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REPOET ON THE MARKING EXPERIMENTS ON PLAICE,
MADE BY THE S.S. '' GOLDSEEKER/' IN THE YEARS
1910-1913.

By Dr. T. WEMYSS FULTON, F.E.S.E., Scientific Superintendent.

{With Ten Charts.)

I. INTRODUCTION.
In a former Report,* I described the results of the marking experiments on the food
fishes, which were carried on by the research vessel " Goldseeker " during the six

years 1904-1909. In the present Report, the results are given of the continuation of

these experiments in the four years 1909-1913, so far as concerns the plaice. The ex-

periments with other species of fish, relatively few in numbers, will be dealt with later.

The total number of plaice marked and Uberated in the four years was 7166,

viz. 2879 males, 4090 females, and 197 whose sexes were not ascertained. The
total number recaptured was 3735, or 52-1 per cent., viz. 1530 males (53-1 per

cent.), 2163 females (52-9 per cent.), and 42 (21-3 per cent.) of those whose sexes

were unknown. The numbers liberated and recaptured in the various years are

as follows t :
—

Liberated.
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The plaice were marked at various stations between the 14th April 1910 and
the 12th December 1913. The particulars as to the numbers of the fish marked
and liberated at the different stations will be found in the text of the Report.

The following table shows the total numbers liberated and recaptured at each of

the stations in the course of the four years, with the percentage recaptured for each

station :

—

Total Number of Plaice Marked and Liberated and Total Number
Recaptured, 1910-1913.



In tlie tables appended to this Report particulars, so far as ascertained,

are given for all the fish recaptured from each experiment, these particulars

showing the sex of the fish, its length on Uberation and recapture, the date of

recapture, the position of recapture, the depth of water, the method of fishing,

the port of landing, the condition of the reproductive organs, and the general

condition of the fish.

The methods of fishing, by which the fish were recaptured, are shown in the

following table, arranged under months :

—

Means of Capture.



6983 plaice were marked with the vulcanite marks, and 3706, or 53* 1 per cent.,

were returned, showing that the latter method was much the more satisfactory.

The number marked with the two vulcanite discs was 5637, and the number
recaptured was 3086, or 54-7 per cent. The number marked with the vulcanite

studs was 1346, and the number recaptured was 620, or 46-1 per cent. The
latter method of marking is thus not so satisfactory as that in which two discs

are used, connected by a silver wire.

The fish, aitei being marked, were kept on board the "Goldseeker" in tubs of

water until they were liberated, the interval, in some cases, extending over a day
or more. The sexes were ascertained by holding the fish up to the light, the ovaries

being thus detected in the females. Comparatively few errors were made in deter-

mining the sexes by this method.

The Interval between Liberation and Eecapture.

The duration of the periods of liberty of the marked plaice, before th^y were

recaptured, varied very much. In a few cases, they were taken on the same day on
which they were set free ; in other instances, some years elapsed before they were

caught. In the following table, the recaptures in each period of three months after

liberation tor all the experiments, have been tabulated, the particulars for the

sexes being also shown separately, and percentages given :

—

Sex.



Ports at which Landed.

The following table shows the nunibers of the marked plaice which were landed

at the various ports :

—

Port.



1. The Distances Travelled.

In each experiment, a summary was made of the distances migrated, irrespective

of the time taken, of each of the marked plaice recaptured. In some cases, the fish

were recaptured at the place where they were liberated. In the accompanying
table are given the numbers of the marked plaice taken at various distances from

the place of Uberation. It will be seen that the largest proportion were recaptured

between 20 and 50 miles, and that this was the case both with the males and the

females. The males, on an average, moved farther than the females, 35' 1 per cent,

being taken at a distance exceeding 50 miles, as compared with 28 per cent, of

the females. At distances of from 150 to 200 miles, 5*1 per cent, of the males were

recaptured, as compared with 1*8 per cent, of the females, and at distances exceed-

ing 200 miles, 1"9 per cent, of the males, as against "9 per cent, of the females.



For each of the experiments, the following methods have been adopted, in order

to determine the general mean direetion of tlie migration, and the distance

travelled :

—

I. The exact direction of the migration of each fish being ascertained from the
nearest compass on the chart, and the distance it had travelled, the sum of the

figures for direction and for distance was divided by the number of fish whose lines

of migration fell within that quadrant of the circle. Thus, in Experiment II., eight

adult females migrated north and east in directions from N. 24° E. to N. 58° E.,

and for distances which ranged from 5 to 68 miles, the aggregate being 328"5 miles,

or an average of 41" 1 miles, and the mean direction, as ascertained in this way, was
N. 33° E., or parallel to the coast. Four adult females migrated north and west,

in directions varying from N. 62° W. to N. 84° W., for distances of from 21 to

23 miles, the aggregate being 89 miles, and the average 22 miles, while the mean
direction was N. 77° W.

The other quadrants were treated in the same way for each sex, and the results

for this experiment were as follows :—Thirteen plaice moved north and east, in the

mean direction N. 32° E., for an aggregate distance of 634*5 miles, the mean being
48'8 miles ; 10 migrated north and west, in the direction N. 71° W., the aggregate

distance being 220 miles, and the average 22 miles ; 9 moved to the south and
west, in the mean d-rect'on S. 55° W., the aggregate distance being 97'5 miles,

and the mean distance travelled 10*8 miles.

Each of the experiments made at this station has been treated in this way,
and the results are shown in the accompanying table.

N. and E. N. and W.

Experi-

ment.

I.

II.

III.

IV.
V.
VI.
VII.

VIII.
IX.
X.

Date.

28 Nov. 1910
21 Mar. 1911
25 Apr. 1911
19 June 1911

11 Sept. 1911

7 Mar. 1912
24 Apr. 1912
10 May 1912
6 Dec. 1912

26 Mar. 1913

Average

Miles.

3,523
634-5

764
620

1,518

1,018

1,241
470-5

4,169

1,498

268 15,456

... 1545-6

>- CO

Miles.
76-6

48-8
85-

48-

58-4
50-9

45-9

33-6

58-7

51-7

557-6
55-8

27° E.
32° E.
37° E.
40° E.
33° E.

33° E.
39° E.

45° E.
31° E.
29° E.

346-

N. 34° E.

S. and E.

I.

II.

III.

IV.
V.
VI.
VII.
VIII.
IX.
X.

28 Nov. 1910
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44"7 per cent., migrated to the north and east, for an average distance of 55*8

miles, the mean direction of all the experiments being N. 34° E., or nearly parallel

with the coast ; the number which migrated to the north and west was 114, or

19 per cent., the average distance being 16'2 miles, and the mean direction, N. 52°

W. ; those which travelled south and east numbered 47, or 52 per cent., the

average distance being 27"9 miles, and the mean direction, S. 33° E. ; while 149,

or 24*8 per cent., went to the south and west, for a mean distance of 8*7 miles in

the mean direction S. 53° W. The mean directions to the north and west in the

various experiments ranged from N. 39° W., a line which touches the coast about
Arbroath, and N. 71° W., a httle north of Fife Ness, while the mean for all experi-

ments in this quadrant, if prolonged, would reach Buddon Ness, at the mouth
of the Tay. The mean directions to the south and west ranged from S. 37° W.,
a line which would touch the coast about Fast Castle, west of St. Abb's Head, to

S. 61° W., at Dunbar, and the mean direction of all the experiments, S. 53° W.
reaches the coast some miles to the east of Dunbar.

II. It is obvious that the above method, although helpful in showing the

direction of the predominant migration, is not strictly accurate. While the general

direction is ascertained, the mean direction obtained is not equivalent to the

true resultant for the quadrant, since a short distance in one direction is given

equal value to a long distance in another direction.

It was desired to ascertain the true resultant of all the varied migrations in

each quadrant, i.e. the hne and distance which would represent the net result of

the divergent movements of the individual fish. Tins was done, according to

ordinary mathematical methods, by Miss F. M. Mulholland, and forms the second

method adopted. In this case, the adult and immature of each sex were treated

separately, and in those fish which went northwards and then westwards, into

the Moray Firth, or to the north or west coasts, the initial direction alone was
taken into account. The results are shown in the following ^nble :

—

Adult Males.



Immature Males.

Experi-
ment.
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Immature Females.

Experi-

ment.
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N. 17° W. 77 miles ; N. 76° W. 62 miles ; S. 66° W. 14^ miles. By the first two
methods described above, the direction taken was the initial direction alone,

N. 24° E. Owing to this westerly factor in such instances, and the initial westerly

direction of many of the fish in other cases, the net resultant passes to the land,

or over it. The results are given in the following table :

—

No.
of

Expt.



12

Expt.
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found farther north than the latitude of the station (56° 55' N.) and farther south.

Of a total of 720 recaptured, 380, or 52'8 per cent., were found to the north, and
319, or 44'3 per cent., to the south ; 21 were recaptured in the same latitude. It

will be observed that the proportion which went north was, as a rule, least in the
experiments made in summer, and largest in those made in autunm.

Experi-
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(3) FAIR ISLE.

Eight experiments were made in the neighbourhood of Fair Isle. The number
of plaice marked and liberated was 940, of which 461, or 49 per cent., were recap-

tured. The fish were set free at five different localities, as detailed lat6r on when
dealing with the experiments (p. 217). The depths of water in these cases were very
considerable, ranging from about 60 to 74 fathoms, that is to say, water much deeper
than the plaice normally inhabits. As was to be expected in such circumstances,

the movement of the fish was from the deeper to the shallower water near the coast,

and the great majority were recaptured to the east of the Orkneys, or farther south,

in the Moray Firth. Comparatively few were found to the north, but some were
taken even to the north of Shetland, and a fair number at the Httle island of Foula,

to the north and west. In the following table, the number of fish which have gone
in the various directions, north-and-east, north-and-west, etc., have been tabulated
according to the first method formerly described. It will be seen that, of 435 of the

marked plaice which were recaptured, about which particulars exist, 283, or 65*1

per cent., moved to the south and west, the mean direction being S. 56° W., the

aggregate mileage, 21,126, and the average distance, 75 miles ; only 27, or 6*2 per

cent., were taken to the south and east, the mean direction being S. 32° E., the

aggregate mileage, 2666, and the mean distance , 99 miles ; to the north and west,

the number recaptured was 100, or 23 per cent., the mean direction being N. 39° W.,
the aggregate mileage, 3593, and the average distance, 36 miles; only 19, or 11'6

per cent., were taken to the north and east, the mean direction being N. 26° E.,

the total mileage, 900, and the average distance, 44 miles. Thus, 383 of the fish

were found to the westward of the station.

I
Table.
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lu determiuing the mean direction of luigratiou of the experiments at Fair

Isle, the second method previously referred to was also adopted, with results set

forth in the following table :

—

Adult Males.

N. and E.

Date.

4 Nov. 1910.

15 Sept. 1910
Do.
Do.

11 Apr. 1911.

12 Oct. 1911.

19 June 1912.

22 Nov.4912.i

4 Nov. 1910.

15 Sept. 1910.

Do.
Do.

11 Apr. 1911.

12 Oct 1911.

19 June 1912.

22 Nov. 1912.

No. of

Fish. Distance.

Miles.

115-5
1-

79-

S. and E.

236-

378-2

397-

293-6

Mean
Direction.

N. 53° E.

N. 27° E.

N. 29° E.

N. 27° E.

S. 28° E.

S. 7°E.

S. 3°E.

S. 53° E.

N. and W.

No. of

Fish.

14

4
1

1

3

3
2

28

47
3

38
3

7

9
5

10

122
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Adult Females.

Experi-
ment.
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particulars exist, 6 moved to the iiortli and east, 10 to the south and east, 59 to the
north and west, and 121 to the south and west ; the mean direction taken to the
north and west in the different experiments ranged from N. 18° W. to N. 66° W.,
and the mean direction of those which migrated to the south and west was from
S. 41° W. to S. 84° W. When drawn on a chart, these Unes run as follows :

—

S. 63° W. passes into the Moray Firth, in a Une with Tarbet Ness
; S. 40° W. passes to

Troup Head on the south coast of the Moray Firth, so tliat the mean direction, in

this quadrant, of the expeiiments as a whole lies between Tarbet Ness and Troup
Head, that is, on the south shore of the Moray Firth. In the north-and-west
quadrant, the hne N. 18° W. passes close to Foula, off the south-west coast of the
Shetland Isles, and the hne N. 66° W. passes close to the north of the Orkneys.

An interesting feature of the experiments at Fair Isle is the number of plaice

which moved south, not only into the Moray Firth and its southern part, but
travelled on, south of Rattray Head, to the east coast of Scotland. For instance,

26 were found to the south of Buchanness, a few of them near the Bell Rock or off

the mouth of the Firth of Forth, others off the coast of Aberdeen. Thus, these fish

migrated in a direction contrary to that of the majority which were marked on the
east coast, that is to say. in the direction of the current instead of against it. It

would appear that these fish, in moving from the deeper to the shallower water,
continued their movement n the direction in which they began it. It is question-

able whether the movement of the current in the depths at Fair Isle is anything hke
as strong as in the shallower water, and it is probable that it is this movement
which is the important factor in directing the migration of the fish. Of the total

number recaptured, 49 were taken to the west of the Orkneys, mostly on the north
coast of Scotland, but 17 of them west and south-west of Cape Wrath.

3. The Spawning Migration.

Special attention has been given to the migratory movements of hsh which
were found to be " spawning " or " ripe," when captured, and charts have been
prepared showing the migration of each " ripe " and " spawning " fish. The
number of marked plaice recaptured, which were described as "spawning," was
216, viz. 146 males, 67 .females, and 3 whose sex was not stated.

I. Fish described as " Spawning."

(1) FIRTH OF FORTH.

From the experiments made at 20 miles east of the Isle of May, 21 of the plaice

recaptured were " spawning," 14 males and 7 females. One of these fish was found
in London, and the place where it was captured is unknown. Of the other 20,
18 were recovered to the north and east, at distances of from 16 to 238 miles, a male
being taken 16 m'les to the east of the Bell Rock ; 11, 8 males and 3 females, were
recaptured at Aberdeen Bank, or in its vicinity, at distances of from 37 to 55 miles

;

3 were recaptured in the Moray Firth, 2 in the neighbourhood of Banff, and 1 off

Dunrobin Castle ; 2 were got to the east of the Orkneys, at distances of 164 and
173 miles ; and 1 was recaptured 14 mJles W.S.W. of Cape Wiath, at a distance of

238 miles. The mean rates of movement of these fish ranged from 1*1 to 17 miles

per 10 days. One fish was recaptured 15 miles to the westward, near Carr Light,

and another S^ miles to the south-west of the station.

The number of " spawning " plaice recaptured from the experiments in the Firth
of Forth between Elie and Fidra was 50, 30 males, 18 fonales, and 2 of unknowTi sex.

The place of capture of all but 1 of the females was ascertained. Of the total, 46
had migrated to the north-and-east, and 3 to the south-and-east. Of those which
were found to the north and east, 1 was taken within the hmits of the Firth of

Forth, I of a mile off Pittenweem, Fife, at a distance of 5 miles ; 2 north-east of

Fife Ness, at distances of 17 and 28 miles ; 3 east and south of the Bell Rock, at dis-

tances of 29 and 39 miles ; 2 north-east of May Isle ; 11 westward of Aberdeen Bank,
at distances of from 58 to 75 miles ; 1 off Aberdeen Bay, at 72 miles distant ; 4 off

Buchanness, at distances of from 81 to 90 miles ; 15 in the Moray Firth ; 12 on the
south shore of it, at distances of from 127 to 174 miles, most of them near Banff

;
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and 3 on the north coast of the Firth, at 153 to 168 miles distant ; 1 between the

Orkney Islands, at 192 miles ; 1 to the east of the Orkneys and south of Fair Isle,

at 195 miles ; 2 on the north coast of Scotland, at distances of 208 and 225 miles ; and

1 at Loch Inchard, on the west coast of Scotland, at a distance of 256 miles. The

3 fish which were taken to the south and east had also travelled long distances.

The first was caught 32 miles E.S.E. of Longstone Light, at a distance of 75 miles;

the second 24 miles E. by S. of Hartlepool, at 122 miles distant ; and the third 21

miles E. of Flamborough Head, at 161 miles distant. Of these, the sex of the first-

mentioned was unknown, the second was a female, and the third a male.

It is of interest to note that plaice from the Firth of Forth migrated to the

Moray Firth to spawn, and some of them did so with considerable speed. Thus,

2 liberated in November 1910, between Elie and Fidra, were recaptured, 1 off

Banff, in January 1911, after 55 days, and the other off Lossiemouth, in March 1911,

after 104 days, the rates of movement being respectively 24-7 and 15-6 miles per 10

days. The fish recovered at Loch Inchard was taken in March, after 114 days,

the rate of speed being 22-4 miles, and 1 of those recaptured on the north coast was

taken also in March, after 106 days, the rate of travel being 21-2 miles.

From the station, 3 miles from Fidra Light, 11 " spawning " plaice were

recaptured, all to the north and east. Ten of these were from the first experiment

on 5th December 1912, and of these 1 was taken off Fife Ness, at a distance of

11 miles ; 2 were recaptured north-east of the Bell Rock, at distances of 33 and

40 miles ; 2 south-east of Aberdeen, at distances of 68 and 69 miles ; 1 south-east

of Buchanness, at a distance of 99 miles ; and 2 near Buchanness, at distances of

84 and 91 miles ; the remaining 2 fish were found in the Moray Firth, 1 off Banff,

at a distance of 145 miles, the other off Dunbeath, on the north coast, at a distance

of 166 miles. A fish, Hberated on 30th May 1913, at this station, was recaptured

to the south-east of Aberdeen, at a distance of 67 miles, in January of the next year.

From the experiment in St. Andrew's Bay (3rd December 1913), two " spi. • ning
"

males were recaptured, at 17 and 20 miles eastwards, south of the Bell Rc( k.

From the experiments at 40 miles east of the Isle of May, 12 "spiwning"
plaice were recaptured, 8 to the north and east, at distances of from 31 to 194

miles ; 3 were recaptured in the neighbourhood of Aberdeen Bank, at distances

of 31, 36, and 37 miles, 4 in the MoraV Firth, 2 of them off Banff, at 108 and 109

miles distant, a third in the Dornoch Firth, at a distance of 139 miles, and the

fourth off the Ord of Caithness, at 151 miles, 1, 30 miles E.N.E. of Sule Skerry,

to the west of the Orkneys, at a distance of 194 miles. Four were taker to the

north and west, 1 at Aberdeen Bay, 52 miles distant, another 5 miles E.N.E. of

Stonehaven, 45 miles to the westward, and 2 E.N.E. of May Isle, at distances of

18 and 24 miles.

From the experiments at 50 miles east of the Isle of May, 7 " spawning " plaice

were recaptured. One w^as taken 20 miles eastwards of the Isle of May, at a distance

of 32 miles from the station ; 3 were recaptured south-east of Aberdeen, near

Aberdeen Bank, at 25 and 37 miles to the north and east, and 38 miles north
;

1 was found 8 miles south-east of the Bell Rock, 36 miles to the west and north ;

another, in Eddrachilles Bay, Sutherland, on the west coast of Scotland, at a

distance of 236 miles ; and the last, 27 miles E. by S. of Hartlepool, 103 miles to

the south and west.

Only one " spawning " plaice, a male, was recaptured from the experiments

at 100 miles east of the Isle of May (Experiment II.) ; it was taken on Aberdeen

Bank, 50 miles to the north and west of the station. •

(2) GREAT FISHER BANK.

One " spawning " female was recaptured from the experiment at Great Pishei

Bank in July 1911 ; it was taken 99 miles to the north and west.

(3) TOD HEAD.

One "spawning" fish, a male, was recovered from the experiment made off

Tod Head in July 1912 ; it was taken 38 miles to the north and east, offshore,

eastwards of Aberdeen.
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(4) ABERDEEN BANK.

Forty-two " spawning " plaice were recaptured from the experiments at Aber-
deen Bank, 24 males, 17 females, and 1 whose sex was not recorded. Thirty-eight

of these fish had migrated to the north and west, towards the coast of Aberdeen
and the Moray Firth ; 11 were recaptured at short distances to the north and
west, off the coast of Aberdeen, at from 8 to 15 miles ; 2 were taken off Buchan-
ness, 1 at a distance of 26 miles, and the other at 35 miles ; 1, 7 miles south-east

of Aberdeen, at a distance of 26 miles, and 1 off Aberdeen Bay, at a distance of

30 miles ; no less than 16 were got in the Moray Firth, 10 at or near Banff, at a

distance of 77 miles, 4 on the north coast at from 104 to 110 miles, 1 in the Dornoch
Firth, at a distance of 119 miles, and 1 off Burghead (on the south shore) at 106 miles

distant ; 3 were recaptured at the mouth of the Moray Firth, at 71, 88, and 103 miles

distant ; 2 on the north coast of Scotland, at 148 and 150 miles ; 1 to the north-

east of the Orkne3's, at a distance of 140 miles ; and 1 on the west coast of Scot-

land, 11| miles W.S.W. of Cape Wrath, at a distance of 197 miles. Four were
recovered to the south and west, at distances of from 20 to 45 miles.

(5) ABERDEENSHIRE COAST.

We may include under this heading 6 " spawning " fish, 3 males and 3 females,

recaptured from the experiment at Cruden Scaurs, off the coast of Aberdeen. Of
these, 1 was taken 49 miles to the south aiid west, oft" the Bell Rock, a distance of

49 miles ; 2 in the Moray Firth, 1 near Banff, at 61 miles distant, and the other

in the Dornoch Firth, at a distance of 104 miles ; 1 was found south-west from
Rackwick Bay, on the west of the Orkneys, at a distance of 129 miles ; 1, off

Auskerry, to the east of the Orkneys, at a distance of 117 miles; and the sixth,

14 miles S.S.E. of Fair Isle, at a distance of 133 miles to the north and east.

One " spawning " male was recaptured from the experiment off Rattray
Head ; it was taken 6 miles off Clythness, in the Moray Firth, at a distance of

64 miles.

A " spawning " male was also recaptured from the experiment off Kinuaird

Head : it was taken near Smith Bank, in the Moray Firth, at a distance of 33 miles.

(6) MORAY FIRTH.

Nineteen fish, namely, 16 males and 3 females, were taken in a " spawning
"

condition from the experiments made at Smith Bank. Of these, 15 were recaptured

within the Moray Firth itself ; 9 were taken in the Dornoch Firth and near Tarbet

Ness, at distances of from 27 to 44 miles ; 7 were found on the north coast of the

Firth, at distances of from 9 to 24 miles ; of the remaining 3 fish, 2 were taken

on the north coast of Scotland, at distances of 57 and 69 miles respectively, and the

third 18 miles N.N.E. of Kinnaird Head, at a distance of 24 miles from the place

of liberation.

From the experiment at Burghead Bay, on 12th December 1913, 9 " spawning"
plaice, 7 males and 2 females, were recaptured ; one of these was taken on the

north coast of Scotland, at a distance of 105 miles, and all the others in the Moray
Firth, 5 near Tarbet Ness, at distances of from 11 to 16 miles, 3 on the north coast,

at 6, 17, and 28 miles.

From the experiment at Dornoch Firth, on 23rd April 1910, a male and a

female in the " spasming ' condition were recovered, both at a distance of 8 miles

to the south-east of Tarbet Ness.

From the experiment off Covesea Light, on 27th July 1910, 1 " spawning
"

fish, a male, was recaptured, on the west coast, in the North Minch, at a distance

of 152 miles.

From the experiments off Tarbet Ness, in April and September 1911, 5 " spawn-
ing " fish, 3 males and 2 females, were got ; 3 were taken in the Moray Firth, 2 off

Tarbet Ness, at 7 and 15 miles, and 1 off Clyth Ness, at a distance of 17 miles ; of

the other 2, 1 was recaptured on the north coast of Scotland, at a distance of 66 miles,

and the other on the west coast, 16 miles W^.S.W. of Cape Wrath, at a distance of

124 miles.
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From the experiment at Nairn Bay, in November 1913, 3 " spawning " males

were recaptured, 2 of tliem in the Dornoch Firth, at distances of 22 and 23 miles

to the north and east, and 1 off Lybster, Caithness, 46 miles in the same direction.

(7) FAIR ISLE.

The number of " spawning " plaice recaptured from the experiments made at

Fair Isle was 21, 16 males and 5 females. Of thes3, 18 were recaptured to the

south and west ; 4 to the east of the Orkneys, at 35 to 45 miles distant ; 3 in the

Moray Firth ; 1 off "WTritehills, Banir, at a distance of 109 miles, another 3 miles

south of Clyfh. Ness, at a distance of 93 miles, the third 6 miles off Berriedale Ness,

at a distance of 103 miles ; 4 on the north coast of Scotland, at distances of from

100 to 112 miles to the south and west ; 2 on the west coast, 1 at Scourie Bank,

Eddrachilles Bay, and the other near Eu Stoer, North Minch, at distances of 131

and 178 miles ; 2. 24 miles north-east of Kinnaird Head ; 1, 7 miles S.S.E. of

Buchanness, at a distance of 119 miles ; 1, 9 miles E.S.E of Buchanness, at a

distance of 113 miles ; and 1, 13 miles E.N.E. of Aberdeen, 126 miles to the south

and west. One was recaptured near Foula, 117 miles to the north ; 1, 9 miles

N. by W. from Ronasvoe, Shetland, 81 miles to the north and west ; and 1 at

Scalloway, 46 miles to the north and west.

From what is stated above, the general northward movement of the " spawning
'

fish along the east coast is evident. Only 4 were recaptured to the south of the

Firth of Forth (56° N. Lat.), namely, 3 from the experiments at the station between

Ehe and Fidra, and 1 from the experiment? at 50 miles E. of the Isle of May. A
large number were taken south-east of Aberdeen, in the neighbourhood of Aberdeen

Bank, and in the Moray Firth, no fewer than 78, mostly in the Dornoch Firth or

neighlsourhood, ofE the Caithness coast, and in the vicinity of Banff, where 22 were

recaptured. The great majority of the Unes of migration are consistent with

the relation to the prevailing current, that is to say, in the opposite direction to

the movement of the water, the chief anomaly being a few fish which moved south

towards the coast of Aberdeen from the neighbourhood of Fair Isle.

A special chart has been made showing, by a dot, the position where each

"spawning" fish was recaptured. From south to north, the n\ain localities are

as follows :—(1) to the south-east of the Bell Rock
; (2) at Aberdeen Bank

; (3)

Closer to the shore between Aberdeen and Buchanness
; (4) In the Moray Firth,

(a) off Banff, (6) the Dornoch Firth, and (c) the coast of Caithness. In connection

with this distribution of " spawning " fish, however, it must not be forgotten that

a very considerable amount of trawhng takes place at Aberdeen Bank, and also cod-

net and plaice-net fishing in the Moray Firth. The information is not, however,

sufficient to make close analysis useful.

II. Fish Described as " Ripe."

All the fish which were described as " ripe " on recapture were also tabulated

and charts made showing their movements and places of recapture. The number
so described was 203, viz. 154 males, 48 females, and 1 whose sex was not recorded.

(1) FIRTH OP FORTH.

Thirty fish, said to be " ripe," were recovered from the experiments made at 20

miles east of the Isle of May, 23 males and 7 females. Twenty-five of these were

recaptured to the north and east, 2 to the north and west, 1 to the south and west,

and 2 to the south and east. Three were got at 1|, 13, and 23 miles to the north

and east ; 7 were found near Aberdeen Bank, or on the coast of Aberdeen, at dis-

tances of from 36 to 67 miles ; 1 was taken near Buchanness at a distance of 74

miles, and another 40 miles north-east of Buchanness, at 109 miles distant ; 8 were

recaptured in the Moray Firth, 6 on the south shore, of which 3 were taken ofi

Banff, and 2 on the north coast, at 144 and 132 miles distant ; 1 was recovered 25

miles to the north-east of Kinnaird Head, at a distance of 106 miles, and another 15

miles north of Kinnnaird Head, at 106 miles distant ; 1, 15 miles from Auskerry,

east of the Orkneys, at a distance of 160 miles, and 1 on the north coast of Scotland,
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at a distances of 215 miles. Of those which went south-east, 1 was got 35 miles

E.S.E. of North Shields, at a distance of 97 miles, and 1, 158 miles E. by S. of North
Shields, at 176 miles distant ; 1 was taken 4 miles north of St. Andrews, 28 miles to

the north and west ; and another 8 miles to the north and west ; 1 was recaptured

6 miles to the south and west.

Thiitv-two " ripe " plaice, 22 males, 9 females and 1 of unknown sex, were got

from the experiments between Elie and Fidra, in the Firth of Forth. The place of

capture of 1 of the males was not ascertained, and another male was described as

having been taken " 183 miles north-east of Caithness " and cannot, therefore, be

locahsed. None of the fish was recaptured within the Firth of Forth. Nine were
taken at distances between 18 and 31 miles to the north and east, off May Isle and
the Bell Rock, and 6 were found off the coast of Aberdeenshire, in the vicinity of

Aberdeen, at distances of from 62 to 78 miles, and farther north 1 was got at 71 miles

distant, 3 near Buchanness, at a distance of from 85 to 88 miles. Five were re-

captured in the Moray Firth, at distances varying from 126 to 174 miles, and 2

on the north coast, at 211 and 214 miles distant. Four were recaptured to the

south and east, at 25, 36, 45, and 122 miles, the latter, a male, on the Whitby grounds.

From the experiments at 3 miles from Fidra Light, 6 " ripe " plaice were re-

captured, 3 males and 3 females. One was taken between the Carr Light and the

Bell Rock, at a distance of 18 miles to the north and east ; another, at 23 miles in

the same direction ; 1 near Aberdeen Bank, at a distance of 71 miles ; 1 far off-

shore, off the Aberdeenshire coast, at a distance of 106 miles to the north and east

;

and another to the east of the Orkneys, at a distance of 191 miles ; the sixth, a

female, was recaptured 26 miles to the south and west, opposite the mouth of the

Firth of Forth.

Only 1, a male, was recaptured from the experiment in St. Andrew's Bay. It

was taken to the east of the Isle of May, at a distance of 20 miles to the south and
east.

Six " ripe " plaice were recovered from the experiment at 40 miles east of the'

Isle of May, 3 males and 3 females. Four were taken to the north and east, 1 off

Tod Head, at a distance of 33 miles ; another near Buchanness, at 60 miles ; and 2

in the Moray Firth, 1 at Whitehills, Banff, at a distance of 110 miles, and the other

near Clyth Ness, Caithness, at a distance of 135 miles. Two, both males, were got

to the south and west, 1 at a distance of 8 miles, and the other at 25 miles, the

latter to the east of St. Abb's Head.
Five, all males, were taken from the experiments at 50 miles east of the Isle of

May, 1, 39 miles to the south and west, E.S.E. of the Isle of May ; another south-

east of the Bell Rock, at a distance of 30 miles to the north and west ; a third, on
the Whitby Grounds, 104 miles to the south and west ; the fourth at Aberdeen
Bank, 37 miles to the north and east ; and the last in the Moray Firth, off Whitehills,

Banff, at a distance of 110 miles,

(2) GREAT FISHER BANK.

Eight were recaptured from the experiments at the Great Fisher Bank, 5 males
and 3 females, 2 at 11 and 37 miles to the south and east, 1. 43 miles to the north
and east, 3 to the south and west, at IJ, 62, and 69 miles, and 2 to the north and
west, at 137 and 156 miles, 1 of them on Aberdeen Bank.

(3) ABERDEEN BANK.

The number of " ripe " plaice recovered from the experiments at Aberdeen
Bank was 41, 33 males and 8 females. The place of capture of 1, a male, was not
determined. Of the remaining 40, 28 had migrated to the north and west, 6 to the
south and west, 3 to the north and east, 2 to the south and east, and 1 to the west.
Nine were found to the north and west of the station, towards the coast of Abprdeen,
at distances of from 4 to 16i miles ; 4 near Buchanness, at 32 and 35 miles ; 12
in the Moray Firth, 6 of them on the south coast, Sat Banff. 1 at the Dornoch Firth,
and 5 off the coast of Caithness ; 1 was recaptured on the north coast and 2 on the
west coast, to the south-west of Cape Wrath ; 1 was got 7 miles from Rackwick,
west of the Orkneys, at a distance of 146 miles ; 1 on the east of the Orkneys, at 127
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miles to the north and east ; 1, 13 miles to the north and east of the station ; and
another at a distance of 51 miles north and east. Of the 2 which migrated south

and east, 1 was taken at a distance of 17 miles, and the other at 28 miles, both off

shore. Of the 6 which went south-west, 1 was got at a distance of 21 miles, of? Tod
Head ; 1 off Fife Ness, at 52 miles distant ; and another E.S.E. of May Isle, at a

distance also of 52 miles ; the fourth was got off Bell Rock, at a distance of 42 miles
;

the fifth was recaptured 59 miles distant, 10 miles off the Isle of May ; and the

sixth, 8 miles E. | S. of Tynemouth, at a distance of 114 miles,

(4) ABERDEENSHIRE COAST.

From the experiments south-east of Cruden Scaurs, 5 recaptured plaice were
" ripe," 4 males and a female. They were all taken in the Moray Firth, 2 at Banff,

at distances of 61 and 62 miles, 1 off Buckie, at 74 miles, and the other 2 on the coast

of Caithness, at distances of 91 and 95 miles.

(5) MORAY FIRTH.

From the experiments at Smith Bank, 21 " ripe " fish, viz. 17 males and 4

females, were recaptured. Fifteen of these were taken in the Moray Firth, 10 to

the north and west, at distances of from 5 to 42 miles, several in the neighbourhood
of the Dornoch Firth, and the others on the Caithness coast ; 1, 23 miles to the

west ; 2, 10, and 39 miles to the south and west ; 1, 14 miles to the north and east
;

another, 12 miles to the north and east ; 1, off the mouth of the Pentland Firth,

at a distance of 31 miles to the north and east ; and 4 on the north coast of Scotland,

off Dunnet Head and Strathie Point, at distances of from 48 to 67 miles.

Ten, 6 males and 4 females, were recaptured from the experiment at Burghead
Bay ; the position of 1 of the females was not ascertained ; of the others, 7 were

•taken in the Moray Firth, 1 at a position unspecified, and 5 of the others on the

south coast, and 1 on the coast of Caithness, at distances of from 2h to 38 miles ; the

other 2 were recaptured near Sule Skerry, off the north coast of Scotland, at dis-

tances of 106 and 110 miles.

From the experiments off Tarbet Ness, 8 were recaptured, viz, 6 males and
2 females. Six were taken at the mouth of the Dornoch Firth, at from 11 to

15^ miles to the westwards, and the other 2 on the north coast of Scotland, near

Strathie Point, at distances of 80 and 85 miles.

One "ripe " fish, a male, was recaptured from the experiment in Nairn Bay,

in November 1913 ; it was taken near Tarbet Ness, 22 miles to the north and
east.

(6) FAIR ISLE.

Twenty-nine " ripe " fish were recovered from the experiments near Fair

Isle, 25 males and 4 females. Of these, 24 were found to the south and west,

3 at short distances, 15, 18, and 21 miles, towards the Orkneys ; 6 to the east and
south-east of Auskerry, on the east side of the Orkneys, at distances of from 32 to

50 miles ; and 1 farther to the south-west, towards the Pentland Firth, at a

distance of 57 miles ; 1 was recaptured off the Moray Firth, east of Noss Head,

at a distance of 56 miles ; and other 3 south-east of Noss Head, at distances of

73, 76, and 105 miles ; 2 were recaptured near Banff, on the south coast, at distances

of 116 and 117 miles ; 6 were taken on the north coast of Scotland, at distances of

from 100 to 145 miles, and 1, 10 miles W.S.W. of Cape Wrath ; another was caught

6 miles S.E. of Tod Head, on the east coast, at a distance of 153 miles ; 1, 8 miles

to the north and east ; 3 near Foula, Shetland, at 45 to 49 miles to the north

and west ; and 1, 7 miles E.S.E. of Fetlar, at the north of the Shetlands, at a

distance of 65 miles to the north and east.

4. Relation of the Migration to the Prevailing Current.

A considerable number of years ago, in papers pubhshed in the Annual Reports

of the Fishery Board for Scotland, I showed that an important relation existed

between the prevailing surface current in the North Sea, and the life-history of
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food fishes.* Since that time, many investigations have confirmed the close

relationship that exists between the movements of the sea -water and the life-

histories of edible fish. In this comitry, the investigations in particular of Professor
Meek on the coast of Northumberland may be specially mentioned,f and among
those on the Continent perhaps the most remarkable are those of Dr. Johan Hjort
on the migratory movements of the cod on the north and west coasts of Norway.
Although full information in regard to all species oi fish has not yet been obtained,
the results so far appear to justify the statement that, in the case of fishes with
pelagic eggs, when the prevailing current carries these floating eggs in one direction

—whether that be towards the south on the east coast of this country, or towards
the north as on the west coast of Norway—there is a migration of the adult or
adolescent fish in the opposite direction. The Norwegian experiments have
shown that codfish may migrate from Finmarken to the Lofoten Isles, and even
farther south to the coast of Romsdal, in connection with spawning, and return
north again, a journey of many hundreds of miles, after spawning is over.

The experiments described in the present Report show that the great majority
ol the " spawning " plaice move northward and westward agaiiist the prevailing
current. This fact is shown very clearly on the charts appended. It is

evident, however, that this habit, in the case of the plaice, is not without excep-
tions, for a few of the " spawning " plaice were found to the south of the locality

where they were Hberated. As elsewhere stated, a striking feature of the experi-
ments is the large number of adult plaice which pass from the Firth of Forth area
northwards into the Moray Firth and there spawn. In several cases, the fish

which were marked in the Firth of Forth, or off the Isle of May, in the late months
of the year, were recaptured in a " spawning " or " ripe " condition in the Moray
Firth in the early months of the following year, having in the interval made a rapid
journey between the two firths. On the other hand, there are some instances,

referred to in the text of this Report, which show that an adult plaice may remain
a long time in the same locaUty in which it was hberated, and spawn there ; this

seems to be true more particularly of the very large fish. It is evident, therefore,

that, while there is a general migration, for spawning purposes, of the plaice in

the contrary direction to the current, it cannot be said that the habit is a rigid

one.

III. Geowth.

The rate of growth of the plaice has now been tolerably well estabhshed by the
numerous researches which have been made on the subject, particularly in connec-
tion with the International Fishery Investigations. The matter will, therefore,
be only briefly considered here. In the case of recaptured fish, which were sent
on to the laboratory and came into my possession, it was customary to keep them
covered for a day, or longer, in a wet cloth, until the tail fin was quite soft, and the
measurement of length was then made. Li the case of fish landed at English or
foreign ports, however, only the records were available to me, and it is evident
from them that the fish, in many cases, when measured, were more or less dry,
so that the length was not the true length. This was especially noteworthy in

records from German ports, the measurement in some instances being less than the
length of the fish when it was liberated, even although several months had elapsed
before it was recaptured.

In these experiments, as in those described in my former Report, it was notice-
able that the marked plaice, recaptured within a short period after their hberation,
usually showed no increase in length, and often a measurable decrease. This was
most noticeable in the experiments which were made in the winter months, when
gi'owth is naturally slow, or arrested altogether, but it was by no means confined
to these months. In experiments in spring and in summer, the same thing was

* (1) " The Relation of Marine Currents to Offshore Spawning Areas and Inshore Nurseries."
13th S.F.B. Report, Part III., pp. 153-164 (1894).

(2) "The Currents of the North Sea and their Relation to Fisheries." 15th S.F.B. Report
Part III., pp. 334-395 (1896).

(3) " An Additional Note on the Surface Currents of the Nc ith Sea." 18th S.F.B. Report
PartllL, pp. 370-381(1891).

'

I Northumberland Sea Fisheries Committee. Reports on the Scientific Investigations.
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observed, and the probable explanation is that the handling and marking of the

fish interferes with feeding and gro\\^h for some time.

1. Fish Kecaptured after One Year or More.

The results have been tabulated for some of the experiments. In the ten ex-

periments made between Elie and Fidra (p. 36), the number of marked plaice

recaptured after an interval of from one to two years of freedom was 127, viz.

58 males and 69 females. The particulars are shown in the following table :

—

Date
Liberated.

No. of

Fish.

Days
Free.

Date
Caught.

Place
Recaptured.

Sizes.
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Date
Liberated.

No. of

Fish.

Days
Free.

Date
Caugnt.

Place
Recaptured.

Sizes.
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Date
Li berated.

No. of

Fish.

Days
Free.

Date
Caught.

Place

Recaptured.

Sizes.
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Date
Liberated.

No. of

Fish.

Days
Free.

Date
Captured.

Place
Recaptured.

Sizes.

Lib. Recap. C5

Rat c

per 10

days.

24th Apr. 1912. 4418
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Date
Liberated.

No. of

Pish.

Days
Free.

Date
Captured.

Place
Recaptured,

Sizes.

Lib. Recap.

EXPERIMENT IX.—continued.

Females.

4591
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Date
Liberated.

No. of

Fish.

Days
Free.

Date
Cauffht.

Place

Caught.

Sizes.

Lib. Recap. O

Rate
per 10

Days.

EXPERIMENT I.

Male.

25th Nov. 1910.
I

A. 1627 \
820

|
Feb. 1913. 1

26' N, of Buckie.
\

36-5
I

42-1

Females.

1655
I

759
j

Dec. 1912. 1
40' E, of May.

1625 i 837 Mar. 1913. ' 16' E./S. of May.
1697
1641

857 I Do. U' off Banff.

1074 Nov. 1913. 39' S.E./E. I S.

of Tod Head.

5-6

36-5
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Date
Liberated.

No. of

Fish.

Days
Free.

Date
Caught.

Place

Caught.

Sizes.

Lib.
i Recap.

^ Rate

I per 10

EXPERIMENT VL

Male.

7th Sept. 1911.
I

A. 3411
1

883
|
Feb. 1914.

|
Whitby Grounds.

|
34- 1 39'

|
5' |

-06

? Sex.

I

8.686 1 764
I

Oct. 1913.
i

50' off Bell Rock. I
31*

I 37*9 I 6-9
I

-09

6th Mar. 1912. I S. 805

EXPERIMENT VII

Male.

743
i

Mar. 1914 24' S.S.E.

Aberdeen.

A. 4127



33

One male and 3 females were recaptured between 3 and 4 years after they
were liberated. The male (Stud No. 235) was recovered in September 1914, near

Fair Isle, that is, after 1306 days, and had increased in length from 34 to 43*1 cm.,

a total increase of 91 cm., or "07 cm., per 10 days, over the whole period. The
3 females were all of small size when liberated ; 1 (Stud No. 242) was recovered

in April 1914, after 1148 days, oif North Shields ; it measured 32-5 cm. when
liberated and 47*5 cm. when recaptured, an increase of 15 cm., or at the rate of

•13 cm. per 10 days. The second female (No. 855) was recaptured in August
1914, after 1220 days, at Aberdeen Bank ; it had increased from 32 to 44*2 cm.,

a growth of 12*2 cm. in the period, or at the rate of '1 cm. per 10 days. The third

female (No. 543) had increased from 30*5 to 43*5 cm., or 13 cm. in the period,

which is at the rate of "1 cm. per 10 days.

A male and 2 females were recaptured after 4 years of freedom. The male
(Stud No 692) was taken in January 1916, after 1004 days, 21 miles off Flamborough
Head ; it had grown from 22'5 to 37*7 cm., a total increase of 15'2 em., or at the

mean rate of "09 cm. per 10 days. One of the females (A. 1617) was taken in De-
cember 1914 after 1476 days, near Aberdeen Bank ; it had increased from 42*5

to 55"3 cm., a total of 12'8 cm., or at the rate of "08 cm. per 10 days ; this was a

large fish when it was Uberated. The other female (Stud No. 696) was got in April

1916, after 1682 days, E.S.E. of the Bell Kock ; it had grown from 28 to 44-2 cm
,

a total increase of 16'2 cm., or at the rate of '09 cni.

The marked fish wliich were recaptured after an interval of years in other ex-

periments were also tabulated. The number taken between 2 and 4 years after

liberation was 21, 11 males and 10 females. In the case of 1 male and of 1 female,

the measurements were not ascertained. Moreover^ the measurements of one of the

females were obviously wrong, since, in 1197 days, it had grown, according to the

record, only from 39 to 39*9. cm., an increase of less than one centimetre after three

summers' freedom. The true length of this fish was probably 49*9 cm. on re-

capture, showing a growth of 10'9 cm., but, as there is doubt about it, it is omitted.

The particulars of the other fish are given in the following table :

—

[Table.
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It will be seen that the averajie rate of increase in growth per 10 days vared
considerably according to the sex and size of the fish. Taking the whole period,

the mea 1 rate, in the case of males, ranged from "02 to "11 cm., the average being
about .07 cm., which is equivalent to an annual increment of about 2-5 cm., but it

will be noticed that, with two exceptions, all the males, when liberated, were of

adult size. The average rate of increase per 10 days among the females ranged
from "07 to "15 cm., the mean for the 8 cases being '106 cm., or at the rate of 3"7

cm. per annum. The majority of the females were under the adult size when
liberated.

Two females, both liberated at 20 miles east of the Isle of May, were recovered
after an interval of between 4 and 5 years. The former (No. 1705) was taken in

March 1915, after 1566 days, not far from where it had been liberated, namely
25 miles E.S.E. of the Isle of May ; on hberation it measured 38'5 cm., and on
recapture, 53"1 cm., an increase of 14'6 cm., or at the rate of "1 cm. per lOdays. The
other female (No. 3032) was recaptured in June 1916, after 1821 days, 70 miles

N.E./N. of Longstone, Northumberland ; it had grown from 37 to 50"8 cm., an
increment of 13*8 cm., or at the rate of '07 cm. per 10 days.

One fish was recaptured after more than 5 years of freedom. It was a male
(No. 1716) liberated at 20 miles east of the Isle of May on 28th November 1910,

and recaptured in February 1916, after 1892 days. This fish was got in London
in the market, and the place of the recapture was not ascertained.

IV. The Intensity of Fishing.

One important result of the marking experiments is the Ught they throw upon
the destruction of the fish by fishing operations. There is no reason to suppose that
the marked plaice are captured in greater numbers, or in less, than the unmarked
plaice which live around them on the fishing-grounds. The proportion of the

marked fish which were recaptured by fishing operations thus furnishes a clue to the
intensity of fishing, and gives an indication of the proportion of the plaice which
may ultimately be captured by commercial fishing. As already mentioned, in order
thoroughly to understand such questions, one would require to possess detailed

information as to fishing operations, both in regard to the amount or quantity of

fishing, and in regard to the fishing-grounds, and this is especially desirable when
the number of fish marked and Uberated and the proportion recaptured are small.

In these experiments on the east coast of Scotland, however, the number of plaice

marked was large, viz. 7166, and the number recaptured was also large, viz. 3735,
or 52" 1 per cent. The number actually recaptured must have been still greater,

for, in the first place, there is evidence that the mark is sometimes lost and the
fish recaptured with the signs of having been marked, though the mark is absent

;

in the second place, all the marked plaice whicR are recaptured are not returned, or

their capture made laiown. It is probable also that a certain number died after

having been returned to the sea, owing to injury received in the process of capture,
or in the process of marking. One feels justified in saying that fully a half of the
adolescent and adult plaice hving on the fishing-grounds along the east coast of

Scotland are ultimately caught in commercial fishing.

In some cases, however, the proportion recaptured was much more than 52 per
cent. The experiments which give the highest percentage of recapture were those

made at the station 20 miles east of the Isle of May. In the 10 experiments at this

station, 961 plaice were marked, and 643, or 66*9 per cent., recaptured, the per-

centage of recaptured in different experiments ranging from 54*9 to 77*3 per cent.

At the neighbouring station in the Firth of Forth, between Ehe and Fidra, 823
plaice were marked and liberated, and 489, or 59*4 per cent., recaptured, although
trawHng, the method of fishing by which plaice are usually taken, is prohibited
in the Firth of Forth. Here the percentage of recaptures varied from 46"2 to 69-6

per cent. Of 200 liberated 3 miles from Fidra Light, at the entrance to the Firth
of Forth, 122, or 61 per cent., were recovered. In the experiments at Aberdeen
Bank, 1227 plaice were marked and liberated, and 741, or 60*4 per cent., were
recaptured, the percentage in the different experiments ranging from 40 to 70 per
cent. In the neighbourhood of Fair Isle, 940 were marked and hberated, and 461,
or 49 per cent., were recaptured, the percentage or recapture in the eight experi-
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ments varying from 31 to 63-3 per cent. Tlie percentage of recaptures in the Moray

Firth were not so high ; in this firth, as in the Firth of Forth, trawHng is prohibited.

In the experiments in the neiglibourhood of Smith Bank, 707 plaice were marked

and hberated, and 336, or 47-5 per cent., were recovered, the percentage in different

experiments being as low as 28 and as high as 56. In the experiments made in other

parts of the Moray Firth, 530 plaice were liberated, and 201, or 37-9 per cent.,

reca ptured . In the neighbourhood of the Great Fisher Bank, 599 were liberated, and

194, or 32-9 per cent., recaptured, many of the fish being landed at foreign ports.

In the experiments to the east of the Isle of May, the percentage of recaptures

steadily diminished the farther and farther to sea the experiments were made.

At 20 miles, as above mentioned, 66-9 per cent, were recaptured ;
at 40 miles, 54*4

per cent, of the 382 liberated were taken ; at 50 miles, 51-7 per cent, of 207 ;
at

100 miles, 28-1 per cent, of 192 ; and at 220 miles (to the north of the Great Fisher

Bank), of 106 hberated only 17, or 16 per cent., were recaptured. In some cases,

the actual numbers were not very large. In the six experiments with the largest

number of plaice marked and Hberated, the following results were obtained :
—

Aberdeen Bank, 10th June 1910 : of 336 hberated, 201, or 59-8 per cent., were re-

captured ; at the same place, on 21st October 1910, of 282 liberated, 195, or 69-1

per cent., were recaptured ; at Great Fisher Bank, on 16th June 1910, of 287

liberated, 116, or 40-4 per cent., were subsequently captured ; at Fair Isle, of 262

liberated on 15th September 1910, 131, or 50 per cent., were recaptured and of 246

liberated on 4th November 1910, 147, or 59'3 per cent., were recaptured ;
at 20

miles east of the Isle of May, on 6th December 1912, of 202 liberated, 132, or 65-3

per cent., were again caught.

From the table printed on page 4 it will be seen that 74-5 per cent, of the

marked plaice which were recaptured were taken within a year of liberation ;
in

the second year, the percentage was 22-4
; in the third year, 4'8

; and in the fourth

year, only 7.

V. DESCKIPTION OF THE VARIOUS EXPERIMENTS.

1. Experiments Midway Between Elie and Fidra, Firth of Forth.

At this station, which lies in the middle of the Firth of Forth, midway between

Elie and Fidra (Lat. 56° 8' N. ; Long. 2° 48' W.), with a depth of about 27 fathoms,

marked plaice were liberated on ten occasions, from November 1910 to March

1913. The total number hberated was 823, viz., 305 males, 469 females, and

49 whose sex was not ascertained. The number of the fish recaptured was 489,

or 59-4 per cent., namely, 210 males, or 68*9 per cent,, 267 females, or 56*8 per

cent., and 12 of undetermined sex, or 25 per cent. The particulars relating to

the experiments are as follows :

—
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The percentages of recaptures varied from 56'2 to 77*8 for the males, and from
24-9 to 72-3 for the females.

EXPERIMENT I.

25f^ November 1910.

In this exjjeriment, 99 fishes were marked and Uberated, 37 being males, 54
females, and 8 whose sexes were not ascertained. The sizes of the males ranged
from 30'5 to 42 cm., and of the females from 29 to 58 cm.

The numbers hberated and recaptured are shown, in groups of 5 cm., in the
accompanying table :

—



38

In January 1911, 4 fishes were got, 2 females, 1 male, and. 1 of undistinguished

sex. One of the females went easterly for a distance of 39 miles in 63 days, the

second, made a long journey to the northwards, being recaptured in Ham Sound,
Orkney Isles, a distance of 165 miles in only 39 days, thus moving at the rate of

42'3 miles per 10 days. Both the male and the fish of undetermined sex had
entered the Moray Firth, and were taken off Whitehills, at a distance of 136 miles

in periods of, respectively, 45 and 55 days, the mean rates of movement being
30-2 and 24*7 miles per 10 days.

Six fish were got in the third month after liberation, February, 4 of them being
females, and 2 males. Four were taken to the north-east, off the Aberdeenshire
coast, namely, 3 females and 1 male. They travelled, respectively, 71, 72, 89, and
92 miles in 74, 86, 70, and 87 days. The remaining male and female were found
to the east of the station, at distances of 18*5 and 23"5 miles, after 91 and 77 days.

First Quarter.—Thus, during the first 3 months after liberation, 13 of the marked
plaice, or 19'4 per cent, of the total number recaptured, were taken, 3 males, 9

females, and 1 of unknown sex. All had gone in an easterly or north-easterly

direction, for distances of from 18 to 165 miles. Of the 3 males recovered in this

quarter, 1 was found 23 miles to the eastward ; it measured 38'5 cm., and was
" ripe."

