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I. Marking experiments with Sole (Solea vulgaris Quensel).

1. Introduetory remarks,

N October 1906 we liberated 184 marked soles from the research steamer “Thor” in the northern

Kattegat.! The fish were captured by a small 50 feet English otter trawl in short hauls of an
hour’s duration. When captured the fish were apparently quite uninjured, and the liberation took place
at the places of capture of which one is situated near Trindelen north-east of Leesg at a depth of
23—33 metres and another in the northern part of Loese-Rende at a depth of 18—37 metres. The
label consisted of two bone buttons, which were attached to the fish by means of a silver wire passed
through the body at the interspinal bones near the dorsal fin (Fig. 1). The button on the eye side of the
fish was provided with a depression, wherein a brass disc with a stamped number was placed. The fish
were of a length between 19 and 37 cm.
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Fig. 1. A marked Sole.

2. The migration of soles.

The chart Fig. 2 illustrates the situation of the places of liberation and the places of recapture for
the marked sole. It will be seen that all the places of recapture are situated in the Kattegat and with
a few exceptions all in the northern Kattegat, where the liberation took place.. One of the specimens
liberated near Loesg Trindel was recaptured 3 months later at Anholt, and one of the specimens from the

! A preliminary note about this experiment was published in Rapports et Procés-Verbanx des Réunions.-Vol XVI. Cons.
perm. internat. 1913,
1!!
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experiment in Lesg Rende was recaptured 17 months later south of Anholt. Longer migrations were not
observed.!

The experiments suggest that the Kattegat has its own stock of soles. All the developmental
stages of the sole are also known from the Kattegat.

If we look at the depths at the places of capture for the marked fish during the different months,
it will be seen that in April and May the specimens are recaptured in more shallow water on an average
than in autumn and winter (Table 1). This is due to the fact that during these spring months the

sole moves into the warm coast water

in order to spawn. In autumn and

winter, when the surface water is con-
siderably colder than the bottom water,
they stay at greater depths.?

Table 1. Mean-depthsin metres at the places
of recapture of soles in the various months.
(No. of specimens in brackets.)

Fo’

Frederiishavn

Experiment No. No. 1 No. 2
Experiment Ne and Date 4. Oct. 1906 | 8.—15. Oct. 1906
8-15/)5 L i _
= i 1906. Novbr.... | 32 @ 31 @)
Decbr. ... 2 37 (6)
1907. Jan. ..... 43 (1) 38 (1)
Febr. .. .. 41 (1)
April . ... 9 3)
MEY v s 16 () 9 (2
June. .. .. . 26 (1)
Decbr. . .. 46 (2) s
1908. Jan. ..... 41 (1) —
Febr. . ... SR 34 (1)
March ... o~ 38 (1)
April . ... e 13 (1)
May ..... - | 34 (D
July..... 14 (1)
Novbr. . .. 34 (1)
3. Percentage of marked sole recaptured.
In Table 2 the size of the liberated
Fornzs soles is represented as well as the num-

10° ’ E e : e i ber of the recaptured specimens for each

size-group. Of 184 liberated soles, 41 speci-

Fig. 2. Marking experiments with Sole in October 1906.! 0
mens or 22-:3°/owererecaptured altogether:

Of 66 soles of original length 19—24 ¢cm. 21'2°%0 were recaptured
-9 — - - — 25—29 - 198 - — —
- 2T — - - — 30—37 - 333 - — =

! The arrow heads on the charts Fig. 2—4 indicate the situation of the places of capture, The letter by the arrow head
indicates the nationality of the fishermen. (D = Danish, E = English, G = German, S = Swedish). If the letter is omitted, the
fish was caught by a Danish fisherman. The number by the arrow head indicates the number of months which have passed since
the liberation took place. O means: “recaptured in the same month in which the liberation took place”, 1 means: ‘“recaptured
1 month after liberation”, and so on.

? That the temperature plays an important réle with regard to the migrations of the sole has been shown by Rosa M.
LeEe in “Report on the Grimsby steam trawlers Records*. Marine Biol. Assoc. International Investigations. Third Report (Southern
Area) 1906 —8 (1911), and by H. C. REpEkE & L I. TEscr: “Ueber die wirtschaftliche Bedeutung und die Naturgeschichte der See-
zunge”. Verh.-uit het Rijksinst. voor het Underzoek der Zee. 1911.
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A higher percentage is thus recovered of the large soles than of the small and middle-sized ones.
During the first year after liberation a percentage of 13'6 were recaptured, and in the course of 2 years

the percentage rose to 216 %. The last recaplured
specimen was taken 25 months after liberation.

Among the 41 recaptured soles 18 specimens
or 45 % were recaptured by Danish fishermen, 18 by
German, 4 by Swedish and one was found in Ymui-
den and had perhaps been recaptured by a Dutch
fisherman. In spite of the fact that the liber-
ation took place west of the deep channel
in the Kattegat, the foreign fishermen have
recaptured more specimens than the Danish
fishermen.

We here get quite another picture than regarding
the plaice.

The Danish marking experiments with plaice
in the Kattegat, mainly carried on west of the deep
channel, have shown that the Danish fishermen on
taken 85 %o of the
marked plaice, and the foreign fishermen only 15 °fo.
The fact that the Danish fishermen have fished a far
lower percentage of the recaptured marked soles is
to be explained by their employing as a rule the
snurrevaad for the capture of flat fish, while the
German fishermen use the otter trawl. The snurrevaad,

an average, have recaptured

which moves proportionately lightly over the botlom,
is excellently adapted for the capture of plaice and had-
dock, but not quite as good for the capture of soles,
because this species squeezes itself more firmly into the
bottom.

Table 2. Size of Sole on liberation and the No. of
specimens of the various size-groups recaptured.

1906
Exper. No. 1 L Exper. No. 2 | Exper. No. 1—2
Length in em |—— e ==
d+e ez P o 2
Libe- !Henap- Libe- Recap-|| Libe- ! Recap-
rated | tured | rated | tured | rated | tured
[ i
1) T —— [ 1 1
20 v v v b6 | ) .
0] BRI o T 2 7 2
22 .0 s o v 1 14 5 15 3
B oo v g IO - 16 | .. 17 o
24, ... 2 19 | 9 21 Y
BB asaims s i || 3 1 22 | 4 25 5
26, 4 24 | 3 28 3
PR s ve v B 2 13 | 3 17 5
(2 I 4 | 2 9|3 13 5
L 3 b 3 -
By e v 3 |1 1 3 | 1
21 IR O 4 3 1 5 3
BB B naa vy 1 o 4 b i
83 o e rmene 3 2 3 | 6 | 2
o v i 2 1 A (R
GHET s ) Siaponias ot 1 ik 1 1)
BBy ssmmga v 3 |. 3 o
T o S C 2 1 2 1
|
40 ‘ 14 144 | 27 184 41
%lo recapt... ‘ ‘ 359, 18-8% 22:3 %

(In order to capture the sole more easily the Danish fishermen frequently put an extra weight

on the foot rope of the snurrevaad. — Sometimes the snurrevaad is furnished with otter boards and used

as a trawl).

The statistical information concerning the capture by the different nations gives a rather similar
picture of the distribution as the marking experiments. In “Bulletin Statistique” the capture in kg is for

the different nations stated as follows:

Sweden
1906 . ..........
1907 . .......... 189
1908 ........... 370
S g 2690
1990 sen s a0 2424

4. Rate and growth of marked sole.

Denmark

115808
68700
48055
59059
72893

Germany

61721
54225
73782

47873 ..

65462

The Tables 3—4 show the growth of the liberated marked soles. In comparison with the growth
of the plaice, the growth of the grown up sole is slow. The small specimens of a length of 21—24 cm.,
have, on an average, increased more quickly than the middle-sized ones of 2529 ¢m., and these show
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again a more rapid growth than the large ones of a length of 30—37 cm. The most rapid growth was
noticed in 2 specimens which were of a length of 21 cm. on liberation. Seventeen months later they were
both of a length of 28 cm. The average growth of specimens of a length of 25—29 cm. was only 1—2
cm. in a year, and in the large specimens of 30—37 cm. a growth of only 0:5—1 cm. was noticed within

two years.

