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3) That the unsettled weather tempts the cutters to look for their catch as near the harbour
as possible. _

Some of the marketable plaice in the Graadeep inshore waters that escape recovery during the
autumn fishing migrate probably in the beginning of the winter out into somewhat deeper water. “With
the first day of frost the plaice disappear”’, says the Esbjerg fisherman. In the marking experiment
No. 11 in the Graadeep inshore waters on September 29, 1905, 3 specimens were recaptured in November
near the place of liberation. But in the beginning of spring, 1906, in March and April, all the recovered
specimens — three in all — were taken out in the very North Sea, one specimen even rather far at sea.
Thus it is quite evident that these specimens in winter have migrated towards deeper water (see Table 22 p. 58).

At the Horns Reef grounds most of the plaice probably squeeze themselves into the bottom in
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Fig. 7. Marking experiment with plaice. No. 2. 1904. February.

the beginning of winter. When the Esbjerg cutters in the middle of winter look for plaice at the Horns
Reef grounds they hardly catch any. Some trawling experiments from the “Thor” in which an iron
chain was attached to the ground-rope of the otter trawl, have proved, however, that marketable plaice
may also be found in numbers on these grounds in winter.

Thus the migration of the plaice in the Horns Reef area may shortly be characterized as follows:
The plaice show on the whole an inclination to migrate out into deeper water as they increase in size.
But the migrations outward are not continual: In certain periods the fish seek shallow water.

In the spring months, March and April, the stock of marketable plaice shows a tendency to move
into more shallow water. In April and May a great many specimens are caught at ca. 10—25 meters’
depth. In the month of June the plaice begin to migrate out into greater depths, essentially in a north-
western direction. In July and August the fish is mainly looked for in depths between 25—40 meters.

While the migrations towards the off-shore grounds probably continue in autumn as far as most .
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of the larger specimens are concerned, we may irace a tendency in the smaller specimens to seek more
shallow water.

In winter some of the plaice migrate outward from the shallow grounds, but a great many stay
probably in shallow water and squeeze themselves hard into the bottom.

From the summary below it may be seen that of 754 plaice recovered in the marking and trans-
plantation experiments in the Horns Reef area in 1903, 1904 and 1905, 751 were recaptured in the North
Sea, 2 in the Skagerak and 1 in the Kattegat. From this it appears clearly that the rich stock of
young fish in the Horns Reef area does not play any considerable role for the renewal
of the stock of marketable plaice in the Skagerak and Kattegat.

Table 45. Table showing the number of marked plaice caught in different waters and originating from the
marking and transplantation experiments in the Horns Reef area, 1903, 1904, 1905.

Total No.caught, . i .
Place of Caught in the | Caught in the | Caught in the
recovery known North Sea Skagerak Kattegat

Mark. exper.,, 1903 ......... 321 321 0 0
Mark. & transpl. exper., 1904. 169 167 i 1
Mark. exper., 1905 ......... 264 263 1 0
Total No.... 754 751 2 1

Percentage. . . 100°fo 99'6 03 01

2. Migrations of plaice liberated in the Hanstholm—Sendervig area.

In the Hanstholm—Sendervig area between 56° and 57° N. lat. only a few smaller marking
experiments have been undertaken, viz. three in April of 1903 (see Contributions I Pl. X) and one in
March of 1905 (Pl. V, Experiment No. 5). As the most characteristic feature of these experiments it
should be mentioned that the plaice here show a marked tendency to undertake long migrations in
proportionately short time.

3. Migrations of plaice liberated in the Skagerak and the Kattegat.

In the Skagerak several marking experiments with plaice have been carried on. In studying
the nature of the migrations of the plaice liberated in the Skagerak, it should be remembered,
that the Danish cutter-fishery in the Skagerak comprises only the period from April to October and that
foreign trawlers fish only very little in the southern Skagerak off the NW. Coast of Jutland at depths
below 50 meters (on account of the stony condition of the bottom). Neither is any plaice fishery worthy
of mention carried on near the coasts in the months from November to March except on the stretch
Skagen—Spirbakken. Thus we cannot expect many recaptures of marked plaice from the Skagerak
during these months.

A table recording where and when the cutters from Frederikshavn have carried on the fishery
in the North Sea and the Skagerak is represented below (Table 46). This Table does not contain
any information regarding the depths at which the cutters have been fishing, wherefore it is of less
importance than the corresponding summary for the Esbjerg cutters. The Table has been worked out
from the records in “Dansk Fiskeritidende”. A supplementary Table showing at what depths a few
of the cutters from Frederikshavn have been fishing is, however, adjoined.
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Table 46. Table showing the Localities in the North Sea and the Skagerak, where the
Frederikshavn cutters have been fishing in 1905.

Date Locality No. of Cutters
1905 April 16—22 || Off Hirshals a few
’ 1 23— Nrversted. — Hirshals. — Bulbjerg 40
» May 6 I
» » 7—13 | The Horns Reef Area 1
» » » Jutlands Reef 1
» » » Hirshals Rende 20—25
» » 14—20 || Hanstholm. — Hirshals. — Tversted 356—40
» » » Large Reef, W of Lokken 3—4
» » » Horns Reef 2
» » 21—27 | Horns Reef 1
i ! 28— NTversted — Hirshals and further westward 30—40
June 3|/
» » » Horns Reef 4—56
» » 4—10 | At Hirshals and further out in deeper water 20—26
» » » The Horns Reef Area 6—T
» » 11—17 | Large Reef, W of Lekken 10
» » » Horns Reef a few
» » 18—24 || Off the west-coast of Jutland 25
» » » Horns Reef 2
y ? 25— \Tversted. — Hirshals, — W of Lekken 60
July 1/
» » 2— 8 || Off the west-coast of Jutland 10
» » 9—15 || Tversted — Hanstholm 25—30
» » 23—29 | Off Bovhjerg 3
i ’ 90= lTvers’cecl. — Hirshals and further westward 20
August 5|
» » 6—12 || Off Tversted. — Hirshals. — Hanstholm 2530
» » 13—19 || Off the west-coast of Jutland c. 20
» » 20—26 | W of Hirshals 15—20
3 : 27—\ of Hirshals on the Reef a few
September 2\
» » 3— 9 | Hirshals — Tversted 156
» » 10—16 || Tversted and further westward 10—15
» » 17—23 || Hirshals — Tyersted 10
» » 24—30 | Off the west-coast of Jutland 45
» » » North Sea several
» October 1— 7 | North of Skagen a few
» » 8—14 | North of Skagen 3—14
» » 15—21 | Skagen — Spirbakken 4—5H

Table 47. Table showing the Localities and Depths where some of the Cutters from
Frederikshavn have been fishing in 1905. Each statement comprises only one Cutter.

(After cummunication from Mr. CLoos LorexTzEN, Frederikshavn.)

Date Locality \ Depth

1905 April 10—15 | NE of Hirshals 10 fms.
» May 3 20 miles NW of Hirshals 20 »
B » T— 8 || NNW of Hirshals 21 »
» » 17 NW of Hirshals ‘ 20 »
» » 17—318 N of Hirshals 16—18 »
» » 25—27 || 20 miles NW of Hirshals 20 »

» » 28—31 | NW of Hirshals. 16 miles from shore ’ 22 »

Fiskeri II. 5. 11



Table 47. Continued.

Date Locality | Depth
|
= = : =
1905 June 2— 3 | NW of Hirshals. 8 miles from shore 23 fms.

» » 6— 7 | NW of Hirshals. E of the Reef ‘ 2
» » 7-— 8 | Off Rubjerg Knude 14 »
» » 156—16 | NNW of Hirshals [ 20 »
» » 15—17 | NNW of Hirshals 25—30 »
» July 2 8 miles WNW of Hirshals 14 »
» » 13 NW of Hirshals 16—17 »
» » 13—15 | NW of Hirshals . 19—20 »
» » 22 NW of Hirshals. NE of the Reef 22 »
» » 23—24 | N of Bulbjerg 20 »
» » 24 Off Tversted 20 »
» August 1— 2 || NNW of Hirshals. E of the Reef 22—24 »
» » » Off Svinkleven. W of the Reef 26—27 »
» » » NE of Hanstholm 32 »
» » 4— 5 | NE of Hirshals 19 »
» » » NNE of Hanstholm 22 »
» » » NW of Hirshals ' 38
» » 10 NE of Skagens L. V. 24 »
» » » NW of Hirshals 20 »
» » 24 Off Hirshals 25 »
»  September B5-- 6 | NE of Hirshals 14 »
» » 6— T | Off Hirshals 2026 »
» Octoher 10—11 || Off Tversted — Hirshals 6 »
» » 11—13 || Off Kandestederne b »

If we regard the charts over the marking experiments in the Skagerak, some characteristic features
will quickly be noticed with regard to the migrations of the plaice in this water. In the first instance
it is conspicuous that the plaice are only little stationary here. They undertake long migrations in relatively
short time, and proportionally many specimens migrate away from this water, partly seeking the Kattegat,
partly the North Sea. The experiments No. 3 and 4, March 1905 (Pl. V and VI) as well as the trans-
plantation experiments No. 10 on March 1st, 1904 (Fig. 4 p. 19) show, that a great number of plaice move
in the two directions: towards the Kattegat and towards the North Sea.

It would be natural to investigate if it be not particularly during one season that the plaice from
the Skagerak emigrate to the Kattegat and during another season that they emigrate to the North Sea.
The experiments show, however, that they at any rate in spring migrate in both directions.

Another characteristic feature of the plaice-migrations in the Skagerak is in correspondance with
the observations made in the Horns Reef area. In the Skagerak it appears also that the plaice in spring
show a marked tendency to migrate to more shallow water while in summer they show a just as marked
reversed tendency. This was already experienced in the marking experiments in 1903 and again through
the experiments in 1905. On the chart illustrating the experiment No. 4, 1905 (PL VI) it will be seen
that most of the arrows pointing towards the coast are indicated 2, which means that the plaice were
recovered 2 months after liberation, viz. in the month of May. If we regard on the other hand the
arrows pointing towards the offshore-grounds we notice almost at them all the indications 3, 4, 5 or 6,
which shows, that the fish were recovered during the months June, July, August and September. We
might now suppose that the plaice which in summer are recovered on deeper water had already migrated
out in spring without being caught, because no fishery was carried on there in spring. It will be seen,
however, from Table 47 that the fishery from Frederikshavn takes place partly on deeper water in the
Skagerak as early as the month of May.
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In the Table below a summary is represented stating in which waters the marked plaice from
the marking and transplantation experiments in the Skagerak were recovered. Though not more than
2—3 months have on an average elapsed between the date of liberation and the date of recovery,
it will be seen that only 77°% of the recovered marked fish were captured in the Skagerak itself.
If we regard the few specimens recovered more than one year after liberation we obtain a  still
slighter percentage for the Skagerak. Among 9 of such specimens only 5 were recovered in the Skagerak

while 2 were caught in the North Sea and 2 in the
Kattegat.

While the plaice fishery takes place in the
Skagerak only in the period April—October, it is
carried on during all seasons in the Kattegat. The
fishery goes on with the greatest intensity during
the months from March till November, but also during
the winther months a rather considerable plaice
fishery takes place. In the north-eastern Kattegat

Fig. 8. Marking experiment with plaice. No. 3 and 4. 1904. March.

Fig. 9. Marking experiment with plaice. No. 5. 1904, March.

Table 48. Table showing the number of marked plaice caught in different waters and
liberated in the Skagerak in the years 1903, 1904 and 1905.

Mark. exper. 1903 .. .. ..
Transpl. exper. 1904. . ..
Mark. exper. 1905 . .. . ..

Tetal No.....

Percentage. .

Total No.caught, . - . 3
Place of Caught in the | Caught in the | Caught in the | Caugth in the
recovery known Skagerak North Sea . Lim Fjord Kattegat
40 32 7 . 1
45 26 i 3 5
326 259 33 il 33
411 317 51 4 39
1009/, WLl | 124% | 10% 959,

and in the south-western-Kattegat south of a line drawn from Fornzs to Gilbjerghoved the plaice fishery
is carried on with considerably less intensity than in the rest of the Kattegat, and it is only in summer

117
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{hat a considerable plaice fishery is undertaken in the Aalborg Bight. If we compare the charts over
the marking experiments in the Kattegat (Fig. 8, 9, 10; Pl I, I, I11, IV) with the charts over the marking

experiments in the Skagerak (P1.V, VI and Contributions I Pl. X) it appears that the plaice on the whole

is more stationary in the Kattegat than in the Skagerak.

The same may be seen if we compare the

charts illustrating the transplantation experiments in the Skagerak and the Kattegat (Fig. 4 p. 19 and

Fig. 5 p. 20).

The plaice in the Kattegat seem to he
short time than the plaice in the Horns Reef area,
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Fig. 10. Marking experiment with plaice. No. 6. 1904. October.

form (females mainly of the northern form,
different from that of experiment 14A. The majority o

more inclined to undertake long migrations in relatively
but on the other hand they do not show so strong

an inclination to change dwelling
place quickly as the plaice in the
Skagerak.

Among other characteristic fea-
tures of the plaice-migrations in the
Kaltegat it may be mentioned that
a rather extensive northward move-
ment has evidently taken place towards
the Skagerak, but apparently no exten-
sive southward movement towards
the Belt Sea and Baltic. This 1is
evidently in connection with the fact
that the majority of the marked plaice
belongs to the northern form which
seems to feel more at home under the
life conditions in the Skagerak than
under the life conditions in the Belt
Sea and in the Baltic.

In a separate experiment (14 A.)
which was carried on in the south-
castern Kattegat and which only in-
cluded mature females, exclusively
or mainly of the southern dwarf-form,
there is on the contrary a distinct
southward tendency.  Experiment
No. 14, which has been undertaken
at the same place and at the same
time with specimens partly belonging
to the northern, partly to the southern

males without distingnishment) has given a result very
f the specimens is here recovered north of the

place of liberation. Thus we hardly commit any error in supposing the majority of the specimens which

have here migrated northward to belong to the northern form.
The migrations of plaice of th
of the northern form, but how far any considerable exchange ta

e southern form in the Kattegat are surely very different from those
kes place between the stock in the Belt

Sea and the stock in the southern Kattegat has not yet been ascertained.

The tendency which we find in the plaice in the Horns Reef area and the Skagerak to migrate

towards more shallow water in spring and out on greater depths

in summer may also be traced in the
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Kattegal plaice!. This appears most plainly in the experiments No. 4 and 5, 1904, and in No. 6 and 7,
1905 (see Fig. 8 and 9 p. 83 and PI. III and IV).

The experience which many fishermen mean to have made thal the plaice show a tendency to
move lowards more shallow water in autumn (before the spawning has begun) is quite in keeping with
the results of the marking experiments in autumn 1904 (see Fig. 10 p. 84 and PL I Exper. No. 8).

All the marking experiments in the northern Kattegat point in the direction that the plaice show
a disinclination to migrate to the eastern side of the deep channel in the northern Katlegat, as only very
few of the marked fish have been recovered there. It is quite true that the fishing here is not carried
on with strong intensity, but this is again essentially owing to the fact that the plaice do not show any
inclination to immigrate to this area from the Danish rearing grounds. In the Swedish transplantation
experiments the plaice has shown a far slronger tendency to migrate from the Swedish to the Danish
coast (Trybom L ¢.).

In a part of the southern and south-western Kattegalt where the plaice fishery is carried on with
no strong intensity only a slight number of the marked plaice have been recovered.

It will be seen from the summary below, that 92'3%0 of all the recovered marked plaice from the
experiments in the Kattegat were recovered in the Kattegat, 6:6°¢ in the Skagerak, 0'6°/0 in the North
Sea, 0:4°/p in the Sound and 0'1%0 in the Belt Sea.

Table 49. Table showing the number of marked plaice caught in different waters and liberated
in the Kattegat, 1904 and 1905.

Total No. caught,‘ | . | .
Place of Caught in the|Caught in the|Caugth in the Caught in the|Caught in the
) i Kattegat Belt Sea Sound Skagerak North Sea
recovery known ‘
| | B S | | -
i \ '
Mark. exper. 1904 . . .. 305 272 ‘ | 2 | 28 3
Mark. exper. 1905 . . .. 498 469 1 1 25 : 2
Total No. .., 803 741 | 1 3 53 ]
Il T = = e B e .
Percentage...| 1007 92390 | 01% 049 6610 0691

Do more plaice migrate from the Skagerak into the Kattegat than vice-versa??

Through the “Thor”s investigations it has been made clear that in the Skagerak there does not
exist any stock of plaice belonging to the southern dwarf form which might have immigrated from the
southern Kattegat or the Belts and Baltic; but as the plaice living in the northern Kattegat are generally
of the same type as those living in the Skagerak a mere investigation of the very plaice in these waters
would nol enable us to determine further details regarding their native place. Among the different
measures we had to adopt in order to obtain information with respect to the exchange of the stock of
plaice between the Skagerak and the Kattegat it was provisionally decided to undertake extensive marking
experiments in both these waters. The results of such marking experiments are now at hand, and even
if no perfectly certain information can be given on the basis of these how far more plaice migrate from
the Skagerak to the Kattegat than vice-versa, the experiments have yet afforded very valuable information
with respect to the extent of these migrations in both directions.

Thus it has become evident that the plaice-migration from the Katlegal into the Skagerak and

1 It appears also from the German investigations in the Baltic that the grown up plaice in spring leave the deeper water
and move towards the costal grounds (8. StropTMaNN: Laichen und Wandern der Ostseefische. II Bericht. Wissensch. Meeresunters.
N. F. Bd. VII. Heft 2. Abt. Helgoland 1906.

2 This question was originally raised by C. G. Jon. PETersEN who has given the “Thor” particular instructions to eluci-
date this matter as far as possible.
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vice-versa is a mosl important phenomenon, and as this migration lakes place mainly close lo the coasl
off the northern side of Skagen, it plays a great economical role for the fishermen in Skagen. It is
evidently not a quite small amount of the whole Kattegat and Skagerak stock of marketable plaice which
passes the Skagen yearly either to escape or to be caught under the attempt (see also Contributions I,
pag. 47). ' =

The Tables 50 and 51 represent a view illustrating the extent of the migrations from the Kattegal
to the Skagerak and vice-versa. The “southern side” of Skagen indicates here the stretch from Trane-
stederne to the NE. buoy of Skagen’s Reet. The “northern side” of Skagen indicates the stretch from
Spirbakken to Skagen’s light-ship. These Tables show that a very considerable number of the specimens
passing the Skagen either on migration from the Kattegat into the Skagerak or reversely are recovered
at Skagen!. It is even probable, that the number of marketable plaice which arerecovered
at the southern or at the northern side of Skagen by far exceeds the number that
unhindered is allowed to pass this stretch.