Second Quarter.—Thirteen were recaptured in March, 9 males, 3 females, and
1 of unknown sex. Most of the males migrated long distances, but 2 were
taken within the Firth of Forth, 1, of 34-5-36-1 cm., and "spawning" ("partly
spent ") near Pittenweem, at a distance of 5 miles, after 120 days ; the other, of

31-31'8 cm., and " immature " farther to the westwards, off Anstruther, at a

distance of 7 miles, after 123 days. All the other males migrated rapidly to the
northwards ; 1, of 33-5-35 cm., and " spent," was taken at Aberdeen Bank, at a
distance of 72 miles, after 126 days ; another, of 35'5-35'7 cm., and described as
" immature," was caught near Buchanness, at a distance of 85 miles, after 108 days

;

2 were recaptured in the Moray Firth, 1 of 37-5-37-6 cm., to the Jiorth and east of

Tarbet Ness, at a distance of 162 miles, after 104 days, and the other, which was
taken by a foreign trawler, and landed at Ostend, at an unspecified locality ; it

measured 37-37 cm., and the condition of the testes was not recorded. Another,
measuring 37-36-9 cm., and " spawning " (" partly spent ") was recaptured after

106 days off "Whiten Head, on the north coast of Scotland, at a distance of 225
miles. Two others were taken together at Loch Inchard, Koss-shire, on the west
coast of Scotland, at a distance of 256 miles, after only 114 days, and both were
" spawning." These fish travelled with great rapidity, the 2 taken at Loch Inchard
having moved at a mean rate of 22-4 miles per 10 days, the 1 captured off Whiten
Head, at the rate of 21-2 miles, and the 1 caught off Tarbet Ness, at 15*6 miles.

One of the three females was recaptured in the Firth of Forth, at a distance of

8 miles to the westward, near Inchkeith, after 105 days ; it measured 30-5-31 cm.
and. was " immature "

; the second female, which measured 54-53-6 cm., and was
" ripe," was taken after 112 days 29 miles to the north and east ; the third female,

the condition of whose ovaries was not recorded, measured " 32-31 cm.," and was
taken by a German trawler 52 miles north-east of Rattray Point (Lat. 58° 20' N.

;

Long. 1° E.) at a distance of 147 miles, after 121 days. The fish, whose sex was
not ascertained, measured 39-39 cm., and was recaptured in the Moray Firth,

after 99 days, by a foreign trawler, and landed at Ostend.
In April, a male, of 34-35 cm., and " immature " was captured 12 miles to the

westward, near Inchkeith, after 139 days.
One male and 2 females were taken in May, all to the north-east, the male,

measuring 33-5-33'8 cm., and " immature," after 161 days, at a distance of 44 miles.

One of the females, which measured 38-5-41-8 cm., was taken after 173 days at
a distance of 38 miles. The other female, which measured 39-41 cm., and was
" spent," was recaptured, after 174 days, at a distance of 35 miles.

In the second quarter, then, 17 fish, or 22-4 per cent., were taken, viz., 11 males,

5 females, and 1 of undetermined sex. Fourteen (82-3 per cent.) went north and
east, 1 (6*7 per cent.) north and west, and 2 (13-3 per cent.) south and west. Par-
ticulars as to the position of the recapture of 1 taken in the Moray Firth were not
given. Of those moving north and east, 9 were males, 4 were fenaales, and 1 was
of unknown sex.
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Third Quarter.—'^hxea fish were recaptured in June, 2 females and 1 whose
sex was not detennined. One of the females, which measured 39"5-41'4 cm.,
and was " spent," was taken after 188 days south-east of Aberdeen, at a distance
of 58 miles. The other female, measuring 4:0'5-42"9 cm., and "immature," was
got 30 miles N.N.E. of Rattray Point, at a distance of 130 miles, after 197 days.
The fLsh whose sex was not recorded measured 32-5 cm. on liberation, and was
taken 38 miles east and a little south of the station.

Four females and 1 male were recaptured in July. The male, which measured
39-43"7 cm., and "had been ripe," was recaptured, after 235 days, off Whiten
Head, on the north coast of Scotland, at a distance of 226 miles. One of the
females, which measured 34-36'8 cm., was taken after 234 days in St. Andrew's
Bay at a distance of 22 miles. The second female, measuring 33'5-38-2 cm., and
" immature," was recaptured after 219 days near the Bell Rock, at a distance of

23 miles. The third female, which measured 37-40-2 cm., and was " apparently
immature," was recaptured to the north-east of Aberdeen, at a distance of 76 miles,

after 221 days. The fourth female, measuring 36-40'6 cm., and " immature," was
taken after 223 days, offshore, to the south-east of Aberdeen, at a distance of

74 miles.

In August, 2 females were recaptured, both to the north and east ; 1, measuring
4r5-44-2 cm., and " half- ripe," was taken, after 271 days, near Tod Head, at a
distance of 47 miles. The other, measuring 37-5-42 cm., and "immature," was
recaptured far offshore, eastward from Aberdeen, at a distance of 124 miles, after

259 days.

In this quarter, therefore, 10 fishes, or 15 per cent., were taken, of which 9

(90 per cent.) went north and east for an average distance of 87 miles, and 1 went
east and a little south for a distance of 38 miles.

Fourth Quarter.—In September, a female, of 41-43*5 cm., was taken, after 280
days, 50 miles E.N.E. of Whitby, at a distance of 105 miles, to the south and east.

In October a female, of 29-36*6 cm., was taken, after 326 days, 39 miles to the
eastwards of the Isle of May.

Two were taken in November, a male, of 42-44 cm., and " nearly ripe,"

after 357 days, 28 miles to the noith-east, near the Bell Rock, and a female,
40-46'2 cm., and "immature," after 347 days, 142 miles to the north and east.

Thus, in the fourth quarter, only 4 fishes, or 5'9 per cent., were recaptured,

2 to the north and east, 1 to the east, and 1 to the south and east.

In the twelve months after liberation, 44 plaice, or 65-7 per cent, of the total

recaptured, were taken, of which only four wei e got in the Firth of Forth ; omitting
these, 37, or 84*1 per cent., went to the northwards, and north and east ; two, or
4'8 per cent., migrated to the south and east, and one diiectly east. Of the
remaining fish, 2 were taken in 1911, 14 in 1912, 4 in 1913, and 2 in 1914.

In December 1911 a female, of 37-41-6 cm., and "nearly ripe," was recovered
after 397 days, near Buchanness, at a distance of 87 miles, and a male of 36 cm.
on liberation, but of unknown size on recapture, after 399 days, 17 miles to the
south and east, off Dunbar.

In February 1912, 2 males were recaptured, both " nearly ripe " and to the
northwards, 1, of 35-38"4 cm., after 453 days, off Aberdeen, at a distance of 72 miles,

and the other, of 31 •5-37-4 cm., after 455 days, in the Dornoch Firth, Moray Firth,

at a distance of 167 miles.

Two males and 3 females were taken in March 1912, all to tJie north and east,

and ripe or nearl}' so. One of the females, measuring 40-5-46-6 cm., and " nearly
lipe," was caueht after 469 da3's, off Pife Ness, at a distance of 18 miles ; anothei,
of 36-39-6 cm., and also "nearly ripe," was found off Aberdeen, at a distance of

73 miles, after 464 days ; the third female, measuring 41-5-47-1 cm., and " sjjawn-
ing," was caught, after 487 days, near Buchanness, at a distance of 81 miles. One
of the males, which measured 39-39*7 cm., and was "jipe," was taken, after

475 days, in the same locahty, at a distance of 86 miles ; the other male, of 33-36-1

cm., and "ripe," was recaptured off Whitehills, BanjQt, in the Moray Firth, at a
distance of 137 miles, after 480 days.

One male, of 40-5-46-3 cm., and " ripe," was got in May, after 546 days, on the
north coast of Scotland, off Dunnet Head, at a distance of 214 miles.

In July, 2 females were recaptured, 1 measuring 37-46-1 cm., and " spent,"
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after 597 days, ofishore, to the east of Aberdeen, at a distance of 82 miles, and

the other, of 36-5-45-7 cm., and also " spent," to the east of the Orkney Isles, at

a distance of 189 miles.

In September, a male, of 36-5-38"2 cm., was, caught, after 670 days, 36 miles

distant, to the east of the Isle of May, and the female, of 36-5-47-8 cm., after

668 days, offshore, to the south-east of Buchanness, at a distance of 93 miles.

A male, of 31-5-4r2 cm., and "nearly ripe," was got in November, after 721

days, south-east of Buchanness, at a distance of 87 miles.

In December, after 759 days, a female, measuring 36-5-43 cm., and "nearly

ripe," was recaptured 49 miles to the north and east, east of the Isle of May.
In February 1913, a male of 36-5-42-1 cm., and " spawning" (" partly spent "),

was recaptured, after 820 days, off Berriedale Ness, in the Moray lirth, at a distance

of 164 miles.

In March 1913, 2 females were taken, 1 after 837 days, measuring 36-45-5 cm.,

and " nearly ripe " 25 miles distant, to the east of the Isle of May ; the other,

measuring 41*5-45-8 cm., and " spawning " was recaptured in the Moray Firth

off Whitehills, at a distance of 136 miles, after 857 days.

A female was recovered in November 1913, after 1074 days, in the offshore

waters, off Tod Head, at a distance of 65 miles to the north and east ; it measured
33-44-5 cm., but the condition of the ovaries was not recorded.

Of the two fish recaptured in 1914, both females, 1, which measured 52-54*5 cm.,

was taken in February, after 1169 days, off Hartlepool, at a distance of 122

miles to the south and east ; it was " spawning." The other female, measuring
42-5-55*3 cm., and " about three-quarters ripe," was recovered in December,

offshore, to the south-east of Aberdeen, at a distance of 69 miles.

Distances travelled, 10 fniles and under.—Three of the marked plaice, or 4*5 per

cent., were recovered within 10 miles of the station, 2 males, 1 taken off Pittenweem

at a distance of 5 miles, and the other off Anstruther at a distance of 7 miles, and a

female, which was got to the westward, near Inchkeith, at a distance of 8 miles.

10 to 20 miles.—Four fish, or 6*1 per cent., were recaptured, 2 males and
2 females. One of the males travelled westwards for 12 mile's, to the neighbour-

hood of Inchkeith, and the other, 17 miles to the south-east, outside the Forth.

The two females were found at a distance of 18 miles to the north-east.

Under 20 miles.—Thus, 7 fish, or 10-6 per cent., 4 males (16 per cent.) and 3

females (7-9 per cent.) were found within a distance of 20 miles from the place

of Uberation.

20 to 50 miles.—Seventeen of the plaice, or 25-8 per cent., nngrated distances

of between 20 and 50 miles. Four (16 per cent.) were males, all of which were found

to the north and east, the average distance being 33 miles. Twelve (31-6 per cent.)

were females, which had also moved an average distance of 33 miles, all but two
to the north and east ; one of the other fishes was found 25 miles to the south and
east, and 1, 39 miles directly east. One, whose sex was not determined, was got

38 miles to the south-east.

50 to 100 miles.—Twenty of the fish (30*3 per cent.) migrated aistances between

50 and 100 miles. Of these, 6 (24 per cent.) were males, all of which had gone to

the north and east, from 72 to 92 miles, the mean being 82-3 miles. Fourteen

(36-8 per cent.) were females, which had migrated distances of from 58 to 93 miles,

also to the north and east, the average distance being 75*3 miles.

Over 100 mifes.-^Twenty-two fish (33*3 per cent.) moved distances exceeding

100 miles. Fileven (44 per cent.) were males, all of which had gone to the north

and east for an average distance of 194 miles, 6 being taken in the Moray Firlh,

and 5 farther north, 3 of them at distances of 214, 225, and 226 miles, on the north

coast of Scotland, while 2 had travelled to the west coast and were caught at Loch

Inchard, a distance of 256 miles from the station. Nine (23-7) per cent, were females,

which had moved an average distance of 140 miles. Seven of these Avere taken to

the north and east, 1 in the Moray Firth, at a distance of 136 miles and the others

at distances of from 130 to 189 miles, off the Moray Firth, and the Orkneys. Two
of the females had taken an unusual direction to the south and east, 1 being

captured 105 miles distant, 50 miles off Whitby, and the other, 122 miles, 24 miles

off Hartlepool. Two whose sexes were not known were taken in the Moray Firth.

In tlus experiment, 5 males, or 20 per cent., migrated distances over 200 miles,
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the average beinp 235-4 miles, wliile the farthest distance reached by a female was
189 miles.

The following table shows the number and percentage of each sex which were
found (1) within the Firth of Forth, (2) south of Kinnaird Head, Aberdeenshire,

(3) within the Moray Firth, (4) farther to the north or north and west :

—

Sex.
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126 days, off Aberdeen, at a distance of 72 miles ; it measured 33"5-35 cm. ; the

other, measuring 39-43*7 cm., was taken off Whiten Head, on the north coast of

Scotland, in July 1911, after 235 days, at a distance of 226 miles.

Four males were " ripe," all taken to the northwards. One, measuring 38'5-38'7

cm., was caught in February 1911, after 77 days, 24 miles distant, to the east of

the Isle of May i the second, of 39-39-7 cm., was caught in March 1912, after

475 days, near Buchanness, at a distance of 86 miles ; the third, measuring 33-36'

1

cm., was taken, also in March 1912, by cod-nets, at Whitehills, Moray Firth, at a

distance of 137 miles ; the fourth had migrated farther, being taken in May 1912,

after 546 days, off the north coast of Scotland, 26 miles N.W. by N. from Dunnet
Head, a distance of 214 miles ; it measured 40'5-46"3 cm. The mean rates of

movement per 10 days in the cases of these fish were, respectively, 3"1, r8, 2'8,

and 3' 9 miles.

Four males were described as " nearly ripe "
; they were all recaptured to the

northwards. One, measuring 42-44 cm., was taken in November 1911, after

357 days, at a distance of 28 miles, north and east of the Bell Eock ; another, of

35-38'4 cm., was taken in February 1912, after 453 days, off Aberdeen, at a distance

of 72 miles ; the third, measuring 3r5-37"4 cm., was captured, by a cod-net, also

in February 1912, after 455 days, in the Moray Firth, at the entrance to the Dornoch
Firth, a distance of 167 miles ; and the fourth, measuring 3r5-41'2 cm., was
caught in November 1912, after 721 days, off Aberdeenshire, at a distance of

87 miles. The mean rates of movement in these cases were, respectively, -8, 1*6,

3-7 and 1-2 miles.

Of the 4 males of adult size, whose testes were " immature," one was taken in

March 1911, after 108 days, off Buchanness, at a distance of 85 miles ; another,

of 34-35 cm., was caught in April 1911, after 139 days, 12 miles to the west, near

Inchkeith ; the third was found on 5th May, after 161 days, 44 miles to the north

and east ; it measured 33'5-33'8 cm. ; the fourth, of 36'5-38"2 cm., was taken in

September 1912, after 670 days, 36 miles to the north and east ; a male, measuring
31-31*8 cm., was caught in March 1911, 7 miles to the north and west, off Anstruther,

Firth of Forth.

Of the 33 adult females recaptured, the condition of the ovaries was determined
in 31 cases.

Five were "spawning," but the position of capture, and the date, were not

ascertained for one of them. Three of the other 4 were got to the north and east,

1, of 41-5-45-8 cm., in March 1913, after 857 days, in the Moray Firth, off White-
hills, at a distance of 136 miles ; it was taken in a cod-net. Another, measuring
47'5-47'6 cm., was caught off Aberdeen Bay in February 1911, after 86 days, a

distance of 72 miles ; the third was taken a little farther north, in March 1912,

after 487 days, the distance being 81 miles ; it measured 41"5-47-l cm. The
fifth fish was captured in February 1914, after 1169 days, 24 miles E. by S. of Hartle-

pool, having migrated a distance of 122 miles to the south and east ; it measured
52-54"5 cm. The mean rates of migration of those four fish were as follows :

—

1-64, 8-4, 1-7, 1-04 miles per 10 days.

One adult female is described as " ripe "
; it measured 54-53"6 cm., and was

caught in March 1911, after 112 days, 29 miles to the north and east, off the Bell

Eock.
Four were described as " spent," all captured to the north and east. One, of

39-41 cm., was taken in May 1911, after 174 days, 35 miles distant, east of the

Bell Eock ; the second, measuring 39*5-4r4 cm., was caught in June 1911, after

188 days, off Tod Head, 58 miles distant ; the third, measuring 36-5-45-7 cm.,

was taken in July 1912, after 586 days, east of Auskerry, Orkney Islands, 189 miles

distant ; and the fourth, of 37-46-1 cm., was also caught in July 1912, after 597 days,

off the Aberdeenshire coast, at a distance of 82 miles. The mean rates of travel,

per 10 days, were respectively 2, 3*1, 3-2, and 1-4 miles.

Six were " nearly ripe." One was caught 25 miles to the south and east in

March 1913, after 837 days ; it measured 36-45*5 cm. All the others weie taken
to the north and east ; 1, in December 1912, after 759 days, 49 miles distant ; it

measured 36-5-43 cm. ; another, of 37-41*6 cm., in December 1911, after 397 days,

off Buchanness, at a distance of 87 miles ; the fourth, of 36-39*6 cm., in March
1912, after 464 days, 73 miles distant, off Aberdeen ; the fifth, of 40*5-46*6 cm.,
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also in March 1912, after 469 days, at a distance of 18 miles ; and the sixth, in

February 1911, after 74 days, also off Aberdeen, at a distance of 71 miles ; it

measured 44-44"3 cm.
One female was "about three-quarters ripe," in December 1914, when it was

caught off Aberdeen, at a distance of 69 miles, after 1476 days ; it measured 42'5-

55" 3 cm.
Two females were " half-rijie," both recaptured to the north and east ; one

was taken in February 1911, after 70 days, off Buchanness, 89 miles distant ; it

measured 39-39'4 cm. ; the other was caught in August 1911, after 271 days,

off Bervie, 47 miles to the north and east ; it measured 4r5-44'2 cm.
Three were described as " a quarter ripe," and were all recaptured to the north

and east ; 1 was taken in December 1910, after only 6 days, 27 miles to the north
and east, north of the Bell Rock, and measuring 39-38"8 cm. ; the second, also

caught in December 1910, after 35 days, near Aberdeen, at a distance of 64.miles ;

it measured 39"5-39 -7 cm. ; the third, which measured 38- 5-38- 7 cm., was
recovered on 3rd January 1911, after 39 days, east of the Pentland Skerries, at a

distance of 165 miles. All these three fish showed rapid movement, the respective

mean rates, per 10 days, being 45, 18'3, and 42*3 miles. They were obviously
females reaching first-maturity, and they would probably spawn in the ensuing
season.

Of the 9 females described as " immature " 1 was caught in January, 1 in May,
1 in June, 3 in July, 1 in August, 1 in September, and 1 in November. They
were all taken to the north and east, at distances of from 23 to 142 miles, after

intervals of from 63 to 668 days. The one caught in January 1911, after 63 days,

measured 40-39"9 cm., and was recaptured 39 miles eastwards ; the one taken in

May 1911, after 173 days, measured 38"5-4r8 cm., and was caught 38 miles distant.

Three had gone long distances ; 1, of 40"5-42"9 cm., was taken in June 1911, after

197 days, off Rattray Head, 130 miles to the north-east ; another, of 37*5-42 cm.,

was caught in August 1911, after 259 days, far offshore, east of Aberdeenshire, at

a distance of 124 miles ; the third, measuring 40-46"2 cm., was taken in November
1911, after 347 days, off the middle of the entrance to the Moray Firth, at a distance

of 142 miles.

EXPERIMENT IT.

8th February 1911.

The number of plaice marked and Uberated in this experiment was 100, viz.

35 males, 56 females, and 9 of which the sex was not determined. The sizes of

the males ranged from 29 to 39 cm., and of the females from 29-5 to 51*5 cm.
;

the sizes of the 9 fish of undistinguished sex varied from 31 to 40'5 cm. The
numbers liberated and recaptured are shown in the subjoined table in groups of

5 cm. :

—
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Nineteen of the 24 males recaptured were of adult size on recapture, the sizes

ranging from 33'3 to 43*8 cm., the mean being 38'6 cm., as compared with 29 to

39 cm., with a mean of 33'9 cm., on liberation ; the periods of freedom varied

from 121 to 1306 days, the average being 453 days ; the distances migrated varied

from 4 to 212 miles, with a mean of 93' 1 miles, and the average rate of movement,
per 10 days, was 2 miles.

Five of the males were under adult size, the average being 32*2 cm., compared
with 31'4 cm. on liberation ; the mean period of freedom was 148 days, and the

distances migrated were from 4 to 28 miles, the average being 15*6 miles, and
the mean rate of travel, per 10 days, Tl miles.

Of the 29 females, 22 were of adult size on recapture, the sizes ranging from
40"1 to 51"9 cm., the mean being 44*3 cm., while on liberation the sizes were from
31*5 to 49"5 cm., the average being 38"1 cm. ; the average period of freedom was
395 days, the range being 14 to 1148 days, and the distances migrated varied

from 11 to 161 miles, the mean being 68*2 miles, and the mean rate of movement
1*7 miles per 10 days.

Seven of the females were under adult size, the average size being 34*1 cm.,

as compared with 34*2 cm., on liberation ; the periods of freedom averaged 59

days, and the distances migrated, 12J miles, i-anging from 3 to 59"5 miles ; the mean
rate of movement, per 10 days, was 2"1 miles.

The Extent and Direction op Migration.

First Quarter.—Only 1 of the marked plaice was recaptured in February, viz.

a female, which measured 44-44 cm., and was caught after 14 days 18 miles to the

north and east, " spent."

In March 1911, 9 were recaptured, 2 males, 6 females, and 1 of unknown sex.

Five of these, viz. 2 males and 3 of the females, were taken within the Firth of

Forth, at distances of from 3 to 5 miles, in from 22 to 41 days, all towards the

north shore of the Firth. All these fish were under the adult size, and the repro-

ductive organs were " immature," in the 4 cases in which the condition was known.
Three of the other females were found to the north and east, outside the Firth

;

1, of 39'5-39-6 cm., 28 miles distant, north-east of the Bell Rock ; it was
" spent "

; another, of 49"5-50"2 cm., was taken ofE the coast of Aberdeen, at a

distance of 62 miles, after 50 days, " spawning "
; the third was also taken near

Aberdeen, at a distance of 59 miles, after 45 days ; it measured 33-32*1 cm., and
was " immature." The remaining fish was of undistinguished sex, and had gone

to the south and east ; it was captured, after 51 days, 32 miles off Longstone Light,

at a distance of 78 miles, and was " partly spent."

In April, 4 of the marked plaice were recaptured, 1 male and 3 females. The
3 females were all taken A^athin the Firth of Forth, 1 off Kirkcaldy, at a distance

of 11 miles, after 63 days ; it measured 37*5 cm. on liberation, but the size on re-

capture was not ascertained, nor the condition of the reproductive organ. Another,

under adult size, was found on Station VI., where it was originally caught, at a

distance of 4 miles, after 76 days. The third, of 36-5 cm., and thus under adult

size, was taken in Largo Bay, 4| miles distant, after 55 days. The male had moved
out of the Firth, and was taken to the east of the Isle of May, at a distance of 24

miles, after 79 days ; it measured 31-31*9 cm., and was " immature."
In the first quarter, then (the month of February included), 14 of the marked

plaice, or 25*4 per cent., were recaptured ; 8 (57"1 per cent.) had moved north and
east for an average distance of 26 miles (4 of them into the Firth of Forth) ; 4

(28*6 per cent.) had moved north and west, an average distance of 6*2 miles (all

within the Firth of Forth) ; and 2 had moved to the south and east for an average
distance of 51 miles. Eight of the 14 fiish had remained within the Firth of Forth,

or 57" 1 per cent., and 2 of them were recaptured at Station VI., where they had
been originally caught. Of the 6 fish which left the Firth of Forth, 4 went to the

north and east for distances of from 18 to 59 miles ; 1 travelled east and a little

south for 24 miles, and another south and east for 78 miles.

Second Quarter.—Only 1 of the marked plaice was caught in May 1911 ; it was
of undistinguished sex, measuring 33"5-34-5 cm., and was recaptured within the

Firth of Forth, near Methil, 7^ miles distant, after 99 days.
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Three were taken in June, 1 male and 2 females, all " immature." The male
which measured 34"5-36'5 cm., had migrated to the Moray Firth, and was taken

off Noss Head, near Wick, at a distance of 169 miles, after 121 days, the mean
rate of movement being 13*9 miles per 10 days. One of the females, measuring

37"5-4r2 cm., was also taken to the south-east of Noss Head, at a distance of

154 miles, after 130 days, the mean rate of movement being ir3 miles, per 10 days.

The third female, of 39"5-40"9 cm., was caught off Aberdeen, at a distance of

72 miles, after 118 days, the mean rate of travel being 6*1 miles per 10 days.

Four were recaptured in July, 1 male and 3 females ; they were all " immature."
One, a female of 36"5-36-5 cm., and therefore under the adult size, was taken in

the Firth of Forth, at Station VI., where it was originally caught, a distance of

41 miles, after 155 days ; another female, measuring 37-40'5 cm., was taken,

after 166 days, off Montrose, to the north and east, a distance of 37| miles ; the

third female, measuring 40-43*9 cm., was caught, after 172 days, 43J miles to the

north-east ; the male, of 34"5-36-2 cm., was got off Buchanness, 85| miles distant,

after 155 days.

In the second quarter, then, the total number of marked plaice recaptured was

8, or 14'5 per cent., of which 7, or 87*5 per cent., were taken to the north and
east, the average distance being 81 miles, and the mean rate of travel 5'9 miles

per 10 days ; one of these fish was caught within the Firth of Forth. Another,

also caught in the Firth of Forth, had moved 7J miles to the north and west.

Third Quarter.—In August 1911, 2 fish were recaptured, a male of 34-36 cm.,

oft* the Isle of May, 19 miles to the north and east, after 188 days, and a female

measuring 36-40*1 cm., 26 miles distant in the same direction.

None was taken in September, but 2 were got in October, 1 of 37-40*2 cm.,

22J miles to the south and east, off St. Abb's Head, after 240 days, and the other

of 37-38 cm., to the north-east, off Aberdeen, at a distance of 57 miles. The latter

is described as " nearly ripe," and the former as " half-ripe."

In this quarter, therefore, only 4 fish, or 7*3 per cent., were recaptured.

Fourth Quarter.—Two males were taken in November, both to the north and
east ; 1, of 39-43*8 cm., was caught after 294 days near Aberdeen, at a distance

of 70 miles ; the other, of 30-31*7 cm., was taken, after 269 days, near the Bell

Rock, at a distance of 28 miles.

In December, a male and a female were recaptured ; the male measuring
31 cm. on hberation, but of unknown size on recovery, was caught off the mouth
of the Forth, to the south and east, at a distance of 17 miles ; the female, of 34-43*7

cm., was taken, after 296 days, to the south and east, off the coast of Northumber-
land, at a distance of 85| miles.

None was taken in January 1912.

Thus, in this quarter, only 4 fishes were recaptured, or 7*3 per cent., 2 to the

orth and east, and 2 to the south and east.

Within 12 months of liberation, the total number of the marked plaice recap-

tured was 30, or 54*5 per cent.. Twenty (66*6 per cent.) had migrated to the

north and east, and 5 (16.6 per cent.) to the north and west, and to the south and
east respectively. Of these, 10 were taken within the Firth of Forth, 5 to the

north and east, and 5 to the north and west.

Of the remaining fish recaptured in this experiment, 19 were taken in 1912,

4 in 1913, and 2 in 1914.

Two were got in February 1912, 1 within the Firth of Forth, off Largo, at a

distance of 5 miles, after 383 days, measuring 29-33*3 cm., and " immature "
;

the other {.-aci migrated 72 miles to the north and east, and was caught off AlcTdeen,

after 376 days ; it measured 34*5-38*2 cm., and was " about ripe."

S X were caught in March 1912, 5 males and 1 female, and all to the nortli and
east. One of the males had gone only a short distance of 4 miles in 391 days, and
was taken off Pittenwecm, in the Firth of Forth ; it measured 29-35*8 cm., and the

testes were " immature." Three males were taken in the Moray Firth, 1, measur-
ing 35-40*5 cm., and " ripe," off Kinnaird Head, at a distance of 126 miles, after

391 days ; the second, of 32*5-37 cm., in the same region, at a distance of 127 miles,

after 387 days, the condition of the testes not being ascertained ; the third,

measuring 32*5-37 cm., was taken off Brora, at a distance of 174 miles, after 400
days, and it was " ripe." The remaining male was caught off Collieston, Aberdeen-
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shire, at a distance of 81 miles, after 413 days ; it measured 33-37*8 cm., and was
" spent." The female was also caught in the Moray Firth, after 400 days, but the

exact locahty of capture and the condition of the ovaries are unknown ; it

measured 35*5-45 cm.
Two females and 1 male were recaptured in April 1912, 2 to the north and east,

and 1 to the eastv/ard. The male, measuring 37-41 2 cm., was caught far ofishore,

east of Aberdeenshire (57° 15' N. ;
0° 10' W.), in 44 fathoms, after 444 days, the

condition of the testes not being ascertained. One of the females, of 38-44*9 cm.,

and " spent," was caught near Buchanness, at a distance of 81 miles, after 421 days.

The other female, measuring 37*5-44 cm., was taken 29 miles E. J N. of St. Abb's

Head, a distance of 48 miles, after 421 days ; the condition of the ovaries was
not determined.

A female, of 43-47 cm., and " spent," was captured in May 1912, after 465 days,

in the Moray Firth, off Clyth Ness, a distance of 161 miles. Another female, measur-

ing 35*5-43*6 cm., was taken in June, after 505 days, to the south-east of Aberdeen,

at a distance of 77 miles, and 1 of 41*5-47*9 cm., and " spent," in July, after 532

days, 43 miles to the north and east. In August, a male and a female were cap-

lured, the male to the north-east of St. Abb's Head, 34 miles distant, after 545 days,

and the female, measuring 31*5-43*3 cm., after 559 days, off Rattray Head, at a

distance of 105 miles. Another female, of 37-45 cm., "three-quarters ripe," was
also caught off Rattray Head in September, after 575 days, a distance of 110 miles.

The other 2 fish taken in 1912 were got in December, a male and a female, both to

the north and east. The male, measuring 34*5-40 cm., and " nearly ripe," was
caught after 663 days, off the coast of Aberdeen, at a distance of 84 m^les, and the

female, of 34-45*2 cm., and "immature," also after 663 days, eastwards of the Bell

Rock, at a distance of 45 miles.

The next fish recaptured was in February 1913 ; it was a male, of 35*5-40 cm.,

and "spent," taken IJ miles off Banff, in the Moray Firth, at a distance of 134

'miles, after 748 days. A female, of 33-41 cm , was caught off Lossiemouth, in the

Moray Firth, in June 1913, after 861 days, at a distance of 156 miles.

Two were captured in July ; a female of 45*5-51 *9 cm., and described as " spent,"

after 889 days, within the Firth of Forth, off Kirkcaldy, 10J miles to the westwards ;

and a male of 32*5-43*9 cm., after 892 days, 5 miles S.S.W. of Copinshay, Orkney

Isles, at a distance of 181 miles.

The next marked fish captured was a female, which was found in April 1914,

after 1148 days, to the east of Holy Island, Northumberland, at a distance of 53

miles from the place of liberation ; it measured 32*5-47*5 cm., and was described as
" spent."

The last fish to be taken was a male, measuring 34-43*1 cm., which M^as recap-

tured 'n September 1914, after 1306 days, 7 miles S.E. of Fair Isle, at a distance of

212 miles.

Distances travelled— Under 10 miles.—Eleven of the recaptured fish, or 20*4 per

cent., were taken at distances not exceeding 10 miles, viz. 4 males (16*6 per cent.),

with an average of 4*5 miles, and 6 females (21*4 per cent.), with an average of

4*3 miles, and 1, whose sex was not known, had migrated 7J miles. All these fish

were taken on the north side of the Firth of Forth, off the coast of Fife, 5 off Larf.o,

1 off Ehe, 1 off Methil, and the remainder off Pittenweem, at Station VI., where

they were originally caught for the marking exj)eriment. While some of these

fish, which had remained in the Firth were caught within a short time after liheia-

tion, in from 22 to 41 days, 2 of them had been for a year and more, both males,

one of 29-33*3 cm., and therefore under the adult size, for 383 days; it was "im-

mature " when taken in February, and the other, measuring 29-35*8 cm., taken in

March, and also "immature," for 391 days. None of the fish was of adult size

when recaptured.

10 to 20 miles.—Five (9*4 percent.) were recaptured between 10 and 20 miles, viz.

2 males (8*3 per cent.), with an average distance of 18 miles, and 3 females (10*7 per

cent.), with an average distance of 13 miles. The 2 males were caught to the east-

wards, outside the Firth, at distances of 17 and 19 miles. One of the females was

also taken to the north-east, off Fife Ness, at a distance of 18 miles, after 14 days.

Both the other females were caught in the Firth of Forth, oft' Kirkcaldy, at distances

of between 10 and 11 miles, 1, measuring 37*5 cm. on liberation, but of unknown
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size on recapture, after 63 days, and the other, measuring -irS-O-Sl -9 cm., in Jul}^ 1913,

after 889 days.

Under 20 miles.—Thus, 16 of the fish, or 29*6 per cent., were recaptured at dis-

tances of under 20 miles, viz. 6 males (25 per cent.), with an average distance of 9

miles, 9 females (32-1 per cent.), with an average distance of 7J miles, and 1 of un-
distinguishable sex, which went 7| miles.

20 to 50 miles.—Eleven plaice, or 20 "i per cent., migrated distances between
20 and 50 miles, viz. 7 females (25 per cent.), with an average of 39 miles, and 4 males
(16"6 per cent.), with an average of 27"2 miles. One of the females went to the

south and east for 48i miles, and all the others to the north-east, for distances of

from 26 to -451 miles. Three of the males had moved to the east and south, off the

mouth of the Firth, for 23, 24, and 34 miles, and 1 to the north and east for 28 miles.

50 to 100 miles.—Fourteen, or 25-9 per cent., were found at distances of from 52

to 85| miles, viz. 6 males (25 per cent.), with an average of 74 miles, 7 females

(25 per cent.), with an average of 68"8 miles, and 1 of undistinguished sex, at 78|
miles. All the males had migrated to the north and east, and were taken off the

coast of Aberdeenshire. Five of the 7 females had gone in the same direction, to

the north and east, and were taken off the coast of Aberdeenshire ; 2 went to the

south and east for distances of 53 and 85J miles.

Over 100 miles.—Thirteen, or 24*1 per cent., were recovered at distances of from
105 to 212 miles, viz. 8 males (33*3 per cent.), with a range of from 110 to 212 miles,

and a mean of 154 '4 miles, and 5 females (17*8 per cent.), with a range of from 105

to 161 miles, and an average of 137| miles. All the fish were found to the north-

wards, 8 of them in the Moray Firth, 1 at Orkney, 1 at Fair Isle, 2 off Rattray
Head, and 1 far offshore, east from Aberdeenshire. With two exceptions, all the fish

had been at hberty for periods exceeding a year, and up to 748, 861, 892, and 1306

days. None of the fish from this experiment was recaptured on the north or the

west coast of Scotland.

The number recaptured within the Firth of Forth was 13, or 23'6 per cent.,

4 (16'6 per cent.) being males, 8 (27*6 per cent.) females, and 1 of undistinguished

sex. Forty-two, or 76*3 per cent., were recaptured outside the Firth, 31, or 56"3

per cent., to the south of Kinnaird Head, 8, or 14-5 per cent., in the Moray Firth,

and 3, or 5'4 per cent., farther north. The particulars are given in the following

table :

—

siov Iiisifle
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Aberdeen, at a distance of 70 miles in November 1911, and the other, north of St.

Abb's Head, in October 1911. One male was said to be "about half-ripe "
; it

was caught in August 1912, after 545 days, 34 miles distant, to the north-east of

St. Abb's Head. All these fish were over the adult size on liberation.

Six males were " immature." Four were over the adult size when liberated,

and they were caught in June, July, August, and September—months well without

the limits of the spawning season ; 1 was caught ]iear Fair Isle, 1 in the Moray Firth,

1 off Buchanness, and 1 north-east of May Isle ; the other 2 were under adult size

when liberated, and were both taken in the Firth of Forth, at a distance of 5 miles

from the Station, in February and March 1912, after 383 and 391 days ; they

measured respectively 29-33'3 cm., and 29-35"8 cm., so that the latter was above

the average adult size during the spawning season, and was yet " immature."
Females.—The condition of the ovaries was determined in 23 of the 29 females

recaptured. One, measuring 49'5-50"2 cm., was " beginning to spawji "
; it was

caught off Aberdeen, at a distance of 62|^ miles, in March 1911, after 50 days, the

mean rate of movement being 12*5 miles per 10 days.

None of the females was described as " ripe."

Seven were " spent "
; 6 were above adult size on liberation. The largest of

all, measuring 45"5-5r9 cm., was taken in July 1913, after 889 days, off Kirkcaldy,

in the Firth of Forth, about 10 miles distant ; 1 was caught in the Moray Firth, off

Clyth Ness, in May 1912, and another off Aberdeen, at a distance of 81| miles, in

April 1912 ; 3 were taken off the Isle of May, at 18, 281 and 43^ miles, in March 1911,

February 1911, and July 1912 ; the seventh spent female was found in April 1914,

after 1148 days, 53 miles to the south and east, off Holy Isle ; it measured 32'5 cm.,

when liberated and 47'5 cm. on recapture.

One female, measuring 37-45 cm., was described as " three-quarters ripe "
;

it was caught in September 1912, off Rattray Head, 110 miles to the northwards.

Two were " half ripe," 1 taken in August 1912, off the coast of Aberdeen, 77^ miles

distant, and the other off Rattray Head, in August 1912, at a distance of 105 miles
;

they measured respectively 35*5-43"6 cm., and 3r5-43-3 cm.

Seven females above adult size on recapture were described as " immature "
;

3 were taken in the month of June, 2 in the month of July, 1 iii August, and 1 in

December, all to the north and east. Five females, which were under the adult

size on recapture, were caught in March and April 1911, 4 of them in the Firth of

Forth, at distances of from 3 to 5 miles, and 1 off the coast of Aberdeen, at a dis-

tance of 59^ miles, after 45 days.

One fish, whose sex is not recorded, but which from its size was probably a

male, is described as " spawning "
; it was caught in March 1911, after 51 days, at

a distance of 78| miles to the south-east, off the coast of Northumberland ; it

measured 35-35*2 cm.

EXPERIMENT III.

2.181 March \%\l.

In this experiment, only 50 fishes were marked and liberated, viz. 29 males.

19 females, and 2 whose sex was not determined. The sizes of the males ranged

from 27-5-38 cm., and of the females, from 26-5-37 cm., while the 2 of undistin-

guished sex each measured 34 cm. Nineteen of the males and 19 of the females were

under the adult size when liberated. The numbers Uberated and recaptured,

arranged in 5-cm. groups, are shown on the accompanying table :

—

F. Lib.

F. Recap. .
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All the plaice used in this oxpetiuicut were traA\ led by the " Goldsecker
"

at Station VI., Firth of Forth, on the same day as they were marked and
liberated.

The number recaptured was 30, or 60 per cent., 19 (65"5 per cent.) being males,

and 11 (57-9 per cent.) females.

Of the 19 males, 14 were of adult size, when recaptured, the sizes ranging from
35'4-39"2 cm., and averaging 37'1 cm., whereas, on Hberation, the average size

was 3r7 cm., and the range, from 28*5-35 cm. ; their periods of liberty ranged from
90 to 1247 days, the mean being 445 days ; they migrated distances of from 4i

to 168 miles, the average distance being 67*6 miles, and the mean rate of movement
1-4 miles per 10 days.

The average size of the 5 males under adult size on recapture was 28 cm., and
on liberation 29 cm. ; the mean period of freedom was 29 days, and the distances

migrated, from 4^ to 13^ miles, the average bein%' 7'4 miles, and the mean rate

of movement 2"5 miles per 10 days.

Of the 11 females. 6 were of adult size on recapture, the sizes ranging from 38'3

to 41 cm., and averaging 40" 1 cm., while on hberation the range was 30-37 cm.,

and the mean 33'9 cm. ; the periods of freedom varied from 184 to 458 days, aver-

aging 361 days ; the distances migrated were from 5 to 46 miles, the mean being
25'9 miles, and the mean rate, per 10 days, '7 mile. The average size of the other

5 females was 33*7 cm., on recapture, and 31*6 cm. on liberation ; the periods of

freedom varied from 22 to 472 days, and the average was 151 days ; the distances

migrated ranged from 5 to 33| miles, the mean being 14 miles, and the average rate

of movement, per 10 days, '9 mile.

The Extent and Direction of Migration.

First Quarter.—One fish, a male, of 28-27*6 cm., was recaptured in March 1911,
after 7 days, off Anstruther, in the Firth of Forth, at a distance of 6 miles.

In April, 3 were taken, 2 males and a female, all -wdthin the Firth of Forth, and
all under the adult size. One of the males was got after 20 days, off Buckhaven,
at a distance of 7 miles ; the other male was caught, after 35 days, off St. Monans,
at a distance of 4 miles ; while the feiia'e was taken, after 22 days, off Pitteu\vee)ii,

at a distance of 5 miles.

In May, 2 males and 1 female were recaptured, all within the Firth of Forth,
and all under adult size. One of the males was found, after 41 days, off Anstruther,
at a distance of 6 miles ; the other was caught, after 44 days, 13 miles to the west-
wards, near Pettycur (east of Burntisland) ; while the female was got, after 45 days,
off Largo, at a distance of 6 miles.

Two were recaptured in June, a male and a female, both under adult size. The
male was caught off St. Monans, at a distance of 4 miles, after 90 days, and the
female, off Pettycur, 13 miles to the westwards, after 73 days.

Thus, all the fish recaptured to the end of June 1911, 9 in number, or 30 per cent,

of the total recaptured, were taken wthin the Fiith of Forth, and all were consider-

ably under adult size, both on liberation and recapture. They were all taken on the
north coast of the Forth (Fifeshire).

Seco)id Quarter.—None was recaptured in July, but 2 were taken in August.
One of these, a female, which measured 33-35*5 cm., was caught, after 146 days,
within the Firth of Forth, in the South Bay, near Cockenzie, at a distance of 11
miles ; the other, a male, which measured on hberation 35 cm., but whose size

on recapture was not recorded, had moved out of the Forth, and was taken to the
eastwards, at a distance of 17 miles, after 145 days.

Two were recovered in ScDtember. A female, of 35-38*3 cm., was found, after

184 days, eastwards of the Isle of May, at a distance of 26 miles ; the other was a
male, of 32*5-36*5 cm., which was caught, after 176 days, in the same locality 26
miles distant ; both were " immature."

Third Quarter.—Two were taken in October 1911, both males ; 1, of 31-35*9
cm., was caught oft" Montrose, at a distance of 43 miles to the north-east, after 222
days

; and the other, measuring 32-35*6 cm., was caught, after 224 days, in the
same locahty, but a little farther north, at a distance of 50 miles ; both were de-
scribed as " nearly ripe."
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None was caught in November, but in December, a male, measuring 35-38'9

cm., was taken, after 259 days, off St. Andrews Bay, at a distance of 22 miles ; it

was described as " nearly ripe."

Only 3 fish (10" 7 per cent.) were taken in this quarter.

Fourth Quarter.—In January 1912, after 310 days, a male, of 33'5-38'3 cm., was
caught in the Moray Firth, to the cast of Noss Head, at a distance of 154 miles ; the

condition of the testes was not ascertained.

Three of the fishes were recaptured in February, but the place of capture of

1 of them, a male, was not recorded. The other 2 were females ; 1, of 36-41 cm.,

was taken, after 337 days, off Pittenweem, in the Firth of Forth, at a distance

of 5 miles ; it was described as " rather immature "
; the second female was

caught, after 332 days, to the east of May Isle, at a distance of 24 miles ; it was
" ripe," and measured 37-40*9 cm.

In March 1912, 2 males were recaptured, but the place of capture of 1 was not

ascertained ; the other, measuring 3r5-36"9 cm., was caught, after 352 days,

near Pittenweem, at a distance of 5 miles ; it was " immature."
In this quarter, then, 6 fish were taken, or 20 per cent, of those recovered,

but the positions of 2 of them were not ascertained.

In the 12 months after liberation, 22 marked plaice, or 73*3 per cent, of the

total, were recaptured, and the position of recapture was ascertained for 20 of

them. Seven of the males (41*2 per cent.), and 5 of the females (45'5 per cent.),

or 12 fish in all {42"9 per cent, of those whose position was ascertained) were found
within the Firth of Forth ; 1 was recaptured in the Moray Firth, 2 off the coasts

of Forfar and Kincardine, and 4 to the east of the Isie of May.
Of the remaining fish, 4 were recaptured in the remainder of 1912, 2 in 1913,

and 2 in 1914.

A female, caught in May 1912, after 407 days, was taken 46 miles distant, to

the east of St. Abb's Head ; it measured 32*5-39'5 cm.
In Jmie, 2 females were recovered, 1 north-east of the Isle of May, at a distance

of 20| miles, after 458 days, and the other, of 30-40*6 cm., farther in the same
direction, at a distance of 33J miles.

The fourth fish taken in 1912 was a female, captured in July, after 472 days,

to the south-east of Montrose ; it measured 30-37 cm.
In March 1913, after 714 days, a male, of 29'5-37-2 cm., and " partly spent,"

was captured in the Moray Firth, off Clyth Ness, at a distance of 164 miles.

In April, after 742 days, another male was taken, also in the Moray Firth, off

Whitehills, at a distance of 139J miles ; it measured 28*5-36"5 cm., and was " nearly

spent."

In March 1914, after 1082 days, another male was taken in the Moray Firth,

to the south of Clyth Ness, at a distance of 168 miles ; it measured 3r5-39"2 cm.,

and was " spawning."
The last fish recaptured from this experiment was also a male, which measured

34 cm. on Hberation, but the size on recapture was not recorded, nor the condition

of the testes ; it was taken in August 1914, after 1247 days, off St. Andrews
Bay, 18J miles to the north and east.

Distances Travelled— Under 10 miles.—Nine of the plaice (32" 1 per cent.) were

found at distances not exceeding 10 miles, viz. 6 males (35'3 per cent.), with an

average of 5*5 miles, and 3 females (27*2 per cent.) with an average of 5*3 miles.

All were found within the Firth of Forth. Three were taken near Pittenweem,

at a distance of 5 miles, 2 near St. Monans, at a distance of 4| miles, 2 off Anstruther,

at a distance of 6 miles, 1 off" Largo, at a distance of 6 miles, and 1 off Buckhaven,

at a distance of 7 miles.

10 to 20 miles.—Five fishes (17*8 per cent.) were recaptured between 10 and

20 miles, 3 males (17*6 per cent.), with an average of 16*3 miles, and 2 females

(18*2 per cent.), with an average of 12 miles. Three of these were within the Firth

of Forth, a male and a female taken at Pettycur, to the westward, at a distance of

13| miles, and a female, in the South Bay, off Cockenzie, at a distance of 12 miles.

Two of the fish, both males, were caught off the mouth of the Firth, at 17 and

18| miles.

Under 20 miles.—Thus, 14 fish, or 50 per cent., were taken at distances under

20 miles, 9 males (52"9 per cent.), with an average of 9*1 miles, and 5 females (45'4 per
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cent.) mtii an average of 8"3 miles, aiul 12 of them were found within the Firth of

Forth.

20 to 50 miles.—Nine, or 32" 1 per cent., were recaptured between 20 and 50
miles, 3 males (17"6 per cent.), with an average distance of 30'8 miles, and 6 females
(54'5 per cent.) with an average of 30*7 miles. Two of the males and 4 of the

females were found to the north and east, and 1 of the males and 2 of the females

to the south and east.

50 to 100 miles.—Only 1 fish was got between these limits, a male, which went
to the north and east, a distance of 50| miles.

Over 100 miles.—Four fish (14:'3 per cent.), all males (23"5 per cent.), were
recaptured at distances of from 137| to 168 miles, the average being 156 miles. They
all migrated to the northwards, 3 being taken in the Moray Firth, and 1 just out-

side the hmit, east of Noss Head.
The following table shows the numbers and percentages of those which were

caught in the Firth of Forth, and outside the Firth :

—

c. Inside
S^^'-

Forth.

M. 7

F. 5
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were under adult size when they were liberated. The numbers liberated and
recaptured, arranged in 5 cm. groups, are as follows :

—

F. Lib.

F. Recap. .
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In March 1912, a female, of 41-5-44 cm., and " partly spent," was taken, after

325 daj's, off Buclianness, at a distance of 85 miles.

In April, a male was captured, "nearly ripe," and measuring 29-5-36-4 cm.,

but the place of- capture was not recorded ; and a female, of 32-34 cm.; and thus

under adult size, was taken, after 355 days, off St. Abb's Head, 26 miles from the

Station, " immature."
In the 12 months after hberation, therefore, 13 fishes, or 54-2 per cent,

of the total, were recaptured, the positions of capture being recorded for 10

of them. Four were caught within the Firth of Forth, and the others outside the

Firth.

Of the remainder, 5 were recovered in 1912. A female, of 30-37-9 cm., and
" immature," was taken in May, after 394 days, 38 miles to the north and east

;

in June, a male, of 32-38-8 cm., and " half ripe," was caught, after 415 days, 43

miles to the north and east ; in July, another ma!e, of 32-37-1 cm., was taken,

after 437 days, off the mouth of the Forth, 18 miles distant ; in August, after

482 days, another male was recaptured, farther in the same direction, at a distance

of 28| miles ; in November, after 576 days, a male, whose size on liberation was
34 cm., the size on recapture being unknown, was taken to the north-east, off

Stonehaven, at a distance of 58 miles.

Five fishes were caught in 1913, 3 females and 2 males. In February, 2 females

were taken, 1, of 36-5-44-9 cm., and " spawning," was got, after 666 days, 29 miles

to the eastwards ; the other, of 34-47-2 cm., and " ripe," was found, after 668 days,

to the south-east of Aberdeen, at a distance of 67J miles. A male, of 29 cm., when
hberated, the size on recapture being unknown, was caught, after 686 days, H miles

off Banff, in the Moray Firth, at a distance of 134| miles, but the condition of the

testes was not ascertained. In April, after 711 days, another male, measurin^T

32-41-4 cm., was caught in the Moray Firth, farther to the west, off Buckie, the

condition of the testes not being recorded. In August, after 837 days, a female,

of 35-47-1 cm., was caught 51 miles to the north and east, to the eastwards of the

Bell Rock.
The last fish to be recaptured was a female, which was taken in August 1914,

after 1220 days, far offshore, to the south-east of Aberdeen, at a distance of 77 miles
;

it measured 32-44-2 cm., and was " immature."
Distances travelled— Under 10 miles.—Three fish, or 14-3 per cent., were taken

within 10 miles of the Station, and all were females (23-1 per cent.), the average
distance being 5*1 miles ; 2 were caught off Pittenweem, and 1 off Largo, in the

Firth of Forth, the former after 301 and 304 days, and the latter after 42

days.

10 to 20 miles.—Two were recaptured between 10 and 20 miles, or 9-5 per cent.

One was a male, which was taken 18 miles distant, east of the Isle of May, and
the other, a female, which was got farther west, in the Firth of Forth, near Burnt-
island. Thus, 5 fishes, or 23-8 per cent., were taken at distances under 20 miles,

1 male and 4 females, only the male being got outside the Firth.

20 to 50 miles.—Six (28-6 per cent.) were taken at distances of from 26| to 50
miles, 3 males (37-5 per cent.) and 3 females (23-1 per cent.) ; 2 of the males and
2 of the females went north and east, and 1 male and 1 female east and shghtly

south; the mean distance for the males was 40-5 miles, and for the females, 31-3

miles.

50 to 100 miles.—Five fish, or 23-8 per cent., were recaptured at distances of

from 51 to 85 miles, viz. 1 male and 4 females (30-8 per cent.), the average distance

for the latter being 70-3 miles. All migrated northwards, 4 being caught off the

Aberdeenshire coast, and 1 far east of the Bell Rock.
Over 100 miles.—Five of the fish, or 23-8 per cent., 3 males (37-5 per cent.)

and 2 females (15-4 per cent.) were taken at distances of from 115 to 218 miles,

the average for the males being 167-6 miles, and for the females 134-5 miles.

Two were got in the Moray Firth, 1 just outside its boundaries, and 1 off

Rattray Point, at the entrance to the Moray Firth, and 1 on the north coast of

Scotland. The rates of travel of these distant fish ranged from 1-9 to 7-4 miles

per 10 days, as contrasted with -6 to 2-6 for the fish caught between 50 and 100
miles.

Four fish, or 19 per cent., were recovered within the Firth of Forth, and 17, or
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80-9 per cent., outside the Firth, 2, or 9-5 per cent., in the Moray Firth, as shown
in the adjoining table :

—

„ Inside Per Outside Pel South of Per Moray Per Farther Per
Forth, cent. Forth. cent. Kinnaird. cent. Firth. cent. N. and W. cent.

