Horns Reef Area from the
13th to the 26th of September at 23 stations. Of the latter, one was situated in Slugen and one within
the 10 metre line.

Further material for purposes of comparison is to hand in the fishing experiments with trawl carried
out in the spring of 1907 (April 27th to May 7th) (15 stations in the southern Horns Reef Area outside
the 10 metre line and Slugen) and a few fishing experiments with trawl from the springs of 1903 (April
10th), 1904 (Feb. 22nd—25th), and 1905 (April 15th) and from the autums of 1903 (Sep. 26th—27th) and
1904 (Sep. 27th—30th).

c) Previous investigations.

An investigation on the change in the stock during the war and subsequent to it up to June 1919,
by A. C. JonanseEN and KIrsTINE SmrTH, based on the commercial catches of plaice landed at Esbjerg,
was published in 1919%; this investigation was continued by KirsTiNE Smite in 1921% for the period

' A.C. JonanseN and KirsTINE SmiTa: Investigations as to the effect of the restriction of fishing during the war on the plaice
of the eastern North Sea. Medd. f. Komm. f. Havunders. Ser. Fiskeri. Bd. V. No. 9. 1919.

* KirsTINE SmiTH: Danish Investigations of Plaice from the North Sea July 1919—July 1920. Medd. f. Komm. f. Havunders.
Ser. Fiskeri. Bd. VI, No. 2. 1921,
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July 1919 to July 1920. The material from 1922 was dealt with in a paper by KIRSTINE SMITH in
1923 and compared with material from previous years. As regards the years prior to the war A. C. Jo-
HANSEN has published a long series of investigations on the stock of plaice in the Horns Reef Area
and its relation to the stock in the rest of the North Sea. In parlicular may be mentioned Contributions
lo the Biology of the Plaice I, II, III, VI and VII. Medd. f. Komm. f. Havunders. Ser. Fiskeri 19056—1915,
as also Bericht iiber die ddnischen Unlersuchungen iiber die Schollenfischerei und den Schollenbestand in der
dstlichen Nordsee, dem Skagerak und dem nérdlichen Katteqat. Medd. . Komm. f. Havunders. Ser. Fiskeri,
Bd. III. No. 8. 1910. ‘

It is of special interest on the basis of the new material from 1925 and 1927 to investigate the
latest phases in the changes in the stock of plaice in the North Sea after the partial protection afforded
them by the war.

Since the material from the fishing experiments was collected partly in the spring and partly in
the autumn, it will be necessary, for the purpose of inslituting comparisons with the fishing experiments
of the various years, to undertake

a comparison between the distribution and number of individuals of the stock in spring and in
autumn within the southern Horns Reef Area outside the 10 metre line. For this investigation we possess
from 1925 for the first time excellent material from this area. Only for the years 1903 and 1904 is earlier
material available for comparing the stock in one spring with that in the following autumn; it is, how-

ever, of far less value.

The investigation covers moreover the following:

Fluctuations in the numbers and the distribution of the total stock.

The relative frequencies of the different year classes.

Growth.

The relative frequencies of males and females.

On the basis of the results of this investigation, will be given a survey of

the change in the stock after the partial protection of the stock of plaice in the North Sea
afforded by the war.

II. Comparison between the spring and the autumn stock as regards number
and distribution.

The result of the fishing experiments in 1925 is shown on the charts, Figs. 1 and 2, referring to
spring of 1925 and 3 and 4, referring to autumn of 1925, Figs. 1 and 3 show the resulls classified according
to length groups and Figs. 2 and 4 according to age groups. '

The distributions at these two seasons is characteristic for them and is known from earlier in-
vestigations . In the spring the main body of the stock is to be found in comparatively shallow water
whereas in the summer it is distributed over a fairly large area. During the spring fishing experiments
in 1925 (April 2nd—4th) only one plaice was caught at the three outer stations situated outside the 20
metre line. In the autumn of 1925 (October 14th—20th) on the other hand, a considerable part of the
plaice stock was found outside the 20 mefre line, and this was the case both as regards the younger and
the older age groups, although particularly as regards the older. It should be mentioned that the variations

! KirsTINE SmiTH: On the Plaice Population of the Horns Reef Area in the Autumn of 1922. Medd. f. Komm. f. Havunders.
Ser. Fiskeri. Bd. VII. No.4. 1923.

* See A. C. Jomansen: Contributions to the Biology of the Plaice I. Medd. f. Komm. f. Havunders. Ser. Fiskeri. Bd. L. No. 2.
1905. p. 25.
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Fig. 1 Showing number of plaice of the different size groups caught per hour from /s “Dana” by a 50 ft. otter trawl
with extra cod-end. — April 1925.

in number from station to station were about the same in spring as in autumn. Since the number of
stations was considerably smaller in the spring than in the autumn investigations, the latter are of the
greater value for a quantitative and qualitative investigation of the stock.

In the Tables 1, 2, and 3, 4, the results of the fishing experiments in the spring and autumn respect-
ively of 1925 are given in a tabular form; the material collected in the autumn is arranged according to.

Table 1. Numbers of plaice of the various size groups together with the
total numbers caught per hour with 50 ft. otter trawl in the spring

of 1925 (April 2nd—4th) in the southern Horns Reef Area outside

the 10 metre line.
‘ . |
Depth Stat. Size groups, cm.

- - Total
m: Ko ‘ 5—8 | 10—14 | 15—19 | 20—24 | 25—29 \ 30—34 ‘
10 3328 ‘ 78 282 314 152 12 0 ‘ 838
12 3320 ‘ 6 82 66 8 0 0 162
13 3319 4 295 145 54 0 0 | 498
16 3321 H 0 52 76 44 24 2 ‘ 198
18 3323 | 52 378 410 562 82 0 1484
20 3322 0 42 639 669 203 19 1572
24 3325 0 0 0 0 0 0 0
25 3324 1 0 0 0 0 0 1
27 3326 H 0 0 0 0 0 0 0




6

Table 2. Numbers of plaice of the various age groups caught per hour with

Depth Stat. Age groups
. Ho; I I 1 v v VI
10 3328 80 198 106 108 38 4
12 3220 0 30 118 10 P 0
13 3319 1 84 343 16 14 1
16 3321 0 2 88 34 28 29
18 3323 60 250 502 318 332 20
20 3322 0 55 668 366 347 128
24 3395 0 0 0 0 0 0
25 3394 1 0 0 0 0 0
27 3326 0 0 0 0 0 0

50 ft. otter trawl in the spring of 1925 (April 2th—4th) in the southern
Horns Reef Area outside the 10 metre line.

Table 3. Average numbers of plaice of the various size groups caught per hour with
50 ft. otter trawl in the autumn of 1925 (October 14th—20th) in the southern

Horns Reef Area outside the 10 metre line.

Depth- | Average Number Size groups, cm.

zone depth of Total

m. m. stations 0—4 5—9 ‘ 10—14 15—19 20—24 25—29 ‘ 30—34
|

10—19 15 5 0 82 66 155 59 11 1 373
20—29 25 5 0 16 58 385 170 85 8 722
30—39 32 4 0 0 0 110 187 68 6 372

> 40 49 3 0 0 0 0 11 33 6 | 49

Table 4. Average numbers of plaice of the various age groups caught per hour with
50 ft. otter trawl in the autumn of 1925 (October 14th—20th) in the southern

Horns Reef Area outside the 10 metre line.

Depth- Average Number ’ Age groups
zone depth of ==
m. m. stations l 0 I [ II 111 v v ‘ VI VII
10—19 ‘ 15 5 81 64 93 112 13 9 1 0
20—29 25 5 17 36 233 313 60 57 7 0
30—39 32 4 0 1 47 199 70 48 4 0
> 40 49 3 0 0 2 18 13 16 2 0

depth zones 10—19, 20—29, 30—39, and over 40 metres. In the Tables 1 and 3 the material is arranged

according to size groups and in Tables 2 and 4 according to age groups.

It will be seen from the tables and charts, due regard being taken to the greater dispersion in the
autumn, that particularly for the younger age groups there is a great difference in the numbers of the stock
in spring and in autumn, the number for the total area investigated being much higher in the autumn than
in the spring fishing experiments. The fact that fewer plaice are found by fishing experiments in the spring

than in the autumn has been proved by other authors®.

' See A. C. Jomansen: Contributions to the Biology of the Plaice. II. Medd. f. Komm. f. Havunders. Ser. Fiskeri. Bd. I, No. 5.

1907, See also: Die Beteiligung Deutschlands an der internat. Meeresf. IV/V Jahresber. 1909,
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Fig. 2. Showing number of plaice of the different age groups caught per hour from S:/s, “Dana” by a 50 ft. otter trawl
with extra cod-end. — April 1925.

It is however, by reason of the great difference in the dispersion of the plaice throughout the area
in the spring and autumn, impossible to institute a direct comparison of an even approximately satisfactory
character. The stock from the two seasons must therefore first be reduced to the same area, before we
can find the relation between the numbers of the stock at the two seasons.

Only a very few plaice were found at the spring fishing experiments at greater depths than 20 metres,
and therefore we may reasonably take the number found in the area of depth-zone 10—19 metres as the
starting point for a calculation of the relative frequencies of the plaice stock in the spring and autumn
in the southern Horns Reef Area outside the 10 metre line. We will therefore also for the autumn stock
calculate the catch per hour, regarding the stock of plaice as concentrated within the area of the depth-
zone 10—19 metres.

If each of the 6 stations, which in the spring of 1925 were situated in this area between the 10
and the 20 metre line, is assumed to represent one sixth of the area, the average catch for the 6 stations
will give us the average number of plaice caught per hour.

As regards the autumn stock, Table 4 gives the mean numbers, calculated in a corresponding manner,
of the plaice caught per hour for each of the various depth-zones. The mean numbers of plaice caught
per hour, when the stock is regarded as being collected in the depth-zone 10—19 metres, are found by
addition, after the mean number of plaice caught per hour in the outer depth-zones has been multiplied
by the proportion between the area of the depth-zones in question and the area of the depth-zone
10—19 metres.

4
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Fig. 3. Showing number of plaice of the different size groups and total number caught per hour from S-/s, “Dana” by a 50 ft.
otter trawl with extra cod-end. — October 1925.

The areas were found by planimeter to be of the following sizes:

ZONE MM - B v s v e s 5 5 s 456 square miles
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— BOBR = e s ow s s s v 542 — —
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The proportion between the areas of the different zones from the 10 metre line outwards can
therefore be taken as 1:2:1:1%5.

We have then in the following table the relative values for the numbers of the various age groups
and for the totals in the southern Horns Reef Area outside the 10 melre line, calculated from the
fishing experiments in the spring and autumn of 1925.
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Table 5. Comparison between the numbers of plaice of the different age groups caught per hour
in the area between the 10 and 20 metre line (the autumn stock being calculated as concentrated
within this area) in the southern Horns Reef Area outside the 10 metre line in the spring and

autumn of 1925,

0 1 ‘ Il III v ' VI VII Total
Spring 1925 .. .. ................ 0 23 107 354 147 127 29 0 792 ol
Amtamn 1925, - o on s in v s 115 137 609 964 223 195 22 0 2262
Proportion between numbers
in spring & autumn 1925 ... . — 6.0 N 5.7 2.7 15 1.5 0.8 — 29
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It will be noticed that the total stock which was found by fishing experiments in the spring was
about three times less than that found in autumn, and that the difference is particularly marked in the
catches of the younger age groups. About six times as many of the I- and Il-groups were found in the
autumn as in the spring.

This difference, as far as the I-, II-, and III-groups are concerned, may be ascribed to three causes.
It may be assumed that the main cause is that a migration of these age groups from the coastal zone
has taken place between the spring and autumn®, but atlention must also be paid to the fact that mi-
grations from the more southern waters take place (see below). Moreover, it should be noticed that the
fishing experiments in the spring were hardly sufficiently representative, as a great crowding of young
plaice may take place in very limited localities without appearing in the experiments carried out. A pro-
nounced crowding off Sylt has been shown by German investigations in 1926 2.

With the relatively few fishing experiments which it has been possible to undertake, it is therefore
fairly fortuitous, in the case of these youngest age groups, as to how true a picture of the numbers of
the stock has been given by the spring fishing experiments in the area outside the 10 metre line.

It is worthy of notice that fishing experiments carried out by German investigators between 54° 20'
and 55° 00’ N. Lat. in the young fish grounds, i. e. just south of the area dealt with here, revealed greater
numbers of plaice under 20 cm. in length in July than in May?2,

Neither do the autumn fishing experiments outside the 10 metre line give a true picture of the numbers
of plaice of the 0- and I-groups; the greater part of the youngest year classes is found during summer
chiefly within the 10 metre line, partly at a depth of a few metres; the 0-group is thus chiefly found at
a depth of 0—5 metres. In the course of the late summer and autumn they migrate out to rather deeper
water, but this migration takes place at such different times in the different years and varies so greatly in
extent that fishing experiments undertaken outside the 10 metre line do not give, especially for the 0-group,
an accurate picture of the numbers of the stock.

It is peculiar that the number of plaice of the IV- and V-groups found in the area outside the 10
metre line during the autumn fishing experiments is 1'/e times as large as the numbers within these
age groups found in this area during the spring experiments; one would have expected the number to be
greater in the spring in view of the reduction in numbers of these age groups due to fishing. The reduction
of plaice over 25 cm. in length amounted in the Horns Reef Area in 1925, as A. C. JoHaNSEN has found,
to 55 per cent. in the course of one year* and should in the course of the months which elapsed between
the spring and the autumn fishing experiments have amounted to a considerable proportion of the stock
of these age groups, because about ?/1+ of the commercial catches from Eshjerg 1925 were landed in
this period.

The difference in the numbers of plaice, revealed by the spring and autumn experiments, is therefore
also in the case of these age groups so great that it can not be due to chance and must be the effect of
biological conditions.

Probably the difference is mainly due to migrations from the inner zone or from more southern
areas. A. C. JonaNsEN® has pointed out that in June and July an emigration of plaice of over 20 cm.

' A. C. Jouansen: Contributions to the Biology of the Plaice VI. Medd. f. Komm. f. Havunders. Ser. Fiskeri. Bd. IV. No.4. 1913
and A. C. JouansEn: Om Fiskebestanden i Graadyb og de tilstedende Kystvande. Naturens Verden. 1922. pp. 356 et seq.

* W. MieLck: Berichte d. Deutsch. wissenschaftl. Komm. fiir Meeresf. N. F. Bd. 1I. Hift. 4. 1926. p.16 and A. Bockmanx: Weitere
Untersuchungen iiber Schongebiete fiir die Scholle in der Nordsee. Berichte d. deutsch. wissenschaftl. Komm. f. Meeresf. N.F. Bd.
111, ‘Hft. 1. 1927,

* W. MieLck in Fr. HEineke und W. MIELCK: Schongebiete fiir die Scholle in der Nordsee. Berichte d. deutsch. wissenschaftl.
Komm. f. Meeresf. N. F. Bd. II. Hft. 1. 1925. Charts 7 and 8. pp. 30 and 31.

* A. C. JonanseN in Dansk Fiskeri-Beretning for Aaret 1925. p. 100.

® A. C. Jonansen: Contributions to the Biology of the Plaice II. Medd. f. Komm. f. Havunders. Ser.Fiskeri. Bd.IL. No. 5.
1907. p. 78.
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in length takes place away from the southern Horns Reef Area in a north-westerly direction simultane-
ously with their dispersal towards the deeper water.

It will be noticed that the VI-group is caught in somewhat greater numbers in spring than in
autumn, but the numbers were in both seasons rather small.

The investigation suggests that less representative value should be attached to the numbers of the
IlI-group caught in the spring in the southern Horns Reef Area outside the 10 metre line than to the
numbers of this age group caught in the autumn, and that this holds good to an even higher degree as
regards the stock of plaice of the II-group. Plaice of the 0- and I-groups are not found in the area outside
the 10 metre line either in spring or in autumn, but particularly not in spring, in sufficient numbers to
enable a completely reliable valuation of the stock to be made, by fishing experiments of the extent hitherto
found practicable.

ITI. Fluctuations in numbers and distribution of the total stock in the southern
Horns Reef Area outside the 10 metre line.

1. The numbers of the stock.

Autumn fishing experiments. For comparison with the charts Figs. 3 and 4, which show the
distribution and frequency of the plaice in 1925, in Fig. 5 is shown the distribution and frequency of the
plaice in the autumns of 1903 and 1904, classified according to size groups and with the total numbers
caught per hour. The material from the autumn of 1922 is presented on charts published by Kirstine
Smita in 1923 in Medd. f. Komm. f. Havunders. Bd. VII. No. 4. pp- 4, 5. Figs. 1, 2. By comparing chart
Fig. 3, p.8 for the autumn of 1925 with chart Fig. 5 for the autumns of 1903 and 1904, it will be seen
that the stock in 1925, as in 1922, was considerably greater than that in 1903 and 1904. The greatest
catch per hour’s trawling in 1925 was 1599 plaice, the greatest in 1903 and 1904 was 470.

In Table 6 is presented the material from the autumn fishing experiments of 1903 and 1904,
classified according to size groups and depth zones, and in Tables 7 and 8 is presented the material from
the autumn of 1922, classified according to size groups and age groups in the same manner as the
material for the autumn of 1925 is shown in Tables 8 and 4.

Table 6. Average numbers Vof plaice of different size groups and total numbers
caught per hour with 50 ft. otter trawl in the autumns of 1903 and 1904 in
the southern Horns Reef Area outside the 10 metre line.

Depth- Average Number Size groups, em.
zZone depth of S Total
m. m. stations 5—9 10—14 156—19 | 20—24 | 25—29 | 30—34 | 35—5K7
10—19 18 2 24 172 96 37 6 0 0 333
20—29 25 3 0 38 215 107 49 1 0 411°
30—39 31 1 0 0 4 100 86 6 0 198
=40 46 4 0 0 0 1 6 1 1 9

25&

1!
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Table 7. Average numbers of plaice of the different size groups and total numbers
caught per hour with 50 ft. otter trawl in the autumn of 1922 (September 13th—26th)
in the southern Horns Reef Area outside the 10 metre line.

Depth- Average Number || Size groups, cm.
zone depth of Total
m. m. stations 0—4 5—9 10—14 15—19 20—24 ‘ 25—29 30—34
10—19 15 6 2 281 287 94 12 2 0 678
20—29 24 7 0 20 429 197 23 3 0 672
30—39 32 4 0 0 51 97 69 9 0 226
> 40 44 4 0 0 0 1 6 4 1 13

Table 8. Average numbers of plaice of the different age-groups caught per hour with
50 ft. otter trawl in the autumn of 1922 (September 13th—26th) in the southern Horns
Reef Area outside the 10 metre line.

Depth- Average Number Age groups
zone depth of
m. m. stations 0 I 11 ‘ III ‘ v A% ‘ VI VII
10—19 15 6 262 196 168 | 87 12 10 0
20—29 24 7 13 269 324 56 5 1 0 0
30—39 32 4 0 16 98 83 21 5 1 0
> 40 44 4 0 0 4 6 2 [ = 0 0

By placing in separate columns the total numbers in the depth zones in the autumns of 1903 and
1904, 1922, and 1925 we obtain

Table 9. Total numbers of plaice caught per hour in the different depth zones.

Depth zone 1903 and 1904 1922 1925
O v s 0 56 i e s 333 678 373
A= nndi s v 411 672 722
BO—B01L5 . i o v S oo 198 226 372
e e L 9 13 49

In comparing the numbers of plaice caught per hour during the years 1903—07 with those caught
during the years 1922—27, it must be observed that the extra cod-end of the trawl was probably somewhat
smaller in the former than in the latter period. If this was the case, the difference in the efficacy of the
trawl would however only have affected the smaller plaice. In the table below therefore, only the numbers
of plaice over 15 cm. in length are compared.

Table 10. Numbers of plaice over 15 cm. in length caught per hour in the different depth zones.

Depth zones 1903 and 1904 1922 1925
3 18 L R — 138 108 225
20—29. .. ... 373 223 648
o N R P 198 175 372
S e s s e s 9 13 49

It will be seen from tables 9 and 10, as from the charts, that the total numbers per hour in 1925
were as in 1922 considerably above the numbers in 1903 and 1904, but that the numbers of plaice over
15 cm.in 1903 and 1904 was greater than that in 1922 and less than that in 1925.

Moreover it will be seen, upon referring to the proportions given on p. 8 between the areas of the
zones, that the total numbers found at the fishing experiments in 1925 were about the same as in 1922,
but that in the depth zone 10—19 metres was found less abundance of plaice in 1925 than in 1922,
whilst in the outer depth zones a greater density of plaice were found in 1925.
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Fig. 5. Showing number of plaice of the different size groups caught per hour from /s, “Thor” by a
50 ft. otter trawl with extra cod-end, — Autumns of 1903 and 1904,
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From Tables 4, p. 6 and 8, p. 12 we see that this is due chiefly to the fact that a far greater number
of plaice of the 0- and I-groups were found in the autumn fishing experiments in 1922 than in those of the
autumn of 1925, whereas the age groups older than Il were more frequent in 1925. The determination
of the numbers of plaice of age groups 0 and I is, as mentioned on p. 10, subject to some uncertainty. By
comparing the numbers within the age groups II—VI we obtain:

Table 11. Numbers of plaice of age groups II—VI caught per hour in the different depth zones.

Depth zones 1922 1925
TG vt vt o e e BEN 220 227
0208 Lo e S e 390 670
30—39. ... 210 371
ol ool SRS, 13 49

The numbers of plaice of these age groups in the area in question will be seen therefore, when
the proportion between the areas of the zones is taken into consideration, to have been in the autumn
of 1925 nearly double as great as in the autumn of 1922.

Spring fishing experiments: the numbers of plaice of the different size and age groups, spring
1925, are shown on the charts Figs. 1, p. 5 and 2, p. 7 and in the Tables 1, p.- 5 and 2, p. 6; on the
charts Figs. 6 and 7 and in the Tables 12 and 18 are shown the corresponding numbers of plaice of the
different size and age groups, spring 1927.
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Fig. 6. Showing number of plaice of the different size groups and total number caught per hour from S/s. “Dana” by a 50 ft.
otter trawl with extra cod-end. — March 1927.

In Table 14 are shown the numbers of plaice of the different size groups caught by fishing
experiments in the springs of 1903, 1904, and 1905 and in Tables 15 and 16 the numbers of the different
size and age groups respectively caught at fishing experiments in the spring of 1907,
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Fig. 7. Showing number of plaice of the different age groups caught per hour from S./s, “Dana” by a 50 ft. otter trawl with
extra cod-end. — March 1927,

Table 12. Numbers of plaice of the different size groups, together with totals,
caught per hour with 50 ft. otter trawl in the spring of 1927 (March 28th—30th)
in the southern Horns Reef Area outside the 10 metre line.

Depth Stat. Size groups, em.

Total
oy No 5—9 10—14 | 15—19 | 20—24 | 25—29 | 30—34 | 35—39
10 3702 4 262 380 542 228 8 0 1424
12 3707 4 10 40 148 208 60 4 504
13 3704 8 764 672 1484 436 0 0 3364
14 3708 0 0 0 0 0 0 0 0
18 3705 0 0 0 0 4 0 0 4
18 3706 0 0 0 0 0 0 4 4
24 3709 0 0 0 0 0 0 0 0

\

It will be noticed that the total numbers caught at a single station were greatest in 1927 (3364
plaice in one hour), and that the total pumbers in this region seem to have been greater in 1925 and 1927
than in the years prior to the war and particularly 1907.

The great variation in distribution for the different years renders difficult a direct comparison of
the quantity of plaice actually present in the region in question. A better basis for comparison is provided
by the method which was employed to obtain an expression for the numerical strength of the spring
stock in the region in question in the spring of 1925 (see p. 7), each of the fishing experiments carried
oul in the area between the 10 and 20 metre line being regarded, in view of the fairly even distribution
of stations of this area, as represenling equally large sections of the area and when taken together as
representing the whole.
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Table 13. Numbers of Plaice of the different age groups caught per hour with
50 ft. otter trawl in the spring of 1927 (March 28th—30th) in the southern
Horns Reef Area outside the 10 metre line.

Depth Stat. Age groups
o No: 0 I i ‘ I v v VI VI
10 3702 10 452 346 346 250 10 4 0
12 3707 4 60 20 56 236 84 28 16
13 3704 12 724 388 784 1444 16 0 0
14 3708 0 0 0 0 0 0 0 0
18 3705 0 0 0 0 4 0 0 0
18 3706 0 0 0 0 0 0 " 0
24 3709 0 0 0 0 0 0 0 0

Table 14. Numbers of plaice of the different size groups, together with totals, caught
per hour with 50 ft. otter trawl in the springs of 1903, 1904, and 1905 in the southern
Horns Reef Area outside the 10 metre line.