Table 3. Rate of growth of soles of 21—24 cm., liberated in the northern Kattegat in October 1906.
Marking experiments No. 1—2.

Period between , i ; . iti in ecm. (21— :
P e Increase in cm No. of specimens Initial length in ( 24 cm.)
= R measured i 7
and recovery Average ‘ Minimum | Maximum Average Minimum | Maximum
1906 November ......... 1 month 0 .. 2 23 22 24
9. Decesnber U, o0t 2 months 02 0 1 5 236 22 24
1907 January. ..... ! 3 — 0 1 24
%, FebIUary .. v v ewn s 4 — 0 1 24
$ AP o v e 6 — | 0 s 1 24 g o
» May ...... R ) i == il 1 1 2 23 22 24
1908 March. ............ 17 — | 7 i 7 2 21 21 21
1

-Table 4. Rate of growth

Marking experiments No. 1—2.

of soles of 25—29 cm., liberated in the northern Kattegat in October 1906.

Period between Increase in cm. : Initial length in em. (25—29cm.)
Month recovered liberation i | Ro, of apecimens ‘
and recovery Average | Minimum | Maximum ! G s Average | Minimum | Maximum
|
1906 November ......... 1 month 0 2 27 27 [ 27
»  Deéocnber . ..l 2 months 0 2 255 256 26
1907 January........... 3 — 0 3 27-3 26 28
EI U I C R AR 6 — 0 3 2567 25 27
¥ MaY ..o vaien s T — 0 1 26 ‘¢ ;
¥ OBE e e 8 — i 1 28 _—
1908 January .......... 15 - & 1 26 x |
¥ Februar¥....... ... 16 — 3 1 28
5, APl o e 18 — 0 ] 27
» May............... 19 — 0 i il 27 w i e
. JONE o svaianmeas g s 20 — 05 0 1 2 26:56 25 28
Table 5. Rate of growth of soles of 30—37 cm., liberated in the northern Kattegat SSW. of Trindelen.

October 1906.

Marking experiment No. 1.

Peri‘od be‘tween Increase in cm. No. of speeimens Initial length in cm. (30—37 cm.)
Month recovered liberation .
. measured . -
and recovery Average Minimum | Maximum Average Minimum | Maximum
. - e
1907 January........... 3 months 0 1 34
30 MAY. o v S e e 7 — ‘ 0 I al o e
» December ......... 14 — 5 0 2 336 30 37
1908 January........... 16 - — } 0 - 1 31 - e
B LY s b e ane 21 — ‘ 05 0 1 2 34 33 35
» November ......... 2% - ‘ 1 1 33




In determining the age by means of measurement and by otoliths I have found that soles of the
0-Group in the northern Kallegat were of an average length of 6—7 cm. in October, and that soles of the
I-Group were of an average length of 13—15 cm.! in August. By means of otoliths and vertebrae THIELEMANN
has determined the age of soles of the following size from the southeastern part of the North Sea?:

2 specimens 20cm. &' and ¢ I Gr. Helgoland October 30. 1912

2 — 21 - & - ¢ I - — — - —

1 — 92 = o III - Southeastern North Sea. March 2. 1912
1 — 33 - 9 I - — — - 7. —
1 — 32 - g IV - — — Jan. 7. 1913

1 — 36 - 9 v - — -— Febr. 16. 1913
1 — 38 - 9 vV - — - March 2. 1912
1 — 42 - 9 VII - — — Jan. 7. 1913

1 — 43 - 9 IX - — — Febr. 15. 1913
1 — 41 - 9 X - — — Jan. 7. 1913

These age-determinations suggest that the growth of the sole takes place relatively quickly during
the first 2—3 years of its life, and the marking experiments have quite confirmed this. The slow growth
commences when the tish approaches maturity (at an age of ca. 3—5 years).

5. Some previous experiments with the marking of soles.

In the treatise: “Report on experiments with marked fish during 1902—03”% W. GARSTANG men-
tions some marking experiments with soles, carried out on behalf of England in the southwestern
part of the North Sea in August and September 1903. — During August 101 soles were marked and set
free off Norfolk and Lincolnshire. The main part of the fish had a size of 20 —34 cm.

Only two recaptures were reported, neither of which showed any evidence of growth. One sole
was recaptured in July 1904 near the place of liberation, another had travelled about 85 miles north-
wards in six months.

In September 1903 9 marked soles were set free off Terschelling Light-vessel. Only one of these,
a specimen of 30 cm., was recaptured, probably in the vicinity of Texel.

From these experiments it seems that labels of the same kind were used as those generally em-
ployed by the English for plaice marking.

In a “Report on the experiments with marked fishes made during the year af 1913”* Jas. Joun-
sToNE and T. MoNAGHAN mention some smaller marking experiments with soles carried out in the east-
ern part of the Irish Sea. About this they write as follows (p. 155—156):

“An attempt was made to mark soles. This-had previously been attempted, using the same mark
as in the case of plaice, but the results were quite unsuccessful. In 1913 we got some 50 special labels
made. Each was a strip of thin sheet silver about 1 ¢cm. in width and about 2 cms. in length. At one
end of this strip a little tongue of metal projected out, and was then turned up at right angles to the sur-
face of the strip; at the other end was a little hole. The strip was bent on itself so that the little tongue
fitted into the hole. Each label was marked L1 to L50. It was fixed to the fish by clasping it on the
free border of the operculum on the coloured side, squeezing the bent strip of sliver by means of pliers

! A. C. Jonansen: Funfter Bericht iiber die Pleuronectiden in der Ostsee. Vol. XXII. Rapport & Procés-Verb. cons. perm.

internat, 1915.

# M. TaieLemann: Einige Beobachtungen itber das Wachstum der Seezunge ... im nordfriesischen Wattenmeer. Wissensch.
Meeresunters. N. F. XI. Bd., Abt. Helgoland, Heft. 2, 1916.

® Marine Biol. Assoc. International Fishery Investigations I (Southern Arvea) 1902—03 (1905).

* Report (No. XXII for 1913) on the Lancashire Sea-Fisheries Laboratory. Liverpool 1914.
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until the tongue was forced through the opercular into the hole on the other end of the strip. The

labels were obtained towards the end of the season, so that it was only possible to make one experiment,

and then only 14 soles were marked. So far only one of these fish has been recaught, so that it is im-
possible to say whether or not the method is likely to become a successful one”.

In comparison with these English experiments the Danish ones appear to have given very satis-
factory results.