M. — — 8 100- 5 62-5 2 25" 1 12-5

F. 4 30-8 9 69-2 8 61-5 — — 17-7
Total. 4 19- 17 80-9 13 61-9 2 9-5 2 9.5

Maturity.

Males.—The condition of the testes was ascertained in 6 cases. None was
"spawning" or "ripe." The one taken in February 1912, on the north coast of

Scotland, west of Strathie Point, was " nearly ripe," as was also a male caught in

April 1912, in an unspecified locality, east of the Isle of May ; another male, taken

in December 1911, off Tod Head, was " three-quarters-ripe," and 1 caught in

June 1912, 43 miles to the north-east,was described as " half-ripe."

Females.—The condition of the ovaries was determined in 13 of the 15 fish

recovered.

Three were " spawning," or " partly spent," all got to the north and east,

1 off Noss Head, in the Moray Firth, in February 1912, another in March 1912,

near Buchanness, and the third 29 miles to the north and east, east of Fife Ness,

in February 1913, after 666 days.

One female was said to be " ripe "
; it was caught in February 1913, after

668 days, 67 miles to the north and east, south-east of Aberdeen.

A female, taken in August 1911, near Burntisland, was described as "half-ripe."

Five females above the adult size when recaptured were described as

'immature." The position of capture of 1 taken in August 1911 was un-

known, other 2 were got in August 1913 and August 1914 respectively, to

the north-east, and 2 were recovered in February 1912, and thus in the spawning
season, both near Pittenweem, in the Firth of Forth, 1 measuring 34-40-6 cm.,

and the other 35-38.4 cm.
EXPERIMENT V.

lUhJunei^n.
«

Only 50 plaice were marked in this experiment, 21 males and 29 females. The
males ranged in size from 28"5 cm. to 40 cm., and 9 of them were under the adult

size (33 cm.) ; the females ranged from 29 cm. to 47 cm., and 16 were under the

adult size (38 cm.). The numbers Uberated and recaptured, arranged in 5-cm.

groups, are as follows :

—

cm. cm. cm. cm. cm.
•25-30-5 31-35-5 30-40-5 41-45-5 4G-.50-5 Total.

F. Lib. ... 3 7 13 5 1 29

F. Recap. . . 1 5 7 2 — 15

M.Lib. ... 4 12 5 — — 21

M. Recap. . . 3 6 3 _ _ 12

The fish were trawled by the " Goldseeker " at Station VI., Firth of Forth
(" Fluke Hole "), on the same day as they were marked and Uberated.

The number recaptured was 27, or 54 per cent., viz. 12 males (57*1 per cent.)

and 15 females (51-7 per cent.). Eleven of the males were of adult size on recapture,

their lengths varpng from 34*5 cm. to 44-1 cm., and averaging 38-5 cm., as com-
pared with a range of 30-5-40 cm., and an average of 33-8 cm., on liberation ; their

periods of freedom varied from 177 to 1002 days, the average being 431 days ; the

distances migrated were from 5 to 211 miles, the mean being 87-2 miles, and the

average rate of travel, 2-02 miles per 10 days. One male was under 33 cm., when
recaptured, and it had moved 15 miles n 136 days.

Of the females, 11 were of adult size, viz. from 38-7 to 48-4 cm., with an average

of 42-7 cm., while the sizes on hberation were from 30-5 to 45 cm., the mean being

37*4 cm. ; they were at liberty for from 34 to 1250 days, the average being 43 days
;
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the distances migrated were from 4| to 90 miles, the average being 44"3 miles, and
the mean rate of movement 1"04 miles per 10 days.

Four of the females were under the adult size, the average being 36' 1 cm.,

compared with 33"6 cm. on Uberation ; the average period of freedom was 166 days
;

the distances migrated ranged from 4J to 113 miles, the mean being 46-3 miles,

and the mean rate of movement, 2'8 miles.

The Extent and Direction of Migration.

First Quarter.—A female, of 38-37'8 cm., was caught in June 1911, after 8 days,

at a distance of 18 miles to the east, off the Isle of May ; another female, of 32*5-33

cm., was taken in July, off St. Monans, in the Firth of Forth, a distance of 4 miles,

after 24 days ; in September, after 84 days, a third female, measuring 40 cm. on
Hberation, and of unrecorded size on recapture, was caught b)^ the " Goldseeker "

on Station VI. (where it was originally taken). This fish was again liberated 40
miles east of May Isle on 12th September (see page ).

Only 3 fish, all females, were thus got in the first quarter, 2 within the Firth

of Forth.

Second Quarter.—In November, after 136 days, a male, of 28'5-28'4 cm., was
taken, near Newhaven, in the Firth of Forth, at a distance of 15 miles. Two males

were recaptured in December, 1, measuring 32'5-35"5 cm., and " half-ripe," after

177 days, 26 miles to the north and east, north-west of the Bell Kock ; the second,

of 37-40"9 cm., and "nearly ripe," near Buchanness, 87 miles distant, after 185

days.

Thus, only 3 fish were recaptured in this quarter, 1 within the Firth of Forth.

Third Quarter.—In this quarter, which includes most of the spawning season,

9 marked plaice were recaptured. In January 1912, 2 females were taken, 1, of

34-38'9 cm., and " rather immature," at Aberdeen Bank, 63 miles distant, after

219 days ; the other, of 35"5-38"7 cm., was " spawning " (" partly spent '), and
was caught, after 225 days, near Buchanness, at a distance of 90 miles.

Two females were also recaptured in February, 1 of 40"5-42'3 cm., and " partly

spent," to the east of the Isle of May, at a distance of 18 miles ; the other, measuring
45 cm. on liberation, somewhat farther to the north, at a distance of 25 miles, after

245 days ; its size on recapture and the condition of the ovaries were not recorded.

Five were taken in March, a male and a female, off Pittenweem, 5 miles distant,

after 274 days and 260 days, respectively ; the male, measuring 34'5-38'2 cm.,

is described as " immature "
; the female measured 37"5-41"2 cm., and was also

"immature." Two males were recaptured near Buchanness, at distances of 88
and 85 miles, after 257 and 265 days ; they measured 31"5-37'4 cm., and 40-44" 1 cm.
respectively, and both were " ripe." Another male was taken, after 272 days,
at a distance of 211 miles, off Strathie Point, on the north coast of Scotland ; it

also was " ripe."

In this quarter, all the 9 fish went to the north alid east, for an average distance

of 66 miles, but 2 of them were taken in the Firth of Forth.

Fourth Quarter.—Three were recovered in April, all to the north and east. A
female, of 32"5-37'2 cm., and " immature," was found, after 301 days, off Tod Head,
at a distance of 50 miles ; another female, of 42-43*6 cm., and " ripe," was taken,

after 302 days, to the north of Aberdeen Bank, at a distance of 78 miles ; a male, of

36-38'4 cm., and " spent," was got, after 305 days, at a distance of 67 miles, in

the same direction.

In May 1912, after 331 days, a female, of 3r5-36'3 cm., and " immature," was
taken to the north-east of Rattray Point, at a distance of 113 miles. None was
taken in June.

Four fish, therefore, were recovered in this quarter, and all had gone to the
north and east, for an average distance of 77 miles.

In the 12 months following liberation, 19 of the fishes, or 70'4 per cent., were
recaptured, viz. 8 males (66*7 per cent.) and 11 females (73"3 per cent.). Seventeen
(89*5 per cent.) travelled to the north and east, and 1 each (5"2 per cent.) to the south
and east, and south and west.

Of the remainder, 3 were taken in 1912, 3 in 1913, and 2 in 1914. Two were
found in July 1912, a male and a female, and both in the Moray Firth ; the male,
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which measured 33-36-6 cm., and is described as "immature," was got off Clyth

Ness, at a distance of 15-1 miles, after 380 days, the mean rate of travel being 4'06

miles per 10 days ; the female, of 40-5-47 cm., was captured, after 387 days, by a

foreign trawler, and landed at Ostend ; the condition of the ovaries, and the exact

locality where it was taken, were not recorded.

A male was got in June 1913 ; it measured 31-34 cm., was described as " im-

mature," and was recaptured, after 730 days, off Banff, in the Moray Firth. In

Novemlaer, after 892 days, a male, measuring 33-39*8 cm., was taken off Aberdeen,

at a distance of 72 miles to the north and east ; it was " nearly lipe." In December,

a female was recaptured 18 miles away, near Bell Rock ; it measured 39-48*4 cm.,

was " ripe," and had gone at a mean rate per 10 days of "2 mile.

In March 1914, a male, of 30*5-42"9 cm., and " spawning," was recaptured near

the Bell Rock, a distance of 29 miles, after 1002 days, the mean rate of migration

being '3 mile. The last fish, from this experiment, to be taken was a female,

30'5-43'5 cm. ; it was got, after 1250 days, off Aberdeen, at a distance of 60 miles

from the station ; it was described as " fully half-ripe," and had moved at an

average rate of "5 mile per 10 days.

Distances travelled— Under 10 miles.—Four of the marked plaice, or 15*4 per

cent., were found within a distance of 10 miles from the station, viz. 1 male, and

3 females (21-4 per cent.). They were all taken within the Firth of Forth, 2 off

Pittenweem, and 2 off St. Monans.
10 to 20 wiles.—Four were recaptured at distances of from 15 to 18*5 miles,

the average being 17*4 miles, viz. 1 male and 3 females (2r4 per cent.). The male

was taken within the Firth, on the south shore, near Newhaven ; the females were

all got to the eastv/ards, off the Isle of May. Eight of the fish, or 30*8 per cent.,

were thus recaptured within 20 miles of the station, 2 males, with an average dis-

tance of 10 miles, and 6 females, with an average distance of 11*4 miles.

20 to 50 miles.—Four fish, or 15"4 per cent., were recovered at distances of from

25 to 50 miles, with an average of 33 miles, all to the north and east. A male, after

177 days, was found 26 miles off, near the Bell Rock, and another, after 1002 days,

in the same direction, a little farther to the east, at a distance of 29 miles. Of 2

females, 1 was found near the same position as the last, at a distance of 25 miles,

after 245 days, and the other, after 301 days, near Tod Head, at a distance of 50

miles.

50 to 100 miles.—Ten of the fish, or 38-5 per cent., were got at distances of from

60 to 90 miles, viz. 5 males, with an average of 80 miles, and 5 females, with an

average of 74-5 miles. All were taken to the north and east. Three of the males

were found close together, off Buchanness, at distances of 85 and 88 miles ; the

other 2 males went a little farther south, being taken at distances of 67 and 72 miles.

One of the females was recaptured off Buchanness, in the same locahty as the males,

at a distance of 90 miles ; 3 were taken off the coast of Aberdeen, farther south,

at distances of 60, 63, and 78 miles, and the remaining female was caught far off-

shore, to the south-east of Aberdeen, at a distance of 80 miles.

Over 100 miles.—Four fish, or 15*4 per cent., were got at distances of from 113

to 211 miles, all to the northwards, viz. 3 males and 1 female. The female was

taken north-east of Buchanness, in deepish water, at a distance of 113 miles. Two
of the males were taken in the Moray Firth, at distances of 134 and 154 miles

;

the other was recaptured off Strathie Point, on the north coast of Scotland, at a

distance of 211 miles.

Of all the fish recaptured, 5, or 18-5 per cent., were got in the Firth of Forth,

3 females and 2 males, and 22, or 81-5 per cent., outside the Firth, 10 males and 12

females. Two were caught in the Moray Firth, and 2 farther to the north or north

and west.

Maturity.

Males.—Tlie condition of the reproductive organs was ascertained in all the

12 males and in 11 of tlie 15 females recaptured. One male, of 30-5-42-9 cm., was

found to be " spawning "
; it was taken in March 1914, after 1002 days, 29 miles

to the north and east.

Three were " ripe," all taken to the north and east, in March 1912, 1, of 30-5-

36-1 cm., off the north coast of Scotland, at a distance of 211 miles ; 1, of 31 •5-37-4
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cm., near Buchauness, at a distance of 88 miles ; and the tliird, in tlie same locality,

at a distance of 85 miles.

Two were "nearly ripe," 1 of 37-40-9 cm., taken in December 1911, after 185

days, near Buchanness, where those above referred to were caught, at a distance of

87 miles ; and the other, in November 1913, after 892 days, a little farther to the

south, at a distance of 72 miles.

One male, of 36-384 cm., recaptured in April 1912, after 305 days, to the north

and east, off Stonehaven, was described as " spent."

Another, of 32 •5-35-5 cm., taken in December 1911, 26 miles to the north and
east, near the Bell Rock, was " fully half-ripe."

Three of the adult males were " immature "
; 1 was taken in June and another

in July, in the Moray Firth, but the third was caught in March 1912, and thus within

the spawaiing season, within the Firth of Forth, at Pittenweem ; it measured 34-5-

38-2 cm.
Femalesy—Two of the females were " spawning "

; 1 was caught in January
1912, after 225 days, near Buchanness, at a distance of 90 miles ; it measured 35*5-

38-7 cm. ; the other was taken in February 1912, after 235 days, east of the Isle

of May, at a distance of 18 miles ; it measured 40-5-42-3 cm.
Two were described as " ripe," one taken east of Aberdeen, offshore, at a distance

of 78 miles, in April 1912, after 302 days ; it measured 42-43-6 cm. ; the other

was found to the north and east of May Isle, at a distance of 18 miles, in December
1913, after 915 days, and it measured 39-48-5 cm. A female, measuring .30-5-43-5

cm., and taken in November 1914, after 1250 days, south-east of Aberdeen, at a

d"stance of 60 miles, was described as " half-ripe."

Among the "immature" females was 1, of 37-5-41-2 cm., taken in March
1912, after 260 days, near Pittenweem, in the Firth of Forth, and 1, of 34-38-9

cm., caught in January 1912, after 219 days, 63 miles to the north and east, south-

east of Aberdeen.

Of the females under the adult size on recapture was 1 of 32-5-37-2 cm., taken

50 miles distant, off Tod Head, to the north and east, in April 1912, and 1, of 31-5-

36-3 cm., caught in May 1912, north and east of Buchanness, at a distance of 113

miles.

EXPERIMENT VI.

1th September 1911.

In this experiment, 70 fish were marked and Uberated, consisting of 27 males,

23 females, and 20 whose sexes were not determined. The males ranged in size from
22-5 to 37-5 cm., and 9 were under the adult size ; the sizes of the females were from
24-5 to 65*5 cm., and 21 were under the adult size ; the sizes of those whose sexes

were not determined on liberation ranged from 25 to 44-5 cm.; of this lot, 16 were
recaptured, and the sex was found recorded for 10 of them, 3 being males and 7

females.

The total number of fishes recaptured was 37, or 5^-8 per cent. ; of the males
recorded on liberation, 17, or 62-9 per cent., were recaptured ; of the females recorded

on hberation, 14, or 58-3 per cent., were recaptured ; and the number recaptured

of those whose sexes were not determined on hberation was 6, or 31-6 per cent.

In this experiment, therefore, the information in regard to the sexes is hmited.

The fish were taken by trawl by the " Goldseeker " in Kirkcaldy Bay, Firth

of Forth, at 1-40 p.m. on the 6th September ; they were marked and placed in

tanks of running water until 8-30 a.m. on the 7th, when they were set free.

Of the 17 males recaptured 14 were of adult size, viz. from 33-6 to 40-7 cm., the

average being 37-4 cm., compared with a range of from 22-5 to 37 cm., and an average
of 33-i cm. on hberation ; their periods of freedom varied from 110 to 1604 days,

the mean being 457 days ; they travelled distances of from 2| to 213 miles, the

average being 70 miles, and the mean rate of movement, 1-4 miles per 10 days.

Three of the males were under adult size, the average being 27-2 cm., which was also

the average on hberation ; they had been at liberty for from 7 to 181 days,
and migrated an average distance of 10 miles, with a mean rate of -86 mile per 10
days. Eight of the 14 females were of adult size, ranging from 39 to 44-2 cm., the
mean being 40*9 cm., compared with 28 to 40 cm. and an average of 35-3 cm. on
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liberation ; the periods of freedom were from 167 to 1682 days, the average being
555 days ; the distances migrated were from 5 to 137 miles, the average being 49"7

miles, and the mean rate of movement per 10 days "89 mile. Six were immature,
the sizes ranging from 25-6 to 37'7 cm., the average being 31-9 cm., compared with
24-5 to 37 cm., and a mean of 29*2 cm. on libeiation ; the average period of freedom
was 239 days., the distances travelled being from 5 to 29 miles, averaging 13 miles,

and the mean rate of travel per 10 days was -56 mile.

The Extent and Direction of Migration.

First Quarter.—In September, after 7 days, a male, of 28"5 to 28 cm., was taken
near Kirkcaldy, in the Firth of Forth, at a distance of 11-| miles, and in October,

after 34 days, 1 of undetermined sex, measuring 29*5 to 28 cm., was caught in the

same neighbourhood, off Dysart, at a distance of 9J miles. These were the only
fish recovered within the first three months after liberation, and they were found
near where they were originally caught.

Second Quarter.—Two were recaptured in December 1911, a female of 28'5-

28*2 cm., ofE Largo, in the Firth of Forth, at a distance of 6^ miles, after 92 days, and
a male, measuring 35-36 cm., after 110 days, to the north-east of Tod Head, at a

distance of 56 miles ; it is described as " very immature." Two were caught in

February 1912, a female of 37-39 cm., and "immature," off Pittenweem, at a dis-

tance of 5 miles, after 167 days, and the male, of 35-35*3 cm., and " fully half-ripe,"

after 158 days, near Buchanness, at a distance, to the northwards, of 78 miles.

Only 4 fishes were, therefore, recaptured in the second cjuarter, 2 in the Firth of

Forth, and 2 at a considerable distance northwards, along the coast.

Third Quarter.—In March 1912, 2 females were taken, 1, of 37-37-7 cm., and
" immature," after 179 days, near Largo, in the Firth of Forth, at a distance of 5|
miles, and the other, of 25-5-26 cm., a little farther to the west, off Leven, at a dis-

tance of 9 miles, after 191 days. Three males were also got in March, all within the
Firth of Forth, 1, of 26-26-5 cm., after 179 days, in Largo Bay, a distance of 5|
miles ; another, of 23 cm. on liberation, but of unknown size on recapture, after

181 days, on the south shore of the Firth, at a distance of 14 miles ; the third,

after 183 days, was taken near Elie, 2| miles distant ; it measured 34-35.3 cm.,

and was "immature." Another fisli of undetermined sex, measuring 25-28 cm.,

was recaptured, after 190 days, near Kirkcaldy, at a distance of 11 miles. In April,

a female.was found, after 214 days, far up the Firth of Forth, at Bo'ness, a distance

of 29 miles ; it measured 24-5-25-6 cm., and was "immature "
; a male, of 32-5-

33-6 cm., also "immature," was caught, after 212 days, near Bell Rock, at a

distance of 27 miles. In May, a female, of 36-5-39-9 cm., and "immature," was
recaptured after 256 days, 43 miles to the north and east.

In this quarter, 9 fishes, or 24-3 per cent., M^ere found, 7 within the Firth of

Forth.

Fourth Quarter.—Two females were taken in June, 1 after 281 days, off Tod
Head, to the north and east, at a distance of 58 miles ; it measured 35-39-8 cm.
The other was caught to the south and east, 35 miles N.E. by E. of Scarborough
(Lat. 54° 43' N., Long. 0° 15' E.), 137 miles distant, after 295 days ; it measured
40-40-7 cm. ; the condition of the ovaries was not ascertained ; the mean rate of

movement in this case was 4-6 miles per 10 days. Two males were recovered in

August 1912, 1, 24 miles to the south and east, off the Isle of May, after 330 days ;

it measured 34*5-39-2 cm., and was " immature." The other, measuring 37-40-5

cm., was caught, after 356 days, 4 miles north-east from Noup Head, Orkney
Isles, at a distance of 213 miles.

Within 12 months after hberation, 19 fishes, or 51-3 per cent., were recaptured,

of which the unusually high number of 12, or 63-1 per cent, of them, were taken
within the Firth of Forth.

Three fish were found in the remainder of 1912, 2 in September, and 1 in October.

A female, of 30-5-37-5 cm., was caught in September, after 370 days, 24 miles to

the north and east, and a male in the same locality, after 371 days, at a distance

of 21 miles ;
it measured 35-39-5 cm. In October, after 393 days, a female,

measuring 29-36*5 cm., was got near Grail, in the Firth of Forth, at a distance of

8 miles.
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Of the remaining 14 fish, 11 were taicen in 1913, 1 in 1914, and 2 in 1916. A
male, of 34-40'7 cnu, and " nearly ripe," was caught in January, after 508 days,

at Aberdeen Bank, south-east of Aberdeen, at a distance of 72 miles. Two were
caught close together in February, after 527 days, at Aberdeen Bank, at distances

of 66 and 67 miles. One was a male, measuring 34-36"2 cm., and it was "ripe."

In the other, the sex was not determined, but, as it measured 33'5-37"9 cm., and
was " spawning," it was probably a female. Three were recaptured in March, a

female of 37"5-44"l cm., and " immature," after 551 days, to the east of May Isle,

at a distance of 24 miles ; another female, of 33"5-39"9 cm., and also " immature,"
was taken, after 571 days, at Aberdeen Bank, at a distance of 62 miles ; and a

male, of 32"5-36"4 cm., not far from it, at a distance, of 65 miles, after 567 days
;

the condition of the testes was not recorded. A male, measuring 31-36*8 cm.,

was caught in April 1913, after 592 days, off Largo, in the Firth of Forth
; it wa;^

"immature." One of unknown sex was recaptured in May 1913, after 623 days,

close to Buchanness, at a distance of 92 miles ; it measured 33"5-4r2 cm., and was
"immature." In Jime, a female, of 35-39'7 cm., and "spent," was taken, after

637 days, 15 miles to the east of the Bass Rock, and another, whose sex was un-
known, of 30"5-39-5 cm., was taken by the " Goldseeker," after 658 days, in the
Firth of Forth. In October, after 764 days, one of unknown sex was got almost
directly east, offshore, at a distance of 67 miles ; it was " immature."

In FebruaT^^ 1914, a male measuring 34-39 cm., was taken 1221 miles to the

south-east of Whitby after 883 days ; it was described as " mature."
The two remaining fishes were recovered in 1916, 1, a male, in January, measur-

ing 22'5-37'7 cm., and "spawning," was recaptured 21 miles off Flamborough
Head, at a distance of 161 miles, after 1604 days. In April, a female, measuring
28-44'2 cm., and described as "spent," was taken, after 1682 days, 51 miles to

the eastward, offshore.

Distances travelled—10 miles and under.—Nine fish, or 25" 7 per cent., were
recaptured at distances of from 2^ to 9| miles, the average being 6"8 miles, viz.

3 males (18'7 per cent.), with a mean distance of 4| miles, 5 females (35'7 per cent.),

with an average of 6*8 miles, and 1 of unknown sex, which travelled 9J miles. They
were all found within the Firth of Forth, 4 off Largo, 1 off Ehe, 1 off Leven, 1 off

Pittenweem, and 1 off Grail, and 1 oft' Dysart.

10 to 20 miles.—Four, or 11'4 per cent., were recaptured at distances between
11 and 15^ miles, viz. 2 males (12*5 per cent.), with an average of 13 miles, 1 female,

15J miles, and 1 of underterniined sex, 11 miles. Three were taken within the
Firth of Forth, 2 near Kirkcaldy, and 1 off Portobello. The female had moved
to the south and east, east of the Bass Rock.

The number recaptured at distances under 20 miles was, therefore, 13, or
37" 1 per cent., viz. 5 males (39'5 per cent.), with an average of 8 miles, 6 females
(42'8 per cent.), with a mean of 7*9 miles, and 2 of undistinguished sex, with an
average of 10 miles. Ten were got within the Firth of Forth, and 3 outside it.

20 to 50 miles.—Seven of the plaice, or 20 per cent., were recovered at distances
of from 24"5 to 43"5 miles, viz. 3 males (18-7 per cent.), with an average of 24-1 miles,

and 4 females (28'6 per cent.), with an average of 30"3 miles. One of the females
was taken 29 miles to the westwards, at Bo'ness, in the Firth of Forth ; another
female was recaptured 241 miles to the south and east ; 1 of the males was got also

24 miles to the south and east ; all the other fish were caught to the north and
east.

50 to 100 miles.—Eleven, or 3L4 per cent., were taken at distances of from 51
to 92 miles, viz. 5 males (3r25 per cent.), with an average of 68 miles, 3 females
{2r4 per cent.), with an average of 57"3 miles, and 3 of unknown sex, with an
average distance of 75 miles. One female had gone directly east, a distance of

51 miles ; all the others were got to the north and east, 5 at Aberdeen Bank and
vicinity, at distances of from 58 to 72 miles ; 1 was taken to the north of Tod
Head, and 2—a male and 1 of unknown sex—close to Buchanness, at distances of

78 and 92 miles respectively. One of unknown sex was taken at Aberdeen Bank,
at a distance of 66 miles, and another almost directly east (N. 88° E.) offshore, at
a distance of 67 miles.

Over 100 miles.—Four fish, or 11-4 per cent., were got at distances of from 122
to 213 miles, namely, 3 males (18-7 percent.), with an average of 165"6 miles, and
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1 female. One of the males was got on the north coast of Scotland, at a distance

of 213 miles. The other three fishes, 2 males and a female, were all got to the

south and east, the female off Scarborough, 137 miles distant, 1 of the males off

Whitby, at a distance of 122 miles, and the other male 21 miles east of Flamborough
Head. The mean rates of movement of the 3 males were respectively 6, 1'38, and
1 mile per 10 days. Fourteen of the fishes, or 40 per cent., were taken within

the Firth of Forth, namely, 5 males (31"25 per cent.), 7 females (50 per cent.), and
2 of unknown sex (40 per cent.). All the other fish were got to the south of Kinnaird

Head, except the male, which was taken on the north coast of Scotland.

Maturity.

Males.—The only male, which was " spawning " on recapture, was the one taken

in January 1916, off Flamborough Head.

Two were described as " ripe," the one found oft" Whitby in February 1914, at

a distance of 122 miles, and the other in February 1913, on Aberdeen Bank.
One was " nearly ripe "

; it also was captured on Aberdeen Bank in January

1913.

A male, caught in February 1912, near Buchanness, and measuring 35-35*3 cm.,

was described as " fully half ripe."

Among those of adult size whose testes were "immature," 3 were taken within

the spawning season, 1 in March 1912, and measuring 34-35*3 cm., at EUe, in the

Firth of Forth ; another, measuring 31-36*8 cm., in April 1913, at Largo, in the

Firth of Forth ; the third, caught in April 1912, to the north-east, off the Bell

Rock, measured 32*5-33*6 cm.

Females.—No female was " spawning " or " ripe," or " nearly ripe." Two
were described as '"spent," 1, of 35-39*7 cm., taken in June 1913, to the east of

the Bass Rock, at a distance of 15 miles ; the other, of 28-44*2 cm., in April 1916,

at 51 miles almost directly east, in the offshore waters. Among those described

as " immature," was 1 of 37-39 cm., taken in February 1912, off Pittenweem, in

the Firth of Forth ; it was " rather immature "
; 1, of 37*5-44*1 cm., caught in

March 1913, 24 miles to the north and east ; 1, of 35*5-39*9 cm., taken in March
1913, at Aberdeen Bank, and 1, of 36*5-39*9 cm., caught in May 1912, 43 miles

to the north and east. Among those under adult size on recapture, 3 were taken

within the Umits of the spawning season, 1, of 37-37*7 cm., in March 1912, near

Largo, in the Firth of Forth ; another, of 25*5-26 cm., also in March 1912, off

Leven, in the Firth of Forth ; 1 in April 1912, to the westwards, near Bo'ness, in

the Firth of Forth. One fish whose sex is not recorded, measuring 33*5-37*9 cm.,

was taken in February 1913 on Aberdeen Bank.

EXPERIMENT VII.

eth March 1912.

In this experiment, 100 fishes were liberated, 27 males, 70 females, and 3 whose

sexes were not ascertained. The sizes of the males ranged from 26 to 38*5 cm
,

and of the females, from 29 to 59*5 cm. Eleven of the males and 36 of the females

were under the adult size when they were liberated.

The numbers liberated and recaptured are shown on the table below, arranged

in 5-cm. groups :

—

cm cm. cm. cm. cm. cm.
'25-30-5 31-:35-5 36-405 41-455 4G-50-5 51-55-5

F. Lib. .. 6 17 30 12 1 1

F. Recap.

M. Lib.

M. Recap. .

? Lib. ... — 1 2 — — — — 3

? Recap. .. — — — — — — — —
The lish were trawled by the " Goldseeker," at Station VL, in the Firth of

6
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Forth (off St. Monans), on the 6th March ; they were marked between 3*25 and
4-15 p.m., and hberated at 6 p.m. on the same day, all being in good condition.

The nnmber recaptured was 66, or 66 per cent., viz. 21 males, or 77-8 per cent.,

and 45 females, or 64"3 per cent.

Twenty of the males were of adult size when recaptured, the sizes ranging from
34 to 43"8 cm., and averaging 37"7 cm., as compared with a range of 29*5 to 38"5 cm.,

and an average of 33'4 cm. on liberation ; the periods of freedom varied from 39

to 743 days, the mean being 343 days ; the distances migrated were from 4 to 195

miles, the mean being 69"9 miles, and the average rate of movement, 2*1 miles per

10 days.

Of the females, 34 were of adult size, viz. from 38*3 to 54-1 cm., the mean being
43-4 cm., compared with a range of from 30 to 59-5 cm. on liberation (but the size

of the largest fish was not recorded on recapture) ; the periods of liberty were

from 12 to 1120 days, the average being 405 days ; the distances migrated varied

from 4J to 174 miles, and averaged 63-9 miles, and the mean rate of travel, per 10

days, was 1*7 miles. Eleven of the females were under adult size on recapture,

viz. from 30*1 to 37-8 cm., averaging 34-6 cm., while, on liberation, the raiige was
from 30 to 37-5 cm., averaging 33-2 cm. ; they were at hberty for from 2 to 748
days, the mean being 148 days ; the distances migrated were from 2| to 85 miles,

the average being 24-4 miles, and the mean rate of movement, per 10 days, 1*6

miles.

The Extent and Direction of Migration.

First Quarter.—Six of the fishes, 5 females and a male, were recaptured in March.
Four were taken in tlie Firth of Forth, all on the north coast, the male, after 7 days,

off Methil, a distance of 7 miles ; it measured 26-25-5 cm., and was " immature "
;

a female, of 30-30-1 cm., was taken, after 9 days, off Buckhaven, at a distance of

8| miles ; another, of 33-5-33-8 cm., after 8 days, off Pittenweem, a distance of 5

miles ; another, of 37-5-37-5 cm., after 2 days, off St. Monans ; a distance of 4|
miles. A female, of 37-36-7 cm., was taken north-east of the Isle of May, at a

distance of 18 miles, after 9 days, " immature." Another female, of 38-5-38-6 cm.,

and described as " spent," was recaptured, after 12 days, by a steam-trawler, the

position being given as " outside Granton Harbour "
; as trawhng is prohibited in

the Firth of Forth, there is little doubt that this fish was caught outside the Isle of

May.
In April, 6 fishes were recaptured, 5 females, and a male. All the females were

taken within the Firth of Forth. One, measuring 43-5 cm. when liberated, but of

unknown size when taken, was caught, after 48 days, off St. Monans, a distance of

4| miles ; the condition of the ovaries was not ascertained ; another female, of
33-5-34-3 cm., and "immature," was taken off Pittenweem, at a distance of 5 miles,

after 28 days ; a third, of 56 cm. when Uberated, was captured after 34 days, off

Buckhaven, at a distance of 5 miles, the size on recapture and the condition of the
ovaries not being recorded ; the fourth female, measuring 39-5-39-8 cm., and
" immature," was caught, after 28 days, off Pittenweem, at a distance of 5 miles

;

the fifth, of 35-35-7 cm., and " immature," was recovered 45 days later off Ehe, at a

distance of 2| miles ; the male, which measured 36-36-5 cm., and is described as

"immature," was taken, after 39 days, offshore, to the south-east of Aberdeen, at

a distance of 71 miles.

Four fishes were recaptured in May, 2 females and 2 males. One of the males,

measuring 34-5-35-6 cm., and " immature," was taken, after 83 days, near Tod
Head, at a distance of 52 miles ; the other, measuring 35-34-7 cm., and described
as 4 spent," was got, after 62 days, north and east of the Isle of May, at a distance
of 16J miles. One of the females, measuring 38-40 cm., and said to be " spent,"
was recaptured, after 68 days, to the east of the Isle of May, at a distance of 24 miles.

The other female, of 33-33.6 cm., and " immature," was caught, after 70 days,
near Kinghorn, 12 miles to the westward.

Thus, in this quarter, 16 fishes, or 24-2 per cent., were recaptured, the position
of capture being ascertained for all but one, namely, the one referred to above as
being caught " outside Granton Harbour." Of the 16, 10 were taken within the
Firth of Forth.

Second Quarter.—In June, 2 females and 1 male were taken, the emal, measuring
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34-37-5 cm., after 107 days, at Aberdeen Bank, a distance of 72 miles. One of the

females, of 31-32-7 cm., was taken, after 106 days, to the north of the Bell Rock,
at a distance of 29 miles ; the other, measuring 36 -5-39 '5 cm., was recaptured, after

107 days, <o the east of the Isle of May, at a distance of 19 miles.

Three females and 1 male were recovered in July. The male, measuring 34-37*8

cm., was taken, after 138 days, to the north-east of the Isle of May, at a distance of

16 miles. One of the females, measuring 38-5-40 cm., was caught, after 119 days,

19 miles to the north-east. Another female, of 37-39-3 cm., was got, after 120

days, to the north of the Bell Rock, at a distance of 31 miles. A third female, of

42-5-44-3 cm., was taken, after 145 days, nearly at the same place, 29 miles distant.

None was recaptured in August, and therefore, in the second quarter, only 7

fishes, or 10-6 per cent., were got, of which none was taken in the Firth of Forth,

all being recaptured to the north and east.

Third Quarter.—In September, a female, of 37-5-43*6 cm., was found, after

194 days, 51 miles to the north-east, in the offshore waters.

In October, another female, of 30-5-34-5 cm., was taken near the Bell Rock, at

a distance of 23 miles, after 237 days.

In November, a male, of 34-5-36-7 cm., was recaptured, after 241 days, near

Aberdeen Bay, at a distance of 71 miles.

Only 3 fishes were thus recaptured in the third quarter, all to the north and east.

Fourth Quarter.—^In December 1912, 3 males and 1 female were caught. The
female, measuring 59-5 cm. on liberation, was recaptured in the Moray Firth off

Wliitehills, near Banff, at a distance of 137 miles, after 292 days ; its size on recap-

ture and the condition of its ovaries were not recorded. One of the males, of

29-5-34 cm., was taken, after 274 days, at Station VI., Firth of Forth, the place

where it was originally captured ; another male, of 29-5-35-5 cm., was got, after

299 days, to the east of the Isle of May, at a distance of 24 miles ; the third male,

whose size on liberation was 32-5 cm., but the size on recapture and the condition

of the testes were not recorded, was recaptured, after 274 days, in the offshore

waters, at a distance of 56 miles to the south and east.

In January 1913, 2 females were recaptured ; 1, measuring 41-5-44-3 cm., and
described as " spent," after 327 days, was taken off Buchanness, at a distance of

91 miles ; the other female, of 35-5-41-3 cm., was recaptured, after 307 days, in

the Moray Firth, off Noss Head, at a distance of 166 miles ; it was described as
" immature."

Seven were got in February, 2 males and 5 females. One of the males, measuring
32-5-35 cm., and " spawning," was recaptured, after 357 days, at Aberdeen Bank,

at a distance of 72 miles ; the other male, of 30-5-36-6 cm., and " spawning
"

(" partly spent ") was taken, after 352 days, in the same direction, at a distance of

62 miles. One female was taken in the Firth of Forth, off St. Monans, at a distance

of 4J miles, after 357 days; it measured 41-5-45-6 cm., and was "spent." The
other 4 females were caught off the coast of Aberdeen, 1 measuring 34-39-9 cm.,

and " immature," after 358 days, near Buchanness, at a distance of 89 miles ; the

other 3 were got close together, at Aberdeen Bank, at distances of 72, 73, and 72

miles after respectively 353, 359, and 357 days ; they measured 40-5-46-2 cm.,

39-5-47-7 cm., and 36-42-3 cm. ; the last-named fish was " spawning," and the

first 2 were " spent."

Thirteen fishes, or 19-7 per cent., were, therefore, recaptured in the fourth

quarter ; 2 were got in the Firth of Forth, and all the others to the north and east,

except 1 which was found to the south and east.

Thus, in the first 12 months after liberation, 39 of the fishes were recaptured,

or 59-1 per cent., the position of recapture of 37 being known ; twelve were taken

in the Firth of Forth.

Of the remainder, 18 were got in the remaining months of 1913. In March,

2 males and a female were taken, all to the north ; tlie female, which measureci 30*5

cm. on liberation, t}ie size on recapture not being recorded, was " immature "
;

it was caught, after 363 days, off Buchanness, at a distance of 85 miles ; one of the

males, of 35-5-42 cm., was taken, after 374 days, to the east of the Orkney Isles,

at a distance of 173 miles ; the condition of the testes was not recorded ; the other

male, measuring 36-5-393 cm., and "spawning," was recaptured, after 385 days,

farther to the northwards, off Start Point, Orkney Isles, at a distance of 195 miles
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In April, a male and a female were recaptured, both in the Moray Firth. The
male, which measured 36 cm. on liberation, but whose size on recapture and the

condition of the testes were not recorded, was caught, after 393 days, off Noss
Head, at a distance of 156 miles ; the female, of 41-44-2 cm., and " spawning," was
recaptured, after 392 days, off Tarbet Ness, at a distance of 174 miles ; the mean
rates of movement in these cases were respectively 3*9 and 4"43 miles per 10 days.

In May, 3 females and 1 male were recaptured, the male, after 433 days, E.N.E.
of May Isle, at a distance of 35 miles ; it measured 38-5-43'8 cm., and was "spent."

The females were taken in the vicinity of Buchauness, after intervals of 435, 442,

and 444 davs, at distances of 77, 90, and 99 miles ; they measured respectivelv

36-42-6 cml, and "immature," 33-39-7 cm., and "spent," and 40-45-6 cm., the

condition of the ovaries not being recorded for this last-named fish.

Two females were got in June. One, measuring 36-41-2 cm., and " im-

mature," was caught, after 463 days, near the Bell Rock, at a distance of 26 miles
;

the other, which measured 39-5-45 cm., was recaptured, after 471 days, close to Noss
Head, n the Moray Firth, at a distance of 171 miles, its state of maturity not being

recorded.

A male and a female were recaptured in July ; the male was caught in the

Moray Firth, but the precise locality was not stated, while the female, which
measured 30-38-3 cm., and was " immature," was taken, after 489 days, to the east

of the Bass Rock, at a distance of 15 miles.

In August, a female, which measured 44-48-2 cm., was taken, after 532 days,

offshore, to the south-east of Buchanness, at a distance of 101 miles.

In September, a male, of 36-42-4 cm., was recaptured, after 562 days, to the east

of Cl^-ih Ness, in the Moray Firth, at a distance of 150 miles.

Another male was taken in October, after 579 days, to the east of the Isle of

May, at a distance of 23 miles ; it measured 33-5-40-2 cm.
A female was caught in November, after 618 days, near Buchanness, at a distance

of 80 miles ; it measured 39-46-4 cm., and was " three-quarters ripe."

The last fish to be taken in 1913 was a male, of 31-5-39-9. cm., and " nearly

ripe "
; it was recaptured in December, after 659 days, in the neighbourhood of the

Bell Rock, at a distance of 18 miles.

Eight of the marked plaice were taken in 1914. A female was taken in February
after 721 days, in the Moray Firth, in an unspecified position ; it measured 36-44
cm., and the condition of the ovaries was not recorded.

Three females and 1 male were recaptured in March. One of the females,

which measured 37-5-48-7 cm., and was " spent," was taken, after 751 days, to the

east of the Isle of May, at a distance of 33 miles ; another female, of 31-37-8 cm.,

and said to be "spent," was caught, after 748 days, at Aberdeen Bank, at a distance

of 76 miles ; the third female, of 39-45-5 cm., and " spawning," was taken, after

728 days, off Whitehills, Banff, in the Moray Firth, at a distance of 137 miles ; the
male, which measured 30-5-36-4 cm., and was "spawning," was captured to the
south-east of Aberdeen, at a distance of 58 miles.

In April, a female, of 37-45-2 cm., and " spent," was taken at the same place as

the last, at a distance of 58 miles, after 776 days ; another female, of 39-5-43 cm.,

and described as " immature," was recovered, after 822 days, to the east of the

Isle of May, at a distance of 45 miles.

In November, a female, of 41*5-54-1 cm., and "three quarters ripe," was re-

captured, after 982 days, near Aberdeen, at a distance of 69 miles.

The last fish of the experiment to be recaptured was got in March 1915, after

1120 days, to the east of the Isle of May, at a distance of 25 miles ; its size on libera-

tion was 33-5 cm., but neither its size on recapture nor the condition of the ovaries
was recorded.

Of the 66 fish taken, 14, or 21-2 per cent., were got in the Firth of Forth, namely,
2 males (9-5 per cent.) and twelve females (26-7 per cent.) ; 52, or 78-8 per cent.,

were got outside the Firth, 90-5 per cent, of the males and 73-3 per cent, of the
females. Seven, or 10-6 per cent., were recaptured in the Moray Firth, and 4, or
6-1 per cent., all males, were taken still farther to the north.

Distances travelled.—Eleven fish, or 17-2 per cent., were recaptured at distances
of from 2^ to 8^ miles, namely, 2 males (10 per cent.), with an average of 5-5 miles,
and 9 females (20-4 per cent.), with an average of 4-9 miles. They were all taken in
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the Firth of Forth. One of the males (No. 803) was recaptured by the " Gold-

seeker " at Station VI., off St. Monans, on the 5th December 1912, and again hber-

ated on the following day, at the Station 20 miles east of the Isle of May.
10 to 20 miles.—Nine fish, or 14-1 per cent., migrated distances of from 12 to 19

miles, namely, 3 males (15 per cent.), with an average of 17*1 miles, and 6 females

(13'6 per cent.), with an average of 16-5 miles.

Thus, 20 fish, or 31*2 per cent., were recovered at distances under 20 miles.

Five males, or 25 per cent., with a mean of 12-5 miles, and 15 females, or 34 per cent.,

with an average of 9-6 miles. Twelve of them were got within the Firth of Forth.

20 to 50 miles.—Twelve fish, or 18*7 per cent., were taken at distances of from 23

to 45 miles, namely, 3 males (15 per cent.), with an average of 27*3 miles, and 9

females (20'4 per cent.), wth an average of 29*7 miles. All the males and 6 of the

females were recaptured to the north and east, and 3 of the females to the east and
partly to the south.

50 to 100 miles.—Twenty-three fishes, or 36 per cent., went journeys of from 51

to 99 miles, namely, 9 males (45 per cent.), with an average of 69 miles, and 14 females

(31*8 per cent.), with an average distance of 77-3 miles. Eight of the males and all

the females were recaptured to the north and east ; 1 of the males was taken to the

south and east, at a distance of 56 miles.

Over 100 miles.—Ten of the plaice, or 15"6 per cent., were recaptured at distances

of from 101 to 195 miles, viz. 4 males (20 per cent.), with an average of 168"6

miles, and 6 females (13-6 per cent.), with an average of 147 miles. All these fish

were taken to the northwards, 5 of the females \vithin the Moray Firth, and 1 off-

shore, south-east from Buchanness, 2 of the males to the east of Noss, in the Moray
Firth, and 2 off the Orbieys,

Maturity.

Males.—The condition of the testes was ascertained in 17 of the 21 males

recaptured. Four were " spawning," all recaptured to the north and east, 2 in

February 1913, after 352 and 357 days, at Aberdeen Bank, at distances of 62 and 72

miles ; another, of 36-5-39'3 cm., is described as taken in March 1913, after 385

days, in 50 fathoms, 20 miles E.S.E. of .Start Point, in the Orkneys, at a distance of

195 miles ; the fourth was caught in March 1914, after 743 days, to the south-east

of Aberdeen, at a distance of 58 miles.

One male, of 31*5-39'9 cm., was " nearly ripe "
; it was caught in December

1913, after 659 days, to the south of the Bell Rock, east of the Isle of May, at a

distance of 18 miles.

Two males were described as " spent "
; 1, of 35-34*7 cm., was taken in May

1912, after 62 days, 16 miles to the north and east ; the other, measuring 38*5-43-8

cm., was caught in May 1913, after 433 days, 35 miles to the north and east.

Among the males of adult size on recapture, whose testes were " immature,"

1 was recaptured in the spawning season ; it measured 36-36"5 cm., and was taken

to the south-east of Aberdeen Bank, in April 1912, after 39 days, at a distance of 71

miles.

Females.—Of the 45 females recaptured, the condition of the reproductive

organs was ascertained in 38. Three were " spawning," 1 of 36-42'3 cm., caught

in February 1913, after 357 days, at Aberdeen Bank, a distance of 72 miles ; the

other 2 weie caught in the Moray Firth, one of 41-44-2 cm., in April 1913, after 392

days, off Tarbet Ness, at a distance of 174 miles, and the other, of 39-45*4 cm., in

March 1914, after 728 days, off Whitehills, Banff, at a distance of 137 miles.

One female was " mature "
; it measured 39*5-43 cm., and was taken in June

1914, to the east and a Uttle south of the Isle of May, at a distance of 45 miles.

Nine females were described as "spent "
; 1, of 38*5-38*6 cm., was taken in

March 1912, after 12 days, probably outside the Isle of May ; another, of 38-40 cm.,

was caught in May, after 68 days, 24 miles east and partly south of the Isle of May ;

and a third, of 37*5-48*7 cm., was taken in March 1914, after 751 days, to the north

and east of the Isle of May, at a distance of 33 miles ; all the others, except 1, were

found to the northwards, off the coast of Aberdeen, viz. 1, of 41*5-44*3 cm., in

January 1913, at a distance of 91 miles ; another, of 40*5-46*2 cm., in February

1913, at a distance of 72 miles ; another, of 39*5-47*7 cm., also in February 1913,

at a distance of 73 miles ; another, of 33-39*7 cm., in May 1913, at a distance of 90
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miles, and another, measuring 37-45-2 cm., in April 1914, after 776 days, at a dis-

tance of 58 miles ; the remaining " spent " female was recaptured in the Firth of

Forth in February 1913, near St. Monans, at a distance of 4J miles
; it measured

4r5-45"6 cm. A female, which was 3I-37"8 cm., and was therefore under the adult
size, was taken in March 1914, after 748 days, at Aberdeen Bank, at a distance of 76
miles, and was described as " s])ent."

l\vo females were described as "
1 luce-quarters ripe "

; 1 was caught in Novem-
ber 1913, after 618 days, south-east of Buchanness, at a distance of 80 miles, and
it measured 39-46-4 cm. ; the otlu^r, of 41-5-54-1 cm., was caught in November
1914, after 982 days, not far from the same place, at a distance of 69 miles.

Among the adult females, 12 were described as " immature." Three were
recaptured in tlije spavming season, 1, measuring 35-5-41-3 cm., in January 1913,
off 5foss Head, in the Moray Firth, at a distance of 166 miles; another, of 34-
399 cm., was taken in February 1913, off Buchanness, at a distance of 89 miles

;

and the third, of 39-5-39-8 cm., was got in April 1912, after 28 days, near Pitten-
weem, in the Firth of Forth, at a distance of 5 miles.

Of 9 females, Avhich were under adult size on recapture, and which were " im-
mature," 6 were taken in the Firth of Forth. Of the other 3, 1 measuring 37-
36-7 cm., was taken in March 1912, after 9 days, 18 miles to the north and east

;

another, of 31-32-7 cm., was found in June 1912, after 106 days, near the Bell

Rock, 29 miles to the north and east ; and the third was caught in October 1912,
23 miles distant, in the same direction.

EXPERIMENT VIII.

2m April 1912.

The number of plaice marked and Uberated in this experiment was 102, viz.

44 males, 55 females, and 3 of undetermined sex. The sizes of the males ranged
from 27 cm. to 40-5 cm., and of the females, from 30 to 55 cm. ; the sizes of those
of undetermined sex were from 33-5 to 42 cm. Of the males, 12 were under the
adult size on hberation, and of the females, 35 were under the adult size.

The numbers liberated and recaptured, arranged in 5-cm. groups, were as
follows :

—

F. Lib.

F. Recaj).
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females were under the adult size on recapture, ranging from 32-2 to 37-1 cm.,

the mean being 35-5 cm., compared with from 30 to 34-5 cm., and an average

of 324 cm. on liberation ; the fish were at Uberty from 9 to 492 days, the average

being 212 days ; the distances migrated ranged from 2| to 136 miles, averaging

28-4 miles, and the mean rate of movement per 10 days was 1-34 miles.

The Extent and Direction op Migration.

First Quarter.—In May 1912, 4 plaice were recaptured, 1 male and 3 females,

all within the Firth of Forth, 3 near Ehe, about 2 miles distant, and 1 off Pitten-

weem, at a distance of 4 miles. One of the females, measuring 44-44-3 cm., got

off Pittenweem, was " spent "
; all the others were " immature." In June a

female, of 39-5-39-4 cm., was taken 24 miles distant, to the east of the Isle of

May. In July 4 females were caught, all eastwards of the Firth of Forth, at

distances from the station of 11, 12, 17, and 24 miles ; 1, measuring 42-5-44-1 cm.,

was "half-ripe," and all the others "immature." The number recaptured in the

first 3 months after liberation was, therefore, 9, or 12-7 per cent., 4 within the

hmits of the Forth, and 5 off the mouth of the Forth.

Second Quarter.—In August 1912, 2 fishes were recaptured, a male, of 33-5-

36"5 cm., to the north-east of the Isle of May, at a distance of 16 miles, after

114 days, and a female, of 40-5 cm., when hberated, but of unknown size when
recaptured, which was taken to the south-east of St. Abb's Head, at a distance

of 54 miles, after 120 days. Four, all males, were taken in September, 2 at 16

and 17 miles distant, to the east of the Isle of May, after 140 and 134 days, and
measuring 36-5-38-8 cm., and 36-37-5 cm. respectively ; 1, of 36-38-6 cm.

(described as " nearly ripe "), was caught 34 miles to the north-east after 145 days,

and another, measuring 35-5-37-7 cm., in the same direction, at a distance of

68 miles, after 150 days. Three were recaptured in October 1912, 1 male and
2 females. The male, of 33-5-38-5 cm., and described as "half-ripe," was taken

32 miles to the north-east after 177 days ; 1 of the females, of 32-35-5 cm., and
therefore under adult size was caught, after 184 days, 15 miles to the north and
east ; the other, measuring 34-5-38-3 cm., was found, after 179 days, at a distance

of 77 miles to the north-east, off Aberdeen.

In this quarter, therefore, the total number recaptured was 9, or 12-7 per

cent., and all were taken outside the Firth of Forth, 8, or 88-8 per cent., to the

north and east, and 1 to the south and east.

Third Quarter.—A female, of 38-41-3 cm., and described as "nearly ripe,"

was recaptured in November, after 218 days, east of the Isle of May, at a distance

of 16-5 miles ; the rate of movement was 41-3 miles per 10 days. In December
4 marked plaice were taken, 2 males and 2 females, 3 to the north-east, and 1

far to the south-east. One of the males, measuring 35-39-1 cm., was caught,

after 250 days, 71 miles to the northwards, off Aberdeen Bay ; another, of 35-

39-2 cm., and " nearly ripe," was caught off Banff, in the Moray Firth, at a distance

of 134 miles, after 243 days. One of the females, measuring 33-36-9 cm., and
thus under adult size, was taken, after 222 days, 38 miles northwards, close in,

near Montrose ; it was described as " nearly ripe." The other female, measuring
45-47-5 cm., and also "nearly ripe," was caught, after 237 days, at a point 2 miles

north-east of the E. Goodwin Light (51° 17' N. ;
1° 30' E.)" a distance of about

357 miles ; this fish was taken by a Kamsgate smack, and landed at Ramsgate,
and it is of much interest, as showing that plaice from the Firth of Forth may, at

rare intervals, migrate to the southern part of the North Sea. All these fish had
moved with rapidity, the one taken on the Goodwin Sands showing an average

rate of 15 miles per 10 days, the male caught in the Moray Firth an average rate

of 5-5 miles, the male taken at Aberdeen Bay a rate of 2-8 miles, and the female

caught at Montrose an average rate of 1-7 miles. In January 1913, 3 males were

captured, all to the northwards, 2 in the Moray Firth, and 1 south-east of the

Pentland Skerries. The 2 caught in the Moray Firth were taken close together,

north-east of Tarbet Ness, at distances of 155 and 156 miles each, after 281 days
;

they measured respectively 34-37 cm., and 35-5-37-4 cm., and botli were " spawn-
ing." The male caught off the Pentland Skerries, at a distance of 164 miles,

after, 268 days measuring .34-5-37-3 cm., and was " nearly ripe." The rates of
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movement of these males were nearly uniform, viz. respectively 5-5, 5-5, and 6-1

K miles per 10 daj's.