Size groups, cm.
Year Date Dilljth S;it' | Total
i ' 5—9 10—14 15—19 \ 20—24 ‘ 25—29 30—34

|
1903........ . 10/1V 18.5 38—39 1 54 55 91 66

3 270
10904 .. . iens 22—25/11 14 192 10 14 72 95 31 1 299
1904........ || 26, 29/11 15 201 6 68 656 482 64 1 1276
1905, .. ..... 15/IV 14 | 381 i 55 79 64 36 3 239

Table 15. Numbers of plaice of the different size groups caught per hour with 50 ft.
otter trawl in the spring of 1907 (April 27th—May 7th) in the southern Horns Reef
Area outside the 10 metre line.

Depth Stat. Size groups, cm.
2 £e 5—9 1014 \ 15—19 | 20—24 ‘ 95—99 | 30—34 | 35—39 | 40—44 | 45—49
12 976 148 220 90 99 16 1 0 0 0
13 993 38 78 | 62 14 6 0 0 0 0
15 975 1 29 15 26 9 1 0 0 0
17 995 2 10 22 29 14 1 0 0 0
18 1002 3 13 22 27 8 6 2 0 0
29 996 0 0 0 9 1 0 0 0 0
93 1001 0 0 0 0 0 0 1 0 0
26 997 0 0 0 0 0 0 0 0 0
26 999 0 0 0 1 0 1 0 0 0
27 1000 0 0 0 0 1 1 1 0 0
98 998 0 0 0 1 0 0 1 0 0
32 991 0 0 0 0 0 9 0 0 0
40 990 0 0 0 0 0 0 0 0 1
45 989 0 0 0 0 0 0 0 0 0
49 988 0 0 0 1 1 0 0 0 0
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Table 16. Numbers of plaice of the different age groups, together with totals,
caught per hour with 50 ft. otter trawl in the spring of 1907 (April 27th—May 7th)
in the southern Horns Reef Area outside the 10 metre line.

Depth Stat. Age groups
Total

B Ho: I 11 11 v v+
13 993 30 101 82 12 0 228
15 975 0 34 32 12 0 80
17 995 2 17 39 11 0 71
18 1002 2 24 39 12 2 81
22 996 0 0 i 1 1 3
23 1001 0 0 0 0 1 1
26 997 0 0 0 0 0 0
26 999 0 0 1 1 0 2
27 1000 0 0 1 1 1 3
28 998 0 0 1 0 1 2
32 991 0 0 0 1 0 2
40 990 0 0 0 0 1 L
45 989 0 0 0 0 0 0
49 988 0 0 1 1 0 2
Moreover :
12 H 976 H not analysed for age groups H 574

The average numbers of plaice caught per hour in this area are given below in Table 17.

Table 17. Comparison between the numbers of plaice of the different age groups caught per
hour at depths between 10 and 20 metres in the southern Horns Reef Area in the springs

of 1907, 1925, and 1927,

Average | Number Age groups
Year depth of Total
m. stations I 11 } III } v v VI VII VIII
TIOTE i s 16 4 14 64 64 14 12 157
19256 . ..o 15 6 23 107 354 147 127 29 0 0 792 .
i 14 6 S 206 126 198 322 18 6 3 883

April

In comparing the autumn fishing experiments of 1922 and 1925 it has been mentioned that there
has possibly been some difference between the size of the fine-meshed extra cod-end of the trawl as used
in the fishing experiments prior to the war and that used in the post-war experiments, and that this
difference may have affected the number of the smallest plaice caught. A comparison of the numbers of
plaice caught over 15 em. in length, is therefore given below.,

Numbers of plaice over 15 cm. in length caught per hour in the area between
the 10 and 20 metre lines in the southern Horns Reef Area in the
springs of 1903-1904-1905, 1907, 1925, and 1927.

1903, 1904, and 1905 : 450

1907 : 99
1925: 580
1927: 703

! It may be assumed that the percentual distribution as to age groups was the same at Stat. 976 as at Stat. 993.

2y,

® The 1927 catches are from the 28th to the 30th of March; for the sake of comparison the age groups are altered to after

1st by the addition af 1 to each age group.

Fiskeri VIII. 6.
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It will be observed that in both 1925 and 1927 the stock was considerably larger than in the years
prior to the war. The total numbers yielded by the fishing experiments in the area in question were about
the same for the two years.

The numbers of I- and II-group plaice in the catches are however of somewhat less value for judging
the numbers of plaice of these age groups (cp. pp. 4—11). The comparison below is therefore limited to
the age groups III—VIII and IV—VIIL

Mean numbers of age groups III—VIII and IV—VIII caught per hour in the area
hetween the 10 and 20 metre lines in the southern Horns Reef Area
in the springs of 1907, 1925, and 1927.

1907 1925 1927
Numbers of groups III—VIII.. ..... 79 657 673
= - — IV=VII....... 15 303 547

The numbers of plaice in these age groups were the same in 1925 and 1927 in the case of the age
groups III—VIII and greater in 1927 than in 1925 in the case of the age groups IV—VIII alone. It will
be noticed from Table 17 that these older age groups were very much more numerous in 1925 and 1927
than in 1907.

It has been shown by comparison that the total numbers of plaice found by fishing experiments
in the southern Horns Reef Area outside the 10 metre line was approximately the same for the three years
1922, 1925, and 1927, but that in the course of these years the proportion of older plaice in the composition
of the stock steadily increased. Since the stock of plaice of any year class is steadily reduced in numbers
from year to year, the total stock in the southern Horns Reef Area, when the whole area is taken into
consideration, must have been greatest in 1922, less in 1925, and least in 1927, the younger year classes
being present in the greatest density in the inmost depth zone 0—9 metres.

9. The distribution of the stock.

It is of special interest to investigate whether the stock as a whole in the northern part of
the nursery grounds for young plaice in the south-eastern North Sea reveals any changes in the dis-
tribution of a similar nature to those pointed out by BorrLey and Collaborators on the Leman-Haaks
line in the southernmost part of these nursery grounds’, where they have shown that the centre of gravity
of the age groups III, IV, and V+ was found directly after the war nearest to the coast where the plaice
were banked up and that it in the course of the years 1920, 1922, and 1924 moved outwards.

The depth of the centre of gravity or the mean depth of the different age groups in the southern
Horns Reef Area outside the 10 metre line is in Table 18 calculated in the same way as its distance from
the coast is calculated for the different age groups in the English investigation mentioned above, taking
into account the relation between the areas of the depth zones. : :

As will be discussed more closely later, the relative frequencies of males and females were not the
same in 1922 as in 1925. The depths of the centres of gravity are calculated separately for the distribution
of the two sexes, since it was proved for the autumn of 1922 by KIRSTINE SMITH by an investigation of
the relative frequencies of males and females that the centre of gravity of the male population was
found to be in deeper water than the centre of gravity of the female population, which was explained thus:
“eyen before maturity is reached, males of the young age groups have a greater inclination to leave the
coastal grounds than females of the same age”?

1 J.0.BorLEy and Collaborators: The Plaice Fishery and the War, Ministry of Agriculture and Fisheries. Fish. Invest. Ser.
IL. Vol V. No. 3. 1923. p. 28 and J. O. Boriey and D. E. THURSBY-PELHAM: Report on the English Plaice Investigations in the North
Sea during the years 1921—1923. Ministry of Agriculture and Fisheries. Fish. Invest. Ser, II. Vol. VIL No. 6. 1925. pp. 46 —48.

? KirsTINE SmrrH, id. 1923. p. 18.
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Table 18. The depth of the centre of gravity in metres of the distribution of the different agé
groups calculated for males and females in the autumns of 1922 and 1925 in the southern
Horns Reef Area outside the 10 metre line.

II 111 v v VI

34 { 0220 i wn s v s e g e 23.3 26.5 28.2 28.0
1925050 v o on s s 24.9 26.4 28.0 28.7 27.0

00 { 1922 i e e s e e e 22.0 24.3 25.4 26.8
1925, .. ...l 24.0 25.5 27.5 27.2 26.0

It will be noticed that in the autumns of both 1922 and 1925 the centre of gravity for males, when
plaice of the same age group are considered, is found in deeper water, i. e. further from the coast, than
that for females.

It will moreover be noticed that it is only for females that a considerable difference occurs between
the two years with respect to the depth of the centre of gravity, when the same age groups are considered,
as they were found in deeper water in October 1925 than in September 1922. In the case of the males,
the difference in the depth of the centre of gravity, when the same age group is considered, is so slight
that one can scarcely decide whether this difference actually exists, except as regards age group II where
the centre of gravily is found at greater depth in 1925 than in 1922.

The difference found in the mean depth of the females cannot be explained by normal migrations.
The fishing experiments of 1922 were undertaken in September, those of 1925 in October, and from our
knowledge of normal migrations we should have expected that both males and females in October 1925
would have had the centres of gravity of their distribution nearer the coast than in September 1922,
A. C. JoranseEN has namely shown that plaice move outwards in June, July, and August, and that part
of the immature plaice migrate in September and October to shallower water, whilst the mature plaice
remain out in the deeper water®.

Since now the centre of gravity was found at the same depth in October 1925 as in September
1922 in the case of the males, and at a greater depth in October 1925 than in September 1922 in the case
of the females, it was consequenily possible, both as regards males and females, to discern an indication
of the facts pointed out by BorLey and THURSBY-PELHAM, namely that plaice in the nursery grounds on
the Leman-Haaks line had the centre of gravity of their distribution nearer the coast immediately after

the war than before it, and that the centre of gravity moved steadily outwards in the years 1920, 1922;-

and 1924 so that “the marked banking up inshore of the plaice stock so noticeable in 1920, has now
been reversed as far as the III- and IV-year groups and younger groups are concerned, the movement out
to sea having extended even farther than in 1906”2

As regards the Horns Reef Area the distribution of the various age groups is not a result of a
banking up of plaice. As shown in the following it must be assumed that the distribution has been
in full accordance with the average lengths of the various age groups. These were, as is shown in detail in
Chapter V, greater in 1925 than in 1922,

By investigating the depth of the centre of gravity for the plaice of the various size groups in the
same way as has been done for the plaice of the various age groups, we obtain the values given in
Table 19.

It will be noticed that the centre of gravity for the plaice of the same size group was found at a
greater depth in 1922 than in 1925 or at nearly the same depth except in the case of the size group
5—9 em. which is only sparsely represented in this area.

! A. C. Jouansen: Contributions to the Biology of the Plaice I and [I. Medd. f. Komm. f. Havunders. Bd. I. No. 2. 1905. p. 25
and Bd. IL. No. 5. 1907 p. 78.
? J, O, BorLey and D, E. THurseY-PELHAM, id, 1925. p. 48,

!
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Table 19. The depth of the centre of gravity in metres for the various size groups of plaice in
the southern Horns Reef Area outside the 10 metre line.

5—9 10—14 15—19 20—24 25—29 30—34 cm.
Airtaiiany 1922 e vamasenn 16.1 22.2 23.9 28.8 31.6 (44.0)
— A R o 17.8 214 24.2 26.8 30.3 32.8

That the centre of gravity for the same size group was found at a somewhat greater depth in Sep-
tember 1922 than in October 1925 at the fishing experiments was to be expected, after the observation,
mentioned above, of JomANsEn to the effect that the immature plaice move towards the coast in these
months.

A. C. Jonansen and KimsTiNE Smitn have pointed out! that from an investigation of marketable
plaice from the Horns Reef Area in 1919 no change could be deduced in the number of smaller plaice
near the coast.

If we turn to a comparison of the distribution during the spring fishing experiments undertaken
in 1903—05, 1907, 1925, and 1927 it will be seen that the distribution in these years seems to have been
very unequal.

In February—April 1903—05 the dense population of plaice was found at any rate up to a depth
of 18.5 melres, round about May 1st 1907 it ceased at 18 metres and at the beginning of April 1925 at 20
metres, but in the last days of March 1927 already at 13 metres.

An attempt to find the cause of these variations in the distribution of the spring stock in the
temperature (recorded at the lightships of Vyl and Horns Reef) has shown that the temperature is apparently
not the cause.

IV. Relative frequency of the separate year classes.®
a) Changes in the age composition of the catches from 1922 to 1927.

In Fig. 8 is shown graphically a comparison between the catches of the different age groups in
the autumns of 1922 and 1925, the catches per hour in the different depth zoues being compared. In
Fig. 9 the catches in the springs of 1925 and 1927 are compared.

We see from these graphs that in the course of the years 1922—1927 a change has taken place in
the composition of the catches in the southern Horns Reef Area outside the 10 metre line; whilst in 1922
it was the age groups I and II which predominated numerically in the catches in the depth zones in
question, in 1925 and 1927 it was the age groups 11—V which were predominant, in 1925 the greatest
numbers being in the IlI-group and in 1927 in the V-group.

This material from the fishing experiments can be made use of for the purpose of estimating the
relative frequencies of the different year classes.

b) Methods for estimating the relative frequencies of the different year classes.

A determination of the relative frequencies of the different year classes based on a determination
of egg production is impossible, seeing that the number of eggs and young fry which perish may be
assumed to vary greatly from one year to another. *

1 A G Jomansen and KirsTing SwiTH: Investigations as to the effect of the restriction on fishing during the war on the
Plaice of the eastern North Sea. Medd. f. Komm. f. Havunders. Ser. Fiskeri. Bd.V. No. 9. 1919.

* The frequency of a year class is understood here to mean its numerical strength as the result of egg production and
survival.

® Compare W. MieLck: Die Arbeiten der Biologische Anstalt auf Helgoland. Ber. d. Deutschen wissensch. Komm. f. Meeresf,
N.F. Bd. 1L Hft. 4. 1926. pp.17—19 and A. C. JOHANSEN: On the Fluctuations in the Quantity of Young Fry among Plaice and
certain other species of fish, and causes of the same. Report of the Danish Biological Station XXXIIIL, 1927. pp. 6—1,



The determination of the fre-
quencies of the 0- and I-groups
in this region is connected with
great difficulties. It is probable that
considerable numbers of young
plaice come to this region from the
south, as the inner corner of the
German Bight seems, according
to the German coastal investiga-
tions, to be of much more im-
portance as nursery grounds for
these age groups. The difficulties
involved in the method were dis-
cussed in detail by A. C. JOHANSEN
in 1908.1

An estimate of the relative
frequencies of the different year
classes, based on the relative fre-
quencies of the age groups in the
catches made during the fishing ex-
periments mentioned here, is how-
ever possible. The age composition
of the stock in a certain area is de-
termined by the following factors:
1) the frequencies of the year clas-
ses, visiting the area in question,
2) the migrations of the stock,
3) natural mortality, 4) the effect
of fishing upon the stock. If we
know the age composition of the
stock, we can determine the re-
lative frequencies of the different
year classes, when we know or
can eliminate the three last factors.
We can proceed in two ways: by
investigating the relation between
the numbers in the same age
group for various years and by
comparing the relative frequencies
of the various age groups in the
catches in a single year.

The first procedure is easy to

') A. C. JonansEN: On the variation
in frequency of young Plaice in Danish
waters in 1902—07. Contributions to the
Biology of the Plaice ete. III. Medd. f.
Komm. f. Havunders. Bd. III. No. 4. 1908.
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Fig. 8. Showing mean catch of the various age groups taken per hour with a 50 ft. otter trawl in the different depth zenes of
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the southern Horns Reef Area in the autumns of 1922 and 1925.
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adopt if three conditions are fulfilled, firstly that the intensity of fishing remains unchanged, i. e. that
year after year the same percentage of the same size group of plaice is taken, secondly that the stock is
observed for two years at the same season so that the effect of migrations can be assumed to influence
to only a slight extent the relation between the numbers of the plaice for the two years in the area in
question, and thirdly that the length of the same age group is the same year after year.

If these three conditions are fulfilled, the relation between the numbers of two year classes for
the same age group will be a direct measure for the relation between the relative frequencies of the

' year classes visiting the area in question.

No.of specimens The other procedure, namely to deduce the relative fre-
400 ; .
quencies of the different year classes from our knowledge of the
300 1925. age composition of the stock in the area in queslion during a
- single year, demands not only that the intensity of fishing and
the rate of growth have remained unchanged year after year
100 —— but also that we know the normal age composition of the stock
s X — in the area in question.
If this is the case, we have, in the relation between the
300 1927 numbers of the different year classes and the normal numbers
ot in the age group which the year class forms, a measure for the
relative frequency of the different year classes visiting the area.
100 If the intensity of fishing varies from year to year, we
A I can as a rule only obtain a rough estimate, and this is the

1 @ VI VI VI Gt case also to some extent if the length of the different age

Fig. 9. Showing mean catch of the various age ~ S'OUPS varies from year to year, the age composition of the

groups taken per hour with a 50 ft. otter trawl stock in a certain area being altered partly because the bio-
in the area between the 10 and 20 metres

logical conditions of the same age group are altered, and . partly
lines in the springs of 1925 and 1927.

because the effect of fishing on the stock will bring about a
different age composition of the stock.

c) Changes in the effect of fishing on the stock.

The annual percentage of recaptures in the marking experiments enable us to gauge, as A. C.
JouANSEN pointed out in 19067, the reduction, inflicted by fishing on the stock of marketable plaice, and
thereby the intensity of fishing. This yearly reduction amounted according to JoHANSEN in the years
prior to the war in the Horns Reef Area to 53 per cent. in the marking experiments which were under-
taken in March and April?. During the spring marking experiments in 1920 and 1921 recaptures in the
course of the first year amounted to 44 per cent® and during the spring experiments in 1925 the reduc-
tion in the course of the first year amounted to 55 per cent.* The variations in the percentage of re-
captures seem thus to have been small and can be partially accounted for by the time in spring when
the marking experiments were undertaken, in that the percentage of recaptures becomes less the later in
the spring the marking is carried out, and the marking in 1920—21 took place on the 23rd and the 24th
of April, and on the 28th of May, and in 1925 on the 2nd of April.

L A (. JomansEn: Uber die Schollenfischerei im Kattegat und die Mittel, sie zu heben. Cons. Perm. Intern. p. 'Explor. de
la Mer. Rapports et Procés-Verbaux. Vol. V. 1906. pp. 115 et seq.

2 A, C. Jomansen: Marking Experiments with Plaice in the North Sea of the West Coast of Jutland during the Years 1906
—1919. Contributions to the Biology of the plaice VIL Medd. {f. Komm. f. Havunders. Ser. Fiskeri. Bd. IV. No. 9. 1915. p. 23.

8 KinsTINE SMiTH: On the Plaice Population of the Horns Reef Area in the Autumn of 1922. Medd. f. Komm. f. Havunders.
Ser. Fiskeri. Bd. VII. No. 4. 1923. p. 35. '

4 A G. Jomansen in Dansk Fiskeri-Beretning for Aaret 1925. p. 100.
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Marking experiments however throw no light on the degree to which fishing affects the plaice
thich are smaller than those marked, and, as is discussed in detail below, two changes in the intensity
fishing have taken place which may be assumed to influence the numbers of the various year classes
in the southern Horns Reef Area.

The effect of fishing on the stock has moreover changed considerably, owing to the average length
of the different age groups having changed. The small average length of the different age groups in the
years directly after the war caused a far lower percentage particularly of the III- and IV-age groups
to be subject to fishing in these years, i.e. it caused the year classes older than 1919 to be spared to
‘a considerable extent. Owing to the changes in the average length of the different age groups, the youngest
‘age groups became comparatively more numerous in the area outside the 10 metre line during the years
$922-—1927. 1

Two circumstances connected with the intensity of fishing may be assumed to be of importance
for the plaice stock of the southern Horns Reef Area. The younger year classes were during the last
years of the war and directly after it, especially in the German Bight of the North Sea, subjected to very
intense fishing. This fishing was carried on with such intensity that in spite of the fact that only the
young fish grounds in the German Bight were partially open to the German fishery, the weight of the
yield of the German plaice fishery during the years 1917, 1918, and 1919 was over twice as great as the
yield during the years prior to the war. '

Hemcke and MieLck ! have pointed out that an extensive trawl fishery in this area means that an
extraordinarily great reduction in numbers of the younger age groups has taken place.

In addition to a very great number of plaice over 20 c¢m. in length having been caught by fishing
operations during the last years of the war and directly after it, a still greater number of plaice under
20 cm. in length have been destroyed. Heincke and MierLck have calculated that for every marketable
plaice caught over 25 cm. in length, 25 young plaice of little value were destroyed ®

The fishing operations of a steam trawler cover about 250 hectares per day, and since the area
of the inner zone (0—22 metres’ depth), for which closure has been suggested, is only about 1500 times
this area®, and since over half of the important nursery grounds in the southern and south-eastern
North Sea, from which principally all the plaice stock of the North Sea is recruited, lie off the German
coasts, extensive trawling operations for some years round aboul the close of the war must have caused
a considerable reduction in the numbers of the year classes which were then growing up.

class itself, compared with the numbers of the year classes after 1919 in the southern Horns Reef Area
(see Table 20, p. 25) must also, it seems, be ascribed, as regards a considerable proportion, to this inten-
sive fishery on the young fish grounds during the last part of the period when mines were present in
the deeper waters. We must assume that the relatively great protection afforded these year classes during
the years immediately after the war by reason of the small average length of the age groups III and IV
was not sufficient to counterbalance the reduction to which these year classes were subjected in the
German Bight.

The alterations in the extent of area covered by the English trawl fishery must be looked upon as
another change in fishery affecting the age composition of the stock during the years subsequent to the war.

It was not until the stock which had accumulated in the open North Sea had been gradually cap-
tured, whilst at the same time the stock in the nursery grounds improved from a commercial point
of view, that the English trawlers extended their field of operations to cover the eastern parts of the

! Fr. Heincke und W. MiELck: Schongebiete fiir die Scholle in der Nordsee. Ber. d. deutschen wissensch. Komm. f. Meeresf.
N.F. Bd. II. Hft. 1. 1925. pp. 39 et seq.

* Id. p. 40.

* 1d. p. 41.

The very low numbers of the year classes 1916 —1917, and to some extent also of the 1918 year

!
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North Sea ®. This protection of the stock in the Horns Reef Area which ceased with the extension of the
English trawl fishery, must have contributed to a higher proportion of the year classes 1918, 1919, 1920
being present in the area than would have been if in these years an equally intensive trawling had taken
place in this area as took place in the following years.

We may assume therefore that the changes in the effect of the fishery on the stock caused com-
paratively many plaice, older than 1918, to be captured, whilst the numbers of the year classes 1919
and 1920 became comparatively high. The year class 1918 was reduced to a comparatively large
extent by the above-mentioned German fishery during the years round about the close of the war, but
was spared later owing to the English trawlers not including the southern Horns Reef Area within their
field of operations to any appreciable extent until some years after the war had come to an end.

d) The numbers of plaice in the various age groups caught at the fishing experiments.

When determining the relative frequencies of the various year classes, we must moreover take into
consideration the considerable uncertainty prevailing as to the determination of the frequency of the
youngest age groups.

The autumn fishing experiments outside the 10 metre line do not give, as is mentioned on page 10,
an expression which can be compared from year to year for the stock of plaice in the 0- and I-groups,
because the time at which these age groups migrate from the coastal zone varies from year to year and
because also the extent to which these age groups migrate from the coastal zone 0—10 metres varies
from year to year.

The spring fishing experiments represent adequately the size of the stock from year to year only
as regards plaice aged three years or more, because the age groups I and II are in the spring too poorly
represented at the fishing experiments of the scope which has been found possible (cp. p. 10).

If the difference in the numbers of captured plaice in these younger age groups varies consider-
ably from year to year, we may perhaps deduce with some degree of certainty a difference of the same
nature between the relative frequencies of the corresponding year classes.

e) Comparison between the relative frequencies of the various year classes.

We are now in a position to undertake a systematic investigation of the age composition of the
stock for the purpose of thereby estimating the relative frequencies of the various year classes. The
results of previous experiments with this object in view in the Horns Reef Area and in the rest of
the North Sea will be given in the following section and compared with the results here arrived at.

Autumn fishing experiments 1922 and 1925. In order to obtain an expression, which can
be compared from year to year, for how high the number of plaice of the various age groups are in
the area in question during the autumns of 1922 and 1925, the same method of calculation is employed
as in the comparison between the spring and autumn stock in 1925 (see p. 7). The whole stock in the
southern Horns Reef Area outside the 10 metre line, is regarded as collected in the 10—19 metres zone
and the mean number per hour is calculated. In this calculation the proportion between the area of the
depth zones outside the 20 meire line and the area of the depth zone 10—19 metres must be taken into
account (see p. 8). We thereby obtain the values given in Table 20.