Table 6. Particulars regarding the Danish marking experiments with soles in the Kattegat in 1906.
- - —
Particulars of | No. Central Nationality rﬁght?afs Ini- Ulti-l " Ulti-
Liheratimf. Date on oeaiity: repicied position of hetween | go | tial | mate Initial | ote | Remarks
Date. Locality. Lakel (approxi- fishing |iéue£i—d size | size weight weight
No. of Fish etec. mately) vessel LAV ELE cm. | cm. g. g
1906. October4. | 1906 Novbr. 17 | 3104 | At Trindelen. 17 m. 57025 11°15° | Danish I 27 | 27 200 living
4 milea S5W of ) » 20 | 3131 | 8 miles E of Vinga. 47 m. 57°36" 11°22 | German I Q | 27 |21 | 200 fresh
gi}%delf{glﬁ?;_ 1907 January 14 | 3138 | Kattegat, Anholt ‘ » 111 g | 28 | 27 200
9339 metres » » 25| 3133 Trindelens Light-vessel. 43 m. 157026' 11°16’ » 111 Q | 34 | 335 480 415
“Thor” St. 815. v May 8 | 3112 | SWof Trindelen, 11/s miles fr.shore. 15-17m ‘ 57°22" 11°11° | Swedish VII 31 |:81 310
40 soles liber. | , pechr. 17 | 8109 | ENE of Trindelen’s Light-vessel. 54 m. |57°28 11°21° | German XIV 30 |30 | 260
!Ef?l'o?;"l’gl—l‘?lla‘i‘?{}; » » 19 | 3125 | Kobbergrunden. 38 m. 57°12" 11°20" | Danish XIv 87 | 3156 580 good
ing experiment 1908 January 13 | 3108 | S of Trindelen’s Light-vessel. 41 m. 57°23 11°18" | German XV 3l |31 360
No 1 1906. v June .25 | 3122 | Close 8. of Kobbergrunden's Light-vessel |57°08 11°28 | Danish XX 28 | 285| 200 215
» » c.25 | 3130 | S of Kobbergrunden’s Light-vessel 57007 11°24 » XX 25 | 26:6| 160 190
» July 7| 3110 | E of Leese. C.14 m. Swedish XX 33 | 335| 370
» » c.28 | 3121 | Between Anholt and Lass Danish XXI 36 | 365 490 525
» Novbr. 10 | 3113 | SW of Trindelen. 34 m. 57°24" 11°14 » .04 | 33 |3 | 310 good
? ? | 3119 ? » n 31 |
1906. October8. | 1906 Novbr. 22 | 3248 | Lzses Rende. 24 m. Danish 1 22 | 226 120 living
52156[532?1113‘1\?\% (e » 29 | 3261 | SE of Skagen. 38 m. 57°35" 11°05 | Swedish I 24 | 235| 145
Re.ef. 57°19° N »  Decbr. 9 | 3259 | Lese Rende. 38 m. 57°22" 10°46" | German 1I 24 | 24-56| 155
10°45 E. 18—37 » » 18 | 3201 | SE of Hirsholmene. 38 m, 57°26" 10°48" | Danish 1T 22 | 22 120 living
metres. » » 19 | 3210 | Leese Rende. 38 m. 57°23" 10°47" | Swedish II 26 | 255 160
“Thor” St. _323- » » 19 | 3271 | Lese Rende. 38 m. 57°21" 10°47" | German 1 Q| 26 | 246| 170
194 soles liher. |, » 223208 | Less Rende. 34 m. ' » mo| |24 |24 | 160 | 129
(No, 3141-3284).
“Thor”’s mark- » » 24 | 8239 | 57°25' N, 10°55 E. 57°25" 10°565 » 1I Q| 24 | 24 160 77 | dry?
ing experiment » » 24 | 3183 | 57928’ N, 10°51"E. 34 m. 57028 10°51" » 11 Q| 24 | 206| 140
No. 2 1906. | 1907 January 3 | 3276 | 8—10 miles ESE of Hirsholmene. 38 m.|57°27 10°56’ » 111 26 | 25 | 155 ,
» » 4 | 3172 2 » 111 24 | 24'6| 145 | 125 | gutted
» » 7 | 3256 ? » 111 28 | 28 240 192 | gutted
» February 8 | 3159 | At Frederikshavn. 38—43 m. 57°25" 10°47T » v 24 .| 23 140
»  April 11 | 3146 | NW of Nordre Renner. Leese. 13 m. 57°23 10°53' | Danish Vi 27 | 26:6| 190 living
I o» » 14 | 3265 | 4 miles W of Lese 57°16" 10°45 » VI 256 | 25 170
» » 22 | 3254 | Vorsaa at Szby. 3 m. 57°12" 10°32 » VI 24 | 24 155 tail dry?
» » 22 | 3266 | NE of Nordre Renner, Lese. 11 m. 87°23" 10°58° » VI 26 | 26 170 living
» May 4 | 3211 | N of Nordre Renner, Lese. 8 m. 57°22" 10°65 » VIl | 22 | 23 120 living
I o» » 20 | 3171 | W of Lase harbour. 9 m. 57°18" 10°51° » VII 26 | 265| 175 good
[ » » 24 | 3260 | Off Aalbeek, 1 mile from land 57935 10°28 » VII 24 | 26 150 good
» June 21 | 3198 | SE of Hirsholmene. 26 m. 57°28" 10°42 » . VIIL 28 | 28:5| 250 notgood!
1908 January 14 | 3269 | (Found in Ymuiden) {ieman or Dulch XV o | 256 | 285| 155 sound
» February 29 | 3149 | ESE of Frederikshavn. 34 m. 57°25" 10°46" | German XVI 28 | 31 250
»  March 2 | 3182 | ESE of Frederikshavn. 38 m. 57°26" 10°47 » XVII 21 | 28 110
» » 22 | 3220 | 10 miles S. of Anholt 56°35° 11°44 » XVII 21 | 27 90 dried?
»  April 4 | 3283 | E of Nordre Renner, Leesp. 13 m. 57°23" 11°04" | Danish XVIII 27 | 275| 200 good
»  May 18 | 3257 | ESE of Frederikshavn. 34 m. 57°25" 10°45" | German XIX 27 | 26 210

1 When calculating the growth

i

0’5 cm. in added.




II. Marking experiments with Turbot. (Rhombus maximus L.)

A. Experiments in the Kattegat and Great Belt.

In October 1906 we liberated 19 marked turbot caught by the research sleamer “Thor” in
the northern Kattegat. The fish were caught in a small 50 feet English ottertrawl and they were quite

uninjured when liberated. The label which was of the same
kind as that used for the marking experiments with soles (see
p. 3) was fixed on the body close to the dorsal fin. The fish
were of a length of between 25 and 42 cm. on liberation.

The migrations of these turbot are illustrated in
Fig. 3. All the specimens captured, except one, were taken
in the northern Kattegat at a rather inconsiderable distance
from the place of liberation and in the course of 1 to 27 months
after liberation. One single specimen was recaptured S. of An-
holt 40 months after liberation. Of the 19 turbot liberated 14
specimens or ca. 74 %o were recaptured (Table 7), 9 of these
during the first year after liberation, 2 during the second, 2 during
the third, and 1 during the fourth year. Eight of the specimens
were recaptured by Danish fishermen, six by German trawlers.

The growth of the
Table 7. Showing the size of turbot recaptured fish is illu-

on liberation in the northern Kattegat gtrated in Table8. Three
in October 1906 and the specimens of specimens of a length

the various size-groups recaptured. of 27—31 cm., recap-
Exper. 1—2. 1906. tured ca. 1 year after
= o, e liberalion, had grown
Length in cm. ”]_.1!Jel'ated J Recaptured respectively 2, 3 and 6
‘ em. or 37 cm. on an
25 2 ‘ 1 ; ;
o7 1 ! 1 average. One specimen
- 28 2 of 35 cm., recaptured
29 3 [ 3 : : .
20 4 9 ¥n January 1908 had
31 1 1 increased 3 cm. Of two
32 1 1 specimens of 30 cm.,
33 2 1 2 " b ]
34 1 1 recaptured about2 years
35 3l 1 after liberation, the one
j‘; i ‘ i had notincreased, while
N L I S the other had grown
, 29 14 ca.5 cm. One specimen
Fiskeri. V. 3.

Y % X

s ARSI
A A~
! i _ & B!
7 9 ~.

g:_

7

Fig. 3. Marking experiments with turbot in the
Kattegat and Great Belt.
2



Table 9. Particulars

Table 8. Growth of turbot liberated in the northern Kattegat in

10

of 38 cm., recaptured a little more than
2 years after liberation, had increased

7 cm. in length.

According to my age-determinations
by means of measurements and otoliths,
the turbot in the northern Kaltegat in-

October 1906. (Exper. No. 1 and 2. 1906).
) !‘ ' '

. ‘ s
Month t};f;zd]i];z_ Increase in cm. | NO'_Of spe- | Tnibal
s cimens length

recaptured | ration and | 5o ool § ey )
recapture | Average Miuimum‘Maximum measured | nem.
[ I

1906 Nov. . . | |0 ‘ 1 34

Dec. .. 2 0 1 33

1907 Febr. . 4 0 1 42
April . 6 1 0 2 2 29, 32

July .. g 0 1 29

Aug. .. 10 3 . L 29
Sept.. . 11 4 2 6 2 27,31

1908 Jan. .. 16 3 I 35

Sept. . . 23 0 1 30

Dec. .. 26 it 1 38

1908 Jan. .. 27 5 1 30

crease on an average in length 8—10 cm.
yearly in the three first years. The mark-
ing experiments show that the growth is
much slower after that time.

In the southwestern Kattegat
off Fornees 10 marked turbot, caught in
a snurrevaad from a Danish cutter, were
liberated in April, 1912. The place of
liberation and the position of the places

regarding the Danish marking experiments with turbot in the Kattegat and Great Belt in 1906—1907.