^L Thus, in the third quarter, 8 of tlie marked plaice, or 11-3 per cent., were
^Brecaptured, 7, or 87"5 per cent., to the north and cast, and 1 to the south and east

;

^B3 were taken in the Moray Firth.

^F Fourth Quarter.—In February 1913, no fewer than 13 maiked plaice were
recaptured, 7 males and 6 females. Three were caught in the Firth of Forth, all

females, 1, of 30-36 cm., and therefore under adult size, off Pittenweera, 5 miles
distant, after 303 days, another, of 33-5-38 cm., off Largo, at a distance of 6 miles,
after 309 days, the third, of 33-38-1 cm., after 303 days, off Elie, at a distance of

2 miles. The ovaries in each case were " immature." One male, of 38-5-41*3 cm.,
and " ripe," was taken off St. Abb's Head, at a distance of 36 miles, after 283 days ;

a female, of 35-5-38-1 cm., " immature," was taken, after 303 days, at a distance
of 25 miles, to the east of the Isle of May ; another female, of 32-37-1 cm., and
" immature," was got, after 309 days, 26 miles to the north and east. Five fishes,

all males, were captured ofi the coast of Aberdeen, 3 on 26th February, after

308 days, all near together, 26 to 30 miles S.E. by E. of Aberdeen, at distances of

72 and 74 miles : their sizes were as follows :—37-40-2 cm., 32-37*2 cm., and
27-33-5 cm., and they were nil "spawning." The other two were caught, after

298 days, in the same locality, at distances of 71 and 72 miles ; they measured
34-37 cm., and 40-41-3 cm., and were also " spawning." The remaining two fish,

a male and a female, were recaptured in the Moray Firth, the male 10 miles S.S.E.
from Helmsdale, at a distance of 166 miles, after 288 days, measuring 38-5-39-7 cm.,
and " ripe "

; the female, of 32-5-36-2 cm., was taken 1| miles off Whitehills, near
Banff, at a distance of 136 miles, after 292 days ; it was "half-iipe." The mean
rate of movement of those taken off the coast of Aberdeen was 2-3 miles for 2 of

the fishes, and 2-4 miles for 3 of the fishes, per 10 days ; for those taken in the
Moray Firth, the average rate was 5-7 for the male, and 4-6 for the female. Two
males were recaptured in March 1913, both to the northwards ; 1, 63 miles distant,

off the coast of Aberdeen, in the same direction as the male referred to above ;

it measured 35-39-5 cm., and was "spawning" ; the other, of 32-33-4 cm., was
taken, after 336 days, at the Orkney Islands, at a distance of 192 miles ; it also

was "spawning "
; the mean rate of movement of the former was 1*8 miles, and

of the latter 5-7 miles per 10 days. In April 1913, 5 were recaptured, 3 males and
2 females. Two were taken on the 25th April, after 366 days, to the south and
east ; 1, of 38-5-40-9 cm., and " spent," north of St. Abb's Head, at a distance
of 24 miles ; the other, of 32-37-5 cm., and "immature," was caught to the east

of St. Abb's Head, at a distance of 46 miles. One of the females was caught off

Aberdeen, at a distance of 63 miles, after 344 days ; it measured 34-38-8 cm.,
and was " immature "

; the other, measuring 35-39-3 cm., was taken, after 351
days, off Tarbet Ness, in the Moray Firth, at a distance of 172 miles ; the condition
of the ovaries was not recorded. The third male was recaptured to the east of the

Orlmey Isles, at a distance of 179 miles, after 366 days ; it measured 40-5 cm.
when liberated, but the size on recapture and the condition of the testes were not
ascertained.

Thus, in the fourth quarter, 20 fishes, or 28*2 per cent., were recaptured, of

which 15, or 75 per cent., were taken to the north and east, with an average migra-
tion of 93 miles, and a mean rate of movement of 2*8 miles per 10 days ; 3, or 15 per

cent., were taken to the south and east, at an average distance of 35 miles, and
a mean rate of 1 mile per 10 days ; 2 were got to the north and west, within the

Firth of Forth, the average distance being 4 miles and the mean rate 15 miles.

Within the 12 months after liberation, therefore, 46 marked plaice, or 64-8 per

cent., were recaptured, 31, or 67-4 per cent., to the north-east, 10, or 21-7 per cent.,

to the south and east, and 5, or 10-9 per cent., to the north and west, within ilie

Firth of Forth.

Of the remaining 25 fish, 14 were taken later in 1913, 4 males and 10 females.

In May, 1 male and 3 females were got, all " spent," the male, of 34-38-6 cm., off

the Isle of May, at a distance of 15 miles to the soutli and east, after 376 days ;

one of the females, measuring 45-51 cm., in the Firth of Forth, off Largo, at u
distance of 6 miles, after 386 days ; a female, of 34-5-39-6 cm., was taken, after

375 days, offshore, to the east of Aberdeenshire, at a distance of 100 miles ; the



remaining female, of 35-41-5 cm., was caught, after 393 days, to the north-east

of Kattray Point, at a distance of 107 miles.

Four were recaptured in June, 3 males and 1 female, all to the north and east.

One of the males, measuring 31-5 cm. on liberation, but of unknown size on re-

capture, was taken, after 421 days, off Fife Ness, at a distance of 16 milf^s ; the

condition of the testes was not recorded. Another was got on Aberdeen Bank,

to the south-cast of Aberdeen, at a distance of 63 miles, after 409 days ; it measured

35-5-39'l cm., and was " spent." The other male was caught, after 418 days, at

a distance of 171 miles, east of the entrance to the Pentland Firth ; it measured
33-37-6 cm., and was " immature." The female, of 40-5-45-8 cm., and " im-

mature," was taken north of Aberdeen Bank, 85 miles distant, after 428 days.

In July, 2 females were captured, 1, of 32-5-41-1 cm., after 435 days, near the

Bell Eock. at a distance of 27 miles ; it was " immature." The other was recovered-

after 462 days, at Aberdeen Bank, at a distance of 75 miles ; it measured 41-5-46-4

cm., and is described as "spent."

Two females were also recaptured in August, 1, of 31-5-42-2 cm., off the Isle

of May, at a distance of 24 miles ; the other was taken, after 492 days, at a distance

of 18 miles, to the east of May Isle ; it measured 32 cm. on liberation, but the size

on recapture and the condition of the ovaries were not recorded.

Two females were taken in November, 1, of 35-5-48-5 cm., and described as
" three-quarters ripe," after 559 days, off Tod Head, a distance of 52 miles to the

north-east ; and the other, of 33-5-41-1 cm., and also " three-quarters ripe," after

584 days, to the south-east of the Bell Rock, at a distance of 34 miles.

In 1914, 10 of the marked plaice were recaptured. A female, of 47-49-5 cm.,

was taken in January, after 638 days, off Whitehills, near Banff, at a distance of

136 miles ; it was "' spawning."

Two females were caught in February, and both were " spawning "
; 1, of

44-49-2 cm., was taken, after 656 days, off Pennan Head, Moray Firth, at a distance

of 127 miles ; the other, of 40-49 cm., was caught, after 672 days, off Strathie

Point, on the north coast of Scotland, at a distance of 208 miles.

In March, 2 males and 1 whose sex was not recorded were recaptured, the

latter of 38-5-44-7 cm., and " ripe," to the north-east, of the Isle of May, at a

distance of 24 miles ; one of the males, of 35-5-43-2 cm., and also " ripe," was
caught, after 695 days, to the north and east of the Bell Rock, at a distance of

31 miles ; the other male, of 30-37 cm., and " spawning," was taken, after 680 days,

near Buchanness, at a distance of 85 miles.

Two were recaptured in April, a female, of 33-40 cm., and " spent," after

707 days, at Aberdeen Bank, 78 miles to the north and east ; and a male, of 39-
42*5 cm., and " ripe," after 724 days ; this fish was landed at Dundee, and the

place of capture was recorded as " 183 miles north-east of Caithness "
; from this

it is impossible to say where the fish was taken.

In May, a female, of 37-46-5 cm., and " spent," was recaptured, after 757 days,

south-east of Noss Head, just outside the limit of the Moray Firth, at a distance

of 149 miles.

The last fish caught in 1914 was taken in July, after 818 days, offshore, directly

east of Aberdeen, at a distance of 93 miles ; it was a male, of 32-5-41-7 cm., and
described as " spent."

One fish, a male of 31-38-3 cm., was taken in 1915, in April, after 1074 days,

15 miles distant, to the east of the Isle of May, and was " spawning."
Distances travelled—10 miles and under.—Eight fishes, or 11.4 per cent., went

distances of from 2| to 6 miles, the average being 4 miles, namely, 1 male and
7 females (18-9 per cent.). All the fish were found in the Firth of Forth, the male
and 3 of the females off Elie, 2 females off Largo, and 2 off Pittenweem.

10 to 20 miles.—Twelve fish, or 17*1 per cent., were recaptured at distances of

from 11| to 18 miles, namely, 6 males (18-7 per cent.), with an average of 16 miles,

and 6 females (16-2 per cent.), with an average of 15 miles. Four of the males and 2

of the females were taken to the north and east, and 2 of the males and 4 of the

females to the south and east.

Under 20 miles.—Thus, 20 of the marked plaice, or 28*6 per cent., were recovered

within 20 miles of the station, 7 males (21-9 per cent.), with an average of 14-1 miles,

and 13 females (35-1 per cent.), with an average of 9-1 miles.
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20 to 50 miles.—Fifteen of the lislies, or 21 \ ])qv cent., were recaptured at

distances of from 2-ii to 46 miles. Six (18'7 per cent.) were males, with an average

migration of 3-i"2 miles, and 8 (21-6 per cent ) were females, with an average of 28

niiles. Three of the males were found to the north and east, and 6 to the south and
east. Five of the females were recaptured to the north and east, and 3 to the south

and east.

50 to 100 miles.—Nineteen of the recaptured plaice, or 27" 1 per cent., were gol

at distances varying from 52^- to 100 miles, namely, 11 males (34'4 per cent.), with

an average distance of 73"3 miles, and 8 females (21"6 per cent.), with an average

distance of 73-2 miles. All the males and 7 of the females were got to the north

and east, at Aberdeen Bank or off the coast of Aberdeen ; the female, which had
moved to the south-east, was caught at a distance of 54 miles south-east of St.

Abbs Head.
Over 100 miles.—Sixteen of the fishes, or no less than 22*8 per cent, of the total

immber recaptured, had migrated distances of over 100 miles. Eight (25 per cent.)

were males, with a mean distance of 164-8 miles, and 8 (21"6 per cent.) were females,

with an average distance of 174 miles. Of the males, 4 were recaptured in the

Moray Firth, 2 off the Pentland Skerries, and 2 at the Orkney Islands. Five of the

females were taken in the Moray Firth, 1 on the north coast of Scotland, at a dis-

tance of 208 miles, another to the north-east of Rattray Point, while a third was
found 357 miles to the southward, near Ramsgate.

Ten of the fishes, or 14" 1 per cent., were recaptured within the Firth of Forth,

namely, 9 females (24"3 per cent.) and 1 male (3 per cent.). Sixty-one of the fishes,

or 85'9 per cent., were recaptured outside the Firth of Forth, and of those, 8, or

11"3 per cent., 4 males and 4 females, were taken in the Moray Firth, while 7, or

9"8 per cent., had moved further, 4 to the north-east and 1 to the south and east.

Maturity.

Males.—Of the 33 males recaptured, the condition of the testes was ascertained

in 31.

Eleven were " spawning," and all but 1 were taken to the north and east.

One, of 31-38-3 cm., was got in April 1915, after 1074 days, 15 miles to the south-

east, off the Isle of May. Seven were caught off the coast of Aberdeenshire, 5 of

them at Aberdeen Bank, to the south-east of Aberdeen, all in February 1913, at

distances of from 71 to 74 miles ; the smallest measured 27-33-5 cm., and the largest

40-41-3 cm. Another was got to the south-west of the Bank, at a distance of 63

miles ; and another in March farther north, near Buchanness, at a distance of 85

miles. Two were fomid in the Moray Firth, both in January 1913, near together,

on the same day. north-east of Tarbet Ness, at distances of 155 and 156 miles.

The remaining male was taken at the Orkney Isles, at a distance of 192 miles.

Four of the males were " ripe." One was caught in February 1913, at a distance

of 36 miles to the south and east, off St. Abb's Head. The second, also taken in

February 1913, was found in the Moray Firth, north and east of Tarbet Ness,

at a distance of 166 miles. The third was caught in March 1914, 31 miles to the

north and east, near the Bell Rock. The fourth was taken in April 1914, with a

record from Dundee of " 183 miles north-east of Caithness."

Four were described as " spent "
; 1, caught in April 1913, 24 miles to the south

and east, to the north of St. Abb's Head ; another in May 1913, 15 miles to the

south and east, off the Isle of May ; the third, in June 1913, 63 miles to the north

and east, at Aberdeen Bank ; and the fourth, in July 1914, farther offshore, to the

east of Aberdeen Bank, at a distance of 93 miles frojn the station.

Three males were " nearly ripe." One was caught in September 1912, 34 miles

to the north and east ; another, in December 1912, in the Moray Firth, off Banff,

at a distance of 134 miles ; and the third, in January 1913, off the Pentland Firth,

at a distance of 164 miles. One male, described as " half-ripe," was caught in

October 1912, 32 miles to the north and east, off the Bell Rock.
Among 8 males of adult size on recapture, and described as " immature," 1

each was taken in April, May, Jujie, August, and December, and 3 in September.
The one caught in April, after 366 days, measured 32-37-5 cm.,-and was taken 46

miles to the south and east, to the east of St. Abb's Head. The- one taken in May,
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after 10 days, was caught near Elie. in the Firth ol Forth, and measured
34-34-7 cm.

Females.—The condition ol the ovaries was ascertained in 34 of the 37 females

recaptured.

Three were " spawning "
; 1 was caught in January 1914, in the Moray Firth,

off Wliitehills, near Banff, at a distance of 136 miles ; the second was taken in

February 1914, also in the Moray Firth, off Pennan Head, at a distance of 127

miles ; and the third was recovered, also in February 1914, on the north coast of

Scotland, off Strathie Point, at a distance of 208 miles. None o[ the females was
described as " ripe."

Seven were " spent." One was caught in May 1912, near Pittenweem, in the

Firth of Forth, 4 miles distant ; another was taken off Largo, in the Firth of

Forth, in May 1913, at a distance of 6 miles. Four were recaptured off the coast of

Aberdeen, one in May 1913, at a distance of 100 miles, and well offshore ; another,

also in May 1913, to the north-east of Buchanness, at a distance of 107 miles
;

another was taken in July 1913, at Aberdeen Bank, a distance of 75 miles ; and 1 in

April 1914, also at Aberdeen Bank, a distance of 78 miles ; the other female was
recaptured just outside the Moray Firth, in May 1914, at a distance of 149 miles.

Two females were " nearly ripe "
; 1, caught in November 1912, 16"5 miles to

the north and east, off the Isle of May ; the other, in December 1912, was the one
taken at the Goodwin Sands, at a distance of 357 miles from the place of liberation,

and landed at Ramsgate.
Two were " three-quarters ripe "

; 1, caught in November 1913, 52 miles to the

north and east, off Tod Head ; the other, also taken in November, was got 34 miles

to the north-east, in the vicinity of the 13ell Rock. One was " half-ripe "
; it was

caught in July 1912, 24 miles to the south and east, off the Isle of May.
Among the females under adult size on recapture (38 cm.), 1, measuring 33-36*9

cm., was taken in a cod-net 38 miles to the north and east, in December 1912, | mile

off Montrose Bay, and was described as " nearly ripe." Another, which measured
32- 5-36-2 cm., was recaptured off Whitehills, in the Moray Firth, in February 1913,

and was " half-ripe." These are examples of females which would probably spawn
under the size I have fixed as the limit between mature and immature.

Eleven of the females above 38 cm. on recapture were " immature." Most of

them were taken in summer, but 3 were caught in February 1913, and 1 on the

3rd April 1913, and thus within the hinit of the spawning season. Of the 3
recovered in February, 1 taken off Largo, in the Firth of Forth, measured 33-5-38 cm.

;

another, taken at Elie, in the Firth of Forth, measured 33-38-1 cm. ; a third was
caught at a distance of 25 miles to the north and east, east of the Isle of May. These
fishes are examples of the opposite of what is said above, and would evidently not
reach sexual maturity until the next year, when they would be considerably larger

in size. The same may be said of the fourth femab, which was taken 63 miles to the

north and east, near Aberdeen, and measured 34-38-8 cm.

EXPERIMENT IX.

nh May 1912.

One hundred plaice were marked and hberated in this experiment, 41 males, 57
females, and 2 whose sexes were not ascertained. The sizes of the males ranged from
27 cm. to 44 cm., and 19 were under the adult size ; the sizes of the females were
from 27 cm. to 53-5 cm., and 36 were mider the adult size. The numbers libeialed

and recaptured, arranged in 5-cm. gioups, a>e shown in the subjoined table :

—

F. Lib.

F. Recap.
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The plaice were tiawled by the " Goldseekev " in Kirkcaldy Bay, Firth of

Forth, on the 8th May, and were marked, and placed in tanks of running water
between 3.10 and 6 p.m. They were hberated on the next day, at 8.30 a.m., none
of them having died while in the tanks.

The number recaptured was 56, or 56 per cent., viz. 30 males, or 73'2 per cent.,

and 26 females, or 45" 6 per cent.

Twenty-six of the males were of adult size on recapture, viz. from 33-45 cm.,

the average being 37*5 cm., as compared with a range of from 28-44 cm., and an
average of 33" 5 cm., on Uberation ; they were free for from 131 to 1054 days, aver-

aging 413 days ; they migrated distances of from 4| to 184 miles, the mean being
50" 1 miles, and the average rate of movement, per 10 days, was 1*2 miles.

Four of the males were under the adult size, the average being 32' 1 cm., as against

28" 5 cm. on hberation ; the average period of liberty was 234 days, and the mean
distance migrated 23*2 miles, with an average rate, per 10 days, of 1 mile.

Of the females, 17 w^ere of adult size, from 38-53" 9 cm., the average being 43'

3

cm., compared with a range of from 27"5-53"5 cm. on liberation, and an average of

38' 8 cm. ; the days free ranged from 55 to 1031, averaging 497 days ; the distances

migrated were from 4J to 155 miles, the mean being 49*3 miles, and the mean rate of

movement, 1 mile per 10 days.

Nine of the females were under the adult size, the average being 35" 1 cm., as

compared with. 32 cm. w^hen they were liberated ; they were at liberty for an
average period of 236 days, and migrated distances of from 4J to 88 miles, the mean
being 29" 1 miles, and the mean rate of travel, per 10 days, 1*3 miles.

The Extent and Direction of Migration.

First Quarter.—None of the marked plaice was recaptured in Ma 3^, but 2 were

taken in June, a female, of 30 cm., on liberation, but of unknown size on recapture,

was caught, after 34 days, near Kirkcaldy (where it was originally taken), in the

Firth of Forth, about 10 miles to the westwards ; the other was a male, of 31" 5-32

cm., described as " spent " (and stale), which was taken to the south and east of

Tod Head, 53 miles north-east of the station, after 35 days.

Three females were recaptured in July ; 1, of 33 cm., on hberation, but of un-

known size on recapture, was caught near Kirkcaldy, in the Firth of Forth, after

57 days ; the other 2 were taken to the east of the Isle of May, at distances of 14|
and 33 miles, after 55 days and 78 days, respectively ; the former measured 38' 5-

39"4 cm., and the latter was 36*5 cm. on hberation, but on recapture it was not

recorded.

In this quarter, 5 fishes, or only 8*9 per cent, of the total recaptured, were taken,

2 within the Firth of Forth.

Second Quarter.—Three females were recaptured in August, 1, of 37* 5-39" 8

cm., after 92 days, near Wemyss, in the Firth of Forth ; another, of 33" 5-36' 5 cm.,

was taken, after 113 days, to the north of St. Abb's Head, at a distance of 33 miles
;

the third, of 33-34*6 cm., was recaptured, after 114 days, off Aberdeen Bay, at a

distance of 73 miles.

Three were taken in September, a male, of 32-37*4 cm., to the east of the Isle of

May, at a distance of 34 miles, after 131 days ; a female, of 34-38 cm., after 141 days,

near St. Abb's Head, at a distance of 32 miles, to the south and east ; another,

also a female, of 32"5-35"2 cm., was taken, after 124 days, off Pittenweem, in the

Firth of Forth, at a distance of about 4^ miles. One fish, a male, of 34"5-36"8 cm.,

was caught in October, after 170 days, far to the eastwards, at a distance of 76 miles.

Seven plaice, or 12*5 per cent., were recaptured in this quarter, 2 of them in the

Firth of Forth.

Third Quarter.—Two were recaptured in November, a female, measuring 34' 5-

38*3 cm., after 197 days, off Largo, in the Firth of Forth, at a distance of 4| miles,

and a male, of 30-33*4 cm., after 183 days, near Buchanness, at a distance of 85
miles.

Three were caught in December, a female, of 46-47*2 cm. and " nearly ripe,"

after 207 days, to the east of the Isle of May, at a distance of 38 miles ; a male, of

44-45 cm., and also "nearly ripe," after 230 days, to the east of the Isle of May,
at a distance of 21| miles ; and a male, which measured 33*5 cm. on liberation;
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but whose size on recovery was not recorded, after 232 days, off the Isle of May, at a

distance of 17 miles to the south and east.

None was taken in January 1913, so that the total for this quarter was 5 fishes,

or 8" 9 per cent.

Fourth Quarter.—Nine of the marked plaice were taken in February 1913, 8

males and 1 female. Three of them were got in the Firth of Forth, viz. a female,

of 39-41-4 cm., and "immature," off Largo, after 278 days ; a male, of 28-32-5

cm., " rather immature," after 288 days, off Wemyss, at a distance of 9 miles ; and

a male, of 33-5-35-9 cm., and '' immature/' after 289 days, off Leven, at a distance of

6i miles. Two males, of 27-5-31-6 cm., and 38-39-1 cm., were taken near together,

after 286 days, at 25J miles and 26 miles distant, to the east of the Isle of May
;

the larger fish was " ripe," and the smaller " immature." Another male, of 34-38-1

cm., and " spawning " (" partly spent "), was caught, after 275 days, north and east

of the Isle of May, at a distance of 17 miles. The other 3 inales were taken off

Aberdeen, 1, of 30-5-33-4 cm., at a distance of 61| miles, after 294 days ; the other

2, measuring 30-33 cms., and 32-5-35 cm., were caught, after 278 days and 281 days,

at Aberdeen Bank, at distances of 75 and 76 miles ; the former was " spawning "

(" partly spent ") and the latter " ripe."

Three were caught in March 1913, 2, a male, of 28-33-4 cm., and a female, of

29-32-5 cm., off St. Monans, in the Firth of Forth, at distances of 5 and 4| miles,

after 321 days and 296 days ; both were " immature "
; the third fish was a male,

of 35-5-39-4 cm., and " ripe," which was caught, after 313 days, off the mouth of the

Tay. at a distance of 22 1 miles.

Three males were recaptured in April 1913, all in the Firth of Forth, and all

" immature "
; 2, of 27-32-5 cm., and 28-33-8 cm., were got, after 330 and 333 days,

off Pittenweem, at distances of 5 and 4| miles ; the third, measuring 28-33-8 cm.,

was found, after 346 days, more to the west, off Buclchaven, at a distance of 84^

miles.

In this quarter, which embraces the spawning period, or most of it, 15 marked
plaice, or 26-8 per cent., were recaptured, of which 8 were taken in the Firth of

Forth.

Thus, in the 12 months after hberation, 32 of the marked fish, or 57-1 per cent.,

were recaptured, 13 within the Firth of Forth.

Of the other fish recaptured, 7 were taken in the remaining part of 1913, 15 in

1914 and 2 in 1915.

In May 1913, 2 males were taken, far to the northwards, 1, measuring 33-5-35-9

cm., and described as " immature," near Buchanness, after 381 days, at a distance

of 88 iniles, and the other, of 31-5-35-3 cm., and "spent," after 359 days, to the

east of the Orkney Isles. A female, measuring 43-47-4 cm., and "spent," was
taken in July, after 418 days, to the east of the Bass Rock, at a distance of 15|- miles.

Two females were recaptured in September ; 1, of 53-5 cm. on liberation, but of

unknown size on recapture, after 495 days, to the east of the Isle of May, at a

distance of 36 miles, and the other, of 38*5-44-1 cm., and described as " about half-

ripe," after 482 days, to the south-east of Aberdeen, at a distance of 57 miles. A
male, of 37-40-2 cm., was taken in October, after 515 days, to the north-east of the

Isle of May, at a distance of 22| miles ; and, in December, another male, measuring

38-41 cm., was caught, after 594 days, 12 miles E.N.E. of North Shields, at a

distance of > 6 miles, to the south and east.

In January 1914, 6 of the marked plaice were recaptured, 3 males and 3 females.

One of the males, measuring 33-39-8 cm., and "nearly ripe," was caught, after

625 days, '.' miles to the west of the Isle of May, and thus within the limits of the

Firth of Forth, at a distance of 6| miles ; another, of 42-42-4 cm., and also " nearly

ripe," was caught, after 610 days, 23 miles to the north and east. A female, of

42-5-49-2 cm., and " ripe," was taken, after 616 days, north of St. Abb's Head, at a

distance of 25| miles to the south and east. The other 3 fish had migrated con-

siderable distances to the north and east ; a male, of 30-37*4 cm., and " ripe," was
taken, after 617 days, near Aberdeen Bank, at a distance of 66 miles ; a female, of

31-37-3 cm., and described as " not ripe," was recaptured, after 621 days, far off-

shore, to the east of Aberdeen, at a distance of 88 miles ; and another female,

measuring 36-41 cm., and "fully half-ripe," was caught, after 623 days, in the

M.'ray Firth, H miles off Whitehills, Banff, at a distance of 136 miles.
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In February 1914, a foniale, measuring 33-34-3 cm., and "immature,' was
recovered witliin tlie Firth of Fortli, after 659 days, off Pittenweem, at a distance

of 5 miles.

Five of the marked plaice were recaptured in March, 3 males and 2

females. Two of the males, measuring 3r5-36-8 cm., and 34'5-375 cm., were
taken, after 683 and 690 days, to the east of the Isle of May, at distances of 24i
and 28^ miles : the former was " ripe," and the latter " spawning." The third

n^ale, of 34-40 cm., with the condition of the testes unrecorded, was caught, after

675 days, off Flamborough Head, at a distance of 163 miles to the south and east,

the mean rate of movement per 10 days being 2-4 miles. One of the females, of

5r5-53"9 cm., and described as " not ripe," was also got, after 663 days, to the

south and east, 6 miles east of Blyth, at a distance of 82 miles, its mean rate

of travel being r2 miles. The remaining female, of 38'5-43-5 cm., had gone

far to the northwards, and was taken, after 678 days, in the Moray Firth, south-

east of Berriedale Ness, at a distance of 154 miles ; the condition of the ovaries

was not recorded.

In April 1914, a female, of 27-5-38'l cm., and " immature," was recaptured,

after 698 davs, off Buchanness, at a distance of 90 miles. The next fisli taken

in this year was a female in August, after 813 days, near the Bell Rock, at a

distance of 27^ miles. The last fish recaptured in 1914 was a female, measuring
33-5-46 cm., and described as "about three-quarters ripe," which was taken in

December, after 957 days, at Aberdeen Bank, at a distance of 72 miles.

In March 1915. two of the marked plaice were recovered ; one, a female,

measuring 35-5-43-7 cm., and " spawning," was found, after 1031 days, to the east

of the Bell Rock, at a distance of 39 miles ; the other, a male, of 35-44-1 cm., and
" spawning," was caught, after 1054 days, at Aberdeen Bank, at a distance of

72 miles.

Distances travelled— Under 10 miles.—Thirteen of the marked plaice, or 23-2

per cent., were recaptured at distances of from 4| to 9 miles, namely, 7 males

(23-3 per cent.), with an average of 6-4 miles, and 6 females (23-1 per cent.),

with an average of 5-3 miles. They were all taken within the Firth of Forth.

12 along the north shore, off Wemyss, Buckhaven, Leven, Largo, Pittenweem, and

St. Monans, and one 2 miles from the Isle of May.
10 to 20 miles.—Six fishes, or 10-7 per cent., were got at distances of from 10|

to 17 miles, viz. 2 males, each of which moved 17 miles, and 4 females, with an

average of 12-7 miles. Two of the females were found near Kirkcaldy, in the

Firth of Forth, and the others off the Isle of May.
Under 20 miles.—Nineteen fish, or 33-9 per cent., therefore, migi'ated for

journeys of less than 20 miles, viz. 9 males (30 per cent.), v/ith an average of

8-8 miles, and iO females (38-5 per cent.), with an average of 8-5 miles ; 15 were

recaptured within the Firth of Forth.

20 to 50 miles.—Seventeen, or 30-3 per cent, of the total number recaptured,

were taken at dista uces of from 21^ to 39 miles, 9 males (30 per cent.), with an

average distance of 25-3 miles, and 8 females (30-8 per cent.), with an average of

33-1 miles. Of the males, 8 migrated to the north and east, and 1 to the

south and east ; 5 of the females were found to the north and east, and 3 to the

south and east.

50 to 100 miles.—Sixteen, or 28-6 per cent., were taken at distances of from

53 to 90 miles, viz. 10 males (33-3 per cent.), with an average of 74 miles, and 6

females (23-1 per cent.), with an average of 77-1 miles. Nine of the males were found

to the north and east, off the coast of Aberdeen, 5 of them being recaptured in

the region of Aberdeen Bank ; the tenth male was caught off North Shields,

86 miles to the south and east. Five of the females were recaptured to the north

and east, off the coast of Aberd-eenshire, and 1 off Blyth, 82 miles to the south

and east.

Over 100 miles.—Four were recaptured at distances of from 136 to 184 miles,

2 males, with an average of 173-7 miles, and 2 females, with an average of

145-2 miles. One of the males and both the females had migrated northwards,

the male being taken off the Orkney Isles, and the females in the Moray Firth ; one

of the males had gone to the southwards, to off Flamborough Head, a distance of

163 miles.
-7*
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Of the total recaptured, 16, or 28-G per cent., were found within the Firth of

Forth, 7 males (23-3 per cent.), and 9 fenmles (34-6 per cent.), and 40, or 71-4 per

cent., outside the Firth, viz. 23 males (76-6 per cent.), and 17 females (65-4 per

cent.). Two, both females, were recaptured in the Moray Firth.

Maturity.

Males.— Of the 30 males recaptured, the condition of the testes was ascertained

in 26.

Four were " spawning," all recaptured to the north and east ; 2 were taken

at distances of 17 and 28| miles, 1, of 34-38-1 cm., in February 1913, after

275 days, and the other, of 34-5-37-5 cm., in March 1914, after 690 days. The other

2 were caught at Aberdeen Bank, 1, of 30-33 cm., in February 1913, after 278 days,

at a distance of 75 miles, and the other, measuring 35-44-1 cm., in March 1915,

after 1504 days, at a distance of 72 miles.

Five were " ripe," all taken to the north and east. One, of 38-39-1 cm., was

caught in February 1913, after 286 days, 26 miles distant ; another, of 35-5-39-4 cm.,

was taken in March 1913, after 313 days, off the mouth of the Tay, at a distance

of 22| miles ; a third, measuring 31*5-36-8 cm., was got in March 1914, after

683 days, 24| miles distant ; the fourth and fifth were caught at Aberdeen Bank,

1, of 32-5-35 cm., in February 1913, after 281 days, at a distance of 76 miles;

and the other, of 30-37*4 cm., in January 1914, after 617 days, at a distance of

66 miles.

A male, of 31-5-35-3 cm., taken at the Orkney Isles, in May 1913, at a distance

of 184 miles, after 359 days, was " spent." Another male, measuring 31-5-32 cm.

(and thus under adult size), taken in June 1913, after 35 days, off Tod Head, at

a distance of 53 miles, was also described as " spent."

Three males were " nearly ripe "
; 2 were taken in January 1914, after 625

days and 610 days, 1, of 33-39-8 cm., within the Firth of Forth, 2 miles west of

the Isle of May, and the other, of 42-42-4 cm., 23 miles to the north and east ;

the third, measuring 44-45 cm., was caught in December 1912, after 230 days,

21 miles to the north-east, east of the Isle of May.

Among the males of adult size on recapture were 9 whose testes are described

as "immature." Four were taken in the Firth of Forth; 1, of 33-5-35-9 cm.,

in February 1913, after 289 days, near Leven ; another, of 28-33-4 cm., in March

1913, aft,er 296 days, off St. Monans ; a third, of 28-33-8 cm., in April 1913,

after 333 days, off Pittenweem ; a fourth, of 28-33*8 cm., in April 1913, after

346 days, ofi Buckhaven. In May 1913, after 381 days, a male, of 33*5-35-9

cm., and described as " immature," was caught, off Buchanness, at a distance of

88 miles.

Females.—Of the 26 females recaptured, the condition of the ovaries was

recorded for 19.

One was " spawning " ; it was taken in March 1915, after 1031 days, to

the east of the Bell Rock, at a distance of 39 miles ; it measured 35-5-43*7 cm.

Another female, measuring 42*5-49*2 cm., caught in January 1914, after 616 days,

north of St. Abb's Head, at a distance of 25 miles, was said to be " ripe." A female,

of 43-47*4 cm., caught in July 1913, after 418 days, 15 miles to the south and

east, was described as " spent." Another, of 46-47-2 cm., caught in December

1912, after 207 days, 38 miles to the north and east, was "nearly ripe." One,

of 33-5-46 cm., caught in December 1914, after 957 days, at Aberdeen Bank, at

a distance of 72 miles, was " three-quarters ripe "
; another, of 36-41 cm., taken

in January 1914, after 623 days, at Whitehills, Banff, in the Moray Firth, was
" fully half ripe "

; and one, of 38-5-44-1 cm., caught in September 1913, after

482 days, south of Aberdeen Bank, at a distance of 57 miles, was " about half

ripe."

Two of the 6 females whose ovaries were " immature " were recaptured in

the spawning season, 1, of 39-41-4 cm., in February 1913, off Largo, in the Firth

of Forth ; the other, of 27-5-38-1 cm. (and thus just at adult size) was caught in

April 1914, after 698 days, off Buchanness, at a distance of 90 miles.
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EXPERIMENT X.

26th March 1913.

The number of plaice marked and liberated in this experiment was 100, 28
being males, 71 females, and 1 whose sex was not ascertained. The males ranged
in size from 30 to 39 cm., and 5 wore inider the adult size (33 ("in.) ; the sizes of

the females were from 31 to 59*5 cm., and 33 were under the adult siz • (38 cm.).

Tn the following table they are arranged in 5-cm. groups :

—

F. Lib.

F. Recap. .
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Four of the plaice, all females, were caught m June. One, measuring 42*5-

42'6 cm., and " spent," was recaptured, after 73 days, 17 miles to the south-east ;

another, of 41-4r5 cm., and also " spent," was taken, after 90 days, 26 miles to

the north-east, near the Bell Rock; the third female, measuring 39-39"9 cm.,

and " immature," was got, after 91 days, east of the Bell Rock, at a distance of

28| miles ; the fourth, of 42-5-44 cm., and "spent," was taken, after 91 days,

near Aberdeen Bank, at a distance of 59 miles.

In the first quarter, therefore, 16 of the marked plaice, or 29' 6 per cent, of the

total recaptured, were taken, 7 of them within the Firth of Forth.

Second Quarter.—Two females were taken in July. One, measuring 35*5-

37"7 cm., and "immature," was recaptured, after 113 days, to the westward,

near Dysart, Firth of Forth, at a distance of 9i miles ; the other was caught to the

east of the Isle of May, at a distance of 28 miles, after 124 days ; it measured
38" 5-41" 6 cm. ; the condition of the ovaries was not ascertained.

In August, a male, measuring 33-35'5 cm., was recaptured, after 147 daj'-s,

20^ miles to the north-east.

In Sejitember, a female, of 36-38*4 cm. and " half ripe," was taken, after

174 days, to the east of the Isle of May, at a distance of 48 miles.

Thus, only 4 fishes, or 7*4 per cent., were recaptured in this quarter, 1 of them
within the Firth of Forth.

Third Quartet:.—In October, 2 females were recovered, both to the north and
east ; 1, measuring 34*5-40"7 cm., was taken, after 198 days, near the Bell Rock,
at a distance of 24 miles ; the other, of 36'5-41'8 cm., was caught, after 205 days,

25 miles to the north and east.

Four were recaptured in November, 2 females and 2 males. One of the males,

measuring 30'5-37'4 cm., and "immature," was taken, after 226 days, near the

Bell Rock, at a distance of 22i miles ; the other male, of 39-40*8 cm., and " nearly

ripe," was found in the same direction, at a distance of 16| miles, after 231

days. One of the females, measuring 42-44'8 cm., and "half ripe," was re-

captured near the Bell Rock, after 221 days, at a distance of 26 miles ; the other

female had gone much farther and was caught, after 222 days, near Buchanness,

at a distance of 83 miles ; it measured 37"5-40"5 cm., and was " three-quarters

ripe."

In December, 1 male, measuring 33'5-38'6 cm., and " immature," was recaptured,

after 259 days, also near Buchanness, at a distance of 89 miles.

Thus, 7 fish, or 12*9 per cent., were recaptured in the third quarter, all outside

the Firth of Forth.

Fourth Quarter.—In the fourth quarter, which comprises the greater part of

the spawning period, the number of fishes captured was greater. In January
1914, 1 male and 2 females were taken, all to the north and east. The male was
got near Aberdeen Bank, at a distance of 70 miles, after 293 days ; it measured
34-36*2 cm., and was " three-quarters ripe." One of the females, measuring
37-41*3 cm., and described as "immature," was captured, after 302 days, near

Aberdeen, at a distance of 71 miles ; the other female, which measured 40-44*3

cm., and was " three-quarters ripe," was taken off Banff, in the Moray Firth, at

a distance of 135 miles, after 304 days.

Six were got in February, 1 male and 5 females. One of the females, which
measured 39*5-43*7 cm., was taken, after 328 days, 49 miles to the south and
east, 6 miles N.E. of Longstone Light ; the condition of the ovaries was not re-

corded. Two of the females were taken not far apart, near Aberdeen, 1 at a distance

of 68 miles, after 329 days, and the other at a distance of 74 miles, after 339 days
;

they were both described as " immature," and measured respectively 35-39*8

cm., and 36*5-4r3 cm. Two females and the male were recaptured in the

Moray Firth, 1 of the females, after 331 days, off Banff, at a distance of 135 miles
;

it measured 33*5-41*3 cm., and was "spent." The other female was got nearly

at the same place, after 337 days ; it measured 59*5-61*9 cm., and was " spent."

The male was taken farther to the west, off Tarbet Ness, at a distance of 177 miles,

after 336 days ; this fish on liberation measured 33 cm., but neither the size on

recapture nor the condition of the testes was ascertained.

Ten of the plaice were recovered in March, 4 males and 6 females. Two of the

females were got in the Firth of Forth, off Pittenweem, at a distance of 5 miles,
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1, after 363 days, measuring 33-39*9 cm., and "immature," and tlie other, of

435-48 cm., after 365 days, and " spent." A third fish, of 35'5-41 cm., was talcen,

after 352 days, at a distance of 26J miles to the north-east, " spawning.' Another
female, which measured 42-44*9 cm., and was described as "immature," was
recaptured, after 345 days, 120 miles to the south and east, 35 miles S.E. by E. of

North Shields. The two remaining females were taken in the Moray Firth, 1,

which measured 39-43" 9 cm., after 340 days, south of Smith Bank, at a distance

of 153 miles, the condition of the ovaries not being recorded ; the other, of 35 cm.,
on hberation, but of unknown size on recapture, was found, after 343 days, off

Whitehills, Banff, at a distance of 135 miles ; it was " immature." Three of the
males were also recaptured in the Moray Firth, 1, measuring 35-41" 6 cm., and
"ripe," 25 miles north by east of Buckie (south-west of Smith Bank), after 343 days,

the distance being 158 miles ; another, measuring 35"5-40"4 cm., and "spawning,"
was taken in the same locality, at a distance of 160 miles, after 344 days ; the

third was caught by a foreign trawler and landed at Ostend, the precise position

of capture in the Moray Firth not being stated ; it measured 33"5 cm. on hberation,

but no lecord was made of its size on recovery, or of the condition of the testes.

One male had made its way to the west coast of Scotland, and was recaptured,

after 351 days, at Gairloch, Ross-shire, a distance of 301 miles ; it measured 37-
42 cm., but the condition of the testes was not ascertained.

Li this quarter, therefore, 19 marked plaice, or 34"5 per cent., were recovered,

2 in the Firth of Forth ; 2 were taken to the south and east, and the others to

the north and east.

Thus, in the 12 months immediately following the hberation of the fish, 46,

or 83"6 per cent., were recaptured ; the place of capture of one was not ascertained.

All the other fish recovered were taken in the year 1914. Two were got in April,

a female, of 31-42 cm., after 399 days, near Buchaimess, at a distance of 85 miles,

and a male, of 33-40 cm., after 379 days, at the mouth of the Moray Firth, at

a distance of 135 miles ; the condition of the reproductive organs was not ascer-

tained for either of these fish.

Tn May, 2 females were caught, 1, of 32"5-42"3 cm., and " immature," after

401 days, to the east of the Shetlands, at a distance of 185 miles, and the other,

of 39-44"8 cm., and also " immature," after 429 days, near Aberdeen, 65 miles

away.
Three were recaptured in July, a male, of 35-39"5 cm., after 474 days, near

Aberdeen, at a distance of 74 miles ; a female, of 38"5-47"5 cm., after 464 days,

off Buchanness, at a distance of 101 miles ; and another female, of 37*5 cm. on
hberation, but of unknown size on recapture, after 468 days, at the mouth of the

Moray Firth, at a distance of 137 miles. Another female, of 34-5-40-8 cm., was
recaptured in August, after 519 days, near Buchanness, at a distance of 88 miles

;

and the last fish to be taken, a female, of 41"5-48"2 cm., and " nearly ripe,"

was caught in December, after 634 days, near Aberdeen, at a distance of 74
miles.

Distances travelled.—Ten of the marked plaice, or 18"5 per cent., w^ere recaptured

at distances of from 2^ to 9^ miles, viz. 6 males (33"3 per cent.), with an average
of 4"7 miles, and 4 females (ITl per cent.), with an average of 6"4 miles. They were
all taken within the Firth of Forth, on the north shore, 6 off Pittenweem, 2 off

Largo, 1 oft' Elie, and 1 off Dysart.

10 to 20 miles.—Three, or 5-5 per cent., were got oft" the Isle of May, at 16|
and 17| miles, 1 male and 2 females, the male and 1 of the females to the north

and east, and the other female to the south and east.

Under 20 miles.—Thirteen fish, or 24"1 per cent., therefore, migrated journeys
of less than 20 miles, 7 males (38"8 per cent.), with an average distance of 6"4 miles,

and 6 females (16"6 per cent.), with an average of 9"9 miles.

20 to 50 miles.—Fourteen fish, or 25"9 per cent., travelled from 20-| to 49| miles,

namely, 3 males (16"6 per cent.), with an average of 22"5 miles, and 11 females
(30"5 per cent.), with a mean distance of 31 miles. All the males were taken to

the north and east, and 10 of the females, also to the north and east, the eleventh

being got to the south and east.

50 to 100 miles.—Thirteen fish, oi' 24-1 per cent., migrated distances of from
59 to 89 miles, namely, 3 males (16'0 per cent.), with an average of 77"7 miles,
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and 10 females (27"7 per cent.), with a mean of 75-4 miles. All these fish wei'e

found to the north and east, off the coast of Aberdeen.

Over 100 miles.—Fifteen fish, or 27-7 per cent., went over 100 miles, namely,

6 males (33-3 per cent.), with journeys of from 135 to 101 miles, and a mean of

176 miles, and 9 females (25 per cent.), with distances of from 101 to 185 miles,

and a mean of 137'3 miles. All the males and 8 of the females were taken to the

northward, 10 of them in the Moray Firth, 1 off the Orkney Isles, and another

on the west coast of Scotland. One of the females went to the south-east, and

was captured off North Shields.

Ten of the fishes recaptured, or 18"2 per cent., were recovered within the Firth

of Forth, 6 males (31-6 per cent.) and 4 females (ITl per cent.); while 45, or

81"8 per cent., had left the Firth ; of these, 10, 5 males and 5 females, were got

in the Moray Firth.

Maturity.

Males.—One male was " spawninji "
; it measured 35-5-40-4 cm., and was

taken in March 1914, after 344 days, to the south and west of Smith Bank, in

the Moray Firth, at a distance of 160 miles. One male was described as " ripe "
;

it was also taken in March 1914, in the same locahty as the spawning male, at

a distance of 158 miles. One male was " nearly ripe "
; it measured 39-40-8 cm.,

and was captured in November 1913, after 231 days, to the east of the Isle of

May, at a distance of 16| miles. A male, of 34-36*2 cm., taken in January 1914,

after 293 days, near Aberdeen Bank, at a distance of 70 miles, was " three-quarters

ripe."

Among the " immature " malqs, the fcdlowing were taken within the limits

of the spawning season, all within the Firth of Forth :—One, of 33-32-9 cm., at

Largo, in March 1913, after 2 days ; another, also in March, after 5 days, at Pitten-

weem, and measuring 35*5-35-5 cm. ; the third, taken in April 1913, after 13 days,

was also got at Pittenweem, and measured 36"5-36'4 cm. ; a fourth, of 35-5-

35-7 cm., was taken in April, after 14 days, also off Pittenweem ; where yet another,

of 37-37 cm., was found 2 days later.

Females.—One female, of 35-5-41 cm., taken in March 1914, 26^ miles to the

north and east, was " spawning." None was " ripe," but 6 are described as
" spent." One of these was got in the Firth of Forth, near Pittenweem, a distance

of 5 miles, in March 1914 ; it measured 43-5-48 cm. ; another, 42*5-42-6 cm.,

was taken in June 1913, 17 miles to the south and east ; a third, of 41-41-5 cm.,

was recovered, also in June 1913, 26 miles to the north and east ; the fourth was
also recaptured in that month, 59 miles to the north and east ; it measured 42-5-

44 cm. ; the remaining 2 were got in the Moray Firth, in February 1914, both

off Banff, at a distance of 135 miles ; they were respectively, in length, 33-5-

41-3 cm. and 59-5-61-9 cm. One female was "nearly ripe "
; it measured 41-5-

48-2 cm., and was recaptured in December 1914, after 634 days, 74 miles to the

north-east, near Aberdeen. Two were described as "three-quarters ripe"; 1

was taken in November 1913, near Buchanness, at a distance of 83 miles ;
it

measured 37-5-40-5 cm. ; the other, of 40-44-3 cm., was recovered in January

1914, off Banff, at a distance of 135 miles. Two were said to be " half lipe "
;

1 of them, of 36-38-4 cm., was found in September 1913, 48J miles to the north

and east ; the other, measuring 42-44-8 cm., was taken at a distance of 26 miles

in the same direction, in November 1913.

Of the 16 adult females recaptured, whose ovaries were " immature," 6 were

taken within the spawning season ; 1 of these was recaptured in January 1914,

71 miles distant, off the coast of Aberdeen, and it measured 37-41-3 cm. ; another,

of 36-5-41-3 cnj., was taken in February 1914, in the same locality, at a distance

of 74 miles ; a third, measuring 35-39-8 cm., was found in the same neighbour-

hood, also in February 1914, at 68 miles distant ; a fourth was recaptured in

the Moray Firth, off Whitehills, at a distance of 135 miles, in March 1914 ; it

was 35 cm. on liberation, but on recapture it was not recorded ; a fifth, of 42-

44-9 cm., was recovered off North Shields, at a distance of 120 miles to the south

and east, in March 1914 ; and a sixth female, of 33-39-9 cm., was taken near

.T^ittenweem, in the Firth of Forth, in March 1914.
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Experiments at 3 Miles N.E. of Fidra Light.

Marked i)laice were liberated on two occasions, near Fidra Light, in the Firth of
Forth, near the soutli shore. The exact locahty was 3 miles to the north-east of
Fidra Island (Lat. 56° 6' N. ; Long. 2° 44' W.), with a depth of about 27 fathoms.

experiment i.

5th December 1912.

The first experiment was made on 5th December 1912, when 100 marked plaice,
com])rising 41 males, 58 females, and 1 of unknown sex were hberated. The fish

were trawled on the same day by the " Goldseeker," at the old " Garland "

Station VI., in the Firth of Forth, viz. off Pittenweem.
When liberated, the males measured from 27-5 to 47-5 cm., and 11 were under

adult size (33 cm.). The sizes of the females varied from 27 to 51-5 cm., and 21 were
under adult size (38 cm.).

The numbers liberated and recaptured, arranged in 5-cm. groups, are as
follows :

—

F. Lib.

F. Recap.
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off the Isle of May ; the third female, also in the Firth of Forth, off Pittenweein,

9 miles to the north and east ; 1 of the males, 11 miles to the north and east, near

Fife Ness ; a second, offshore, S.S.E. of Aberdeen, at a distance of 57 miles to the

north and east ; and a third, a little farther north, at a distance of 69 miles ; the

fourth was captured offshore to the south-east of Buchanness, at 99 miles distant

to the north and east ; the fifth was found in the Moray Firth, off Dunbeath,

Caithness, at a distance of 166 miles; the mean rate of movement of this fish was
19-5 miles per 10 days.

In this quarter, 13 of the marked plaice, or 18"6 per cent., were recovered,

9 (69'2 per cent.) to the north and east, at an average distance of 76 miles in the

mean direction N. 50° E. ; 3 (23"1 per cent.) to the north and west, and 1 to the

south and east.

Second Quarter.— YWe females and 3 males were recaptured in March 1913, all

but 1 to the north and east ; the exception, a female, was taken in the Firth of

Forth, near Largo, 7 miles to the north and west ; another female was recaptured off

Pittenweem in the Firth of Forth, at a distance of 8 mile? to the north and east

;

a male was taken 27 miles to the north and east, near the Bell Rock, and a female off

Fife Ness, at a distance of 15 miles. Thiee of the fish, 2 females and a male, were

found in the Moray Firth, the 2 females off Banff, at a distance of 145 miles, and the

male on the west side of Smith Bank, at a distance of 163 miles ; the remaining male
was caught south-east from Auskerry, Orkney Isles, at a distance of 191 miles.

The mean rates of movement of the 3 fish found in the Moray Firth were respectively

12-5, 13-5, and 18-3 miles, and that of the fish which went to the Orkneys, 18-9

miles per 10 days.

Three males and 3 females were taken in April, all to the north and east ; 1 of

the females was recaptured off Pittenweem, in the Firth of Forth, at a distance of

9 miles; another was taken offshore, south-east of Aberdeen, at a distance of 57

miles ; another was caught near Buchanness, at a distance of 84 miles, and 1 in

Peterhead Bay, 90 miles away ; another male was taken north-east of Rattray
Head, at 108 miles distant, and a female near Berriedale Ness, Moray Firth, at a

distance of 170 miles.

One male and 4 females were taken in May, the male in the Firth of Forth, near

Largo, at a distance of 6 miles to the north and Avest, and 1 of the females 31 miles

to the eastwards, offshore. The other 3 females were found to the north and east,
•

1 at a distance of 14 miles, north-east of the Isle of May, 1 far offshore, south-east

of Buchanness, at a distance of 97 miles, and the other near Buchanness, at a

distance of 91 miles.

In this quarter, therefore, 19 of the marked plaice, or 27-1 per cent., were
recaptured, 16 {84"2 per cent.) to the north and east, at an average distance of 88
miles in the mean direction N. 47° W. ; 2 (10-5 per cent.) to the north and west, and
1 to the south and east.

Third Quarter.—Two males and 2 females were recovered in June, all to the

north and east, rather offshore, at distances of 37, 43, 43, and 58 miles.

None was recovered in July or August, so that these 4 fish represent all the

recaptures in this quarter, or 5-7 per cent.

Fourth Quarter.—Two females were taken in September, both to the north and
east, 1 south-east of Aberdeen, at a distance of 52 miles, and the other near Buchan-
ness, at a distance of 83 miles.

Three males and 2 females were found in October, all to the noitli and east.

A male was caught east of the Bell Rock, at a distance of 28 n iles, and 1 fen ale far

offshore, north-east of the Bell Rock, at a distance of 81 miles ; the other female
was recaptured near Buchanness, at a distance of 83 miles, and the remaining 2

males off Noss Head, Caithness, at distantn^s of 160 and 167 miles.

A male was recaptured in November, off Tod Head, at a distance of 57 miles
to the north and east.

Thus, in the fourth quarter, 8 of the marked plaice, or 11-4 per cent., were
taken, all to the north and east, at an average distance of 89 miles in the mean
direction N. 50° E.