That the year classes older than 1919 are poorly represented both in 1922 and 1925, is probably
due, as mentioned in the foregoing, to the fact that these year classes may be regarded as being the

* J. 0. Bortey and D. E. THursBY-PELHAM: Report on the English Plaice Investigations in the North Sea during the Years
1921—1923. Ministry of Agric. and Fisheries. Fishery Invest. Series II. Vol. VIL. No. 6. 1925. pp. 9 et seq.
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Table 20. Numbers of plaice of the different age groups (year classes in brackets) caught
per hour during the autumns of 1922 and 1925, the stock being regarded as
concentrated within the 10—19 metre zone.

0 I 11 111 v v VI VII
1922 . 288 750 920 241 46 10 1 0
(1922) (1921) (1920) (1919) (1918) (1917) (1916) (1915)
T, e e 115 137 609 964 223 195 22 0

(1925) (1924) (1923) (1922) (1921) (1920) (1919) (1918)

Proportion between the num-
bers for 1922 and 1925..... 25 55 1.5 0.3 0.2 0.1 0.0 —

remains of a larger stock which was reduced in numbers by intensive fishery on the nursery grounds
during the years'round about the close of the war. This circumstance limits to a great extent the value
of the autumn fishing experiments for estimating the relative frequencies of the different year classes.

We can deduce from the numbers of age group III, which can only have been slightly reduced
by fishing, that the year class 1922 was far more abundant than the 1919 year class. It may be taken
for granted that age group IV in 1922, i e. the 1918 year class, cannot have been so much reduced
during its first two years of life by the intensive fishery which was still taking place in the south-
eastern North Sea in 1919 — so destructive for the young fish — as to afford a complete explanation of
the very great difference between the numbers of this age group in 1922 and its numbers in 1925, when
it was the 1921 year class. We can therefore assume that the 1921 year class was scarcely less abundant
than the 1918 year class. The age group II was not influenced by fishing and shows that 1923 produced
a poorer year class than 1920.

The difference in numbers of the I-group are so great that the 1921 year class must be assumed
to have been more abundant than the 1924 year class. The proportion between the numbers of plaice
of the 0-group for the two years 1922 and 1925 is 2.5:1, which indicates a difference of the same nature
between the year classes 1922 and 1925, but it cannot with certainty be established whether this is the
case or not.

Moreover, the 0- and I-groups in 1925 are found to be about equally represented. This must neces-
sarily mean that the 1925 year class was more abundant than the 1924 year class, in that we may
expect to find more plaice of the I-group than of the 0-group in fishing experiments of this kind outside
the 10 metre line.

The fact that the 1920 year class (II-group) was in 1922 represented about four times as profusely
as the 1919 year class shows that the 1920 year class was more abundant than the 1919 year class.

The great difference in numbers between the plaice of the 1922 and 1921 year class (III- and
IV-groups respectively) in the year 1925 suggests that 1922 produced a more abundant brood than 1921.

Since the age groups IV and V were represented in 1925 to about the same extent, we can deduce
that the 1920 year class was more abundant than the 1921 year class.

Spring fishing experiments 1925 and 1927. The numbers of plaice of the different age
groups caught per hour during the spring fishing experiments 1907, 1925, and 1927 between the 10 and
20 metre lines are given in Table 21.

In basing an estimation of the relative frequencies of the different year classes on the results of
the spring fishing experiments, it must be borne in mind that at this season of the year only a small
number of fishing experiments has been carried out and that the ensuing results are consequently less
representative than those obtained from the autumn fishing experiments.

Fiskeri VIIL. 6. 4
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Table 21. Numbers of plaice of the different age groups (year classes in brackets) caught
per hour in the Southern Horns Reef Area between the 10 and 20 metre lines
in the springs of 1907, 1925, and 1927.

I . 11 ~ 11 ‘ v 1 v \ VI l VII VIII
1007, .. o sy 14 64 64 14 LG
5 L1121 S 23 107 354 147 127 29 0 0
(1924) (1923) (1922) (1921) (1920) (1919) (1918) (1917)
TRETR v sos ot v 20 wan s ime b 9 54 4 206 126 198 322 18 6 3
(1926) (1925) (1924) (1923) (1922) (1921) (1920) (1919)
Proportion between the num- | B = . | T
bers for 1925 and 1927..... 6.0 l 0.5 238 k 0.7 l 0.3 l 1.6 l 0 l 0

It will be noted upon consulting Table 21 that the 1922 year class is predominant in 1925 as well
as in 1927. This year class proved also in the autumn fishing experiments in 1922 and 1925 to be very
abundant in the Southern Horns Reef Area.

Table 21 shows that the age group IIT was much more abundantly represented in 1925 than in 1927;
the 1922 year class was thus considerably more abundant than the 1924: furthermore it is correspond-
ingly clear from the way in which the age groups IV, V, and VI were represented in the springs of 1925
and 1927 respectively that the 1921 year class was less than or equal with the 1923 year class, that the
1920 year class was less numerous than the 1922 year class, and that the 1919 year class seems to have
been more numerous than or equal with the 1921 year class.

Of the Il-group were found in the spring of 1925 on an average only half of the number found
in the spring of 1927 and we may reasonably deduce from this that the year 1923 has yielded a lower
number of plaice than 1925. The fact that the I-group was represented in the catches of the fishing
experiments in the spring of 1925 six times as numerously as in the spring of 1927 indicates that the
1924 year class was more abundant than the 1926 year class.

Moreover the spring fishing experiments in 1927 show that the year class 1922 has given many
more plaice than 1921. It is interesting to notice that the 1923 year class, as IV-group, was represented
by even 10 times more plaice than was the 1921 year class, as VI-group, which confirms the assumption
that the 1923 year class was at least as abundant as the 1921 year class.

We know from the autumn fishing experiments that the 1923 year class was less than the 1920
year class. These two year classes are represented approximately equally in the spring fishing experiments
of 1925, as II- and V-groups respectively, or 1923 is represented by slightly lower numbers than 1920.
The proportion between the numbers of the IT- and V-groups was in favour of the V-group still more
in the spring of 1927 than in the spring of 1925, and we must therefore conclude that the year class
which formed the V-group was also in the spring of 1927 (1922 year class) more numerous than the
year class which formed the II-group (1925 year class), which was also indicated by the proportion be-
tween the frequencies of the 0-group in the autumns of 1922 and 1925.

If we continue our critical survey of the material afforded by age analyses of the stock in the
southern Horns Reef Area outside the 10 metre line in order to throw light on the relations between the
frequencies of the different year classes, it will merely confirm the results arrived at. These are, arranged
in order in which the relations have been deduced in the foregoing, as follows:

R

2 For the sake of comparison the numbers of the age groups are altered to after April 1st by the addition of 1.



1922 > 1919
1921 > 1918
1923 < 1920
1921 > 1924
1922 > 1925
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1925 > 1924
1920 > 1919
1922 > 1921
1920 > 1921
1922 > 1924

1921 < 1923
1920 < 1922
1919 > 1921
(1923 < 1925)
(1924 > 1926)

These results can be summarized as follows:

(> 1925)\ > 1923 | f = 1918
192 > 1921 =
> 1920 I > 1919 [ = e | > 1924 (> 1926)

The relations whose determinations are uncertain are placed in brackets.

In the foregoing it has been pointed out (pp. 22—24) that the determination of the 1918 year class,
by reason of the changes in the effect of fishing on the age composition of the stock, must be regarded
as very uncertain. The 1919 and 1920 year classes may be assumed to have been more numerously re-
presented in the different age groups than corresponds to the relative frequencies of the year classes and
may therefore possibly have been placed too high in the summary above.

The results are given below in graphic form, where the frequencies of the different year classes
are graded in 6 size classes, of which class 1 gives the least frequency and class 6 the greatest. Where
one year class is depicted as extending over several frequency classes, this signifies that it belongs to
one of these, but that it has not been possible to state definitely to which it belongs. The numerical
difference between the different frequency classes is not indicated.

] | N |

Most abundant year class. ...

Pl

Poorest year class ........... 1 X7

1918 1919 1920 1921 1922 1923 1924 1925 1926

f. Comparison with results of other investigations on the relative frequencies of the different age

groups and year classes in the North Sea during the period of years in question,

Investigations have been published on the relative frequencies of the different year classes in the
North Sea during the period of years in question, based, partly on a determination of the quantity of eggs,
partly on the relative frequencies of the 0- and I-groups, and partly on the age composition of the stock-

1) The quantity of eggs in the southern North Sea was determined by W. MieLck for the spawning
period 1919—1920 *. The quantity of eggs in this spawning period was shown to be from two to three
times as great as during the years prior to the war in which investigations of this kind were carried out.

By comparing the quantity of eggs in the spawning period 1920—1921 in the Southern Bight of
the North Sea with the quantity of eggs in this area in the periods 1910—1911 and 1913—1914, H. J.
BucHaNAN-WorLLAasTON? showed that the egg production in 1921 was about twice as great as in 1914,
and between three and four times as great as in 1911.

! These classes are possibly placed too high in view of the changes in the intensity of fishing.

* W. MieLck: Bericht iiber die Untersuchungen der biologischen Anstalt auf Helgoland. Ber. d. Deutschen wiss. Komm. f.
Meeresf, N. F. Bd. . Hft. ITL. 1925. p. 29. — See also W. MieLck: Die Arbeiten der biologischen Anstalt auf Helgoland. Ber. d. Deut-
schen wiss. Lomm. f. Meeresf. N.F. Bd. II. Hft. 4. 1926. pp- 17—19.

# H. J. BUCHANAN-WOLLASTON: Plaice-Egg Production in 1920—21, Treated as a Statistical Problem, with Comparison between
the Data from 1911, 1914 and 1921. Ministry of Agricult. and Fisheries. Fishery Invest. Ser. II. Vol. 1X. No. 2. 1926.

4*
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2) The relative frequency of the 0- and I-groups has been investigated for the stretch of water Fana-
Hanstholm by A. C. JoHANSEN, who came to the result that the mumbers of plaice of the 0-group both
in 1920 and 1921 were of the same size category as in the years prior to the war'. In the inner corner
of the German Bight there were found however in 1926 such large quantities of plaice of the 0-group,
as to indicate that this area is much more important for plaice of the 0-group than the more northerly
west coast of the Jutland peninsula *

An investigation of the numbers of the 0-group in the Horn Reef Area in the autumn of 1922
seems to show, according to KirsTINE SmiTH, that the 1922 year class was comparatively far more abundant
than the year classes 1903—05°

In the America Dock at Cuxhaven LissErT found a greater number of the first age group in 1922
than in 1925 and — as far as has been observed — also more than in the intervening period* and
than in 1926 °.

3) A. C. Jonansen instituted in 1925 from the results of the fishing experiments of 1922 and 1925
a comparison between the relative frequencies of the various age groups, and has drawn conclusions as to
the relative frequencies of the various year classes in this area ®. He thus found that the year classes 1920,
1921, and 1922 were abundantly represented, 1923 being normally, 1924 less than normally, and 1925
probably less than normally represented, but for this latter year class fresh investigations were necessary.

As will be noticed, this agrees with the result arrived at previously from our systematic examination
of the entire material from the fishing experiments of 1922, 1925, and 1927, wilh the exception that the
year 1923, according to our investigation, must be characterized as having been at least as good as 1921
and that the year class 1925 seems to have been a rich one.

KirsTINE Smite had already pointed out, on the basis of the fishing experiments in the Horns
Reef Area in 1922, that it seemed as if the numbers of fry in 1920 and 1921 had been unusually great
in comparison with the numbers in the years prior to the war’.

As regards the south-eastern North Sea, HEemncke and Biickmann investigated in 1926 the age com-
position of the stock in order to draw conclusions from it concerning the relative frequencies of the dif-
ferent year classes®. The 1919 and 1920 year classes in waters round the Heligoland proved to be relatively
strongly represented in the catches from 1922 to 1925.

In 1927 Ap. Bockmann® continued this investigation by examining the figures of the catches for
1926 also, partly from the waters round Heligoland and partly to the west of it, N. of Norderney. This
examination shows that the 1922 year class in the German Bight was extremely abundant, whereas the 1923
year class proved to be comparatively very scanty. North of Norderney the year class 1924 was shown by
the fishing experiments in 1926 to possess a relatively great frequency.

Finally, D. E. THURSBY-PELHAM 10 investigated the age composition in order to estimate the relative

t A.C. Jomansen: On the Density of the Young Plaice Population in the Eastern Part of the North Sea and the Skagerak
in Pre War and in Post War Years. Medd. f. Komm. f. Havunders. Ser. Fiskeri. Bd. VL. No. 8. 1922, p. 13.

? ApoLr Biickmann: Vorwiegen des Jahrgangs 1922 im Schollenbestande der Deutschen Bucht. Biological Statistics of the
Stocks of Fish 1. Journal du Conseil. vol. IL. No. 1. 1927. pp. 54 et seq.

% KmsTINE SwiTH: On the Plaice Population of the Horns Reef Area in the Autumn of 1922, Medd. f. Komm. f. Havunders.
Ser. Fiskeri. Bd. VII. No. 4. 1923. p. 10.

4 Y. LiseerT: Beobachtungen iiber der Plattfischbestand im Amerikahafen zu Cuxhafen im Jahre 1925. Ber. der Deutschen
wiss. Komm. f. Meeresf. N. F. Bd. IL. Hft. 4. 1926. p. 59.

5 ApoLr Bickmawy, id. 1927. Footnote p. 68.

6 A.C. JoHANSEN in the Dansk Fiskeri Beretning for Aaret 1925 p. 99, and Journal du Conseil. Vol. 1. No. 1. 1926. p. 76.

T KimsTINE SwmitH, id. 1923. p. 10.

8 Fr. Hervcks und Ap. Bocxmans: Die Uberfischung der Nordsee und die Wirkungen der Kriegsschonzeit auf ihren Schollen-
bestand. Der Fischerbote. XVIII Jahrgang. Hft. 3. 1926.

® Ap. Biickmann, id. 1927.

10 ). E. THURSBY-PErLHAM: Fluctuations in the Age Composition of the Plaice Stock in the Southern North Sea during the
Period 1923 to 1926, Biological Statistics of the Stocks of Fish. III. Journal du Conseil. Vol. IL. No. 2. 1927. pp. 173 et seq.
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frequencies of the different year classes a) by fishing experiments on the Leman-Haaks line in May
1923—26, b) by fishing experiments in the vicinity of Vyl Lightship and Sylt, Graadyb and S. W. of
Amrum near Heligoland in June and November 1926, and in some southern localities also in November
1926, ¢) by sampling the plaice landed in Lowestoft in October 1926.

These investigations showed that BickmANN's results, as regards the great frequency of the 1922
year class and the low frequency, as compared with this, of the 1923 year class throughout the whole
area dealt with, as also the great frequency of the 1924 year class to the west of Heligoland, held good
also for the areas dealt with by English investigators.

The researches, carried out by German and English investigators, on the relative frequencies of the
different year classes are thus supplemented by the Danish investigations showing that the 1924 year
class in the southern Horns Reef Area only produced relatively few plaice (as pointed out by A. C. JOHANSEN
in 1925), and determining somewhat more closely the relations between the frequencies of the different
year classes.

One of the causes of the great frequency of the 1922 year class is probably the fact that the
quantity of spawning plaice in the North Sea (cp. the Large and Medium categories of the catches made
by the English steam trawlers (pp. 43—44) was still in 1922 greater than before the war (1913).

V. Growth of plaice and the size composition of the stock.

The following is an investigation of a) what changes have taken place during the years 1922, 1925,
and 1927 in the average lengths of plaice of the different age groups in the southern Horns Reef Area
outside the 10 metre line, and of b) what changes have taken place during these years in the size com-
position of the stock. This is followed by an investigation of ¢) what influence these changes have on
the yield of the fishery. Finally the variation in average length from station to station is considered in
relation to the variations in density.

a) Average lengths of the different age groups in the years 1922, 1925, and 1927.

Autumns 1922 and 1925. In Tables 22 and 23 are shown the average lengths of the various age
groups, in which separate figures are given for males and females in the groups [—1V, for the autumn of
1922 and 1925 respectively, and in Fig. 10 is given a graphical presentment of the average lengths.”
Finally in Table 24 the difference is calculated between the average lengths of each age group in the
autumns of 1925 and 1922. It will be noticed that in every age group except the V-group the average
lengths were greater in 1925 than in 1922.

The difference in average length for the VI-group is not given in Table 24, since this age group
was found in the fishing experiments of 1922 (cp. Table 8, p. 12) in too small numbers for the determ-
ination of the average length to be of any value.

Table 22. Average lengths of plaice of the different age groups in the southern Horns Reef Area
outside the 10 metre line, autumn 1922,

St Mean | Number| ¢ It 1I III v
€PLR~ 1 depth per v || v | vII

R m. stat. @+¢| @8 @ [6+¢ &8 @ |¢4+8 ¢ 2 |8+% & 2 [8+%

10—19 15 678 6.0 || 11.4 11.4 | 1141 135 141 | 13.8 | 16.9 17.3 | 17.2 || 19.9 21.0 | 20.6 | 27.2 | — —
20—29 24 672 6.8 | 122 121 | 12.2 | 145 145 | 145 | 181 19.0 | 18.6 || 21.3 22.1 | 21.8 | 25.1 || 22.0 || —
30—39 32 226 — 1| 141 141 | 141 || 15.6 156 | 15.6 || 20.4 20.1 | 20.3 || 22.4 21.6 | 22.0 || 24.9 || 23.0 || 23.0

> 40 44 13 == == = — || 20.7 22.5 | 21.9 || 23.2 243 | 23.6 || 25.9 25.8 | 25.9 || 30.4 | 33.0
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Table 23. Average lengths of plaice of the different age groups in the southern Horns Reef Area
outside the 10 metre line, autumn 1925.

Depth- Mean | Number | g I 1 11 v v || vI || v
depth per

e m. stat. (@49 & @ [8+9 & ¢ |8+ & ¢ |[d+¥ & % ‘&-1—9 3+||3+|d+*

10—19 | 15 374 6.9 | 12,7 132 | 129 | 164 167 | 165 || 187 19.0 | 18.8 || 224 23.0 | 22.7 || 25.7 || 23.7 || —

20—29.| 25 723 82 | 13.2 13.0 | 13.2 | 165 165 | 165 | 19.2 19.1 ‘ 19.1 || 23.6 25.0 | 24.3 || 26.3 || 27.9 | 25.0

30—39 | 32 372 — 150 — | 150/ 181 186 | 18.3| 20.2 20.8 | 20.4 | 23.8 242 | 23.9 | 25.6 | 28.9 ) —

> 40 49 49 — || = — | — | 2255 243|236 || 244 253 ‘ 24.8 ‘25.(; 27.0 | 26.3 || 28.1 ‘l 306 | —

Table 24. Increase in average length for each age group 0—V from the autumn of 1922 to the
autumn of 1925 in the different depth zones.

Depth- 0 I I 11 v ¥
e 3+l & e |a+¢| ¢ Q | 3+° & S }a+9 3 e | a+2|a+e
10—19. ......... 0.9 1.3 1.8 1.5 2.9 2.6 T 1.8 1.7 1.6 2.5 2.0 2.1 —1.5
20—29.......... 1.4 1.0 0.9 1.0 2.0 2.0 2.0 1=1 0.1 0.5 2.3 2.9 2:5 1.2
30—39.......... — 0.9 — 0.9 2.5 3.0 2.7 — 0.2 0.7 0.1 1.4 2.6 1.9 0.7
e L R e — — S — 1.8 1.8 1.7 1.2 1.0 ‘ 1.2 —0.3 1.2 0.4 —9.8

On account of the unequal distribution of plaice throughout the four depth zones into which the
area is divided, and the general increase in the average lengths of the age groups as the depth increases,
a comparison instituted in this way does not give us any direct information as to the difference in aver-
age length for the two years of the total number of plaice of one age group in the area under discussion.

The average length of plaice for each age group in the southern Horns Reef Area outside the
10 metre line is accordingly calculated in Table 25, the areas of the various depth zones being taken
into account.

Table 25. Comparison between the average lengths of plaice for the various age groups (year
classes in brackets) in the southern Horns Reef Area outside the 10 metre line in the autumns
of 1922 and 1925.

0 I II In v v
1922 v SitsGraage et o 6.1 12.0 14.6 19.4 21.8 26.0
(1922) (1921) (1920) (1919) (1918) (1917)
TO25: v o sanitamms s w2 7.1 13.0 16.8 19.6 24.2 26.2
(1925) (1924) (1923) (1922) (1921) (1920)
Difference in average |
lengths 1925—1922 f *°° 1.0 1.0 2.2 0.2 2.4 0.2

This result, with the exception of the IIl-group, agrees with the result of Heincke and BOCKMANN'S
investigation of the average lengths of the various age groups in the waters round Heligoland. That no
increase in the average length of the V-group took place during these years is explained chiefly by the
circumstance that the 1925 V-group during its upgrowth was influenced by a greater density of stock
than was the 1922 V-group'. That the average length of the III-group did not increase must doubtless

! See Fr. Hemcke und Ap. Bockmany: Die Uberfischung der Nordsee und die Wirkungen der Kriegsschonzeit auf ihren
Schollenbestand. Der Fischerbote. XVIIIL, Jahrg. Heft 3. 1926. p. 88,
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be ascribed to the circumstance that the 1922 year class, from which the IIl-group in 1925 was derived,
was far more abundant than the 1919 year class, from which the Ill-group in 1922 was derived. The
average length of an age group is, as will be shown on page 33, determined to a great extent by the
frequency of the plaice of that year class to which the age group belongs. .

The difference between the average lengths of an age group in 1925 and in 1922 can on an average
be put at 1.5 cm.

Average length, spring and autumn 1925. A. C. JonanseN has found ' that whereas plaice
of the I-group in the spring after April 1st have about the same average length as the O-group in the
foregoing months October—March, each of the older year classes in April—May is of often considerably
greater length than the corresponding year classes in September—March. This is due to the circumstance
that the relatively large plaice of I-, II-, and I1I-groups, which during the autumn and winter have popu-
lated the outer depth zones, migrate in the beginning of spring, in March and April, to the inner depth
zones and crowd out the smaller fish of the same year classes.

A direct comparison between the average lengths of the various age groups in spring and autumn
is however difficult by reason of the unequal distribution at these two seasons and the general increase
in length as the depth increases. A better basis for comparison than is given by the material in its ori-

ginal form is the average lengths given in Table 26 for the stock Depth-zone
of plaice of the different age groups throughout the whole area, otk 20-20  30-39 40 Metres
the average lengths for the autumn and spring of 1925 being cn%sa‘ s ‘lga{:]us
given in Tables 25 and 27, p. 32 respectively. The average lengths - /’ Y
for the spring of 1925 are calculated as the average for the area %/ =+ 28
between the 10 and 20 metre lines. 26 | et L v
It will be observed that for every age group except I-gr. - ey a7
: . % o 2 Am |
spring—0-gr. autumn and IV-gr. spring—III-gr. autumn, the average I / ’/ ,/"\][ ]
length was greater in autumn, contrary to what one would expect 22 f+£ g s H—| 22
from previous experience. This may be explained by the increased s o - ’,’ i
rate of growth. That the average lengths of age groups 0 and - /,',_____.-—:-/X" / ¥4 |
I in the autumn of 1925 were less than the average lengths of # fm\.‘_,—- = =t 18
age groups I and IV respectively in the spring of 1925 has a 16—~ A_,’l 1
natural explanation in the fact that the year classes 1925 and 1&»—]1\* " ____,.-—‘7’;1 i %
1929 were far more abundanl than the year classes 1924 and 1921 L /________../:/' _
respectively (cp. p. 33). 12 Hg == 12
Average lengths, spring 1925 and spring 1927. In wl o
Tables 27 and 28 are shown the mean lengths of the different ol 1,
age groups at the separate stations, in the springs of 1925 and - 4 .4 Pt i
1927 (figures for males and females being given for groups I—Vv). s 1= - 6
It will be seen that just as in the case of the autumn L}f " 1925 i &
experiments a closer comparison is not possible until the average - mmbmme-— 1922 =
lengths of the plaice have been calculated for the whole area. : i ] .
Since the plaice outside the 20 metre line are extremely scanty B = T e Mamfls
in comparation with those between the 10 and 20 metre lines, Depth-zone

a calculation is made in Table 29, similar to the calculation of Fig 10. Showing average length of the various
age groups in the different depth zomnes of the

the relative numbers of plaice of the different age groups (Table __ i1ern Horns Reef Area in the autumns of
21 p. 26), of the average lengths of plaice in the area between 1922 and 1925.