. ] el
Particulars of |~ No Central Nationality | No- of | . Ulti-| Ulti-
i ; . b ; . Initial
llberatmn_. Date on Locality reported posntlog O,E 1)1?;:\;1?:31 tial |mate neli l]alt mate |Remarks
Date. Locality. labal (approxi- fishing tion and | size | size | Vo8 weight |
No. of fish ete. ) ks I_I_]étd{?_ : vessel r?{‘i‘;g‘ em. | em. _g: g | -
j . ] N E W ‘
1906. October4. | 1907 February 5 | 8401 | 6—7 miles N. by W. of Trindelens Lightship. 41 m.|57°32" 11°11" | German v 42 | 42 | 1670 [
3 miles SSW of
Trindelen. 57° |
24' N, 11°15 E.
23—33 m.
“Thor” St. 815,
1 turbot libera-
ted (No. 3401).
“Thor”s mark-
ing experiment
No. 1 1906.
1906. October8. | 1906 Novbr. 14 | 3406 | 3 miles S of Laeso-Rende Lightship. 13 m. 57°10° 10°43 | Danish I 34 | 34 | 770
alg'?g‘;ﬁ‘;ﬁfg; » Decbr. 12 | 3405 | 57°33' N. 11°8' E. 40—45 m. 57°33 11° & | German 11 33 | 33 660 506 | cleaned
45 E, 18—37m. | 1907 April 18 | 3414 | N. of Hirsholmen. 21 m. 57°32° 10°38' | Danish VI 29 | 31 460 living
“Thor” St. 828— » » 26 | 3412 | Lese Rende. 23 m. » VI 32 | 32 570 living
840, 18 turbot »  July 31 | 3417 | About %4 mile § of Lmse-Rende Lightship. 21 m. |57°12 10°4% » IX 29 | 29 470 good
hgil{'éte_da“g\)m' » August 16 | 3404 | Lese Rende. 15 m. i i L 29 | 32 | 6570
“Thors miark- » Septbr. 10 | 3416 | SE of Hirsholmen. 6 m. 57929 10°38" » XI 2T | 33 390 living
ing experiment | » » 22 | 8418 | Liese Rende. 26 m. » XI 31 | 33 | 580 |
No. 2 1906. || 1908 January 26 | 3407 | 5 miles E. of Frederikshavn. 34 m. 57°27 10°43" | German XV 36 | 38 780
»  Septbr, 25 | 3413 | SSE of Laess NW-Reef’ Light. 9 m. 57°15" 10°48' | Danish XXII 30 30 450
» Deebr. 16 | 3403 | 57°28'N, 10°50°'E. [c. 35] | 57928 10°60" | German XXVI | 38 | 45 920
1909 January 20 | 3409 | 57°30°N, 11°0' E. [c. 40] 67930’ 11° O’ » XXVII | 30 | 35 535
| 1910 February 2 | ? | S of Anholt » XXXX ([235-33]| 37 o
- bered
— . ‘ : :
‘ [
1907 Margh 18. | 1907 June 15 | 3420 | 4 miles SE of Musholm, Great Belt 55°26' 11°10'| Danish | 1II l 30 470 | c. 500 |
Entrance fo Ker- | [
teminde-Bay. [
55°25' N, 10°46°
E. 17 m.
“Thor"s St. 895.
1 turbot liber-
ated. No. 3420, ‘
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of caplure are illustrated in Fig. 3. It will be seen that these fish, on an average, were recaptured at a
greater dislance from the place of liberation than the specimens in the northern Kattegat. Six specimens
in all, or 60 %, were recaptured. Three of these specimens were taken off the coast of Djursland,
respectively 1, 5 and 14 months after liberation.
23 months after liberation, and 1 specimen was laken in the Great Belt off Asnss 5 months after
liberation. Four specimens were recaptured by Danish fishermen, one specimen by an English trawler
and one by a German trawler.

In the Great Belt off Kerteminde a marked turbot of a length of 30 cm. was liberated on March
18th 1907. Duriﬁg the following summer it was recaptured on the other side of the Great Belt in
Musholm Bay.

Of 30 turbot liberated in the Kattegat and Great Belt 21 specimens, or 70 °/, were recaptured
in all. Of these 13 specimens, or 62 °/, were recaptured by Danish fishermen and 8 specimens, or 38 %o,

Two specimens were recaptured NE of Anholt 6 and

by foreign trawlers.

Table 9. Particulars regarding the Danish marking experiments with turbot in the southwestern Kattegat in 1912.
| |

Pai‘ticulgfrs of No. ‘ C.en-tf'al Il:jg;n‘fs Nationality | Ini- | Ulti-

hheratlon', Date of | Locality reported pasabion bl?fnvgﬁ;-n of fishing | tal |mate| Remarks
Date, Locality, ket (approxi- tio%;id vessel size | size
No. of fish etc. mately) s | em. | em.
D L l - = = — — —
1912, April 13.— | 1912 May 15 | 472 | 05 miles N of Stavnshoved. 11 m, | 66°34' 10°47' I Danish 38 | 38 | living, 1-1kg.
;376;31;‘50;]152:1151;3 »  Septbr. 11 | 479 | NW of Stavnshoved. 56°33 10°45" v » ? | 26°5 | living.
98’ N, 11°11' E.| ° » 27 | 473 | 1 mile W of Asnms. 22 m. 55°40" 10°49 v » 39 [[39] | 1275 gr.
10 turbot liber-| » Octbr. 27 | 478 | 57°0’'N, 12°E. 15—34 m. 57°00" 12°00" VI English ? | 88 | 870 gr.
ated (No. 470— | 1913 June 16 | 476 | c¢. 7 miles N. of Fornms. 12 m. 56°33" 10°56" | XIV Danish ? |44 | 2 kg

79). | 1914 Mareh 1 | 477 | 6 miles NNE of Anholt. 32 m. 56°50' 11°42' | XXIII | German 7 | 44

B. Experiments in the true Baltic at Bornholm.

In May 1913 100 marked turbot of a length from 19—41 cm. were liberated at the western and
southwestern coasts of Bornholm. The fish were recaptured in nets by fishermen from Bornholm, and
the marking was carried out by Hr. KrisTianNsEN of the Fishery Inspection. The liberation took place
As labels were used two silver plates fixed under the dorsal fin, one at
The other plate was

close to the place of capture.
each side of the body. To one of the plates was plumbed a short silver wire.
numbered.

This label proved to be very durable, but it appeared, however, lo be inferior to the label which
has usually been employed by Danes of late years, consisling of two bone buttons with brass discs, fastened
by a silver wire. In several cases the fish suffered more than usually by the marking, as the sharp edges
of the silver plate irritated the skin. Most of the fish recaptured were, however, uninjured.

The liberation of the fish took place in three different places in the vicinity of the coasts of Born-
holm. (See Fig. 4). Twenty specimens were liberated 3 miles west of “Hammeren” at 24 metres’ depth.
Fifty-three specimens were liberated 3 miles WSW of Renne, and 27 specimens south of Arnager at 13
metres’ depth.

1. Migrations.

Fig. 4 illustrates the places of liberation and recapture of the marked fish. It is characteristic that
all the places of recapture except one are situated near the coasts of Bornholm. One single specimen
was recaptured off the coasts of Sweden 25 months after liberation.



35 40’ 45" 50’ 55’ 15° 5 1’ !
20 T I = =T T =1 T T T T T T 1= I I I o s ¢ T | ESTE T 1 I I 20
iz
CERISTIANSG@@EJ‘

Ned
2-1913 BN

s i 25

528N, H H
e | | '
S¢25 ! o
v 't i

\\
Yo H

\
BORNHOL |
;55"

Fig. 4. Marking experiments with turbot in the Baltic at Bornholm in May 1913.

If we regard the figures by the arrow points off the coasts of Bornholm it will be seen that these
only comprise the numbers 0, 1, 2, 12 and 13. They indicate the number of months between libera-
tion and recapture, and as the liberation took place in May, all the recaptures fall thus within the months
May—July.

This is in connection with the fact that the turbot fishery is only carried on during the months
April—July off the coasts of Bornholm.