In the 12 months after liberation, 44, or 62-8 per cent., were recovered, 37
(84-1 per cent.) to the north and east ; 5(11-4 per cent.) to the north and west, and 2

to the south and east. The quarterly charts are remarkable as showing the pre-
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ponderating migration northwards along the coast. Eiglit were taken within the

Firth of Forth, and all the others to the north of the station, 9 being caught north

of Rattray Head, on the north-east coast of Scotland.

Of the remaining fish, 3 were taken in 1913, 20 in 1914, 2 in 1915, aiid 1 in 1916.

Three males were captured in December 1913, 1, 23 miles to the north and east,

to the east of the Isle of May, 1 off Noss Head, in the Moray Firth, at a distance of

155 miles to the north and east, and 1 at " Smith's Knoll," off Yarmouth (Lat.

52° 50' N., Long. 2° 15' E.), at 271 miles distant to the south and east. The fish

taken off Noss Head had moved at the mean rate of 4-1 miles per 10 days, and the

1 caught at " Smith's Knoll," at 6-9 miles.

In January 1914, 1 male and 3 females were recaptured, all to the north and
east, 2 females off the coast of Aberdeenshire, at distances of 71 and 72 miles, and
the other female and the male in the Moray Firth, off Banff, at a distance of 145

miles.

A male was taken in February, south-east of Aberdeen, at a distance of 68 miles.

In March, 3 males and 4 females were recaptured, but the position of capture of

one of the males was not ascertained. One female migrated in a southerly direc-

tion, and was taken 24 miles E. h S. of Hartlepool, at a distance of 113 miles to

the south and east. All the others migrated to the north and east, the 2 males

for 19 and 40 miles respectively, and the 3 females for 18, 24, and 33 miles. Two
females were recovered in April, both to the north and east, 1 south-east of Aber-
deen, at 72 miles distant, and 1 near Buchanness, at a distance of 86 miles. A
female was taken in May, far offshore, south-east of Aberdeen, at a distance of

106 miles ; another female, in June, north of Kinnaird Head, at a distance of 122

miles to the north and east ; another female in July, north-east of Rattray Head,
at 113 miles to the north and east, and in August, 2 females at 16 and 17 miles

to the north and east. None was taken in September, but in October a female

was recaptured at an iniknown place ; it was found in a box of fish at Birmingham
and forwarded to the " Fish Trades Gazette " in London, and the port of landing

is said to be Milford Haven.
In April 1915, after 863 days, a large female, which measured 50 cm. on libera-

tion, but whose size on recapture was not recorded, was taken 20 miles to the

north and east. In June, a male was captured, near Buchanness, 91 miles to the

north and east.

In January 1916, after 1124 days, a male, which measured 47'5 cm. on Ubera-
tion, was caught " inside of May Isle," at an unknown place.

The chart, on which the fines of migration are represented for the whole experi-

n^ent, shows a great predominance of migration northwards, along the coast, and
spreading eastwards to the north of the Bell Rock, and off the coast of Aberdeen.
Only two of the marked fish recaptured were taken to the south of the Firth of

Forth, while 10 were got in the Moray Firth, or at its entrance, and 14 north of

Rattray Head.
Distances migrated—10 miles and under.—Six, or 8*9 per cent., were found at

distances of from 6 to 9 miles, 1 male and 5 females (12" 5 per cent.), the former
at a distance of 6 miles, and the latter at 8 miles on an average. The male and
2 of the females went to the north and west, and the others to the north and east,

but all were recaptured within the Firth of Forth.

10 to 20 miles.—Ten, or 14*9 per cent., were got at distances of from 11 to 19

miles, 3 males (IM per cent.), with an average of 16*3 miles, and 7 females (17'5 per
cent.), with an average of 14*7 miles. Two of the males and 5 of the females were
fomid to the north and east, 1 male and 1 female to the north and west, and a female
to the south and east. A male and female were recaptured in the Firth of Forth.

Thus, at distances under 20 miles, 16, or 23"9 per cent., were recaptured, 4
males (14-8 percent.), with an average of 13"7 miles, and 12 females (30 per cent.),

with a mean of 12 miles.

20 to 50 miles.—Eleven, or 16*4 per cent., moved from 20 to 43 miles, 5 inales

(18-5 per cent.), with an average of 31 miles, and 6 females (15 per cent.), with a
mean of 32"3 miles. All the males and 5 of the females were taken to the north
and east, and 1 female to the east and south.

50 to 100 miles.—Twenty-two, or 32"8 per cent., were recaptured at distances
of from 52 to 99 miles, 9 males (33'3 per cent.), with an average of 74*8 miles, and
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13 females (32*5 per cent.), with a mean of 75 miles. All were recaptured to the

north and east, mostly off the coast of Aberdeenshire.

Over 100 miles.-—Eighteen, or 26"9 per cent., were got at distances of from
106 to 271 miles, viz. 9 males (33"3 per cent.), with an average of 169*7 miles, and
9 females (22' 5 per cent.), with an average of 132 miles. All the males but one,

and all the females but one, were found to the north and east, mostly in the Moray
Firth, or offshore ; 1 male was taken at Smith's Knoll, oft" the coast of Norfolk,

at a distance of 271 miles to the south and east, and 1 of the females off Hartlepool,

at a distance of 113 miles in the same direction.

Maturity.

Males.—The condition of the testes was recorded for 26 of the 29 recaptured.

Nine were described as " spawning," an unusual number, aJid all were taken

to the north and east, 1 at a distance of 11 miles, and the others at distances of

from 40 to 166 miles. Two were caught in February 1913 and January 1914, in

the Moray Firth, at distances respectively of 166 and 145 miles ; 2 were taken off

Buchanness, 1 in February 1913, and the other in June 1915.

Two wei'e said to be "ripe," 1 found in March 1913, off Auskerry, at a distance

of 191 miles to the north and east ; the other, in December 1913, at a distance of

23 miles to the north and east.

One was "spent." It was recaptured oft' Bell Rock, 19 miles to the north-east,

after 480 days.

Three were " nearly ripe," 1 taken in November 1913, 57 miles to the north

and east, near Tod Head; 1 in October 1913, in the Moray Firth, off Noss Head,
at a distance of 167 miles ; the third, in December 1913, also oft' Noss Head, at

155 miles distant.

Among those whose testes were " immature," was one, measuring 35'5-35"9 cm.,

taken in February 1913, 57 miles to the north and east, and another, of 39-39"8 cm.,

caught in April 1913, 90 miles to the north and east, in Peterhead Bay.

Females.—The condition of the ovaries was ascertained in 36 of the 41 recaptured.

One, taken in March 1914, north-east of the Bell Rock, at 33 miles to the north

and east, was " spawning."

Two were described as " ripe," 1 taken in January 1914, 71 miles to the north

and east, off Aberdeen ; the other, caught in May 1914, 106 miles to the north and
east, far offshore.

Five were described as " spent," 1 caught in March 1913, in the Moray Firth,

off Banff, at a distance of 145 miles ; another, got in April 1913, within the

Firth of Forth, off Pittenweem, at a distance of 9 miles ; the third, in May
1913, south-east of Buchanness, at a distance of 97 miles to the north and east

;

the fourth, in April 1914, 72 miles to the north and east, off Aberdeen ; and the

last, in March 1914, at a distance of 24 miles to the north and east, near the

Bell Rock.
Three were said to be " nearly ripe," 1 captured in December 1912, 72 miles

to the north and east, off Aberdeen ; 1 ir January 1914, in the Moray Firth, off

Macduff, at 145 miles distant ; the third, in March 1914, 113 miles to the south

and east, off Hartlepool.

Among those of adult size which were described as " immature," the following

were taken within the limits of the spawning season :—One, in January 1914,

which measured 36" 5-43" 7 cm., and was caught 72 miles to the north and east,

off Aberdeen ; 1, in February 1913, measuring 40-40*2 cm., recovered off Pitten-

weem, in the Firth of Forth, at a distance of 9 miles ; 2, in March 1913, measuring
lespectively 37-5-38-3 cm. and 39-39*4 cm., within the Firth of Forth, off Pitten-

weem, at 8 and 15 miles distant ; another female, recaptured in March 1914, 18

miles to the north and east, measuring 44* 5-48* 9 cm.
Among those under adult size, 2 were described as " spent," 1 taken off Banff,

in the Moray Forth, 145 miles to the north and east, in March 1913, and measuring
37"5-37'8 cm. ; the other, which measured 3r5-36'9 cm., was recaptured in April

1914, off Buchanness, 86 miles to the north and east. There was also one described

as "nearly ripe," which measured 37'5-37"5 cm., and was taken in December
1912, 72 miles to the north and east.
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EXPERIMENT II.

•SOth May 1913.

In the secoud experiment at this station, wliich was made on 3Uth May 1913,

100 fish were Hberated, consisting of 40 males, 59 females and 1 whose sex was not

ascertained. The males ranged in size from 27"5-41 cm., and 28 were under adult

size. The females varied from 28'5 to 56-6 cm., and 43 were under adult size on
liberation.

Tlie numbers liberated and recaptured, arranged in 5-cm. groups, were as

follows :

—

cm. cm. i-m. cm. cm. cm. cm.
•25-30-5 31-35-5 3l)-40-5 41-455 4G-.50-5 51-55-5 5()-(i0-5 'J'otal.

F. Lib. . 9 28 10 7 2 1 2 59

F. Recap. . 4 15 4 4 1 — — 28

M. Lib. . 12 26 1 1 — — — 40
M. Recap. .6 16 1 _ _ _ _ 23

? Lib. . . — 1 _ _ _ _ _ 1

? Recap. . — 1 — — — — — 1

The fish used in this experiment were trawled by the " Goldseeker " on the

same day at the " Garland " Station II., in the Firth of Forth, i.e. in the North Bay,
off West Wemyss.

The number recaptured was 52 (52 per cent.), comprising 23 males (57-5 per

cent.), 28 females (47-5 per cent.), and the fish of unknown sex. All the males
recaptured were of adult size, ranging from 34 to 43"5 cm., and averaging 37'3 cm.,

as compared with a range of from 27-5 to 36-5 cm. and a mean of 32*1 cm. on libera-

tion ; they were at liberty for from 99 to 981 days, the mean being 393 days ; they
migrated distances of from 6 to 204 miles, the average being 54 miles, and the

mean rate of movement, T4 miles. Twenty of the females were of adult size,

averaging 41-6 cm., and varying from 38-4 to 50-3 cm., as against a range of from
31-5 to 48"5 cm., and an average of 36-5 cm. on liberation ; they were at Uberty for

from 161 to 815 days, the average being 359 days ; they travelled from 6 to 145
miles, the mean being 57-3 miles, and the average rate of movement 1-6 miles per

10 days. Eight of the females were under the adult size, averaging 36-5 cm., as

compared with 31-2 cm. on Uberation ; they were free for a mean period of 390
days, and moved from 7 to 88 miles, the average being 35-5 miles, and the mean
rate, '9 mile per 10 days.

The Extent and Direction of Migration.

First Quarter.—None of the marked fish was recaptured in the fiist 3 months
following Uberation.

Second Quarter.—A male was taken in September, after 99 days, off Wemyss
Castle, in the Firth of Forth, at a distance of 10 miles to the north and west.

In November, a male and a female were captured, both to the north and east, at

distances of 16 and 22 miles respectively. Only 3 fish were thus recovered in the

second quarter.

Third Quarter.—Two males and 1 of unknown sex were recaptured in December
1913, the 2 males to the north and east, at distances of 22 and 26 miles, near the
Bell Rock. The fish of unknown sex was captured 167 miles to the south and east,

28 miles N.E. by N. of Spurn Head ; the mean rate of movement in this case was
8 miles per 10 days.

In January 1914, 1 male and 2 females were got, all to the north and east, the

2 females to the south-east of Aberdeen, offshore, at distances of 67 and 73 miles

respectively, while the male was recaptured in the Moray Firth, off Banff, at 145
miles distant.

Three males and 3 females were taken in February 1914, one of the males in the
Firth of Forth, 10 miles to the west and south ; a female was also taken in the
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Firth of Forth, at a distance of 7 miles to the north and west ; all the other fish were

recaptured to the north and east, 1 of the males near Aberdeen, at 70 miles, the

other male south-east of Aberdeen, at a distance of 67 miles, 1 of the females east of

the Isle of May, at a distance of 20 miles, and the other in the Moray Firth, off

Banff, at a distance of 145 miles.

Thus, in this quarter, 12 fish, or 23-1 per cent., were recovered, 9 (75 per cent.)

to the north and east, at a mean distance of 70 miles in the mean direction N. 51° E.,

and 1 each to the north and west, to the south and east, and to the south and west.

Fourth Quarter.—In March 1914, 3 males and 8 females were got ; 1 of the males

was taken 60 miles to the south and east, east of Longstone Light, Northumberland
;

another, 18 miles to the north and east ; and the third, 85 miles to the north and

east, near Buchanness ; 2 of the females migrated to the south and east, 1 to north-

east of St. Abb's Head, a distance of 26 miles, and another to 22 miles S.E. by
E. J S. from North Shields, a distance of 105 miles ; 3 were found in the Firth of

Forth, 1 ofi Pittenweem, 6 miles to the north-east, and 2 off Buckhaven, 10 miles

away to the north and west ; another female was captured 15 miles to the north

and east, and 1, 76 miles in the same direction, east of Aberdeen ; the remaining

female was found in the Moray Firth, but the precise position was not ascertained.

In April, 2 males and 2 females were recaptured, all to the north and east, 1 of

the males at a distance of 23 miles, and 1 of the females at 35 miles ; the other female

was taken off Kinnaird Head, at 119 miles distant to the north and east, and the

other male in the Moray Firth, close to Noss Head, at a distance of 170 miles.

One male and 3 females were recaptured in May, the male 10 miles to the south

and east, and all the females to the north and east, 1 south-east of Aberdeen, at a

distance of 68 miles, the other 2 off Rattray Head, at distances of 104 and 107 miles

respectively.

In the fourth quarter, therefore, 19 fishes, or 36 "5 per cent., were recaptured,

13 (68 per cent.) to the north and east, at an average distance of 69 miles, in the

mean direction N. 49° E., 4 (21 per cent.) to the south and east, and 2 to the north

and west.

Thus, in the 12 months after hberation, 34 of the marked plaice, or 65*4 per

cent., were recaptured, 24 (71 per cent.) to the north and east, 5 (14*9 per cent.) to

the south and east, 4 to the north and west, and 1 to the south and west.

Of the remaining fishes in this experiment, 10 were recaptured in the remainder

of 1914, 7 in 1915, and 1 in 1916.

In June 1914, a female was taken 73 miles to the north and east, off Aberdeen.

In July, 2 females were got, 1 at a distance of 23 miles to the north and east, the

other at 77 miles distant to the north and east, north-east of Aberdeen. In August,

2 males were recaptured, 1, 13 miles to the north and east, and the other 12 miles

to the south and east. In September, 2 males and a female were caught, both

the males in the Firth of Forth, 1 off' Pittenweem, 6 miles to the north east, the

other off Largo, 9 miles to the north and west ; the female was taken 25 miles to the

south and east, off St. Abb's Head. A male and a female were recaptured in October,

the male (which was landed at Dundee) described vaguely as having been recap-

tured " 8 miles east of the Firth of Forth "
; the female was taken east of the Isle of

May, at a distance of 18 miles to the north and east.

A female was recovered in January 1915, at a distance of 88 miles to the north

and east, offshore, to the south-east of Aberdeen. Another female was taken in

March, after 665 days, off Dysart, in the Firth of Fortli, 11 miles to the north and
west. In April, 2 males and a female were got, the latter 13 miles to the north and
east, 1 of the females 35 miles in the same direction, and the other male 68 miles

E. by N. of Grimsby, at a distance of 204 miles to the south and east. A male and a

female were taken in August, the male off Gosford, on the south shore of the Firth of

Forth, at a distance of 9 miles to the south-west, and the female 29 miles to the

north and east, oft" the Bell Rock.
The last fish to be captured was a male, which was taken in February 1916,

after 981 days, 27 miles E. f S. of Flamborough Head, 168 miles away to the south

and east.

While the general features of the lines of migration, as shown in the chart for

the whole experiment, arc very similar to those in the former experiment, in March,

it differs in this respect, that 5 of the recaptured plaice were taken to the soutli of the
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Firtli of Forth, 4 of tliem off the English coast, as far south as off Spurn Point and
Grimsby.

Distances fravelled—10 miles and under.—Ton of the marked plaice, or 20 per
cent., were recaptured at distances of from 6 to 10 miles, 6 males (27-3 per cent.),

with an average of 9 miles, and 4 females (14-8 per cent.), with an average of 8J
miles. Five of the males, and all the females, were taken in the Firth of Forth,

and 1 male 10 miles to the eastward.

10 to 20 miles.—Eight fish, or 16 per cent., were found at distances of from 11 to

18 miles, 4 males (18"2 per cent.), with an average of 15 miles, and 4 females (14*8

per cent.), with an average of 14|- miles. Three of the males and 3 of the females
were taken to the north and east, 1 of the males to the south and east, and 1 of the

females to the westward, within the Firth of Forth, near Dysart, at a distance of

11 miles.

Thus, 18 fish, or 36 per cent., were recaptured at distances under 20 miles, 10

males (45-4 per cent.), with an average of 11-3 miles, 8 females (29-6 per cent.), with

a mean of 11-25 miles. Ten of these were taken within the Firth of Forth.

20 to 50 mi/es.—Eleven, or 22 per cent., were recaptured at distances of from
20 to 35 miles, 4 males (18'2 per cent.), with an average of 26-5 miles, and 7 females
(25-9 per cent.), with an average of 25-7 miles. All the males and 5 of the females

were found to the north and east, the 2 remaining females being recaptured to the

south and east.

50 to 100 miles.—Eleven fish, or 22 per cent., were found at distances of from
60 to 88 miles, 4 males (18'2 per cent.), ^vith an average of 70"5 miles, and 7 females

(25"9 per cent.), with antivorage of 74*6 miles. Three of the males and all the females

had migrated to the north and east ; the remaining male was found to the south
and east, off North Shields.

Over 100 miles.—Ten fish, or 20 per cent., were got at distances of from 104 to

204 miles, 4 males (18"2 per cent.), with an average of 171*7 miles, 5 females (18"5

per cent.), with a mean of 116 miles, and 1 of unknown sex, which went 167 miles

to the south and east. Of the males, 2, and of the females, 4, were taken to the

north and east, the 2 males and 1 of the females in the Moray Firth, the remaining
2 males and 1 of the females to the south and east, off the English coast.

Maturity.

Males.—The condition of the testes of 16 of the 23 recaptured was asertained.

One, taken in March 1914, 18 miles to the north and east, was described as
" ripe." Two were " nearly ripe," both found to the north and east, one at a

distance of 22 miles, the other off Whitehills, Banff, at a distance of 145 miles.

Among those of adult size on recapture, whose reproductive organs were " im-
mature," were the following taken within the limits of the spawning season :

—

Three, in February 1914, 2 measuring 31" 5-36- 3 cm. and 32-5-38 cm., at 67 and
70 miles respectively to the north and east ; the third measured 31-34*1 cm., and
was taken near Grosford, in the Firth of Forth, at a distance of 10 miles ; 1,

measuring 33-37-3 cm., was recaptured in March 1914, near Buchanness, 85 miles

to the north and east.

Females.—The condition of the ovaries was ascertained in 26 of the 28 females

recaptured. One, caught in March 1914, 26 miles to the south and east, off St.

Abb's Head, was described as " ripe."

Two were said to be " spent," 1 taken in April 1914, 35 miles to the north

and east, the other in April 1915, 13 miles in the same direction.

Two were " three-quarters ripe," one caught in February 1914, off Banff, in

the Moray Firth, at a distance of 145 miles, the other taken in October 1914, 18 miles

to the north and east.

Among the females of adult size whose ovaries were " immature," the following

were taken within the spawning season :—In January 1914, 1, of 34*5-39*7 cm.,

caught 73 miles to the north and east ; 1, of 36-40*5 cm., taken in February 1914,

20 miles to the north and east ; 4 recaptured in March 1914, 3 to the north and
east, at 6, 15 and 76 miles respectively, and measuring 32-5-38-5 cm., 34-41*1

cm., and 35-38-4 cm. ; the remaining female measured 48-5-50*3 cm., and was
caught 105 miles to the south and east.
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Among those under adult size (38 cm.) on recapture, was one described as
" spawning "

; it measured 34'5-376 cm., and was found in January 1914, 67 miles

to the north and east, south-east of Aberdeen.

Experiments at Twenty Miles East op Isle op May.

At this position, which Ues about Lat. 56° 17' N. ; Long. 1° 58' W., where the

depth is 29 fathoms, 10 experiments with marked plaice were made, extending

from 28th November 1910 to 26th March 1913.

The number of fish liberated was 961, consisting of 352 males, 597 females,

and 12 whose sexes were not determined.

Six hundred and forty-three, or 66*9 per cent., were recaptured, viz. 239 males

(67"9 per cent.), 402 females (67-3 per cent.), and 2 of undistinguished sex (16'6

per cent.).

Particulars for each of these experiments are given in the following table :

—
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73*7 per rent., of the males were recaptured, and 43, or 72*9 per cent, of the females.

Of the males recaptured, 12 belonged to the smaller group and Ifi to the larger.

Among the females recaptured, 11 belonged to the first group (31-35"5 cm.) ; 20

belonged to the next group ; 11 to the group measuring from 41-45" 5 cm. ; and the

female over 51 cm. on liberation was also recaptured. All the males recaptured

were of adult size (33 cm. or over), and the particulars in regard to them are as

follows :—They had been at liberty for periods varying from 8 to no less than
1892 days, the average being 254'3 days. Their average size on liberation was
36" 5 cm. and on recapture 38" 2 cm. The position of recapture of 26 of the fishes

was ascertained, and the distances migrated varied from 3*5 to 215 iniles, the mean
distance being 76" 4 miles, and the mean rate 3*9 miles per 10 days. Of the females,

35 were of adult size on recapture ; they had been at liberty for from 10 to 1566

days, the average being 375 days ; their average size on liberation was 39' 6 cm.

and on recapture 43*6 cm. ; the distances migrated (in the 33 cases in which it was
ascertained) varied from 3*5 to 184 miles, the average distance being 64*8 miles,

and the average rate of travel 1*78 miles per 10 days. The other 8 females were

under adult size on recapture, the mean size being (in the 5 cases ascertained)

35*1 cm., both on liberation and on recapture ; the periods of freedom varied from
3 to 462 days, the average being 95" 7 days ; the distances travelled (ascertained

in 7 cases) was from 2 to 58 miles, the mean distance being 16*8 miles, and the

mean rate of travel 3'9 miles per 10 da}'TS.

The Extent and Direction op Migration.

First Quarter.—Of the 98 fishes liberated, 9 were recaptured in the following

month, December 1910, viz. 4 males and 5 females. Four had migrated short

distances of from 2 to 7 miles ; 3 of these were immature females, and 1 was a

male. Of the other 5, 2 had moved 13 miles, 1, an adult female, which was " almost

ripe," to the south-east of the Isle of May, the other, an adult male, also " almost

ripe," to the north-east of the island. Another male, described as "immature,"
but measuring 38 cm. when liberated, was taken 15 miles away, to the north-east

of St. Abb's Head. Of the remaining 2, a female had travelled 56 miles north-east,

and was taken off Aberdeen only 10 days after liberation ; it was " nearly ripe."

The other, a male, described as "three-quarters mature," had also gone north-east,

and was taken at a distance of 76 miles, off Peterhead, after 20 days.

In January 1911—after about two months' freedom—11 of the marked plaice

were recaptured, viz. 5 males and 6 females. One of the males (33"3 cm.), described

as " quite immature," was caught 5 miles distant, and another, 13 miles, to the

south-east of the Isle of May. Of the others, 7 (both males and females) had
moved to the north-east, and were taken at distances ranging from 19 to 113 miles,

mostly off the coast of Aberdeen ; but 1, a female 39 cm. in length, and " nearly

ripe," off Banff, in the Moray Firth. Most of these fish were approaching maturity.

Of the 2 remaining, 1 was caught 16 miles to the south-east, off St. Abb's Head,
and was " immature "

; the other, a male, described as " maturing," was taken

to the north-west, south-east of Montrose, 26 miles distant.

Six were recaptured in February, 4 males and 2 females, all to the noith-east
—4 off the coast of Aberdeen, and 2 in the Moray Firth, off Banff, the distances

travelled ranging from 36 to 113 miles. All these fish were described as "almost
ripe," or " spawning," except 1 male which was " immature," but as it was 35 cm.
long, it may in reality have been " spent."

Thus in the first 3 months, December 1910 and January and February 1911,

26 fishes were recaptured (or 36*6 per cent, of the total number recaptured).

Thirteen were males and 13 were females (or respectively 46-4 per cent, of the

total males, and 30-2 per cent, of the total females recaptured). Some of the

fishes had moved considerable distances, over 100 miles, and as the table shows
(and the chart indicates in a striking manner) the largest number had moved north

and east along the coast. Fifteen (or 57*7 per cent, of those taken in this quarter)

had migrated for an average distance of 62 miles N. 19° E. at rates varying from
3-8 to no less than 56 miles per 10 days, the mean rate being 14-2 miles. Three
(or 11*5 per cent.) had moved in the mean direction N. 49° W. for from 2 to 26 miles,

the average being 13 miles and the average rate 5-8 miles per 10 days. Four
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(or 15-4 per cent.) had migrated an average distance of 8 miles in the mean direc-

tion S. 30° E., at a mean rate of 6-8 miles per 10 days. Four (or 15-4 per cent.)

had moved an average distance of 11 miles S. 57° W., at an average rate of 7 miles

per 10 days.

It will thus be seen that the predominant migration was along the coast to

the northwards, 3 of the fishes being caught in the Moray Firth, off Banff, and,

from the condition of the reproductive organs and the rapidity of movement,
it is clear that the migration northwards was a spawning migration. One of the

fishes, a female of 43'5 cm., had travelled to the north-east of Aberdeen in 10

days, or at the rate of 5'6 miles per day ; a male, of 38*5 cm., had migrated

76 miles in 20 days, or at the rate of 3-8 miles per day, and was lecaptured off

Peterhead.

Of the 16 fishes which were got to the noTthward of the station, all were " ripe,"

"almost ripe," "approaching ripeness," or "spawning," except 4, which were
" immature," namely, a male of 35 cm. which was caught oft' Aberdeen, and 3

females, 1 measuring 37-5 cm., another 38 cm., got off Aberdeen, and the third,

measuring 34.5 cm., taken near the Bell Rock. On the other hand, of 10 fishes

got to the south or eastward of the station, and legarding 8 of which the condition

of the reproductive organs was determined, all were " immature " except 2, namely,

a female, of 44-5 cm., which was caught after 31 days 13 miles south and west,
" almost ripe," and a male, of 40"5 cm., got not far fro)n the same position, after

19 days., also " aln\ost ripe." There is other evidence that the plaice spawn in

this neighbourhood.

Second Quarter.—In the next 3 months, March, April, and May 1911, 15 fishes

were recaptured (or 21 per cent, of the total recaptured), 7 (or 25 per cent.) being

males, and 8 (or 18'6 per cent.) being females. The position of recapture of 14

of the fishes was ascertained. In this quarter also the majority of the fishes

migrated northwards, along the coast, namely, 12 (or 85"7 per cent.), the mean
direction being N. 32° E., and the average distance 104 miles, the average rate

of movement, per 10 days, being 8"63 miles. Of the 7 captured in March, 5 went
northwards, while all those got in April and May took the same directioi>. One
(or 7*1 per cent.) went north and west for 12 miles, and another went south and
east for 21 miles. Five were recaptured in the Moray Firth, 1 at Fair Isle, and
1 at Shetland.

Of the 5 fishes got in the Moray Firth, the condition of the reproductive organs

in 3 was not ascertained ; the other 2, a male and a female, were " ripe " and
" spawning." The male caught at Shetland was " spent," and that got near

Fair Isle is described as " immature "
; it was taken on 18th March, and measured

34-5 cm. Of 2 caught in the neighbohrhood of Buchanness, 1 of 41 cm. was
" spent," and the other of 36'5 cm. (and thus under adult size) was " immature."
The other 3 fishes, 2 females of 37*5 and 38*5 cm., and a male of 33 cm., which

were taken not far from the station, were " immature." The female which had
moved north and west to the Bell Rock was under adult size (36 cm.), and was
" immature "

; but the female recaptured near St. Abb's Head on 29th March
was " spent."

Third Quarter.—-In the months June, July, and August 6 fishes (or 8*4 per

cent, of the total recaptured) were caught, viz. 1 male and 5 females. The positions

of recapture were ascertained for 5 of them ; 3 (or 60 per cent.), 1 male and 2

females, had gone northwards for 106, 126, and 53 miles (2 into the Moray Firth),

the average distance being 95 miles, and the mean direction from the station

N. 33° E. Two moved west and south, 1 to the mouth of the Firth of Forth,

and the other, well within it, to Aberlady Bay, the average distance being 23 miles.

The condition of the reproductive organs was ascertained in only 3 cases
;

the male, caught on 10th June, off Kinnaird Head, was described as " ripe "
;

the 2 females taken in June and August were " immature."
Fourth Quarter.—No fishes were recaptured in September, but 5 (7 per cent.)

were got in October and November, 2 males and 3 females. Three (60 per cent.)

were caught to the northwards, 2 females, well off shore at distances of 66 and
71 miles, and a male off Stonehaven at a distance of 30 miles. A female had
moved almost directly east for 18 miles, and a male for only Sh miles to the south

and west. The males, caught respectively on 24th October and 10th November,



were described as " nearly ripe." Tlic condition of the reproductive organ was
ascertained for only 1 of the females ; it was " immature."

Tlius, within a year of liberation, 52, or 73-2 per cent., of the marked plaice
were recaptured, particulars being obtained for 50 of them. Of thes^e, 33 (or

66 per cent.) migrated to the nortli and east ; 4 (or 8 per cent.) moved north and
west ; 6 (or 12 per cent.) went south and east ; and 7 (or 14 per cent.) went south
and west.

Quarter.
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in October, was " immature." One, a female, was recaptured near Fair Isle,

184 miles away, in September ; it was " spent." Two of the fish, both females,

were recaptured off the coast of Aberdeen, at distances of 56 and 75 miles ; 1

of these, taken in January, and measuring 42 '5 cm. when liberated, is described

as " rather immature "
; the other, caught in June, was " immature." The sixth,

a female, had gouvj 33 miles, and was taken, also in July, off Tod Head, " im-

mature." One fish, a female, was caught in June 4 miles to the north-west
;

it was " spent." The eighth fish had migrated to the south-west, namely, a male,

caught 4 miles from the place of liberation in December ; it was " nearly ripe."

Of the 6 fishes caught in 1913, five were females, and 1 was a male. They had
all moved northwards, along the coast, and had migrated distances of from 64 to

! 90 miles. The male was taken in September near Fair Isle, and was " immature."
Of the 5 females, 1 , caught in March off the Orkney Islands, was " spawning "

;

another, taken in March, ofi Buchanness, was " nearly ripe "
; the third, caught in

May, in the same neighbourhood, was " spent "
; the fourth, recaptured in June,

off Noss Head, in the Moray Firth, was " immature "
; the condition of the ovaries

of the fifth, which was taken north-east of Kattray Head in July, was not ascer-

tained.

None of the marked fish belonging to this experiment was caught in 1914, but 1,

a female, was recaptured on 13th March 1915, after 1566 days of freedom, only 11

miles south and east of the station ; it was " spent."

In 1916, a male was caught on the 2nd February, after a period of freedom of

1892 days, or 5 years and 2 months. This fish Avas found in London, among fish

from Scarborough, but, unfortunately, the place of capture was not ascertained
;

the fish was described as " spawning."

The summary of the resultant direction and distance in each quadrant is as

follows :

—

Table.
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Quadrant.
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Over 100 miles.—No less tlian 18 lish, or 26-9 per cent., were got at distances

exceeding 100 miles from the })lace of liberation, 12 being taken v/ithin tlie Moray
Firtli, 3 in the neighbourhood of Fair Isle, 2 at Orkney, and 1 at Shetland, all north-

ward of the station. Of these, 10 were males and 8 females. The males had
migrated distances of from 106 to 215 iniles, and the females for distances of from
112 to 184 miles, the average being 136 miles.

The rate of movement of the fish which went north-east, especially for long

distances, was somewhat remarkable in this experiment. In the case of the males,

it ranged from 1-9 to 38 miles per 10 days. A few cases may be mentioned. One
male migrated 76 miles northwards in 20 days, and was taken ofE Peterhead

;

another was found near Fair Isle, at a distance of 194 miles, after 110 days ; a

third had migrated 139 miles in 94 days ; a fourth, 215 miles in 114 days, and so on.

Among the females, the rate of movement was not, as a rule, quite so rapid ; the

rate per 10 days ranged up to 21 '3 miles, and in one case it was even 5*6 miles per

day ; this fish, a large female, was caught on the 8th December, off Aberdeen, at a

distance of 56 miles, and was " nearly ripe." Another female, which was captured
" spent," in the Moray Firth, had travelled 112 miles in 112 days ; another female

had reached the same locality in 85 days, and it also was " spent "
; and a third,

also found in the same locality, " nearly ripe," had travelled 113 miles in 53 days. .

Maturity.

The condition of the reproductive organs was ascertained in 24 of the males.

Five were " ripe " or " spawning." Two of these were captured in the Moray
Firth in the following February and March, after 89 and 94 days respectively,

having made the journey at the average rate of 12'7 and 14*8 miles per 10 days. A
third was taken north of Kinnaird Head, in June, the 106 miles having been made
at the mean rate of 5*5 miles per 10 days ; a fourth was recaptured in February,

north-east of Aberdeen, the rate of travel having been 6-1 miles per 10 days. The
fifth was the fish which had been at liberty for over 5 years, and was captured on
2nd February 1916 at an unknown locality.

Seven of the males were " nearly ripe." Four were recaptured to the north,

1 in the Moray Firth in February 1912, 157 miles distant, having migrated at a

mean rate per 10 days of 3*6 miles ; 1 was taken north-east of Aberdeen on 18th

January 1911, after 51 days, the rate of travel being 11-4 miles; another was
caught off Tod Head in January 1911, having moved 36 miles at the mean rate of

8'2 miles per 10 days ; the fourth was taken in October 1911, off Bervie, and had
travelled tlie 30 miles at the rate of -9 mile. Two of the " nearly ripe " males had
gone short distances to the south and west ; 1, taken in December 1912, after 754

days, only 4 miles distant, had gone at the rate of -05 mile per 10 days ; the other

was found 3J miles distant, in November, after 347 days, the mean rate being "1

mile. The seventh fish was recaptured 13 miles to the westwards, off Fifeness,

in December 1910, after 19 days, the mean rate being 6-8 miles.

Two of the males appear to have been " spent," and were both recaptured to

the north of the station. One, of 37 cm., was caught on 22nd February, after 86

days, 36 miles distant, the rate of movement having been 4*2 miles ; it was described

as " spent " or " immature "
; the other fish was recaptured on 22nd March 1911,

near Wlialigoe, Shetland, having migrated the 215 miles in 114 days, or at the rate

of 18-9 miles per 10 days.

Of 8 males of adult size with " innnature " reproductive organs, 5 were

recaptured to the north, 1 in February 1911, after 81 days, north-east of Aberdeen,

the rate of movement being 7-5 miles ; the second was taken_ in April, 25 miles

distant, north-east of May Isle, the rate in this case being 1*9 miles ; the third was
got near Fair Isle, in March 1911, having travelled 194 miles in 110 days, or at the

rate of 17-6 miles ; the fourth was recaptured off Orkney in October 1912, after

684 days, the rate being 1-9 miles ; and the fifth was not found until September

1913, after 1027 days, off Fair Isle, the rate of progression being 1-8 miles. Two of

these males were recaptured south and east, at distances of 5 and 7 miles, 1 in

January 1911, the rate being 1-2 miles, and the other in December 1910, after 10

days, the rate being 7 miles. The eighth fish was caught after 8 days, 15 miles

to the south and west, off St. Abb's Head, the rate of movement being 18"7 miles.
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It may be mentioned that 2 of the 3 males in which the condition of the repro-

ductive organs was not ascertained, but the position of recapture is recorded, 2 were

taken in the Moray Firth, 1 in March 1911, after 112 days, 141 miles distant, having

migrated at the rale of 12-6 miles ]icr 10 days ; the other, in April, after 133 days,

having gone 143 miles, at the rate of 1075 miles per 10 days. These males measured

357 and 38 cm. respectively, and had no doubt spawned in the Moray Firth. The
third fish was caught on 5th January 1911, aflei- 38 days, 13 miles to tlie south ;uid

west, the average rate being 3-4 miles.

The condition of the reproductive organs was ascertained in 29 of the 35 adult

females recaptured, and in 5 of those under adult size. Among the adults, only 2

are described as " spawning " or " ripe "
; both were recaptured to the north. One

was caught in March 1911, after 112 days, near Banff, in the Moray Firth, having

travelled 112 miles, at the mean rate of 10 miles per 10 days ; the other was taken

in March 1913, after 835 days, at the Orkney Islands, 164 miles distant, the rate

in this case being 1-9 miles. Seven were " nearly ripe," and 6 were recaptured to

the northwards. One had migrated with great rapidity, being caught 56 miles

off, northward of Aberdeen, after 10 days, having moved at the rate of 5-6 miles

per day. A second was taken close to the same place in February, after 85 days,

the rate being 6-5 miles per 10 days. Two were recaptured off Banff, in the Moray
Firth, 112 and 113 miles distant, 1 in January, after 53 days, and the other in

February, after 85 days, the rate of travel being 21-3 and 13-2 miles per 10 days
respectively. The fifth fish was caught in March 1913, after 830 days, off Buchan-
ness, the rate in this case being -8 mile per 10 days ; and the sixth fish, which had
gone northwards, was found 11 miles distant in December 1911, after 381 days, the

rate being -3 mile per 10 days. One cf the " nearly ripe " females was recaptured

in December, after 31 days, 13 miles to the south and west, the rate of travel being
4-2 miles.

Six of the females were " spent." Four were taken to the northwards, as

follows :—One in April 1911, north-east of Aberdeen, having travelled the 65 miles

in 149 days, at the rate of 4"4 iniles per 10 days. The other 3 were recaptured

much later, 1 in June 1912, after 563 days, only 4 miles distant ; this fish measured
35 cm. on liberation, and 42'7 cm. on recapture ; another was caught on 2nd
September 1912, after 644 days, near Fair Isle, the rate for the 184 days being 2'8

miles per 10 days ; the third was not recaptured till May 1913, after 885 days, off

the coast of Aberdeen, 64 miles away, the rate being -7 mile. Two of the " spent
"

females were recaptured to the south-east, 1 in March 1911, after 121 days, 21 miles

distant, off St. Abb's Head, the rate being 1*7 miles ; the other was taken in March
1915, after 1566 days, only 11 miles from the place of liberation.

Fourteen of the adult females were " immature," and the position of recapture

of 12 of them was ascertained. Eleven of these had migrated northwards, and
of them 5, at least, were taken beyond the limits of the spawning season, in June,

July, August, and October. They had migrated distances of 33, 53, 71, 75, and
149 miles, to the coast of Forfar, or Aberdeen, and one to the Moray Firth, and
were caught after considerable intervals (253 to 919 days), so that the rate of

travel ranged from "6 to 2*2 miles per 10 days. Of the others, 1 was taken in

June 1911, after 59 days, off Aberdeen, the rate being 7*9 miles ; this fish was
only 38"2 cm. in length. Another was got in January 1912, after 404 days,

near Aberdeen, the rate for the 56 miles being 1-4 miles ; it was 46 cm. long, and
is described as "rather immature "

; another was caught in January 1911, after

60 days, off Stonehaven, the rate of travel being 6*6 miles, and it is described as
" one-c[uarter ripe," and was 39' 6 cm. long. One was recaptured in May 1911,

after 156 days, only 6| miles distant ; another, also taken in May near Buchanness,

had gone 75 miles, the rate per 10 days being 4*4 miles ; it was 36'5 cm. on
liberation and 38"5 cm. on recapture. The last, recaptured to the north, was
taken in April 1911, only 3i miles from the station ; on liberation it measured
37' 5 cm., and on recapture 38*3 cm.

Of 8 females, which were under adult size on recapture, the condition

of the reproductive organs was ascertained in 5 cases. Two, both taken in

January 1911, had migrated north and east; 1, of 37*5 cm., went 58 miles at

the rate of 9'1 miles ; the other, of 34' 7 cm., had migrated 19 miles, at the rate

of 3*8 miles. Two, one taken in December 1910, after 3 days, and the other in
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January 1911, had migrated south and east for 5 and 16i miles, at the rate of 16*6

and 2" 7 miles. One was recaptured 12 miles to the north and west after 98

days, the rate being 1'2 miles, and the other had moved 5 miles south and west,

the rate being 2 miles.

It is evident, from the above statement, that the majority of the adults migrated
to the northwards for the purpose of spawning, and sometimes with great rapidity

;

but several of them remained in the neighbourhood of the place of liberation.

Relation of Movement to Size.

As a rule, the largest males and females migrated long distances, but there were
exceptions, especially among the females. Of the 10 largest males, on liberation

or recapture, 8 iingrated northwards for distances of from 30 to 215 miles
;

the reproductive organs of 2 caught in October were " immature "
; in all the

others, they were " ripe," or " nearly ripe," or " spent," But a male, which
measured 35 cm. on liberation and 41*9 cm. on recapture, and which had been at

liberty for 754 days, was taken in December, only 4 miles to the south-west, "nearly
ripe." Another, of 40'5 cm., was got 13 miles to the north and west, towards
the coast of Fife, after 19 days ; it was " almost ripe." Of the 8 largest females,

4 were recaptured in the months of February and May, from 64 to 126 miles

distant to the northwards ; the condition of the reproductive organs of 3 was
ascertained, and they were "almost spawning" or "spent." Three were re-

captured to the south and west, distances of 13, 14, and 33 miles respectively ; 1

,

in December, was "almost ripe "
; 1, in June, was " immature "

; and the third,

in August, was not determined. The most remarkable case was the female which
measured 38'5 cm. on liberation and 53*1 cm. on recapture, caught in March 1915,

after 1566 days ; it was fomid only 11 miles to the south and east of the station,

and was " spent."

experiment II.

2lst March 1911.

In this experiment, 51 fishes were marked and liberated, 20 being

males, 30 females, and i whose sex was not determined. The sizes of the

males ranged from 29-5 cm. to 37 cm., and the sizes of the females from 27"5 cm.
to 50 cm. The numbers liberated and recaptured are shown in the accompanying
table, in groups of 5 cm.

F. Lib. .

F. Recap.



95

The 17 adult females were at liberty for from 38 to 721 daj's, the average
being 311 days ; the mean size on liberation was 37"5 cm., and on recapture 42*7

cm. ; they moved distances of from 4 to 74 miles, the mean being 28-8 miles, and
the mean rate '9 miles per 10 days. The 5 immature females were at liberty

for from 42 to 360 days, the mean being 236 days ; the average size on liberation

was 31" 3 cm., and on recapture 35*3 cm. ; they migrated distances of from 18 to

49 miles, the mean being 28*4 miles, and the mean rate 1*2 miles.

The Extent and Direction op Migration.

First Quarter.—In the month after liberation, April 1911, only 3 fish (2

males and 1 female) were recaptured. The female and one of the males were taken
5 miles to the south and west ; the other male had moved westwards to the coast

of Fife (to the same locality where it was originally captured) ; it was a small fish

(29-5 cm. in length), and had made the 23 miles at an average rate per 10 davs of

20-9 miles.

In May, 4 were recaptured (2 males and 2 females), but the position of

recapture of 1 of the males was not ascertained. The other male and 1 of

the females had moved 6 and 4 miles respectively to the south and west ; the other
female, measuring 34 cm. on liberation, had gone westwards into the Firth of Forth,
to the coast of Fifeshire, and was taken near Elie, 31 miles distant, the average
rate of travel being 7' 4 miles.

Two were taken in June (a male and a female) ; the latter was recaptured,

after 72 days, 8| miles to the north-east, and the male, after 78 days, 15 miles to the
north-west, near the Bell Kock.

Thus 9 of the total recaptures, or 25" 7 per cent., were made in the first

quarter, and particulars in regard to 8 were ascertained. Four, or 50 per cent.,

moved distances of from 4 to 6 miles to the south and west ; 3, or 37.5 per cent.,

moved north and west (2 of them into the Firth of Forth) for distances of from
15 to 31 miles, the average distance being 23 nules : and 1, 12"5 per cent., had
gone 8i miles to the north-east.

The feature of this quarter is the relatively small migration, and the predomin-
ance towards the coast, south-west and north-west. The condition of the repro-

ductive organs was ascertained for 2 of the males and 4 of the females ; thev
were all " immature." On hberation, 2 of the males were of adult size, measuring
33'5 and 34 cm. ; 2 of the females were also of adult size, measuring 38 cm. and
44*5 cm. respectively. All the others were under adult size.

Second Quarter.—Six fishes (2 males and 4 females) were recaptured in July,

August, and September, i.e. 17-2 per cent, of the total recaptured. The position

of recapture of 1 was not ascertained ; of the others, 3 (or 60 per cent.), viz. 2

males and 1 female, had migrated to the south and west, for distances of from
4 to 12 miles ; 1 female was taken 18 miles to the north and west, near the Bell

Rock, and the remaining female 5 miles north and east of the station. All the
fish were, naturally, for the season " immature." On hberation, all except 2 females
were of adult size, and on recapture 1 of these females had grown to adult size,

the other measuring 37*1 cm. ; the latter had moved the greatest distance of all,

viz. 18 miles. The same feature is thus shown in the second quarter as in the
first, the relatively small distance migrated, the absence practically of any
recaptures to the northwards of the station, and the predominance to the south
and west.

Third Quarter.—Only a single fish was recaptured in this quarter, a inale, which
was taken on 6th October, 6 miles to the south and west, and which is described as
" nearly ripe."

Fourth Quarter.—In January, February, and March 1912, 12 of the marked plaice

(or 34'3 per cent, of the total) were recaptured, the position of capture being ascer-

tained for 11 of them. One was caught in January, 5 in February, and 6 in March.
Three were males and 9 were females. The migration of these fishes presents
contrast to those of the previous months, both in direction and distance. Only
1 was recaptured to the south and west, a small female, which measured 31 cm.
on liberation and 33-5 cm. on recapture and was taken at Embleton Bay, North-
umberland, a distance of 49 miles, on 15th March 1912, after 360 days, the rate

of movement being 1*4 miles per 10 days ; it was " immature."



96

Five of the fishes (45'4 per cent.), all females, moved to the north and west,

for distances ranging from 21 to 23 miles, the average being 22 miles. Four of

these, curiously, were recaptured practically at Station VI., Firth of Forth, where
they had been originally taken, viz. from about half a mile to a mile off Pittenweeni

or St. Monans ; 1 was recaptured in January, the other 3 in February, after periods

of from 311 to 340 days. Three of them are described as " immature " or " rather

immature "
; their sizes on liberation and recapture were as follows :—36*5 to

41 cm. ; 28 to 33-3 cm. ; 27*5 to 37-9. One, whose sizes were 37-5 to 42-9 cm.,

caught on 19th February, is described as " half ripe." The remaining female,

which moved north and west, was caught at the mouth of St, Andrews Bay, having
moved 21 miles in 351 days ; it was a large fish, measuring 50 to 50*3 cm., and
was " spent " when caught on 6th March.

Other 5 of the fishes (45" 4 per cent.) had migrated northwards, along the coast

for considerable distances, varying from 51 to 160 miles, the mean being 112 miles.

Three were males and 2 females. Two of the males were taken in the Moray
Firth, 1 on 12th March 1912, after 357 days ; its measurements were 36*5-41 cm.,

but the condition of the testes was not ascertained ; the other was caught off

Tarbet Ness on 29th February, after 345 days ; its measurements were 37-42' 4 cm.,

and this fish was " ripe." The apparent rate of movement of these 2 males were
respectively 3*5 miles and 4*5 miles per 10 days. The third male, measuring
32'5-39"6 cm., was caught on 7th March, after 352 days, south-east of Auskerry,

Orkney Isles, at a distance of 160 miles ; it was " ripe," and had migrated at an
apparent rate of 4*5 miles per 10 days. The 2 females had not gone so far, both

being recaptured off the coast of Aberdeenshire, 1, measuring 41-45' 1 cm., off

Girdleness, a distance of 51 miles, on the 28th February, after 344 days, " fully

half ripe," ; the other, measuring 33' 5-40 cm., off Buchannness, a distance of 68

miles, on 26th March, after 371 days, "almost ripe." The rate of movement of

these fishes was respectively r5 and I'S miles per 10 days.

It is evident that the features of this quarter differ from those presented in

the previous months, and discloses a spawning migration to the north. These
long-distance-fish were no doubt on their way north in the previous quarter ; but
there are reasons to support the view that the fish partaking in such spawning
migrations do not begin to travel with great speed until the reproductive organs
are well developed.

Thus, in the 12 months following liberation, 28 of the marked fish (or 80 per

cent.) were recaptured, viz. 11 males (or 84' 6 per cent.) and 17 females (or 77' 3 per

cent.), particulars as to direction and distance being furnished for 25 of them.

[Table.
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The summary of the resultant direction and distance in each qMadian' is as

follows—

Quadrant.
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1912, all to the north and east ; 1 had moved only 13 miles ; 1 was taken in the
Moray Firth, at a distance of 154 miles ; and the third at the Orkneys, a distance
of 160 miles. The mean rate of travel per 10 days for the first was -36 miles, and
for the other 2, 4*5 miles.

One "nearly ripe " male was eanght in October 1911, 6 miles south and west.
Three adult males, taken respectively in June, July, and August, were "im-

mature." The condition of the testes of 1 of the 2 males under adult size was
ascertained ; it was " immature "

; the fish, which measured 32-32-3 cm., was
caught in April 5 miles to the south and west.

Females.—Of 17 adult females, the condition of the ovaries was ascertained
in 16. None was " fully ripe," but 3 were " nearly ripe," and all were recaptured
north and east, distances of 53, 65, and 68 miles respectively, in December 1912,
March 1913, and March 1912, the mean rate of movement being -8 miles, -9, and
1-8 miles.

One was " spent," a large fish, measuring 50-50-5 cm., and it was caught in

St. Andrews Bay in March 1912.

Three were " maturing "
; 1, described as " fully half ripe," was caught on

28th February 1912, 51 miles north and east, off the coast of Aberdeen ; the
measurements were 41-45-1 cm., and it would doubtless spawn that year. The
second, measuring 38-45 cm. was " half-developed " when caught on 31st May
1912. 44 miles to the north-east ; the third, measuring 37-5-42-9 cm., was also

"half ripe" when caught on 19th February 1912, 23 miles west and north, in

the Firth of Forth.

The ovaries of 9 were " immature." The fish had moved distances of from
4 to 25 miles, at rates ranging from -3 to 1-3 miles per 10 days ; 4 were recaptured
in June, July, August, and September ; of the others, 2 had returned to the Firth

of Forth, distances of 22 and 23 miles, and were taken in January and April

;

another, caught in April, had moved 5 miles to the south and west ; 2 were caught
in May.

Of the 5 females under adult size on recapture, the condition of the ovaries

was ascertained in each ; 3 had returned to the Firth of Forth, and were taken
in February and May ; 1 was found off the coast of Northumberland in March,
and the fifth near the Bell Rock, in July.

EXPERIMENT III.

^UhAfril I'^n.

The number of fishes marked and liberated in this experiment was 51, of which
16 were males, 33 were females, and 2 were of undetermined sex. The sizes of

the males ranged from 30 cm. to 38 cm., and of the females f loni 29 cm. to 54-5 cm.
The numbers hberated and recaptured are shown in the following table, arranged

in groups of 5 cm. :

—

F.Lib. .

F. Recap.
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particulars of the sizes on recapture were ascertained for 8 ; they ranged from
34-4 to 42-4 cm. and averaged 37-8 cm. ; the periods of Uberty varied from 37 to

1073 days, the average being 318 days ; the distances migrated were from 5 to

176 miles, the average being 79'4 miles, and the mean rate per 10 days 2-5 miles.

Particulars were obtained with regard to 16 of the 19 females recaptured, of which

12 were of adult size and 7 under adult size ; the periods of liberty of the former

ranged from 25 to 999 days, and averaged 341 days ; their sizes ranged from
38-5 to 44-8 cm., the average being 41-6 cm. ; they migrated distances of from

4 to 174 miles, the average being 40*8 miles and the mean rate of travel was 1 mile

per 10 days. The seven immature females were free for an average period of

119 days ; their sizes on recapture ranged from 29-7 cm. to 37 cm., the mean
being 34-5 cm. ; the distances migrated ranged from miles to 34 miles, the average

being 14-6 miles, and the mean rate of travel per 10 days was 1*1 miles.

The Extent and Direction of Migration.