Whether the majority of the plaice which are recovered at the south-side of Skagen and which
originate from the marking experiments in the Kattegalt would have migrated out into the Skagerak if they
had been allowed to pass unprevented cannot be said with certainty. And it is just as unsettled if the
majority of the plaice which are recovered at the northern side of Skagen and which originate from the
marking experiments in the Skagerak would have migrated out into the Kattegat if they had not been
caught by the fishermen. If we regard only the percentage of the plaice which succeeded in migrating
from the Kattegat to the Skagerak or vice-versa, it will be found that 6:6°/0 of the plaice from the experi-
ment in the Kattegat have been recovered in the Skagerak while 9:5°0 of the specimens from the experi-
ments in the Skagerak were recovered in the Kattegat.

As there is reason to suppose — according to the number and rate of growth of the young plaice in
the two waters — that at least as many plaice yearly grow up to a marketable size in the Skagerak as
in the Kattegat® it would seem as if more marketable plaice migrate from the Skagerak
into the Kattegat than vice-versa.

The view that the immigration of plaice from the Skagerak to the Kattegat is
grealer than the emigration from the Kattegat to the Skagerak — when both young speci-
mens and marketable fish are taken into consideration — is also supported by the fact that at
least as many plaice of the northern form yearly are fished in the Kattegat as in the
Skagerak though the number of 0O-group specimens of the northern form that yearly
grow up in the Kattegat, is slight in proportion to the number of the O-group specimens
that grow up in the Skagerak?®

Among the plaice which migrate from the Katlegat lo the Skagerak or the North Sea, compara-
tively many specimens are of a considerable size. Of 537 recovered plaice of original length 20—29 cm.,
29 specimens or 54°0 were recovered in the Skagerak or in the North Sea. Of 286 plaice ol original
Iength 30—39 cm., 29 specimens or 10'1°/o were recovered in the Skagerak or in the North Sea. If we
regard the position of the places of liberation it will even be seen that most specimens of a length from
20—29 cm. are liberated in the northern Kattegat and most specimens from 30—39 cm. in the middle
and southern Kattegat. Thus it is evident that the larger specimens show a more marked
tendency to migrate out from the Kattegat to the Skagerak than the smaller ones.

1 A proportionally considerable number of plaice in the Swedish marking experiments in the Kattegat have also been
recovered near Skagen (F. Trysom: Markning af rodspattor vid Sveriges vestkust. 1902 och 1903. Svenska Hydrografisk-biologiska
Kommissionens Skrifter. Héaftet II. Goteborg 1904, — Svenska rédspattemiirkningar och métningar. 1904 och 1905, ibd. Haftet IIL
Goteborg 1906.

2 A. C. Jouanssey: Ueber die Schollenfischerei im Kattegat und die Mittel sie zu heben. Rapports et Procés-Verbaux. Conseil
perm. internat. Vol. 5. 1906. p. 80112, Taf, VL
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Table 50. Table elucidating the migration of plaice from the Skagerak to the Kattegat etc.
Marking experiments in the Skagerak. 1903, 1904, 1905.

| T ] =
‘|‘ | ” Total No. Cauiglit onJ Caiight on I Caugth in | Caught in | . .
| No. caught, northern | southern € Katte-|the Skage-| Caught in Caughf in
Place of Liberation Date of experi-‘ Place of side. of side of | 8at (excl. | rak, E.of |the North | the Lim

‘ ‘ ment | recovery Skagen Skagen south. side| Skagens Sea Fjord
| ‘ I! known | ‘ of Skagen) LV. |

—_— = — - — : ! —

NW of Hirshals. 57°41'N 9°38'E .... . .. h 1903 April 17 6 1903 | 2 ! 1 ‘ . ' - e ‘

W by N of Kettrup. 57°19'N. .. ..... ... .. I » T 7T 0 N 7 1 1

9928-9°33'E ... .. ... || » » 17 8 » |f o [

NE of Bulbjerg. 57°20‘N 9°10°'E, .. ... .. > o> 17 9 || 12 | 6

NE of Bulbjerg. 57°17'N9°11'E. .. ... .. > 1810 6 . |

N of Skagen. 57°46/'N10°36'E ......... | » » 21| 11 » 1 1 i

Off Tversted. 57°38'N10CI2E ......... | » »2122 12 7 | i

N of Tversted. 57°36'N 10°12'E ... .. .. » »  22] 13 » | 5 35 G . qe 1 e

Jammer Bay. 57°12/-57°21'N 8%45-9°17'E (1904 March 1 /Tr.10 1904 | 45 2 ‘ 4 ‘ 1 1 11 3

2 miles W of Spirbakken. 57°42'N 10°23‘E | 1905 March 20 3 1905 56 15 ! 5 7 .. o 2

Off Bulbjerg—Svinkleven.. ... . ... . ... » » 220 4 » | 270 | 13 10 11 3 33 1

(Number ... ‘ 411 32 19 ‘ 20 4 51 4
Total — - - — —
l[’ercentage. ; i 1000/, T-8%0 469, ‘ 499, 1-0°/o 12:4.01, 1-0%,

Table 51. Table elucidating the migration of plaice from the Kattegat to the Skagerak and further westward.

Marking experiments in the Kattegat in 1904 and 1905,

‘ |
| Total No, Caught on | Caught on Ca}lgllt in | Canght in Caught in
Place of Liberation Date ND: of caught, Place southern sidenorthern side the Skageralk, the Skagex:ak, the North
experiment | of recovery of Skagen of Skagen E of Skagens| W of Spir- on
known ‘ L.'V. | baklken
i [ |
Lese Rende.. ... .. ... . ‘ 1904 March 5 3 1904 26 2 1 ’
81/ miL.NE of Hirsholmene | » s T 4 15 1 ‘ 2
Off Aalbeek ... ... .. .. . | » » 14 5 36 12 1 -
Trindelen .. ... ... ... » » 2L|Trdl » 35 i 1 L 1
WNW of Vinga......... » October 5 6 » 42 G 2 1
Off Trindelen ......... . » » 11 T » 8 . il o
Off Trindelen ..... ... .. » » 12 8 » 24 o 3 1 1
2 miles E of Aalbzk . .. » » 17 9 » 24 4 1 1
Pakhus Bay, Anholt. . . .. » » 25 10 » 4 1 1
8 miles S of Anholt Knob | » B 27 11 » 7
9 miles SEofKobbergrund || » » 28 12 » 2 s
Gmiles NW of Anholt Knob | » » 28| 13 » 6 s 1 . i
10milesNW byW of Kullen || » » 29 14 » 60 2 5 3 3
10 miles NWbyW of Kullen || » » 29 14A » 17 . s X .
5 miles N of Anholt Light|[1905 March 15 1 1905 62 o 3 1 1 1
SW of Anholt.......... » » 16-17 2 » 216 1 2 1 1
5mil.N'/sW ofHirsholmene | » » 29 6 » 170 66 5 6
Aalborg Bay . ... ..., »  April 1 T » 50 6
INumber 5 ] 803 95 34 4 15 5
Total — . S e
|Percentage..| 1009/, 11: 8% 429, 0.5 199/, 06l

If we regard the size of the specimens which migrate from the Skagerak to the Kattegat we

notice the reversed tendency. The sm

aller specimens show here a stronger inclination to migrate into the

Kattegat than the larger ones. Of 47 recovered specimens of original length 16—24 cm. 8 or 17%0 were
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recovered in the Kattegat. Of 304 recovered specimens of original length 25—29 cm. 27 specimens or
89°0 were recovered in the Katltegat and of 70 specimens of original length 30—37 cm. 4 specimens or
57°%0 were recovered in the Kattegal.

These migrations from the Kattegat to the Skagerak which we notice in the larger plaice of
ca. 30—39 cm. length, and reversely in the smaller plaice of ca. 15—29 cm. seem — at any rate
lo a certain degree — to appear as spawning migrations and food migrations. Specimens of
a length of ca. 30—39 cm. of the northern form generally approach maturity for the first time and
migrate now out on relatively deep and salt water in the North Sea and Skagerak during the
sensible spawning period. Many of these specimens are probably developed and have grown up in
these waters.

The specimens of 15—29 c¢m. are on the other hand generally immature fish and in searching for
grounds with rich food many of them come into the Kattegat.

The tendency of emigration from the Kattegat to the Skagerak may be traced both in winter and
spring. In the autumn experiments comparatively many more marked fish were recovered in the
Skagerak and the North Sea than in the spring experiments.

The immigration from the Skagerak into the Kattegat takes place to a great extent in spring (see
Fig. 4 p. 19 and P1. V and VI). If it goes on also to any considerable extent during other seasons is not
settled by the experiments, but it does probably.

In the Tables below a view is represented over all the recovered marked plaice from the experi-
ments in the Kattegat and the Skagerak in 1903—1905 together with a statement showing which specimens
have been recovered in the Skagerak or the North Sea from the Kattegat experiments, and which speci-
mens have been recovered in the Kattegat from the Skagerak experiments.

Table 52. Table 53.
Original length of all recaptured plaice in the marking Original length of all recaptured plaice in the marking
experiments in the Skagerak in 1903—1905, and length of experiments in the Kattegat in 1904—1905, and length of
specimens captured in the Kattegat. specimens captured in the Skagerak and the North Sea.
. of speci » speci
Original length ot smber .Of Nugf:lla‘tured Pin tlﬁzns Original length Total Bapther of ?elcl::i)bt?:regﬁn t?:ecé{g\egl::
recaptured plaice Kattegat recaptured plaice valc and the North:Ses
16 cm. 2 i 20 em. 1
17 » 1 e 21 » 5 -
18 » 2 1 22 » 50 4
19 » e 23 » 48 5
20 » 4 i 24 » Tl 1
21 » 8 1 25 » 61 3
22 » 6 1 26 » 79 +
23 » 9 1] 2r 64 2
24 » 15 4 28 » 72 4
25 » 37 T 29 » 36 6
26 » 49 1 30 » 80 3
21 » Tl 6 31 » 52 3
28 » 73 8 32 » 54 11
29 » T4 5 33 » 39 6
30 » 47 4 34 » 21 3
31 » 12 2% 35 » 17 1
32 » 3 . 8 36 » 16 1
33 » 4 2y 37 » - I
34 » 1 .. 38 » 1
35 » 1 39 » 2
36 » 1 T —
97 1 823 58
421 39
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4. Do the plaice wander in shoals?

If we regard some one or other chart illustrating a marking experiment, it will as a rule be noticed
that the plaice liberated on a certain spot have spread a short time afterwards over considerable areas
and have migrated in far different direclions. From this fact we are not, however, entitled to conclude that
the plaice wander about separately and do not gather in shoals. The results of the Danish marking experi-
ments in 1903—1906 tend to confirm the experience which many fishermen believe to have made, that
the plaice show an inclination to gather in shoals. It has namely appeared, that two or three plaice
from the same experimenl have been recovered at the same time and on the same spot far from the
place of liberation and that plaice liberated in different experiments on different localities later on have
been recovered on the same spot and at the same time. A series of examples elucidating these
matters will be given here. ;

a. Marked plaice from one experiment recovered at the same time and on the same spot
at considerable distance from the place of liberation.

Experiment No. 3, 1903. On April 10th of 1903, 445 marked plaice were liberated 4 miles SE. of
Vyl light-ship, 55°21'N. 7°52'E., at 10—11 fms.

1) On April 27th of 1903 two different cutters captured 2 of these plaice 4 miles W. of Graadeep,
55°25'N. 8°8'E., at 8 fms. The distance between the place of recovery and the place of liberation was
ca. 10 miles.

2) On April 28th, 2 plaice were again caught by two different cutters 8 miles W. of Graadeep,
55°24'N. 8°1'E., at 8 fms. The distance between the place of recovery and the place of liberation was
here ca. 6 miles.

3) On April 28th another couple of these plaice were recaptured by the cutter “Mathilde” 5 miles
SW. by W. of Graadeep, 55°22'N. 8°9'E,, at 8 fms. Distance ca. 10 miles.

4) On April 28th, 2 of these plaice were also recovered by the cutter “Birgitte” 6 miles W. by S.
of Graadeep at 8'/2 fms. Distance 7 miles.

- 5) On April 29th, 2 specimens were again recovered by the cutter “Margrethe” 6 miles W. of
Graadeep at 7'z fms. Distance 8 miles.

6) On May 1st, 2 specimens were recovered by the cutter “Kirstine” 3 miles SW. of Cancer at
7 fms. Distance 7 miles.

7) On May 1st, 2 specimens were recaptured by the cutter “Emanuel” 6 miles NW. of Graadeep
at 8 fins. Distance 11 miles.

8) On May 2nd, 2 specimens were recovered by the culter “Augusta” 2 miles W. by S. of Cancer
in 8 fms. Distance 9 miles.

9) On May 23rd, 3 specimens were recovered by two different cutters 3 miles NW. of Slugen
at 11 fms. Distance ca. 14 miles.

10) On August 16th, of 1903 1 specimen was recovered 20 miles NW. of Horns Reef L. V. On
August 17th, 1 specimen was recovered in the same place. Distance 43 miles. |

Experiment No. 5, 1903. On April 11th of 1903, 286 marked plaice were liberated N. of Horns
Reef at 55°35'N. 7°40'E., 6—7 fms. ‘ '

1) On April 25th and 26th of 1903, 2 of these plaice were recaptured by the cutter “Mary” 4 miles
SE. of Vyl buoy. Distance between place of liberation and place of recovery 14 miles.
2) On April 30th, 2 specimens were recovered by the cutter “Thora” 7 miles W. of Graadeep in
8 fms. Distance 17 miles.
Fiskeri II. 5. 12
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3) On May T7th, 3 of the marked fish were recovered by the cutter “Foniks” 4 miles N. of Slugen
at 9 fms. Distance ca. 6 miles.

4) On May 26th, 2 of the plaice were recovered by the cutter “Aage” 2 miles NW. of Keergaarde
Bn. Distance ca. 17 miles.

Experiment No. 9, 1903. On April 17th of 1903, 13 marked plaice were liberated 11 miles NE. of
Bulbjerg at 57°20'N. 9°10'E.

- On April 26th of 1903, 1 specimen was recovered off Thyboren, and on May 1st another specimen
was caught at the same locality. Distance ca. 52 miles.

These examples which all originate from the experiments in 1903 might be supplemented by many
others from the experiments in 1903—1905, as may be seen in the detailed tahles over liberation and
recovery of marked plaice.

If the specimens recovered at the same spot and at the same time far away from the place of
liberation have moved together cannot be ascertained in each separate case; but as the phenomenon is
very common it has in all probability often been the case.

If we regard the charts illustrating the marking experiments, the impression is often immediately
conveyed that the plaice wander in shoals. On the charts PL. XI and XII (Contributions I) it appears as
if large shoals of plaice have moved towards the coast in the Horns Reef area in Apul and May 1903.
On Pl VI, Experiment No. 4 it will be seen, that several plaice have been recovered near Skagen
ca. 60 miles from the place of liberation and ca. 1 month after liberation. If we submit the data to a
closer examination it appears that 3 of the specimens were here recovered on the same day, on
April 10th of 1905, and three again on April 29th (see Table 20 p. 42—43).

b. Marked Plaice liberated in different localities but recovered at the same place at
the same time.

The plaice mentioned below were liberated in the following experiments in the Horns Reef Area-
Experiment No. 2. April 10., 1903. 255 Plaice liberated at 55°22'N. 7°55'E., at 9 fms.
Experiment No. 3. April 10., 1903. 445 Plaice liberated at 55°21'N. 7°52'E., at 10—11 fms.
Experiment No. 5. April 11., 1903. 286 Plaice liberated at 55°35'N. 7°40'E., at 6—7 fms.

1) On April 28, 1903, the cutter “Harboere” caught two marked plaice, No. 428 and No. 769,
8 miles W of Graadeep at 8 fms. No. 428 came from the above mentioned experiment No. 3. No. 769
originated from the experiment No. 5. The distance of removal was respectively 6 and 17 miles.

2) On the same day, April 28., the culter “Hvidtfeldt’ caught two marked plaice 4 miles SW. by
W. of Graadeep at 7 fms. One of the specimens, No. 601, originated from the above mentioned experi-
ment No. 3 and had moved 10 miles. The other specimen came from experiment No. 5 and had
moved 21 miles.

3) On April 30., 1903, the cutter “Thora” captured three marked plaice 7 miles W. of Graadeep in
8 fms. One of the specimens, No. 76, came from the above mentioned experiment No. 2 and had moved
5 miles. The two other specimens, No. 843 and No. 910, came from the experiment No. 5 and had
moved 18 miles. |

4) On May 2, 1903, the cutter “Karen og Ejnar” captured 2 marked plaice, No. 560 and No. 830,
1 mile SW. by W. of Cancer. No. 560 came from the experiment No. 3, No. 830 from experiment
No. 5, the distance being respectively 9 and 13 miles.

5) On May 7., 1903, the cutter “Julie” captured 2 marked plaice 1 mile W. of Keergaarde Bn. at
4!z fms. One of them, No. 43, came from experiment No. 2 and had moved 21 miles. The other,
No. 697, came from experiment No. 3 and had moved 23 miles.
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6) On June 16., 1903, a culler caplured two marked plaice, No. 181 and No. 791, 12 miles NE. of
Horns Reef L.V. a! 11 fms. They came f[rom.the experiments No. 2 and 5 (April 1903) and had moved
respectively ¢. 23 and 8 miles from the places of liberation. :

7) On August 17th of 1903, 2 marked plaice, No. 584 and No. 754, were captured 20 miles NW.
of Horns Reef L. V. (It is not known if they were caught by the same culter). They came [rom the
experiments 3 and 5, the distance being respectively 43 and 31 miles.

These examples which solely originate from the experiments in 1903 might be supplemented by
many others from the experiments in 1903, 1904 and 1905.

5. How quickly are the plaice able to move?

In the Table below a view is represented over the grealest rapidily noticed for the plaice in the
Danish marking experiments in 1903—1906. The average speed per day means here the distance between
the place of recovery and the place of liberation divided by the number of days passed between libera-
tion and recovery. The “average speed” hereby obtained is naturally only a minimal-stalement as the
plaice cannot be supposed to have moved in a straight line.

In the Table 54 no specimen has been taken into consideration which was nol recovered at least
45 miles away from the place of liberation.

Table 54. The greatest speed observed for plaice in the Danish marking experiments in 1903—1906.