L A. C. Jouansen: Bericht iiber die diinischen Untersuchungen iber die Schollenfischerei und den Schollenbestand in der
ostlichen Nordsee, dem Skagerak und dem nérdlichen Kattegat. Medd. f. Komm. f. Havunders. Ser. Fiskeri. Bd. IlL. No. 8. 1910. p. 74.

v
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the 10 and 20 metre lines, taking into account the number caught per hour at each station and assuming
each station in this area to represent an equal part of it.

Table 26. Comparation between the average lengths of the different age groups (year classes in
brackets), spring and autumn 1925 in the southern Horns Reef Area outside the 10 metre line.

Age group ........ I-gr. II-gr. 111-gr. 1V-gr. V-gr. VI-gr.
Spring 1925 ... | Year class ........ (1924) (1923) (1922) (1921) (1920) (1919)
Mean length ...... 8.3 12.9 16.3 21.3 23.5 25.5
Age group ........ 0-gr. I-gr. II-gr. 11I-gr. ' 1V-gr. V-gr.
Autumn 1925.. | Year class ........ (1925) (1924) (1923) (1922) (1921) (1920)
Mean length ...... i 13.0 16.8 19.6 24.2 26.2

Difference between average lengths,
spring and autumn 1925 ......... 1.2 —.1 —0.5 1.7 —0.7 —0.7

Table 27. Average lengths of the different age groups, spring 1925.

Number
Bl i s 1 1T I v v VI
. No.

m 8 ot |3+9 @ 9 |a+9 & ¢ |a+%] ¢ ¢ [awe| @ 9 |e+efe+s
10 3328 838 8.1 12,8 13.2 13.0 ‘ 15.6 16.4 16.0 ” 19.6 20.7 20.2 || 23.0 22.1 22.5 ‘ 24.0
12 3320 162 — 11.6 14.0 12.1 13.9 15.8 14.6 ‘ 19.2 16.0 18.6 || 16.0 20.0 18.0 —
13 3319 498 19.0 || 11.8 12.6 12.2 | 13.9 3 i i 14.0 || 18.3 19.9 19.4 | 21.3 20.5 20.7 19.0
16 3321 198 | — 13.2 12.8 13.0 || 14.7 16.3 15.3 || 21.0 20.3 20.6 || 21.5 23.4 229 23.5
18 3323 1484 ’ 8.3 || 11.7 12.8 12.2 || 15.5 17.2 16.2 || 20.7 21.1 20.9 || 22.7 22.2 22.4 23.0
20 3395 1574 —_ 17.0 16.0 16,7 || 18.0 18.4 18.2 || 21.9 23.2 294 (| 24.2 25.0 24.6 26.3
25 3324 1 ‘ 6.0 — —_ — | — — —_ — — — — — — —

Table 28. Average lengths of the different age groups, spring 1927

Number | | 11 111 v v VI || VII | VI
per =
mo | N | e lat9l & 9 letel & 9 |at+9l & ¢ |et9 @ ¢ |a+9|a+eja+eate

Depth Stat.

| \

|
10 3702 1418 7.5 || 147 147 | 14.7 || 19.8 20.5 | 20.1 || 22.9 22.7 22.8‘23.7 24.5 | 24.1 || 25.0 || 30.0 | —

12 3707 504 6.0 || 13.8 154 | 14.3 | 23.0 153 | 18.4 | 25.0 25.1 | 25.1 ‘ 24.2 249 | 24.5 || 28.3 || 29.3 || 31.0
13 3704 3364 75 || 122 12,7 | 12.5 | 181 186 | 18.3 || 21.7 21.1 | 21.5 || 22.4 224 | 224 | 23.0 — -
18 3705 4 i == — —= — e = == == — || 25,0 — = — — =
18 3706 4 = = — == —

— |- = == —=1]—=1 — |[870] —

Table 29. Average lengths of plaice of the different age groups in the area between the 10 and
20 metre lines in the southern Horns Reef Area, in the springs of 1925 and 1927*.

I 11 111 \ v Vv 1 VI 1 VII VIII
T ZE = i e S 8.3 12.9 16.3 21.3 23.5 25.5 — i
2 111 2 b 7.0 13.4 19.1 22.0 22.9 26.9 30.2 31.0
Difference between I »
average length — 1.3 0.5 2.8 0.7 — 0.6 1.4 = =
1927—1925 ]

! The fishing experiments in the spring of 1927 took place at the end of March and the age groups are, for the sake of
comparison, given in the tables as one year older than at the time of capture.
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From Table 21, p. 26 it will be seen that the I, VII-, and VIII-age groups are represenled in at
least one of the years in so small numbers in the catches of the fishing experiments that only slight
value can be attached to the determination of the average lengths of these age groups.

Table 29 shows that the average length of each age group was oOn the whole greater in 1927 than
in 1925, but that the difference between the average lengths of the same age group in the two years
yaried greatly from age group to age group.

We can explain these variations in the differences between the average lengths of the same age
group by comparing the differences in average length given in Table 29 with the mean numbers shown
in Table 21, p. 26 of the plaice of each age group caught per hour in the springs of 1925 and 1927
within the area between the 10 and 20 metre lines. A graphic comparison of the relation between the
numbers of the same age group for the two years with the Proportion between Difference in cms between

difference in average lengths is shown in Fig. 11 for all N\%mbawzs-zszv. Av”-a-gf+1fn§5h-}§27‘w325‘
the age groups for which the numbers of plaice caught at . 9
the fishing experiments are great enough for the average ,” W 5
lengths to be determined with reasonable accuracy. 2 ,’I/ A -

We see that the difference between the average ”/ / \\\ A y
lengths of an age group is inversely proportional to the _;"/ / \\qk /'
relation between the numbers of plaice of that age group. 1 / \‘\ /' "
That the average length for the V-group was greatest in 7/ T
1925 must thus be ascribed, at any rate partially, to the
fact that the 1922 year class, which formed the V-group 0 I m v v VI b

in 1927, was far more abundant than the 1920 year class, Fig. 11. Comparison of the relation between the numbers

which formed the V-group in 1925. of the same age group for the springs of 1925 and 1927
with the difference in average lengths. Southern Horns

The 1922 year class was characterized also at the Reef Area between the 10 and 20 metre lines.
fishing experiments in the antumn of 1922 by a very small

average length. During the last years of the war and the first years after it, fishing had such an irregular
effect on the stock of plaice that the relation between the numbers of plaice in the autumns of 1922 and
1925 cannot, as regards the age groups older than the [1I-group, be considered to give a quite true picture
of the difference between the numbers of the original plaice of these older age groups. Furthermore, since

the 0- and I-groups were only sparsely represented in the catches in the area investigated, it was not to

1925 between the difference in average length for each age group and the relation betveen the numbers

of plaice.
The increase in average length from 1925 to 1927 can on an average be put at about 1 cm.

b) The size composition of the stock for the years 1922, 1925, and 1927.

From Tables 3, p. 6 and 7, p. 12, which show the numbers of plaice of the various size groups
in the autumns of 1922 and 1925, and from Tables 1, p. 5 and 12, p. 15, which show the numbers
within the various size groups in the springs of 1925 and 1927, it will be seen that in these years,
parallel with the change in the age composition of the stock and moreover as a consequence of the in-
creased lengths of each age group, a change has taken place in the size composition of the stock in such
a way that the proportion of larger plaice has increased.

The change which has taken place can be seen, better than directly from these tables, if we think
of the stock from the whole of the southern Horns Reef Area outside the 10 metre line as concentrated
in the depth zone 10—19 metres and if we then calculate the mean numbers per hour’s trawling in this
area. As far as the spring is concerned, we can ignore the plaice found in the southern Horns Reef Area

Fiskeri VIIL. 6. 5

be expected that a very close agreement should be found at the autumn fishing experiments of 1922 and._

!
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outside the 20 metre line. These calculations will be found in Table 30, the areas of the various depth

zones being taken into account where the autumn figures are concerned.

Table 30. Catches per hour, autumns 1922 and 1925, and springs 1925 and 1927, of plaice of

the various size groups in the southern Horns Reef Area outside the 10 metre line; the
stock being considered as concentrated in the area of the depth zone 10—19 m.

4—9 10—14 15—19 20—24 25—29 30—34 35—39 cm.
Autumn 1922 ...... 323 1196 587 136 23 2 0
Autumn 1925....... 114 182 1035 603 298 32 0
Spring 1925 ....... 23 188 275 248 54 4 0
Spring 1927 ...... ; 3 178 182 362 145 11 1

It will be seen that from 1922 to 1925 there was an increase in the numbers of plaice in all size
groups over 15 cm. and from 1925 to 1927 in all size groups over 20 cm., whilst the numbers of plaice

in the size groups under 15 em. and under 20 cm. respectively have diminished.

The numbers and distribution of plaice above the Danish minimum length for export plaice,
99.5 em.!, which have been caught in post-war years at fishing experiments, are given in the tables
below, of which Tables 31 and 32 show the numbers and distribution of plaice over 22.5 cm., caught
in the autumns of 1922 and 1925 respectively, and Tables 33 and 34 the corresponding numbers for

the springs of 1925 and 1927.

Table 31. Numbers (in brackets, percentages) of plaice over 22.5 cm. of the various age

groups caught per hour in the southern Horns Reef Area outside the 10
autumn 1922.

metre line,

Depthdyns 1 11 v v VI Total

m.
10—19. ... ... 0 1 (2) 2 (17) 1 (100) 0 4
T S, 0 4 (7 2 (42) 1 (60) 0 (33) 7
30—39. 1 (1) 11 (13) 6 (28) 4 (87) 0 (33) 22
S A0 1(17) TG | 4G 2 (100) 1 (100) 15

Table 32. Numbers (in brackets, percentages) of plaice over 22.5 cm. of the

various age

groups caught per hour in the southern Horns Reef Area outside the 10 metre line,

autumn 1925.

B e 1 111 v v VI Total

m.
10—19. 0o 1 () 8 (D 6 (51) 8 (91) 1 (100) 24
T, (- 2 (1) 38 (12) 44 (74) 51 (89) 7 (94) 142
30—39. 2 (4) 34 (17) 52 (75) 42 (90) 5 (100) 136
A0 e 1 (80) 14 (81) 13 (97) 15 (100) 2 (100) | 44

! The size limit, 22.5 em., is in force from October 1st to February 28th (29th), for the rest of the year it is 24.0 em.
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Table 33. Numbers (in brackets, percentages) of plaice over 22.5 cm. of the various age groups
caught per hour, spring 1925.

Depth Stat.
11 IT1 v v VI Total
m. No.
10 3328 0 (0) 4 (1) 20 (19) 20 (53) 4 (100) 48
12 3320 0 (0) 0 (0) 2 (20) 0 (0) 0 2
13 3319 0 (0) 1 (0) 4 (9) 2 (14) 0 (0) 7
16 3321 0 (0) 0 (0) 4 (12) 16 (57) 12 (55) 32
18 3323 0 (0) 16 (3) 50 (16) 142 (43) 6 (30) 214
20 3322 0 (0) 7 (1) 125 (34) 184 (53) 96 (75) 413
Average catch per
hour between the 10 o 0 5 34 61 20 109
and 20 metre lines

Table 34. Numbers (in brackets, percentages) of plaice over 22.5 cm. of the various age groups'
caught per hour, spring 1927.

Depth Stat.
P & 11 111 v v VI VII VIII Total
m. No.
10 3702 0 (0) 56 (16) 184 (53) | 180 (72) | 10 (100) 4 (100) 0 434
12 3707 0 (0) 4 (20) 40 (71) | 168 (71) | 84 (100) 28 (100) 16 (100) 340
13 3704 0 (0) 16 (4) 228 (28) | 724 (48) | 16 (100) 0 0 984
18 3705 0 0 0 4 (100) 0 0 0 4
18 3706 0 0 0 0 0 4 (100) 0 4
Average catch per
hour between the 10 0 13 75 179 18 6 3 298
and 20 metre lines

By comparing Tables 31 and 32, it will be seen that the numbers of plaice above the export mi-
nimum increased very considerably between the years 1922 and 1925; if we calculate the total number
per hour in the area under discussion, taking into account the unequal areas of the different depth zones,
we find that the number of export plaice in 1925 was eight times as large as in 1922. By comparing
Tables 33 and 34 in which, in addition to the numbers of plaice over 22.5 cm. caught at the different

stations, also the mean catches per hour in the area between the 10 and 20 meire lines are calculated,..

it will be seen that the total number of plaice above the export minimum was more than twice as large
in the spring of 1927 as in the spring of 1925.

If we examine the changes which have taken place in the number of plaice above the minimum
for the Danish market (25.7 cm.), we shall see still more clearly this increase in the number of large
plaice. In Tables 35 and 36 are given the numbers of plaice over 25.7 cm. caught per hour in the au-
tumns of 1922 and 1925 respectively in the southern Horns Reef Area outside the 10 metre line, and in
Table 37 are given the numbers of plaice over 25.7 em. caught per hour in the southern Horns Reef
Area between the 10 and 20 metre lines in the springs of 1925 and 1927.

We see that there was a very great increase in the numbers of these plaice from autumn 1922 to
autumn 1925, and that the numbers from spring 1925 to spring 1927 also increased considerably.

Of plaice over 33 cm. in length, in the autumn of 1922 at each of two stations (depths 19 and 32
metres) 1 was caught per hour, and in the autumn of 1925 at each of three stations (depths 25, 32, and
50 metres) 2 were caught per hour. All belonged to the V-group, except one of the VI-group caught in 1925.
In the spring of 1925 there were caught per hour at one station 9 specimens over 33 cm. in length (all

! For the sake of comparison with the results of the fishing experiments in the spring of 1925, the age groups are given
as one vear older than when taken at the fishing experiments (end of March).

5*



e

36

of the VI-group) and in the spring of 1927 were caught per hour at one slation 8 (after April 1st of
VII-group). The numbers of plaice over 33 cm. thus similarly increased from autumn 1922 to autumn
1925, but on the other hand not from spring 1925 to spring 1927.

Table 35. Numbers of plaice over 25.7 cm.caught Table 36. Numbers of plaice over 25.7 cm.caught

per hour in the southern Horns Reef Area in the per hour in the southern Horns Reef Area in the
different depth zones, autumn 19227, different depth zones, autumn 19251,

Depth- | Depth-

zone 1l 111 v v VI zone n | 1 v v VI

\

10—19 0 0.2 0.3 0.5 0 10—19 0 2 2 6 0
20—29 0 0.6 0.1 0.3 0.1 20—29 0.4 5 19 31 5
30—39 0.1 2 2 p) 0 30—39 0 4 16 25 4

> 40 0.1 ‘ 2 1 0.8 0.2 > 40 0.3 6 8 15 2

Table 37. Numbers of plaice over 25.7 cm. of the different age groups caught per hour in the
southern Horns Reef Area between the 10 and 20 metre lines in the springs of 1925 and 19272

] 11 111 v v VI \ VII VIII \ Total
1925, 0 0 2 8 28 17 0 . 0 55
109 s mnmrmmmsmays 0 2 i 42 66 13 6 3 132

¢) The yield by weight of the fishery compared with the size composition of the stock.

On the basis of the changes in the size composition of the stock which have been the subject of
investigation in the foregoing, it is of special interest to investigate:

1) how the yield by weight of the fishery has been influenced by the varying composmon of
the stock,

2) whether it is possible, on the basis of the composition of a stock, to estimate the prospects for
the yield by weight of the fishery for the following years.

The plaice fishery from Esbjerg was before the war carried on almost exclusively in the Horns
Reef Area, but since the war more remote grounds have also been fished to a considerable extent.

During the years subsequent to the war, various circumstances have affected the intensity of the
plaice fishery, namely the uncertain marketing conditions prevailing during the first years after the war
and the fact that from 1916 a haddock fishery was started concurrenily with the plaice fishery.

Table 38. Yield in metric tons of the plaice landings in Esbjerg from the sea fishery.

Year Plaice in metric tons Year Plaice in metric tons Year Plaice in metric tons

199 s 4861 1922 wovnns .. 2527 025 cxcnsnss 9094

1920 .. .. eeen 3445 1923 v 3488 1926 . e s s 9825

01258 [ 1333 1924 ........ 3798 1927 Presumably about 10—25 % lower than in 1926.°

The low catches of plaice in the years 1919-—1922 were due to bad marketing conditions. The
increase in the yield which took place from 1921 to 1922 was due, according to the Fiskeri Berefning, not
! Numbers less than one are given as fractions.

? For the sake of comparison each age group in 1927 is altered to after April Ist, i.e. by the addition of 1 to its number
* These figures have been kindly supplied by A. C. StrusersG M. sc., of the Fishery Board.
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5o much to an improvement in the stock as to the beginning of an improvement in marketing conditions.
In 1923 the Fiskeri Berelning mentions that the plaice were found far out to sea and very much dispersed,
but in 1924 the stock was fairly dense and in 1925 the stock of young fish close inshore was great.
Plaice become marketable after attaining a length of 22.5—25.7 ecm., and as the difference in length
from age group lto age group of plaice of 15—20 cm. in length in 1922 (II-, III-, and IV-groups) was
about 3 cm., in 1925 (I-, II-, III-, and IV-groups) 3%/:—4 cm., and in 1927 (I-, II-, and III-groups) about
4 ¢m. (3'/s—4'/2 cm.), we can with the aid of Table 30, p. 34 in connection with Tables 31—34, pp. 34
—35 and Tables 35—37, p. 36, compare to some extent the composition of the stock of marketable plaice
even in years when no fishing experiments have taken place.

We have seen in the foregoing that the stock from a commercial point of view was of very little value
at the close of the 1922 fishing season, but was particularly favourable at the close of the 1925 season.

Since during the winter months only a very slight growth takes place, the spring fishing experi-
ments of 1925 and 1927 show that the composition of the stock at the close of the 1926 fishing season
was considerably more favourable than at the close of the 1924 season.

By comparing the stock in the springs of 1925 and 1927 in order to determine its value for the
fishery in these two years, it will be seen that plaice, of the lengths from which the plaice for the home
market are recruited, — according to the growth rate prevailing during these years — were about the
same in number in the two springs of 1925 and 1927. It will also be seen that plaice, of the lengths from
which the export plaice are recruited, were present in smaller numbers in the spring of 1927 than in
that of 1925, whilst in the beginning of 1927 was found a stock of export plaice and plaice for the
home market which was over double as great as at the beginning of 1925 (cp. Tables 33, 34, p. 35, and
37, p. 36). It may therefore be asumed that the value of the stock from a commercial point of view was
more or less the same in 1925 as in 1927.

These changes in the commercial composition of the plaice stock are in accordance with the
changes in the yield of the fishery (cp. Table 38).

The prospects for 1928 differ from those for 1926 (estimated from the composition of the stock
in the springs of 1927 and 1925 respectively). Marketable plaice will be recruited in the course of 1928
in somewhat less number than in 1926, but on the other hand the stock of marketable plaice will be
found at the beginning of 1928 to be a little larger than at the beginning of 1926.

In 1927 the stock of marketable plaice was recruited from the plaice which in the spring of 1925

were about 15 cm. in length, and correspondingly in 1929 it will be recruited from those which in the

spring of 1927 were about the same length, or rather slightly less. By consulting Table 30 we find that
recruiting will be less in 1929 than it was in 1927. At the same time the stock of older plaice which will
be in existence at the beginning of 1929, will probably be less than that which was in existence at the
beginning of 1927.

d) The dependence of the average length on the density of the stock at the different localities.

If for the summer of 1925 we compare the average lengths of the different age groups at each
station with the numbers of plaice caught per hour at that station, as has been done in Figs. 12 and
13, we shall se that the average length of each age group, when we consider localities of about the same
depth, varies inversely with the number of plaice at the locality in question. This holds good of course
only when the age group is represented in sufficient numbers at the depth in question for its average
length to be regarded as determined with so great accuracy that chance errors are considerably less than
the variations from station to station.

This circumstance that the average length tends to vary from locality to locality in inverse pro-
portion to the density of the stock can, in consideration of the size of the variations in average length
from station to station, scarcely be explained otherwise than by the assumption that the stock which is

!
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Fig. 12. Comparison of average lengths of the various age groups at each station in the
southern Horns Reef Area between the 10 and 40 metre lines with numbers of plaice
caught per hour at that station. Autumn 1925.
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Fig. 13. Comparison of average lengths
of the various age groups at each sta-
tion in the southern Horns Reef Area
outside the 40 metre line with num-
bers of plaice caught per hour at that
station. Autumn 1925.

found in one locality has through-
out the summer consisted in the
main of the same plaice and has
maintained approximately the
same density. This is in accord-
ance with the fact that plaice
seem to migrate in shoals through-
out the summer, which A. C.Jo-
HANSEN has pointed out on the
basis of the marking experi-
ments .

The only factor which can
cause the average length to vary
from locality to locality in in-

verse proportion to the density of the stock is namely the competition for food during the summer growth.
A spontaneous splitting up of the plaice of each age group SO that the largest individuals in it seek the
most thinly populated regions whilst the smaller seek the most densely populated, is improbable seeing
that the largest individuals of one age group may be regarded as biologically closely resembling lhe smaller

individuals in the following age group.

In the spring of 1925 (cp. Table 1, p. 5 and Table 27, p. 32) no connection is apparent between

1 A G. Jomansen: Contributions to the Biology of the Plaice ete. 1L Medd. f. Komm. f. Havunders. Ser. Fiskeri. Bd. II. No.5.

1907. pp. 89—91.
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the variations in average length and the density from locality to locality, nor it is to be expected after
the concentration of plaice, which takes place in the course of the autumn and winter, and the inter-
mingling of the different shoals which must necessarily be a consequence of it.

We see in Figs. 12 and 13 that the variations in average length from locality to locality depend
not so much on the numbers of the plaice in these localities as on the proportion between the numbers
and the general distribution of density according to depth, where the density as a whole decreases from
the 20—29 melres’ zone in both directions, i. e. out to sea and towards the coast (cp. Charts fig. 3 and 4,
pp. 8 and 9). In the outer depth zone over 40 metres (Fig. 13), where the number of individuals is very
low in proportion to the numbers in the inner depth zones, the interdependance of the variations in the
relative numbers and the average lengths of the plaice from locality to locality appears to be just as
great as in the depth zone 20—29 metres. Competition within the separate parts of the stock (the se-
parate shoals) thus seems to affect the average length in that part of ‘the stock where the density on the
whole is great just as much as where it on the whole is slight.

VI. Relative frequency of males and females.

a) Autumns 1922 and 1925. In Tables 39 and 40 are shown the percentages of females of age
groups II—VI in the different depth zones in the autumns of 1922 and 1925 respectively.

Table 39. Percentages of females and (in brackets) numbers of plaice of age
groups II—VI caught per hour in the southern Horns Reef Area outside the
10 metre line, autumn 1922.

Depth-
zone 11 11T v A\’ VI
m. '
T2 v e s 56 (168) 65 (37) 65 (12) 100 (1) —
D0—29 - v ¢ 48 (324) 57 (56) 62 (5) 38 (1) 0 (0)
30—39........... 46 (98) 45 (83) 51 (21) 38 (5) 0(1)
Sl oapasia 25 (4) 33 (6) 35 (2) 83 (1) —

Table 40. Percentages of females and (in brackets) numbers of plaice of age
groups II—VI caught per hour in the southern Horns Reef Area outside the
10 metre line, autumn 1925.

Depth-
zZone II 111 v v VI
m.
o [ 47 (93) 49 (112) 46 (13) 61 (9) 33 (1)
20—29. . ... ... 41 (233) 53 (313) 54 (60) 65 (57) 44 (7)
30—39........... 36 (47) 36 (199) 43 (70) 46 (48) 35 (4)
ol e va o g 60 (2) 43 (18) 53 (13) 53 (16) 40 (2)

We notice, as regards the distribution both in the autumn of 1922 and in that of 1925, the fact

noted during previous investigations in this region that the percentage of females decreases with the depth
and in each depth zone increases with the age.®

The decrease in the percentage of females with increasing depth which was so marked in the

! KirsTiNg SmrtH, id. 1923.
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autumn of 1922 was however far less noticeable in the autumn of 1925. It was in autumn 1925 as in au-
tumn 1922 just as marked in the case of age group 1I, of which no plaice are mature and none attain the
minimum length for fishing, as in the older age groups, which circumstance was certainly due, as KIRSTINE
Smrta has pointed out, to a feature in the biology of plaice which is independent of fishing and the state
of maturity (cf. p. 18).

b) Springs 1925 and 1927. Fishing experiments in the springs of 1925 and 1927 showed, with
reference to the distribution of the relative numbers of females, the same increase with age as shown by
the autumn fishing experiments. In Tables 41 and 42 are shown the percentages of females found at the
spring fishing experiments.