First Quarter.—Three fish, 2 females and a male, were recaptured in May, but

particulars were ascertained only for 1 of the females ; it had moved 5 miles to

the south and west in 25 days, and was "immature." In June, 6 were recaptured,

2 males and 4 females, all " immature," but the position of recapture of 1 of the

females was not ascertained. The two males had moved to the south and west

for distances of 5 and 19 miles. One female had also gone in this direction for

5 miles. Another had moved for 7 miles to the south and east, and the other

female had gone to the north and west for a distance of 12 miles. Three, all

females, were caught in July, but the position of recapture of 1 Avas not ascer-

tained. One of these, measuring 35 cm., was caught at the place where it was
liberated, after 88 days ; the other, measuring 36-5 cm., had gone back to the

Firth of Forth, near to the locality where it was originally caught, a distance of

26 miles, at an average rate of 3'3 miles per 10 days.

Thus, 12 of the marked fishes (or 42*8 per cent, of the total number recaptured)

were taken in May, June, and July, but particulars in regard to them were ascer-

tained for only 7. Four (57 per cent.) had moved south and west for an average

distance of 9 miles, the average rate being 2 miles per 10 days ; 2 had gone north

and west, the average distance being 19 miles, and the mean rate 2*5 miles ; the

remaining fish went south and east for 7 miles.

Second Quarter.— Four fishes (14-3 per cent.) were recaptured in August,

September, and October, 3 respectively at 4, 6, and 9 miles from the station ; the

fourth fish had migrated a distance of 44 miles to the north and east, well off-

shore, in 148 days, at an average rate of 2-9 miles.

Third Quarter.—Only 2 (7-1 per cent.) were recaptured in this quarter, both

males, 1 in November and 1 in December. The former was caught in St. Andrews
Bay, 23 miles distant to the west and north ; it measured 39'9 cm., and was " nearly

ripe." The other male was taken to the north, off the coast of Aberdeen, 56 miles

distant, after 240 days, and it was " three-quarters ripe."

Fourth Quarter.—Two of the marked fish, both males, were recaptured in

February 1912, 1, measuring 36 cm., in the Moray Fiith, 126 miles distant, and
the other, measuring 38*4 cm., south-east of Start Point, Orkney, 176 miles distant

;

the latter was " nearly ripe," but the condition of the testes of the other was not

determined. The mean rate of travel of these fishes was respectively 4*1 and
6 miles.

Ihus, in the 12 months following liberation, 20, or 71*4 per cent., were re-

captured, viz. 7 males (77-7 ]3er cent.) and 13 females (68-4 per cent.). Particulars

as to direction and distance were ascertained for 15 of them, viz. 4 (26'7 per cent.)

had gone north and east, and the same number north and west ; 2 (13*3 per cent.)

went south and east ; and 5 (33-3 per cent.) moved south and west.

LTable.
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Quarter
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The summary of the resultant direction and distance in each quadrant is as

follows :

—

Quadrant.
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Females.—Of 12 adult females, the condition of the ovaries was ascertained
in 11. None were full}" mature. Two were "nearly ripe," 1 caught in January
1914, off the coast of Aberdeen. 59 miles to the north and east ; the other, in

December 1912, 5 miles to the south and west. One was " spent "
; it was the

fish caught midway between Scotland and Norway in May 1913. The other 8
females were " immature," and none of them was taken within the limits of the
spawning season, 1 being caught at the end of May, 4 in June, 1 in July, and 2
in September. The position of recapture is known for 6 ; 2 had migrated some
distance north and east, 1 for 85 and the other for 44 miles ; 1 was caught to the
north and west ; 1 to the soutli and cast, and 2 to the south and west, short
distances.

EXPERIMENT IV.

l^thJunel^ll.

Fifty-three fishes were marked and liberated in this experiment, 24 being males,
28 females, and 1 of undetermined sex. The sizes of the males ranged from 29 cm.
to 41 cm., and of the females from 26 cm. to 51 cm. The numbers liberated between
certain sizes in groups of 5-cm. are represented in the accompanying table, which
also shows the numbers recaptured in the same groups :

—

F. Lib.

F. Recap. .
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per cent. Particulars were ascertained for 11, 4 males and 7 females. With one

exception, all the fishes were recaptured to the south and west of the station, at

distances of from 5 to 10 miles, in the direction of the Firth of Forth and the coast

to the east of it. All are described as " immature," except a male of 37-37-3 cm.,

which was caught 6 miles off on 2nd July, and was described as " ripe." One fish,

of 37-5 cm., a male, had moved 17 miles west and north, to the vicinity of the Bell

Rock, at a mean speed of 13-1 miles per 10 days. All the fish, it may be mentioned,

had moved at a considerable rate, that of the others varying from 3-3 miles to 4-6

miles, with the exception of 1 of 1-6 miles.

In August, 5 of the marked fishes were recaptured (12-5 per cent.), 4 males and

1 female. The position was ascertained for 3 of the males and for the female ; the

female and 2 of the males were found at 5 and 6 miles to the south and west, and

the other male was recaptured 6 miles to the north and east.

In September, 2, both females, were recaptured, 1, 12 miles to the south and

west, and the other 13 miles to the south and east.

Thus, in the first 3 months after Uberation, none of the fishes had made any
considerable migration.

Thus, in July, August, and September, 21, or 52-5 per cent., of the total number
recaptured, were taken, particulars being obtained for 18. Fifteen of those (or

83-3 per cent.) were recaptured to the south and west for a mean distance of 6 miles,

and 1 each to the north and east, the north and west, and the south and east.

Second Quarter.—^In October, November, and December, 8 fishes were recaptured,

4 females and 4 males. Four, 3 males and 1 female, had moved to the north and
east (50 per cent.) for from 23 to 56 miles, the average being 43 miles ; 4, 3 females

and 1 male, to the south and west, for distances of from 5 to 19 miles, the average

being 8 miles. A male of 32-5 to 35-2 cm., taken on 12th November, 5 miles to the

south and west, was " nearly ripe "
; another, caught in December, 56 miles to the

north, and measuring 40-40-8 cm., was also " nearly ripe "
; a third, caught 23

miles to the north, oS Montrose, in December, and measuring 34-5-38-6 cm., was
" three-quarters ripe "

; and the fourth, taken on 30th November, 44 miles to the

north, was " about half ripe." In this period, therefore, as the chart of the dis-

tances and directions quarterly shows, the characteristic feature of the migration

is to the north and east, along the coast ; while, in the period July to September,

there was a marked concentration of the fish a short distance to the south and west.

Third Quarter.—^Two fishes, both males, were caught in this quarter, and par-

ticulars were obtained only in regard to one of them. It measured 36-38-4 cm., and
was caught in the Moray Firth, off the Ord of Caithness, at a distance of 144 miles,

on 28th February 1912, after 254 days ; it was " ripe."

Fourth Quarter.—Five fishes were recaptured in April, May, and June, 3 males and
2 females, but particulars in regard to 1 of the males were not obtained. The 2

males and 1 of the females had migrated to the north and east, and were taken as

follows :—The female, measuring 35-38-7 cm., on 21st May, after 337 days, at 18

miles ; 1 of the males, measuring 35-5-37-3 cm., on 19th April, off Aberdeen, at a

distance of 55 miles ; the other male, measuring 31-5-34-4 cm., in the Moray Firth,

137 miles distant, on 2nd May, after 318 days. The condition of the testes in this

fish was not ascertained, but the other male was " partly spent " and the female was
" immature."

Altogether, as shown in the accompanying table, 36 of the fishes, or 90 per cent.,

were recaptured within 12 months, 19 (or 95 per cent.) of the males, and 17 (or

89-4 per cent.) of the females. Particulars in regard to the positions of recapture

of 31 were obtained : 19 (or 61-3 per cent.) moved to the south and west ; 9 (or 29
per cent.) to the north and east ; 2 (6-4 per cent.) to the north and west ; and 1

(3-2 per cent.) to the south and east.

[Tablk.
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The feature of the two last quajters is the predoiviinant movement northwards
;

none was, in this period, recaptured south of the station.

Quarter.

I. July 1911.

Aug. 1911.

Sept. 1911.
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The mean direction taken, and the mean distance gone in each of the quadrants

is shown in the following table :

—

Quadrant.
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One was " partly spent "
; it was caught 55 miles to the north and east on

19th April 1912.

Two were " nearly ripe," 1 caught on 12th November 1911, 5 miles to the south
and west, and the other on 21st December 1911, 56 miles north and e^nst, off the
coast of Aberdeen.

A male, taken on 30th November 1911, 44 miles north and east, was "about
half ripe," and 1 caught on 21st December 1911, 23 miles north and east, off Montrose,
was " three-quarters ripe."

The other 5 adult males, recaptured in the months of June, July, and August,
were " immature." Of 4 males under adult size (33 cm.), the condition of the
testes in 3 w^as ascertained ; they were all " immature " and were recaptured in

July and August 5 and 6 miles to the south and west, \\ithin a short period after

liberation, viz. 13, 15, and 56 days respectively.

Females.—Of the 6 adult females, the condition of the ovaries was ascertained
in 4. One, measuring 35-5-43-2 cm., was "about three-quarters ripe" when
recaptured on 5th October 1912, 12 miles to the north and east. The others were
" immature," and were caught in May, July, and September not far from the
station.

Of 14 females under adult size (38 cm.) on recapture, the condition of the ovaries

was ascertained in 12. They were caught in various months, 1 in April, 6 in July,

1 in September, 2 in October, 1 in November, and 1 in December. Only 1 had
migrated to a moderate distance, viz. 45 miles to the north-east of Aberdeen, in

129 days ; it measured 37 cm. in October. The others had moved distances of

mostly 5 or 6 miles, and the greatest distance was 19 miles south and west.

EXPERIMENT V.

Wth Seftemher 1911.

The number of fish marked and liberated in this experiment was 105, 49 being
males and 56 females. The sizes of the males ranged from 30-5 cm. to 40- cm., and
of the females from 27-5 cm. to 44*5 cm. The numbers liberated and recaptured,

arranged in 5-cm. groups, are shown in the accompanying table :

—
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7 to 211 days, the average being 91 days ; the distances migrated varied from 5

to 107 miles, tlie mean being 27-4 miles, and the average rate 2-9 miles. In the

case of 3 of the males, particulars of the date and position of capture were not

ascertained.

The Extent and Direction of Migration.

First Quarter.—In the remainder of September, 5 fishes, 3 males-and 2 females,

were captured, and particulars were obtained in regard to all but 1 female. All

the fishes had moved, as usual, immediately after the liberation, to the south and

west, for distances of from 5 to 13| miles, at rates varying from 9 to 5-9 miles per

10 davs. In October, 11 were recaptured, 4 males and 7 females, and particulars

were obtained in regard to all but 2 females. Four of the females and 1 of the males

were found to the south and west, for distances of from 5 to 8 miles. One male

was found to the south-east, at a distance of 8 miles ; another male had gone

directly north for 2 miles, and another to the north and west for 6 miles. The

average distance was 6-2 miles, and the mean period of Uberty 27 days. In November,

the number taken was 4, all females, 3 of them south and west, 2 at distances of

4 and 5 miles respectively, while the third had moved into the Firth of Forth,

and was caught on the south shore, in Gosford Bay, 26 miles distant, after 60 days
;

the fourth went 11 miles to the north-west in 60 days.

Tims in September, October, and November, 20 fishes, or 31-2 per cent, of the

total recaptured, were taken, particulars being obtained for 17, of which 12, or

75 per cent., had moved south and west for an average distance of 9 miles, at a

mean rate of 4 miles per 10 days. Two, or 12-5 per cent., had moved north and

west for an average distance of 8 miles, and 1 south and east for a distance of 8

miles ; only 1, a female, was found to the north and east, 10 miles distant, and

a male had gone due north. The chart of the results for this quarter shows all

the fishes, except 3, going west and south of the station.

Second Quarter.—In December, January, and February, quite a different condi-

tion is revealed, and this also of a kind we have seen before. The number re-

captured was 20, or 31-2 per cent., 7 males and 13 females, and particulars

were obtained for all but 1 of these. Ten, or 52-6 per cent., had migrated to

the northwards for distances of from 13 to 188 miles, the average being 88 miles,

and the average rate 5-8 miles. Four, or 21 per cent., went to the south-v,'est, for

distances of from 5 to 8 miles, the mean being 6 miles and the rate of travel -6 mile.

Five, or 26-3 per cent., went north and west for distances of from 12 to 26 miles,

the average being 21 miles, and the mean rate 1'8 miles ; none was found to the

south and east. The number taken in December was 8, 3 males and 5 females.

Only 1 was found to the north-east, at a distance of 13 miles ; 4 were got to the

south and west, 3 at distances of 5 miles, and 1 at 8 miles ; 3 were found to the

north and west, 1 at a distance of 12 miles, 1 to the northwards of the Bell Eock,

at 20 miles, and the third in St. Andrews Bay; 26-5 miles distant ; the latter, a

female, measiired 34-5 to 33-9 cm., and the ovaries were " very immature."

In January, 2, both females, were caught ; the position of capture of 1 was

not ascertained, but the other was taken 49 miles to the north and east, off Aber-

deen. This was the first fish caught far to the north, but in February there were

several. In that month, 10 fishes were recaptured, 4 males and 6 females. Fjight

of them, including all the males, were taken to the north, at distances of from

53 to 188 miles, the mean being no less than 103 miles, while the periods of hberty

ranged from 145 days to 169 days, and averaged 156 days. Two of the males

were recaptured in the Moray Firth, and another {" nearly ripe " and measuring

36 to 36-5 cm.) had passed westwards through the Pentland Firth, and was taken

off Sandside Bay, on the north coast of Caithness, after 155 days, the mean rate

of travel in this case being 12-1 miles per 10 days. A female was recaptured nearly

east of Kinnaird Head, 107 miles distant, and the other north -going fish were

recovered on the north part of the coast of Aberdeen. The rate of movement per

10 days of the north-going fish was from 3-5 to 12-1 miles, and averaged 6-6 miles.

The condition of the reproductive organs was ascertained in 6 of these fish
;

1 male was " ripe "
; another " nearly ripe "

; and the third " three-quarters

ripe"; while a female was "fully half -ripe "
; and another "half -ripe." Only

1 of these females was described as " immature," and it was only 28 cm. in
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length when it was recaptured, tlioiigh it liad migrated a distauee ul 74 miles,

and was eaught a little north of Buchanness, after 169 days.

The remaining 2 fishes which were caught in February, both females, had
gone westwards into the Firth of Forth, very near-the place where they were origin-

ally taken, a distance of 22 or 22-5 miles ; they measured respectively 36-5 to 37-3

cm. and 33-5 ^o 34 cm. ; the former was " rather immature," and the latter " very
immature."

We thus see that, as in other instances, the proportion recaptured to the north

increases with the increase of the period of liberty, and that it is clearly a spawning
migration.

Third Quarter.—In March, April, and May, 7 fishes, or 10-9 per cent., were
recaptured, all to the north, the distances ranging from 36 to 238 miles, and averaging
ing 102 miles, while the mean rate of travel was 4-9 miles. Five were males and
2 were females, but the particulars of the position of recapture of a male and a

female were not ascertained. In March, a male, " nearly ripe," was caught 71 miles

distant, off Buchanness. In April, 3 males and 2 females were recovered.

One male was caught 64'5 miles distant, near Buchanness ; it was " spent "
;

another male had passed through the Pentland Firth, and along the whole north

coast of Scotland, and was caught 14 miles W.S.W. of Cape Wrath, 238 miles away,
after 208 days, having migrated at a mean rate of 11-5 miles per 10 days ; it was
" partly spent " ; the position where the third male was recaptured was not ascer-

tained. This was the case also with one of the females, and the other female,

measuring 35-5 to 36-6 cm., had moved least of all, and was caught after 211 days
36 miles to the north and east, off Tod Head ; it was " immature." One fish, a

male, was taken in May, after 261 days, only 2 miles north of the station ; it

measured 33 to 38-6 cm., and was "immature." In this quarter, therefore, the

movements revealed were the same as in the one previous, namely, to the north-

wards, and in connection with reproduction.

Fourth Quarter.—In the next three-monthly period, 8 fishes, or 12-8 per

cent., were recaptured, 4 males and 4 females. Six, or 75 per cent., had
migrated to the north and east, for from 25 to 81 miles, the average being 46-6

miles, and thus the distances were much less than in the previous months ; the

mean rate of travel was 1-6 miles per 10 days. One had gone northwards for 12

miles, and 1 south and east for 14 miles. Of the 8 fishes caught, 7 were
taken in June, 5, 2 males and 3 females, to the north and east, mostly off the

coast of Aberdeen, and not so near the coast as the specimens in the earlier

part of the year, but more offshore, the distances ranging from 25 to 54 miles
;

1 of the other 2, a male, was got 12 miles to the westward, towards the mouth
of the Firth of Forth, and the remaining fish, also a male, 14 miles to the south and
east, oft" St.Abb's Head. The condition of the reproductive organs was ascertained

in 5 cases ; they were " immature," except 1 female, caught on 4th June
south-east of Aberdeen, 44 miles distant, which was " partly spent." None was
recaptured in August.

Altogether, in the 12 montlis following hberation, 55 fishes, or 85-9

per cent, of the total recaptured, were again caught, viz. 23 males (76-7

per cent, of all males recaptured) and 32 females (95-9 per cent, of all

females). The position of capture was ascertained for all except 1 male and 5

females. Two had moved directly north for a distance of 2 miles ; 2 (42-9

per cent.) had migrated to the north and east ; 16 (32-7 per cent,) had gone to

the south and west ; 8 (16-3 per cent.) north and west, and 2 (4-1 per cent.) south

and east.

I
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A summary of the mean direction and distance in each quadrant is shown in

the following table :

—

Quadrant.
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Head, 1 on the north coast, and 1 on the west coast, oft" Cape Wrath. The

female had gone a distance of 107 miles, to a position north-east of Kinnaird Head.

Maturity. •

Males.—Of thfe 29 males which were of adult size on recapture, the condition

of the testes was ascertained in 24. One was " ripe "
; it was taken on 13th

February 1912, after 155 days, 57 miles to the north, a little north and east of

A.berdeen, the mean rate of travel having been 3-7 miles.

Seven were " nearly ripe," viz. 1 taken in October 1911, 6 miles to the south

and west ; another on 13th December 1911, 20 miles north and west ; a third

on 26th December, 12 miles north and west ; the fourth on 13th February, on

the north coast, 188 miles distant ; the fifth on 14th March 1912, 71 miles north

and east ; the sixth in April 1912, at a position unspecified ; and the seventh

in October 1912, 31 miles north and east.

Three of the males were " spent," all got to the north, 2 off the coast of Aberdeen,

64 and 44 miles distant, in April and June 1912 respectively, and the third west

of Cape Wrath, 238 miles distant, in April 1912.

In 5 the testes were " maturing "
; 1, caught in February 1912, in the Moray

Firth, 155 miles distant, was described as three-quarters ripe. Two, caught in

October 1911, 2 and 6 miles to the northwards, were " fully half ripe "
; 1, takeii

in October 1912, also " half ripe," was caught 101 miles north alid east ; a third,
" nearly half ripe," was caught in September 10 miles to the south and we.st.

Eight were " immature," but particulars about only 5 of them were obtained ;

they were caught in the months May, June, September, October, and December,
at distances of from 2 to 32 miles distant.

Females.—Of 16 adult females, the condition of the ovaries was obtained in

13. None Was " ripe "
; 1 was " nearly ripe," and was caught in December

8 miles to the south and west.

Two were " maturing "
; 1 was caught in February 53 miles to the north and

east ;
particulars regarding the other 1 were not given.

Ten were " immature "
; of 1 of these, caught in April, particulars were not

obtained ; 2 were caught in December, each 5 miles to the south and west ; 3

were taken in June, all north and east, for distances of 25, 43, and 54 miles ; 1

was got in July, 81 miles north and east ; 1 in October, about which particulars

do not exist ; 1 in November, 4 miles to the south and west ; and 1 in January;

49 miles north and east.

Of 18 females under the adult size on recapture, 1 was " nearly ripe." It

measured 37-37'4 cm., and was caught on 15th November, after 65 days, 5 miles

to the south-west ; 1, taken in February, 63 miles to the north and east, and
measuring 37-39 cm., was " fully half ripe."

Thirteen were " immature "
; they were -caught as follows :— 1 in January,

3 in February, 1 in April, 2 in September, 2 in October, 2 in November, and 2 in

December. The position of recapture was ascertained for 11 of these females ;

3 were taken to the north and east, at distances of 10, 36, and 74 miles ; 4 were got

to the north and west, at distances of 11, 22, 22, and 26 miles ; 4 were caught south

and west, 3 at 5 miles, and the fourth at 26 miles, the latter in the Firth of Forth'

EXPERIMENT VI.

1th March 1912.

In this experiment the number of plaice marked and haberated was 100, the

males numbering 22, and the females 78. The sizes of the males ranged irom
32 to 48*5 cm., and of the females from 31 to 60 cm. Five of the males were under
33 cm. and 42 of the females under 38 cm., M'hen liberated. The numbers liberated

and recaptured, in 5-cm. groups, are shown in the accompanying table :

—

cm. cm. cm. cm.. cm. cm. Total.
31-35-5 36-40-5 41-45-5 46-50-5 51-55-5 56-605

F. Lib. . . 28 36 8 2 — 4 78

F. Recap. . . 22 29 4 1 — 4 60

M. Lib. . . 13 7 1 1 _ _ 22

M. Recap. . . 8 3 1 i _ _ 13



113

The fish used in this experinieiiL were caught at Station VI., Firth of Forth

(Fkike Hole), on the 6th of March ; they were marked between 5.50 and 6.50 p.m.,

kept in tanks of running water and hberated on the 7th at 10 a.m. None of them
died in the tanks.

The number recaptured was 73 (or 73 per cent, of the total marked), viz.

13 males (59-1 per cent.) and 60 females (76-9 per cent.). Of the 13 males, 12

were of adult size on recapture ; the lengths on liberation varied from 32-5 to

48-5 cm., the mean being 36-4 cm., and on recapture from 33*9 to 48-5 cm., the

average being 389 cm. ; the periods of liberty ranged from 6 to 772 days, the

mean being 210 days ; the distances migrated v/ere from 1 to 114 miles, averaging

30 miles, and the mean rate of travel was 1*4 miles per 10 days. Of the 60 females,

43 were of adult size on recapture ; the sizes on liberation were from 335 to 60 cm.,

the mean being 39-8 cm., and the sizes on recapture varied from 38 to 61-6 cm.,

the average being 42-8 cm. ; the periods of freedom were from 5 to 801 days, and
averaged 238 days ; the distances migrated ranged from 5 to 173 miles, the mean
being 31-6 miles, and the average rate 1-3 miles. Seventeen of the females were

under adult size on recapture ; on Uberation, the sizes varied from 31 to 38 cm.,

the mean being 341 cm. ; and on recapture, from 313 to 37"7 cm., with an average

of 34r7 cm., the periods of freedom were from 1 to 120 days, averaging 31 days,

and the distances migrated ranged from 4 to 23 miles, the mean being 12-1 miles

and the mean rate 3-9 miles per 10 days.

The Extent and Direction of Migration.

First Quarter.—In the remainder of the month of March, 13 fishes (17-8 per

cent.) were recaptured, 3 males and 10 females. All had moved in a more or

less westward direction. Six were taken to the south and west, at distances of

from 5 to 16 miles, and 7 to the north and west, at distances of from 10 to 23 miles.

One of the females, measuring 33-5 cm. to 33*8 cm., had moved back to near the

position in the Firth of Forth where it was originally caught, or 23 miles in 16 days,

or at the rate of 14-4 miles per 10 days. All the fish, indeed, had travelled more
quickly than usual, and for a somewhat greater distance. In those caught to

the south and w^est, the average distance was 10"3 miles in an average period of

4-7 days, the mean rate being 2'2 miles per day. One female was recaptured

16 miles to the south-west on the following day, and another 3 miles almost in

the same direction 2 days after hberation, the rate in these cases being respectively

16 miles and 1-5 miles per day. With 2 exceptions, these fish, both females and
males, were under adult size, the 2 females referred to measuring 34 and 33-5 cm.
respectively. A female of 38 cm. had moved 6 miles in 7 days, and a male of

37-5 cm. 5 miles in 8 days. Of the 7 found to the north-west, 6 of which were

females, the average distance was 13-3 miles in a mean period of 7'6 days, the

mean rate being 1-75 miles per day. One female was adult, measuring 41 cm.,

and the male measured 33-5 cm. With 1 exception, the reproductive organs of

the 13 fishes were "immature." The female, which measured 41 cm. and had
moved 10 miles to the north and west, was captured after 5 days, and was " half

ripe.''

lii April, 11 were recaptured (or 15-1 per cent, of the total), 10 females and
1 male. Particulars were obtained for all but 1 of the females. Five were

caught to the south-west, at distances of from 4 to 16 miles, the average distance

being 7*8 miles, and the mean rate 2 miles per 10 days. One was taken to the north

and west, at a distance of 20 miles, the rate of travel being 3-7 miles ; 1 was
got 9 miles to the south-east ; and 3 to the north-east, at distances of 34, 79,

and 86 miles, the first off Tod Head and the other 2 at a considerable distance

offshore from Buchanness, the mean rate of movement of these 2 being respec-

tively 193 and 22 miles per 10 days. The reproductive organs in all cases were

"immature."
The number recaptured in May was 13 (or 18*3 per cent.), 12 being females

(20-7 per cent.), and 1 male (7-7 per cent.). Six, all females, had moved
south and west, 5 of them for 5 miles and 1 for 6 miles, after from 63 to 82

days (average 76 days), and the rate of movement varied from "6 to -8 mile per

10 days, the mean being -7 mile. Three females were found to the north-west, in
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the vicinity of the Bell Rock, at distances of from 10 to 18 miles, the average being

15 miles ; the periods of hberty ranged from 56 to 63 days, and the mean rate from

1-7 to 3 miles. The male was recaptured to the south and east, only 1 mile from

the station, after 68 days. Two females had moved north and east for 20 miles

in 74 and 85 days respectively, the rates being 2-7 and 2-3 miles. The position

of recapture of the remaining female was not ascertained. All the hsh were

"immature," except 2 females. One, measuring 39-5 to 41-3 cm., was described

as " spent "
; it was taken 5 miles to the south-west on 27th May. Another,

measuring 40 to 40-9 cm., got on 2nd May 17 miles to the north-west was "rather

immature."
Thus, the number recaptured in March, April, and May was 37, or 50-7

per cent, of all those recaptured ; 5 (38-5 per cent.) were males, and 32

(53-3 per cent.) were females. Particulars in regard to 35 were ascertained
;

17 (48-6 per cent.) moved to the south and west for an average distance of 8

miles at a mean rate of 18-1 miles, this high rate being due to the rapid movement
of the fish in March, as described above. Two (5-7 per cent.) went south and

east for an average distance of 5 miles ; 11 (31-4 per cent.) moved north and

west for an average distance of 14 miles, the mean late being 13 miles ; 5 were

caught north and east, at distances of from 20 to 86 miles, the average being 48

miles, and the mean rate 11-3 miles. The outstanding feature of this quarter

(well brought out on the chart) was the movement more or less westwards, chiefly

south and west, partly north and west ; but, 2 of the fishes, both females, caught

in April had, as we have seen, gone a long distance to the north and east.

Second Quarter.—^In June, July, and August, 11 fishes (15-1 per cent.) were

recaptured, of which 3 (23-1 per cent.) were males and eight (13-3 per cent.) were

females. Four females were taken in June, 2, 5 and 6 miles to the south and

west, 1, 7 miles to the north and west, and 1, 13 miles north and east. 'Ihree

were caught in July, 2 to the north and west, a male at a distance of 18J miles, and

a female at 16 miles ; a female went north-east for a distance of 37 miles. Four

were recaptured in August, 2 males and 2 females. Two were found to the south-

west, a male at a distance of 9 miles, and a female at 15 miles ; a male went 10

miles to the north and west, and a female 17 miles to the north-east. In this

quarter, therefore, 4 of the fishes (36-3 per cent.) were found to the south and

west, the average distance being 9 miles and the mean rate -6 mile ; 4 (36-3)

were found to the north and west, for an average distance of 13 miles, the mean
rate being 1 mile ; 3 (27-3 per cent.) were found north and east, the average dis-

tance being 22 miles, and the mean rate 19 miles. All the fishes were described

as " immature," except a female measuring 46 to 47-2 cm., caught on 13th June. 7

miles to the north and west, which was described as " apparently spent."

Third Quarter.—In this quarter only 6 fishes (8-2 per cent.) w^ere recaptured,

3 females and a male in September, and 2 females in October. Two females,

taken in September, were found at 5 and 6 miles to the south and west ; 2, a male

and a female, were caught at 11 and 15 miles to the north and west, the male in

September and the female in October ; and 2 females were taken to the north-

east, 1 in September, off Tod Head, at a distance of 35 miles, and the other in

October, north-east of Kinnaird Head, at a distance of 92 miles, showing a mean
rate per 10 days of 4-4 miles. All were " immature," except a female caught on

11th September 6 miles to the south-west, which was described as "half-ripe."

Fourth Quarter.—Two, a male and a female, were recaptured in December,

and 6, 1 male and 5 females, in February 1913, making 8 in all, or 10-9 per

cent, of the total recaptured. Two females had migrated into the Firth of Forth,

1, taken on 5th December and measuring 38 to 42 cm., to the south of the bay,

off Aberlady, a distance of 37 miles ; it was " three-quarters ripe "
; the second

returned to the vicinity of the locahty where it was originally caught on the north

shore ; it was taken on 20th February 1913, and measured 34-5 to 38'8 cm., and

was " immature." One female was caught on 3rd February 1913, 29 miles to the

south and east ; it measured 38 to 43 cm., and was " immature." Five of the

fish (62-5 per cent.) had migrated to the north and east for distances of from 37

to 114 miles, the average being 58 miles, and the mean rate 1*8 miles ; most of these

were recaptured off the coast of Aberdeen at distances of from 37 to 46 miles,
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lout 1 male was taken in the Moray Firth, at a distance of 114 miles, the apparent

mean rate being 3-9 miles. This tish, caught on 26th December, off Banff, was
" ripe," as was also a large female taken south-east of Aberdeen-, on 17th

February 1913. A male, caught off Abeideen on 16th February, was "partly

spent "
; it measured 32-5 to 348 cm. ; another female, measuring 59 to 59-8 cm.,

caught on 14th February, 37 miles to the north-east, off Tod Head, was " spawn-

ing."

Altogether, within 12 months of lil)erati()ii, 62 fishes, or 84-9 per cent, of the

total recaptured, were again caught, viz. 11 males (84'6 per cent, of all males

recaptured) and 51 females (85 per cent.). The position of capture was ascer-

tained for all, except 2 females ; 15 had migrated to the north and east, 18 to the

north and west, 3 to the south and east, and 24 to the south and west.

Quarter.
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A summary of the mean direction and distance in each quadrant is given in the

following table :

—

Quadrant.
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88 miles. Three went north and east to the coast of Aberdeenshire, and 1 abiiost

directly east to the offshore grounds.

Over 100 miles.—Four (5-6 per cent.), 2 males and 2 females, were taken

at over 100 miles, and all to the north. One male was got oft" Buchanness, and
the other in the Moray Firth ; 1 of the females was caught in the Moray Firth,

and the other at Stronsay, in the Orkneys, 173 miles distant.

Maturity.

Male^.—The condition of the reproductive organs was ascertained in each of

the 12 males which were of adult size on recapture. Two weie " ripe "
; 1 taken

on 18th April 1914, after 772 days, off Buchanness, 109 miles to the north-east,

the other caught on 26th December 1912, after 294 days, in the Moray Firth, at

a distance of 114 miles.

Two were " spent "
; 1 was caught on 16th February 1913, after 346 days,

off Aberdeen, at a distance of 45 miles, and the other on 1st March 1913, after

359 days, in the Firth of Forth, at a distance of 22i miles.

The other 8 were "immature "
; 2 were taken in March, 1 in April, 1 in May,

1 in July, 2 in August, and 1 in September. They had migrated distances of from

1 to 18i miles, 4 to the north-west, 3 to the south-west, and 1 to the south-east.

Females.—The condition of the ovaries was ascertained in 38 of the 43 adult

females. Two were "spawning," 1, of 59-8 cm., caught on 14th February 1913,

after 344 days, 37 miles to the north and east, ofi Tod Head, and the other, measur-

ing 43-3 cm., on 23rd March 1913. after 381 days, at Stronsay, Orkney Islands,

173 miles distant from the place of Uberation.

One was " ripe "
; it was taken on 17tli February 1913, after 347 days, off the

coast of Aberdeen, 46 miles to the north and east.

One was " nearly ripe " on 16th February 1913, and was caught in the same
locaUty.

Four were "spent," viz. 1, measuring 57*5 cm., taken in the Firth of Forth,

off Pittenweem, on 23rd March 1914, after 746 days ; 1, of 47-2 cm., got on 13th

June 1912, after 98 days, 7 nnles to the north and west ; a third, of 41-3 cm., taken

on 27th May 1912, after 81 days, 5 miles to the south and west ; the fourth, measur-

ing 61-6 cm., on 17th May 1914, after 801 days, oft Tod Head, 36 miles to the north

and east.

Four were "maturing." They were caught in March, September, November,

and December ; 1 in the Firth of Forth, another 96 miles distant to the eastwards,

the third 10 miles to the north and west, and the fourth 6 miles to the south

and west.

Twenty-six were " immature." Two were taken in February, 5 in April,

8 in May, 3 in June, 2 each in July, August, September, and October. Three

had moved considerable distances ; 1, of 38-5 cm., was caught on 15th April 1912,

after 39 days, off Aberdeenshire, 86 miles distant ; another, of 48-1 cm., was taken

on 4th October 1912, after 211 days, off Rattray Head, a distance of 92 miles
;

the third, of 39-9 cm., was caught on 17th April 1912, after 41 days, off Buchan-

ness, at a distance of 79 miles.

EXPERIMENT VII.

2ith Afril 1912.

In this experiment 101 fishes were liberated, viz. 27 males, 71 females, and

3 whose sex was not determined. The sizes of the males ranged from 32 to 40 cm.,

and the sizes of the females from 32 to 63 cm. Of the females, 16 measured from

31 to 35-5 cm. ; 32 from 36 to 40-5 cm. ; 15 from 41 to 45-5 cm. ; 4 from 46 to 50-5

cm. ; 2 from 51 to 55*5 cm. ; and 2 over 61 cm. Of the males, 15 measured from

31 to 35-5 cm., and 12 from 36 to 49 cm. Three, whose sex was not ascertained,

measured 36, 37, and 38 cm. Only 1 male and 11 females were under the adult

size on liberation (33 cm. and 38 cm.).

The fish for this experiment were caught on Station VI., Firth of Forth (a little

offshore, between St. Monans and Pittenweem, in from 12 to 20 fathoms), on 23rd

April. They were marked between 4-35 and 6 p.m., and kept in tanks, v.ath a

good circulation of water, until 1.30 p.m. next day, when they were hberated.

The number recaptured was 76, or 752 per cent, of those Uberated, of which 21,
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or 77-7 per cent., were males, 54, or 76-1 per cent., females, and 1 was of unknown
sex. Of the males recaptured, 11, or 73-3 per cent., were of the first group mentioned
above, of smaller fish, and 10, or 83-3 per cent., of the larger group. Among the

females recaptured, 14, or 87-5 per cent., belonged to the smaller group (under

36 cm.), 26, or 81-2 per cent., to the next largest group, 11, or 73*3 per cent., to the

group from 41 to 45-5 cm.
All the males were of adult size on recapture, and the particulars in regard to

them are as follows :—They had been at Uberty for from 33 to 798 days, the average

being 293-6 days ; their average size on liberation was 35-7 cm., and on recapture

38*5 cm. ; the distances migrated ranged from 5 to 156 miles, the average being

42*75 miles, and the mean rate of movement 1-5 miles per 10 days.

Of the 54 females, 46 were of adult size on recapture ; they had been at liberty

for from 7 to 868 days, the average period being 203-8 days ; their average size

on Hberation was 40*1 cm., and on recapture 43-2 cm. ; the distances migrated

varied from 3 to 300 miles, the mean distance being 28-8 miles, and the average

rate of travel per 10 days was 1-4 miles.

The other 8 females were under the size of maturity on recapture, the mean
size being 35-8 cm. against 33-9 cm. on hberation ; they had been at Uberty for

from 12 to 163 days, or an average of 93 days ; the distances travelled were from

4 to 8 miles, the average being 5-9 miles, or at the rate of -6 mile per 10 days.

The Extent and Direction of Migration.

First Quarter.—In May 1912, the month following their liberation, 13 fish were

recaptured, 12 feinales and 1 male. The position of capture was ascertained for

all but 1 female ; 4 of the fishes, including the male, had moved to the south and
west, in the direction of the coast south of the Firth of Forth, for distances of

from 5 to 6 miles ; 5 had gone to the south and east, for distances of from 6 to

24 miles ; 2 north and west for 5| and 23 miles, 1 directly east.

In June, 11 were recaptured, 4 males, 6 females, and 1 of unknown sex. Three

had moved to the south-west, for from 5 to 9 miles, 2 to the south and east, each

for 5 miles, and 6 to the north and east for from 5 to 20 miles.

In July, 7 were taken, 6 females and 1 male. Two had moved south and west,

each for 5 miles, 2 north and east, for 5 and 8 miles, and 3 to the north and west,

in the direction of the coast, for 11, 14, and 15 miles.

Thus, in the first three months following liberation, viz. May, June, and July,

31 fishes were recaptured (or 40-8 per cent, of the total recaptured), particulars

being ascertained for 30 of them. Six were males, 22 females, and 1 of under-

termined sex, the percentages being 28*6 of the total males recaptured, and 40-7 of

the total females recaptured. There was thus a considerable excess of females.

None of the fishes had moved to any great distance, the maximum being 24 miles
;

and (as the chart shows very well) they were tolerably well dispersed in all direc-

tions around the station. In the accompanying table, in which the particulars

are summarised, it will be seen that 8 fishes (or 26-7 per cent.) moved to the north

and east for a mean distance of 9-4 miles ; 5 (or 16-7 per cent.) moved north and

west for a mean distance of 13-7 miles ; 7 (or 23-3 per cent.) moved south and east

for a mean distance of 12-5 miles ; 9 fishes (or 30 per cent.) moved south and west

for a mean distance of 6 miles ; and 1 had gone directly east for 3 miles.

Second Quarter.—In the next three months, August, September, and October,

13 fishes (or 17-1 per cent, of the total) were recaptured ; 3 were males (or 14-3 per

cent, of the total males recaptured) ; and 10 were females (or 18-5 per cent.). In

this period the majority of the fishes were caught to the south and west, viz. 8 (or

61-5 per cent.), but they had moved only short distances, from 4 to 15 miles, the

mean being 6-8 miles. One had gone north and west for 9 miles, and 1 south and

east for 34 miles. Other 2 fishes had moved north and east, to off the coast of

Aberdeen, 1 for 37 and the other for 50 miles ; and 1 had gone west for 10 miles.

Third Quarter.—In the 3 months, November and December 1912, and January

1913, 10 fishes (or 13-2 per cent, of the total recaptured) were taken, 3 being males

(or 14-3 per cent.) and 7 females (or 13 per cent.). In this case also the majority

were caught to the south and west, viz. 5 (or 50 per cent.), but the distances were

again very small, from 4 to 15 miles, the mean being 7-8 miles. None was got
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to the north and west, and only 1 to the south and east, 11 miles distant. Four

of the fislies (or 40 per cent.) were taken to the nortli and east, having migrated

northerly along the coast, the distances travelled ranging from 70 to 149 miles,

the mean being no less than 104 miles. One, a male, was caught on 21st January

1913, 149 miles away, off Kinnaird Head. Another, a female, was also got off

Kinnaird Head, 127 miles distant, on 12th January 1913. The condition of the

reproductive organ of the male was not determined, but, as it was 41-7 cm. in length,

it was probably " mature," or approaching maturity ; the female, a large fish of

64 cm., was " nearly ripe.'

The characteristic of this quarter, especially obvious on tlie chart, was tlie

migration to the north.

Fourth Quarter.—Nine fishes (or 11-8 per cent, of the total) were recaptured

in February, March, and April 1913. Five were females (9-3 per cent, of the total

females recaptured), and 4 (or 19 per cent.) were males. Of the total, 8 (or 88 per

cent.) were taken in the north, at distances varying from 8 to 115 miles, the average

being 58 miles. Only 1 was got to the south-west, at a distance of 5 miles, and

none to the north and west, or to the south and east.

Altogether, 63 of the fishes (or 83 per cent.) were recaptured within 12 months
after liberation, 46 being females, 16 males, and 1 of undetermined sex. Par-

ticulars of recapture were ascertained for all but 1 of these. Twenty-two (35-5 per

cent.) moved north and east ; 6 (9-7 per cent.) went north and west ; 9 (14-5 per

cent.) south and east ; 23 (37-1 per cent.) south-west ; 1 (1*6 per cent.) directly

east ; and 1 went west.

Quarter.
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Li the first 3 months, May, June, and July 1912. the fish were recaptured fairly

evenly in all directions around the station, none at any great distance, and most
to the south and west, i.e. in the direction of the coast between Dunbar and St.

Abb's Head. In the second quarter, August, September, and October, the majority

of the fish were also got south and west, and this was also true in the third quarter,

November, December, and January. In the fourth quarter, only 1 was taken

in this direction. It is to be noted that all the fishes got to the south-west were

taken on practically the same ground, at a short distance from the place of libera-

tion, so that they did not make any definite migration as the months passed.

The outstanding feature of this experiment is the migration to the north and
east, along the coast, which became evident in the second quarter, was ernphasised

in the third quarter, and was most conspicuous in the fourth quarter, when 88 per

cent, moved in this direction. It is to be observed that all these fish had migrated

considerable distances, some of them somewhat over 100 miles.

The remaining fish in this experiment were recaptured as follows :—Seven

in 1913, in May, June, July, August, October, and December ; and 6 in 1914,

in February (3 fish), April, July, and September. The direction and distances

were ascertained for all those caught in 1913 ; 4 had migrated north and east,

viz. 3 females for distances of 8, 21, and 75 miles, and 1 male for a distance of

132 miles. The females were immature, except the 1 which had migrated 75 miles
;

it was taken in July, and is described as " apparently spent." The male, caught

in the Moray Firth in December, was "ripe." One of the fishes, a female, had
moved 4 miles to the south-west, and was taken in August " immature "

; another

female had gone directly east for 42 miles ; and a male was taken in October,

8 miles north-west of the station, and was " about half ripe."

Of the 3 caught in February 1914 the particulars in regard to 1, a male, were

not ascertained. The other 2 were females ; 1, a large fish of 64 cm., was taken

after 660 days, .30 miles to the south-west (off Fidra), within the Firth of Forth,

and is described as " nearly ripe." The other had apparentl^^ a remarkable

journey. It was landed at G-rimsby, and is stated to have been caught at Lat.

53° 40' N. ; Long. 5° 15' E., or off Terschelling Island, on the Dutch coast, a

distance of about .300 miles from the place of liberation. It was described as
" spent."

One fish, a male, moved to the north-west, and was taken at a distance of

8 miles, in April ; it was " ripe." One, also a male, had moved 156 miles north-

east, and was found near Pentland Skerries in July 1914, after 798 days, " mature."

The last, a female, caught in September, 10 miles directly west, was described

as "half ripe."

[Table.



121

A summary of tlie resultant direction and distance in each quadrant is as

follows :

—

Quadrant.



122

ward, 2 being taken off the coast of Aberdeenshire, 1 in the Moray Firth, 1

off the Moray Firth, and 1 at the eastern opening of the Pentland Firth. Four
were caught in the following winter and spring, and the fifth in the spring of 1914,

—

that is to say, all during the spawning season. The condition of the testes was

ascertained in 3 cases, and they were " ripe " or " mature." These fish had
moved at a mean rate of from 2*2 to 5-5 miles per 10 days.

Of the 7 females, 6 had migrated also to the north, distances of from

50 to 127 miles ; 4 of these were taken off the coast of Aberdeenshire, 1 in the

Moray Firth, and 1 off the Moray Firth ; 4 were caught in January, February,

and March 1913, in the next spawning season, and they were " nearly ripe," " ripe,"

or " spent "
; 1, taken in July 1913, was " apparently spent," and the remaining

fish (which had gone 50 miles), taken in September, was " immature." The rate

of movement in these cases also was rapid, varying from a mean of 1*7 to 4*8 miles

per 10 days. The seventh female was the one which was recorded as caught on

22nd February 1914, off Terschelling Island, on the Dutch coast, a distance of

300 miles S. 43° E. ; it was " spent," and had moved at the rate of 4-5 miles per

10 days.

It is evident that these long migrations were for spawning purposes.

Maturity.

The condition of the reproductive organs was ascertained in 55 of the fish,

as follows :—Two were " spawning," both males, and both recaptured to the north,

off the coast of Aberdeen, in March 1913, not far apart, viz. 48 and 49 miles respec-

tively from the station. (A third fish, a female, was captured in this region, 46

miles distant, in April, and was " immature.") Two fishes were " ripe," a female,

caught in March 1913, 74 miles to the north-east, and a male caught in April 1913,

92 miles north-east. All the fish actually " spawning " or " ripe " were thus

recaptured to the northward. Seven fishes were "nearly ripe"; 1, a female,

got in August 1912, 5 miles to the south-west, is described as in this condition
;

a male was taken 37 miles to the north-east in October 1912 ; a female, in January

1913, 70 miles to the north-east, and another female, also in January, 127 miles

to the north-east. Three were recaptured in the south-west, in addition to the one

mentioned above, a male, at a distance of 15 miles, in December 1912 ; a female,

also in December, at a distance of 5 miles, and another female, in January 1913,

at a distance of only 4 miles from the place of hberation. The condition of the

reproductive organs of 2 males, taken in January 1913, at 71 and 149 miles to the

northward, was unfortunately not ascertained. Four fishes are described as

"spent," all females; 1, caught in June 1912, 20 miles to the north-east;

another, taken in February 1913, in the Moray Firth, 115 miles distant ; a third,

in May 1912, 6 miles to the south-west ; the fourth, in June, 8| miles to the south-

west.

Relation of Movement to Size.

There does not appear to be any clear relation between the size of the males and
the distance migrated. The sizes on liberation and on recapture of the 5 males

above referred to were as follows :—40-49-2 cm., 39-41-7 cm., 36-39-8 cm.,

32-40-8 cm. ; 35-41 cm. Some of the large specimens had moved very small

distances. Thus, 1 of 39-5 cm. on liberation and 42-2'cm. on recapture, had moved
apparently only 8 miles to the north and west, though it had been at liberty for a

period of 722 days. Another, of 35 cm. on liberation and 49-7 cm. on recapture,

had moved only 8 miles also north and west, after 538 days of freedom. In the case

of the females, the majority of the larger specimens moved only short dis-

tances. The sizes of the 7 females above referred to were as follows:—40-

46 cm., 35-39-3 cm., 37-41-3 cm., 35-45-6 cm., 37-5-42-5 cm., 39-5-44-9 cm.,

41-44-9 cm. But other large females, which had, in many cases, been at liberty

for long periods, had apparently moved very small distances, as the following table

shows :

—



No. of

Fisli.

4501
4474
4543
4028
4491
4473
4558
4534
4475
4559
4464
4531

4477
4527
4525

Lib. (cm.)
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mean being 39 days ; the distances migrated varied from 5 to 10 miles, and averaged

7 miles. Of the 33 females, 17 were of adult size on recapture ; the sizes on libera-

tion were from 32 to 50-5 cm., the average being 38-5 cm., and on recapture from 38"6

to 49-8 cm., the mean being 41-6 cm. They were at liberty for from 1 to 862 days,

the average being 196 days ; they migrated distances of from 4 to 91 miles, with a

mean distance of 14'3 miles, and the average rate per 10 days was -87 mile. Sixteen

were under 38 cm. on recapture, the average length being 34.1 cm., and the average

on liberation 32-1 cm. ; the periods of freedom ranged from 2 to 680 days, the

mean being 135 days ; the distances migrated were from 5 to 33 miles, averaging

12-3 miles, and the mean rate per 10 days -9 mile.

The Extent and Direction op Migration.

First Quarter.—In May, 7 of the marked fishes were recaptured, 3 males and 4

females. Five of them were taken to the south and west, at distances of from 5 to

11 miles, the one which was taken at 11 miles being caught on the following day
;

1 had moved south and east for 5 miles, and another north and west for 9 miles.

Three of the females measured 44, 44, and 50-5 cm. respectively, and were " spent "
;

the fourth, of 28*5 cm., was " immature."
Nine were recaptured in June, 4 males and 5 females ; 2 were taken at 9 miles

to the soutli and west, 3 at 6, 7, and 11 miles to the northwards, 2 at 6 and 8 miles

to the south and east, and 2 at 5 and 6^ miles to the north and east. All the females

were iinder 38 cm. ; 3 of the males were above 33 cm.
Eleven were recaptured in July, 5 males and 6 females ; 6 were taken to the

south and west at distances of from 4 to 17 miles ; 1, 10 miles to the south and east
;

1, 4 miles directly east ; and 3, 12, 15, and 18 miles to the north and west.

Thus the number recaptured to the end of July was 27, or 45-8 per cent, of the

total recaptures. One had gone directly east, 2 (7*4 per cent.) north and east,

7 (26 per cent.) north and west, 4 (14'8 per cent.) south and east, and 13 (48" 1 per

cent.) south and west.

Second Quarter.—In August, September, and October, 14, or 23-7 per cent., were

taken, viz. 5 males and 9 females, and the positions of recapture of all but 1 of the

females was ascertained. Two had gone directly west for 4 and 8 miles, 1 went
south and east for 5 miles, 2 north and west for 12 and 15 miles, 3 north and east

for 12, 17, and 56 miles, and 5 (38-4 per cent.) south and west for from 5 to 14 miles.

Third Quarter.—Only 2 were recaptured in the next 3 months, viz. a male,
" fully half-ripe," in December, off Aberdeen, at a distance of 54 miles, and a

female, " immature," in January 1913, 5 miles to the south and west.

Fourth Quarter.—Nine, or 15-2 per cent., were got in this quarter, 4 in February,

3 in March, and 2 in April. One was taken 5 miles to the south-west—a female

of 39 cm. and " immature "
; 2, both males, were got to the north-west, 1 at a

distance of 15 miles, and the other in the Firth of Forth, at a distance of 23 miles
;

the former was " spawning," and the latter " immature." Five were found to

the north-east, 4 off the coast of Aberdeen, at distances of from 33 to 91 miles ; 2,

both males, were " spawning " or " ripe "
; the fifth was taken at a distance

of 21 miles in the saine direction. The remaining fish is reported to have been
recaptured 163 miles E. i N. of Flamborough Head (Lat. 55° 5' N. ; Long. 4° 10'

E.) on the 15th March 1913, after 309 days, the distance migrated being 219 miles

S. 55° E. It was a male, measuring 30-5 cm. on liberation and 38'8 cm. on re-

capture ; the condition of the testes was not ascertained.

Altogether, in the 12 months following liberation, 52 fishes were caught, or 88*1

per cent, of the total number recaptured, viz. 23 males (88'5 per cent.) and 29
females (87-9 per cent.). The position of recapture of 51 was ascertained ; 11

(21-6 per cent.) went to the north and east, and the same number to the north
and west ; 1 was got directly east, and 2 directly west ; 6 (11-8 per cent.) were
taken to the south and east ; and 20 (39*2 per cent.) to the south and west.

[T.iBLE.
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and east. Thus, 46 of the 57 recapluied fish, whose positions were known, i.e.

80-7 per cent., were found within 20 miles of the station, viz. 19 males (73-1 per
cent.) and 27 females (87-1 per cent.).

20 to 50 miles.—Six, or 10-5 per cent., of the fish were got between 20 and
50 miles of the station, 3 (11-5 per cent.) being males, with an average distance of
39'3 miles, and 3 being females, with an average distance of 25-5 miles. Four fish,

2 males and 2 females, went to the north and east, and 2, a male and a female, to

the north and west.

50 to 100 miles.—Four of the marked plaice, or 7 per cent., went distances of

from 50 to 100 miles, 3 (11-5 per cent.) being males, going an average distance of
59-3 miles, and 1 female for a distance of 91 miles. All had gone to the north-east.

Oi^er 100 miles.—Only 1 fish, a male, went a journey of over 100 miles. It was
recaptured off Flamborough Head, 219 miles off in a south-easterly direction from
the place of liberation.

Maturity.

Males.—Of the males recaptured, 23 were of adult size, and the condition of

the testes in 20 of them was ascertained. Two were " spawning," viz. 1, of 37-41*1

cm., taken off Aberdeen, at a distance of 46 miles, on 16th February 1913, after

282 days, and another, of 37-5-39-3 cm., caught on 25th April 1913, after 350 days,
15 miles to the north-west, off St. Andrews Bay.

One was described as " ripe "
; it was caught on 18th March 1913, after 312 daj^s,

off Aberdeen, at a distance of 49 miles, and near the place where the spawning
male above referred to was captured.

Three males were described as " spent "
; 1 was got in May 1912, 9 miles north

and west ; another was taken in August 1913, 5^ miles north and west, and the
third in September 1912, 13 miles to the south and west.

A male, taken on 17th December 1912, 54 miles distant, close inshore off Aber-
deen, was " fully half-ripe."