Distance betw. | Time between l
No. on label | Place of liberation No. of experiment place of libera- | liberation and | Average speed
tion and place of recovery, pr. day, miles
[ recapture, miles| No. of days
[Da04 4156 Horns Reef Area Trpl. exper. No. 4 1904 T 5 15-40]
Da 1029 Skagerak Mark. exper. No. 9 1903 52 9 5178
Da 4 327 | Southern Kattegat | Mark. exper. No. 14 1904 310 54 074
Da04 302 | Horns Reef Area Trpl. exper.No. 3 1904 104 22 : c. 47
Da 10256 Skagerak Mark. exper. No. 9 1903 52 14 [ il |
Da 05 1007 Skageralk Mark. exper. No. 4 1905 62 20 310
Da05 667 Skagerak Mark. exper. No. 4 1905 57 19 30
Da05 T12 | Skagerak Mark. exper. No. 4 1905 57 19 30
Da 056 867 Skagerak Mark. exper. No. 4 1905 | a7 19 30
Da . 1211 |NorthSeaoffHanstholm| Mark. exper. No. 17 1903 52 18 289
Da 05 1071 Skagerak Mark. exper. No. 4 1905 57 20 2:86
Da05 944 Skagerak Mark. exper. No. 4 1905 128 | 45 2-84
Da 05 877 Skagerak Mark. exper. No. 4 1905 169 ' 63 2:68
Da 05 635 Skagerak Mark. exper. No. 4 1905 117 ‘ 46 2:54
Da 05 1125 Skageral Mark. expeér. No. 4 1905 131 3 52 . 252
Da 4 365 || Southern Kattegat |Mark exper.No.14 1904 336 3 141 2-38
Da 05 267 Middle Kattegat Mark. exper. No. 2 1905 74 33 224
Da 05 1096 Skagerak Mark. exper. No. 4 1905 9 41 2:22
Da 05 1102 | Skagerak Mark. exper. No. 4 1905 129 63 2:05
Da 1024 | Skagerak Mark. exper. No. 9 1903 108 53 204
Da04 412 Horns Reef Area Trpl. exper. No. 4 1904 46 23 2:0
Da 04 1720 | Skagerak Trpl. exper. No.10 1904 118 69 20
Da 05 9389 Skagerak Marlk. exper. No.4 1905 e. 70 35 e. 20
Da 05 1161 Skagerak Mark. exper. No. 4 1905 c. 70 36 c. 20

For comparison with the speed given in Table 54 it may be stated thal the greatest speed for plaice
which Borau and TrysoM noticed in the German and Swedish marking experiments in 1903 and 1904 was
as follows:

12*
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1 specimen 5 miles per day in 14 days (Bolau).
1 » 5 » » » » 14 » (Bolau).
1 » 372 » » » » 43 » (Bolau).
1 » 305 » » » » 23 » (Bolau).
1 » 2:86 » » » » 28 » (Trybom). -
1 » 276 » » » » 29 » (Bolau).
1 » 2:67 » » » » 30 » (Bolau).

As showed in Table 54 a far greater speed was observed for one single specimen than for any
of the others, namely 1540 miles per day. As a facl it does not seem incredible that a plaice should
be able to move with such a considerable speed'; but as this result stands quite isolated, and as mistakes
may easily occur in the stalement about place of recovery it will for the present time be safest lo distrust
this statement.

The next greatest speed we nolice is 578 miles per day and the third greatest 574 per day, as
one plaice seems to have covered a distance of ca. 52 miles in 9 days and another a distance of 310 miles
in 54 days. A speed of ca. 5 miles per day is recorded by Bolau for two specimens in the German
marking experiments in 1904. As we thus possess several results pointing in the same direction and as
this “average speed” is not conspicuously greai in comparison with other statements we may regard it
as probable, that plaice are able to move at least with a speed of 5—6 miles per day.

A speed from 2—4 miles per day has been noticed for several plaice, bul it is evidently quite
exceptionally that they move with so great a speed in the same direclion and for a fairly long time.

It will be seen in Table 54 that the majority of the specimens for which a speed of over
2 miles per day has been noticed originate from the experiments in the Skagerak. We find in this an
expression of the fact, that the plaice in the Skagerak move much faster than the plaice in the Kattegat
and in the Horns Reefl area. The specimens originaling from the Horns Reef area which have moved
with a speed of more than 2 miles per day all come from the transplantation experiments which suggest
that the transplanted specimens move far quicker from one place to another than the nol transplanted ones
(compare p. 20). It should here be remembered that several times as many specimens were recaptured
in the ordinary marking experiments as in the transplantation experimenls in the Horns Reefl area.

6. Causes of observed migrations of plaice.

The causes of the migrations of the plaice are of various kinds. The migration is probably among
others influenced by the following factors.

1. The distribution of the food.

When the plaice show a general tendency to migrate away from the coast as they grow up, and
hereby enlarge their area of distribution, it is surely among others the distribution of the food which
here plays a rdole?. A large stock of grown up fish would not be able lo live in the narrow shore belt
where the young bottom stages of the youngest series are distributed.

The migrations of the grown up plaice are undoubtedly also often influenced by the distribution
of the food, but it is very difficult to decide when the migrations should be regarded as food migra-
tions and when other factors than the food essentially influence the specimens’ change of residence®.

! Forrox has observed that grown up plaice gently swimming in the spawning pond at the Fishery Board’s Laboratory at
Aberdeen may move 100—140 feet per minute, or considerably over a mile an hour. (Scottish Fishery Board Rep. 21, 1903, p. 42).

2 H. C. Repexg: “The distribution of the plaice on the Dutch coast”. Rapports et Proces-Verbaux, Vol. III, Conseil perm.
intern. pour l'explorat. de la mer. 1905.

% C. G. Jou. PErersex is of opinion that the plaice seek the shallow water in spring in the search for food. — GaARrsTANG
supposes that the off-shore migration of plaice in summer is in relation with their search for food (North Sea Fisheries
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2. The temperalture.

As it appears that the plaice in the warmest as well as in the coldest season show an inclination
to migrale away from the quite shallow water towards the deeper and more temperate water we have
reason to suppose that this migration, at least partly, is dependent on the temperature, which also is a
general opinion'.

The fact, that the plaice during the spawning period show a disinclination to stay in quite
shallow waler? is possibly in accordance with the circumslance thalt they are at times in such walers
exposed to such low lemperatures which may be injurious to them.

3. The salinity.

What réle the salinity plays for the active migrations of the plaice is but little elucidated.
Generally the plaice avoid the water of less salinity than c. 5°/00 and they do not seem to be able to pass
all stages of their development in such water. But otherwise the plaice is very euryhaline.

The dwarf and brackish water form which is distributed in the Belt Sea and the southern
Kallegat may somelimes occur in water of a salinity exceeding 34:5°oo.

4. The currents.

The distribution of the pelagic stages of the plaice is naturally in the highest degree dependent
on the currents. The young bottom slages are also in all probability drifting with the current to no
slight extent.

If the older stages of plaice show a general tendency to drift with the current or to move against
it is nolt yet known.

At the easl-coast of Scotland Furron has noticed thal the movement of the plaice is on the whole
in a direction opposite to the prevailing current?, and GARSTANG is of opinion, that there is much in
the results of more recent experiments to support the idea that the migration of plaice have a pre-
ponderating tendency in opposition to the prevailing currents (North Sea Investigations I c¢. p. 31).

5. Wind and shelter.

That the plaice during gales blowing on the shore either must leave the shallow water or squeeze
themselves hard down into the bottom is a priori probable.

Al the northern side of Skagen it appears thal most plaice are caplured after south-western,
western or north-western gales. It is a probable explanation of this fact, that many plaice during the
gale leave the shallow water in the Tannis Bay and take shelter in the deeper water oft the northern
side of Skagen.

At the northern side of Skagen only a few plaice are recaptured after eastern gales™.

Investigation Committee. Report (No. 2 — Southern Area) on Fishery and Hydrographical Investigations in the North
Sea ete. 1905.)

1 See for instance: H. Krgvmr: Danmarks Fiske, Bd. II, Kjebenhavn, 1843—45, p. 272, — H. C. Repexe: The Distribution
of the Plaice on the Duteh coast. Rapports et Procés-Verbaux, vol. IIl.  Conseil internat. pour U'exploration de la mer. 1905. —
A. C. Jomaxsey: Contributions to the Biology of the Plaice, I. Medd. fra Komm. for Havunders. 1905, p. 25—27.

2 E, L. V. Horr in Journal Mar. Biol. Assoc. III. 1895, p. 895. — T. W. Forrox in Report Fishery Board for Scotland VII,
Part III, 1889, p. 188; ibd. VIII, Part III, 1890, p. 261. Report on Fishery and Hydrographical Investigations in the North Sea
ete., 1902—1903, p. 593 etc. London 1905.

3 Report Fishery Board of Scotland. 71. Part III, p. 186. 15. Part IlI, p. 374. 21. Part III, p. 42. Report on Fishery and
Hydrographical Investigations in the North Sea, ete. 1905. p. 594.

4 On the migrations’ probable dependence on wind and lee see for instance: OravivUs: Schagens Beskrivelse, Kiebenhavn
1787, p. 178 —180. H. Krgver: Danmarks Fiske, Bd. 1], Kjobenhavn 1843—45, p. 272. W, LinLiEBorG: Sveriges och Norges Fiskar,
Bd. Il, Upsala 1891, p. 375. W. Garsranc: Fishery and Hydrographical Investigations in the North Sea, ete., Southern Area, 1905,
p- 10 and 31,
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C. The intensity of fishing.
«. The intensity of fishing in different areas.

A view over the percentage of plaice recaught in the ordinary Danish marking experiments wilth
plaice in 1903 to 1906 will be represented in the following. The four areas:the Horns Reefl area, the
Hanstholm—Sendervig area, the Skagerak and the Kattegat will here be treated separately.

1. The intensity of fishing in the Horns Reef area.

In the Table 55A a view is represented over the total number of liberated and recaptured
specimens in the ordinary Danish marking experiments in the Horns Reef area during the years 1903 —1906.
It will be seen that the average recapture in the course of one year amounts to ca. 42 ly of all the liberated
specimens. A far greater percentage was recovered of the larger specimens than of the smaller ones.
Thus it appears in Table 55B that 55-2°0 of 1001 specimens of initial length 25 em. or above were
recovered within one year. In comparison with this it should be noted that 815 t3peclmuns ‘which at
liberation were of a length of below 25 cm. only gave 209 recaptures or 25 690 in the same time.

Of the specimens which at liberalion had a size of 25 cm. or above the following numbcls were
recovered within one year (in 1906 within 6 months).

No. liberated  No. recovered Percentage recovered

In the experiments in April, 1903 .... 522 219 42:0°%0
> » » > Febr., 1904 .... 51 37 72:5%0
»  » » » April, 1905 .... 248 176 71:0%0
» » 5 » April, 1906 .... 180 181 6720

It is here obvious that only a relalively slight percenlage was recaplured of the specimens
liberated in 1903.

It should be noticed that a specimen from the experiments in 1903 was taken “dead and rotten”
on the sea bottom shortly after liberation. This fact would seem to indicate that all the experiments at
Horns Reef in 1903 have not been quite successful.

It is also worthy of note that in the year in which the least percentage was recovered, the Esbjerg
cutlers yield of the plaice-fishery was comparatively slight while the yield was far more considerable in
1904 and 1905 when the high percentages were recaptured (see p. 60—63). We might imagine the reason of
the slight yield in 1903 lo be, that proportionally many plaice had this year succeeded in leaving the
Horns Reef area without being caught by the fishermen. As has been referred to previously there is,
however, also the possibility that the slight yield of the fishery in the Horns Reef area in 1903 may be
owing to the circumstance, that the plaice increased proportionally slowly in that year wherefore com-
paratively few young specimens obtained a marketable size.

According to Borau?!, 264 plaice of a length of 13—55 c¢m. were liberated in the Horns Reef area
at 23—30 meters depth on March 18th of 1904. In the course of one year 86 specimens or 32:6°0 were
recovered. Of 156 specimens measuring 25 cm. or above, ca. 42 /o were recaplured. In other German
experiments which were undertaken on July 20th, 1904, 72 specimens were liberated in the same area at
9527 meters depth. Until the end of April, 1905 only one specimen or 1'4°o was recovered. The reason
of this slight percentage may presumably be ascribed to the fact, that the experiment was carried on at
a time when the intense spring fishery was over (if we dare take for granted that the specimens were
quite well and strong at liberation).

The German experiments with aluminium-rings are not taken into consideration here, as this
method of marking has proved to be unsatisfactory.

! BoLau: Die deutschen Versuche mit gezeichneten Schollen. I. Bericht. Wissensch, Meeresuntersuch. VIL B, 1905,




The experiments which have hitherto been mentioned can only give an idea of the intensity of
fishing in the Horns Reef area at depths below 30 meters. At greater depths where the fish are less
numerous, the fishing is also less intense.

In a marking experiment carried on by the English research steamer “Huxley” on the Horns
Reel Outer Grounds at 55°25'N. lat. 6°2'E. long. on the 15th September, 1903, 29 specimens were sel free
and seven of these or 24:1% were recaptured within one year™.

In a Danish marking experiment on the Horns Reef OQuter Grounds at 45 meters depth 5 marked
plaice of 356—57 cm. length were set free on September 28th, 1904. None of these specimens have later
on been recorded as recovered. (Concerning the Danish transplantation experiments in the Horns Reef
area, see p. 16—17.)

Table 55A. Number of specimens recaptured in the ordinary marking experiments with plaice
in the Horns Reef Area. 1903—1906.

I Number ‘ Total No. |No.recanght Pereentage |y, recaught Eeracniage
Pate (_)f Station of Experi- Locality and Depth of Liberation of specimens within | recéught until Septbr. 1‘e.caught
Liberation No. 2 .| within one until Septhr.
ment liberated | oune year 30., 1906
[ | year 30., 1906
| | | |

1903 April 10| 36 1 1903 | 7 miles WSW of Nymindegab. 17 meters ‘ 12 ‘ 0 0.0 2 16-7
» 10| 38 | 2 1903 |6 miles SE by E of Vyl Lightship. 17 m. | 265 | 56 220 6 | 2%
» » 10 39 3 1903 | 4 miles SE of Vyl Light-ship. 20 m. 445 112 262 121 272
¥ » 11 40 4 1903 | 18 miles WNW of Horns Reef Light-ship. 32-34 m. | 2 1 50-0 1 ‘ 500

» » L 41 5 1903 | 2 4 3 miles N of Tuxen. 11—13 m. 286 ‘ 124 434 132 ‘ 462
1904  Febr. 22-23 192 1 1904 | 7 miles S by W1/s W from Blaavand. 14 m. 1656 48 291 57 ‘ 346
» » » 195 2 1904 | 3': miles W?4S from Ksrgaarde Bn. 15 m. 45 28 62:2 29 ‘ 64-4
1905  April 15 381 8 1905 | 8 miles SSW of Blaavands Point. 14 m. 200 143 716 146 730
» » 15 382 9 1905 | Northern Part of Slugen. 15 m. 145 89 614 90 \ 62:1
» » 15 | 10 1905 | Graadeep, inside the bar, 6 m. 40 28 | 700 29 72:5
»  Septbr. 29 11 1905 | Graadeep W of Esbjerg Harbour. 9 m. 21 T 33:3 7 333
1906  April T 799 1 1906 | 9 miles SW by W of Blaavand. 16 m. 150 801 | 63:31 s 80 533
» » 10 805 2 1906 | N of Slugen. B55°34'N. 7T°46‘'E. 13 m. 50 461 | 92:01 46 : 92:0

! show recaptures until Septbr. 30., 1906. 1816 762 | 20 85 | 3

Table 55B. Number of specimens recaptured in the ordinary marking experiments with plaice
in the Horns Reef Area. 1903—1906.

‘ | Specimens of 25 cm. or above when set free | Specimens below 25 cm. when seet free
Date of | Station i No. of No. of No. Percentage | No. Percenlage | No. of No. Percentage No. Percentage
Liberation No. | Experiment N]]ecil‘uens 1‘Ieczlmghl 1:euaught recaught | recaught speci;neus xzec:_aught 1:ec':-‘-ught 1‘ec‘!:111ghl rec_aughi

‘ libarated within one | within one | until Sept. | until Sept. libesated within one | within one | until Sept. | until Sept.

year year 30., 1906 | 30., 1906 year year 30., 1906 30., 19(&
1903 April 10 36 11908 | ... X it . P 12 | o o0 2 167
» » 10 38 2 1903 | 66 28 424 28 424 189 28 | 14-8 37 19-6
» % 10 a9 3 1903 | 211 74 361 75 365 234 ! 38 16-2 46 197
» » 11 41 | 5 1903 243 116 L 47T 122 50.2 3 | 8 186 10 233
1904  Febr. 22-23 192 ’ 1 1904 23 16 69-6 16 696 142 | 32 22:5 | 41 289
» W » 195 [ 2 1904 | 28 21 , 150 22 786 17 ‘ T 41-2 T 41-2
1905  April 15 381 |8 1905 | 130 101 177 101 117 70 42 GO0 44 629
» » 15 382 9 1905 95 60 63-2 GO 632 50 ‘ 29 580 | 30 60-0
2 » 15 10 1905 20 14 70:0 14 700 20 | 14 00 | 15 750
»  Septhr. 29 o 11 1905 3 1 333 1 333 18 T 6 333 |- @6 333
1906 April 7 799 1 1906 132 161 , bY'61 76 576 18 ‘ 41 2291 | 1 22-2
» » 10 805 21906 48 | 451 93-81 45 93:8 2 it 50-01 1 50"0
1 show recaptures until Septbr. 30., 1906. 1001 1 B53 aG2 ol | 56:0 ! o | 209 S% | s | s

! Garsranc: Report on Experiments with marked fish during 1902—1903. Report (No. 2. Southern Area) on Fishery and
Hydrographical investigations ete. for 1902—1903. London 1905,
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2. The intensity of fishing in the Hanstholm—Sendervig Area.

In the Hanstholm—Se@ndervig area where the Danish plaice fishery is of far less importance than
in the Horns Reef area a proportionately small number of plaice have been marked, namely 99 in 1903
and 40 in 1905.

It may be seen in the Tables 56 A & B that in one year ca. 30°0 of all the liberated specimens
were recaptured and ca. 40°/0 of the specimens which at liberation were of a length of 25 em or above.
Of 53 specimens measuring below 25 cm. at liberation only 9 specimens or ca. 17% were recovered
within one year. Though the recovered percentage of marked plaice is rather considerable also in this area,
it is far less than in the other areas: Horns Reef, Skagerak and 'Kattegat. This must evidently — at
any rate essentially — be ascribed to the fact that the west-coast of Jutland is destitute of fishing
harbours on the proportionally long distance between Skagen and Esbjerg.

At Tarbot Bank at 56°28'—56°34' N. lat. 5°57'—6°17' E. long and 30—45 meters depth, the German
investigators liberated in September 1903 and March 1904 85 specimens measuring 24—51 c¢m. In the
course of one year 10 specimens or 11:8°0 were recovered (Borauv 1. c). It is also here confirmed, that
the plaice-fishery is carried on with far less intensity on the off-shore grounds than on the costal grounds.

Table 56 A. Number of specimens recaptured in the ordinary marking experiments with plaice on the shore-grounds

off Hanstholm—Sendervig (the North Sea). 1903 and 1905.