All the places of recapture marked 0, 1 and 2 are situated nearer to the coast and in shallower
water than the places of liberation. This corresponds with the fact that the fish in the months of May
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and June migrate into shallower waler in order to spawn. In experiment No. 3 in which 27 marked
fish were liberated, eight of those were recaptured during the months May and June in a seclor of about 30°,
and in experiment No. 2 in which 53 marked fish were liberated, eighteen of those were recaplured
during May and June in a sector of about 60°.

Thus the marked fish cannot have migrated equally into all directions, but they
have shown a preference for migration towards the shallower water off the coasts,

In May and June 1914 9 marked turbot were recaptured, 7 of those at the west- and southwest-
coast and 2 at the east coast by Gudhjem. These latter originate from the experiment near Renne.
Whether they have passed around the isle North or South cannot be ascerlained.

The recapture of one specimen off the southern coasts of Sweden near Skillinge at 16 metres’
depth 25 months after liberation is worthy of note. The stock of turbot at Bornholm is thus in contact
with the stock off the Swedish coasts, and in all probability also with the stock off the Baltic coasts of
Germany.

2. No. of marked turbot recaptured.

Table 10 shows the size of the specimens liberated and the number of recaptures of each size-

group. Of 100 specimens liberated 46 were recaptured in all. Thirty-six specimens were recaptured

during the first two months after liberation, and i
Table 10. Size of turbot on liberation and the specimens

of the various size-groups recaptured. Experiments
at Bornholm 1913.

seven specimens during the rest of the year.
The percentage of all the recaptured fish of
different size-groups was as follows:

- = ‘
2 - INO. . . T 1
No. libe-  No. recap- %y recap- Length in em. _EX!). No. 1 Exp. No 27 Exp NO_ _3_ ! _ota
rated tured tured Libe- 1Recn£-1 Libe- | Becag-‘ Libe- | Recap- | Libe- | Recap-
19—924 em.. .. 23 15 155 I rated | tured | rated | ture | rated ﬂre rated tured_
25—29 - ... 53 27 509 T s emin e | 553 o 1 e v o ‘ Al
30—34 - ... 11 4 36-4 D0 podsmnan 1 o 1 g2
5 < : 21..... . 2 2 .. o 2 2
e g '3 B e - 6 | 1 ‘ 3| 2| 9| 3
: = - . e IS ——— - 8 5 4 3 12 8
This shows that a greater pellcentage = R 4 g g 4 g
were recaptured of those of average size than o5 = = 4 3 7 6 5 2 16 | 11
of the smaller as well as of the larger fish. 26......... . 1 1 5 2 3 | 1 9 4
) ¢ N e . 4 2 6 2 4 2 | 14 6
The percentage of recoveries was in o 1 1 5 3 9 3 4
the case of the experiment west of Hammeren 29 ... .. . 2 2 3 1 6 | 2
55, in that SW of Renne 47-2 % and S of ;‘? ---------- i’ L ; e ¢ i ‘ ;
Arnager 37 %o, 39 _ _ . B
.......... W | : 3
Among the 46 recaptured marked tur- 33........... . - . . 1 1
s : P 1
bot, 45 were caught by Danish fishermen in ;g """""" 1 ! : _ .
the vicinity of Bornholm and one specimen 3¢.. .. | . - | TR . 1
was laken by a Swedish fisherman near the gg ----------- o | o f s S 2 ¥ ‘
coasts of Sweden, 39 ' R o A .
0., ... ... A R R R IR R ‘
3. Rate of growth of marked turbot at Bornholm. 4 = = 1 I | | & - o 9 ‘,
It will be seen from Table 11, that Total 20 | 11 |_'53 ; % |727 10 |‘ 100 | 46
| l

the growth of 9 specimens of a length
0f 21—26 ¢cm only amounted to 0—1cm, or, on an average, 0'8 cm, during a year. This slight
growth is connected with the fact that the turbot of the quoted size at Bornholm is mature® and of rather

t A. C. Jouansen: Funfter Bericht iiber die Pleuronectiden in der Ostsee. Vol. XXIL Rapports et Procés-Verbaux Conseil
perm. Internat. Copenhague 1915 p. 32.
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considerable age. One single specimen of a length of 27 cm increased during two months from 27—29 cm,

and one specimen of 31 e¢m increased from 31—35 ¢m during twenty-five months.

It will be seen that the growth of the turbot at Bornholm is much inferior to the growth in the
northern Kattegat (see p. 9—10).

Table 11. Growth of turbot liberated at Bornholm in May 1913.
| Period between Inisresse ih el . Initial length in cm.
Month recaptured liberation I R 6 specn:ens
} and recapture Average | Minimum | Maximum | L Average Minimum | Maximum
LIS MY - ws ox nvsvien ox \ 1--5 days 0 0 0 10 244 21 28
June.............. 1 month 0 0 1 26 26:5 23 34
W o w0 s Il months 2 i % 1 27 g oE
1914 May ...ooovvennann X — 09 0 il /i 239 21 26
JUE ot sshmvmas X — 05 0 1 2 235 22 25
1SLE TBBE e ave s XXV — 4 1 31

Table 12. Particulars regarding the Danish Marking experiments with turbot in the Baltic at Bornholm in 1913.

Particulars of |

No. of ‘

|
z ; No. L months | Nationality Ini- | Ulti- GI('gg’_th
Hberation, Date on Locality reported Gentral pesilion h]?ll::f:«“ of fishing |Sex | tal jmate| prox- Remarks
Date. Locality. Jahal (approximately) |tion and| | ocqe] size | size | imate-
No. of fish etec. i i e | e 1y)
| l ‘ N E ‘ | ]
1913. May 21. | 1913 June 6 | 107 | 0'5 miles WSW of Helligpeder. 9 m. 56°12",6 14°42'5 I Danish Q| 26 | 25 0 good
3 miles N“_’ of » » 6 | 109 | 0'5 miles NW of Vang. 13 m. 556°15" 14°44' I » g | 26 | 26 0 »
Sty Boesl » » 6|19 |05 » 5> > » 13 56°15°  14°44 I » g| 28| 28| 0 »
N. 14°40'5 E. | » » 8| 106 | 1 mile NW of Teglkaas. 16 m. 56°13',6 14°42',5 I » g3t 3| 0o | »
24 m. » » 13 | 101 ‘ 05 miles NNW of Vang. 16 m. | 65°15,5 14°44' 1 » Q| 29 | 29 0 »
20 turbot libe- » » 13 | 105 | 1 mile W of Teglkaas. 13 m. | 55°13 14°42',5 1 » Q ‘ 27 | 27 0 | slightly injured
ralézd lé?iga)g’ » » 14 | 104 | 1 mile NW of Helligpeder. 13 m. | 55°13" 14°42 I | » Q | 29 | [30] 1 | good
Marking expe- | » » 14117 |1 » » » » 13 » | 5513 14°42 1 » Q| 2 | 25 0 »
riment No. 1, » » 16 | 108 | 0-5 miles NE of Sandvig. 9 m. | 656°17',6 14°4T',6 I » @ | 30 | 30 0 slightly injured
1013 » July 1| 112 | 0'5 miles W of Senehavnen. 9 m. 56°16',6 14°45’ | 11 » l Q | 27 | 29 2 good
1914 May 7 | 113 | 1 mile W of Vang. [23 m.] 56°15" 14°43 ‘ X » ‘ 25 | 26 1 | slightly injured
1913, May 26. | 1913 May 26 | 145 | W of Arpager. 11 m. 56°03" 14°46' 0 Danish 0 22 | 22 0 good
WSWofRenne, |, , 26| 170 | » » » 11 » 55°03"  14°46' 0 » | o 23 | 23 0 »
2110121%55;5&? » » 29| 127 | 8 miles S of Renne. 9 m. | 55°03,5 14°45' 0 | » 21 21| 0
N. 14°37' E. » » 29 173 | 3 » » » » 9 » 55003’,5 14°45' 0 » | 25 25 0
26 m. » » 31| 121 | 05 miles S of Arnager. 9 m. 55°02",6 14°47,5 0 » 3| 28 | 28 0 slightly injured
58 turbot libe- |, , 31| 139 |05 » » »  » 9 » 55°02',56 14°47",5 0 5 g | el |2l 0 | good
l‘ﬂ}tlid lél.?a_,zé)s’ | » » 31 142 | 05 »on» » 9 » 55°02',6 14°47',6 0 » Q 27 27 0 »
Marking expe-| » » 81| 163 |05 » NW of Arnager. 11 m. 5503 14°46' 0 5 S| 2 | 25 0 »
riment No. 2, » June 1| 134 | 1 mile S of Renne. 11 m. 55°05" 14°41' I » | i 81 | 31 0
1918 » o» 2] 125 |1 > v v 13 » 55°05' 14°41’ I » | o | 23 | 23| 0 | good
» » 2| 130 | 05 miles W of Renne. 9 m. 55°06"  14°41' 1 » o 26 26 0 »
‘ » » 5| 132 | 1 mile S of Renne. 13 m. 556°05' 14°41" | I » Q ‘ 24 |[27-2) »
‘ » » 14 | 151 | 3 miles S of Renne. 13 m. | 55°03 14°43' | I » Q| 24 | 24 0 »
‘ » » 14 | 1564 | 3 » » » » 13 » 55°03 14°43' I » dg ‘ 28 28 0 »
e » » 14 158 3 » » o» » 13 » 55°03" 14°43' I » Q | 28 28 0 »
‘ » » 14| 161 |3 » » » » 13 » 55°03" 14°4% 1 » ‘ Q ‘ 23 23 0 »
» 14| 171 |83 » » » » 13 » 55°03' 14°43’ I » Q123 | 23 0 »
» » 17| 164 | 0'5 miles S of Arnager. 13 m. 55°02',5 14°47',6 1 » Q ‘ 26 | 25 0 »
1914 May 10 | 148 | 1 mile N of Renne 55°07" 14°41',6 XII » 25 | 26 ‘ 1. »
‘ » » 15 | 159 | Gudhjem, Bornholm 556°13" 14°59 Xl » 23 | 23 0 weight c. 250 g.
» » 20 137 | 8 mile S of Arnager. [17 m.] 55°00" 14°48 XII » ‘ 26 | 27 ‘ 1 good
|\ » » 23| 162 | WSW of Arnager, 150 fms. from shore. [6 m.]| 55°03" 14°47 XII » | 26 | 26 | 1 ‘ slightly injured
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Table 10. Continued