The other 13 adult males were " immature." One was caught in February
1913, after 280 days, in the Firth of Forth, off Pittenweem ; it measured 29-5-33-2

cm. Another, measuring 30-35-6 cm., was caught on 20th March 1914, after

679 days, only 2 miles to the north-west of the station. Of the remainder, 1 was
taken in May, 3 in June, 4 in July, 1 in August, and 2 in October. Most of them
were got near the station, at distances of from 4 to 18 miles, 1 to the east, 1 to the
west, 3 to the north-west, 3 to the north-east, 3 to the south-west, and 1 to the
south-east.

Females.—Of the females, 17 were of adult size, the condition of the ovaries

being ascertained in 15. None was " spawning " or " ripe," but 4 were " spent."

One, of 44-43-7 cm., was taken in May, after 6 days, 5 miles to the south and
east ; another, of 50-5-49-8 cm., was caught on the day after liberation 11 miles
to the south-west ; the third, measuring 44-44 cm., was taken in May, after 17
days, also 5 miles to the south and west ; and the fourth, of 34-41*2 cm., was taken
in June 1913, after 400 days, 10 miles to the north and east.

Two were " maturing," caught respectively in July and October, 4 and 5 miles

to the south and west.

The other nine were " immature," and were caught as follows :—One in January
1913, after 255 days, 5 miles to the south and west ; it measured 34-38-8 cm.

;

1, whose size on liberation was about 40 cm., the size on recapture not recorded,

was caught in February 1913, after 292 days, off Aberdeen, 91 miles to the north

and east ; a third, measuring 39-42-2 cm., was caught in March 1913, after 305
days, 5 miles to the south and west. Of the remaining fish, 3 were taken in July,

2 at 12 miles, and 1 at 22| miles distant, 1 in August at 14 miles, and 2 in September
at 4 and 5 miles respectively.

EXPERIMENT IX.

^th December 1912.

In this experiment 202 plaice were marked and liberated, 78 being males, 122

females, and 2 whose sexes were not ascertained. Tlie sizes of the males ranged
from 26-5 to 45 cm., and of the females from 27*5 to 54-5 cm.
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being 2"85 miles per day. The remaining fisli, which measured 35*5 to 35-8 cm.,

was caught 191 miles to the south-east by a Grimsby trawler, on 12th February,

after 77 days ; the position where it was recaptured was about 29 miles. E. J S. of

Spurn Point (53° 40' N. ;
0° 55' E.) ; the condition of the reproductive organ was

not ascertained.

Tlius during the first 3 mouths after liberation, viz. December 1912, January
and February 1913, 31 fishes (23-5 per cent.) were recaptured, the positions

of recapture of 29 being determined. Of these, 16 (55-2 per cent.) migrated

to the north and east, for an average distance of 79 miles, the mean rate of

movement being 17-3 miles per 10 days; 6 (20'7 per cent.) moved to the north-

west, for a mean distance of 24 miles, the average rate of travel per 10 days being

3"4 miles ; 5 (17"2 per cent.) moved south and east for an average distance of 42

miles, the mean rate of travel being 7-6 miles ; and 2 (6-9 per cent.) went to the

south-west, for an average distance of 8 miles, the mean rate of travel being 9-2

miles per 10 days.

It will be observed that, in this quarter, a large proportion of the fish went in

a northerly direction, with considerable rapidity, the mean direction being N. 31° E.

Second Quarter.—In the next 3 months, 21 fishes (15-9 per cent.) were

taken, the positions of 19 being ascertained. In March, 10 of the fishes were

recaptured, 4 males and 6 females ; 1 moved directly west for 12 miles, and 1,

a male, south-west for 15 miles ; a third, a female, went north and west, into the

Firth of Forth, for a distance of 26 miles ; 6 moved north-east distances of from

29 to 157 miles, 4 of them being caught in the Moray Firth, after intervals of from

91 to 110 days, and the other 2 were got off the coast of Aberdeen. The position

of recapture of oiie of the females was not ascertained. In April, 3 males and 3

females were taken, the position of one of the males not being given. One, a male,

had gone 32 miles north and west, into the Firth of Forth, and was caught near the

place where it was originally captured. The other 4 fishes had gone north and
east, for distances of from 44 to 139 miles, 2 being taken oft" the coast of Aberdeen,

and 2 in the Moray Firth. Two males and 3 females were recaptured in May ; 1 of

the females had moved 17 miles to the south-west ; the remaining 4 fishes had
gone north-east, 3 being got off the coast of Aberdeen, at distances varying from

55 to 83 miles, while the fourth was caught in the Moray Firth, at a distance of

146 miles from the place of liberation.

Of the 19 fishes, whose positions of capture were ascertained in this quarter,

14 (73-7 per cent.) had migrated north-east, the mean direction being N. 27° E., and

the average distance 95 miles. One fish moved directly west, and 2 (10'5 per cent.)

north and west, for an average distance of 29 miles ; 2 went south-west, for an
average distance of 16 miles.

Third Quarter.—In June, July, and August, 32 fish (24-2 per cent.) were re-

captured, of which the positions were ascertained in the cases of 31. In June.

12 were recaptured, 2 males and lO females. One female went directly west

for 10 miles ; 4 migrated to the north and west, for distances varying from 6| to

26 miles ; 7.migrated to the north and east, for distances varying from 19 to 112

miles, most of them being taken off the coast of Aberdeen, and one in the Moray
Firth. In July, 11 fishes were captured, 5 males and 6 females. Three, 2 males

and a female, were taken to the south-west, at distances of from 5 to 18 miles. Five

had moved to the north-west, for distances of 15, 16, and 19 miles ; 1 was found 3

miles directly east ; and 2 to the north-east, both males, at distances of 8 and 26

miles respectively. In August, 9 of the fishes were recaptured, 6 males and 3 females.

Two of the males were taken at distances of 5 and 6 miles respectively to the south

and west ; 1 male and 2 females had moved north and west, 2 for 13 and 1 for 15

miles, and 3, 2 males and a female, had migrated to the north and east, for distances

of from 23 to 67 miles ; the position of capture of 1 male was not ascertained.

Altogether, in this quarter, 1 fish moved west and 1 east ; 12 (38-7 per cent.)

migrated north and east for an average distance of 46 miles, at a mean rate of 2*2

miles per 10 days ; 12 (38'7 per cent.) had moved north and west, for an average

distance of 15 miles, the mean rate being -7 mile per 10 days ; none was found to the

south and east, but 5 (16-1 per cent.) were got to the south-west, the average distance

being 9 miles, and the mean rate per 10 days, -4 mile.

Fourth Quarter.—In September, October, and November, 12 fishes (91 per

5
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cent.) were recaptured, and the positions of all of tliem were determined. In

September, 5 were taken, 3 males and 2 females. One male and 1 female were
got to the south and west, at 5 and 6 miles distant respectively. One male had
migrated 32 miles to the north and west, and a male and a female for distances of

37 and 41 miles respectively to the north and east. In October, 4 fishes were
recaptured 3 males and a female. One male was got 4 miles directly west, a female

12 miles north and west, and 2 males at distances of 65 and 69 miles to the north-east.

In November, 3 fishes were recaptured, 2 males and 1 female. One male had moved
14 miles north and west, another male 73 miles north and east, and a female 52

miles in the same direction, both of the latter being taken off the coast of Aberdeen.
Altogether, in this quarter, 6 of the fishes (50 per cent.) had moved north and east,

for an average distance of 56 miles, the mean rate being 1-7 miles per 10 days ; 3 (25

per cent.) had gone to the north-west, for an average distance of 19 miles ; and 2

(16-7 per cent.) had migrated for a mean distance of 5 miles to the south and west.

Thus, in the 12 months immediately following Uberation, 96 plaice, or 72-7

per cent, of the total number recaptured, were again taken, and the positions of

recapture were ascertained for 91 of them. With regard to the direction, 48
(52-7 per cent.) had moved north and east ; 23 (25-3 per cent.), north and
west ; 11 (12-1 per cent.) south and west ; 5 (5-5 per cent.) south and east ; 3

(3-3 per cent.) directly west ; and 1 (1*1 per cent.) directly east.

These particulars are shown in the following table :

—

Quarter.
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Of the remaining 35 fish of the experiment, about which particulars are

known, 5, all females, were taken in December 1913, 1 of them 10 miles directly east,

and 2 to the south-west, 1 at a distance of 2 miles, and the other in the Firth of

Forth, at a distame of 43 miles. The retnaining 2 fish migrated north and east

for distances of 67 and 68 miles respectively.

Twenty-six were got in 1914. Of 5 taken in January, 2 males and 3 females,

1 male was recaptured 16 miles to the north-west ; the remaining male and 3 females

were all taken ofi Banff, in the Moray Firth, at distances of 113 and 114 miles ; they
were "'nearly ripe." Four, 1 male and 3 females, were recaptured in February.

Tlie male and 2 of the females were taken north and east, the male at 16 miles

distant, and the females in the Moray Firth, at distances of 113 and 152 miles re-

spectively. The remaining female had migrated in a south-easterly direction for a

distance of 186 miles from the place of liberation, being found at Lat. 55° 14' N.

;

3° 4' E., which is a point about 158 miles east by south of N. Shields. These fish

were " spawning " or nearly ripe." In March, 1 male and 4 females were recaptured,

1 female 3 miles to the south and west, another, also a female, 97 miles to the south-

east, and the remaining fish to the north-east ; 1 along the coast of Aberdeen, 36

miles distant, and 2, a male and a female, in the Moray Firth, at distances of 139

and 145 miles. In April, 3 fish were taken, one male and 2 females ; the male was
caught 1| miles from the place of hberation, after 481 days, and was " ripe "

; one

of the fenaales was got 15 miles to the north and west, and the other ofi the coast of

Aberdeen, 64-|- miles to the north-east. Two females, taken in May, had moved to

the north-east ; one measuring 32-38-7 cm. was found only 7 miles distant, and the

other, got off the Fentland Skerries, 152 miles distant, was " spent." One fish, a

female, was caught in June. 10 miles to the east. Two were taken in July, a male

and a female, both to the north-east, one at a distance of 35 miles and the other at

29 miles. One male was caught in August 11 miles to the north-west, and another

in September, 71 miles to the north-east. One was taken in October 49 miles to

the north-east, and a female in December 7 miles to the south-east.

Of the 4 caught in 1915, all were females, and the positions of recapture of

3 were ascertained. One was taken in January 15 miles to the north-west,

after 785 days. One was got in April, 29 miles to the north-west, uathin the Firth

of Forth, near the original place of capture. Tlie third fish was found in July,

after 965 days, off the coast of Aberdeen, 31 miles to the north-east of the station.

[Tabi e
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8 to the north and west, and 1 to the north and east. Thirteen were females (17-6

per cent.), which had travelled also an average distance of 15 miles ; 2 were taken
to the south and west, 9 to the north and west, 1 directly west, and 1 nortli and
east.

Thus, at distances not exceeding 20 miles, 47 plaice were recaptured, or 37-3

per cent, of the whole, namely, 19 males and 28 females.

20 to 50 miles.—Thirty-four of the fish (27 per cent.) were got between 20 and 50
miles from the station. Of these, 16 (30-8 per cent.) were males, which had migrated
for an average distance of 36'3 miles ; 5 were taken to the north-west, 3 of them
within the Firth of Forth, and 11 to the north and east. Eighteen were females

l21-3 per cent.), and they had moved an average distance of 35-7 miles ; 1 was
found to the south-west, 4 to the north-west—these 5 fish were taken in the Firth

of Forth. The remaining 13 had moved to the north-east, and were recaptured
chiefly ofE the Aberdeenshire coast.

50 to 100 mi7es.—Twenty-one of the recaptured plaice (16"7 per cent.) had moved
distances of from 52 to 97 miles. Eight (l5-4 per cent.) were males, the average
journey being 64 miles, all to the north-east, the fish being mainly taken off the

coast of Aberdeen. Thirteen (17"6 per cent.) were females, the mean distance

travelled in this case being 69 miles. One was got 97 miles to the south and east,

and all the others to the north-east, off the coast of Aberdeen.
Over 100 miles.—No fewer than 24 fish (19 per cent.) went distances of over 100

miles, viz. from 112 to 239| miles. Nine of these (17-3 per cent.) were males,

which had moved an average distance of 152 miles. Eight of these were recap-

tured in the Moray Firth, and one off Cape Wrath. Fifteen (20-3 per cent.) were

females, which had migrated a mean distance of 135 miles, 2 to the south and
east, for 176 and 191 miles respectively, all the others to the north-east, 12 being

recaptured in the Moray Firth, and 1 near the Pentland Firth.

Maturity.

Males.—The condition of the reproductive organs was ascertained in 42 of the

51 adult males taken.

Four were " spawning "
; 1, measuring 36-5-35-9 cm., caught on 8th March

1913, 157 miles northwards, in the Moray Firth ; a second, measuring 35'5-35'5

cm., on 13th February 1913, 54 miles to the north-east, ofi the coast of Aberdeen
;

the third, of 36-387 cm., on 25th February 1914, after 446 days, 16 miles north and
east ; and the fourth, measuring 43-43-3 cm., on the 18th February 1913, 49 miles

to the north and east.

Four were " ripe," 1, of 35-5-35-5 cm., captured on 11th February 1913, 28 miles

north and west, off St. Andrews Bay, and 3 to the north-east, at distances of from

IJ to 44 miles, in April 1913, April 1914, and August 1913. One of these, a large

fish, measuring 42'5-44"6 cm., was recaptured only a mile and a half from the

station, after 481 days.

Seven were " nearly ripe "
; 3 of these were taken to the north-east, at dis-

tances of 46, 65, and 114 miles, the last-named being got in the Moray Firth in

January 1914 ; 3 were taken to the north-west, all near the Bell Kock, at 17, 6, and
16 miles ; the remaining fish was recaptured 5 miles to the south-east in December
1912.

Two were described as " spent," 1, of 38-37-8 cm., caught in March 1913, after-

99 days, 150 miles to the northwards, in the Moray Firth ; the other, of 38-5-39-9

cm., in May 1913, off the coast of Aberdeen, at a distance of 69 miles.

Two, both caught in October, were described as " half -ripe "
; 1 had moved 4

miles directly west, and the other 49 miles to the north and east, after 670 days.

The remainder of the fish were " immature "
; 5 were taken in July, 5 in August,

4 in September, 3 in January, 1 each in March, April, May, and October, and 2 in

June. Eight were found to the north and east, at distances of from 25 to 71 miles,

after intervals of from 45 to 637 days. Two of these were taken within the limits

of the spawning season, 1, of 39-38-9 cm., on 20th January 1913, ofi Aberdeen, 42
miles distant ; the other, measuring 35-5-35-8 cm., on 12th May 1913, also off

Aberdeen, at a distance of 55 miles. Eight were recaptured to the north and west,

at distances of from 11 to 32 miles; 1, measuring 33-5-36-6 cm., caught in August
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1914, after 622 days, had moved only 11 miles. Of these fish, 2 were caught within

the limits of the spawning season, 1, measuring 33"5-33'8 cm., in January 1913,

after 42 days, at a distance of 17 miles, and the other, measuring 33-34-7 cm., in

April 1913, after 143 days, within the Firth of Forth, 32 miles distant. Six of the

immature males were taken to the south and west, at distances of from 5 to 18

miles. One, of 33-33-4 cm., was caught in March 1913, at a distance of 15 miles.

Females.—Forty-nine of the recaptured fish were adult females, and the condition

of the ovaries was ascertained in 44 cases. Of these, 6 were " spawning "
; 2 were

captured in January 1914, after 411 days, both in the Moray Firth, near Banff
;

they measured respectively 42-5-46-7 cm. and 51-5-55-2 cm., the distances travelled

being 113 and 114 miles ; 2 were taken in February 1913, after 72 and 75 days, at

distances of 50 and 44 miles to the north and east, off the coast of Aberdeen
;

they measured respectively 46-46-2 cm. and 40-40 cm. ; 1, of 35-5-46 cm., was got

in December 1914, after 747 days, only 7 miles distant to the south and east
;

another, of 41-5-45-2 cm., was taken in March 1914, after 461 days, only 3^ miles

distant to the south and west.

Four were " ripe." Of 2, taken in March 1914, 1 was captured 36 miles to the

north and east, after 457 days ; it measured 54-5-55-4 cm. ; the other was found

97 miles south and east, after 475 days ; it measured 42-45 cm. ; a third fish,

measuring 39-45 cm., was taken in February 1914, after 424 days, 186 miles to the

south and east ; the fourth was caught in April 1914, after 488 days, 64| miles to

the north and east, off the coast of Aberdeen ; it measured 36-5-42 cm. It is

interesting to note that 2 of these " ripe " females were recaptured at such con-

siderable distances to the south and east.

Seven of the adult females were " spent." One was taken in June 1914, after

557 days, only 10 miles directly east ; it measured 31-5-44 cm. ; another, caught in

April 1915, after 846 days, was found in the Firth of Forth, near where it was
originally captured, at a distance of 29 miles ; it measured 45-51-4 cm. ; the re-

maining 5 fish were caught to the north-east ; 1, taken in April 1913, after 133 days,

was got off Rattray Head, 139 miles distant ; it measured 45-45-5 cm., was taken

in June 1913, after 198 days, 19 miles to the north-east ; 1, measuring 41-45-6

cm., was found in July 1914, after 579 days, also in the Firth of Forth, near the

place where it was originally captured ; 1, measuring 35-5-42-9 cm., was caught in

May 1914, after 531 days, off the Pentland Skerries, 152 miles to the north and
east ; the last fish, measuring 41-5-50-8 cm., was taken in July 1915, after 965

days, off the coast of Aberdeen, at a distance of 31 miles to the north and east.

Five were "nearly ripe." One, of 35-39-2 cm., was taken in December 1913,

after 360 days, 67 miles to the north-east, off the coast of Aberdeen ; another,

measuring 41-5-44-6 cm., was caught in February 1914, after 437 days, in the Moray
Firth, 113 miles distant ; 1, of 44-5-44-3 cm., was recaptured in January 1913,

after 32 days, 3 miles to the south-east ; the fourth, of 43-43-1 cm., was caught
in February 1913, after 62 days, 12 miles to the south and west ; and the fifth,

measuring 42-5-46-7 cm., was taken in January 1915, after 785 days, only 15 miles

to the north and west.

Five of the females were "advanced in maturitv," " three -rjuarters," or "fully

half-ripe." One, of 44-47-9 cm., was caught in July 1913, after 236 days, 3 miles

directly east ; another, 50-5-51-4 cm., was recaptured in December 1913, after 361

days, 43 miles south and west, in the Firth of Forth ; 3 remaining fish were caught
to the north and east ; 1, measuring 40-43 cm., in January 1914, after 411 days,

off Whitehills, in the Moray Firth, 114 miles distant ; another, 36-5-40 cm., was
taken in September 1913, after 272 days, 41 miles distant ; and the remaining
fish, 38-44-3 cm., was recovered in November 1913, after 341 days, off the coast of

Aljerdeen, 52 miles distant.

Seventeen of the adult females were " immature." Those caught in the months
fro;n December to May were as follows :—One, of 40-5-39-7 cm., was got after 3

days, 5 miles to the south-west ; another, 45-5-45-4 cm., was taken in February
1913, after 78 days, off Buchanness, 68 miles to the north and east ; a third, of

39-5-40-3 cm., was taken in April 1913, after 129 days, 114 miles to the north and
east, in the Moray Firth ; the fourth, measuring 38-5-39-3 cm., was taken in March
1913, after 110 days, 29 miles to the north and east ; the fifth, 39-5-40 cm., was
taken in February 1913, 23 miles north and west, in the Firth of Forth, near the
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place where it was originally captured ; the sixth, 40-5-41-4 cm., was taken in
April 1913, after 119 days, off the coast of Aberdeen, 49 miles to the north and east

;

t}ie seventh, measuring 32-41-5 cm., was caught in March 1915, after -816 days,
but the place of recapture in this case was not ascertained ; the eighth fish, measur-
ing 32-5-40-5 cm., was taken in April 1914 after 502 days, only 15 miles distant,
north and west; the ninth fish, 32-38-7 cm., was got in May 1914, after 534 days,
7 miles to the north and east ; a tenth fish, measuring 33-39-3 cm., was taken in
December 1913, after 376 days, 10 miles directly east.

EXPERIMENT X.

26th March 1913.

In this experiment, 100 fishes were marked and Hberated, of which 35 were
males, 64 females, and 1 whose sex was not ascertained. The sizes of the males
ranged from 32 to 41-5 cm., and of the females from 32 to 42*5 cm. The numbers
liberated and recaptured are shown in the adjoining table, arranged in groups of
5 cm. :

—

F. Lib.

F. Recap. .
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for a distance of 8 miles ; the last-mentioned fish was 41-5 cm. long on Uberatlon.

One of the females was got 16 miles to the north and west, east of St. Andrews

Bay ; the second was taken 20 miles to the north-east ; and the third 44| miles

to the north and east, off the coast of Aberdeen.

Thus, in the first 3 months after liberation, 13 fish, or 20-3 per cent, of the

total recaptured, were taken ; 4 (30-8 per cent.) had moved to the north and east,

to the north and west, and directly west for distances respectively of 21, 21, and

10 miles, at average rates per 10 days of 2*9, 13-6, and 7-4 miles. The remaining

fish had moved 2 miles to the south and west.

Second Quarter.—In July, 2 males and 3 females were recaptured ; 1 of the males

had moved for 10 miles directly east, and the other {'or 5 miles to the south and west.

Two of the females had also moved south and west, 1 for a distance of 5 miles, and

the other for 8 miles ; the remaining female was caught 19 miles to the north-west,

after 106 days. In August, 9 fish were recaptured, 3 males and 6 females, but the

position of recapture of one of the females was not ascertained. The 3 males

had migrated to the north-east, and were taken at distances of 25, 27, and 52 miles,

off the coasts of Forfarshire and Aberdeenshire. A female had also moved in the

same direction, for a distance of 7 miles, while 2 females had moved 6 and 8 miles

respectively to the south-west ; another female had migrated 10 miles directly

east, and the last 24 miles to the south-east, to the east of St. Abb's Head. In

September, 3 females were recaptured, one 4 miles directly west, after 173 days,

one 6 miles to the south-west, after 165 days, and one 21 miles to the north and

west, after 184 days. Thus, in the second quarter after liberation, 17 fishes, or

26-6 per cent., were recaptured, the position of recapture being known for all but

1. Five (3r2 per cent.) went to the south and west for an average distance of

6 miles, the mean rate of travel being -5 mile in 10 days ; 4 (25 per cent.) had

moved an average distance of 28 miles to the north and east, the mean rate per

10 days being 1*8 miles ; 3 (18-8 per cent.) had gone an average distance of 16 miles

to the north and west, at a mean rate of '8 mile per 10 days ; 2 had gone directly

east, each for 10 miles, and 1 directly west for 4 miles, while the remaining fish

was found 24 nules to the south and east.

Third Quarter.—In October, 1 female was recaptured, 13| miles to the north-

west, after 203 days. A female was also taken in November, 12 miles to the

north-west, after 226 days, while in December, 2 males and 2 females were got
;

1 of the males was found 14 miles north and west, after 273 days, and the other

73 miles to the north-east, off the coast of Aberdeen, after 270 days ; 1 of the females

had also migrated to the north and east, for a distance of 58 miles, while the remaining

female was captured 9 miles to the south and east, after 251 days.

Six fish, or 9*4 per cent., therefore, were taken in these 3 months. Three of

them (50 per cent.) went an average distance of 13 miles to the north and west

the mean rate of movement being '6 mile per 10 days ; 2 (33*3 per cent.) went

a mean distance of 65 miles to the north and east, the rate of travel being 2*4 miles

per 10 days ; the remaining fish was taken 9 miles to the south-east, the mean rate

being '3 mile.

Fourth Quarter.—In January 1914, a male was taken in the Moray Firth, off

Banff, at 113 miles distant, the mean rate of travel being 3*6 miles per 10 days.

Two males and 2 females were taken in February ; 1 of the males was found on

the north coast of Scotland, near \\liiten Head, at a distance of 215 miles, after

324 days, the mean rate of travel being 6-6 miles per 10 days ; it was " ripe."

The other male, which also was " ripe," was taken in the Moray Firth, at a distance

of 148 miles, after 330 days, the average rate of movement being 4*5 miles. The
females had not moved far ; 1 was got 11 miles to the north-west, after 330 days,

and the other 17 miles to the south-east, also after 3.30 days ; these fish had moved
at a mean rate of respectively "3 and '5 mile. In March, 2 males and 2 females

were recaptured ; 1 of the males was taken in the Moray Firth, ofi Clythness, 140

miles distant, after 343 days ; the other was caught 21 miles off Hartlepool, 102

miles in the opposite direction, after 102 days ; the mean rate of travel in these

two cases was respectively 4-1 and 2*9 miles per 10 days. One of the females was
taken, after 343 days, 28J miles to the north-west, in the Firth of Forth, near the

place of original capture ; the other was caught north-east of Kinnaird Head.
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Thus, in the fourth quarter, 9 fishes, or 14-1 per cent., were recaptured ; 5
(55-5 per cent.) were taken to the north and east, at an average distance of 144
miles, the mean rate of travel per 10 days being 4'3 miles ; 2 each were got north
and west and south and east, the average distance being 20 and 59 miles respectively,

and the mean rate of travel "5 and 1'7 miles.

In the 12 months following liberation, therefore, 45 fish, or 70-3 per cent.,

were recaptured, particulars being ascertained for 44 of them, or 68'7 per cent.

Fifteen (34-1 per cent.) were found to the north and east ; 12 (27"3 per cent.) to

the north and west ; 6 (13-6 per cent.) to the south and west ; 5 (11-4 per cent.)

to the west ; 4 (9"1 per cent.) to the south and east ; and 2 directly east.

Of the remaining 19 fish, 15 were recaptured in 1914. One male and 2 females
were taken in April, at distances of from 64 to 106 miles to the north and east. One
of the females was " spent," and the other " immature," while the male was
" ripe." Three females were caught in May, 1, 8 niiles to the south-east, after

421 days, " spent "
; 2 were got to the north-east, 1 at a distance of 10 and

the other at 18 miles, the latter being "immature." One male and 3 females were
recaptured in June, all to the north and east, at distances of from 20J to 73 miles.

One of the females is described as " spent," the others as " immature." Two
females were taken in July, but particulars of the place of capture of one were not
ascertained ; the other was taken after 488 days, off St. Abb's Head, the con-
dition of the ovaries not being recorded. A male was got in August, 15 miles to

5*
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the nortli and west, and 2 males in October, one 2 miles to tlie south-west, after

574 days, and the other in the Moray Firth, 139 miles away, after 562 days.

Four fish were recaptured in 1915. Two females, taken in May, had both

migrated to the north and east ; one was caught, 112 miles distant, in the Moray
Firth, after 768 days ; both of these fish are described as " spent." In September,

a male and a female were recovered, both to the north and east, off the coast of

Aberdeen, the male at a distance of 48, and the female at a distance of 28 miles,

after periods, the male of 912 days, and the female of 911 days.

A summary of the mean distance and direction in each quadrant is sho\\ni in

the following table :

—

Quadrant.
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recaptured 8 miles to the north nnd east, one 10 miles directly east, and one 4|
miles directly west. Of the females, 4 had moved distances of from 5 to 8 miles
to the south and west, 2 for 8 and 9 miles respectively south and east, 2 north and
east, 1 for 7 and the other for 10 miles, 1 for a distance of 8 miles north and
west, one 10 miles directly east, and the last 4 miles directly west.

10 to 20 miles.—Fifteen of the fish, or 24-2 per cent, of the total, had
migrated distances between 10 and 20 miles. Three (12-5 per cent.) were males,
which had moved north and west for an average distance of 14-6 miles, and 12 (31-6

per cent.) were females, which had migrated an average distance of 14-5 miles ; 5
were found to the north and west, at distances of from 11 to 19 miles ; 3 were
recaptured at 12 miles distant directly west ; 1 was taken 17 miles to the south
and east ; and 3 to the north and east, at distances of from 11 to 20 miles.

Thus, within 20 miles of the station, 32 plaice were recaptured, or 51-6 per
cent, of the whole, viz. 23 females and 9 males.

20 to 50 miles.—Twelve of the recaptured plaice, or 19-3 per cent., had moved
distances of between 20 and 50 miles. Five were males (20-8 per cent.), the
average distance migrated being 30-9 miles ; 2 were found to the north and west,
1 of them within the Firth of Forth ; the remaining 3 had gone distances of from
25 to 48 miles to the north and east. Eight (21 per cent.) were females, which had
travelled an average distance of 29-7 miles ; 4 went distances of from 20i to

44| miles north and east; 2 for 21 and 28J miles north and west, and 2^ for

24 and 33 miles to the south and east.

50 to 100 miles.—Eight of the fish, or 12-9 per cent., had migrated distances of

between 50 and 100 miles, all to the north and east. Three (12-5 per cent.) were
males, which had migrated an average distance of 60 miles, and five (13"1 per cent.)

were females, and the average distance travelled in their case was 63'6 miles.

Over 100 miles.—Nine of the fishes, or 14"5 per cent, of the total number re-

captured, were taken at distances over 100 miles. Seven of these (29-2 per cent.)

were males, which had travelled an average distance of 138 miles, 6 of them to

the north and east for distances varying from 106 to 215 miles, and 1 to the
south and east, for a journey of 102 miles. Two (5-3 per cent.) were females, which
had migrated an average distance of 109 miles, to the Moray Firth.

Maturity.

Males.—Of the 22 adult males, which were recaptured, the condition of the
testes was ascertained in 19 cases. Four were " ripe," and all had migrated to

the north and east, 3 being caught in the Moray Firth and 1 on the North coast

of Scotland. One, measuring 36-38-3 cm., was taken in January 1914, after 309
days, off Banff, at a distance of 113 miles. A second, of 37-5-41-6 cm., was cap-

tured in February 1914, after 324 days, off Whiten Head, at a distance of 215
miles. The third fish, of 33'5-38"3 cm., was also taken in February 1914, after

330 days, in the Moray Firth, at a distance of 148 miles. And, the fourth "ripe
"

male, measuring 32-5-34-8 cm., was taken in April 1914, after 386 days, 106 miles

distant, ofi Kimiaird Head. The mean rate of movement in these cases was
respectively 3-6, 6-6, 4-5, and 2-7 miles per 10 days.

Two of the males were "nearly ripe." One, of 35'5-43'6 cm., was taken in

October 1914, after 562 days, in the Moray Firth, at a distance of 139 miles. The
other, of 32-5-42-1 cm., was recaptured in September 1915, after 912 days, 48
miles to the north and east, off Aberdeen. The rate of migration in these cases

was respectively 2-47 and '5 miles per 10 days.

Thirteen of the males were " immature." One was caught in April, 4 in June,

2 in July, 4 in August, 1 in October, and 1 in December. The fish recaptured in

April measured 34-33-5 cm,, and was found in the Firth of Forth, at a distance

of 29-5 miles, after 14 days. The fish taken in December measured 34-37 cm.,

and was got at a distance of 14 miles to the north and west, after 273 days. Two
of the " immature " males had migrated for some distance to the north and east,

1, of 37-5-38-8 cm., being taken in August 1913, after 147 days, 52 miles distant
;

and the other, measuring 35-43-2 cm., in June 1914, after 4.34 days, 55 miles

distant, both off the coast of Aberdeen.

Of the 28 adult females recaptured, the condition of the ovaries was ascertained



140

in 24 cases. One, of 38-5-42-8 cm., was "nearly ripe," and was captured in

September 1913, after 173 days, 4 miles to the west.

Six are described as " spent." One, of 39-5-46-2 cm., was caught in May 1914,

after 421 days, 8 miles to the south and east. All the others were taken to the

north-east. One of these, 34-41-7 cm., was caueht in April 1914, after 377 days,

off the coast of Aberdeen, at a distance of 64 miles. Another, of 33-42 cm., was got

in May 1914, after 406 days, 10 miles distant. A third, of 32-39*8 cm., was re-

covered in June 1914, after 452 days, off the coast of Aberdeen, at a distance of

73 miles. The fourth fish was taken in May 1915, after 767 days, also off the

coast of Aberdeen, at a distance of 55 miles ; it measured 33-42-5 cm. The last

fish measured 40-5-48-2 cm., and was also caught in May 1915, after 768 days, in

the Moray Firth, at a distance of 112 miles.

One fish, of 35-47-2 cm., caught in September 1915, after 911 days, 28 miles to

the north and east, was " half ripe."

The remaining plaice were " immature." One was got in February, 2 in

March, 1 in April, 1 in May, 2 in June, 1 in July, 3 in August, 2 in September, 1 in

November, and 2 in December. Particulars in regard to those taken between

December and May are as follows :—Of the 2 caught in December 1913, 1 had
moved 9 miles to the south and east, after 251 days, and the other, 58 miles to the

north and east, after 271 days. The fish caught in February, measuring 38-5-

42-6 cm., was found, after 330 days, 11 miles to the north and west. Of the 2 taken

in March, 1, measuring 38-42-1 cm., was found 28| miles north-west, after 343 days,

in the Firth of Forth ; the other, measuring 37-44-8 cm., was recaptured, after

358 days, off Rattray Head, 106 miles to the north and east. The fish, captured

in April, measuring 40-5-48-6 cm., had moved 68 miles to the north and east, after

377 days. The plaice, recovered in May 1914, after 422 days, measured 33-5-40-6

cm., and was found 18 miles to the north and east.

Experiments at 40 Miles East of the Isle op May.

Four experiments were made at this place, approximately Lat. 56° 23' N. ; Long.
1° 23' W., where the depth is about 29 fathoms. The particulars of the experi

ments are as follows :

—

No. of

Experiment.
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The plaice used in this experiment were taken on Station II., Firth of Forth

(Kirkcaldy Bay), on the same day as they were marked and Uberated.

The number recaptured was 39, or 54'9 per cent., namely, 20 males (47-6 per cent.)

and 19 females (65"5 per cent.). Sixteen of the males were over adult size, ranging

from 33-3 to 45* 8 cm., and averaging 37-7 cm., as compared with a range of 30*5 to

46-5 cm., and a mean of 34'9 cm. on liberation ; the periods of freedom varied from
28 to 599 days, the mean being 269'5 days ; the distances migrated were from 6-5

to 187 miles, and the mean rate of movement, per 10 days, was r4 miles. Of the

four recaptured males under adult size, the average was 30"2 cm., compared with

28-7 cm. on liberation ; they travelled a mean distance of 43'8 miles in an average

period of 184 days, at a mean rate of 2-4 miles per 10 days.

Nine of the females were over the adult size on recapture, the range being from
38-5 to 44 cm., and the average size 41*5 cm., as compared with 29 to 44 cm. and an
average of 35'4 cm., on liberation ; they were absent for from 19 to 761 days, the

mean being 503 days ; their range of miles travelled was 13 to 83, averaging 43 miles
;

they had travelled at a mean rate of '85 mile per 10 days.

Ten were under the adult size, namely, from 27 to 33*2 cm., the mean size being

30'8 cm., as compared with 26'5 to 33 cm. and an average of 29*7 cm. on hberation
;

the periods of freedom varied from 42 to 379 days, averaging 132'4 days, and they

travelled journeys of from 6 to 59 miles, the mean being 30*2 miles, and the average

rate of movement, per 10 days, 2'3 miles.

The Extent and Direction op Migration.

First Quarter.—In July (which is here included in this quarter), 1 male, measur-
ing 34-33'3 cm., was taken, after 15 days, 10 miles to the westward, in the direction

of the Isle of May.
In August, 1 male and 3 females were recovered ; the male, of 37-36'9 cm., was

taken, after 28 days, to the east of the Bell Rock, at a distance of 6| miles in a

north-easterly direction ; 1 of the females, of 39-38*6 cm., was caught, after 19

days, to the south-east of Aberdeen, at 23 miles distant ; another, measuring 26*5-

27 cm., was taken, near Buchan Ness, at a distance of 59 miles ; the third female,

of 32-32*7 cm., was recaptured, after 46 days, offshore, to the south-east of Long-
stone Light, at a distance of 56 miles.

Five fish were recaptured in September, 2 males and 3 females ; 1 of the males,
of 46-5-45"8 cm., and described as " about half ripe," was taken, after 57 days,

12 miles to the south and west ; the other male was caught at the same place, on the

same day, and measured 33*5-35 cm., and was " immature "
; 1 of the females,

measuring 33-32-1 cm., was recaptured, after 71 days, 12 miles to the southwards
;

another female, of 28-29*2 cm., was got, after 77 days, to the south-east of the Bell

Rock, at a distance of 19 miles ; the third female, measuring 29*5-31*5 cm., was
recovered, after 68 days, near the Isle of May, at a distance of 33 miles to the
westward.

In this quarter, therefore, 10 fishes, or 25*6 per cent, of the total recaptured,

were obtained, namely, 4 males (20 per cent.) and 6 females (31*6 per ce:it.).

Second Quarter.—In October, 4 of the marked plaice were recovered, 3 males and
1 female ; the female, measuring 30*5-32*3 cm., was taken, after 106 days, off Fife

Ness, at a distance of 34 miles ; one of the males, measuring 32*5-34*5 cm., was
recovered, after 82 days, east of the Isle of May, at a distance of 24 miles from the

Station ; another, of 30*5-30*5 cm., was taken, after 84 days, 24 miles to the west-

ward, off Fife Ness ; the third male, of 35-35*2 cm., was got, after 100 days, 31 miles

to the south and west, towards the mouth of the Firth of Forth.

In November, a female, measuring 44-43*8 cm., was recaptured, after 139 days,
offshore, near Aberdeen Bank, at a distance of 40 iniles.

In December, two males and two females were caught, but the position of one of

the males and of one of the females was not recorded ; the other male, which
measured 32-37 cm., was taken, after 144 days, at a distance of 24 miles to the
south and west, towards the mouth of the Firth of Forth ; the female, of 29*5-30*2

cm., was caught, after 154 days. 6 miles to the north and west.
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Nine fish, then, or 23-1 per cent., 5 males and 4 females, were taken in the second

quarter, the positions of 7 being recoided.

Third Quarter.—In January 1912, a male, of 28-30-2 cm., was recovered, after

179 days, in St. Andrews Bay, at 44 miles distant.

In February, a female, measuring 31-5-33-2 cm., was taken, after 216 days, in

the same direction, at a distance of 27 miles.

In March, 3 males were recaptured ; 1, measuring 29-5-30-4 cm., went to the

south shore of the Firth of Forth, being got, after 236 days, about half a mile from

Newhaven, a distance of 63 miles ; another male, of 27-29-6 cm., was also recaptured

in the Firth of Forth, after 239 days, on the north shore, to the east of Elie, at a

di tance of 44 miles ; both these fish were " immature "
; the third male had

migrated to the southwards, and was caught, after 252 days, 32 miles off Spurn

Point, at a distance of 187 miles ; its size on liberation was 34 cm., but neither the

size nor the condition of the testes was recorded on recapture.

In this quarter, therefore, 5 fishes, or 12*8 per cent., were taken, 4 males and 1

female.

Fourth Quarter.—None was recaptured during this period.

In the 12 months immediately following the Uberation of the fish, 24, or

61-5 per cent., were recovered, the positions being recorded in all but two cases.

Four (18-2 per cent.) went north and east ; 8 (36-4 per cent.) north and west
;

2 (9-1 per cent.) south and east ; 7 (31-8 per cent.) south and west ; and 1 (4-5 per

cent.), directly west.

Particulars for each of the quarters and for the whole year are shown in the

following table :

—

Quarter.
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The next recaptures in this experiment were in July, when 1 male and 2 females

were taken. The male, measuring 35"5-40"3 cm., was got, after 361 days, near

Buchauness, at a distance of 63 miles to the north and east ; another, a female of

29-38*5 cm., was taken, after 366 days, near Tod Head, 34 miles to the north and
west ; the second female, which measured 28'5-30"8 cm., was found, after 379 days

to the north-east of St. Abb's Head, at a distance of 26 miles.

In August, a male, of 33-37*3 cm., was recovered, after 403 days, south-east ol

the Isle of May, at a distance of 26 miles. In September, 2 males were recaptured
;

1. which measured 32-38*6 cm., was taken, after 427 days, to the east of the Isle

of May, at a distance of 28 miles ; the other, of 33-41*7 cm., was caught, after 428

days, in the offshore waters, to the south-east of Aberdeen, at a distance of 24 miles.

In December, a female was recovered, after 511 days, to the north-east of Rattray
Point, at a distance of 82 miles ; it measured 36*5-44 cm., and was described as
" immature."

Eight of the marked plaice were taken in 1913. In February, a male, measuring
32*5-37*2 cm., was caught, after 596 days, near Aberdeen Bank, at 38 miles distant

;

the condition of the testes was not recorded. Three were taken in March, a male, of

39*5-41*7 cm., and " spawning," a little south of Aberdeen, at a distance of 45
miles ; another male, of 30*5-34*5 cm., and also " spawning " (" partly spent "),

after 616 days, near Aberdeen Bank, a distance of 36 miles away ; the third, a female

of 35-40*6 cm., and "immature," was got, after 614 days, at the same locahty, 38

miles distant. In April, after 657 days, a female was found 13 miles to the south

and west ; it measured 35 cm. on liberation, but neither the size on recapture, nor

the condition of the ovaries was recorded. In July, 2 females were recovered, 1, of

34-43*6 cm., and " spent," after 728 days, offshore, to the south-east of Buchanness,

at a distance of 61 miles ; the other, measuring 30*5-40 cm., and " immature,"
was taken, after 733 days, at a distance of 14 miles to the south and west. The last

fish to be recaptured was a female, of 35-43 cm., which was taken in August, after

761 days, to the north-east of Rattray Point, at a distance of 83 miles.

f"TAl:LE.
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The following table gives the mean distance and direction in each quadrant for

all the fish recovered from the experiment :

—

Quadrant.
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females went to the north and east, being recovered off the coast of Aberdeenshire
;

a female was recaptured at a distance of 56 miles to the south and east, off the coast

of Northumberland ; a male was taken in the Firth of Forth, off Newhaven, at a

distance of 63 miles.

Over 100 miles —One fish onl3% a male, went a journey of over 100 miles, being

recaptured off Spurn Point, a distance of 187 miles to the south and east.

Maturity.

The condition of the testes was ascertained in 17 of the recaptured males.

Two were "spawning"; 1, measuring 39-5-4r7 cm., was taken in March
1913, after 599 days, between Aberdeen and Stonehaven, at a distance of 45 miles

to the north and west ; the other (" partly spent ") measured 30-5-34-5 cm., and
was also caught in March 1913, after 616 days, at Aberdeen Bank, a distance of 36

miles to the north and east.

One male, of 37-37-1 cm., recaptured in December 1911, after 147 days, was
" nearly ripe," but the position where it was taken was not recorded. Another

male, of 46'5-45-8 em., caught in September 1911, after 57 days, 12 miles south

and west, was " about half-ripe."

AU the others were " immature "
; none of those of adult size was caught

within the spawning season.

Females.—T\i.e condition of the ovaries was recorded in 16 of the 19 recaptured.

None was " spawning " or " ripe "
; 1, of 34-43-6 cm., taken in July 1913,

after 728 days, far off the coast of Aberdeen, at a distance of 61 miles, was " spent "
;

another, of 29-38*5 cm., caught in July 1912, after 366 days, near Tod Head, at a

distance of 34 miles, was " apparently spent."

All the others were " immature," including 1, of 35-40*6 cm., caught in March
1913, after 614 days, at Aberdeen Bank, 38 miles distant.

EXPERIMENT II.

\2ih Sepemher \^\\.

In this experiment, 102 plaice were marked and hberated, comprising 30 males,

69 females, and 3 of unknown sex. The sizes of the males ranged from 325 to 42
cm., and of the females from 28 to 64 cm. Only 2 males were under the adult

size (33 cm.) and 21 of the females (38 cm.). The numbers liberated and recaptured

are shown in the accompanying table, in groups of 5 cm.

F. Lib.

F. Recap. .
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mean being 260 days; the distances migrated varied from 9 to 151-5 miles, tlie

average being 49"4 miles, and the mean rate of movement 1-9 miles per 10 days.
Six of the females were under the adult size, the average being 36*6 cm., as com-
pared with 35-9 cm. when hberated ; the average period of freedom was 93 days,
the mean distance travelled 36'5 miles, and the mean rate of movement per 10 days,
3-9 miles.

The Extent and Direction of Migration.

First Quarter.—In September, which is included in this quarter, 6 hsh were
recaptured, 1 male and 5 females, 1 of the females to the west, and all the others

to the south and west. The male, m>easuring 39'5-39'2 cm., was taken, after 6

days, 24 miles to the south-west ; 2 of the females were got, 3 days after hberation,

both 12 miles to the south-west, 1, measuring 40-39-8 cm., and the other, 40-39-4

cm. ; 2 were taken after 7 days, both to the south-west, 1, of 34-5-34-5 cm., at a

distance of 19 miles, and the other, of 39-5-38-6 cm., at a distance of 9 miles ; the

last female, which measured 37-37-1 cm., was got, after 16 days, to the east of the

Isle of May, at a distance of 30 miles to the westward. The rates of movement
of these fishes were considerable, in three cases amounting to 40 miles per 10 days,

or 4 miles per day.

In October, 6 fish were recaptured, 2 males, 3 females, and 1 whose sex was
undetermined. One of the males, measuring 39-38-5 cm., and " nearly half-ripe,"

was caught, after 22 days, ofi Fife Ness, at a distance of 28J miles to the west :

the other male, which measured 36-35-8 cm., and "immature," was recovered,

after 24 days, 13J miles to the south-west : 1 of the females, measuring 44*5-44

cm., and " nearly ripe," was caught, after 27 days, to the east of St. Abb's Head,
at a distance of 30 miles south-west of the station ; another female, of 40-41-2

cm., and " fully half-ripe," was caught, after 36 days, offshore, to the east of

Aberdeen, at a distance of 42 miles to the north and east ; the remaining female,

measuring 37-5-38-3 cm., and also " fully half-ripe," was recaptured, after 42 days,

off Tod Head, at a distance of 30 miles ; the fish, whose sex was unknown, was
taken, after 27 days, off Dunbar, a distance of 40 miles in a south-westerly direction.

In November, 4 females were recaptured, but the position of capture of 1 was
not recorded. One, measuring 54-54*1 cm., and " nearly ripe," was got, after 59
days, near the Bell Rock, at a distance of 36 miles ; another, measuring 38-37-8

cm., and the condition of whose ovaries was not determined, was taken, after 63

days, to the south and east, off AVliitby, at a distance of 102 miles ; the other

female, whose size on recapture was 42-3 cm., was taken, after 74 days, off the Isle

of May, at a distance of 34 miles to the south and Avest ; this fish was originally

liberated between Elie and Fidra, on the 19th June 1911, and recovered by the
" Groldseeker " at Station VI., Firth of Forth, on the 11th September, when trawhng
for fish for this experiment ; it was then liberated on the 12th September, 40 miles

east of the Isle of May.
In the first quarter, therefore, 16 of the plaice, or 26-2 per cent., were recap-

tured, namely, 3 males, 12 females, and 1 of unknown sex ; 9 had moved to the

south and west, 1 to the west, 3 to the north and west, and 1 each to the north-

east and south-east ; the position of 1 was not recorded.

Second Quarter.—In December, 6 fishes were recaptured, 3 males and 3 females.

One of tlie males, which measured 35 cm. on liberation, was taken, after 83 days,

13 miles to the south-west ; another, measuring 35-34-8 cm., and "nearly ripe,"

was taken, after 92 days, in the same locality, at a distance of 16 miles ; the third,

of 39-38-4 cm., and " nearly ripe," was caught, after 108 days, to the east of the

Isle of May, at a distance of 28 miles. One of the females, which measured 42 cm.
on liberation, was taken, after 83 days, to the east of the Isle of May, at a distance

of 24 miles ; another, of 38-5-38*1 cm., was recaptured, after 86 days, 17 miles to

the westward ; the remaining fish, which measured 36-36-6 cm., was taken, after

93 days, to the east of the Isle of May, at a distance of 24 miles.

In January 1912, a female, which was 44-46 cm., and "nearly ripe," was
recovered, after 133 days, off Aberdeen, at a distance of 47 miles to the north

and east.

In February, 7 of the marked plaice were got, 3 jnales and 4 females. One of

the males, which measured 36-37-6 cm., and the condition of whose testes was not
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recorded, was caught, after 152 days, 10 miles east by north of Hartlepool, 97 miles

to the south aud west ; another, of 41-10'8 cm., and the condition of whose testes

was not ascertained, was caught, after 154 days, at Aberdeen Bank, 39 miles to

the north and east ; the third male, which measured 35-37-8 cm., and the condition

of whose testes was not ascertained, was recovered south of Aberdeen Bank, at a

distance of 30 miles to the north and east. One of the females, of 40-39-3 cm.,

and the condition of whose ovaries was not determined, was recaptured, after

150 days, at Aberdeen Bank, at a distance of 41 miles ; another, of 34-36'2 cm.,

and described as " half-ripe," was taken, after 156 days, to the east of the Isle of

May, at a distance of 24 miles ; a third, of 40-40 cm., and " ripe," was taken,

after 164 days, off Banff, in the Moray Firtli, at a distance of 110 miles ; the

remaining female, which measured 38-5-39 cm., and was said to be " nearly ripe,"

was caught, after 144 days, off the Orkney Isles, at a distance of 151 miles.

Thus, in the second quarter, 14 fishes, or 22-9 per cent., were recaptured, 6 males

and 8 females. Two had moved directly west, 6 south and west, and 6 north

and east.

Third Quarter.—Three females were recaptured in March 1912, but the position

of 1 was not recorded ; 1, measuring 41-5-41-7 cm., and "ripe," was taken near

Buchanness, at a distance of 60 miles, after 181 days ; the other, which measured
37-5-39-3 cm., and the condition of the ovaries of which was not known, was caught,

after 187 days, 19 miles to the north and east.

In April, 5 were recaptured, 1 male and 4 females. The male, which was
39 cm. on Uberation, but whose size on recapture and the condition of the testes

were not ascertained, was taken, after 225 days, 11 miles S.S.W. of Sule Skerry,

off the north coast of Scotland, at a distance of 208 miles. All the females were

"immature "
; 1, of 36-37-7 cm., was recaptured, after 222 days, to the east of

the Isle of May, at a distance of 20 miles directly west ; another, of 39-5-41 cm.,

was found, after 227 days, off Buchanness, at a distance of 65 miles ; the third, of

38-40-9 cm., was caught, after 229 days, to the south-east of Aberdeen, at a distance

of 32 miles ; the fourth, measuring 41-42-5 cm., was recaptured, after 231 days,

15| miles to the north and west.

Two were got in May, a male, of 33-5-36 cm., after 262 days, at a distance of

only 2 miles to the east, and a female, of 36-5-39-5 cm., and " immature," after

261 days, ofishore, off the coast of Aberdeen, at a distance of 47 miles to the north

and east.

In this quarter, then, 10 fishes, or 16-4 per cent., were recovered, viz. 2 males

and 8 females. The position of capture of 1 was unknown ; 1 was found to the

east, 1 to the west, 5 to the north-east, and 2 to the north-west.

Fourth Quarter.—Five were recovered in Jmie 1912, 1 male and 4 females. The
male, of 34-38 cm., and described as " mature," was taken, after 276 days, 8 miles

to the south and west ; one of the females, measuring 41-44-6 cm., was caught,

after 286 days, 47 miles to the north and east, far ofishore ; another, of 40-5-45-2

cm., was caught, after 269 days, near Aberdeen, at a distance of 44 miles to the

north and east ; the third, of 38-5-42-6 cm., and described as " apparently spent,"

was taken, after 273 days, 21 miles to the westwards ; the fourth female, measuring
40-5-42*1 cm., was fomid at a distance of 26 miles to the north and east,

A female, of 39-o-42'2 cm., was taken in July 1912, after 314 days, to the north-

east of Aberdeen, at a distance of 51 miles.

In August, 3 females were recaptured, all to the north and east. One, measuring
42-5-44*3 cm., and "about half-ripe," was captured, after 324 days, far offshore

(80 miles east of Buchanness ;
57° 51' N. ;

0° 20' E.) to the north and east, at a

distance of 112 miles ; another, of 39-5-43-5 cm., and " immature," was captured,

after 344 days to the north-east of Kinnaird Head, at a distance of 97 miles ; the

third female, of 41-43-2 cm., and described as "three-quarters ripe," was taken,

after 351 days, 50 miles N.N.E. of Buchanness, at a distance of 117 miles from
the station.

In the first 12 months after liberation, 49 of the marked plaice, or 80-3 per

cent., were recovered, particulars as to position of recapture being recorded for

47. Nineteen (40-4 per cent.) travelled to the north and east ; 16 (34 per cent.)

to the south and west ; 6 (12-8 per cent.) to the north and west ; 4 (8-5 per cent.)

directly west ; and 1 each to the south-east and directly east.
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These particulars are set fortli in the following table :—

^



U9

A female, of 38-4ri cm., and "spent," was recovered in July, after 665 days,

15 miles to the westwards.