: | \
¢ . Number Total No. No.recaughti Percentage No.recaught Percentage
F)atc‘z 0_ Station of Experi- Locality and Depth of Liberation of specimens|  within | recaught |, 451 Septbr. re.caught )
Liberation No et liberated onE yeur within one 30., 1906 until Septbr.
| year 30., 1906
— — — - =

1903 April 23 62 ‘ 15 1903 | 5 miles WSW of Bjergehuse Bn. 21—24 m. | 21 b 238 5 238
» » 23 64 | 16 1903 | 1's mile W of Torup Bn. 17—19 m. 48 14 292 18 375
» » 23 ... 17 1903 | 3 miles W of Hanstholm. 23 m. 30 10 333 11 367
1906 March 24 354 5 1905 | 3 miles W of Torup Bn, 18 m. 40 14 350 14 ' 350
' 139 43 309 48 345

Table 56 B. Number

off Hanstholm—Sendervig (the North Sea). 1903 and 1905.

of specimens recaptured in the ordinary marking experiments with plaice on the shore-grounds

I
! L ‘ Specimens of 25 em. or above when set free |‘ Specimens below 25 cm. when set free
Date of Station No. of Nt No. Percenlage No. Percenlage | No. of I No. Percenlage No. Percentage
Liberation No. Experiment 5 Jecilmens recaught | recaught recaught recaught o e recaught recaught recaught recaught
llliberrltetl wilhin one | within one | uniil Sept. | until Sept. 1pbe ated within one | within one | until Sept. | until Sept.
' year ‘ year 3{) 1906. | 0., 1906 ‘ iberated | Tvoar | year | 30, 1906 | 30., 1906
| \ ST T
1903  April 23| 62 15 1903 10 ‘; 4 400 4 | 400 1l 1 841 ‘ 1 91
» » 23 64 | 16 1903 31 11 356 15 484 17 3 17-6 3 176
» » 23 oo 17 1903 15 8 53:3 9 60-0 156 2 133 2 133
1905 March 24 364 5 1905 3 11 367 11 36:7 10 3 300 | 3 30:0
8 | 34 | 395 39 453 53 9 170 i 9 170

3. The intensity of fishing in the Skagerak.

In Table 57A a view is represented over the number of liberated and recovered plaice in the
ordinary marking experiments in 1903 and 1905. Ca. 41°/v of all the liberated specimens are on an average
recovered here.
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Of 750 specimens which at liberation were of a length of 25 cm. or above, 4570 were recovered
in the course of one year. Of 146 specimens measuring 15—24 cm. at liberation, only 27 specimens or
185"/ were recovered in the same time (see Table 57B).

Table 57 A. Number of specimens recaptured in the ordinary marking experiments with plaice in the Skagerak.

1903 and 1905.

| [ . ,
‘ . | Number | Total No. |No.recaught Pn‘:lcentage No. recaught Pelcentige
P:\tc (?f Station of Experi- | Loeality and Depth of Liberation ‘ofspecimeus within l.ecafught until Septbr. re‘iaélg b
Liberation No. e Yiberated one year within one 30., 1906 until Septbr.
| | | year 30., 1906
% L. 1 B | = 1 - — == == < ‘,
1903  April 17 49 6 1903 | 10 miles NW !/s N of Hirshals, 49 m. 2 ‘ 2 \ 100:0 | 2 1000
» » 17 51 7 1903 ‘ 3 4 4 miles W by N of Kjettrup. 11—15 m. 12 [ 6 ‘ 500 8 66-7
» » 17 52 8 1903 @ 6 miles W by N of Kjettrup. 13 m. 6 ‘ 1 ‘ 167 1 16:7
» » 17 ‘ 53 9 1903 ‘ 11 miles NE of Bulbjerg. 17—19 m 18 ' 12 \ 92-3 12 92:3
» » 18 54 10 1903 | 10 miles NE of Bulbjerg. 13—17 m. 19 b [ 26-3 6 316
2 » 91| 58 |11 1903 | 1 mile N of Skagen's Light. 19 m. 2 ‘ il el s 1 50-0
» »  21-22 59 12 1903 | Off Tversted. 15—23 m. 45 . it ‘ 1566 7 15:6
» » 22 GO 13 1903 | Off Tversted. T—13 m. 14 | 5 357 5 ‘ 367
» » 22 61 14 1903 | 4 miles NE of Hanstholm. 24—28 m. 8 0 [ 00 0 [ 0:0
1905 March 20 349 3 1905 2 miles W of Spirbakken Bn. 17 m. 200 ‘ 56 280 I 56 ‘ 28:0
» » 22 | | 4 1905 | Off Bulbjerg — Svinkleyen. 10—16 m. w 576 276 i 478 278 | 484
896 370 \l 413 \ e | 480
Table 57 B. Number of specimens recaptured in the ordinary marking experiments with plaice in the Skagerak.
1903 and 1905.
‘I Specimens of 25 cm. or above when set free Specimens below 25 cm. when set free
Date of Station No, of | No. of ‘ No. ‘ Percentage No. Percentage No. of No. Percentage r No. ‘ Percentage
Liberation No. Experiment | . eui'mens recaught recaught recaught recaught | ‘C.' L recaught recaught recaught | recaught
hllfh HiF wilhin one | within one | until Sept. | until Sept. SF; 1211[ nls within one | within one | until Sept. | until Sept.
‘ | ‘ e year ‘ year | a0, 1906 30., 1906 TIEEHLAC year year } 30., 1906 30., 1906
- ‘ = - = . —
1903  April 17 | 49 6 1903 2 2 1000 2 100-0 ” l i ‘ S [ ‘s 5 i
» » 17 ‘ Al T 1903 3 3 1000 3 100-0 9 ‘ 3 333 5} 56'6
» » 17 | 62 8 1903 1 1 100-0 1 100-0 153 ' 0 00 0 0:0
» » 17 53 9 1903 8 8 100-0 8 100:0 5 -+ 800 4 800
» » 18 54 10 1903 5 2 400 2 400 14 3 ‘ 214 ‘ 4 286
: » 21| 58 11 1903 g il 0y 500 1 500 y e it g
» »  21-22 | 59 12 1903 16 [ 6 376 6 375 29 1 34 | il 34
» » 22 60 13 1903 2 1 500 1 500 12 14 333 4 333
» » 22 61 | 14 1903 2 0 00 0 00 6 0 00 0 00
1905 March 20 349 | 3 1905 150 49 327 49 327 50 i 140 7 14-0
» » 22 4 19056 559 270 483 273 488 16 5 31:3 5 31:3
750 343 457 346 46-1 | 146 27 185 | 30 205
4. 'The intensity of fishing in the Kattegat.

on wilh the greatest intensity.

The greater part of the Kattegat belongs to the waters where the plaice-fishery is carried

As shown in the Table 58A, 606°0 of 1250 marked plaice have

been recovered within one year after liberation. Of 997 specimens of initial length 25 cm. or above,
619 or 6219 were recovered within twelve months. Of 253 specimens measuring 20—24 cm., 138 speci-
mens or 54'5°0 were recovered in the same lime.

Fiskeri IL 5.
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Table 58A. Number of specimens recaptured in the ordinary marking experiments with plaice in the Kattegat.
1904 and 1905.

‘ {
! . ‘ Number | Total No. |No. recaught| Ecrocntefe |No.rccaught Fercentage
Date of | Station of Experi- Locality and Depth of Liberation ‘.of specimens witltin r'eca_ugth luntil Septhr. relcaught
Liberation | No. ment } liberated one year within one | 4, 1qp¢ until Septbr.
‘ | year | 30., 1906
. ‘ = | R : ST "l ‘ i | ] o

1904 March 5| 208 3 1904 | Lewse Rende. 16 m. 30 24 ‘ 800 25 833
» » T 207 4 1904 ‘ NE of Hirsholmene. 29 m. 20 15 750 ‘ 15 750
» » 14 | 215216 | &5 1904 | Aalbek Bay. 12 m. 40 \ L ‘ 92:5 | 37 92:5
v Ocieber 5| 266 | 6 1904 ‘ 11 miles WNW from Vinga. 44 m. 72 43 597 14 611
» » 11 218 7 1904 ; 2!; miles SSW from Trindelen. 34 m. 19 ‘ 8 ‘ 42:1 ‘ 3 421
» » 12 280 8 1904 | 8 miles NW by N from Trindelen. 42 m. 43 | 24 ‘ 568 [ 24 { 56:8
» s 7| 988 9 1904 | Aalbak Bay. 7 m. 2 \ 24 | 923 | 24 \ 92:3
» » 25 303 ‘ 10 1904 | Pakhus Bay. S of Anholt. 24—30 m. 10 [ 4 ‘ 400 i 4 400
» » 27 305 11 1904 | 8 miles S of Anholt Knob. 32 m. 25 | 6 24-0 ‘ 7 ‘ 23-0
» » 28 ‘ 307 ‘ 12 1904 | SE by S of Kobbergrund. 24—40 m. 6 2 333 \ 2 333
» » 28 | 308 13 1904 | 6 miles NW from Anholt Knob. 30 m. 20 ‘ G 300 T 350
» » 99 809 |14 1904 | 10 miles NW by W from Kullen. 32 m. 139 67 182 81 583
1905 March 15‘ 341 1 1905 | 5 miles N of Anholt Light. 19 m. 95 ‘ 70 T34 70 137
» »  16-17 | 344-347 2 1906 SW of Anholt Harbour. 15—17 m. 305 210 689 219 718
» » 29 359 6 19056 ‘ Aalbzk Bay. 16 m. 300 , 170 567 171 570
» April 1 ‘ 361 | 7 1905 | Aalborg Bay. 15 miles SE of Hals L.V. 9 m. 100 47 47-0 50 600
‘ 1250 {7 [ 60-6 ‘ 788 630

Table 58 B. Number of specimens recaptured in the ordinary marking experiments with plaice in the Kattegat.
1904 and 1905.

| i | Specimens of 25 cm. or above when set fre | Specimens below 25 cm. when set free
Date of \ Station No of No. of ‘ No. Percentage No. Percentage No. of | No. lPercemngcl No. Percentage
Liberation No. Experiment spe(‘i'mens r_ecz-lughl r.ec:.tught rec'ﬂqlght rec-:aught speci.mens ‘ re-c;.mght rhec:-lught re:zaught re(faugh't
Tiberaled within one | within one | until Sept. until Sept. | o ed whitin one | within one | until Sept. | until Sept.
| ‘ | | year year 30, 19C6 | 30., 1906 | | i year ‘ 30., 1906 | 30, 1906
1 1 1 | |
1904  March 5 ‘ 206 | 3 1904 |\ 12 8 667 ‘ 9 750 18 16 889 16 889
» » 7 207 4 1904 ‘ 13 | 10 769 | 10 769 7 5 14 b 14
» » 14 ‘ 215-216 b 1904 30 ‘ 28 93-3 28 933 10 9 90-0 9 90-0
» October 5 | 266 6 1904 ‘ 58 | 40 690 40 69:0 14 3 214 4 286
» » 11 278 LT 1904 ‘ 15 8 6533 8 533 4 0 00 0 00
» . 12 280 ‘ 8 1904 1 38 ‘ 21 553 21 553 5] 3 600 3 60-0
» » 17 288 9 1904 ‘ 4 ‘ 4 ‘ 100:0 4 100-0 22 20 909 20 90-9
» » 25 303 10 1904 10 ‘ 4 40:0 4 40-0 i
b » 27 305 11 1904 ‘ %5 6 ‘ 24°0 7 280
» » 28 307 12 1904 G 2 333 2 333 s i e
» » 28 308 13 1904 20 6 ‘ 30:0 7 350 — ‘o UE |
» » 29 309 14 1904 139 67 i © 482 81 583 Se [ - it
1906 March 15| 341 11906 | 95 0 | 7 | 737 ol 1 o % s
» » 16-17 |  344-347 2 1906 | 300 208 693 216 72:0 ‘ ] | 2 ‘ 40-0 3 60-0
» » 29 ‘ 359 6 1906 | 179 109 | 609 ‘ 109 | 609 121 | 61 ‘ 5004 62 51-2
» April 1 361 | 7 1905 M 53 28 52:8 | 30 | 56-6 ‘ 47 | 19 404 20 42:6
|| 997 619 | 621 | (46 ‘I 64-8 ‘ 253 ‘ 138 ‘ 6545 ‘ 142 ‘ 56-1

5. On marked “undersized” fish and the percentage of these which were again recovered as
“undersized” fish, i. e. at a size below 25 cm.

It has appeared in the marking experiments that a considerable percentage of the liberated under-
sized fish were captured again as undersized fish. This fact is of great importance, as it shows that the
very stock of undersized fish is highly influenced by the fishing.
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Table 59. Number of “undersized” plaice (i. e. below 25 cm.) recaptured in the ordinary Danish marking
experiments with plaice in the North Sea and the Skagerak in 1903—1906.

|

5 Size ?f No. of No. of plaice Percentage
No. of Month of ; | "“nd?rs'Rd" “undersized” recapturl‘ad as recaptured
Experiment Liberation Flacs, of Liberation p.lalca _at plaice “undfers-lzed“ within
Liberation Tiheraied within one year
cm, one year |
1, 2, 3,5 1903 | April, 1903 Horns Reef area. 11—20 m. 12—24 478 58 121
1—2 1904 | Febr., 1904 Horns Reef area. 14—15 m. 19—24 159 30 18-9
8§—9 1905 April, 1906 Horns Reef area. 14—15 m. 21 —24 140 15 32-1
11 19056 | Septbr, 1905 | Graadeep inshore waters. 6 m. 20—24 18 6 333
1—2 1906 April, 1906 Horns Reef area. 13—16 m. 24 20 3 15:0
156—17 1903 April, 1903 Hanstholm—Sendervig area. 17-—24 m. 13—24 43 5 11-6
5 1905 March, 1905 | Hanstholm—Sendervig area. 18 m. 23—24 | 2 ) 1 10:0
7—14 1903 April, 1903 Skagerak. 8—28 m. 16—24 80 il 13:8
3—4 1905 March, 1905 | Skagerak., 10—19 m. 19—24 66 5 16
12—24 1014 164 16:2

Table 60. Number of “undersized” plaice (i. e.. below 25 cm.) recaptured in the ordinary Danish marking
experiments with plaice in the Kattegat in 1904 and 1905.

| |
| i S(;ZE‘ _Df P ‘ No. of : }%' Otf p}gtce Percentage
No. of Month of S o L ‘_"s‘ze[ “nndersized” 1fcap L'lI‘(. E:? recaptured
Experiment Liberation Fhep:9F dibpvation p_lalce _'r"t plaice uud?”‘_IZEd within
Liberation Hhefated within one year
I ‘ | em, one year
1
3 1904 | March, 1904 | Luso Rende. 16 m. [ 21—24 | 18 4 22:2
4 1904 | March, 1904 ! NE of Hirsholmene. 29 m. ‘ 21—24 7 4 57-1
5 1904 March, 1904 Aalbeek Bay. 12 m. ‘ 22—24 10 5 500
6 1904 } Octbr., 1904 | 11 miles WNW from Vinga. 44 m. 21—24 ‘ 14 3 214
7—8 1904 Octbr., 1904 At Trindelen. 34—42 m. 20—24 | 9 ‘ 2 22:2
9 1904 ‘ Octbr., 1904 | Aalbzk Bay. 7 m. 20—24 22 8 364
2 1905 | March, 1906 | SW of Anholt Harbour. 15—27 m. 21—24 5 0 00
6 1905 | March, 1905 | Aalbxk Bay. 16 m. 22 -24 121 | 16 38:0
T 19056 | April, 19056 Aalborg Bay, SE of Hals. 9 m, 21-24 | 47 | 18 383
# e o 35

It will be seen from the Table 59 that of 1014 undersized fish liberaled on the grounds off Jut-
land’s west-coast in the North Sea and in the Skagerak, 164 specimens or 16:2°/ were recovered in [he
course of one year, before they had reached a size of 25 cm. In the same time 81 specimens or 8%
were recovered at a size of 25 cm. or above. In the experiments in the Horns Reef area in 1905 even
more than 30°0 were recaplured as undersized fish of a length of 20—24 cm.

In the Kaltegat experiments the percentage of recovered undersized fish has been far greater than
in the North Sea and the Skagerak. Of 253 liberated undersized fish, 90 specimens or 3560 were
recovered as undersized fish in the course of one year. During the same period 48 speciinens or 199
were recovered at a size of 256 ecm:. or more.

The here stated percentages point in the direction that the stock of undersized fish of ca. 16—24 cm. !
is highly influenced by the fishing in the Kattegat and in the coast-belt off the west-coast of Jutland.
The influence is even far greater here than we gét an impression of by looking over the recorded percentages,

! Only very few specimens have been marked at a size below 16 cm.

13*



as the small specimens lose their labels proportionately ecasily and on the whole suffer more by the
marking than the larger specimens.

On the rearing grounds for plaice in the Kallegat and the Skagerak the fishing by otter-trawl
and other gears injurious lo the young plaice is only carried on to a slight extent. In the North Sea
a considerable trawl-fishery is taking place on the rich rearing grounds in the Horns Reef area and off
the German and Dulch coasts. The trawlers destroy here multitudes of young plaice which would have
invaded the scarcely populated off-shore grounds later on if not wasted.

D. The proportions of the marked fish caught by the various participating
fishing vessels.

Of the plaice which were liberated in the Danish marking and transplantation experiments in the
Horns Reef area in 1903, 1904 and 1905, ca. 762 specimens were recovered in the North Sea until Sep-
tember 30, 1906. The Danish cutters or smaller vessels caught 594 specimens or 790/, while 158 spe-
cimens or 21°0%0 were recovered by foreign trawlers. Of the 158 specimens 123 were caught by English
trawlers, 30 by German trawlers, 3 by Belgian trawlers and 2 by Dutch trawlers. The captures by the
vessels from the various countries in the years 1903, 1904 and 1905 are represented in the Table below.

Table 61. Number of marked plaice caught in the North Sea by the various participating fishing vessels.
Marking and transplantation experiments in the Horns Reef Area. 1903, 1904, 1905.

” Captured by | Captured by | Captured by i Captured by | Captured by |
‘\ Danish English | German Belgian |  Dutch Total
H fishermen ‘ fishermen fishermen fishermen | fishermen |
= . —T
Mark. exper. 1903. ... .....| 244 ‘ 60 15 il 0 | 320
Mark. and Trpl. exper. 1904 i 130 27 9 0 1 ‘ 167
Mark. exper. 1905. ... ... .. ‘ 220 ‘ 36 6 2 1 265
Number . . ... | 594 ‘ 123 3 3 2 ‘ 762
Percentage. . . ‘ 7900 16:4°(n 40, 04-°n 130 100°[o
| \ \

In Table 62 a view is represented over the proportion of the marked plaice caught by the various
participating fishing nations on different depths in the North Sea off the west-coast of Jutland. It will
be seen from lhis summary, that the majority of the marked plaice have been recovered by Danish
fishermen at depths below 30 meters, while most fish oulside this line were recovered by foreign trawlers.