|
P‘I‘llftb‘::lt"‘;rs of No. . " g bgtf,’ﬁﬁfs Nationaliey Ini- | Ulti-| Fpoth
Dat; Il;:;li.tv Date on Locality reported Central .posmon ﬁit‘:‘;‘;’} of fishing |Sex| tial |mate| prox. Reémarks
; y. label (approximately) | tion and o size | size | imate-
No. of fish ete. fsusp- et | el )
\ | N E | |
1913. Exp. No.2 » » 23 | 163 | SW of Arnager | 566°03" 14°47 XII Danish 21 | 22 I 1 | good
(Continued) » June 15 | 169 | 1 mile N of Gudhjem B56°14'  14°58’ X1 » 25 | 26 | 1 Yol
1915 June 6 | 150 | Skillinge, 2 miles from shore. 16 m. 55°28" 14°19 XXV Swedish 31 | 36 4 weight 800 g.
i - | = S [eS o
| |

1913, May 27. | 1913 May 27 | 180 | NW of Arnager. 11 m, 556°03" 14°45',6 [ Danish Q| 23 | 23 0 good
e s e WMIET a2 3 oy . o1 os 55°63' _14°45%6 | 0 » |2 |2 | 0 »
H4sar g, | » June 14 | 179 | 3 miles S of Renne. 13 m. 55°03' 14°46' |° 1 » Q|2 |2 | 0 »
13 m. » » 14 | 186 | 3 » » » » 13 » 56°03" 14°45° I » g 27 ]\ 27 0 »
27 turbot libe- | » » 17 | 181 | 0'5 miles S of Arnager. 9 m. 56°02',6 14°48" I ) Q| 27T | 27 0 »
rated (Da 13, » » 17 183 05 » » » » 9 » 55002’;5 14°48' 1 » Q 26 | 26 0 »
lel?i{il:gliiezfl?e)- | » » 17 184 05 » » » 9 » 55002'r5 14°48" I » o 26 | 25 l 4] »
riment No. 3, | » » 17| 198 |05 » » » » 9 55°02',5 14°48' I » o[ 28 |25 | 0O »
1913 | 1914 May 7 | 188 | 1 mile W of Helligpeder | 559025 14°48' XII » 22 | 23 1 »

‘ » June 2 | 190 | SW of Arnager | 55°03" 14°47 Xl | Danish | 22 | 22 0 good

C. Previous experiments with the marking of turbot.

Furron mentions in XI Annual Report of the Fishery Board for Scotland a few
marking experiments with turbots off the coasts of Scotland. By an experiment on November 10. 1892,
off Fife Ness, near the North Carr Lightship some specimens were marked and one of these was recovered
43 days later at a point said to be “23 miles SE by E of Montrose”, thus, according to FuLToN, repre-
senting a distance from the place of liberation of 32 miles. It showed no increase in length,

By some experiments in Montrose and St. Cyrus Bays between May and July 1891 56 young turbot,
varying in length from 4 to 11 inches (c. 10 to 27 cm) were liberated. One of these was recaptured.
About this turbot Furton writes as follows (p. 193): “It was liberated (at Montrose) on 27th May 1891,
and was then exactly 6 inches long. On 31st August, or 96 days afterwards, it was taken again at the
same place, and was exactly 8 inches in length — an increase of 2 inches in 3 months. In this case the
little brass disc was not tied to the tail, but was fixed at the edge of the fish within the marginal fin,
the silk cord passing through the flesh, and being tied losely below”.

TrysoMm mentions a Swedish marking experiment with turbot.!

By Gotska Sandén in the Baltic 15 marked turbot were liberated on July 4th 1905. None of
these is known to have been recaptured.

In comparing the quoted experiments, the Danish marking experiments appear to have been very
successful.

! Fruip TryBom: Die im Jahre 1906 ausgefiihrten schwedischen Untersuchungen mit markierten Plattfischen in der Ostsee.
Svenska Hydrografisk-biologiska Kommissionens skrifter III. Géteborg 1908.
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Resumé.

Mserkningsforseg med Tunger (Solea vulgaris L.).

[ Oktober 1906 udsatte vi fra Undersogelsesskibet ,, Thor* 184 markede Tunger i det nordlige Kattegat. Fisken
fangedes med en 50 Fods engelsk Ottertrawl i korte Traek af ca. 1 Times Varighed. Ved Fangsten var Fisken tilsyne-
ladende ganske ubeskadiget, og Udseettelsen fandt Sted paa Fangststederne, af hvilke det ene er beliggende ved Trin-
delen Nordest for Liwese i 2333 Meters Dybde, det andet i den nordlige Del af Lzsg Rende ved 18—37 Meters Dyhde.
Merket anbragtes i Kroppen teet ved Rygfinnen (Fig. 1, Side 3). Det bestod al to Benknapper, af hvilke der anbragtes
en paa hver Side af Kroppen, og de holdtes sammen med en Sglvtraad. I Knappen paa Fiskens Overside var anbragt

en Messingplade med indstemplet Numer. De merkede Fisk havde en Langde mellem 19 og 37 em., og de allerfleste
var voksne Individer.

Tungens Vandringer.

Kortet Fig. 2, Side 4, illustrerer Beliggenheden af Udsewttelsesstederne og Fangststederne for Tungen.! Det vil
ses, at alle Fangsistederne ligger i Katlegat og med et Par Undtagelser alle i det nordlige Kattegat, hvor Udswxltelsen
fandt Sted. Et af de ved Laese Trindel udsatte Individer indfangedes 3 Maaneder senere ved Anholt, og et af Indi-
viderne fra Forseget i Lass Rende indfangedes 17 Maaneder senere Syd for Anholt. Lengere Vandringer er
ikke iagttaget.