Table 41. Percentages of females and (in brackets) the numbers of plaice of age groups
II—VI caught per hour in the southern Horns Reef Area outside the 10 metre line,
spring 1925.

Rphts o | 1 \ I t v 1 v \ VI
m. No.
10 3328 58 (198) 56 (406) 56 (108) 58 (38) 50 (4)
12 3320 27 (30) 37 (118) 20 (10) 50 (4) —
13 3319 56 (84) 51 (343) 74 (46) 79 (14) 100 (1)
16 3321 31 (26) 41 (88) 59 (34) 71 (28) 27 (22)
18 3323 38 (250) 36 (502) 60 (318) 49 (332) 33 (20)
20 3322 33 (55) 41 (668) 40 (366) 47 (347) 57 (128)

Table 42. Percentages of females and (in brackets) numbers of plaice of age groups
II—VI! caught per hour in the southern Horns Reef Area outside the 10 metre line,
spring 1927.

e

_—————

Uepth Rt U 1 l 11 \ v \ v \ VI
m. No.
10 3702 26 (452) 42 (346) 38 (346) 56 (250) 50 (10)
12 3707 33 (60) 60 (20) 57 (56) 41 (236) 52 (84)
13 3704 61 (724) 43 (388) 41 (784) 51 (1444) 0 (16)
18 3705 - - o 100 (&) am

¢) Changes in the relative numbers of males and females from 1922 to 1927. It is a
well known fact that the relative number of females in a stock of plaice, which is untouched by fishing
is less than in a stock which is being fished. In accordance with this, the percentage of females in the
autumn of 1922 in the southern Horns Reef Area decreased greatly out towards the central North Sea,
where the stock had been protected during the war and where remnants of it were still found in 1922.
The last remnants of this protected stock may be considered to have disappeared in 1923 and in 1925
in accordance with this the percentage of females was increased in the outermost depth zone.

The changes however in the relative frequencies of males and females are due alone, as KIRSTINE
Smrtn has pointed out?, to be a change in the local distribution of males and females.

With a view to investigating the question of changes in the relative number of females in the
entire stock in the area dealt with, the average percentages have been calculated, in Table 43 below, of
females in the springs of 1925 and 1927 in the area between the 10 and 20 metre lines, whilst for the

1 For comparison with the results of the fishing experiments in the spring of 1925 the number of each age group is altered
to after April 1st by the addition of 1.
? KyrsTINE SMiTH, id. 1923, pp. 21—22.
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autumns of 1922 and 1925 the stock 'Table 43. Percentages of females in the entire stock in the

has first been regarded as concen- southern Horns Reef Area outside the 10 metre line.
trated in the 10—19 metre’s zone, ‘

. . J 1
taking into account the areas of : . | I I¥ ¥ ¥
the (‘hﬁ'erent dep.th zones, and the , .= .o, - - 47 48 40 _
relative frequencies of the females - 1995 ... .. 39 49 49 10 50 39
on the entire sto.ck have then been Spring 1925. ... ... B P " £ 56 53
calulated accordingly. T L 57 59 50 56 1 50

It will be seen that the per-
centages of females throughout the whole area in question was approximately the same in 1922 as in
19252, but increased from 1925 to 1927 in the case of the younger age groups. The latter were however
so poorly represented at the fishing experiments, and particularly so in 1927, that no importance can be
attached to the changes found.

VII. Changes in the stock of plaice after the partial protection
caused by the war.

The changes in the plaice stock in the Horns Reef Area during the war and the first years after
. the war are closely discussed and explained in the works of A. C. Jonansen and KIRSTINE SMITH.

In the following we shall consider the changes in recent years in connection with the changes in
the first years after the war and with the changes in the other parts of the North Sea which have been
the subject of German and English investigations.

These investigations together cover the nursery grounds in the southern and south-eastern North
Sea, since the German investigations furnish information as to the stock in the waters round Heligoland,
and the English investigations especially as to the stock in the south-western area of the nursery grounds.

Moreover, the English investigations in particular cover the stock in the open North Sea.

The investigators have concerned themselves chiefly with the changes in the numbers of the stock,
the age composition and growth, but also with the distribution of the stock, the relative frequencies of
the two sexes and finally with the effect of the changes on the yield of the fishery.

Changes in the plaice stock up to 1922% The results of earlier Danish investigations can,
as regards the growth and numbers of plaice, be summarized as follows.

Plaice over 30 and 33 cm. constituted (in May) the following percentages of the fish over 27 cm.

in length landed in Esbjerg. R T 1019

over 30 cm. .......... 23 %o 40 % 54 %o
over- 33 e, svapsaaey 3% 10 %o 23 %

The numbers of smaller plaice (below 27 cm. in length) in the catches seem to have been un-
changed.

The density of the stock in those areas where marketable plaice predominated, was thus greater
in 1919—20 than in 1916 and greater in 1916 than in 1904—06.

! For the sake of comparison the number of each age group is altered to after April 1rst by the addition of 1.

* ep. KirsTiNg Swmrrh, id. p. 22.

8 A, C. Jouansen and KIrsTINE SmiTH: Investigations as to the effect of the restriction of fishing during the war on the plaice
of the eastern North Sea. Medd. f. Komm. f. Havunders. Ser. Fiskeri. Bd. V. No. 9. 1919. — KirsTiNe SmrTe: Danish Investigations
of Plaice from the North Sea. July 1919—July 1920. Medd. f. Komm. f. Havunders. Ser. Fiskeri. Bd. VI. No. 2. 1921. — KiRrsTINE
SmiTH: On the Plaice Population of the Horns Reef Area in the Autumn of 1922. Medd. f. Komm. f. Havunders. Ser. Fiskeri.
Bd. VII. No.4. 1923.

Fiskeri VIII. 6. 6
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Whilst the density thus increased after the years prior to the war, the rate of growth correspond-
ingly diminished.

The numbers of older plaice were therefore very greatly augmented during the war.

At the fishing experiments with trawl in the autumn of 1922, the numbers of large plaice (over
30 cm. in length) proved to have diminished since 1919—20; in particular the plaice 35—40 cm. in length
which had been found in great numbers in 1919 had now become relatively scarce. Plaice under 27 cm.
were on the other hand approximately twice as numerous as in 1919 and more than twice as numerous
as in the years 1904—05. In particular, the I- and II-groups were more numerous than in the years
1903—07.

The average length for the II-, III- and IV-groups was in the southern Horns Reef Area about

4 em. less than in 1905 and 1907, and the small lengths were probably due chiefly to the rate of growth
in 1921 and 1922 being abnormally slow.

Changes in the plaice stock after 1922. The most important changes in the plaice stock
after 1922 have been, as shown by the fishing experiments in the spring and autumn of 1925 and in the
spring of 1927, the decrease of the total stock in the entire southern Horns Reef Area from the coast to
Long. 6° E. from 1922 to 1925 and its decrease again from 1925 to 1927. It must however be borne in
mind that the spring fishing experiments do not give wholly comparable values from year to year for the
numbers of the youngest age groups. The stock is still somewhat larger than before the war. In the
southern Horns Reef Area outside the 10 metre line the total stock was about the same for the three
years in question, but the proportion of older plaice in the composition of the stock increased greatly
during these years.

The abundant year classes 1920 and 1921 were succeeded, as KIRSTINE SMITH pointed out in 1923,
by a still more abundant year class 1922, and since 1922 these year classes have predominated in the
numbers of the stock in the southern Horns Reef Area outside the 10 metre line.

As the total stock diminished, the rate of growth correspondingly increased in the case of the age
groups 0—IV, and their average lengths regained in the years 1922—1927 about two thirds of what they
had lost during the war. But at the same time it is noticeable that the numbers of a single year class
determine to a considerable extent its rate of growth, since the growth rate of an abundant year class is
comparatively small, whilst it is greater for a poor year class.

In contradistinction to the other age groups, for which it has been possible to determine the aver-
age lengths with considerable accuracy, the V-group shows a diminution in length from 1925 to 1927.
A partial explanation of this is afforded by the circumstance that the V-group in 1927 consisted of the
unusually abundant year class 1922, but it must at the same time be noted that the main area of distri-

bution of the V-group lies outside the nursery grounds, where there have been other conditions affecting
growth (see below).

Comparison between the changes in the Horns Reef Area and the other parts of the
nursery grounds in the southern and south-eastern North Sea.

The investigations on the plaice stock in the waters round Heligoland, carried out by HEINCKE and
BickMaNN ! showed that for the males the age groups I—IV, and for the females the age groups 1—V,
decreased in average length from before the war (1905—06) until 1916, again in the period 1916—19,
and again from 1919 until 1922. The V- and VI-groups of the males and the VI-group of the females,
on the other hand, only decreased up to 1919 after which year they increased in average length until
1922. From 1922 to 1925 they again decreased in average length. The different age groups in this area
thus show after 1922 the same variation as the corresponding age groups in the Horns Reef Area. (The
changes in average length during the years 1919—1922 are not known from the Horns Reef Area). These

! Fr. HEinckeE und Ap. Bickmany, id. 1926.
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changes are ascribed by HeinckE and Bickmann to changes in the density of the stock. With the steadily
increasing numbers of young plaice of year classes 1920, 1921 and 1922 the density of the stock in the
nursery grounds increased up to about 1923, which created steadily deteriorating conditions up to this
date for the growth of the plaice. The changes in the period from 1922 to 1925 are to be explained in
this region, as in the Horns Reef Area, by the again diminishing density of the plaice stock.

Investigations of the plaice stock on the Leman-Haaks line (in May) show, according to BoRLEY
and THURsBY-PELHAM !, thal the growth rate for age groups III, IV, and V, except for the males of the
III-group, increased from 1920 to 1922 and even to 1923, but that from then to 1924 the average lengths
of the different age groups decreased.

The changes in the average lengths of the different age groups thus correspond to those observed
for the V- and VI-groups in the waters round Heligoland, and when the changes in the Leman-Haaks
Area are found in the age groups III, IV, and V (the fishing experiments in this area took place in May,
i. e. at the beginning of the summer growth of the age groups under discussion) this must presumably
be explained by the fact that the Leman-Haaks Area is situated in the direct vicinity of the important
spawning grounds and that the stock there consequently is influenced to a considerable extent by the
stock in the open North Sea. The quantity of plaice in the open North Sea decreased up to the year
1923, but seems to have increased after that date (cp. p. 44). One would expect a corresponding
increase in the growth rate up to 1923 and a corresponding decrease after that date, as has been found
by BorLEY to be the case in the Leman-Haaks Area.

The relative frequencies of the different year classes in the Horns Reef Area are shown on page 27.
The investigalions undertaken there in conjunction with those of Bickmany ? and Tuurssy-PeELHaM * show
that the 1922 year class throughout the entire nursery grounds for young plaice was very abundantly
represented. The 1921 year class in the Leman-Haaks Area seems to have been very abundant, whilst
that in the Horns Reef Area must be characlterized as above normal, although it produced less plaice
than 1920 and less than or the same as 1919. The 1923 year class has in every area been far more
sparse than the 1922 year class. The 1924 year class was very plentiful off Ymuiden, on the Leman-
Haaks line and the north of Norderney, but was very sparse on the other hand off Heligoland and in
the Horns Reef Area in comparison with the other year classes. The 1925 year class in the southern
Horns Reef Area seems to have been very rich, yet poorer than the 1922 year class.

Relation between the changes in the stock in the nursery grounds and in the open
North Sea. '

The fullest information concerning the changes in the stock in the open North Sea has been
published by English investigators. Few age analyses have been given but the information concerning the
fluctuating size composition of the stock is varied and based in some cases on very extensive data.
Of particular interest is an investigation-on the proportions in the catches of the different trade categories.
In Table 44, below, are given the proportions in the catches of English steam trawlers, calculated from
the tables published by BorLey and Tuursey-PELHAM * and by GarsTanG°.

There is no doubt whatever that the great increase in the quantities of the trade calegories Large
and Medium from 1913 to 1919 was a result of the protection afforded the North Sea, and in particular
- the central parts of it, during the years of the war. During this period a stock of large plaice accumul-

1 J. 0. BorLey and D. E. THurssY-PELHAM, id. 1925.

? AporLr Biickmann: Vorwiegen des Jahrgangs 1922 im Schollenbestande der Deutschen Bucht. Biological Statistics of the
Stocks of Fisch, I. Journal du Conseil. Vol. II. No.1. 1927. p. 54.

3 D. E. THursBY-PELuAM : Fluctuations in the Age Composition of the Plaice Stock in the Southern North Sea during the
Period 1923 to 1926. Biological Statistics of the Stocks of Fish, III. Journal du Conseil. Vol. Il. No. 2. 1927. pp. 173 et seq.

4 J. 0. BorLey and D. E. THUuRsBY-PELHANM, id. 1925. pp. 11 and 77.

® W. GarsTaNG: Plaice in the North Sea. The Times 21—26 April, 1926.

6#
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ated, which offered exceptionally favourable opportunities for fishing, when the latter resumed its pre-
war proportions. As the table shows, their quantity was reduced from year to year. It is noteworthy
that the quantities of Large and Medium plaice were in the abundant spawning years 1919,
1920, 1921 and 1922 greater than in 1913.

Table 44. Catch of plaice (cwt.) of the different trade categories
in North Sea per day’s absence of English steam trawlers.’

Year Large Medium Small Total
123 s 0.42 0.68 0.90 2.09
T s civom o 1.71 2.46 0.34 4.53
1200 ... s5.00 s o 1.40 1.29 0.51 3.42
1921 . mmimmiieie 0.67 1.20 0.62 2.57
27202 | S 0.41 0.84 091 221
HO08) o e cminsmie 0.27 0.51 1.05 1.90
P24, e v e - 0.21 0.52 1.36 21

It is on the other hand rather difficult to explain the decrease from 1913 to 1919 in the guantities
of the trade category Small. BorLEY and Tuursey-PELHAM have shown that these plaice during the years
1920—1923 seem to have gradually spread out over the North Sea from the south-eastern nursery grounds.
At each locality in the southern part of the North Sea where English trawl fishery took place, the quantity
of small plaice caught per 100 hours’ fishing was increased from year fo year.

W. GarsTang has put forward the hypolhesis, based on the above and on the investigations, men-
tioned on pp. 18 et seq., on the changes in the distance from the coasts of the centres of gravity of the
different age groups on the Leman-Haaks line, that the decrease in numbers of small plaice was due to
the accumulated stock, the large plaice in the competition for food banking up the small plaice in the
shallower parts of the inshore waters where starvation and accordingly death prevailed. Not until the
accumulated stock had been gradually depleted by fishing could, according to GARSTANG, more plaice from
the nursery grounds join the stock in the open North Sea .

The material relative to the plaice of the different trade categories, dealt with by BORLEY and
THursHY-PELHAM, does not however, as the latter themselves observe, give any indication that the small
plaice in 1919 were present in great abundance near the continental coast®, and as we have seen on
pp- 19—20 there is no reason to assume that the plaice in the Horns Reef Area were banked up near the coast.
This was possibly a purely local phenomenon in the south-western North Sea.

The changes in the frequency of the trade category Small in the catches of the English steam
trawlers can apparently be ascribed to the following: a) changes in the rate of growth, b) changes in
the situation of the fishing grounds, and c) the relative frequencies of the different year classes.

a) Rate of growth. Changes in the rate of growth affect in two ways the numbers of plaice of
a given size available for capture. Firstly, as JonanseN has shown, a comparatively great rate of growth
in any year causes the stock of marketable plaice to be recruited in that year by comparatively many
plaice, whilst a slight rate of growth on the other hand has the opposite effect *. Secondly a change in
the average length makes other biological demands on an age group and thereby causes a change in the
distribution.

In the North Sea the rate of growth has changed as follows: immediately after the end of the

! The unsorted plaice varying in quantity between 0.01 and 0.22 cwts do not appear in the table.

3 W. GARSTANG, id. 1926. Compare also A. BUCKMANN: Prof. Garstangs Ansicht iiber die Uberfischung des Schollenbestandes
in der Nordsee. Der Fischerbote XVIII Jahrg. Hft.12. 1926. and H. M. KyLe: Die Schollenfrage. Der Fischerbote XVIII Jahrg.
Hft. 16. 1926.

3 I 0.Bortey and D. E. THURSBY-PELHAM, id. 1925. p. 15.

4 A C. Jomansen: Bericht {iber die dénischen Untersuchungen iiber die Schollenfischerei und den Schollenbestand ete. Medd,
f. Komm. f, Havunders. Ser. Fiskeri. Bd.1Il. No. 8. 1910.
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war it was greatly checked both in the nursery grounds and in the open North Sea, but as the accum-
ulated stock in the course of the years 1919 to 1922—1923 was depleted by fishing, the growth rate in
the open North Sea must have increased. In the nursery grounds on the other hand, the growth rate
decreased until 1922 as the numbers of plaice increased. The growth rate in the open North Sea pre-
sumably continued to increase until the year 1923, since, as may be seen from Table 44, the stock in
the open North Sca was constantly reduced up to that date. After 1923 there has possibly been a de-
crease in the growth rate in the open North Sea (cp. p.43).

The decreased growth rate in the open North Sea immediately after the war must have caused the
category Small in that period to be recruited in one year by comparatively few plaice, and the augmented
growth rate during the years 1919—1923 must have caused this same trade category to be recruited
during this period by numbers of plaice increasing from year to year.

The decrease in average length of each age group was so considerable during the war that the
average length of age group IV in 1919 was the same as that for age group III before the war, and the
average length of an older age group was perhaps even less than that for the previous group before the
warl. According to measurements taken in 1923 the trade category Small consisted of plaice between
20 and 39 cm. in length, their average length being about 28 cm. and their quartiles about 25 and about
34 cm.?® Thus before the war it was principally the III-, IV-, and V-age groups that constituted the
category Small, whilst after the war the age group III has been rather sparsely represented in it, whereas
on the other hand several plaice of the VI-group must have been in this trade category. As the numbers
of one year class are diminished from year to year, even apart from the loss caused by fishery, one
would have expected in view of this change in the average length of each age group that there would
be fewer plaice of the trade category Small immediately after the war than before it.

b) Situation of fishing grounds. The English trawl fishery was carried on during the years
immediately after the war, when the accumulated stock furnished such a plentiful yield, almost exclusively
in the open North Sea, but as the fishery gradually depleted this stock the trawlers extended their
operations to the nursery grounds in the southern and south-eastern North Sea to an extent which in-
creased from year to year®. These changes in the range of fishing operations must have tended to reduce
the numbers of small plaice in the catches immediately after the war and to increase the numbers of
this category in the calches during the subsequent period up to 1924. Possibly the intensive fishing on
the nursery grounds in the German Bight during the last years of the war is one of the causes for the
predominance of the large plaice over the small during the first years after the war®.

¢) The relative frequencies of the different year classes. The abundant year classes after
1919 must have contributed to the increase in numbers of the trade category Small from before the
war (1913) to the years after 1923 in the catches of the English trawlers.

VIII. Resumé.

The material on which the foregoing investigation is based was collected at fishing experiments
with a 50 ft. otter trawl at the beginning of April 1925, in October 1925 and at the end of March 1927
in the southern Horns Reef Area outside the 10 metre line.

L W. Warrace in J. O. BorLEy and Collaborators: The Plaice Fishery and the War. Ministry of Agriculture and Fisheries.
Fishery Invest. Ser.II. Vol. 3. 1923.

2 J. 0. BorLEY and D. E. THursBy-PELHAM, id. 1925, pp. 43—44.

3 Compare J. O. BorLey and D. E. THURsBY-PELHAM, id. 1925. Figs. 1—4.

* Hersert HEempricH: Der Schellfischbestand im Nordseegebiet nach Beendigung des Krieges 1914—1918. Ber. der Deutschen
wiss. Komm. f. Meeresf. N. F, Bd. 1. 1923, p. 156,
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The results of these fishing experiments as regards the size and age composition of the stock are
shown in the charts Figs. 1—4, pp. 5—9, and 6—7, pp. 14—15, and in the Tables 1—4, pp. 5, 6, and
12—13, pp. 15, 16, a comparison being instituted between the results from these years and the results of
fishing experiments carried out before the war and in September 1922. '

The comparison shows that the numbers of the stock in the southern Horns Reef Area outside
the 10 metre line was approximately the same in 1925 and 1927 as in 1922, but that during these years
the proportion of larger and older plaice has increased.

Whereas in the autumn of 1922 it was the age group I and II (year classes 1920 and 1921) which
were predominant in the area under discussion, the groups II—V predominated in the spring and autumn
of 1925 as also in the spring of 1927. (Cp. Fig. 8, p. 21, and Fig. 9, p. 22). Both at the fishing experi-
ments in 1925 and in 1927 the 1922 year class was numerically the largest. Since the numbers outside
the 10 metre line ‘were about the same during the three years, the total numbers in the southern Horns
Reef Area from the coast outwards must have decreased during this period, as the abundance of the
youngest age groups, whose main area of distribution lies belween the coast and the 10 metre line, has
constantly diminished.

The numbers of plaice exceeding 22.5 cm. in length in the southern Horns Reef Area outside the
10 melre line were about eight times as great in the autumn of 1925 as in the autumn of 1922, and
double as great in the spring of 1927 as in the spring of 1925. The numbers of the larger plaice had
increased still more, particular}y from 1922 to 1925.

An investigation of the relative frequencies of the different year classes has shown that during the
period 1919—1926 the 1922 year class was the most abundant but that the year 1925 also pro-
duced a considerable number of plaice. The 1919—1923 year classes were all abundant, the year
1921 having produced less plaice than 1923 or the same number. The year 1924, and also as far as can
be estimated at the present time 1926, have produced the poorest year classes (cp. p. 27).

The changes in the rate of growth seem to have been caused by the decrease in total numbers,
the average length of each age group having increased on the whole from 1922 to 1925 and again from
1925 to 1927 (cp. Fig. 10, p. 31). By comparing the changes in the numbers of any age group from 1925
to 1927 with the difference between its average lengths for the same two years, it has been shown that
the average length of any year class is to a considerable extent determined by its abundance (cp. Fig. 11,
p. 33). Moreover it has been shown that for each of the age groups I—V the average length at any sta-
tion in the autumn varies in inverse proportion to the density at that station, when the number of the
plaice of the age group in question caught at the fishing experiments is great enough for the mean length
to be regarded as determined with sufficient accuracy (cp. Figs. 12 and 13, p. 38). This may be explained
as a result of the competition between the plaice of each locality, and we may assume, in consideration
of the amount of the varialions in average length, that the stock found in any locality has consisted
mainly of the same plaice throughout the summer. ,

An investigation of the relative frequencies of males and females has shown that, when the entire
plaice stock of the area under discussion is taken as a whole, it cannot have undergone appreciable
changes during these years. Diversities in the local distribution of the relative frequencies of males and
females for the different years are difficult to explain.

An investigation of the centres of gravity or the mean depths of the different age groups in the
area under discussion has shown that no greater changes have taken place than can be naturally explained
by the variations in the different average lengths of the different age groups during these years.

A comparison has been instituted with the results of the investigations in the other areas of the
nursery grounds in the southern and south-eastern North Sea. The Horns Reef Area shows a considerable
similarity to the Heligoland region, whilst to the west other conditions seem to have prevailed, partly as
regards the relation between the frequencies of the different year classes but particularly as regards the
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growth of plaice, which does not seem to have been the same in the Leman-Haaks Area as in the eastern
nursery grounds.

In the Horns Reef Area there does not seem to have been any banking up in the nursery grounds
which can be ascribed to competition for food on the part of the accumulated stock in the open North
Sea. Tt has therefore been investigated whether the changes in the distribution of the small plaice in the
open North Sea which took place after the war can be explained otherwise than by the presumption
that the small plaice were banked up after the war in an area along the continental coast. It has been
pointed out that a) the connection existing, as proved by Jonanskn, between the rate of growth and the
yield of the fishery, b) the situation of the fishing grounds exploited by the trawl fishery, and c¢) the
relative frequencies of the year classes, altogether seem to furnish an explanation for the changes which
ensued during and after the war in the frequent:y of the trade category Small in the catches of the
English steam trawlers.

Tables.

Results of analyses of age groups, sex, and length.

At four stations (3322, 3324, 3702, and 3704) only a representative part of the catches has been
analysed for age groups. The numbers of plaice of the different age groups in the total catch will be
found there as raised figures. At one station (3504), of the plaice under 20 cm. only a representative
sample has been analysed. The numbers of these plaice in the different age groups will also be found as
raised figures. At one station (3324) a small number of the I-group have not been analysed for length
and are accordingly allotted figures proportional to those for the plaice already analysed.

Stat.3319. — 2. April 1925. — 55°16’ N. Lat. 8° 14’ E. Long. Depth: 13 m. —
Duration of fishing: 1 hr.