At depths between 1—10 meters 97°6%0 of the recovered fish were taken by Danish vessels and
only 249 by foreign trawlers. At depths between 11 and 20 meters the percenlage of the Danish
recaptures amounts to 912 while the percentage of foreign recaptures amounts to 8:8°. At depths
between 21 and 25 meters the percentage of Danish and foreign recaplures is respectively 690 and 31°0.
At depths between 26 and 29 meters the number of foreign recaptures approach the number of Danish
recaptures. The percentage is here 58'6 for Danish vessels and 414 for foreign vessels. At depths exceeding
30 meters the foreign vessels catch constantly more of the marked fish than the Danish do. The percentage
for the Danish vessels has here fallen down to 196 while for the foreign vessels it has risen to 804.

It will be seen in Table 62 that the great majority of the recovered specimens were fished at
depths between 11 and 20 meters. Of the recovered 707 specimens for which the depth at the place of
recovery is known, 59°0 were recovered at depths between 1—10 meters, 64:2%0 al depths between
11—20 meters, 17-8%0 between 21 and 25 meters, 4'1°0 between 26—29 meters, and 7°9°/0 at depths above
30 meters.
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Table 62. The proportion of marked plaice caught by the various participating fishing vessels at various depths
in the North Sea. Marking and transplantation experiments in the Horns Reef Area 1903, 1904, 1905.

. et ! | Total. Depth at
Nation Yeur 1—-10 . 1120 21—25 26—29 | 30 meters Place of recovery
meters meters meters meters | and above I

Denmark ... ....... 1903 17 169 42 2 6 226
P T8 W Foe e 1904 16 85 20 8 0 129
O e o 1905 8 170 26 7 b 215
B s e e 1903 —1905 41 414 87 | 17 11 570
England . ... ... 1903 0 18| 20 3 15 56
R e s b 1904 0 4 8 2 i} 25
» T e 1905 0 12 8 3 5 28
NS e 1903—1905 0 34 ‘ 36 J 8 31 109

L i ‘ _ — .
Germany ......... ... 1903 ‘ 0 3 0 1 G 10
R 1904 ‘ 1 1 1 2 2 T
PR 1905 0 0 1 0 5 6
e 1903—1905 1 4 2 3 13 ' 23
Belgium', .. oo o . 1903 0 0 0 0 1 1
AR | 1904 0 0 0 0 0 0
B e - 1905 0 1 3 0 0 2
F 0 ik T 1903— 1905 0 0 1 0 : 1 3
Netherlands . ... ... .. 1903 0 0 | 0 0 0 ‘ 0
CJ . R e 1904 0 0 ‘ 0 1 0 ; 1
CRIRRNN ki L1 1905 0 1 0 0 0 \ 1
A, 2l 1903—1906 0 T 0 1 o | 2
Total. .| 1903—1905 42 454 * 126 29 56 707

Of the recaptured plaice which were liberated in the Horns Reef area at depths belween 7 and
20 melers in April, 1903, February, 1904, and April, 1905, the great majority were during the first
months after liberation caught by Danish fishermen. After a few months the marked plaice had,
however, moved so far outto seathatabout half of the landed specimens were recovered
by foreign trawlers. It will be seen in the summary below that in the period after August 1903,
29 specimens of the marked plaice liberated in April, 1903, were recovered by Danish fishermen, and
26 by foreign trawlers. Of the specimens liberaled in February, 1904, 17 specimens were recovered
by Danish fishermen and 17 by foreign trawlers in the period after August, 1904. Of the specimens
liberated in April, 1905, 14 specimens were recovered by Danish cutters and 19 by foreign trawlers after
August, 1905.

The plaice fishery in the Skagerak on the conlinental slope of Jutland is almost exclusively carried
on by Danish fishermen, as the stony condition of the boltom as a rule keeps foreign trawlers off the
shallow water. It will be seen in Table 66 that about 990 of the plaice recovered in the Skagerak from
the marking experiments in this water were caplured by Danish fishermen. At the Swedish slope of the
Skagerak, on the other hand, the majority of the plaice is caught by Swedish and German fishermen, but
the stock of plaice is not very considerable there.
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Table 63. The proportion of marked plaice caught by the various participating nations.
Marking experiments in the Horns Reef Area in April 1903 No. 1, 2, 3 and 5. Depth below 20 m.

I Captured by l‘ Captured by | Captured by | Captured by
‘ Danish English German Belgian ~Total
“| fishermen | fishermen | fishermen fishermen
L L
1903 April .. ... ﬂ| 90 15 4 0 10
i, MaY. iz pa o ‘ 98 11 ‘ 1 0 110
S0 Junes .. Ll || 23 11 0 1 35
» July .eeo.. \ 4 4 3 | 0 11
» Angust...... | 4 ] ‘ 2 0 i 11
v Septbryy: e | 0 ‘ 1 \ 2 } 0 3
> October ... .. 0 | 2 0 | 0 2
» Novbr....... ‘ 3 ‘ 4 | 0 0 4
»  Dechr. ...... 0 ‘ 1 | 1 0 2
1904 January..... ‘ 0 1 0 0 1
» Maveh s s 4 ‘ 0 ‘ 0 0 4
»  April ... ... 5 3 \ 0 0 8
» May ....... 6 ‘ il 1 0 8
» June........ 5 1 | 0 0 6
» August ..... ‘ 1 ‘ 0 0 0 1
1905 February....| 0 [ 0 ‘ 1 0 1
» May ........ } 0 \ 2 0 0 2
B TN s 0 1 ‘ 0 0 1
AR ‘ 1 ‘ . 0 | 0 0 1
Number . . .. o4 | 60 ‘ 15 | 1 | 320
Percentage . . ‘ w3 | 188 | e | o
I ‘

Table 64. The proportion of marked plaice caught by the various participating nations.
Marking experiments in the Horns Reef Area in Febr. 1904. Depth below 20 m. Marking experiments
No. 1 and 2, Transpl. exper. No. 1, 8 and 9.

r‘ Captured by | Captured by l Captured by I‘ Captured by }
Danish English German { Dutch Total
fishermen fishermen i fishermen | fishermen ‘

1904 March ...... ‘l‘ 10 ‘ 1 0 | 0 11
» Apl‘il ...... 1 a7 0 0 ‘ 0 37
A ey B L ﬂ 20 1 1 il 0 29
»  June : | 8 4 0 ‘ 0 ‘ 12
p o dul e e g 7 0 1 1 9
» August...... ‘ 4 3 ‘ 0 ‘ 0 ‘ i
» Septbr.......| 2 1 0 | 0 \ 3
» October ..... ‘ 1 0 1 ‘ 4] ‘ 2
» Novbr..... B \ 1 1 1l 0 3

1905 February ... 0 ‘ 0 | 1 | 0 ‘ ik
»  March ... ... 1 1 ‘ 0 | 0 ‘ 2
» Apl‘i] ....... 1 0 il 0 ‘ 2
v May ... 3 1 il ‘ 0 b
g b dane A haliah l 2 2 0 0 4
O 1 by A 2 | 0 0 ‘ 0 2
» August...... 0 2 0 0 2
»  Septbr. ..... .‘ 0 1 0 ’ 0 1

Number . . .. 99 18 i/ ‘ 1] 126
Percentage. . 79-2 ‘ 14+4 56 | 08
|
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Table 65. The proportion of marked plaice caught by the various participating nations.
Marking experiments in the Horns Reef Area in April 1905. Mark. exper. No. 8, 9 and 10. Depth below 20 m.

Captured by | Captured by ‘ Captured by ‘ Captured by | Captured by ‘
Danish English | German Belgian Dutch Total
fishermen fishermen | fishermen | fishermen fishermen

1905 April ... 84 0 0 ‘ 0 0 84
SR S e 62 5] 1 0 0 68

s June........ 39 13 0 \ i 0 53
» CJuly . 20 4 1 | 1 0 3 26
»  August ... ... 5 0 0 i 0 0 b

i Septir 5L 6 4 1 | 0 0 11

» Odtober. .. ... 1 T 1 0 0 9

¥ Nowbr. ...... 0 0 1 ‘ 0 0 1
1906 January . . ... 0 1 il ‘ (8] 0 | 2
v April. .. ... .. i 1 0 0 0 | 2
WMy I 1 0 0 0 af | 2

y  June. oo | 0 1 0 0 0 1

» Septbr,...... 1 0 0 0 ‘ 0 il

= (i p—fer—— e ==
Number . ... | 220 36 G . 2 1 I‘ 265
Percentage . . 830 | 136 2:3 i 08 04 ‘
I

Table 67 shows that the Danish fishermen have also caught the majority of the marked fish,
which emigrated from the Skagerak and were recovered in other waters; 81:9°o of these were recovered
by Danish fishermen and 14'9%o by English fishermen.

Table 66. Plaice recaptured in the Skagerak in the Danish experiments in the Skagerak
by the fishing vessels of the different nations.

‘ Captured by | Captured by | Captured by | Captured by | Total. Place
Danish | Swedish German English of recovery
fishermen ‘ fishermen fishermen fishermen known
i — - - s _—— — —— —
Mark. exper. 1903. . .. 33 [ 0 0 0 33
Transpl. exper. 1904. . 26 [ 0 0 0 26
Mark. exper. 1905, . .. 255 1 | 1 2 269
Number . ... 313 ‘ 1 ! 1 | 2 317
Percentage. . { 987 %4 | 030 ‘ 0:3%, | 069, 10097,

Table 67. Plaice recaptured outside the Skagerak in the Danish experiments in the Skagerak
by the fishing vessels of the different countries. '

Captured by | Captured by | Captured by | Captured by | Total. Place
Danish Swedish German English of recovery
fishermen fishermen fishermen fishermen known
L | =
Mark. exper. 1903. . .. | T 0 0 1 ! 8
Transpl. exper. 1904 . . 16 0 1. 3 19
Mark. exper. 1905. . .. 56 2 0 10 { 67
Number ... | i 2 1 ‘ 14 | 94
Percentage . . 81:99, 2:1 % RS ! 14900y ; 100¢,
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In the Danish marking and transplantation experiments in the Kattegat in 1904 and 1905,
823 specimens were recovered between March 5th, 1904, and September 30th, 1906. Of these 741 were
recovered in the Kattegat, 53 in the Skagerak, 5 in the North Sea, 3 in the Sound, and 1 in the Belt Sea,
while the place of recovery is unknown for 20 specimens. Of the 741 specimens recovered in the
Kattegat 728 were taken by cutters and smaller vessels, and 13 by steam-trawlers. Thus it will be
seen that hardly 2% of the recovered marked fish were taken by steam-trawlers. Of the
798 specimens which were recovered by cutters and smaller vessels the 627 must be ascribed to Danish,
the 101 to Swedish fishermen. Of the 13 trawl-caught fish 10 were taken by German fishermen, 1 by
English, 1 by Danish and 1 by Swedish fishermen.

Of all the specimens recovered in the Kattegat 84-8%/0 were taken by Danish fishermen. A similar
percentage of the specimens which emigrated from the Kattegat before recapture were taken by Danish
fishermen (see Table 68 and 69).

Table 68. Number of marked plaice caught in the Kattegat by the fishing vessels of the different nations.
Marking and transplantation experiments in the Kattegat. 1904—1905.

|‘ Caught by | Caught by ' Caught by | Caught by |
‘ Danish Swedish German English | Total
fishermen ‘ fishermen fishermen fishermen ‘
= B = — = —
Mark. & Transpl. exper., spring of 1904, . 84 | 21 0 0 ‘ 105
Mark. exper., autumn of 1904 ........ 138 26 4 0 167
Mark. exper., spring of 1905.......... 406 56 6 1 | 469
Number . ... 628 . 102 10 ‘ 1 741
Percentage . , 84-8°n ’ 13-8°¢ 1:3%0 ‘ 0:1% |‘ 100°]a
|

Table 69. Number of marked plaice caught outside the Kattegat by the fishing vessels of the different nations.
Marking and transplantation experiments in the Kattegat. 1904—1905.

[ES e PR G e | T s N

i Caught by | Caught by 1 Caught by | Caught by
‘ Danish Swedish German English Total
| fishermen ‘ fishermen ‘ fishermen | fishermen

Percentage. . | 8399/, !

| 1
Mark. & Transpl. exper., spring of 1904 . . { 5 1 ‘ 0 0 6
Mark. exper., autumn of 1904........ . 21 1k ‘ 3 | 2 27
Mark. exper., spring of 19056 .......... 26 i ‘ 0 ‘ 2 29
Number .. .. 52 3 3 1 4 62
8% ’ 4:8% ‘ 6+5°00 1009,

In the Tables 70, 71 and 72 a view is represented to show how many of the marked fish were
recovered by the different fishing vessels during the different seasons in the Danish marking experi-
ments in the Kattegat. The Tables comprise the specimens which have been recovered in the Kattegat as
well as those recaptured outside the Kattegat.

Of the recovered specimens in the marking experiments in spring most were captured during the
first months after liberation, and from the month of April a gradual decrease may be noticed in the
number of recaptures for each month. Most of the specimens which were liberated in the autumn
experiments were recovered during the spring months, March, April, May. Most of the trawl-caught fish
were recaptured during the winter months and mosl of those recovered by Swedish cutlers during the
summer half-year.
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Table 70. Number of marked plaice caught in the Kattegat by the various
participating fishing vessels, in each month.
Mark. exper. No. 3, 4, 5 and Transpl. exper. No. 11. Kattegat, March, 1904.

1904 March. ... ...

October . ...
Novbr. ... ...
Mareh.., .. ...
July . ..

Number , .

Percentage . .

Caught by Caught by
Danish Cutters |Swedish Cutters Total
and small boats | and small boats

19 4 23

24 2 26

5 a8 8

18 1 19

T 341 18

4 0 4

3 0 3

it 0 L

1 0 1

1 0 1

1} 0 1

84 21 1056
800 9 20:09, 100°]g

Table 71. Number of marked plaice caught in the Kattegat by the various participating

fishing vessels, in each month. Mark. exper. No. 6—14. Kattegat, October of 1904.

October
Novbr. . ... ..
DeEbr...
January

February ... . |

Mareh... ... .-

January , . ...
February .

March... .. ..
April.. . oas
May ........
e L

Number ., ..

Fiskeri II. 5.

Perceﬁntage S
|

Caught by | Caught by ! Caught by | Caught by | Caught by
Danish Swedish ! Danish Swedish German Total
Cutters and | Cutters and Steam Steam Steam
small. boats | small boats | Trawlers [ Trawlers Trawlers
9 0 0 0 0 9
20 | 0 0 0 0 20
19 0 0 0 0 19
9 0 0 0 1 10
10 1 0 i 2 14
17 2 1 0 0 20
9 1 \ 0 0 0 10
18 9 0 0 0 27
it 3 0 0 0 10
b 4 0 0 0 )
0 1 0 0 0 1
4 1 0 0 0 5
3 1 0 0 0 4
0 1 0 0 0 1
0 Q 0 0 0 0
2 0 0 0 0 9
2 0 0 0 0 2
0 | (0] 0 l 0 1 1
1 | 0 0 0 0 1
1 0 0 0 0 1
1 0 | 0 0 0 1
137 24 1 It 4 167
14409, | 06, | 062/, 2:4.9(, 1000/,

8209/, |

14
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Table 72. Number of marked plaice caught in the Kattegat by the various participating
fishing vessels, in each month. Mark. exper. No. 1,2, 6,7. Kattegat, March and April of 1905.

|
Caught by Caught by Caught by Caught by E
Danish Swedish | English German - Total
Cutters and | Cutters and Steam Steam
small boats | small boats Trawlers Trawlers
19056 March ... ..... 89 0 0 1 1 90
¥ CAPEIL: e 106 2 0 1 109 -
% MAY e e e 81 22 0 0 103
¥ e e 33 12 0 0 45
y July.......... 32 14 1 0 47
» August ........ 19 3 0 O 22
» Septbr. eralte At T 16 0 | 0 0 16
» October....... 9 0 | 0 0 9
» Novbr......... 3 1 0 1 b
» Deebr......... 3 0 ‘ 0 0 3
1906 January ... ... 2 0 U] 1 3
» February ..... 2 0 [ 0 0 2
» Mareh ,....... 5 0 | 0 2 b
» April......... H 0 0 0 b
»  May 0 0 0 0 0
S RINE S e o 1 2 ‘ 0 0 3
T 3] 1 e 1 0 - 0 0 1
»  August 1 0 ‘ 0 0 1
Number . . .. 406 56 1 6 469
Percentage . . | 86:6"o 1199, ‘ 029, 1:3%q | 100 /g
I

E. On the weight and value of all liberated specimens compared with the
weight and value of the recaptured ones.

As T have explained elsewhere the marking experiments enable us in certain places to show that
it will not pay to base the plaice fishery on plaice of a quite small size I The experiments show in many
cases that when we mark and liberate fish of a comparatively small size, the value of the recovered
specimens will exceed that of all the liberated ones. This fact is of great importance when we iry to
clucidate how far it may be profitable to fix a size-limit for the plaice. In finding the size-group for
which the value of all the liberated specimens is equal to the value of all the recovered ones we may
he able to give an important hint as to which size-groups it will pay to protect. If we fix the size-limit
where it appears that the value of all the liberated specimens corresponds with the value of the total
recaptures we may be sure that it has not been fixed too high. The recorded recaptures are not the
total recaptures, at any rate only a minimum. Some fish lose their labels, others die shortly after
marking etc. (see p. 3—5, 18).

If in a certain water a size-limit for plaice has been imposed, this will influence the kind of
gear used as well as where and with what intensity the fishery is carried on. In this way the
size-limit will also exercise influence as to how many of the marked plaice are recovered and at which
size they are recovered. Thus we may not by adopting the above mentioned measures once for all expect
to get settled where the size-limit for the plaice may be fixed with the greatest advantage. But if a size-

1 A. C. Jomaxsex: Contributions to the biology of the plaice I Medd. fra Komm. for Havanders. Ser. Fiskeri. Bd. I. No. 2.

1905 p. 27--30. — Uecber die Schollenfischerei im Kattegat und die Mittel, sie zu heben. Rapports et Procés-verbaux Vol. V, 1906,
p. 119—121.
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limit is imposed where there has been none before, or if a new size-limit is imposed in a place where there was
one before the marking experiments ought to be repeated and the new results taken into consideration.