Forsggene tyder paa, at Kattegat har sin egen Bestand af Tunger, og der foreligger igvrigt ingen Grund til at
tvivle herpaa. Alle Udviklingsstadier af Tungen er kendt fra Kattegat.

Undersgger man Dybderne paa Fangststederne for de meerkede Fisk i de forskellige Maaneder, vil det ses, at
i April og Maj indfanges Individerne gennemsnitlig paa langt ringere Dybder end i Efteraaret og i Vintertiden. (Tabel 1,
Side 4). Dette henger sammen med, at i disse Foraarsmaaneder spger Fisken ind i det varme Vand over Grundene

for at gyde. Om Efteraaret og Vinteren, naar Overfladevandet er betydelig koldere end Bundvandet, findes de paa
sterre Dybder.

Antallet af indfingedo markede Tunger.
Af 184 udsatte meerkede Tunger er der ialt indfanget 41 eller 223 Procent.? Af 66 Individer paa 19—24 cm. er

- indfanget 14 eller 212 Procent. At 91 Tunger paa 25—29 cm. Leengde er fanget 18 eller 198 Procent. Af 27 Individer

fra 30 til 37 cm. er indfanget 9 eller 333 Procent. Af de store Tunger er der saaledes gennemsnitlig indfanget et storre
Procenttal end af de smaa og mellemstore. (Se Tabel 2, Side 5).

I Lebet af det forste Aar efter Udseettelsen indfangedes 13:6 Procent, og i Lobet af 2 Aar var der ialt indfanget
21'7 Procent. Det sidst indkomne Individ blev taget 25 Maaneder efter Udsaettelsen.

Af de indfangede 41 Tunger er 18 Individer eller 45 Procent fanget af danske Fiskere, 18 af tyske Fiskere, 4
Individer af svenske Fiskere og et er fundet i Ymuiden og maaske fanget af en hollandsk Fisker. Til Trods for, at
Uds®ttelsen har fundet Sted Vest for den dybe Rende i Kattegat, har dog de fremmede Fiskere
fanget flere af Individerne end de danske Fiskere.

Ganske anderledes forholder det sig med Fangsten af merkede Rodspeetter.

De danske Merkningsforsgg med Redspeaetler i Kattegat, der i det store og hele er foretaget Vest for den dybe
Rende, har vist, at danske Fiskere gennemsnitlig tager ca. 85 Procent af de indfangede mzrkede Fisk, og de fremmede
Fiskere kun ca. 15 Procent. Naar de danske Fiskere tager en langt ringere Procentdel af de indfangede meerkede
Tunger, ligger dette i, at vore Fiskere i Reglen anvender Snurrevaadet til Fangst af Fladfisk, medens de tyske
Fiskere anvender Ottertrawlen. Snurrevaadet, der gaar forholdsvis let hen over Bunden, egner sig udmerket til
Fangst af Rodspzetter, men ikke slet saa godt til Fangst af Tunger og Pighvarrer, fordi disse Arter trykker sig fastere
ned i Bunden. Ottertrawlen, der skeerer dybere ned i Havbunden, kan hedre faa fat i disse Arter.

De statistiske Oplysninger om de forskellige Nationers Fangst af Tunger i Kattegat giver et noget lignende
Billede af Fordelingen som Merkningsforsggene. 1 | Bulletin Statistique** opgeres Fangsten i Kg. fra de forskellige
Nationers Side paa folgende Maade:

! Pilespidserne paa Kortene Fig. 2—4 angiver Fangststedernes Beliggenhed. Bogstavet ved Siden af Pilespidsen betegner
Fiskerens Nationalitet. D — Dansk, E = Engelsk, G = Tysk, 'S — Svensk. Er Bogstavet udeladt, er Fisken fanget af danske
Fiskere. Tallet ved Siden af Pilespidsen hetegner Antallet af Maaneder, der er forlebet siden Udszttelsen fandt Sted, 0 hetyder
indfanget i samme Maaned, som Udsattelsen fandt Sted, 1 betyder 1 Maaned efter Udswttelsen o. s. v.

* Af 110 Tunger, der udsattes fra engelsk Side i August—September 1903 i den sydvestlige Del af Nordseen, synes kun 3
Fangster at veere kendt. WaLTeER GarsTaNG: General Report on the Fishery Investigations, International Fishery Investigations,
Southern Area I. London 1905,
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Sverige Danmark Tyskland
T v s womolaintion sie woistsvmsita 2iats il 115808 61721
11, S e N 1 | DLW 189 63700 54225
FYOR G s cvmins 3 o S e o oamde 370 48055 73782
0 et o Sy v LN 2690 59059 47873
TOTD .o savmiaisins o A SR 2424 72893 65462

Man faar af de her fremdragne Forhold et steerkt Indiryk af, at Spergsmaalet om Tungens Fredning i Kattegat
ikke kan lgses fra dansk Side alene, men at det maa tages op til Lesning ved internationalt Samarbejde.

Vaksten af de udsatte maerkede Tunger.

Tabellerne 3—5 (Side 6) viser Vaeksten af de udsatte meerkede Tunger. Sammenlignet med Redspeettens Veekst
er Veeksten af Tunger paa over 25 cm. Lazngde langsom. De smaa Individer af 21—24 c¢cm. Leengde er gennemsnitlig
vokset hurtigere end de mellemstore af 25—29 ¢m. Laengde, og disse er atter vokset hurtigere end de store af 30—37 cm.
Langde. Den hurtigste Vaekst er iagttaget hos 2 Individer, der ved Udsatitelsen havde en Lzengde af 21 cm. Sytten Maa-
neder senere havde disse en Langde af 28 cm. Hos Individerne af 25—29 ecm. Lengde har Gennemsnitsveeksten paa
et Aar kun veeret 1 4 2 cm., og hos de store Individer af 30—27 cm. Lengde andrager Veaeksten paa et Aar kun 05—1 cm.

Ved Aldersbestemmelser efter Maalemetoden og ved Otolither har jeg fundet, at Tunger af yngste Aargang
(0-Gr) i det nordlige Kattegat i Oktober har en Gennemsnitsleengde af 6—7 cm. og Tunger af nsstyngste Aargang
(I-Gr.) i August en Gennemsnitslaengde af 13—15 cm. Ved Undersegelse af Otolither og Hyirvler har TaieLEMaNN bestemt
Alderen af Tunger af felgende Slerrelse fra den sydastlige Del af Nordsaen:

2 Individer 20 ecm. & og @ I Gr. Helgoland 30. Okt. 1912

2 — 21 - g -2 I - - — —

i — 32 = g III - Sydostlige Nordsg 2. Marts 1912
1 — 3 - B I - —- R —
1 — 32 - g v - — — 7. Jan. 1913

1 — 36 - Q v - — — 16. Febr. 1913
il — ShAe e v - — — 2. Marts 1912
1 — 42 - Q VII - — — 7, Jan! 1913

1 — 43 - @ IX - — — 15. Febr. 1913
1| - 41 - Q X - — — 7. Jan. 1913

Disse Aldersbestemmelser viser, at Tungen vokser relativt hurtigt i de forste 2 4 3 Aar af dens Levetid, og
Merkningsforsggene har ganske bekraftet dette. Den langsomme Vzkst begynder, naar Kensmodenheden nzrmer sig.

Meerkningsforseg med Pighvarrer (Rhombus maximus L.).
1. Forseg i Kattegat og Store Belt.

I Oktober 1906 udsatte vi fra Undersagelsesskibet ,, Thor“ 19 maerkede Pighvarrer i det nordlige Kattegat.
Fisken indfangedes med en lille 50 Fods engelsk Ottertrawl, og den var ganske ubeskadiget ved Udsa=ttelsen. Meerket,
der var af samme Art som det, der anvendtes til Mzrkningsforsggene med Tunger (se Side 3), anbragtes i Kroppen teet
ved Rygfinnen. Fisken havde ved Udsettelsen en Lzngde mellem 25 og 42 cm.

Vandringerne af disse Pighvarrer er illustreret paa Fig. 3, Side 9. Alle de indfangede Individer paa et nzr er
taget i det nordlige Kattegat i ret ringe Afstand fra Udszttelsesstedet, og i Labet af 1 til 27 Maaneder efter Udszttelsen.