Age group ..... S I 11 111 v v \ VI k ? ) Total
Lo R e 3 3 g 3 Q 3 @ 8 Q | g 3 2] ~ 3+ ¢
Length em.

B irmim g W B HEH W S R W 3 1 .. ol e [ 5 i i 8 via - .. 4
TlicssemanssmummniB e v 6 6 4 2 S - " .. .. s 18
T s s s s 9 7 15 5 ars i . .. 36 1 5 6 87
1 TR, S 8 10 35 19 e 1 i = s s 1 74
18, . 7 10 32 38 S s su o - .. ¥+ 87
j 7. O R P PP 3 5 29 42 i s s [ ar =3 o 79
AU . oo e Ty a0t s sk 4 17 11 1 . 1 2 36
| - e e i 4 3 11 23 1 3 1 42
T sy e s w & ' 10 13 2 1 29
BB o wosrin s v i 6 8 2 2 1 18
L Ty 1 3 7 3 4 it 1 20
| N o e 3 5 2 10 - 1 22
Bl s s an e s o Be 1 3 2 .5 b 18
7 AR W 1 4 il 1 7
O i e S R B 4 1 1 1 3
DR s it s e A A T 3 1 4
Takal s v e s gppsnton 1 37 47 167 176 12 34 3 11 1 5 4 498
Average length § and ©... |- 19.0 118 126 | 13.9 141 18.3 19.9 21.3 20.5 19.0 15.8 15.2

— — 34+9..... 0 19.0 12.2 14.0 19.4 20.7 19.0 15.6

!
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Stat. 3320. — 2. April 1925. — 55°4’ N. Lat. 8°16’ E. Long. Depth: 12 m. — Duration of fishing /2 hr.

Age group .......oeee 1I 111 \ v v I Total
SEE . v 1 om0 i v e T MRS g ) a8 2] \ ) 2 3 g | 3+9
Length cm.

- 2 2

B 5 e e e 3 B 1 1
M o ravia v i v mu ot e o iy 1 1
i [ TR URSE R P A 3 1 1 5
FiBoces cime ansr s, mumemsigomsies AT A 2 5 7
FBLS .o oe b 3 S B 850 00 i 3 1 11 2 15
THE s it s 5o s v o o v 8 1 T 5 13
s e 5 G S 0 250 & 6 5 11
) 1 TP 2 2 3 vis 1 1 9
BT v e o 50 B0 B RSSO 2 4 2 8
LB vt v w5 o v o w3 s wn 1 1
19.. 1 3 4
0 g S BT R o 1 1 3
O o w5 e S e e e

N e it b W W0 b e vmue i o - o i3 s ar o s
Y, T ‘s - - i 2 o .. i 1
s ¥y O S e 11 4 37 22 4 1 1 1 81
Average length & and €. . 115 140 | 139 158 | 192 16.0| 160 20.0

— — 34+2... 191 14.6 18.6 18.0

Stat. 3321. — 2. April 1925. — 55°4’ N. Lat. 8°00’ E. Long. Depth: 16 m.— Duration of fishing 1/» hr.

Age group ... 1I l 11T v \ v VI Total

(15, AN o5 3 2 \ 8 Q a+2

40
o
+0O
|
+0
Oy

-
[0
w

—
(S~ - =T

et
o
—
— N &t GO W o e
| ]
—
<

O™ YT RNCTCR U R Ul R
R T
-

(i
-DDM-J)-—‘MQ"O:FG‘JU‘G?

e

Tt v s arsmim: semmseine 9 4 26 18 7 10 4 10 8 3 99
Average length 4 and o) 13.2 1238 14.7 163 21.0 20.3 21.5 234 23.1 247
= — 349 13.1 15.3 20.6 22.9 23.5
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Stat. 3322. — 2. April 1925. — 55°4’ N. Lat. 7°45’ E. Long. Depth: 20 m. — Duration of fishing: 1 hr.

Age group ............. I 111 v v VI g Total caught
S 3 2l ¢ 2| ¢ 213 9|8 ¢ 3 3+¢
Length cm.
T8 i e we e o e e e -~ s iz s o 5 i s z L e 12
L A - s A1/ 5 3 3 ] i o o5 » i 30
2 e 1 3 1 54
T S 2 2 6 3 115
3 o ) o 0 ) £ 2 G A S 7 5 P 166
18. . 10 7 1 w7 158
19 oo e vn ame s v 0 g 3w 10 9 1 1 2 146
. 4 2 6 2 1 z 2 149
0L e e o s S e s e e 1 3 2 2 2 3 2 0 s e 134
2 e 6 2 4 3 1 1 195
DBire e v wim i o o 5 e 3 2 2 1 2 95
24 . 1 2 1 3 - 96
25.. 2 2 1 2 1 83
e e e e e = 2 1 5 1 58
L o 1 - 2 26
28, e 1 1 1 23
29 1 1 1 4 13
30, il 2 + s 5
31.. 1 g 8
32.. 1 3
33 1
34.. 1 2
Total determined for Age. 4 2 43 30 24 16 20 18 6 8 1 172
Total caught ........... 37 18 398 274 219 146 183 165 55 73 9 1572
Average length & and ?. 17.0 16.0 18.0 18.4 21.9 282 24.2 25.0 253 305 20.0 =
— — 84+9%.. 16.7 18.2 22.4 24.6 28.3 20.0

Stat. 3323. — 3. April 1925. — 55°16’ N. Lat. 7° 58 E. Long. Depth: 18 m. — Duration of fishing: !/s hr.

|
g 111 [ — I 11 111 v \ v VI Total caught
DO s v om0 e & g ? ) 2 ) g 3 § ) ? &9
Length cm.

Oz oz o s 5 05 o5 50 o 1 4

Wer i o 35 55 55 63 5% w5 s 3 .. 7

Bt s e i i 52 56 ile o v 1 1 8

e wn o 2w 2 35 5 o 2 2 7
3100y sa we 1 4 . 17
Tl o 15 95 95 06 Y0 00 3 b 3 .. 22
R 1 7 4 4 2 35
EBoinsipavasiz o= s 54 57 s 1 2 5 2 40
Phis wnmpaummss. v vois & 2 13 2 75
IDiins o T e it 5 2 .. 3 3 52
16 comsrssmsmine 5 54 0 s ar 1 4 2 1 38
B ey iE 1 2 5 3 . 47
e o i 2 3 .. 28
FSuwrc s imsmrmmans 3 5 as 2 .. 2 40
20.. 2 3 bl 6 2 2 58
T 2 1 2 4 3 4 1 54
L e ot 2 =5 5 6 7 3 1 64
BB ww rmvm s S % 2 1 1 3 7 54
24 i i R i 2 2 5 3 51
L 3 3 2 19
BB i o ww mg v B SR 2 1 10
B oo on o v v s papaa il
L R 1 3
B wox s v v s e e wer 2
Total determined for Age. 9 23 14 47 27 19 28 25 24 2 1 219
Total caught ........... 30 78 47 159 91 64 95 85 81 7 3 742
Average length & and §. e 11.7 12.8 155 17.2 20,7 21.1 22.7 222 23.5 220

= — BeS 8.3 12.2 16.2 20.9 29.4 23.0

Fiskeri VIIIL. 6,




50

Stat. 3324. — 3. April 1925. — 55°16’ N. Lat. 7°41’ E. Long. Depth: 25 m. — Duration of fishing: 1 hr.
1 Specimen. Age group: L. Sex: J. Length: 6 cm.

Stat. 3327. — 4. April 1925. — 55°29,5" N. Lat. 8°3" E. Long.
Depth: 25 m. — Duration of fishing: */; hr.

Age gIOUP. - vv rie won i v o I 11 11T ] IV Y H Total

BER e a8 ) Q@ 3 ¢ \ 3 2 3 g “ g g

-
1)
LI
o

—
=]

BB BD OO O -
e W
—
-

=
BT
o O T L0 00 O GBS =1 B -

b
=1
[

L e s o 1
Total .o 3 8 16 14 | 8 4 3 1 59

2
Average length & and 9. 5.5 147 132 | 17.5 16.2 | 220 20.0 | 203 280
— = 249 5.5 13.8 169 | 213 22.2

Stat. 3328. — 4. April 1925. — 55°27,5' N. Lat. 8°11" E. Long. Depth: 10 m. —
Duration of fishing: !/, hr.

K6 [BIOWD = Fhewwas v o o i v tim » I 1I 111 v \Y VI ? Total')
o7y, VI a+2 & Q 3 g 3 Q g Q g Q 3 3+ 9
Length em. ‘
B e S e O AN TE S G 3 3(+1)
T o s o G T T D R A S S i 5 o 7 (+3)
B e, s s o o s s s s w2 8 \ . 1 9 (4 4)
B e e e i 6 1 2 . 9 (- 3)
10 o : § 6 -4 1 14 (+ 1)
Tl aw v s = Ao se as m a9 i = 1 5 6 5 4 1 1 1 15
A son o s s P S .. 7 6 12 9 1 35
0 g o e 0 S e s A e e 6 14 7 6 .. .. = a4 73 ;¥ .. 33
11 S e SR 7 10 10 15 .. . i s r o 1 43
L | SN N SR 6 11 13 10 .. .. o ooz i 5 .. 40
Tl i oo B0 v s S wve SETHW N G me 2 3 13 22 1 2 ' 43
TTon vo smewibons s on o e [ o e 1 8 12 1 Qi s 1 23
B s s wn s e A TR m s 50 T : it 1 11 15 3 it 1 1 . 32
O m ey b0 s DA RS T 4 e A 2 ; i 8 6 2 2 o 1 ) 19
B et o Amoa so SRR S AU 4R 2 gt 4 8 6 6 1 1 - 27
2 5 S OSSP 1 6 2 6 i 2 . 17
T, o e v R OO S 1 1 2 8 1 1 . 14
B o i s B e mr b e s .. 4 3 2 3 . 12
72 . L N AP 1 1 1 1 . 1 1 6
e i ettty 5y 8 3 Ui i %y o o . o Nl
e b il 50 56 1 1 1 1 .. .. 5 4
e R P I At R 5 i o o . S s 1 - . > i 1
R 0 D o - - .. S e i w 1 . y 7 1
Total determined for Age ........ 28 41 58 90 113 24 30 8 11 1 1 2 407
Total eadught o v s ae o s e i 40 41 58 90 113 24 30 8 11 1 1 2 419
Average length dand@ .......... . j2.8 132 | 156 16.4 | 19.6 207 | 23.0 221 | 240 240 |155
_— — @R i s e 8.1 13.0 16.0 20.2 22.5 24.0 15.5

') The figures in brackets gives the numbers of plaice (of the I-Gr.) not measured.




Stat. 3499. — 14. Oct. 1925. — 55°26’ N. Lat. 7°55' E. Long. Depth: 12 m. —

51

Duration of fishing: 1 hr.

Age group ............... 0 I II II1 v v VI Total
T 3d+92 3 Q g Q & °) & Q a8 Q Q 349
Length cm.
B i e S A 50 2 2
6.. 20 20
s e e v simnams som Ve e 356 S o 76 76
B soossais aossimin S e A R S s 27 27
s s s e s S w0 3 1 4
L0 ssvanms st o5 we s 1 = 1
Ll sommmasmmmmece . o 5o 4 .. .. 4
L2 imnara st s an G s 9 17 1 - 27
R 23 18 .. 1 42
B T e T R o e 9 7 3 1 - - 20
e S A T 12 7 6 4 1 1 31
1 S 1 1 12 1 1 3 25
1 P oy 1 10 7 b 2 25
18.. 3 S 14 -7 6 3 33
TESM 0 0 ety e B e B R 5 3 11 8 st a7
U e e A T e 1 3 10 8 1 2 25
I e s e Y A e 2 3 5 3 ¢ g ain 13
L s i £ e £ ) e 3 4 8 2 5 14
P B e o S R Y D ) ) 2 4 3 v ot wig 1 10
24 5 1 1l 1 1 9
BDcss one vie 0wt a0 S 3 U v e 3 i 1 2 3
26 e 1 . .. 1 1 1 3
2T s e g st wtn e i s s s B 1 1 1 3
28 i 1
) - o 3 - o2 1 .. .. i ‘s 1
POCAL - o oo esm SR S 129 62 51 54 38 53 42 4 5 2 6 1 447
Average lenght & and @ ... ¥ 13.5 13.2 16.9 17.6 20.1 20.3 22.8 23.0 25.0 25.8 23.0
- B ST - Al 75 13.4 17.2 20.2 22.9 25.6 23.0
Stat. 3501. — 15. Oct. 1925. — 55°20' N. Lat. 8°16’ E. Long.
Depth: 15 m. — Duration of fishing: /s hr.
Age group ............. 0 I II 11 v Total
BEE 10 fe g st me s e s s 3+9Q 3 e a8 @ 3 ? 8 d4+2
Length cm.
B st B B 5 5
% oot S AR T 8 8
L Py 1 1
9 s e e VN
1 | R R s o
L S P, 3 i 3
e e e e s e 3 2 5
D I et o s 1 1
14. . 1 1 i b 2
L B e e s g e ey et 2 = 1 2 5
LB:4 oomioeismni wimsmncoss e i & g 3 6 1 1 1
175 2 1 1 4
A, 1 id i 1
T s s i e o s s e 1 2 5
T 1 1 2
L i 1 1 . 2
DB e e e s e e e s e 1 s Er 1 3
23 i
24, o 1
25, x o
Totall. . o un o s s s s s 14 9 7 11 8 6 2 61
Average length & and Q. . - 12.6 14.1 20.0 16.9 18.5 18.7 23.0
— — 349... 6.7 13.3 17.7 18.6 23.0

7*

!
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Stat. 3502. — 15. Oct. 1925. — 55°20' N. Lat. 8°1" E. Long.

Depth: 18 m. — Duration of fishing: '/: hr.
—

3+% g 9

0 I

| R
s 2|8 | ¢ ¢ | a+¢

\
\ I 11T } v v \ Total

75171 R %
Average length & and i
— 3+% -

28 27 10 24 16 22 23 1 3

10 - . 4 < ws - e ? .. 10

Bl RO RO G = R
et b G5 GO
N N RS
TR RO~ S
wome O D e
o T

no
o

1 - 1

1

- 13.2 13.9 16.5 17.7 18.1 19.2 20.0 24.3
6.9 13.4 17.0 18.6 20.0 24.3

—

Stat. 3503. — 15. Oct. 1925. — 55° 20’ N. Lat. 7°45' E. Long.
Depth: 23 m. — Duration of fishing: '/s hr.
_——
Age Group ......oococcce 0 I 11 I v v V1 Il Total
G et | SR -
T e a+¢l ¢ ¢ 3 9 g g a @ & H 349
Il
Length em. \
i s e s mn o o8 G 5% SO 4 4
B ot o e Wl A 38 5 A 8 | 8
oo e 7 0 7 R 1 .2 H 1
Y0 s st SR 3 5 4 iy 1 1
r R s — 9 1 I 10
e e o o won v A 86 4 4 . 8
TR o s oo o 556 W 8 4 3 . . \ 7
T8 momenpn s 5 98 55 5 550 5 3 2 . 10
T ———— 3 4 2 1 .. | 10
R — 3 4 4 4 11 I‘ 14
P N g — 1 1 2 8 12
D R 1 3 " 1 5
N O S 1 3 3 = 7
3, S e ———— 4 2 .. - 6
G N 1 2 1 = 4
0 I 1 = 3 - 3
B8 T e e e i . 1 = 1
O e e 1 1 2
R T 1 1
BB o sl .
S R A R 1 1 )
e o 2 a8 £ .
L eeea e R
P i B . < "
T e o 8 STk BT | 2 1 3
T 13 28 13 17 13 10 17 2 | 4 2 || 119
Average lengthd and @ .... | -. | 129 128 169 174 | 185 185 | 2405| 282| 20| .
A AT S RO 7.8 12.9 17.1 18.5 245 28.2| 20.0])
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Stat. 35041). — 15. Oct. 1925. — 55°20’ N. Lat. 7°20’' E. Long. Depth: 26 m. —
Duration of fishing: 1 hr.

AEE SROTD! « oo o g snvin I I 111 v v VI VII Total
SeX....ooiiiiiiiiaiis g 2 d ? g g 3 ? ) 7 g ? 7 3+¢°
Length cm.
T R e 4 5 s 9
) i S e 5 1l 17 s o o5 2 . .. i P 33
B e s oo e sV S A 9 5 52 34 9 10 o5 o 3 s " e o 119
0 e e 4 105 92 18 27 o B e g o1 o o 246
16 w0 i o o emimmE S 3 94 68 60 88 S i o o o 0 i 313
) i e R e 51 79 61 97 i e 23 i} i e 1 288
BB o e o e b E s a 33 26 30 76 e I 4,5 ¢ o5 e e 165
B s e i o 10 s el s w2 a1 6 15 35 54 6 i 116
] R = P 5 9 18 34 5 5 i ‘ g 76
2 O i e 4 3 17 16 2 4 1 1 48
T T 1 2 13 15 3 5 1 4 44
23 v an we an o e raRE 2 3 6 8 4 9 3 4 39
A v v o v o wea 4 8 6 3 2 3 ¢! 27
2B s o e we e v sessanas 1 2 5 5 6 6 11 1 37
| e o 1 1 1 5 4 5 17
Bl s o v ot o i e 1 1 3 3 2 10
B8 e o i s mesesae 1 3 1 5
R A P s i i 1 s s e 1 4 s 24 s 6
B0: v 1o o s o o - s i 1 ik e i s i 3 n2 i i 1
e e s " st s e i b i 1 3 53 1
Total i q i w56 o o9 o 25 10 364 349 275 441 34 40 21 38 1 1 1 1599
Average length dand?%.. 13.9 13.0 15.9 16.2 18.0 18.0 22,6 234 25.0 25.3 24.0 28.0 25.0
—_ — &4-% 13.7 16.0 18.0 22.9 25.2 26.0 25.0

') The numbers of plaice of the different age-groups for the lengths 12—20 cms are raised ﬁgures,' because 981 plaice of
these sizes are only analysed for sex and length.

Stat. 3505. — 16. Oct. 1925. — 55°27’ N. Lat. 7°37 E. Long. Depth: 26 m. —
Duration of fishing !/, hr.

Age Broup : we v s s o 0 I 11 I v v VI Total
R i ol 2 g ? g Q 3 g ) g 3 g 3 2 3+2
Length cm.
B ani arn wis s ws s s e o B 18 i e 4 & w i ue st s - w i - 18
S 10 - - nE 14 - - - . - . o - 10
B v e o 3t e e s 1 1 2
TN s o o o ) 0 88 0 3 | 3
B v e s s e w2 e 5 2 7
i s 6 3 9
U S amirn rot o3 i 1 1Rl B £ 1 1 .. - s 2
3 1> J 4 5 1 ik oo 11
16. . il 4 3 1 1 11
L 1 7 2 1 2 13
18. . 3 6 1 3 13
19. b 1 2 - 6
20. e 2 2 4
21.. 3 2 6 .. - 1 o 12
7 [ IR S 1 2 2 1 2 1 9
8. o v e e e e s e e 2 3 .. 1 1 7
7. S 1 3 2 3 2 .. 11
L) - SO R 1 2 1 . 3 T
26. .. 2 1 - 1 2 6
27.. 1 1 c 2
28. . 1 1 1 i 1 4
Bt 1 57 WA Tt s fhe e 1 1 3 3 1 9
30.. S 2 i 2
o1 O T 1 1
b e e il R A - o = T % S 9% . S i : 55 1 1
1 a3 (R 29 21 7 25 14 18 25 i 5 9 11 11 1 3 179
Average length and 9 .. v 129 134 17.3 17.6 209 214 24.2 24.8 26.6 26.5 29.0 30.3
[ 24.6 26.6 30.0

i — a+%9... 8.4 13.0 17.4 21.2
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Stat. 3507. — 16. Oct. 1925. — 55°27' N. Lat. 6°53' E. Long. Depth: 30 m. —
Duration of fishing: 1 hr.

Age group ............. I 11 111 v Ay Total
QX . o e e 3 3 e a Q Fe Q 3 Q g+ ¢
Length cm.
1B . o csonerEe e Ra e .. 1 .. .. 1
T8 . o o 5 SR 4 3 1 8
a7 o U P 1 9 5 9 5 29
VR e a0 s 4 5 17 11 57
NG o e e e 5 4 11 10 30
OO om v e w o 1 8 5 1 15
e 1 6 6 - o 14
T 2 4 6 3 2 1 18
e 1 1 3 5 1 .. 11
B o i G e 5 2 4 2 .. 1 14
T R —— 1 ] 2 2 17
BB g St e 1 1 1 3 3 3 12
R 1 1 1 4 1 8
BRI e e s o 2 2 1 5
GO 0y i i e 1 1
BOL= 55 v v s e 1
e e —— 1 il
o i .. .. = w2 o . .. 1 1
TOhALle or s wr w2 ms 055 1 24 18 | 66 54 17 10 13 10 213
Average length Sand % .. 17.0 17.7 185 | 19.5 20.3 | 245 24.0 | 258 27.0
— — 3+2... 17.0 | 18.0 19.8 24.3 26.3

Stat. 3508. — 16. Oct. 1925. — 55°27" N. Lat. 7°15' E. Long. Depth: 25 m. —
Duration of fishing: !/, hr.

Age GROUP . .nrnrnoe oot 1 11 11 v v VI ” Total
SO, o 3 T W b T T S8 R %) 3 Q 3 ) 3 g 3 Q 3 g 3+9

Length cm.
Theciz o w5 s im0 sqwewssmengs 1 3 2 ¥ 1 7
s s w0 o s wm sn o e s . 16 3 4 1 24
3 T (P T 2 29 9 9 4 53
Tas v ws s 30 o0 960 win 5t % - 21 7 24 1. o 63
Tl me v i 5w v sy 376w 16 1 16 7 1 41
. CRPp U 3 2 20 16 : 41
20.. 3 20 14 1 P 38
B s e w7 2 2 13 6 2 1 1 e 1 28
Tt s 6 T S P DT 1 11 4 3 3 2 - 24
TR o 0559 CROAT AR AT 1 6 8 1 1 1 o 1 19
D e i (18 i G S AT RTINS 6 4 1 3 1 1 3 16
CLEE e st o 0 670 B G Do 1 2 2 1 7 1 14
Ttk o cova e i 00 G £ 5 CPR 2 2 5 < 9
Bl i 20 54 i e G 040 O 69 6 : 2 3 1 1 T
TN s i e 9 T 9 00 90 B8 i i
DT s o e <) ) C50 3 99 O 2 1 1 4
13 | P 3 95 26 134 78 15 17 6 11 2 1 388
Average length dand@ .. 15.3 16.8 16.7 19.5 19.7 23.3 24.6 245 25.1 24.0 21.0

— &+%.-.. 15.3 16.8 19.6 24.0 24.9 23.0
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Stat. 3509. — 17. Oct. 1925. — 55°28’ N. Lat. 8°11’ E. Long.
Depth: 9 m. — Duration of fishing: 1/, hr.

II

111 v

Total

3+

3+%

69
177
118

24

—- .

[ERICICR SO R
- B T L0 -

[ S e

-
B T e

e N

69
177
118

24

WwMA M-I 0D

Total swmnmmpaiaiess w o
Average length dand Q..
d+9. ..

Stat. 3511. — 19. Oct. 1925. — 55°10’ N. Lat. 8°13' E. Long. Depth: 12 m. —

394

6.3

23 17
13.6 13.6
13.6

15 12
16.9 175
17.2

11

Duration of fishing: 1/, hr.

19.

12 1
1 194 27.0
19.3 27.0

485

Age group ........... .. 0 I II II1 v v Total
S mwma e s | d | & ? ) ? 3 ¢ ) g 3 ? 3+¢
Length cm.

B s wn s e wm ol 06 0 BR B 5 5

y 1 1
T e i s e ..
T 1 1 2
10. . 2 . 2
3 [ R . 1 1
Lot ot 0 5 56 A 1 s o 1
B s o il e e 1 1 - 1 i o 3
2 [, RS, - 5 1 1 1 8
3 L T 2 .. 3 1 1 .. 7
3 L S y§ 6 3 4 5 19
D s camsnmsnsnstmirtan s s 2 2 8 7 19
LB s anmonpsmersas essaica iwancrozesss 2 3 6 4 .. 15
M e e i e 1 1 3 4 1 i 10
R AT .. 2 4 5 2 13
e R 1 1 3 1 i 6
b e o T S TR il il 1 1 ik 4
L O 1] s 1 1 3
P e e e e et e 2 2
AT s o (e e e 2 .
26. ... s 1 1
BT e e i e e 1 1
b R N
2L i i
GO oo cm e £ 0 o B e i 1 1
Total .................. 6 7 4 20 16 31 29 1 6 2 2 124
Average length Jand@ .. o 12.0 12.2 | 16.0 175 18.0 18.2 | 19.0 228 | 245 265

— — 34+2... 6.2 12.1 16.7 18.1 22.3 25.5
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Stat. 3512. — 19. Oct. 1925. — 55°10’ N. Lat. 7°55’ E. Long. Depth: 19 m. —
Duration of fishing: /2 hr.