In the following a survey will be given over the value of all the liberated specimens of each size in
the Danish marking experiments together with a view over the value of the recovered specimens. In the
calculation of the value the scale set forth in Table 75 has been employed. This scale of value is based
upon the veritable market prices for plaice of different sizes in Frederikshavn in the years 1904 and
1905'. The prices are first-hand wholesale prices. The quoted value refers to the plaice from the northern
Kattegat and Skagerak. The same value is in the calculation in the following transferred to the plaice
from the experiments in the Horns Reef area. No scale of value has hitherto been worked out for the
less valuable plaice from the southern Kattegal, for which reason the experiments in the southern Kalte-
gat have been left out of consideration in the following.

The value of the plaice increases with the length according to a more strongly rising scale than
the weight. The values of plaice of different sizes and the proportions between these values changes,
however, from time to time and from place to place. Calculations of value based upon market prices in
a certain place during a certain brief period may therefore not be expected to have validity neither for
long distances nor for a long time.

A comparison between the weight of all the liberated specimens of a certain size and the weight
of all recovered specimens of the same initial size is also represented in the following. By this comparison
it may be shown that the weight of all the recovered specimens in certain cases surpasses or very nearly
approaches the weight of all the liberated specimens.

The scale on Table 73 has been employed for the plaice in the Horns Reef area. For plaice in
the Skagerak and Kattegat the scale of weight on Table 74 has been employed.

Table 73. Relation between Length and Weight of Plaice captured in the Horns Reef Area.
September, October. 1903 and 1904.

Length in cm. Average weight in | Average weight in | No. of s.specimens
gram, observed gram, amended weighed
12 em. 19 19 40
13 » 23 23 40
14 » 28 28 40
15 » 35 35 40
16 » 14 | 42 40
17 » 50 50 40
18 » H8 58 40
19 » 65 66 40
20 » 74 76 40
21 » 38 38 40
22 » 102 102 40
23 » 119 117 40
24 » 128 133 40
26 » 152 | 150 40
% » 168 | 168 10
27 » 188 ' 188 40
28 » 210 210 40
29 » 235 235 30
30 » 262 262 10
31 » 300 300 4
32 » 338 330 3
33 » 375 365 1
= 34 » 400 400 1
356 » 425 450 [ 2

! A. C. Jomansun; Ueber die Schollenfischerei ete. L e. p. 71.
14°




-”H

108

Table 74. Relation between Length and Weight of Plaice captured in the Skagerak and Kattegat.
September, October. 1903 and 1905.

S |‘ Average ‘ Average ‘ No. of I I \i Average | Average No. of
. ength |l weight in gr.,| weightin gr., | specimens _,cngl 1 | weight in gr., \weight in gr., specimens
1) e observed ‘I amended weighed fusely | observed amended weighed
Sl Sre i ——— A s R
15 1‘ 5 | 3% 9 % | oam | a0 |
16| 45 % | 13 36 ‘ 463 ‘ 480 23
17| 55 51 12 37 - 531 0 | 22
18 Il 66 66 | 7 38 M 598 \ s 2
19 - (& 7 9 39 628 620 20
20 ‘| 85 s |6 40 U 65 | o0 | =
2 | 98 00| 7 1 ‘| 695 | 120 | 16
2 | o | 113 3 492 | 768 | 16
23 ‘l 123 121 | 8 3 | 856 830 9
24 143 R T 18 44 \| 930 900 } 10
25 li 171 6 | 2 45 | 980 950 | 5
26 | 181 185 | 20 46 "! 958 1060 | 8
27 i‘ 211 210 | 25 47 | 1180 C1150 3
s | 23 I S 8 | 12 2o |6
29 | 9266 20 | 20 49 | 1380 1340 4
30 | 298 20 | 16 50 | 1480 \ 1440 1
31 | 330 320 - 18 51 ' 1590 1560 4
2 | 360 350 | 12 52 | 1540 ‘ 1660 | 1
33 I 367 380 | 21 53 |} 1820 1770 1
o | w | 27 b | 18 | 1880 2

Table 75. Relation between Length and Value of Plaice.

Length Value Value

Length Value Length
in cm. in Gre in cm. in @re in cm. in Ore
20 1 1 32 | 17 44 \ 54
o1 | 13 33 \ 20 45 59
izt 16 24 ‘ 23 % | 64
23 | 18 35 26 47 69
24 . 23 36 29 48 \ 74
25 | 33 37 \ 31 49 ‘ 80
26 | 5 38 34 50 , 86
R 39 ‘ 37 B | v
28 9 40 . 40 52 100
99 | 1 41 \ 43 B | 106
30 13 42 46 54 ‘ 113
31 " 15 43 | 50 55 | 120
|

The Tables 76, 77 and 78 give a comparison of the value and weight of recaptured plaice with
the value and weight of the total number of plaice of 20--32 cm. liberated in the three years 1903, 1904
and 1905, in the ordinary marking experiments in spring in the Horns Reel area.

While Table 76 shows that the value of all liberated specimens surpasses the value of all the
recovered ones, when we regard each size group separately, the Tables 77 and 78 give quite another
picture. Here we see that the value of the recovered specimens surpasses the value of
all the liberated ones, both when we regard most of the size groups separately and
when we look at the total number of specimens.

In the experiments in 1904, 39 specimens of 26—30 cm. length and of a tolal value of 289 Ore
were liberated. Thirty of these specimens were recovered, and these had at recovery a value of 344 @re.
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in 1904 and 1905.
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The time that passed belween liberation and recovery was on an average 3 4 4 months. In the experi-
ments in 1905, 156 specimens of a length of 26—30 cm. and of a total value of 1134 @re were liberated.
Of these were recovered 113 specitﬁens, the total value of which was 1243 @re at recovery. Only ca. 2 months
passed on an average between liberation and recovery. e

The experiments in 1906 seem to yield a still higher percentage of recaplures than the experiments
The proportionately slight percentage of recaptures in 1903 must thus — if it really
represented a reliable view of the intensity with which the fishing was carried on in the Horns Reef area
at that time (what is very doubtful, however) — be regarded as a passed stage.

The experiments in 1904—1905 point in the direction that fish below 30 cm. might be protected
with advanlage in the Horns Reef area when we consider the interests of all the nalions concerned,
but the Tables 76—78 convey the impression that it would nolt be advisable for Denmark alone
under the present conditions lo raise the Danish size-limit (ca. 25'6 em.) for the plaice in the North Sea.
Of the 39 specimens of a length of 26 -30 cm. of a lotal value of 289 @re and liberated in 1904 the
Danish fishermen recovered 24 specimens of a total value of 230 @re at recovery. Of the 156 specimens
of 26—30 cm. liberated in 1905, total value 1134 @re, lhe Danish fishermen recovered 94 specimens of a
value of 894 @re at recovery. The value of the specimens recovered by Danish fishermen is thus some-
what less than the value of all the liberated fish.

To judge from the Tables 77 and 78 il would be natural to suppose, thalt the presenl Danish
size-limil for the North Sea plaice, which only regards Danish fishermen, neither brings us much loss nor
much profit.

of plaice liberated, at each size.
Marking experiments in the Horns Reef Area. April, 1903. Exper. No. 1, 2, 3, 4, 5.

Comparison of the value and weight of recaptured plaice with the value and weight of the total number

Recovered specimens of those mentioned in the previous column
Liberated specimens - =
Faiipth Total No. of recovered specimens Recovered by Danish fishermen Recovered by foreign Trawlers
in cm. ‘ ‘ Average time ~ Average time 1 [ Average lime
No .Vulm“ \I\’eighl No. .\'aluu \’_Vuight ]_)1-1589(1 !)Et\VEUl] Ko, .Vulue p:_lsse(l between || No | Value | p:.lsﬁl.'d belween
in Bre in gr. in Gre in gr. liberatlion and in @re | liberation and || in @re | liberation and
‘ ‘ recovery recovery ‘ | recovery
| |l
20 30 | 30 ‘ 2280 6 c. 12 639 | c¢. 7 months 3 c. & |c 9 months | 3 ¢. 7 | ¢ b months
21 50 65 4400 8 | e 26 | 1010 8 & 6 |ec 2 [c9 » | 2 6 & |@B %
22 72 108 7344 12 c 34 | 1501 |e3 » 7 c. 26 |cd » | 5 ¢ 9 |2
23 92 166 10764 22 | e 76 3132 | e 4 » 12 c. 41 |c 4 » 10 c.34 |c3 »
24 115 265 15295 35 c. 166 57174 | c. 3 » 26 c. 89 |c2 » L) o408 e T »
25 120 396 18000 32 c. 143 65219 |ec 2 » 27 ¢ 126 | ¢ 8 ¥ 6 ¢ 18 |l »
26 il 565 18648 49 335 9306 | e 2 » 36 212 e 1 » 13 ‘ 123 ‘ e. b »
27 8 546 14664 40 302 77656 | e 1 » 33 261 el » i T 5L |ie. 1 »
28 35 765 17850 41 401 9036 | e 1 » 32 298 el » 9 103 | c. 4 »
29 | 49 539 11515 22 248 5262 |[e. 1 » 20 222 | el » 2 26 [c.8 »
30 i 36 468 9432 19 217 5431 | e 2 » 16 225 | e2 » 3 62 |e¢3 »
51 13 1956 3900 7 112 2195 | e 1 » 6 92 el » 1 20 | b »
32 20 340 GGOD 10 179 3405 | e 1 » 9 156 | fi 1 » 1 23 |2 »
871 4438 140692 303 c. 2311 597356 | c. 2 months 233 c. 1764 | c. 2 months 70 c. 548 | ¢ 4 months
The experiments in the Skagerak in spring of 1903 suggest that it does not pay to land plaice
from this water of a smaller size than ca. 23 cm. (see Table 79 p. 111). For the rest, the results of
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Table 77. Comparison of the value and weight of recaptured plaice with the value and weight of the total number
of plaice liberated, at each size.
Marking experiments in the Horns Reef Area. February, 1904. Exper. No. | and 2.

\ Recovered specimens of those mentioned in the previous column
Liberated specimens = . ——m -
Lengtt 1 ‘ Total No. of recovered specimens Recovered by Danish fishermen Recovered by foreign Trawlers
en 1 i
in cm. l Average lime Average lime ‘ l Average lime
5 Value Weiglh Value Weight | passed bebween Value |passed between . Value | passed belween
e in Are in gr. ‘ Ha in @re in gr. liberation and bia in@re | liberation and 0. in Ore | liberation and
| | recovery recovery recovery
2 | a8 } ag | o888 | 12 3 | sl | oG months | 10 81 |cTmonths| 2 | 3 |[c 3months
21 B | 70 a2 |9 6 | 1646 |9 » | 6 0 ool s ‘ 8| 4 |ert
22 | 3 | Bl | 3468 11 53 ‘ 1684 | b o 9 2 |es » | 2 i R Bl
23 ‘ 17 31 1989 | 9 | 51 1544 ¢ 6 » ‘ 8 36 ‘ e 4 » | 1 15 c. 16 »
24 ‘ 12 ‘ 28 1596 ‘ 6 23 ‘ 200 ¢ 2 » | G 23 e 2 » I ‘
25 ‘ n | 3 60 |7 | 140 |3 >, | 7 % le3 » | | o
2 12 GO 2016 9 60 1709 e B » 1 35 c. 2 » 2 c. b »
o7 13 91 2444 ‘ 10 ‘ 104 \ 2342 \ i3 it 100 8 72 |ed » i g | 29 ‘ ¢ 6
28 ‘ 10 ‘ 90 2100 8 128 2460 C.b » 7 91 ¢.3 » L g 13T e 21 »
29 | 2 2 ‘ 470 ‘ 1 \ 15 ‘ T I O G . | 1% |ed » e o
30 2 ‘ 26 ‘ 524 2 3 695 ‘ c. 4 » ‘ 1 ‘ 17 \ c 2 » 1 ‘ 20 el T »
31 1 156 300 ‘ 1 ‘ 15 ‘ 300 2.4 » 1 15 c. 2 » ‘
e = —; — e - — = o M) et | == ===
206 ‘ ss8 | 24107 ® ’ 18 | 16171 | e 5 months | 7L 426 |cdmonths | 14 | 192 | 9 months

Table 78. Comparison of the value and weight of recaptured plaice with the value and weight of the total number
of plaice liberated, at each size.
Marking experiments in the Horns Reef Area. April, 1905. Exper, No. 8, 9, 10.

r ‘ Recovered specimens of those mentioned in the previous column
Liberated specimens —— T e = i
Leisatt Total No. of recovered specimens H Recovered by Danish fishermen Recovered by foreign Trawlers
ength || =L i B T . )
in cm. | ‘ ‘ | Average time ‘ Average lime | [ Average time
No Value Weight N Value Weight |passed belween N Value |passed between No Value | passed between
] | in@re in gr. hi in Ore in gr. liberation and 4 in @re liberation and ) in @re | liberation and
| ‘ recovery | recovery | recovery
| I I [
21 “ 2 | 3 ‘ 176 ] ] 1 \ ‘| } |
22 }} 3 ‘ 5 306 22 75 L i e
23 I 61 110 ‘ 7137 I 38 ‘ 219 | 6624 | c. 3 months "‘ 29 ‘ 126 c. 2 months 9 93 e 6 mouths
24 | T4 | 170 9842 ‘ 51 ‘ 221 | 8096 ‘ € 2 » || 40 1563 c 2 » ‘ 11 68 |c.d »
25 “ 89 ‘ 294 ‘ 13350 63 406 11796 | c. 2 » \‘ 57 353 c; 1 » 6 53 ‘ e 3 »
26 I 54 270 9072 39 292 7783 ‘ etk » | 3 276 c. 1 » ] 2 } 16 2 »
29 !‘ 50 ‘ 360 ‘ 9400 26 354 8095 ‘ c. 2 » “ 30 260 [ » ‘ 6 | 104 ‘ c. 4 »
28 31 279 6510 ‘ 22 337 ‘ 6531 c. 3 » i‘ 15 192 c. 2 » T ‘ 145 c. b »
29 19 ‘ 209 ‘ 4465 14 230 | 4402 ‘ c 2 » ; 11 163 c 2 » 3 67 ‘ c. 3 »
30 1\ 2 2 | 524 2 30 592 (el " » | 1 ‘ 13 e Ys w1 \ 17 |e2 >
o I s ] : L . )10 i =8
|‘ 386 ‘ 1716 ‘ 60782 ‘ 266 2089 53919 | e. 2 months ‘ 220 1 1526 ¢. 1t/s months ‘| 45 I 563 | c. 4 months
| |

the experiments in 1903 and 1905 do not invite the consideralion of any essential change of the Danish
size-limit for the plaice in the main part of the Skagerak.

It should be remembered that the experiments in spring,
pletely finished.

1905, cannot yet be regarded as com-
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Table 79. Comparison of the value and weight of recovered plaice with the value
and weight of the total number of plaice liberated, at each size. Marking experiments in the Skagerak.
April, 1903.

“ Recovered specimens of d
Liberated specimens those mentioned in the Average time
Length | previous column passed between
e N Value Weight Value Weight Hnetation i

W0 in @re | ingr e in Ore in gr. HERSVEEY

16—19 43 0 2484 5 11 544 ¢. 3 months
20 10 10 880 3 28 628 c. b »
21 7 9 700 4 ‘ 57 1178 TR
22 8 12 904 3 | 14 5622 e 2 »
23 b 9 636 L 2 143 Enle
24 7 16 1001 2 5 286 c. s »
26 2 7 326 1 ‘ 3 163 &2 »
26 5 26 925 it b 185 e, 0 »
27 3 21 630 I 17 350 c 4 »
28 4 36 940 3 44 930 c. 2 »
29 T 77 1820 3 41 900 c. 1 »
30 b 65 1450 3 4] 900 A »
31 3 45 960 2 30 640 el »
32 3 51 1060 3 78 1320 &3 »
33 3 60 1140 3 69 1230 c. 2 »

Table 80. Comparison of the value and weight of recaptured plaice with the value
and weight of the total number of plaice liberated, at each size. Marking experiments in the Skagerak.
March, 1905. Exper. No. 3 and 4.

Recovered specimens of ‘ :
Liberated specimens those mentioned in the Average time
Length a . iR previons column || passed between
o n Value | Weight | Value | Weight | hh?:mn S
. in @re in gr. in Bre in gr. “ COFery:
|
22 3 b 339 | L = s
23 27 49 3429 5 20 817 c. 3 months
24 35 81 5005 7 55 1534 c. 4 B
25 23 274 13529 26 186 5630 c. 3 »
26 103 515 19055 37 300 8325 c. 3 »
27 144 1008 30240 G5 661 16385 c 3 »
28 151 1359 35485 | 68 882 19545 c 3 »
29 136 1496 35360 71 1005 21590 c. 3 »
30 69 897 20010 44 749 15080 e 3 »
31 21 3156 6720 10 170 3440 c. 2 »
32 1 17 350 o3
33 1 20 380 1 20 | 380 (1 »

The experiments in the Katlegat have given some very interesting results with respect to the
value of the recovered specimens in proportion to the value of all the liberated fish (Table 84). From
the experiments in March and October, 1904, as well as from the experiments of 1905 it has become
evident that the size at which the value of all the recovered specimens is equal to the
value of all the liberated ones is higher than the present Danish size-limit for the
Kattegat plaice (ca. 256 cm.. In the experiments in March, 1904, this size will be found at
28—29 cm., in the experiments in October, 1904, at 26 cm. and in the experiments in March, 1905,
at 26—27 cm.
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This is the most important result of the Danish marking experiments in 1903 —
1905 and invites the consideration of an international size-limit for the Kattegat plaice
somewhat higher than the present Danish one'. Table 84 is a summary of the Tables 81, 82
and 83 as far as the specimens between 22 and 36 cm. are concerned. It is here obvious that up to and with

a size of 26 cm. the value of all the recovered specimens surpasses greatly the value of all those liberated.

It should be remembered here, that the experiments in 1905 cannot yet be regarded as finished,
and that at any rate one of the largest of the experiments in 1905 (No. 6) was not quite successful.
The greater importance should therefore be attached to the fact, that the size at which the value of all
the recovered specimens is equal to the value of all those liberated is as high as 26—27 cm.

Table 81. Comparison of the value and weight of recaptured plaice with the value and weight
of the total number of plaice liberated, at each size. Marking experiments in the northern Kattegat. March, 1904.
Mark. exper. No. 3, 4, 5. Trpl. exper. No. 11. Comprise recaptures until Septbr. 30., 1906.