Af de udsatte 19 Pighvarrer indfangedes atter 14 Individer eller c. 74 . Ni af disse Individer indfangedes i det
forste Aar efter Udswettelsen, 2 i det andet, 2 i det tredie og 1 i det fjerde Aar. Otte af Individerne indfangedes af
danske Fiskere, 6 af tyske Trawlere.

Vaksten af de indfangede Fisk er illustreret paa Tabel 8 (Side 10). Tre Individer fra 26—31 cm. Leengde, der
indfangedes c. 1 Aar efter Udsettelsen, var vokset henholdsvis 2, 3 og 6 cm. eller i Gennemsnit 37 cm. Et Individ paa
35 cm., der indfangedes i Januar 1908, var vokset 3 ecm. Af to Individer paa 30 cm., der indfangedes efter ca. 2 Aars
Forleb, var det ene ikke vokset, medens det andet var vokset 5 cm. Et Individ paa 38 cm., der indfangedes godt to
Aar efter Udsettelsen, havde tiltaget 7 cm. i Lzngde.

I Folge de af mig foretagne Aldershestemmelser ved Hjeelp af Maalemetoden og ved Hjzelp af Otolither, vokser
Pighvarren i det nordlige Kattegat gennemsnitlic 8 a 10 cm. aarlig i de tre ferste Aar af dens Levetid. Maerknings-
forspgene viser da hen til, at dens Vakst efter denne Tid er langt ringere.

I Store Belt ved Kerteminde Bugt udsattes 18de Marts 1907 en mzrket Pighvarre af 30 cm. Lzaengde. I den
folgende Sommer indfangedes den paa den anden Side af Store Belt i Musholms Bugten.

I det sydvestlige Kattegat udfor Fornas udsattes i April 1912 10 mzrkede Pighvarrer, der fangedes
med Snurrevaad fra en dansk Kutter. Meerkningen foretoges af Styrmand H. C. Crmistensen. Udszettelsesstedet og
Fangststedernes Beliggenhed er illustreret paa Fig. 3, Side 9. Det vil ses, at disse Fisk gennemgaaende er indfangede i starre
Afstand fra Udszttelsesstedet end Individerne fra Forsggene i det nordlige Kattegat. Ialt indfangedes 6 Individer eller
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60 Procent. Tre af disse Individer indfangedes ved Nordkysten af Djursland, henholdsvis 1, 5 og 14 Maaneder efter
Udseettelsen. To Individer indfangedes Nordast for Anholt 6 og 23 Maaneder efter Udszttelsen, og 1 Individ indfangedes
i Store Belt udfor Asnszes 5 Maaneder efter Udsettelsen. Fire af Individerne fangedes af danske Fiskere, to af frem-
mede Fiskere.

2. Forseg med Markning af Pighvarrer i @sterssen ved Bornholm.

I Maj 1913 udsattes ved Bornholms vestlige og sydvestlige Kyster 100 markede Pighvarrer af Laengde fra 19
til 41 em. Fisken indfangedes af Bornholmske Fiskere med Garn, og Ma=rkningen besprgedes af Hr. Fiskeribetjent
Kristiansen, Rgnne. Udse=ttelsen fandt Sted tet ved Fangststederne. Til Merkningen anvendtes to Selvplader, der
anbragtes ved Rygfinnen, en paa hver Side af Kroppen. Til den ene Plade var loddet en kort Sglvtraad. Denne fortes
igennem Kroppen teet ved Rygfinnen og fastgjordes derefter til den anden Plade, der var numereret.

Udszettelsen af Fisken fandt Sted paa tre forskellige Steder i Nzerheden af Bornholms Kyster (se Fig. 4, Side 12).
20 Individer udsattes 3 Semil Vest for Hammeren i 24 Meters Dybde. 53 Individer udsattes 3 Semil WSW for Renne
ved 26 Meters Dybde, og 27 Individer udsattes Syd for Arnager ved 13 Meters Dybde.

Vandringer.

Fig. 4, Side 12, illustrerer Udsxttelsesstederne og Fangststederne for de markede Fisk. Det er karakteristisk,
at alle Fangstpladserne undtagen et findes taet ved Bornholms Kyster.

Betragter man Tallene ved Pilespidserne ved Bornholms Kyster, vil det ses, at disse kun omfatter Zifrene 0,
1, 2, 12 og 13. Tallet angiver Antallet af Maaneder mellem Udszttelsen og Genfangsten, og da Uds=ttelsen fandt Sted
i Maj, falder alle Fangsterne indenfor Maanederne Maj—Juli.

Dette haenger sammen med, at det kun er i Maanederne April—Juli, at der drives Fiskeri efter Pighvarrer ved
Bornholms Kyster.

Alle Fangstpladserne 0, 1 og 2 ligger nzrmere Kysten og paa grundere Vand end Udsaettelsesstederne. Dette
staar i Forbindelse med, at Fisken i Maj og Juni Maaneder sgger ind paa det grunde Vand for at gyde. Ved Forseget
Nr. 3, hvor der udsattes 27 merkede Fisk, indfangedes 8 i Maj og Juni i et Cirkeludsnit paa ca. 30°. De merkede
Fisk kan da ikke have vandret ligeligt i alle Retninger, men de har haft en Forksrlighed for at sege
ind imod det grunde Vand.

I Maj og Juni 1914 indfangedes 9 meerkede Pighvarrer, deraf 7 paa Vest- og Sydvestkysten og 2 paa @stkysten
ved Gudhjem. Disse sidste stammede fra Forseget ved Renne. Om de har tilbagelagt Vejen Nord om @en eller Syd
om @en kan ikke vides.

Interessant er Fangsten af et Individ ved Sveriges sydlige Kyster ved Skillinge paa 16 Meters Dybde 25 Maa-
neder efter Udszettelsen. Bestanden ved Bornholm har da Berering med Bestanden ved de svenske Kyster, og der kan
nzppe vaere Tvivl om, at den ogsaa har Bergring med Bestanden ved de tyske @stersskyster.

Antallet af indfangede maerkede Pighvarrer.
Tabel 10 (Side 13) viser Starrelsen af de udsatte Individer og Antallet af Fangsten af hver Sterrelsesgruppe.
Af 100 udsatte Pighvarrer er ialt indfanget 46 Individer, hvoraf 36 i de forste 2 Maaneder efter Udszettelsen. I Lobet

af det forste Aar efter Udseettelsen indfangedes i alt 43 Individer. Procenttallet af samtlige indfangede Fisk af for-
skellige Sterrelsestrin vil ses af dedenstaaende Oversigt:

Antal udsatte Antal indfangede Procent indfangede

19—24 G onvsownsaise vl owianaat & 33 15 455
=00 2 s o s s 53 27 509
BO0—F = T s e e s - 1 4 364
0= = s sebesaes s e 3 0 00

Det fremgaar heraf, at der af de middelstore Individer paa 25—29 cm. er genindfanget et storre Procenttal end
saavel af de mindre som af de stgrre Fisk.

Ved Forseget Vest for Hammeren indfangedes 55 %o, ved Forseget SV for Renne 472°%, og ved Forseget S for
Arnager 37° af de udsatte Fisk.

Af de 46 genindfangede merkede Pighvarrer er de 45 indfangede af danske Fiskere tzt ved Bornholm, og 1
Eks. er indfanget af en svensk Fisker tat ved Sveriges Kyster.

Vaksten af de ved Bornholm udsatte maerkede Pighvarrer.

Det fremgaar af Tabel 11, Side 14, at Ve ksten af 9 Eksemplarer af 21—26 cm. Lazngde i Lobet af et
Aar kun har andraget i Gennemsnit 0'8 ¢m. Denne ringe Vakst staar i Forbindelse med, at Pighvarren ved
Bornholm ved den nwvnte Starrelse allerede er kensmoden. Et enkelt Eks. paa 27 cm. Lengde voksede i Lgbet af 2
Maaneder fra 27 til 29 cm., og et Eksemplar paa 31 cm. voksede i Lgbet af 25 Maaneder fra 31 til 35 cm.

Det vil ses, at Vaeksten af Pighvarren ved Bornholm staar langt tilbage for Vaksten i det nordlige Kattegat
se Side 17).
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