\
Age group ... 0 1 1I 111 v v VI Total
e o L 342 & Q & Q g Q 3 Q 3 Q s 3+ 9
Length em.

B e s TSRS A 1 1

I 22 22
i i e el S S b 59 59
B s oun e b o s e b 8 8
R —— 1 . 1
0. ot b s i s e e o s .. 4 4
11.. 10 2 .. 12
TR oo i s e ow s i o 7 5 . 1 13
T8 o i i e S e m ok v 8 2 2 4 ;s 16
Tl v, i s oh S92 St 5 w4 i s 2 3 7 T o 13
UB s s g s o Sevsie 16 10 2 2 30
A B s s e 13 11 5 3 31
L 5 8 7] 9 1 30
e e s BE eI e 5 4 14 13 36
L o e 6 e 63 [ o G 1 3 y A | - 22
F00s i sos oo e o b W ey e 2 9 11 1 1 24
st 5 ) i 68 6 G B T G & 5 5 2 12
e e pe A e . 1 4 2 1 8
23.. 3 1 3 .. 7
e e e e v i 1 2 .. 1 4

e AT 1 2 1 9 7
e e LTS 2 1 il 4
O 1 .. 1
53 TR 1 1
. 1i 2 3
B0 e .. - e y s .. " .. . .. 1 ‘ 1
I 91 31 9 47 48 56 58 14 5 4 6 1 ‘ 370
Average length ¢ and ¢ ... o 11.8 12.0 | 16.0 157 | 18.8 18.9 | 22.6 238 | 26.2 27.8 24.0
— 2 6.8 11.8 15.8 18.8 22.9 26.7 24.0 \|

Stat. 3513. — 19. Oct. 1925. — 55°10’ N. Lat. 7°35' E. Long. Depth: 23 m. —
Duration of fishing: /e hr.

Afie GIoUP vvan e v v nie 11 II1 v v VI Total
o ST g Q 4 Q a8 ) 3 Q 8 Q 3+ 92
Length em.

e R 2 2 B 4
R A . 4 4 3 1 12
PTiee e s s won 7ge o o9 esmmmy 4 i 1 1 11
TB o i s 2 e wie oy s 3 1 10 5 19
: [ A 6 o 9 14 . 29
B e o o o g O R O € 2 1 10 10 1 aF 24
L o At &7 e e 2 o 2 1 16 13 2 - 9 36
L 1 1 6 10 3 2 1 24
[ . 1) R 4 7 1 1 4 17
DA L s i i o 5 3 6 b - 4 23
D s b e P S o ) 5 4 6 2 b 25
DB s % 6 7 3 6 .. 22
BT x v s o o e 1 1 1 4 9 5 10 1 1 33
L S 1 1 2 5 10 1 20
DO e e ron e nee o s e B 5 1, 8 5 1 10
30.. 9 3 1 1 7
e S i 1
. . LT - - - ..
L3 LS .. .. 5 . S 2
< SO P T i e - . .. .. .. 1 : S 1
i o ;) R 24 11 72 71 29 3 18 53 4 3 320
Average length & and .. 18.1 18.4 20.4 21.1 24.3 25.9 27.2 26.8 28.5 29.3

— — 3+ 92... 18.2 20.7 252 26.9 28.9
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Stat. 3514. — 19. Oct. 1925. — 55°10' N. Lat. 7°14’ E. Long. Depth: 32 m. —
Duration of fishing: 1/, hr.

II

III Iv

v

VI

Total

3+%

I CIE. TS,
G b b

RS e 1S -
e

- e b -

[

[u=y
DO SO 00 U1 =1h)CO TN O kb =t

[T

Total .. ovonmwmaanivi

Average length $and @ ..
o= — A=

Stat. 3515. — 19.

20 13 11 14
20.8 222 25.1 26.1
21.4 25.7

8 8
26.2 28.1
27.2

1 1
31.0 29.0
30.0

7

Oct. 1925. — 55°10' N. Lat. 6°53' E. Long. Depth: 34 m. —
Duration of fishing: 1 hr.

AGegrOU o wn o e o o s o0 o w0ty I1 111 v v VI VII Total
BRI ..o n sy sy wem s s e 50w 3 ? 3 & 3 2 3 ? a8 2 3 2 342
Length cm.
T o o0 54 TR 58 35 o e et et i 5 2 2
G RR T o 5 3 3 e 11
1Dl w2 5% 380 55 52 Smmmmimnsameimsemsess 2 wa 9 8 & i .. 19
200y 0 0 M B S S e e esmnras 3 1 46 15 3 2 1 - 71
i P 2 35 21 4 i} 1 1 65
o R - 26 14 1 6 1 1 49
o 1 8 12 15 8 3 3 - 50
Pl wis 52 o e A A e o s 20 1 2 6 5 14 9 9 3 1 1 51
B0 s s s R S e e st 8 2 15 4 8 (i .. e 1 44
RO R G W3 5 5 0 s o s 2 1 5 6 8 6 1 1 1 31
B s RS e 5 5 2 e s 2 1 2 3 5 4 17
B wormmmmram v mm a0 w4 0% 30 5% 5K 6 - o 1 1 1 1 2 o - 6
2Y s nesn s w0 G 5 B T 30 s - 1 i § 6 . 1 1 9
BY e W G 5 T B 5 e . - 1 1 2 .. 4
Y comemnn woum w0 95 98 30 R S . - - 5 2 i i 2 1 1
Total........................... 13 4 146 85 60 40 38 33 3 2 3 3 430
Average lengthdand@....... .. .. 19.5 22.8 21.3 214 23.9 24.0 25.0 26.0 28.7 30.0 26.3 25.0
— el 20.3 21.3 23.9 25.5 29.2 25.7

Fiskeri VIIIL 6.

\,f‘
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Stat. 3516. — 20. Oct. 1925. — Stat. 3517. — 20. Oct. 1925. —
55°10' N. Lat. 6°7' E. Long. — Depth: 47 m. 55°20’ N. Lat. 6°7" E. Long. — Depth: 50 m.
Duration of fishing: 1 hr. Duration of fishing: 1 hr.

Age group. . 111 v v VI Total Age group. . I 111 v v VI || Total
BERis somrine g (& 2|8 §|¢& 2 |3+7 Sex........ gld 2|8 R | & 2| ¢ |81+¢9
Length cm. Length cm
21..... ..., 1 . 1 D0 o 1 1
22.. ... ..., 1 1 1 3 21, .
23 ... ... 1 1 2 D AT 1 1
24 1 i e p) 8. .
2. 1 2 1 2 . 6 24, . 1 1
26.. ... ... 2 1 4 1 8 25. . 1 1 2
27.. ... 1 1 5 2 4 13 P —— 2 1 A I s 4
28 1 . 3 1 1 6 Py (R — 11 g A | ., 5
29......... . 2 4 8 ' 2 | e 1 ., 3
30......... 1 1 3 4 | e — 1 T i 1 4
31......... . 1 s 1 s 1w 2 (T - T 9
Total ...... 6 5 | 8 9o |12 13 [ 1 1 | 55 i b owe | A ) 2
A R ca e e e em | [ 1
verage ARG | SR .

length Total ..o 1 4 1 3 5 5 5 2 26

Fand Q.. | 24.324.6| 25.626.7 | 27.6 28.3 | 31.0 28.0 Average

3+2. .. 24.5 26.2 28.0 29.5 length

Fand@.. | 22.0| 24.226.0| 25.327.8| 28.829.2| 30.0
34-2... | 220 248 26.8 29.0 | 30.0]

Stat. 3518. — 20. Oct. 1925. — 55°27' N. Lat. 6°7' E. Long. —
Depth: 49 m. — Duration of fishing: 1 hr.

Age FTOWP oo v ve v wi II 111 v v VI Total
SR s v o e 3 2 g e 3 Q 8 e Q ) g
Length e¢m

20 e o e B e e B P R 1 1
P s O oy 1 e 1
AN S G o BT o o R DL 1 3 i 4
DR e G DR SRS 1 1 4 2 8
QS ve i T N T G e s il 2 1 1 1 1 7
25.. 6 5 o 2 1 14
26, . 1 3 3 1 : 2 1 11
275 il 3 1 1 2 1 9
28. . 1 2 5 : 1 4
R R a5 1 2
L R T R 1 1 1 2
ouma e i 95 #5 w e 1 1
B0 sistiommeiei w5 w5 S w 1 - 1
BB aiam ws o W o 3 -
e e - i o 3 - - 1 1 2
Total .................. 1 3 20 17 7 6 5 7 1 67
Average lengthdand @ .. 23.0 24.3 244 255 25.6  26.7 27.2 27.7 34.0

—_ — 349 ... 24.0 24.9 26.1 27.5 34.0




59

Stat. 3519. — 20. Oct. 1925. — 55°20' N. Lat. 6°45" E. Long. Depth: 30 m. —
Duration of fishing: /s hr.

Age BEOUD 2 o ow s i a0 s i I II I11 v v VI ? Total
RO Eeccr o am sun wn o o s 2 v %) 3 g 3 g 3 ? 3 Q 3 ) a8 { 1 é+%
Length cm.
M smamanmmna s o e o5 5 5 1 s o 1
TBuicmarevss o v v o v s ol 5% 1 s s s 1
1B i o o an 50 @ w9 o6 w5 8 6 12 ot 26
1T mrirscaica sin 3 s 0 W o W e 11 5 11 7 34
LB sumcurmsncsen s &s W w6 o6 W T3 7 4 24 9 Lo 44
T + 2 19 12 ‘s 1 38
RO e wn i w0 5 2 21 5 4 25 o 87
Dk i e ste w4 A1 ¥ A 4 1 10 9 2 7 - 2 o 35
DD s e SEA TR Sl 1 2 17 10 6 4 4 - i 45
BB e s R e s R 08 e 10 6 8 4 2 - 1 31
T g 1 il 4 3 1 5 2 2 . 19
.1 R 3 6 2 1 3 1 16
BBl vt e 538 1 1 2 4 8
/L7 L 2 3 2 7
DBy s 50 v RS D 1 1
DY s s v wim oo s e . s
Ses s s s 50 i SR = a7 .. 7 - ; 1 : : .. 2
Tatal s svsnsororones et i 1 41 23 128 62 30 22 18 14 3 1 1 1 345
Average length § and 9. .. 14.0 18.0 18.2 19.6  20.2 22.9 23.1 24.5 252 | 23.7 25.0 22.0 19.0
— — 34+9..... 14.0 18.1 19.8 23.0 24.8 24,0 20.5
Stat. 3702. — 28. March 1927. — 55°28' N. Lat. 8°10' E. Long. Depth: 10 m. —
Duration of fishing: /: hr.
Age group ............... 0 I 11 III v v VI Total caught
SEX, 3 76 76 3 4 U 5% 906 B 55 d+2 | &4 % g 2 3 9 3 9 g 9 3 d+9
Length em.

A 1 1

B 1] 1

L s
100 . i e 5
i B e A B R 1 1 23
i 2 e e A S T 6 3 26
el e e 10 3 34
4. e 18 6 43
1 I P 11 4 1 43
T o w5 50 SR i i 11 2 2 i i s 34
Lz o 5% 50 oSG HERETRTE S 10 2 6 1 1 1 44
185 % s 57 o R 3 2 6 4 2 1 5 g 30
195 50 7 % &7 o5 cReRER TG S 6 4 1 1 s 2 39
B0z o s v w S TSRS 1 7 7 o4 3 2 2 64
B0 s e v i e SRR 5 5 5 2 1 1 42
D0 w0 s S S S D ARG 2 5 6 5 3 2 o 63
2B s o um v s e o e o IS 5 2 8 3 3 2 1 56
P s o o o e me m e R 2 ]l 4 3 7 4 46
D8 v o v o 5 T B IR T 1 s 8 3 3 G 48
262 ca it o v om0 w e S 1 4 4 2 2 2o 27
DT s v w0 o5 w0 6% o 0 RS 1 o 1 4 1 15
DB sus ma i aon e wn W S S S 1 1 1 12
T i 3 - 12
B0u s s v i i emrene e 1 1 4
Total determined for Age.. 2 70 24 42 30 45 27 23 29 1 1 1 295
Total eamght . .o e i s 5 168 58 101 72 108 G5 55 70 2 2 2 712
Average length § and § ... w5 14.7 14.7 19.8 20.5 22.9 22.7 23.7 245 23.0 27.0 30.0 o

== — 3+2.... 7.5 14.7 20.1 22.8 24.1 25.0 30.0

8*



Stat. 3703. — 28. March 1927. — 55°29.8’ N. Lat. 8°2.3' E. Long. —

60

Depth: 30 m. — Duration of fishing: !/, hr.

Afe grofp owoconmnses n o w 0 I 111 v Total
SEX. . 3+9 | @ 3 3 3 9 3+9
Length cm.

0 18 o Sy e s i 1 1

I T = F

S 0 s R R v e e 5
Tz =5 T o S SR o o e st g .. ..
Ul o =y o o s s 1 1
B2 5z o3 o5 o Se T SR e A . ..
I8 s 3 op sl Sn R i 2 2
B T 1 1
1B; ov spevavseie e e s i 0
I svaiargieEeRe W W i i .
BT i oo suspsieresone s i ie 1
18, oo oo s e
B o o G s e e e A ol
Bl o v st s e 1 e 2
e e oSS ik 1 1
B2 v o e R s T o .. 2
B8 o i s e i e 1 1 2
Bl s RO e S 1
s o snanesnaR sae e 5 %
BB e ccmmmmsmTR S S 1 1
BT s o s ssremes i S
28 i surenmenmasiseEa e
20w v s R T 5%
805 s su s R o 4 s T 1
Total ..................... 1 4 1 1 1 2 16
Average length dand§ ... .. . 12.8 17.0 23.0 20.0 23.6 | 21.0 245

= ¢ @ e e 7.0 13.6 23.0 22.0 23.3

Stat. 37041). — 29. March 1927. — 55°16’ N. Lat. 8°14' E. Long. — Depth: 13 m. —

Duration of fishing: 1/, hr.

ALE FPOUP « o s e v o s 0 I IT 11 v Total
SeX. ... &+ ¢ Q g o 3 Q a2
Length em.
..................... 1* 1
..................... 1* 1
Bz v v 1w s ‘4 3

0 o 1w s as 2% s 2
By i o 1 s 14+10* 3-+11* 41
B2 v w on owrasrmana 44 7* 54 3* 59
S e 3% i2d- 1> e 34
SV B 74 1x b 3| 1 35
B o oo vm o mwss s : % s i i i 29
11— 4 1 1 1 * 29
. Sy 1 4 2 e 1 2 s 32
T8 s s wim rv s 2 2 2 s 2 1 29
B9 s o v v s 2 A % 2 4 1 1 49
| s 1 4 5 3 4 79
T 3 2 5 2 7 8 74
DL s v s o o 8 1 7 8 80
R oo i (o) DR (0 G SR e 1 4 5 9 91
A (1 o) (T (s R 2 8 5 47
T s 2 4 45
e el T (O T (T ot 2 3 3 2 31
DL i o e e v wis e o rmon 1 2 1 21
DB e e s nie s e e s s 7
0 e . : o i - s ; ; 5
Total determined for Age o* 134-23% 20-}18* 23 19 42 43 1 188-1-43*
Total éattght -« o oo oo 3 103 115 81 178 183 4 798-1-43%
Average length and Q.. o 12.7 18.6 | 21.7 21.1 224 224 23.0

- — 384%... 75 12.5 18.3 21.5 22.4 23.0

1) The figures marked with an asterisk indicate

plaice caugth in the extra cod-end.
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Stat. 3705. — 29. March 1927. — 55°16’ N. Lat. 7°58' E. Long. Depth: 18 m. —
Duration of fishing: !/, hr.

1 Specimen. Age-group: 1V. Sex: ¢. Length: 25 cm.

Stat. 3706. — 29. March 1927. — 55°6’ N. Lat. 7°58' E. Long. Depth: 18 m. —
Duration of fishing: !/, hr.

1 Specimen. Age group: VI. Sex: ¢. Length: 37 cm.

Stat. 3707. — 29. March 1927. — 55°6’ N. Lat. 8°14' E. Long. Depth: 12 m: —
Duration of fishing: !/, hr.

Age grotips o coananag 0 I II IIx v v VI VII Total
1 R d+% & 2 g 9 d R 3 % 4 9 d 2|3 2| 3+¢
Length cm.
R 1 & o .. . - i i - : i s o E— |
T somesnits sl 205w e £ 6 W .- .. . - - o i i i e ..
Bl mmmmmenios o w0 i3 e .. .. e - - o 2 : s e ..
D e 5w wh o = .. .. . - - o o o B -
L0 ieems v v s o s o % e .. . ) ; s o s = . -
2 3 e . . - 54 i - i = S 3
A2 oiom v v e s e 1 1 T 1 .. " - s - s i 3
1B e e v wn im v s e il % y .. . it i i -3 s o 1
B v o s s v e s 2 1 o - . e - - i i W, 3
DBV s s e o e o s e v 1 i P ; 1 oy . . o s o e T 2
I e o o ey e o e = 1 r 3 e g " e i o W Gy 1
L R g 1 T X . 1 ot o w s Wy 2
) st o oy e ey e e 1 1 s X . . - 15 o 25t ) 2
18R o ey v e o 0 o i 1 i o i .. .. 1 - s - o ey 3
1 L o o 1 * . . 1 - - s W 2
AL e cum e e G TR it 2 1 3 1 - & s s 7
O ni s 1 8 2 - e - i s 11
28 = s s 2 z - - =, | 4
24 s 1 1 6 5 o - . I 13
25 o i 2 2 3 1 1. 1 s e 10
26 .. 1 s 6 2 2 - o w o 11
27 it 1 2 4 2 2 2 - 1 2 16
28 e 1 b 2 2 2 3 S, P 10
L G 1 e g 1 1 1 1 .. - 5
R i 1 1 1 1 1 s 2 o 7
R o 5 : 3 .. 3 . i 3
8 5 55 Tl i i 1 .. - 1 1 i 3
R e T 1 0o s 1
B4 o rE i e e 54 1 1
BB o R S e e - : 5
R R 1 1
Total ................ 1 10 5 2 3 6 8 36 24 10 11 3 4 2 2 126
Average length & and 9 e 13.8 154 | 23.0 15.3 25,0 251 | 242 249 | 279 28.6 28.7 29.7|27.0 35. i
— — &-8.. 6.0 14.3 18.4 25.1 24.5 28.3 29.3 31.0
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Dansk Resumé.

Materialet til den foretagne Undersagelse stammer fra Fiskeforseg med 50 Fods Ottertrawl fra Be-
gyndelsen af April 1925, fra Oktober 1925 og fra Slutningen af Marts 1927 i det sydlige Hornsrevomraade
udenfor 10 m Kurven.

Resultaterne fra disse Fiskeforspg er, hvad Bestandens Sammensetning efter Sterrelses og Alders-
grupper angaar, vist paa Kortene Fig. 1—4, pp. 5, 7, 8, 9 og Fig. 6—7 pp. 14, 15 og i1 Tabellerne 1—4,
pp- 5, 6 og Tab. 12—13, pp. 15, 16, og Sammenligning er foretaget mellem Resultaterne fra disse Aar og
med Resultaterne af Fiskeforseg foretaget for Krigen og i September 1922.

Det fremgaar af denne Sammenligning, at Bestandens Individrigdom i det sydlige Hornsrevomraade
udenfor 10 m Kurven har veeret omtrent den samme i 1925 og 1927 som i 1922, men at der i disse Aar
er foregaaet en Forskydning i Bestandens Sammensatning i Retning af storre og wldre Raedspeetter.

Mens det i Efteraaret 1922 var Aldersgrupperne I og II (Aargangene 1920 og 1921), der dominerede
i det betragtede Omraade, var det i Foraar og Efteraar 1925 samt i Foraaret 1927 II—V-Gr., der do-
minerede. Baade ved Fiskeforsggene i 1925 og i 1927 viste Aargang 1922 de sterste Individantal (sml.
Fig. 8, p. 21 og Fig. 9, p. 22). Da Individantallet udenfor 10 m. Kurven var omtrent ens de tre Aar,
maa det totale Individantal i det sydlige Hornsrevomraade fra Kysten og udefter have veeret aftagende i
disse Aar, idet Individrigdommen i de yngste Aldersgrupper, der har deres Hovedudbredelsesomraade
mellem Kysten og 10 m Kurven, har veeret stadig aftagende.

Antallet af Redspetter over 22,6 em var i Efteraaret 1925 ca. 8 Gange storre i det sydlige Horns-
revomraade udenfor 10 m Kurven end i Efteraaret 1922, og Antallet af disse Redspeetter var Foraaret 1927
dobbelt saa stort som i Foraaret 1925. Individantallet af de sterre Redspzetter var tiltaget endnu sterkere,
navnlig fra 1922 til 1925.

En Underseogelse af de forskellige Aarganges relative Hyppighed viste, at Aargangen 1922 i Aar-
riekken 1919-—1926 har veret den rigeste, men at ogsaa Aaret 1925 har ydet et meget betydeligt Antal
Rodspaetter. Aargangene 1919—1923 har alle veeret rige, Aaret 1921 har ydet mindre eller det samme An-
tal Redspeetter som i 1923. Aaret 1924 og, saavidt der paa det nuveerende Tidspunkt kan demmes derom,
1926 har givet de ringeste Aargange (sml. p. 27).

Andringerne i Vaksthastighed synes at have veeret bestemt af den aftagende totale Individrigdom,
idet Gennemsnitsleengden for de enkelte Aldersgrupper gennemgaaende ggedes fra 1922 til 1925 (Fig. 10, p. 31)
og igen til 1927 (sml. Tabel 29, p. 32). En Sammenligning mellem /Endringerne i Individrigdommen i en
Aldersgruppe mellem 1925 og 1927 og Forskellen mellem Rodspsetternes Gennemsnitsleengde i vedkom-
mende Aldersgruppe de to Aar (Fig. 12, p.33) viste, at Gennemsnitsleengden af en Aargangs Redspeetter i
betydelig Grad er bestemt af, hvor rig vedkommende Aargang har veeret. Desuden vistes (Fig. 13 og 14,
p- 38) at for hver af Aldersgrupperne IT—VI varierer Redspatternes Gennemsnitsleengde fra Station til Sta-
tion om Efteraaret omvendt med Redspztternes Taethed paa vedkommende Station, naar Antallet af Red-
spetter af vedkommende Aldersgruppe taget ved Fiskeforssgene er saa stort, at Middelleengden maa an-
tages at veere bestemt med tilstraekkelig Nejagtighed. Dette maa forklares som et Resultat af Konkurrencen
indenfor de enkelte Lokaliteters Redspeetter, og det maa i Betragtning af Sterrelsen af Variationerne i
Gennemsnitslengde antages, at Bestanden fundet paa en enkelt Lokalitet har bestaaet veesentlig af de
samme Rgdspzetter Sommeren igennem,
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En Undersggelse af den relative Hyppighed af Hanner og Hunner viste, at denne, naar lLele det
betragtede Omraades Redspewttebestand ses under eet, ikke kan have undgaaet vesentlige ZEndringer i
disse Aar. Derimod er der vanskelig forklarlige Forskelligheder i den lokale Udbredelse af Hanners og
Hunners relative Hyppighed de forskellige Aar.

En Undersogelse af Tyngdepunktet eller Gennemsnitsdybden for Forekomst af de forskellige Alders-
gruppers Redspetter i det betragtede Omraade viste, at der ikke er sket storre /Endringer, end at de na-
turligt kan forklares nud fra de forskellige Aldersgruppers forskellige Gennemsnitslzengde i disse Aar.

Sammenligning er foretaget med Resultatet af Undersogelser i de gvrige Omraader af den sydestlige
Nordses Opvakstgrunde. Hornsrevomraadet viser betydelig Lighed med Omraadet omkring Helgoland,
mens der Vest herfor synes at have veeret andre Forhold tildels med Hensyn til Forholdet mellem de
forskellige Aarganges Hyppighed, men swrlig synes Vakstforholdene i Leman-Haaks Omraadet at have
veeret forskellige fra de estlige Opvakstomraaders. ‘

Den Hypotese er fremsat af W. Garstane, at den accumulerede Bestand af gamle Radspeetter i
Nordseen i de sidste Krigsaar og i Aarene straks efter Krigen ved Neringskonkurrencen trzengte de smaa
Redspetter sammen paa Opveekstgrundene, hvor Sult og Ded derfor herskede og at dette forklarede den
ringe Mengde af smaa Redspetter, der fandtes i den aabne Nordss i Aarene 1919—1922.