Recovered specimens of those
Liberated fish mentioned in the previous Average time
Length column passed between
in cm. Total | Total Total Total liberation and
No value in | weight No, value in weight recovery
| Ore ‘ in gr. Are in gr.
| |
21 i 9 | 0 ﬂ 4| i 483 c. 2 months
22 20 ‘ 30 2260 18 ‘ 91 3176 c. 4 »
23 19 34 a13 | 11 | 62 2068 %8
24 39 ‘ 90 6677 30 171 5767 c 3 »
25 20 66 3260 | 14 81 2724 2 »
26 20 100 3700 ‘ 12 110 2865 c'3 »
27 12 84 ‘ 2620 | 11 95 2545 el »
28 SHE| AB: ¥ §ye 1LTS ‘ 5 53 1286 | "
29 4 e 1040 | 3 3b 810 c.ls »
30 1 ‘ 13 290 | 1 15 320 c.l »
31 i 16 320 1 LB 320 el »
32 2 ‘ 34 \ 700 2 \ 34 ‘ 700 clly >

Table 82. Comparison of the value and weight of recaptured plaice
of the total number of plaice liberated, at each size.

with the value and weight

Marking experiments in the middle and northern Kattegat.
October 1904. (Mark. exper. No. 6—13.)

Recovered specimens of those
Liberated specimens mentioned in the previous Average time
Length i column passed between
1n Ll No | Value Weight N Value Weight iiberatiogcand
: { in @re in gr. i | in Ore in gr. recovery
20 2 ‘ 2 176 1 2 \ 127 ¢. T months
21 5 1 500 il 5 185 e 9 »
22 10 15 1130 7 32 1173 c. b »
23 10 18 1270 8 31 1308 c.'4 »
24 17 39 2431 | 10 58 1925 c. 4 »
25 9 30 1467 | 7 48 1451 c. 6 »
26 16 5 2776 8 5 1925 c. b »
27 17 119 3670 9 83 2140 ¢ 3 »
28 13 117 3066 10 122 2790 c. 4 »
29 14 154 3640 10 132 2930 c. 4 »
30 13 169 3770 if 112 2300 c. 4 3
31 13 195 4160 10 191 3710 | c 4 »
32 21 367 7350 12 | 283 5110 c. b »
a3 14 280 5320 4 92 1640 e »
34 9 207 3690 | b 127 2180 &3 »
35 10 260 4400 | 4 17 1960 ed
36 10 290 - 4800 | 3 108 1810 c. 8 »

1 A, C. Jouansen: Ueber die Sehollenfischerei im Kattegat ete.
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Table 83. Comparison of the value and weight of recaptured plaice
with the value and weight of the total number of plaice liberated, at each size.

Mark. exper. in the Kattegat. March, 1905. Exper. No. 1, 2, 6, 7.
'[ Recovered specimens of ’
Liberated specimens those mentioned in the Average time
Length | previous column passed between
N s g Value Weight Value, | Weight Hberation aud
| 4 in @re in gr. Ho. in BAre ‘ in gr. eugveny
| ] == SN === R R T

21 o 4 300 B ‘| i

22 50 ‘ 75 5650 25 67 3379 ‘ ¢. 3 months

93 53 9% | o131 29 130 4979 gids &

67 ‘ 154 9581 31 143 M3 | e3

25 75 248 12225 40 233 78356 t: 3 »

26 91 456 16835 67 476 12990 c. 3 »

27 63 441 ‘ 13230 42 411 11220 | e »

28 81 729 19035 51 601 13900 ‘ c 3 »

29 92 1012 23920 GG 862 18950 c. 2 »

30 13 949 ‘ 21170 56 876 18140 c. 2 »

31 36 ‘ 540 11520 28 510 10100 | e3 »

32 37 629 12950 26 491 10390 e 3 »

33 27 540 10260 23 5569 9950 e 3 »

34 18 414 7380 14 347 6330 c.3 »

36 13 338 5120 | 7 188 3160 4 »

36 13 377 640 | 12 | 387 6470 | 3 >

Table 84. Comparison of the value and weight of recaptured plaice

with the value and weight of the total number of plaice liberated, at each

size.

Mark. exper. in the middle and northern Kattegat. 1904 and 1905.

J Recovered specimens of !

Liberated specimens | those mentioned in the Average time

Length y 7| 2 7plﬂ?i0£co_mmn passed between
in em. ire Weight | St Weight liberation and
s in @re in gr. T ‘ in Ore in gr. recovery

.- R 120 9040 50 190 ‘ 7728 c. 4 months
23 | s 147 10414 48 223 8355 cd »
24 123 283 17589 71 3712 13165 (] »
2% | 104 34 16952 61 362 12010 c.3 »
26 126 630 23310 i 661 17770 c. 3 »
28 92 G44 19320 62 589 15905 c. 2 »
28 99 891 23265 66 776 | 17915 c. 3 »
29 ‘| 110 1210 28600 79 1019 22690 c. 2 »
30 87 1131 25230 G4 1003 20760 e »
.| 80 750 16000 | 39 716 14130 @3 »
32 60 ‘ 1020 21000 40 808 | 16200 e 4 »
33 41 820 15580 27 661 11590 e 3 »
34 o7 621 ‘ 11070 19 474 8510 e
35 23 598 10120 L1, 305 5120 c. 4 »
36 23 } 667 11040 156 495 8280 c. b »

|

In the transplantation experiments in the North Sea and Skagerak,
experienced that the value of the recovered specimens did not by

it has constantly been

far approach the value of those liberated,

irrespective of which size-groups we consider. In a transplantation experiment with plaice transferred

from Aalbak Bay to Trindelen in the northern Kattegat in March, 1904, the matter has been different, as

the value of the recovered specimens has been considerably greater th

2226 cm. length (see Table 85).
Fiskeri IL 5.

an the value of the liberated fish of
This experiment suggests further to investigate if it will pay to

15
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transplant young plaice from the rearing grounds in the Nissum Bredning or the Horns Reef area to the
areas of the middle Kalttegat which are poor on young plaice.
Table 85. Comparison of the value and weight of recovered plaice

with the value and weight of the total number of plaice liberated, at each size.
Transplantation experiment No. 11, 1904. = ?

- Recovered specimens of ¥ A
Liberated specimens those mentioned in the Average time
Length previous column passed between
Lk N Value Weight N Value Weight fihenation and
24 in @re in gr. i in Gre in gr. TECURELY
— = | __ e
21 ) ‘ i 500 2 3 ‘ 240 ¢. 2 months
22 13 20 1469 11 61 2013 c. 4 »
23 13 23 16561 5 i 1066 e. 4 »
24 19 | oM | 23 14 8 2663 c. 3 »
2526 | 10 13 ‘ 1762 3 ‘ 49 990 610 &
60 137 | 8099 35 298 | 6972 c. 4 months
\ \ \

F. Concluding remarks
in

on the importance of the experiments
practical regard.

The Danish marking and transplantation experiments in the years 1903—1906 have in several
respects yielded results which are of importance when we try to answer the three burning questions
concerning the plaice fishery: the size-limit question, the fishing-gear question and the trans-
plantation question.

The question about legislative interference with the plaice fisheries has often been connected too
intimately with the question whether the plaice fisheries are deteriorating or not. If we possess means
to increase the yield of the fisheries and thus make the fishing more profitable we ought naturally to
employ them, even if the available evidence suggested that the fisheries were not deteriorating’.

That the stock of plaice has been treated in an uneconomical manner for many years ought not
to be a sufficient reason to treat it in the same manner for ever.

1. The size-limit question.
a. The Kattegat.

In a previous paper: “Ueber die Schollenfischerei im Kattegat und die Mittel, sie zu heben” I have
dealt with the question whether we possess any means to increase the yield of the plaice fishery in the
Kattegat. My conclusion is that the establishment of an international size-limit somewhat higher than
the present Danish one (256 em.) would in all probability be very advantageous. The principal facts
bearing on this question and arrived at by the marking experiments are as follows:

1) It has been found in the marking experiments that the value of the fish recaptured exceeded
the original value of the entire series thrown overboard when we regard the sizes below 27 cm. (see
p. 111—113).

9) The fishery in the Kattegat is carried on so intensively that more than 60°o of the liberated
marked plaice were registered as recovered within the first year after liberation (see p. 98).

3) Specimens from 20—29 cm. increase on an average ca. 6—8 cm. in the course of one year
(see p. 66—69).

If we take a growth of 7 cm. as the normal one, we get the following increase in value during
one year (see p. 108). A

1 Comp. C. G. Jor. Perersex: Report VI from the Danish Biological Station. Kebenhavn 1897,



Specimens of a length of 20 em. increase in value from 1 to 7 @re.

» » = 20 v » » T3 - 9
i 3 ) Y patl.af » 15~ ¥ =
» » - 230 » » 18 - 13 »
» B - 24 » » » 23 - 15 »
» » =195 » » 33 - 17 >
» » - 26 » » » IR [ R
¥ » = 27 » » » 7 - 23 »
» » Skt L » » 9 - 26 »
» » <Gy » AL BL =200

5) More than 92% of the plaice recovered in the Danish marking experiments in the Katlegal were
again captured in the Kattegal (see p. 85).

6) The evidence arrived at from the marking experiments is that at leasl as many plaice migrate
from the Skagerak lo the Katlegal as vice versa (see p. 85— 88).

b. The Skagerak.

The plaice fishery in the Skagerak is at present carried on in a rather satisfaclory manner. On
the coaslal grounds where many young plaice are living, namely off the NW. coast of Jutland, the
fishery is only carried on by gear that spares the young fish and for those a rather considerable size-
limit is established as far as Denmark is concerned. And this is at present almost sufficient, as the
coast-bell from 0—50 meters off the north-western coast of Jutland is almost entirely visited by Danish
fishermen. =

At depths from ca. 50—ca. 100 melers a nol inconsiderable number of plaice are caplured by
Danish and Swedish cuatters and by German and English trawlers; bul the plaice living al this depth
are so large that there would be no reason to protect them by a size-limit.

As the plaice fishery is carrried on with great intensity in the parts of the Skagerak nearest on
the border of the Kattegal, especially on the stretch Skagen—Spirbakken, and as the majorily of the
plaice are also here caught by gear, that does not hurt the young specimens, it would be reasonable to
place these parts of the water together with the Kattégat when an international size-limit for the plaice
is to he imposed.

The results of the marking experiments in the Skagerak recommend (hal Denmark should relain
a size-limit for the plaice in this waler even if the foreign countries would not join us (see Table 79

p- 111 ete:)
¢. The North Sea.

The question aboul an international size-limit for the plaice in the North Sea is of greal imporlance,
firstly for England, secondly for Germany, Holland, Belgium and Denmark. In ils whole extent lhe
question will not be discussed here. We may only here call attention to the fact, that the results of
the Danish experiments in the Horns Reef area in 1904 and 1905, suggest that it is probably uneconomical
to land plaice of a smaller size than ca. 30 em. from this area when we regard the profit of all the nations
concerned. The experiments show that the value of the specimens recaptured exceeded the original
“value of all the specimens thrown overboard (see the Tables 77 and 78 p. 110).

If we regard Denmark’s profit alone, it is rather doubtful how far the size-limit (of 256 cm.)
which is only in force for Denmark is an advantage or loss for us as long as a similar size-limit is not
imposed for other nations. The experiments in 1904 and 1905 point in the direction that it has neither
brought us much advantage nor much loss (see the Tables 77 and 78 p. 110).

As many of the young plaice, which are spared by the Danish fishermen on account of the
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Danish size-limit, move oul inlo the off-shore grounds laler on, and are caught there by English and
German trawlers it can hardly be doubted that this size-limil is profitable to England and Germany.

How far it would be advantageous for Denmark to accept such a high international size-limit as
30 cm. tor the plaice in the North Sea is doubtful al present. The question about this is very complicated,
as among others we would have to consider on the one side, that gradually as the plaice grow up they
migrate oul into deeper water where the foreign fishery at present predominales, and on the other side
that such a size-limit would probably keep foreign lrawlers al a considerable dislance from Lthe coasts
of Jutland.

2. The fishing-gear question,

It has for years been a highly discussed question how far and under what circumstances it is
injurious to the plaice fishery to employ gear which hurl or kill the young immalure fish. This malter
must be regarded in the light of the question aboul the frequency of the young “undersized” plaice. In
the case of over-production it will probably do no harm lo kill a greather part of them. Bul if there is
ample room and food for them all it will be bad economy to use gear which destroy them in great
numbers.

The investigations regarding the frequency of young plaice in the Norlh Sea, Skagerak and
Kattegat point plainly in the direction that no over-production of “undersized” fish takes place. There
is in all probability ample room and food for many more than there exist. There are assuredly areas where
we find over-population of young fish, as among others may be seen from the fact that the specimens
grow relalively slowly. Bul these places are of slight extent in proportion lo the areas where there is but
a thin population, but enough food for the fish, as among other things may be seen from the fact that
the few specimens living there grow relatively quickly.

If a steam-trawler is fishing on a rearing ground where there is over-population of young fish,
it may perhaps be of some use al the very place to kill a lot of specimens which take up
the room for others and restrain the growth of these'. Bul the use which the (rawler possibly does
in such a place probably does nol compensate for the great mischief it causes by destroying fish,
which laler on might have migrated oul to less populated areas where they would have increased pro-
portionately quickly in size. '

In the Danish marking experiments with undersized plaice of ca. 15—256 cm. length it has been
ascerlained that a quite considerable percenlage — in the North Sea ca. 16:2°%0, in the Kallegat ca. 356"/
are known to have heen recovered as undersized fish in spite of the fact that such small fish lose their
labels casily (see p. 98—100). This points in the direction that the number of undersized fish is very
limited and thal we oughl lo treal this stock wilh care.

In the Kattegat and Skagerak the plaice fishery by otlertrawl or other gear deslructive to
the young plaice is only carried on to a slight extenl on the rearing grounds. An exlensive trawl-fishery
takes place on the contrary in the North Sea on the rich rearing grounds off the conlinental coasts al
depths below 30 meters.

At the same lime as the question aboul a size-limit for the plaice in the North Sea is treated, we
- ought also to consider the question: how to keep Lhe fishing vessels which destroy multitudes
of young fish off the rearing groun ds. It is worth while to consider if this had better be done
by simply prohibiting these vessels lo fish on these grounds or by imposing so high a size-limit for
this class of vessels that the fishery in this way is rendered unprofilable on these grounds. A lower
size-limit might very well be in force for the smaller vessels using fishing gear which were not injurious
to the stock of small plaice. We might thereby gain that only this last class of vessels fished on the rich
rearing grounds.

L Comp. W. Garsraxs: Provisional Report on the Natural History of the Plaice. Rapports et Procés-Verbaux. Vol 11 1905,



117

3. The transplantation question.

The question how far it will pay to transplanl young plaice in lhe open sea from grounds where
they are exceedingly numerous and grow slowly to grounds where they are scarce and increase rapidly
was raised in 1897 by Dr. PeTerseN'. The Danish experiments in 1903—1905 have to a certain degree
elucidated this question with regard to the Skagerak and the Kattegat.

The marking and transplantation experiments in the Skagerak have shown that a very large
percentage of the marked specimens migrate away from this water already in the course of a few months
(see p. 82—83). This circumstance in connection with the fact thal the invesligalions in 1905 gave the
result, thal there is a considerable stock of the 0O-group in this water makes it unadvisable for economical
reasons to lranspiant young plaice into the Skagerak in spite of the fact, that they increase quickly there.

A single transplantation experiment which took place in the Kattegat in spring of 1904 gave a
very favourable result, as the transplanted specimens increased relatively quickly and a considerable
percentage was recovered in the Kattegal itself.

This experiment ought to be followed by- others on a somewhat larger scale as we have good
reason lo suppose that it will pay lo transport young plaice from the rich rearing grounds in the
North Sea or the Nissum Bredning lo the middle Kallegat, where there are only few young plaice
which increase with considerable rapidity (see p. 67— 69).

Two facls revealed by the Danish experiments make in some cases the question about profitable trans-
plantations of plaice in the open sea somewhal complicated. In the first instance il must be considered
that the plaice may increase in size with a rather unequal rapidily in different years on the same grounds
(p- 60—63). Secondly it plays a role that the transplanted specimens show a sironger inclination to change
their dwelling place quickly than the not transplanted specimens (see p. 20 and p. 91—92).

Summary of Chap. IlI.

In this chapler I have wished, especially, to draw allention to the following points.

A. The rate of growth of plaice.

1) The males of the “northern” form of the plaice in the North Sea and the northern and middle
Kattegat increase in growth with nearly the same rapidily as the females until they reach a size of ca.
30 em. (see p. 59).

2) The plaice of ca. 20—29 c¢m. length in lhe Horns Reef area increase in length with a different
rapidily in different years: The average increase per year has been as follows (see p. 62—63):

In 1903: ca. 4 cm.
In 1904: ca. 6 cm.
In 1905: ca. 7—8 cm.

d3) There seems to be a connection between the rapidity of the growth of plaice in the Horns
Reef area and the yield of the plaice fishery in that area, the yield being small in the years when the
plaice grow slowly and great in the years when they grow rapidly (see p. 60—63).

4) The yearly average increase of plaice of ca. 24—31 cm. length in the Hanstholm--Sendervig
area has been as follows (see p. 64): :

! Report VI from the Danish Biological Station p 29—30. Kebenhavn 1897,
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In 1903: ca. 8 cm.
In 1905: ca. 7—8 cm. (?)

5) The yearly average increase of plaice in the Skagerak has heen as follows (see p. 65—66):
In 1903 for specimens of 15—24 cm. length ca. 10 cm.
» 1904 » transplanted specimens of 21—27 c¢m., length 7 -8 cm.
» 1905 » specimens of 23—30 cm., length 7—8 em.

6) The yearly average increase of plaice in the northern and middle Kaltegat has been as follows

in 1904 and 1905 (see p. 68—69): -
for specimens of 20—29 em. lenglh: ca. 6—8 cm.

» » -1 30—34 ' » » A 5] »
» » - '35—39 » iy L5 »
7) The mature females of ca. 2636 cm. length in the southern Kallegal grow on an average only
ca. 2 cm. a year (see p. 70).

B. The migrations of plaice.
1) The plaice show on the whole an inclination to migrale out inlo deeper waler as they increase

in size. Bul the migralions oulward are not conlinual. In two periods of the year the grown up fish
seek shallow waler, namely in spring and autumn (p. 70—85).

2) The movements of the plaice influence very much the movements of the fishing boats, a fact
which appears very clearly in the Horns Reef area (p. 76—80).

3) When the plaice in the beginning of the summer migrate out into deeper water from the Horns
Reef grounds they move mainly in a north-western direction (p. 77—78).

4) The rich stock of young plaice of 2 and 3 years age in the Horns Reef area does nol play any
role worth mentioning for the renewal of the stock of plaice in the Skagerak and the Kaltegat (p. 80).

5) The plaice in the Skagerak and the adjacent parts of the North Sea show a marked tendency
to undertake long migrations in a relatively short time (Fig. 4 p. 19; PL. V and VI; p. 80—82),

- 6) A great part of the plaice in the Skagerak emigrate lo the North Sea and the Kallegat (p. 83,
Fig. 4 p. 19; Pl. V and VI).

7) Between the stock of plaice in the Skagerak and the stock of plaice of the northern form in
the northern and middle Kattegal a considerable éxchange of specimens takes place. The migrations of
plaice from the Skagerak to the Katlegat and vice versa play evidently a greal economical réle for the
fishermen in Skagen (p. 86—86; P1. I—VI).