I Hornsrevomraadet synes der imidlertid ikke i disse Aar at have vseret nogen Sammentreengning
af de yngre Aldersgruppers Rodspetter paa Opvaekstgrundene. Det er derfor undersggt, om de Endringer
1 de smaa Redspeetters Udbredelse i den aabne Nordss, der er foregaaet efter Krigen, kan forklares ad
andre Veje end ved Antagelse af, at de smaa Rodspatter efter Krigen var treengt sammen i et Omraade
langs Kontinent Kysten. Det paapegedes, at a) den af JoHANSEN paaviste Forbindelse mellem Vakst-
hastighed og Fiskeriets Udbytte, b) Beliggenheden af Fiskegrundene for Trawlfiskeriet og ¢) de enkelte
Aarganges relative Hyppighed tilsammen synes at kunne forklare de AEndringer, der under og efter
Krigen er foregaaet i Handelskategorien Small’s Hyppighed i de engelske Damptrawlerfangster.
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Europe. 1905. 5 p. - ]
A. €. Jouansen: Remarks on the life history
of the young post-larval Eel (Anguilla vulgaris
Turt) 1904. 9 p. : .

| Kr. 0.50, ;

On fish-otoliths in the
bottom-deposits of the Sea. I. Otoliths of the
Gadus-Species deposited in the Polar Deep.
4 Fig. 1905. 14 p. -Kr. 0.50. PR e 2

“» 8 Joms. ScamioT: On the larval and post-larval

- stages of the Torsk (Brosmius brosme [Ascan.])

TRt = =

=

1 Plate, 1905. “12 p. . Kr. 0.75.

1 €. G. Jou. PETERSEN: On the larval and post-

larval stages of some Pleuronectidse (Pleuro-

nectes; Zeugopterus.) 1 P1. 1906. 10 p. Kr. 0.50.

- 2 Jons.-ScumipT: The pelagic post-larval stages
. of the Atlantic species of Gadus. A mono-

graph. Part 1I. 1 Pl 1906; 20 p. Kr. 1.00.

-3 Jous. ScaminT: On the pelagic post-larval sta- |
ges of the Lings (Molva molva [Linné| afd
Molva byrkelange [Walbaum]). With 1 Pl,

~ and 3 Figures. - 1906. 2

4 Jowns. ScumipT: On the larval and post-larval

16 p.- Kr. 0.75.

- development - of the Argentines (Argentina
silus * [Ascan.] ' and Argentina
_[Linné]) with- some Notes on Mallotus villosus

[O. F. Maller]. -2 Pl 1906. 20 p. Kr. 1.50. |
5. A. C. JoranseNn: Contributions to the biology

~of the Plaice with special regard to the Danish
Plaice-Fishery. II. The marking and trans-
plantation experiments with Plaice in the
years 1903—06. 9 Pl and 10 Figures. 1907,
122 p. Kr. 5.25. :

» 6'(JoHs. SCHMIDT: Marking‘experiments on Plaice

»

=

» I, - »

- other “Acanthopterygian Fishes.

and Cod in Icelandic waters. 2 Charts. 23 p.

7 {Jous. Scumipr: On the post-larval develop-
ment of the Hake (Merluccius vulgaris Flem.)

1. Pl 4 Figures. 1907. 10 p.

-|Kr. 1.75. : S
8 -Joms. ScamipT: On the post-larval develop-

“ment of some North Atlantic Gadoids (Rani-
ceps raninus [Linné] and Molva elongata
[Risso]). 1PlL.and 1 Fig. 1907. 14p. Kr.0.75.

9 Jons. ScuminT: On the post-larval stages of

the John Dory (Zeus Faber L) and some
1 Plate.
1908, 12 p. Kr. 0.75. :

1. C. G. Jon. PeTERsSEN: On the larval and post- |

larval stages of some Pleuronectide (Zeu-
gopterus, Arnoglossus, Solea.). 2 Plates. 1909.

18 p. Kr. 1.25.

De atlantiske Torskearters |

sphyrzena |
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I1I,

11,

IV,

SV

Y,

IV, 5

v,

1v,

1V,

v,

v,

| Bd.IIl, Nr.2-
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»
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-~ Kr. 0:75;

~-Chart.- 1909.

1909, 45 p. Kr. 1.75.

- A: C. Jonansen: Bericht ﬁbt;,r die danischen
- Untersuchungen iiber die Schollenfischerei

- experiments.

J. P. JacoBseN and A. C. JonanseN: Remarks -
on the changes in specific gravity of pelagie
fish eggs and the fransportation of $ame in -
Danish waters. 2 Figures. 1908, 24 P-

Jons. Scamipr: Remarks on the metamor-
phosis and distribution of the larvae of the
Eel (Anguilla- yulgaris Turt.). 1 Pl and 1
17 poe B 100, o
A. C. Jonansen: Contributions to the biology.
of the Plaice with special regard to the Danish

. Plaice-Fishery. III. On the variation in fre-

quency of young Plaice in Danish waters in
1902—-07. 12 Figures. 1908. 48 p. Kr. 1.50.
A. C. Jouansen: Do. do. do. IV. Is the
Plaice indigenons to the true Baltic? 2 Fig.
1908 23 p. Kr.0.75.

-Jons. Scamint:: On the oceurrence of Lepto-

. -cephali (Larval Muraenomds) in the Atlantic

- W. of Europe. 2 Pl & 1 Chart. 1909. 19 p.
Kr. 1.50. : Y VR 3

Jous. ScamipT: On the distribution of the
fresh-water Eels (Anguilla) throughout the
world. 1. Atlantic O cean and adjacent regions.
A bio-geographical investigation. "1 ' Chart.

und  den Schollenbestand in der &stlichen

e Nordsee, dem Skagerak und dem nordlichen

Kattegat. Mit 10 Figuren im Text. 1910,
142 S. Kr. 4.50. SN :

A. C. Jonansen: Contributions to the biology

_of the Plaice with special regard to the Danish

Plaice-Fishery, V. The supposed migrations
of plaice from the Kattegat and Belt Sea'to the
true Baltic. 5 Figures. 1912. 34 p. Kr. 1.25.
Jous. ScaMpT: Onthe identificationof Murae-
noid larvae in their early _ (»Preleptoce-

phaline«) stages. 1 Plate 1913, 14. p Kr.0.75.

A. StrRUBBERG: The metamorphosis of elvers
as influenced by outward eonditions. Some
1913. 11 p. Ki. 0.50.

A. C. Jonansgn: Contributions to the hiology
of the Plaice with special regard to the Danish -
Plaice-Fishery, ~VI. -On the immigration of
plaice to the coastal grounds and fiords on
the west coast of Jutland. 1913, 26 p. Kr. 1.00.
P. L. Kramp: Report on the fish eggs and
larvee collected by the Danish research steamer

- »Thor« in the Langelandsbelt in 1909. With
6 Figures in the text.

1913.. 39 p. Kr.1.25;
BrarNI  Szmunpsson: Continued. marking
experiments on-plaice and: cod in Icelandic
waters. 7-Fig. 1913 .35 p. “Kr. 1.25:

Jous.Scummo1: On theclassification ofthe fresh-
water Eels (Angnilla). 1915. 19 p: Kr. 0.75.
O. Winge: On the value of the rings in the
scales of the Cod as a means of age deter-
mination. Illustrated by marking experiments.
1915. 21 p. Kr. 0.75. : :
A. C..Jonansgen: Contributiens to the biology
of the Plaice with special regard to the
Danish Plaice-Fishery. VII. Marking experi-
ments with Plaice in the North Sea off the
west coast of Jutland during the years 1906—
1912, With supplementary observations on
the previous Danish experiments, 27 Fig.
1915. 60 p. - Kr. 2.00. ' ' :
Jons. ScamipT: Marking experiments with

~Turtles in the Danish West Indies.” With 5 _

Tables and_ 11 Fig. 1916. -26 p. Kr. 1.00,
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5 P. JESPERSEN:

~0.F. M. at Iceland and the

. some of our Fisheries.. .

- .6 Tab. 32 p. Kr. 2.75.

- 2. A. C. STruBBERG: Marking Experiments With
~cod at the Feroes,

24 Fig, - 1916. 126 p.
Kr. 4.00. : ‘

3 A. C. JOHANSEN: Marking Experiments with

Sole (Seolea vulgaris Quensel)-and Turbot |
(Rhombus maximus L.) in the Kattegat and
Baltic Waters: 4 Fig. 1916.° 18 p. Kr. 0.50.

4 Jous. ScaMinT: On the early larval stages of

- the ‘Fresh-Water Eels (Anguilla) and some
other North Atlantic Muranoids.” 4 Plates -
and 14 Fig.” 1918. 20 p. Kr. 1.75.

' Contributions to  the - Life-
History of the North Atlantic Halibut (Hippo-
glossus vulgaris Flem.) 1 Plate and 16-Fig.
1917, 32 p. Kr.1.60." * e
A. C. StrupBERG: Marking Experiments with -

Plaice and Lemon Soles at the Feroes in
1910—12. 28 Fig. 1918. 64 p. Kr. 2.25.
Jons. Scaminr: Stations in the Atlantic, etc.

-1911—15. With two Charts and introductory
- remarks. :
8

1919. 27 p. Kr. 1.50,

A. C. Jonansen:On the large spring-spawning
Sea Herring (Clupea harel;fu's L.) in the north-
west European waters, 14 Fig. 1919. 56 p.
R 195, 2% el Cmar 2 R
A, C. JonanseN and KirsTiNg Smith: Inves-
tigations as to the effect of the restriction
on fishing during the war on the plaice of the
eastern North Sea. 10 Fig. 1919. 53 p. Kr. 1.75.

_P. JesPERSEN: On-the occurrence of the post-

larval stages of the Herring and the »Lodde«
(Clupea. harengus L., and Mallotus villosus
- Fzeroes. 1920,
10:Fige 24 'p, CKr: 1,250 =
KigsTiNg SmitH: Danish Investigations of
Plaice from the North Sea July 1919—July

© 1920, 1921. 2 Fig. 68 p. Kr. 475,

A.-C. JoHANsEN: On the Summer-spawning
Herring (Clupea harengus L.) of Iceland. 1921.
4 Fig. 40 p. = ' X .

A. C. Jonansen: The Atlanto-Scandian Spring
Herring spawning- at the Faroes 1921. 11 p.
Kr. 3.75. el S

J. P. JacoBseN and A. C. JoHANSEN: On the

Causes of the Fluctaations in the Yieldof some- |-

Bd.VIL Nr. 4

» VIL »

“'» VII, »

» VIL »

» VIIL, »

» VILI, »-

1% VII, »

O VI, »
i

»VILL »

VI, »

Bd.

»

-

of our Fisheries. mih

I: The:Salmon and Sea Trout Fisheries.
1921. 11 Fig. 18 Tab. 48 p. Kr. 3.50.
Jons. Scumipr: Contributions to the Know-
ledge of the Young of the Sun-Fishes (Mola and
Ranzania). 1921. 1 Pl. 15 Fig. 13 p. Kr. 1.50.
Erie M. Poursen: On the Frequency and
Distribution  of Crangon vulgaris,~~Carcinns
~meenas- and Portunns holsafus in-the Danish
coastal waters. 1922, 4 Fig. 2 Tab. 18 p.
Kr. 1.65. . o
A. C.Jonansen: On the Density of the Young
Plaice Population inthe eastern part of the

" North Sea and the Skagerak in pre war and

'in post war years.,  1922.° 10 Fig.” 10 Tab..
31 p. Kr. 2.50. & ek il

J. P..Jacossen and A, C. JonansEN: On the
Causes of the Fluctuations in the Yield of

I The Eel Fisheries. 1922. 20 Fig.

A. C.StrRuBBERG; Marking Experiments with

‘Cod (Gadus callarias L.) in Danish Waters, |
1922. 17 Fig. 27 Tab. 60 p. |

-1905-—1913.
Kr. 4.25. B vl R ,
KirsTiNe SmiTa: Investigations of Plaice from
the Western Baltic June 1921—Aungust 1922,
1923.- 6 Fig. 14 Tab. 48 p. Kr.3.50.

-_3 ByarNI SEMUNDSSON: On the Age and Grm;vth
of the Cod (Gadus callarias L.) in Icelandic |

- Waters. 1923, 8 Fig. 35 p. Kr. 2.75.
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5 |N1ELs BJERRUM:

KIRsTINE Smrri: On the Plaice 7Popu1.atipn
of the Horns Reef Area in the Autumn of 1922.
1923. 14 Fig. 78 p. *Kr. 5.50.

75‘A._C. JOoHANSEN: On the Summer- and Au-

tumn-Spawning Herrings of the North Sea.
1924, 15 Fig. 119 p. Kr. 8.00.

6 P. L. Knamp: Fish eggs and larve collected
in the Belt Sea in March 1922. 1924, 4 Fig.
19 p. Kr. 1.75. : 2

7-Ap. S, Jensen: On the Fishery of the Green-
landers. 1925. 31 Fig. 1 Chart. 38 p. Kr. 3.00.

8 A. €. JoHaNsEN: On  the Influence of the-
Currents upon the Frequency of the Mackerel

- in the Kattegat and adjacent parts of the

- Skagerak. - 1925. 15 Fig. "26 p. Kr, 2.25.

1 Bsarnt Smmunpsson: On the age and growth

. of the Haddock (Gadus =glefinus L.) and the
Whiting (Gadus merlangus L.) in Icelandic
waters.. 1925. 8 Fig. 33 p. Kr. 2.65.

2 A. C.JonaNsEN: On the diurnal vertical Move-
ments of Young of some Fishes in Danish
Waters. 1925, 11 -Fig. 28 p. Kr. 2.25.

3 [MarTiN KnNUDSEN: ‘A" Bottom Sampler for
hard Bottom. 1927. 2 Fig. 4 p.

41A. C. Jonansen: Preliminary Experimeits
{with Knudsen's Bottom Sampler for hard
Bottom:. 1927. 3 Tab, 6 p. Kr. 1.25.

5 Anron Fr. BRuuN: Quantitative investigations

of the 0-group and I-group of the Plaice; Tur-
. bot, Brill and Sole in the Skagerrak, Kattegat

and Belt Sea. 1927, 6/Fig. 11 Tab. 6 Charts.

30 p. Kr. 2.50. S

Serle: Hydrografi.

L [MarTiN KNuDSEN: On the organisation of the

Danish hydrographic researches. 1904. 7 p-

2 |H. J. HansEn: Experimental determination of

the relation between the freezin-g point of sea-
|water and its specific gravity at 0°C. 1904. 10 p.

3 |N. BserrumM: On the determination of Chlorine

{in sea-water and examination of the accuracy
“{with which Knudsen's pipette measures a
volume of sea-water. 1904. 11 p. Kr.1.25.

\

4 (J - N. NiELseN: Hydrography of the waters by

the Faroe Islands and Iceland during the
cruises of the Danish research steamer “Thor”
in the summer 1903. 8 Plates: 1904. 29 p.

(Oxygen in sea-water. 1904. 13 p. Kr. 3.50,

6 MarTiN Knupsen: Contribution to. the Hy-

drography of the North Atlantic Ocean. -21
Plates. . 13 p.- Kr. 5.75.

7 [J. N, NieLsen: Contributions to the ‘Hydro-

graphy of the waters north 'of Iceland, 2
Plates 28 p. ; :

8 [J. P. Jacoesen: Die Loslichkeit von Sauerstoff

im Meerwasser durch Winklers Titriermethode
(bestimmt. 1905, 13 S. Kr. 2.00. -

9 J. N. Niersgn:  Contribution to the Hydro-

graphy of the north-eastern part of the Atlantic
Ocean. 3 Plates. 1907. 25 P B AL2S e,
J.-P. Jacossen: Mittelwerte von Temperatur
und -Salzgehalt. Bearbeitet nach hydrogra-
phischen Beobachtungen in dinischen Gewiis-
sern. 1880—1907. “11 Tafeln. 1908. 28 S.
Kr. 3.50. R e St :
J. N. NieLsen:  Contribution to the understan-
_ ding of the currents in the northern part of
~ the Atlantic:Ocean. I Plate.. '1908. 15 p.
' $ el t b R R , :
J.P.Jacossen: Der Sauerstoffgehalt des Meeres-
- wassers in den dénischen Gewissern inner-
halb Skagens. 5 Tafeln. 1908. 23 S. Kr. 2.00.
KIRSTINE -SMITH: Gezeitenstroeme bei' den
" Feuerschiffen Vyl und Horns Rey. Mit 4
Texifiguren, "1910. 23 S. Kr.0.75. . '

=

On -the determination of = -



Bd. I,

> 11,

» M,

» 11,

Bd. I,

Nr. 1

Nr. 14 J. P. JacoBseEN: Gezeitenstroeme und resul-
“tierende Stroeme im Grossen Belt in ver-
schiedenen Tiefen im Monat Juni 1909. Mit
7 Figuren im Text. ' 1910. 19 §. Kr. 0.75.

» -1 MArTIN KNUDsSEN: Danish hydrographical
investigations at the Faroe Islands in the
spring of 1910. 2 Plates. 1911. 17 p. Kr. 1,00.

» 2 J. P.JacoBsEn: Beitrag zur Hydrographie der
dinischen Gewisser. 47 Tabellen, 17 Text-
figuren, 14 Tafeln. 1913. 94 S. Kr. 6.50.

» 3 J.P. Jacossen: Strommessungen in der Tiefe
in dénischen Gewissern in den Jahren 1909
—1910 und 1911. Mittlere Werte des Stroms
und Konstanten der Gezeitenhewegung. 1913.
43 8. Kr. 1.25. ‘ R,

» 4 J.P.JacopsEn: Hydrographical investigations
in Faeroe Waters in 1913. 15 Fig. 1915.
47 p.  Kr. 1.50. :

» 5 J. P. Jacopsen: Contribution to the Hydro-
graphy of the Atlantic. 7 Fig, 8 diagrams.
1916. 24 p. Kr. 0.75.

» 6 Tu. P. Funoer: Hydrographic investigations
frons the Danish Scheol Ship “Viking” in

r the Southern Aflantic and Pacific in 1913
—14, 1916. 28 p. Kr: 1.00. A

» 7 J. P.-JacosseEN: Hydrographische Untersuch-
ungen im Randers Fjord (Jylland).
46 S, Kr. 2.50.

» - 8 Current Measurements from Danish nghtshlps
1923.. .78 p:.- Kr:i 5,50.

» 9 J. P JacosseEN: Die Wasserumsetzung durch
den Oresund, den grossen und den kleinen
Belt. 1 1925. 204 VII Tab. 72 S. Kr. 5.00.

Serie: Plankton. .

Nr. 1 [OvE PAULSEN; Plankton—lnvestlgatlons in the
waters round Iceland in 1903. 2 Maps. 1904
; 41 p.

» 2[C.H, OsTENFELD: On two new marine species
of Heliozoa occurring in the Plankton of the
North Sea and the Skager Rak. 1904. 5 p.
_ . Kr. 2.00.

1918.

Bdl. I, Nr. 3 Ove PavLsen: Onsome Peridinez and Plank-

»

»
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»

»
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»

»

11,

1L,

ton-Diatoms. 1905. 7 p. Kr. 0.25,

» 4 OvE Paursen: Studies on the biology «of
Calanus finmarchicus in the waters round
Iceland. 3 Plates.” 1906. 21 p. Kr. 1.75.

» 5° OvE PauLsen: The Peridiniales of the Danish
Waters 1907. 26 p. 'Kr. 0.75. :

» 6 C. H. OsTenFeLp: On the immigration of
Biddulphia sinensis Grev. and its occurrence

in the North Sea during 1903—07 and on its

use for the study of the direction and rate
of flow of the currents. 4 Charts and 5 Text-
Figures.. 1908. 44 p. Kr. 2.50.

» 7 Avc. BRingmMann: Vorkommen. und Verbrm-'

tung .einer Planktonturbellarie Alaurina com-

posita Mecz. in dénischen Gewissern. 127Fi-

guren und 1 Karte. 1909. 15 S. Kr. 0.50,

» 8 OvE Paursen: Plankton mvest:gatmns in the
" 'waters round Iceland and in the North Atlantic
in 1904 9 Figures. 1909 57 p. Kr, 1.75.

» 9 ANDREAS OTTERSTROM: Beobachtungen iiber

die senkrechten Wanderungen des Mysishe- .

standes in der Ostsee bei Bornholm in den
Sommermonaten 1966 und 1907. 1 Fig. 1910.
10+8: - Kr.-0.25.

10 {C. H. OsTENFELD: A revision of the marine

species of Cheetoceras Ehbg. Sect. Simplicia

Ostf. With 24 Figures in the text. 11 p.,

»11 |J. P. JacoBseN and OvE PAULSEN: A new

apparatus for measuring the volume of plank-

ton samples by displacement. 6 p. 1912.

|Kr. 0.50.

»12 P.L.Kramp: Medusze, Ctenophdra and Chetog-

=, - nathi. From the Great Belt and the Kattegat
in 1909. '1915. 20 p. Kr. 0.75.

» 13 Ove PavLsen: Plankton and other biological
inyestigations in the Sea around the Fzroes
in 1913. 6 Figures 1918. 27 p. Kr. 2.00.

» 1 Gustawa ApLER et P. JESPERSEN: Variations
saisonnieres chez quelques Copépodes planc-
toniques marins. 1920. 21 Figures. 39 Tab.
46 p. Kr. 3.00.

» 2 P. JEspErseN: Investigations on the Food of

; the Herring in Danish Waters. 1928. 12 Flgures

150 p. Kr. 10:00.

SKRIFTER UDGIVNE AF“K‘OMMISSIONEN FOR HAVUNDERS@GELSER

Jons. ScamipT: Fiskeriundersogelser ved Island og

Fzreerne 1 Sommeren 1903. 10 Tavler. 1904, VI‘

-+ 148 S. Kr. 5.00.
MaRTIN KNUDSEN:

Udsolgt.

Havets Naturlere. Hydrografi,

. Med serligt Hensyn til de danske Farvande. 10

Figurer, 4 Tavler. 1905. 41 8. Kr. 1.75. Udsolgt.

Jonan Hiort og C. G. Jon. PETERSEN:

' sigt over de internationale ' Fiskerinnderssgelsers

». 5

Resultater med szrligt Henblik paa norske og danske
Forhold 10 Tavler 1905. 54 8. Kr. 3.50.

MARTIN KNUDSEN C. G.Jon. PETERSEN, C. F. DHECH-.

De internationale Hav-
1908. 28 S. Kr.0.75.

Biarnr SzEmuNpssoN: Oversigt over Islands Fislge
med Oplysning om deres Forekomst, vigtigste bio-
logiske. Forhold og @konomlske Betydning, 1 Kort.
1909. 140 S. Kr. 2.25.

seEL, C. H. OSTENFELD
unde,rs:agelser 1902—07.

Kort Over-

Nr. 6 AnDREAS OTTERSTREM:

»

»

9

T

» 10

. Sider.

Sildens Afhwngighed. af
forskellige hydrografiske og meteorologiske Forhold
i Store Beelt. 2 Textfigurer. 1910. 52 S. Kr. 1.00.
A, C. JonanseN: Om Roedspeatten og Redspatiefiske-
riet i Beltfarvandet med nogle Bemzrkninger om
de ovrige Flynderarter og Flynderfiskerier i samme
Farvand. 23 Tavler, 14 Textﬁgurer 1912. 158
Kr. 3.00.

Jons. ScumipT: Danske Unders;agelser 1 Atlanter-
havet og Middelhavet ever Ferskvandsaalens Bio-
logi. 3 Tavler, 5 Textﬁgurer 1912, 33 Sider.
Kr. 1.50. s

A. C.JoHANSEN ogJ CHg. LBFTING Om Fiskebestan-
den og Fiskeriet i Gudenaaens nedre Lab og Randers
Fjord. — With an English Resumé. 4 Tavler. 42
Textfigurer. 1919. 169 Sider. Kr. 3.75.

Erik M. Poursen: Om Hummeren og 'Hummer-
fiskeriet i de danske Farvande. 6 Textfigurer,
1927. 42 Sider. Kr. 1.00: e

The name- »Kommissionen for Havundersggelser« has from the 1st of September 1926 been changed
to: »Kommissionen for Danmarks Fiskeri- og Havundersagelser-.
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