8) The southern dwarf form of plaice in the southern Kattegat, the Belt Sea and the Ballic does
nol partake in the migrations to the Skagerak (p. 85). ‘

9) It would seem that the number of plaice which move from the Skagerak lo the Kallegat is
greater than the number which go the opposite way (p. 85—87).

10) The larger plaice show a more marked tendency to emigrale from the Kaltegat to the Skagerak
than the smaller ones. For plaice moving from the Skagerak to the Kattegal we notice the reversed
tendency (p. 86—88).

11) The marking experimenis seem to show that specimens often go together during the -migra-
tions (p. 89—91).

12) Several specimens have moved with a rapidity of more than 2 miles per day. A few speci-
mens seem to have wandered at least 5—6 miles per day (p. 91—92).

13) (The causes of migrations are discussed on p. 92—93).
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(., The intensity of fishing.
1) The stock of marketable plaice is very much affected by the fishing. In the ordinary marking

experiments in 1903—1906 the following number of plaice of 25 em. and above has been recovered within
twelve months after liberation (p. 94—98): '

No. of spec. | No. of spec. Percentage
Al Month of of 25 em. recovered recovered Eemanlts
Liberation and above within within
liberated | 12 months 12 months
Horns Reef Area .......... J April, 1903 522 219 . 420
» » R Febr., 1904 51 37 125 i
» » e e April, 1905 248 176 710 [ et
L S April, 1906 1 e B i S
Hanstholm-Sendervig Area . | April, 1903 56 23 41-1 “ '
» » » ..| March, 1905 30 1 367 ‘
Skagerak ........ ........ April, 1903 41 24 585 |
0 LRI L i s March, 1905 709 319 © 450
Kattegat , .. .....L. AL March, 1904 55 46 836
N s ol e ‘ October, 1904 3156 1568 502
R Wi ok, Ml 75 0 | March, April, 1905 627 416 | 662

-

2) The stock of “undersized” plaice of ca. 16—24 cm. length is also much affected by the fishing.
Of 1014 undersized plaice liberated off the west-coast of Jutland, in the North Sea and the Skagerak,
164 specimens or 162%0 were récaptured within one year, before they had reached a size of
25 cm. In the same lime were recaptured 81 specimens or 80 which had reached a length of 25 cm.
or above.

In the Kattegat the percentage of “undersized” fish recovered has been much higher than in the
North Sea and the Skagerak. Of 253 “undersized” plaice liberated, 90 specimens or 35:6°/0 were recaptured
as undersized fish within 12 months after liberation. In the same time 48 specimens or 19:0°/ were
recovered at a size of 25 cm. or above (p. 98—99). :

D. The proportion of the marked fish caught by the various participating fishing vessels.

1) Of 752 plaice recovered in the North Sea and originating from the Danish marking and trans-
plantation experiments in the Horns Reef area in 1903—1905, 594 specimens or 790/ were caught by
Danish cutters and small boats, and 158 specimens or 21-0%o by foreign trawlers (p. 100).

2) The percentage of marked fish caught by Danish vessels and foreign trawlers on the various
depths in the North Sea ofl the west-coast of Jutland was as follows (see p. 100—101):

Depth 0—10 meters: 42 specimens recovered, 97'6%¢ by Danish vessels, 2:4°0o by foreign trawlers.

»  11—20 » : 4b4 » » 91-2% - » » 88% - » »
» 21—25 » @ 126 » » 690°0 - » » 31:0% - » »
»  26—29 » 3 29 » » H86°%0 - » » 41-4%o - » »
» above 30 » : b6 » » 196% - » o 804°% - » »

3) The great majority of the recaptured specimens of the plaice liberated in the Horns Reef area
at depths between 7—20 meters were during the first months after liberation recaptured by Danish fishermen.
In the course of a few months the marked plaice had, however, moved so far out to sea that about half
of the landed specimens were captured by foreign trawlers (p. 102—103).

4) About 99°0 of the plaice recovered in the ‘Skagerak in the Danish marking experiments in
this water were laken by Danish fishermen (p. 103).
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5) About 98° of the marked plaice recaptured in the Kattegat were taken by cutters and small
boats; hardly 2% by steam-trawlers (p. 104).

6) Of 741 marked plaice recaptured in the Kattegat in the Danish experiments, 848" were caught
by Danish fishermen, 13.8%0 by Swedish, 1:3°0 by German and 0:1° by English fishermen (p. 104).

E. On the weight and value of all the liberated specimens compared with the weight and valne
of the recaptured ones. J

1) In the experiments in the Horns Reef area in April of 1903 the value of the liberated specimens
of all size-groups surpasses the value of the recaptured ones (p. 109).

9) In the experiments in the Horns Reef area in February, 1904, and April, 1905, the value of
the recovered specimens of 23—30 cm. original length is considerably higher than that of all specimens
thrown over board. If we compare the value of all the liberated specimens at liberation with the value
of the specimens recovered solely by Danish fishermen, we find the first mentioned group to be of the
highest value (p. 110).

3) In the experiments in the Skagerak in April, 1903, the value of the recovered specimens of
90—22 cm. original length is considerably higher than the value of all the liberated ones (p. 111).

4) In the experiments in the Skagerak in April, 1903, and March, 1905, the value of the liberated
specimens of 23—33 cm. is on the whole higher than the value of the recovered ones (p. 111).

5) In the Danish marking experiments in the Kattegat in 1904 and 1905 the value of the recovered
specimens of 22—26 cm. original length is considerably higher than the value of all the liberated ones.
From 27—31 cm. the value of the liberated ones exeeds a little the value of those recovered. From
32 cm. and upwards the value of the liberated ones is considerably higher than that of the re-
covered ones (p. 111—113). '

6) In a transplantation experiment with plaice in the northern Kattegat in March, 1904, the
value of the recovered specimens of 22—26 cm. original length was higher than the value of all those
thrown over board (p. 113—114). '

As to the importance of the marking and transplantation experiments in praetical regard the
section F: «Concluding remarks on the importance of the experiments in practical
regard» (p. 114—117) must be referred to in exfenso.
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Explanation of the Plates.

The Plates [ —VT illustrate the Danish marking experiments with plaice in 1904 and 1905. The small

circles indicate place of liberation. The arrow-heads indicate place of recovery. The Arabic numerals represent
number of months between liberation and recovery. The letters beside the arrow-heads represent the
nationality of the vessels which recaptured the plaice, B meaning Belgium, Da — Denmark, E = England,

H = Holland (Netherlands), G = Germany, S — Sweden. In cases where no letters stand beside the arrow-
head Da is omitted.

The migration-routes of the individual plaice are naturally unknown. We know only place of

liberation and place of recapture.

CONTENTS.

Page

O AT e R SN T T SR WIS T S N e S P e R 3
1 Bheiobieet of the: Marking eXEertmentsi: & iamdois b, s i v obha e SEOT il e e o 3

5 SRl ol TR . s e ol ) S A B N Bl iy Lt dte e o e T s T 3

8. The condition of the marked fish When Set FI€E ...................uuuoiiis ot e s e e e 4

4. The arens where the marked fish huve: Been 1St Foeowiiil b b e 5 st il sl s 4

5. The records of the fishermen and the registration of the data ete. ........................ ... ... ... 5

6. The shrinkage of fish after death before remeasurement. ... ......... ... ... ... ... ... ... ... . 5

7. Particulars concerning the Tables, Figures and Plates .. ..................... ... .. .. .o i 6

I Detailed account of the Danish marking and transplantation experiments with pldlw in the North Sea, the Skagerak and

the Kattegat in the years 1903—1906

.............................................................................. 7

A. The ordinary marking experiments in 1903 Supplementary records. ... ...... ... 7
B. The ordinary marking experiments with plaice in the SPEg afedOld o N s S i et R B L 8
C. The transplantation experiments with plaice in 1904 ., .. ... . ... .. 15
1. The transplantation from the Horns Reef Grounds to the Graadeep inshore waters . ATl S 15

2. The transplantation from the Horns Reef coastal grounds to the Horns Reef offshore gmunds ..................... 16

3. The transplantation from the Horns Reef Grounds to the SRABEPANLL L (L o aivin iy 505 esiits s s meistorh w58 st e BT S 17

4. The transplantation experiments in the northern s A U e e T et R e e B 20

D. The ordinary marking experiments with plaice in the Kattegat in the autumn of 1904 ~ .. ... ........................ 26
E. The ordinary marking experiments with plaice in the b B B e e it ) D 30
F. The ordinary marking experiments with plaice in the Graadeep inshore waters in the autumn of 1905 ... . . ... ..... 56
G. The ordinary marking experiments in the Horns Reef area in April of 1906. Preliminary record ..................... 58
ITI. Discussion of the Results of the Danish marking experiments with plaice in the years 1903—1906 ... ... ... . . .. ... .. .. 58
L T e s 58
1. Rate of growth of plaice of different sex ..... ... s o e R e S e i TG s T i Dt s et o 59

2. Rate of growth of plaice in the Horns Reef area .............. ... ... .. ... S P A e e e Bl e e L 60

3. Rate of growth of plaice in the Hanstholm—Sondervig areal. .o il s oibin e sr o ubeie e o oeiniss ot e e e oo b 64

4. Rate of growth of plaice in the Skagerak ..................... ... .. .l 64

5. Rate of growth of plalce In thHe: KabLERAL . v linis o cimiaist i 55555 511 o aesnieini s st ot Sooins ot ettt o o 66

B, MIgTations of PIAIOE . i i i s v vomnsion v mimsiiome s soomsioio/s 20 5t v S5 58 55 20 sias £ 35 S S e 70
1. Migrations of plaice liberated in the Horns Reef area.......... ... ... .. .. ... . .. . . ... . ... 71

2. Migrations of plaice liberated in the Hanstholm— Sendervig area ... ............. .. . s S WY . 80

3. Migrations of plaice- liberated in the Skagerak and the LT A b R e W S e R - 80

4. Doithe plaice wander fo SHOAISY 10 v oo o miin w s 5s S S e e o S et e e e e e 89

5. How quickly are the plaice able t0 MOVeT. . ... .. ..oooouiu it 91

6. Canses ol observed migrations OF DIAICE .« o i S v G S Sabh v s el e s o 92

Fiskeri II. 5.



Page,

G e TOREDEtEy OF BERINGE . .- osoieh n b s 2 S foe voo b a s St e umoabin b B e o pifdiags BEEHE FROHEEEREEEE 94

a. The intensity of fishing in different AFAS...............c.ooserrrreeserinimrresnr i 94

1. The intensity of Sshing fn fhefHorns Beefiarea b, ol b dokaudbihn ufoirivmatsrs sisimipeny 7 75 2ieists S8 smmenn fre 94

9. The intensity of fishing in the Hanstholm — SEnderyig] AT .. . ... saws skl 55 o Sl 62 6 i sire s ez Yl 96

3. The intensity of fishing in the SKAZETAK ... .. ....;eesspsatsss s in s pe st e Bt o s S0 e 22 mEn 2 0 96

4. The intensity of fishing in the TEAEERAE o b it i =i sl it it o SIS T3 O Siiie 2o s i oy it 6 97

4. On marked ‘“undersized” fish which were again recovered as “undersized” fish..............ooocoen 98

D. The proportions of the marked fish caught by the various participating fishing Sy opmien DU USE M b E SRS S L,

E. On the weight and value of all the liberated specimens compared with the weight and value of the recaptured ones.. 106

F. Conecluding remarks on the importance of the experiments in practical 1011 ¢ (I e . 114

1 fEhe sizelimit iguestion, |, ertimene ettt cle SR ha . Rt R SRR R i e i R 114

9. T AshiTE-ABaT GERELORY « v b s whomsis snpaigieens gel R gy e b £ i ol por et 2 = p g2 RS e 116

3, 'The transplontation qUestion. .. wp e sbis oo ¥ Susms s s meuoe g el i de BiERE Sl LR SR ERE S S S o 117

Sp iy O Gl T L iy st st oo i imomi iy o o e i G WA U i St et e ma s SR LR T 117

Explanation of the Plates ....... ............ e e L s i IR il R ot Hh S e b el C 121
LIST OF TEXT-FIGURES.

Page

Fig. 1. Marking experiments with plaice. April, 1903. Suppleptentary Ghart, . ouuin i o abosm w s e friepmeition RS INE R 8

Fig. 2. Transplantation experiments with plaice. February, 1904. Exper. No. 1, 258 RO R e v e et s s 14

Fig. 3. Transplantation experiments with plaice. February, £004, " Exper. Nou:8, B T v = it 58 B ot stz ol e 16

Fig. 4. Transplantation experiment with plaice. February, 1904. Exper. No. 10 ... .oooiovviinreriromnine e 19

Fig. 5. Transplantation experiment with plalee. March, 1904, Expersi¥oi il S, o ol e nisiin i nSa A iR e s 20

Fig. 6. Marking experiment with plaice. February, 1904. Exper. L i I R poir e L 0 PR L R S 78

Fig. 7. Marking experiment with plaice. February, 1904. Exper. e ol s e Pl = e s St 79

Fig. 8. Marking experiments with plaice. March, 1904. Exper. No. 3 P e T S M e St R O M oI 83

Fig. 9. Marking experiment with plaice. March, 1904. Exper. T A e s L s e S B L DL O 83

Fig. 10. Marking experiment with plaice. October, 1904, Exper. No. 6 ... .. cooieriianiii it e 84

560. 1/v1 1907



Medd. fra Komm. for Havunders, Serie: Fiskeri Bd. Il Nr. 5.

10 1w 12"

TS BN T Mt

0 A\ L AT
5 ir.’ 22 » s T il Pen it
o 3 s et | ke e f?ca‘-“:,éi"’f‘.{ TS
58] - RIS T AN ] 58] : | ) \ k’) S SN T 58]
,-\ i S 7)) R ..
Mpstrort £ £

\
\
A
N
o
)

: o {uf'gé- e S0
{ ' I M:');“_s(ra.r[\:_}‘::’ﬂ &)
. o U i ,:,'

DG j

H %‘j’,f" (-'n":‘ir!m.:y

-
'rsfw(jm o

‘r]ment.l‘ﬂga.:’i‘SO_‘ SV TG

i

\ ?.\-'J
v e
o

AN
57%\@ ﬂl'uﬂ\l M -.
AT

ey ¢

oy L ® S
\ A

/ -.\ ("i’:..'?irbwly
garimant l"ir} :13 1904

o |

~ay

157

W ¢ Falken bu—y
£ 6% ol i
i

tad

Mobalz Usi0
Experifnér}!: Nr. 11.19%/

N;ia 3;904
g\

w (=;

e 04

J L 9]
q\l- —f

= ) _c“f,j,_. .
5o\ ) o

A Darierort ; /j:’%‘jtra rt

7 g by

& o~ _7’/ Y 1
}/\l,—f LJ},.'-" I

5 i

Dol

Litheck. ; |

NG 12" 5

ANEL £ AANDET pImBTRMAYH

ca. 1:2,000000,.

Marking experiments with plaice. October, 1904,




Medd. [ra Komin. for Havunders. Serie: Fiskeri Bd. II Nr. 5.

L, e et
IR U O v . .
e s e A B P
SR ST

R R )
BSNGEE T

Giited org

SVERI1IG

a
?\\:" i
lh\ £

LLAND ‘thfjf“

AAEL L ASRUBT Wi BBERANN

ca. 1:2,000,000

Marking experiments with plaice. October, 1904.




Medd. fra Komm. for Havunders. Serie: Fiskeri Bd. II Nr. 5.

| o
Experiment Nr.7\1905,

R
B AR Y

o
© Oriest

5\

e | D e )

-,
) v e i
(L7 ‘

e — /]
— e 0
—— e aoags 500

———— 10 Meter

"

]

"

ca. 1:2000000,

Marking experiments with plaice 1905. March (Nr. 1), April (Nr. 7 and 10

).




Medd. fra Komm. for Havunders. Serie: Fiskeri Bd, II Nr. 5.

Pl IV.
‘_._.__,.f'r) Meter.
MRAGHEE
e T
p Experiment Nr.g 1
| Fredertkshavn@. \\ / -
VL :
7 ( v ‘." Y
Experime;?b‘l;.-‘zllﬂas i '-_' ¥
IYLEAND . h
e
) I
/(‘ ol Jir- )
NS AT
NN ST
T U
e > )\;\\“‘
A NS
| RS
) NG
.Y\ OslSe
11;"

ca. 1: 1000.000.

Marking experiments with plaice. March, 1905.




edd. fra Komm. for Havunders. Serie: Fiskeri Bd. Il Nr. 5.

Da 4

( /_/

- 1-3005‘]'8{'7

| |

Brerglehuse

| e




‘“"Aalborg”
VAL G
\Bugt
(. 2 0

PR

e

’/' b 43
g, )
angen

i

Q'»

-..Bon{y'e{g

|
I R Nissum-Fjord

N \Wﬁw(

J Husby
| . - A V. . -,‘. I (i &
/ Sindervig : : O “‘g\)‘ ":)/(\\J'J/"Q /3

J Y Ty ; ? Ju\ . (.—,__5(:":1 _f..”‘ ‘_. N e
i oL / - _\(-,u‘ , 7
T \vlu/ ) B\ Ly

i .c'yﬂtf
S.Lyrigoig

D)
A

P

i@ t Nr.8 1905

\sé]

3
\ \
‘ £or
]
\\.‘ | ;
\ i
! b1
pal
] Da 1
a pal
L Dal Dal
0 a
Di D g 1
ba
D ’ D g
5 a.
2 i Da *Dal
/
/
- 0
!

Ride h}?f;" Syl

LJ
EAZ 547 15°N 1-&7({14’7 [‘HII% @
B.3 P y’ =
o

ca.. 1:1,000,000.

Marking experiments with plaice 1905, March (Nr. 3 and 5), April (Nr. 8).




Medd. fra Komm. for Havunders. Serie: Fiskeri Bd. Il Nr. 5.

: mj' Nessum -Fjord

k o % :f
) Qﬂf« 5 iad

U

/ faﬁemgﬁﬁ"r )\u:" <
\ hw{d/ 87 /

W orgehuse

| | Husby

/ San Jgrl?l;ﬂ

| e T YII.

T A N




2 Hanstholm B / e g} o
f)/‘/“m Tl

0 g1t drig? !
l‘LJB’ngtb

g
(:. I

Sondenho

¢

Nl
(\-./7(\
‘\\( &,z'st
| - o R"JE.KF%" ?&b
N hode Al
_....,_...._142)0_,, . / AN
g, ¢ / b

nf’u!l% @ -
e [5 7 o S arTis fe———— ] G ] e

G §= 3"

séjcrj

vvevconseB00 5 \ Sl

ca. 1:1,000,000.