In December, after 817 days, another female, of 35-5-46-2 cm., was taken, off

Noss Head, 128 miles to the north-east.

One fish only was got in 1914. It was a female, of 40-5-48-2 cm., and " spawn-

ing," taken in February, after 897 days, near Aberdeen, at 52 miles distant to the

north and west.

A summary of the mean distance and direction in each quadrant, travelled by
all the marked fish recaptured from this experiment, is given in the following

table :

—

Quadrant.
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went south and west, in the direction of the mouth of the Firth of Forth ; 2 of the
females moved directly west, 2 to the north and west, and 1 to the north and east.

Under 20 miles.—Thus, 15, or 25-8 per cent., were taken within 20 miles of the
station, 5 males (35"7 per cent.), with an average of 10-6 miles, and 10 females (23-2

per cent.), with an average of 14'4 miles.

20 to 50 miles.—Twenty-six of the recaptured plaice or 44"8 per cent., were taken
at distances of from 20 to 47 miles, 5 males (35'7 per cent.), with an average of

29'9 miles, 20 females (46-5 per cent.), with an average of 33'5 miles, and 1 whose
sex was not recorded. One of the males and 2 of the females were found directly

west, to,yards the Firth of Forth ; 1 of the males and 5 of the females went north
and west, mostly towards the Firth of Forth ; 2 males and 7 females went north
and east ; 1 male and 5 females were found to the south and west, as was also

the fish of unknown sex ; and 1 female was got to the south and east.

50 to 100 miles.—Eight of the recaptured plaice, or 13"8 per cent., were taken
at distances of from 50 to 97^ miles, viz. 2 males (14*3 per cent.), with a mean of

78 miles, and 6 females (13'9 per cent.), with a mean of 62'7 miles. One of the
males and 4 of the females went to the north and east, off the coast of Aberdeen-
shire ; the other male went south and west to off Hartlepool ; 1 female was found
to the north and west, off Aberdeen, and another to the south and east.

Over 100 miles.—Nine were recovered at distances of from 102 to 208 miles, 2

males (14"3 per cent.), with an average of 169'7 miles and 7 females (16'3 per cent.),

with a mean of 122 miles. The 2 males and 5 females were taken to the northwards,
off Buchannpss, in the Moray Firth, and on the north coast of Scotland, while 2 of

the females were caught to the south-east, off Whitby and Scarborough.

Maturity.

Males.—Of the 14 males recaptured, the condition of the testes was ascertained

only in 8.

One, of 34-38 cm., taken in June 1912, after 276 days, at a distance of 8 miles

to the south and west, was described as " ripe." Two were " nearly ripe," 1, of

35-34-8 cm., got in December 1911, after 92 days, 16 miles to the south and west,

and the other, of 39-38"4 cm., also found in December, after 108 days, 28 miles to

the westwards.

One was " spent "
; it measured 33-5-37-9 cm., and was caught off Noss Head,

Moray Firth, in March 1913, after 555 days.

Another, of 39-38-5 cm., was described as " nearly half-ripe," and was caught

in October 1911, after 22 days, 28 miles to the north and west.

The remaining 3 were " immature "
; 2 were taken in the month of September,

and 1 in October.

Females.—Of the 46 females caught, the condition of the ovaries was recorded

for 36.

One, measuring 40-5-48-2 cm., was " spawning," and was taken in February

1914, after 897 days, at Aberdeen Bay, a distance of 52 miles to the north and west.

Two were "ripe "
; 1, of 40-40 cm., was caught in February 1912, after 164

days, off Whitehills, Banff, in the Moray Firth, at a distance of 110 miles ; the other,

of 41-5-41-7 cm., was taken in March 1912, after 181 days, near Buchanness, at a

distance of 60 miles to the northwards.

Five were " nearly ripe "
; 1, of 44-5-44 cm., was found in October 1911, after

27 days, .30 miles to the south and west, east of St. Abb's Head ; the second,

measuring 54-54-1 cm., was taken in November 1911, after 59 days, 36 miles to the

north and west, off St. Andrews Bay ; the third, measuring 44-46 cm., was caught

in January 1912, after 133 days, near Aberdeen, at a distance of 47 miles to the

northwards; the fourth, of 38-5-39 cm., was recaptured in February 1912, after

144 days, near the Orkney Isles, at a distance of 151 miles ; the position where

the remaining female was taken is unknown .

Two were described as " spent "
; 1, of 43-46 cm., was got in March 1913, after

561 davs, in the Firth of Forth, between St. Monans and Pittenweem, at a distance

of 46 miles ; the other, of 38-41-1 cm., was caught in July 1913, after 665 days,

15 miles to the westwards. Another female, of 38-5-42-6 cm., was taken in June

1912, after 273 days, 21 miles to the north and west, and was described as " appar-

ently spent."
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One was " three-quarters ripe" ; it measured 41-43-2 cm., and was recovered in

August 1912, after 351 days, 50 miles N.N.E. of Buchanness, a journey of 117 jniles.

Three were said to be "fully half-ripe," 2 being recaptured in October 1911, 1,

measuring 37-5-38-3 cm., 30 miles to the north-west, and the other, of 40-41-2 cm.,
42 miles to the north and east ; the position of the third was not recorded. One,
of 42-5—44-3 cm., was described as " about half-ripe "

; it was recaptured in August
1912, far offshore, to the north-east of Buchanness, at a distance of 112 miles. A
female, of 41-44-6 cm., taken in June 1912, offshore, at a distance of 47 miles to

the north and east, was said to be " a quarter ripe."

All the other females of adult size were " immature." Three were caught in

the month of April ; 1, of 41-42-5 cm., after 231 days, 15 miles to the north and
west ; another, of 39-5-41 cm., after 227 days, oM Buchanness, at a distance of 65
miles to the north and east ; the third, after 229 days, 32 miles to the north and
west.

A female, which measured only 34-36-2 cm., and was caught in February 1912,
after 156 days, 24 miles to the south and west, was described as " half-ripe."

EXPERIMENT III.

12th June 1912.

The number of plaice marked and Uberated in this experiment was 90, comprising
27 males, 60 females, and 3 whose sexes were not determined. The sizes of the males
ranged from 29-5-41 cm., and 12 were under the adult size (33 cm.) ; the sizes of the
females ranged from 24-5-48 cm., and 40 were under the adult size (38 cm.). The
numbers hberated and recaptured are shown in the following table, arranged in

groups of 5 cm. :

—

cm. cm. cm. cm. cm.
25-30-5 31-85-5 36-40-5 41-45-5 4fi-50-5 Total

F. Lib. ... 10* 24 16 8 2 60
F. Recap.... 7 17 7 5 — 36
M. Lib. ... 5 18 3 i _ 27
M. Recap ... 2 11 3 — — 16
?Lib. ... — 1 1 _ _ 3|
? Recap. ... — 1 — — —

2t
* One at 24-5 cm. f Two no sizes given.

The plaice used in this experiment were trawled by the " Goldseeker " in Kirk-
caldy Bay, Firth of Forth, on the 11th June 1912, and were marked and put in
tanks between 2.50 and 3.55 p.m. ; they were Uberated at 1.20 p.m. on the follow-
ing day. Eighteen of the marked fish, on this occasion, died while in the tanks.

The number recaptured was 54, or 60 per cent., viz. 16 males (59-3 per cent.),

36 females (60 per cent.), and 2 whose sexes were unknowii.
Thirteen of the males were of adult size, measuring, on recapture, from 34-6-

41-9 cm., with an average of 38-3 cm., compared with 29-5-37-5 cm., and a mean of
33-5 cm. on Uberation ; the fish were at Uberty for from 17 to 1377 days, the mean
being 453 days ; the distances migrated varied from 9 to 194 miles, with, an average
of 58-2 miles, and a mean rate of movement, per 10 days, of 1-3 miles.

Three males were immature, the average size being 32-4 cm., as compared with.

32 cm. on Uberation ; they were free for an average period of 132 days, the average
distance travelled being 20-6 miles, and the mean rate of movement 1-56 miles per
10 days.

Twelve of the females were of adult size on recapture, averaging 43 cm., and
ranging from 38-5-49-3 cm., as compared with an average size of 38-9 cm., and a
range of 33-5-44-5 cm. on Uberation ; they were at Uberty for from 26 to 1001 da3'S,

the mean being 466 days ; they moved journeys of from 3| to 120 miles, the average
being 45 miles, and the mean rate of migration, per 10 days, -97 mile.

Twenty-four of the females were under adult size, ranging from 29-4-37-5 cm.,
the mean being 33-9 cm., as compared with a variation of from 28 to 38 cm., and a
mean of 32-5 cm. on Uberation ; they were free for from 15 to 400 days, the average
being 142-6 days ; the distances moved ranged from 3i to 59 miles, the mean being
27-7 miles, and the mean rate 1-99 miles per 10 days.
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The Extent and Direction op Migration.

First Quarter.—In June 1912, which is included in this period, 2 males and a
female were recaptured. One of the males, of 33-32-5 cm., and " spent," was
taken the next day after hberation, at a position described as 23| miles S.E. \ S.

of Tod Head, which represents a distance of 21 miles to the north-west ; the fish

was taken by an English trawler and landed at North Shields. The other male,
which measured 35-34-6 cm., and was " immature," was got, after 17 days, 9 miles

to the north and west. The female, which was 34-5-33-1 cm., was taken, after 15
days, 3|- miles to the westward.

In July, 9 fish, all females, were recaptured, all but 1 being under adult size.

One, measuring 38-5-38-8 cm., was recovered, after 26 days, off St. Abb's Head,
at a distance of 24 miles. Another, of 35-5-36 cm., was also captured to the east of

St. Abb's Head, at a distance of 28 miles to the south and west. A third, measuring
35-35 cm., was taken, after 30 days, 15 miles to the south and west. A fourth, of

38-37-5 cm., was recaptured, after 45 days, to the north-east of St. Abb's Head, at

a distance of 14 miles to the south-east of the station. The fifth, measuring 37-37-1

cm., was taken, after 42 days, north-east of the Bell Rock, at a distance of 25 miles.

The sixth, of 32-5-32-9 cm., was caught, after 36 days, 15 miles to the north-west.

The seventh, of 38-37-3 cm., was found, after 40 days, at a distance of 13 miles in

the same direction. The 2 remaining fish moved directly west, 1, of 32-31*7 cm.,

being taken, after 37 days, at a distance of 32 miles, near the Isle of May, and the

other, which measured 31-.30-6 cm., in the same direction, at 12 miles distant,

after 29 days.

Two females were recovered in August, 1, of 41-5-41-3 cm., after 64 days, at 3^
miles to the north and east, and the other, of 35 cm., on liberation was taken, after

75 days, to the south-east of Longstone Light, at B9 miles distant.

In the first quarter, then, 14 fishes were recaptured, or 25-9 per cent., 2 males
and 12 females. Five (35-7 per cent.) had migrated north and west, towards the

coast ; 4 (28-6 per cent.) to the south and west, towards the Firth of Forth ; 2

had moved south and east ; 2 west ; and 1 north and east.

Second Quarter.—In September, 4 fish were taken, 3 females and 1 male, the

females all being under the adult size. The male, which measured 36-5-37-8 cm.,

was caught, after 92 days, 18 miles to the south and west. One of the females was
got in the same locality, at a distance of 16| miles, after 104 days. Another was
taken, after 90 days, ofi the Isle of May, at 32 miles distant to the south and west.

The remaining female was recaptured, after 86 days, 13 miles to the south and
west.

One female was recovered in October, off St. Abb's Head, at a distance of 24

miles, after 125 days ; it measured 28-29*4 cm.

Two females were recaptured in November. One, of 34-37-5 cm., was taken,

after 161 days. 23 miles to the south and west. The other, which measured 30-32-1

cm., was caught, after 145 days, 24 miles to the south and west, towards the Firth

of Forth.

Thus, 7 fish, or 12-9 per cent., were recaptured in the second quarter, all of

them to the south and west.

Third Quarter.—In December 1912, 3 males were taken, 1, measuring 32-32-4

cm., after 194 days, 15 miles to the west. Another, of 32-35-2 cm., and " nearly

spent," was got, after 196 days, off Sule Skerry, on the north coast of Scotland, at

a distance of 194 miles. The third male, of 31-32-5 cm., and described as " very

immature," was caught, after 201 days, to the north and west, ofi St. Andrews
Bay, at 26 miles distant.

In January 1913, a female was taken, after 222 days, at a locality unspecified.

In February, seven plaice were recovered, 2 males and 5 females. One of the

males, which measured 37-5-38 cm., but the condition of whose testes was not

determined, was caught, after 238 days, offshore, at 139 miles to the south-east

(54° 20' N. ;
0° 30' E.). The other male, of 34-37-2 cm., and " spawning," was

recaptured to the south-east of Aberdeen, at a distance of 37 miles, after 260 days.

One of the females, which measured 38-40-8 cm., and was " immature," was got,

after 237 days, near Aberdeen, at a distance of 47 miles. Another female, which

was 41-5-41-6 cm., and is described as "apparently spent," was found, after 259
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days, off Fife Ness, at a distance of 31 miles to the westwards. The other 3

females were under the adult size. One was taken, after 238 days, 26 miles to the

north and east ; another, after 248 days, was got in St. Andrews Bay, close inshore
;

and the third, after 253 days, well into the Firth of Forth, to the west of Ehe, at a

distance of 58 miles.

Li the third quarter, therefore, 11 fishes, or 20-4 per cent., were recaptured, but

the position of 1 was not recorded ; of the others, 5 (50 per cent.) went north

and west, towards the coast, and 3 north and east ; 1 went south and east,

and 1 directly west.

Fourth Quarter.—A female, of 34-37-2 cm., and " inunature," was recaptured

in March 1913, after 285 days, offshore, off Aberdeen, at a distance of 43 miles.

In April, after 296 days, a female, of 42-45*3 cm., and " spent," was taken 5

miles to the east.

Four were caught in May, 1 male and 3 females. The male, measuring
35-5-37-3 cm., and " spent," was caught, after 350 days, off Montrose, at a distance

of 31 miles to the north and west ; one of the females, of 37"5-4r7 cm., the con-

dition of whose ovaries was not recorded, was taken, after 337 days, at a distance

of 15^ miles in the same direction ; another, measuring 30'5-33-5 cm., and " im-

mature," was recovered, after 328 days, off Dunbar, 34 miles to the south and
west ; and 1, of 30"5-33'5 cm., and "immature," was caught, after 352 days, to

the north of Aberdeen, at a distance of 59 miles.

TTius, in the fourth quarter, 6 plaice, or 11*1 per cent., were recaptured, 2 to

the north and east, 2 to the north and west, 1 to the east, and 1 to the south and
west.

In the 12 months immediately following liberation, 38 of the marked
plaice, or 70*4 per cent., were taken, but the place of capture of 1 was not known.
Twelve (32"4 per cent.) migrated north and west, towards the coast ; 6 (16"2 per

cent.) to the north and east ; 12 (32"4 per cent.) to the south and west, towards
the Forth ; 3 each to the west and to the south and east, and 1 to the east.

[TablU.-
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Particulars for all the fish recovered in the first year after liberation are shown
in the following table :

—

Quarter.
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near the Isle of Mav, at a distance of 30 miles westward, and the other, of 42-44*7

cm., after 639 days, off Flamborough Head (54° 35' N. ;
0° 22' E.), at a distance of

120 miles to the south-east ; it was " immature."
In May 1914, a male, of 30-5-39 cm., was recaptured at a distance of 13 miles to

the north-west, after 706 days, and one of unrecorded sex, which measured 34-43
cm., and was " spent," was taken, after 691 days, 17 miles to the south and west.

In July, after 758 days, a male which measured 33-41*9 cm., and was "immature,"
was recovered offshore, to the south-east of Aberdeen, at a distance of 37 miles.

Two females were got in October, one, measuring 44*5 cm. on liberation and
" half ripe," after 863 days, north-east of St. Abb's Head, at a distance of 24 miles
to the south-west ; the other, of 39-49 cm., and described as " about three-quarters
ripe," was taken offshore to the north-east of Kinnaird Head, at a distance of

103 miles, after 868 da3's.

In March 1915, a female, which measured 35-46*8 cm., and was " spawning,"
was recovered, after 1001 days, off Banff, at 109 miles distant.

In March 1916, a male, of 29*5-38*4 cm. and " immature," was taken, after

1377 days, in the Moray Firth, off Sarclet, Caithness, at a distance of 146 miles.

Particulars of all the marked fish recaptured from this experiment are set forth

in the following table :

—

Quadrant.
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the females moved to tlie north and west, another of the females to the north

and east, and the remaining female to the east.

10 to 20 miles.—Twelve fish, or 22"6 per cent., migrated distances of from 12

to 18 miles, namely, 3 males (18'7 per cent.), with an average of 15'5 miles, and
8 females (22"8 per cent.), with an average of 14-4 miles. One of the males and
1 of the females went directly west, 1 male and 2 females north and west, 1 male
and 4 females south and west, and 1 female south and east ; 1 of unknown sex

was got 17 miles to the westward.

Under 20 miles.—^Thus, under 20 miles, 16 fish, or 30-2 per cent., were recaptured
;

4 males (25 per cent.), with an average of 13"9 miles, and 11 females (31*4 per cent.),

with an average distance of 11*5 miles.

20 to 50 miles.—Twenty-seven fish, or 51 per cent., migrated distances of from
21 to 47 miles, namely, 9 males (56"2 percent.), with an average of 3r6 miles, and
18 females (51"4 per cent.), with an average of 30'5 miles. One of the males went
directly north and 2 of the females directly west ; 6 males and 4 females went
north and west ; 2 males and 2 females to the north and east ; and 10 females

to the south and west.

50 to 100 miles.—-Three fish, or 5'7 per cent., were found at distances between

50 and 100 miles. They were all females (8'6 per cent.), with an average of 58'6

miles. One was taken to the north and east, off Aberdeen
; another westwards

in the Firth of Forth ; and the third to the south and east.

Over 100 miles.—Seven fish, or 13' 2 per cent., migrated distances of from 103

to 194 miles, namely, 3 males (18'75 per cent.), with an average of 159*8 miles,

and 3 females (8"6 per cent.), with an average of 111 miles. Two of the males were

taken to the north and 1 to the south and east, and 2 of the females were also

found to the north and 1 to the south and east. One whose sex was not determined

was recovered near the Great Fisher Bank, 190 miles to the eastward.

Maturity.

Males.—The condition of the testes was ascertained in 14 of the 16 males

recaptured.

Two were "spawning," both taken to the north and east, 1, of 34-37'2 cm.,

in February 1913, after 260 dayr , off Aberdeen, at a distance of 37 miles, and the

other, in December 1912, after 196 days, off Sule Skerry, on the north coast of

Scotland, at a distance of 194 miles.

One male is described as "spent." It measured 35"5-37"3 cm., and was
recaptured in May 1913, after 350 days, off Montrose, at a distance of 31 miles.

A male, of 32'5-39-2 cm., was taken in the Firth of Forth, off Pittenweem, at

a distance of 46 miles, in October 1913, and was "fully half ripe."

Among the males with " immature " testes, 2 were got within the hmits of the

spawning season, 1 in February 1914, after 616 days, 29 miles to the north, 31-

40*3 cm. in length ; the other, of 29-5-38'4 cm., was taken in March 1916, after

1377 days, ofE Sarclet, m the Moray Firth, at a distance of 146 miles.

Among the males under adult size on recapture, 1, measuring 33-32*5 cm.,

taken in June 1912, on the next day after Hberation, at a distance described as

21 miles north and west, was said to be " spent."

Females.—The condition of the ovaries was recorded in 30 of the 36 recaptured

females.

One was " spawning "
; it measured 35-46*8 cm., and was caught in March

1915, after 1001 days, off Banff, in the Moray Firth, at a distance of 109 miles.

One was described as " spent "
; it measured 42-45*3 cm., and was recovered

in April 1913, after 296 days, 5 miles to the eastward. Another, of 41*5-41*6 cm.,

caught in February 1913, after 259 days, 31 miles to the north and west, was
described as " apparently spent."

A female, of 39-49 cm., caught in October 1914, after 868 days, north-east of

Rattray Point, at a distance of 103 miles, M^as "about three-quarters ripe "
; and

another, also taken in October 1914, after 863 days, 24 miles to the west and south,

was " half-ripe."

Among the females under adult size on recapture, whose ovaries were " im-



157

mature.'' 2 were taken within the limits of the spawning season ; 1, measuring
33-5-38-5 cm., was caught in March 1914, 30 miles to the westward ; the other,

measuring 38-40"8 cm., was recaptured near Aberdeen, in February 1913, at a

distance of 47 miles.

EXPERIMENT IV.

12^^ June 1913.

In this experiment, 119 plaice were marked and Uberated, consisting of 36
males, 82 females, and 1 whose sex was not ascertained. The sizes of the males
varied from 27 to 45 cm., and 11 were under adult size (33 cm.). Of the females,

the sizes were from 24"5 to 56'5 cm., and 25 were under adult size (38 cm.). The
numbers liberated and recaptured, arranged in 5-cm. groups, are shown in the

following table :

—

F. Lib.

F. Eecap. .
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1, of 36-5-37-3 cm., was found, after 57 days, 6| miles to the north ; 1, of 44-5-44

cm., was taken, after 74 days, 30 miles distant, south and east of Aberdeen ; after

79 days, another, measuring 42-5-41 cm., and described as " immature," was got

near the same place, at a distance of 33 miles ; and the remaining one, of 44-44 cm.,

was recaptured, after 65 days, farther offshore, at a distance of 31 miles.

In this quarter, therefore, 14 of the marked plaice, or 25-9 per cent, of the tota'',

were recovered, 6 (42-8 per cent.) to the north and east (mean direction, N. 26°E.)

;

6 went to the south and west (mean direction, S. 39° W.) ; 1 was found to the north

and west ; and 1 to the south and east.

Second Quarter.—Three females and a male were taken in September 1913, the

male, of 40-40 cm., after 83 days, south-east of Tod Head, at a distance of 24 nules

to the north and west. One of" the females, masuring 38-5-39-9 cm., was recaptured

after 103 days, at a distance of 11 miles to the M^est and south ;
another, of 38-39-3

cm., was taken, after 95 days, to the east of the Isle of May, at a distance of 24 miles

from the station ; another "female, of 41-5-41-3 cm., was recaptured, after 107 days,

offshore, 35 miles to the north and east.

In October, 4 were recaptured, 1 male and 3 females. The male, of 27-5-29-7

cm., was taken, after 127 days, close to the Bell Rock, at a distance of 27 miles to

the north and west ; 1 of the females, measuring 41-40-5 cm., was got, after 113

days, east of the Isle of May, at a distance of 23 miles to the south and west ;
another,

of 37-40-7 cm., was caught, after 137 days, 30 miles to the eastwards, in the off shore

waters ; the remaining female, which measured 42-5 cm. on liberation, was caught,

after 120 days, in the Firth of Forth, off Portobello, at a distance of 62 miles.

None was taken in November.

In the second quarter, then, 8 fishes, or 14-8 per cent., were recovered, 4

(50 per cent.) to the south and west, 2 to the north and west, and 1 each to the north

and east and south aiid east.

Third Quarter.—A male and a female were taken in January 1914 ;
the male,

which measured 45-44-7 cm., was " spawning," and was recovered, after 226 days,

in the Moray Firth, off Banff, at a distance of 108 miles ; the female, of 46-5-48-5

cm., was " spent," and was recaptured, after 228 days, offshore, to the south-east of

Aberdeen, at a distance of 37 miles. A male was taken in February, after 261 days,

in the Moray Firth, off Brora, at a distance of 149 miles ; it measured 40-41-2 cm.,

and Avas " spawning."

Thus, in this quarter, only three fishes, or 5-5 per cent., were recovered, all to

the north and east.

Fourth Quarter.—Thvee males and 3 females were got in March 1914. One of

the males, which measured 39-5-40-8 cm., was taken, after 262 days, 20 miles north-

east of Scarborough, at a distance of 121 miles to the south and east ; the condition

of its testes was not recorded ; another male, which measured 36-38-3 cm., and

was " spawning," was caught, after 277 days, south-east of Aberdeen, at a distance

of 31 miles ; the third male, of 40-40 cm., was found 11 miles E. f S. of Clyth Ness,

in the Moray Firth, at a distance of 133 miles,after 275 days ; the condition of the

testes was not ascertained. One of the females, which measured 43-5-44-6 cm.

and was " spawning," was recaptured, after 268 days, 4 miles E.S.E. of Ord Head,

in the Moray Firth, at a distance of 141 miles ; another, of 41-5-45-9 cm., and
" spawning," was taken, after 267 days, south-east of the Bell Rock, at a distance of

24 miles ; the remaining female, which was 40-5-41-6 cm., was taken offshore, to

the east of St. Abb's Head, after 277 days, at a distance of 16 miles ;
the condition

of the ovaries was not recorded.

In April, 3 females and 1 male were recaptured. The male, of 31-5-36-5

cm., and "immature," was caught near the Bell Rock, at a distance of 33 miles,

after 307 days. One of the females, which measured 45-5-48-6 cm., and was de-

scribed as " immature," was taken 11 miles to the west and north, after 313 days

;

the other 2 females were taken off the coast of Aberdeen, 1, of 39-41-8 cm., and
" spent," near Buchanneps, at a distance of 62 miles, after 306 days, and the other,

also "spent," offshore to the south-east of Buchanness, at a distance of 68 miles,

after 314 days.

Four females were recaptured in May ; one, measuring 48-5-50-9 cm., and
" spent," after 344 days, 151 i^iies to the north and east ; another, of 39-5-41-5 cm.,

and also " spent," after 336 days, north of Aberdeen, at a distance of 54 miles
;
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the third, of 41-43-5 cm., and "immature," was caught, after 334 days, near
Buchanness, at a distance of 64 miles; and the fourth, which measured 40'5-441
cm., and was also "immature," after 349 days, offshore, east of St. Abb's Head, at

a distance of 25 miles to the south and east.

In this quarter, 14 fish, or 25-9 per cent., were got, 7 (50 per cent.) to the
north and east, 4(28-6 per cent.) to the north and west, and 3(21-4 per cent.)

to the south and east.

In the 12 months after Uberation, 39 or 72-2 per cent., were recovered,

17 (43-6 per cent.) to the north and east, 10 (25-6 per cent) to the south and
west, 7 (17-9 per cent.) to the north and west, and 5 (12-8 per cent.) to the
south and east.

These particulars are set forth in the following table :

—

Quarter.
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In August, after 429 days, another female, of 33-5-42 cm., was taken in Aberdeen
Bay, at the distance of 52 miles.

In November, after 530 days, a female, of 50-53-7 cm., and "fully half-ripe,"

was caught, near Buchanness, 59 miles away.
In December, a female was taken, after 545 days, south-east of Aberdeen, at a

distance of 30 miles ; it measured 40-48-2 cm., and was " nearly ripe."

In January 1915, after 587 days, a male, of 35-5-40-3 cm., and " ripe," was caught
north-east of Longstone Light, at a distance of 25 miles to the south and west.

Another male, of 31-5-37-3 cm., and " immature," was taken in February, after

618 days, offshore, to the south-east of Aberdeen, at a distance of 26 miles.

In May, after 702 days, a female, measuring 29-38-8 cm., and " immature," was
recovered north-east of the Bell Rock, 24 miles away to the north and west.

Li November, after 876 days, a female, of 40-44-1 cm., and "about three-

quarters ripe," was taken, offshore, to the eastwards, at a distance of 25 miles.

A female was recaptured in February 1916, after 989 days ; it measured 41 cm.
on liberation, but the size on recapture, and the place where it was caught, were
not recorded.

The last fish of the experiment to be recovered was a male, of 30-40-4 cm., and
"ripe," which was captured in March 1916, after 993 days, to the south of Clyth
Ness, in the Moray Firth, at a distance of 135 miles.

The following table shows the mean direction and distance, in each quadrant,
for all the fish recaptured :

—

Quadrant.
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Distances travelled—10 7niles and under.—-Two females were recaptured at 5
and 6| miles south and west and north and east respectively, 3-8 per cent, of the
total fish recaptured, and 5-4 per cent, of the total females.

10 to 20 miles.—Nine, or 16"9 per cent., were taken at distances of from 10^ to

19| miles, viz. 3 males (18'7 per cent.), with an average of 15-2 miles, and 6

females (16"2 per cent), with an average of 14'5 miles ; 2 of the males and 1 of

the females were found to the south and west, the other male and 3 of the
females being taken to the north and west, and 2 females to the south and east.

Under 20 miles.—Thus, 11 fish, or 20" 7 per cent., were recovered at distances

under 20 miles from the place of liberation, 3 males (18'7 per cent.), with an
average of 15-2 miles, and H females (21-6 per cent.), with an average of 12-3

miles.

20 to 50 miles.—Twenty-seven of the fish, or 50"9 per cent., were recaptured at

distances of from 21 1 to 45 niiles, viz. 8 males (50 per cent.), with a mean of

27' 1 miles, and 19 females (SI'S per cent.), with an average of 29'7 miles. Three
of the males and 3 of the females were found to the north and west, 2 males and
9 females to the north and east, 3 males and 3 females to the south and west,

while 1 female was caught directly northwards.

50 to 100 miles.—Nine, or 16'9 per cent., were recaptured at distances of from
52 to 68 miles, the average being 58-9 miles ; they were all females (24'3 per cent.),

and 6 were caught to the north and east, 2 to the westwards, within the Firth of

Forth, and 1 to the north and west.

fOver 100 miles.—-Six, or 11'3 per cent., were recovered at distances of from 108
to 149 miles ; 5 were males (31"5 per cent.), with an average of 129-3 miles, and
1 (2-7 per cent.) was a female, which migrated 141 miles to the Moray Firth.

Four of the. males were taken in the Moray Firth, and 1. 20 miles north east of

Scarborough, 121 miles south and east.

Maturity.

Males.—The condition of the testes was recorded in 13 of the 16 males
recaptured.

Four were "spawning," one, of 36-5-39-8 cm., taken in June 1914, east of the

Bell Kock, at a distance of 18 miles to the north and west ; another, of 36-38*3 era.,

was caught in March 1914, south-east of Aberdeen, at a distance of 31 miles ; the

third, which measured 4.5--44'7 cm., was recaptured in January 1914, off Banff, in

the Moray Firth, at a distance of 108 miles ; the fourth, of 40-41-2 cm., was also

taken in the Moray Firth, in February 1914, off Brora, at a distance of 149 miles.

Two were described as "ripe"; 1. measuring 35-5-40-3 cm., was taken ia

January 1915, to the northward of Longstone Light, at a distance of 25 miles to

the south and west ; the other, of 30-40-4 cm., was caught in March 1916, in the

Moray Firth, off Clyt-h Ness, at a distance of 135 miles.

Among those whose reproductive organs were described as "immature," 1,

measuring 31-5-37-3 cm., was caught in February 1915, to the south-east of Aber-

deen, at a distance of 26 miles ; another, of 31-5-36-5 cm., was taken in April 1914,

33 miles to the north and west, near the Bell Rock.

Femxiles.—The condition of the ovaries in 29 of the 38 recaptured was
recorded.

Two were "spawning"; one, )neasuring 41-5-45-9 cm., was got in March

1914, to the westwards, at a distance of 24 miles, near the Bell Rock ; the other,

of 43-5-44-6 cm., was taken in March 1914 also, in the Moray Firth, off Ord Head,

at a distance of 141 miles.

One, measuring 42-5-41 cm., caught on 30th August 1913, by an Enghsh
trawler, south-east of Aberdeen, at a distance of 33 miles north and east from the

station, was landed at Hartlepool, and is described as " mature."

One, of 40-48-2 cm., was taken in December 1914, south-east of Aberdeen, at

a distance of 30 miles north of the station, and was " nearly ripe."

Eight were described as " spent "
; one, of 46-5-48*5 cm., was taken in January

1914, offshore, to the east and south of Aberdeen, at a distance of 37 miles ; an-

other, of 48-5-50-9 cm., was recaptured in May 1914, 15| miles to the north and
west ; a third, of 39-5-41-5 cm., was recovered also in May 1914, south of Buchanan-

6
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ness, at a distance of 54 miles ; a fourth, of 51-50-9 cm., was taken in August 1913,

east of St. Abb's Head, at 23 miles distant to the south and west ; the fifth, of 39-

41-8 cm., was recaptured in April 1914, near Buchananess, at a distance of 62 miles
;

the sixth, measuring 48-50-7 cm., was caught in June 1914, 14 miles to the north

and west ; the seventh, of 40-43-4 cm., was taken in April 1914, offshore, south-

east of Buchanness, at 68 miles distant, and the last, measuring 53-52-7 cm., was

caught m July 1913, 21 miles to the northwards.

A female, measuring 40-44-1 cm., was taken in November 1915, offshore, 25

miles to the eastwards, and was "about three-quarters ripe "
: and 1, of 50-53-7

cm., taken in November 1914, near Buchanness, at a distance of 59 miles, was

"fully half ripe."

Among the females whose ovaries were " immature," 1 was recovered in April

1914, 11 miles to the north and west ; it measured 45-5-48-6 cm. The others were

taken mostly in the summer months.

Experiments at 50 Miles East of Isle op May.

At this station, which lies approximately at 56° 24' North Latitude and 1° 6'

West Longitude, with a depth of about 36 fathoms, marked plaice were liberated

on two occasions, in July and in September 1912. The following table shows the

particulars of these experiments :
—

No. of

Experiment.
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349 cm., and a range of 30 to 40 cm., on liberation. The periods of liberty varied

from 24 to 794 days, the mean being 285 davs. The distances migrated were from

6^ to 247 miles, the average being 65'7 miles, and the mean rate of movement, per

10 days, 2-3 miles.

Four of the males were under the adult size on recapture, the average being
31"9 cm., as compared with 32*1 cm. on Hberation. The mean period of freedom

was 31 days, and the average distance migrated 28*7 miles, the mean rate being
9"1 miles per 10 days.

Twenty of the females were of adult size on recapture, the average being 42-6 cm.,

and the ange from 38'3 to 50'6 cm., as compared with an average of 37"5 cm., and
a range of 29'5 cm. to 47-5 cm. on liberation. The periods of freedom were from
63 to 1011 days, the mean being 431 days. The distances moved were from 14i to

131 miles, the average being 40"1 miles, and the mean rate -9 mile.

Nineteen of the females were under the adult size when recaptured, namely,

from 29'5 to 37*7 cm., averaging 33'7 cm., as compared with a range of 29 cm. to

37"5 cm,, and a mean size of 32' 1 cm. on liberation. They were at liberty for from

17 to 591 days, the average bemg 195 days, and the distances travelled varied from
19 to 57 miles, the average being 34' 1 miles, and the mean rate, per 10 days, 1-9

miles.

The Extent and Direction op Migration.

First Quarter.—Three males and 3 females were recaptured in July, all to the

south and west, mostly towards the mouth of the Firth of Forth, and the coast

south of it. One of the males, measuring 33-32*6 cm., was taken, after 9 days,

east of St. Abb's Head, at a distance of 19| miles ; another, of 32'5-3r6 cm., was
got, after 17 days, 15 miles distant ; a third, measuring 37'5-37"l cm., was re-

covered, after 24 days, north of St. Abb's Head, at a distance of 38| miles. Of the

females, one, of 34"5-33"l cm., was taken, after 18 days, 20| miles distant
;

another, of 29-29-5 cm., after 24 days, east of the Isle of May, at a distance of 34

miles ; and the third, which measured 31'5-30'7 cm., after 17 days, nearly east of

Longstone Light, at a distance of 26J miles. The mean rates of movement of

these fish were from 8*8 to 21-6 miles per 10 days.

A male and 2 females were recaptured in August ; the male, of 31-32-2 cm.,

after 39 days, off the mouth of the Firth, at a distance of 39^ miles to the south

and west ; one of the females, of 31 -31 "2 cm., after 39 days, in the same locality,

at a distance of 36 miles ; and the other female, measuring 31*5-32 cm., after

44 days, a little to the east of the Isle of May, at a distance of 42 miles to the west.

Six were recaptured in September, 3 males and 3 females. One of the males,

of 33-34-2 cm., had migrated 10 miles directly west in 78 days ; another, of 32-31-5

cm., was found off Fife Ness, at a distance of 41 miles, after 61 days ; the third

male, of 37-37 cm., was taken, after 69 days, to the south east of Tod Head, at a

distance of 26 miles to the north and west ; one of the females, of 44-43 cm., was

got, after 63 days, to the north-east of Longstone Light, at a distance of 32 miles

to the south and west ; another, of 30-5-31 cm., was caught, after 76 days, 22| miles

to the south and west, towards the Firth of Forth ; the remaining female, of 35-

35*5 cm., was recaptured, after 71 days, far offshore, to the south-east of Buchan-

ness, at a distance of 57 miles to the north and east.

In the first quarter, therefore, 15 of the marked plaice, or 21-1 per cent,, were

taken, 10 (66-7 per cent.) to the south and west ; 2 (13-3 per cent.) to the north

and west ; 2 to the west, and 1 to the north and east.

Second Quarter.—Three males and 1 female were recaptured in October, the

female, of 32-5-33-6 cm., after 91 days, 19 miles to the north and west ; 1 of the

males, measuring 35-34*7 cm., was taken, after 94 days, 11 miles to the south and

west ; another, of 34-5-36-4 cm., was recaptured, after 107 days, off the Moray
Firth, to the south-east of Noss Head, at a distance of 126 miles ; the remaining

male, which was 45 cm. on liberation, but whose size on recapture was not recorded,

was taken, after 114 days, to the south-east of Longstone Light, at a distance of

71 miles to the south and east.

Three females and 2 males were taken in November, all described as " im-

mature." One of the males, of 36-5-36-7 cm., was caught, after 137 days, north-

east of Longstone Light, at a distance of 26 miles to the south and west ;
the
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other, of 31'5-33"4 cm., was taken north-east of St. Abb's Head, at a distance of

24 miles to the south and west, after 135 days. One of the females, of 33-34"8 cm.,

was recaptured, after 146 days, to the north-east of St. Abb's Head, at a distance

of 31 miles to the south and west ; another, of 40-5-42'8 cm., was caught, after

125 days, south-east of Aberdeen, at a distance of 32 miles to the north and east
;

the remaining female, measuring 37'5-37-6 cm., was caught at Tod Head, at a

distance of 44 miles, after 140 days.

Three males and 3 females were recaptured in December 1912 ; one of the

males, which measured 36"5-38'2 cm. and was " three-quarters ripe," was taken,

after 159 days, 6| miles to the south and west ; another, of 37"5-39 cm., was caught,

after 165 days, 15 miles to the south and west ; and the third, of 37"5-37"6 cm.,

and "spawning" ("partly spent"), was recaptured, after 162 days, south-east

of Aberdeen, at a distance of 38 miles to the north. The position of recapture

of one of the females was not ascertained ; one of the others, measuring 39'5-

41"2 cm., and " immature," was taken, after 158 days, 16| miles to the north-

west ; and the other, of 39-40 cm., was caught, after 157 days, east of St. Abb's

Head, at a distance of 22 miles to the south and west.

Thus, 15 plaice, or 21*1 per cent., were recaptiired in this quarter, the position

of capture being recorded for 14 ; of these, 7 (50 per cent.) were found to the south

and west, 3 (21*4 per cent.) to the north and west, 2 to the north and east, and
1 each to the south and east, and to the north.

Third Quarter.—Four males and 3 females were recaptured in February 1913.

Four were got in the same locality, at Aberdeen Bank, viz. 3 males and a female.

The males measured respectively 35"5-38-l cm.. 38-39*1 cm., and 39-5-4r4 cm.
;

the first and the third were " spawning," and the second " ripe "
; they were taken,

the first and second, after 223 days, at a distance of 37 miles, and the third, after

235 days, at a distance of 35J miles to the northwards. The female, which measured
41-41-9 cm., and was "spawning," was taken, after 230 days, at a distance of

35 miles. The remaining male, measuring 34-35*9 cm., was recaptured, after

213 days, in the Moray Firth, off Banff, at a distance of 110 miles, and was " ripe."

The other 2 females were recaptured in the Firth of Forth ; 1, measuring 33-36"3

cm., after 237 days, off Pittenweem, at a distance of 55 miles to the westwards
;

the other, of 38'5-39'2 cm., farther to the west, off Buckhaven, at a distance of

65 miles, after 231 days ; both were " immature,"
Three females were recaptured in March ; 1, of 32-33"7 cm., and " immature,"

after 251 days, at Aberdeen Bank, at a distance of 38 miles to the north and west
;

another, of 30-5-33-8 cm., after 262 days, near Pittenweem, in the Firth of Forth,

at a distance of 56 miles to the westwards ; and the third, of 52 cm., when set

free, but of unrecorded size on recovery, after 257 days, in the Moray Firth, 18

miles E.S.E. from Noss Head, at a distance of 131 miles.

In the third quarter, then, 10 of the marked plaice, or 14" 1 per cent., were taken,

7 (70 per cent.) to the north and west, and 3 to the north and east.

Fourth Quarter.—A male and a female were recaptured in April, the male, of

30-33-2 cm., and "immature," after 277 days, in the Firth of Forth, 1 mile off

Pittenweem, 56 miles to the westwards, and the female, of 30-5-32-2 cm., and also
" immature," after 269 days, 25 miles to the north and west.

Four males and 2 females were taken in May ; the 2 females, both " immature,"
were recaptured in the same locahty north-east of the Bell Kock, after 311 and 313
days, 1 measuring 34-39 cm., and the other 29-30-4 cm., and the distances migrated
were 22 and 20 miles to the north and west ; one of the males, of 40-40 cm., and
"spent," was caught, after 302 days, at a distance of 15J miles to the south and
west ; another, of 32*5-36-2 cm., was taken, after 326 days, 19 miles to the north

and west ; another, of 33*5-36 cm., after 314 days, far offshore, east of Buchan-
ness, at a distance of 84 miles to the north and east, the condition of the testes

not being stated ; the remaining male, which measured 33-35'9 cm., and was
"spent," was recaptured, after 301 days, off Rona Island, which Ues in the Atlantic,

north-west of Cape Wrath, at a distance of 247 miles from the place of hberation.

Three females and a male, all " immature," were caught in June, the male,

of 34-37-8 cm., after 335 days, near the Isle of May, 40 miles to the westwards
;

one of the females, of 38-41 cm., after 352 days, north-east of Longstone Light,

at a distance of 36 miles to the south and west ; another, of 34-5-38-3 cm., after
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352 days, north and east of the Bell Rock, at 37 miles distant to the north and west
;

and the third, of 34'5-36'5 cm., after 335 days, at a distance of 19^ miles in the same
direction.

In the fourth quarter, therefore, 12 of the marked plaice, or 16"9 per cent.,

were recaptured, 7 (58"3 per cent.) to the north and west ; 3 (25 per cent.) to the
south and west, and 2 to the north and east.

In the first 12 months after hberation, 52 fish, or 73*2 per cent., of all those
recovered, were taken, the position of 51 being known ; of these, 20 (39"2 per cent.)

went to the south and west ; 19 (37'2 per cent.) to the north and west ; 8 (15'7 per
cent.) to the north and east ; 2 to the west, and 1 each to the south and east and
to the north.

Particulars for these 12 months are given in the following table :

—

Quarter.



166

Eleven were recovered in 1914. A male, of 35-5-42 cm., and of unknown
maturity, was taken in January, after 568 days, off Flamborough Head, at a dis-

tance of 148 miles to the south and east. Two males and a female were taken in

February, the female at an unknown position ; one of the males, of 30-5-38 cm., and
" mature," after 580 days, on the Whitby Ground, at a distance of 104 miles to the

south and west, and the other, of 37-37-6 cm., and " spawning " (" almost spent "),

after 592 days, in the opposite direction, viz. in Edrachilles Bay, on the west coast

of Sutherland, at a distance of 236 miles. A male and a female were recaptured

in March, the male, of 30-38-5 cm., the condition of whose testes was not recorded,

after 619 days, near Clyth Ness, in the Moray Firth, at a distance of 130 miles,

and the female, of 47-5-49-5 cm., and " spawning," after 614 days, near the Bell

Bx)ck, at a distance of 36 miles to the north and west. In April, 2 females were

taken, 1, of 38-5-45-8 cm., and " spent," after 637 days, north-east of St. Abb's

Head, at a distance of 22 miles ; the other, measuring 37-5-50-6 cm., and " spent,"

after 662 days, off Aberdeen, at a distance of 38-5 miles. Two females were taken

in July, 1, measuring 34-5-45-7 cm., and " spent," after 741 days, north-east of

the Bell Rock, at a distance of 33 miles to the north and west ; the other, which

measured 31-41-8 cm., after 738 days, offshore, south-east of Aberdeen, at a distance

of 14| miles. In September, after 794 days, a male, measuring 33-41-8 cm., was

taken, north-east of Rattray Point, at a distance of 81 miles.

Two were recaptured in 1915, 1, a female, in March, after 989 days, off Hartle-

pool, at a distance of 103 miles to the south and west ; it measured 36-5-47-3 cm.,

and was " spawning." In April, after 1011 days, another female, which measured

29-5-38*8 cm., was captured north of the Bell Rock, at a distance of 38 miles to the

north and west.

iTABLfi
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A summary of the mean distance and direction in each quadrant, travelled

by all the marked plaice recaptured, is shown in the following table :

—

Quadrant.
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50 to 100 miles.—Eight of the marked plaice, or 11-6 per cent., were recaptured

at distances of from 55| to 84 miles, namely, 4 males (12-5 per cent.), with an
average of 73 miles, and 4 females (10'8 per cent.), with an average of 58"5 miles.

Two of the males and 1 of the females went north and east, 1 of the males and 3

females north and west, the remaining male being found to the south and east.

Over 100 miles.—Nine fish, or 13 per cent., were taken at distances of from 103

to 247 miles, namely, 7 males (21-9 per cent.), with an average distance of 157-5

miles, and 2 females (5-4 per cent.), with an average of 117 miles. Five of the males

went to the north and east, 1 of the males to the south and east, the remaining male

and 1 of the females to the south and west, and 1 of the females to the north and
west. Two of the males and 1 of the females were got off the English coast, and the

remainder in the Moray Firth, and the north coast of Scotland.

It may be noted that four of the plaice had returned to the Firth of Forth.

Maturity.

Males.—The condition of the testes in 24 of the 32 males recaptured was ascer-

tained.

Four were " spawning," and were taken as follows :—One, of 37'5-37'6 cm.,

on the 15th December 1912, at Aberdeen Bank, at a distance of 38 miles to the north
;

another, of 35-5-38'l cm., in February 1913, in the same locality, at a distance of 37

miles ; the third, also in February 1913, at a distance of 35 miles, near the same
place ; the fourth, in February 1914, in Edrachilles Bay, on the west coast of Scot-

land, at a distance of 236 miles.

Three were described as " ripe," 1 taken in the Moray Firth, off Whitehills, in

February 1913, at a distance of 110 miles ; another, in the same month, at Aberdeen
Bank, at a distance of 37 miles ; and the third, in February 1914, off Wliitby,

at a distance of 104 miles, to the south and west. One, said to be " three-quarters

ripe," and measuring 36-5-38"2 cm., was captured in December 1912, 6^ miles to

the south and west.

Two were " spent," both got in May 1913, one, 15J miles to the south and west,

and the other, at Rona, north-west of Cape Wrath, at a distance of 247 miles.

Of 10 males of adult size whose testes were " immature," 1 was recaptured within

the limits of the spawning season. It measured 30-33'2 cm., and was taken in

April 1913, in the Firth of Forth, off Pittenweem, at a distance of 56 miles.

Females.—Of the 39 fish recaptured, the condition of the ovaries was ascertained

in 34. Three were " spawning," 1, of 41-41"9 cm., got in February 1913, at Aber-

deen Bank ; another, of 47-5-49-5 cm., in March 1914, near the Bell Rock, at a

distance of 36 miles to the north and west ; the third was caught in March 1915, off

Hartlepool, at a distance of 103 miles to the south and west.

Four females were described as "spent." Two were taken in April 1914; 1,

measuring 38-5-45-8 cm., to the east of St. Abb's Head, at a distance of 22 miles to

the south and west ; the other, which measured 37-5-50"6 cm., at Aberdeen Bank,
at a distance of 38 miles to the north and east ; 1, caught in April 1915, after 1011

days, was taken near the coast north of the Bell Rock, at a distance of 38 miles to

the north and west ; the fourth, which measured 34'5-45-7 cm., w^as found in the

same locality, at a distance of 33 miles.

Of 9 adult females whose ovaries were " immature " on recapture, 1 was taken
in the spawning season ; it measured 38-5-39-2 cm., and was recaptured off Buck-
haven, in the Firth of Forth, at a distance of 65 miles.

EXPERIMENT II.

215/ September 1912.

In this experiment, 100 plaice were marked and hberated, 37 being males, 61

females and 2 of undetermined sex. The males ranged in size from 31 cm. to

44"5 cm., and the females from 33 cm. to 56-5 cm. ; 7 of the males and 30 of the

females were under the adult size on liberation. The numbers liberated and
recaptured, arranged in 5-cm. groups, were as follows :

—
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F. Lib.

F. Recap.
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Six fish, therefore, were recaptured in the second quarter, or 16*6 per cent., 3

to the north and west, 2 to the south and west, and 1 to the north and east.

Third Quarter.—Only one fish was recovered in this quarter, a female, taken in

May, after 241 days, to the south-east of Tod Head, at a distance of 34 miles to the

north and west ; it measured 34-5-35"8 cm., and was " immature."

Fourth Quarter.—Three females were taken in July ; 1, of 43-44 cm., and " im-

mature," after 288 days, offshore, to the south-east of Aberdeen, at a distance of 35

miles ; another, of 40-41-8 cm., after 313 days, 18 miles to the south and west
;

and the third, of 40*5-43'l cm., and " spent," after 310 days, 19 miles to the south

and west.

Two females were recaptured in August, both " spent," and both after 335 days,

13 miles to the north and west.

Three females were taken in September, 1, of 35-40"5 cm., after 360 days, 23
miles to the north and west, towards St. Andrews Bay ; another, of 38-44-4 cm.,

after 349 days, off Ijongstone Light, at a distance of 40 miles to the south and
west ; and the third, of 37'5-39'9 cm., after 361 days, at Aberdeen Bank, a distance

of 34 miles to the north and east.

Thus, in this quarter, 8 of the marked plaice, or 22*2 per cent., were recaptured,

3 (37-5 per cent.) to the south and west, 3 to the north and west, and 2 to the

north and east.

In the 12 months after liberation, therefore, 23 fish, or 63'8 per cent., were

recovered, 9 (39-1 per cent.) to the north and west, 8 (34-8 per cent.) to the south

and west, 4 to the north and east, and 2 to the south and east.

The following table gives particulars as to the mean distance and direction of

the plaice caught in the first year :

—

Quarter.
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Of the others recaptured, 4 were taken in the remainder of 1913, 8 in 1914, and
1 in 1915.

A male and a female were recaptured in October 1913, the male, of 31-34' I cm.,

to the south and east of Aberdeen, at a distance of 42^ miles, and the female, of

33'5-39-9 cm., north of St. Abb's Head, at a distance of 36 miles to the south and
west. Two females were got in December, but the position of capture of 1 was not
ascertained ; the other, of 41-45 cm., was caught north-east of St. Abb's Head, at a

distance of 22 miles to the south and west.

In January 1914, a male, of 35'5-40'2 cm., and " nearly ripe," was recovered
near Aberdeen Bank, at a distance of 29 miles to the north and west. A male and
a female were taken in Februarv, the male, measuring 36-42"7 cm., and " ripe,"

south-east of the Isle of May, at a distance of 39 miles to the south and west ; the
female, of 33-36-2 cm., and " immature " was got in St. Andrews Bay, at a distance

of 54J miles to the north-west. Two females were recaptured in April, 1 of 39-50
cm., 17 miles to the notth and west, and " immature," the other, of 40-43 cm., in

the Moray Firth, off Lossiemouth, at a distance of 123 miles. In June, a male, of

36'5-41 cm., was taken, at a distance of 15^ miles to the south and west, and a

female, measuring 32'5-45'2 cm., 4-i miles in the same direction. In July, a male,

of 36-5-4r2 cm., was recovered north of the Bell Rock, at 37 miles distant to the

north and west.

The last fish of the experiment to be recaptured was a male, of 33"5-42-l cm.,

and " spawning," which was taken in March 1915, after 892 days, to the south-east

of Aberdeen, at a distance of 25 miles.

A summary of the mean distance and direction in each quadrant, for the whole
experiment, is given in the following table :

—

Quadrant.
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Distances travelled—Under 10 miles.—Two fish, or 5*7 per cent,, were found at.

distances under 10 miles, 1, a male, at 5 miles, and a female at 4J miles.

10 to 20 miles.—Eight fish, or 22*8 per cent., were recaptured at distances of

from 11 to 19J miles, namely, 1, a male, which had migrated 15| miles to the south

and west, 1 to the south and east, and 3 to the north and west.

Under 20 miles.—Thus, 10 fish, or 28*6 per cent., were found at distances under

20 miles, two males (16'6 per cent), with an average of 10 miles, and 8 females (34'8

per cent.), with an average of 16 miles.

20 to 50 miles.—Twenty-three fish, or 65*7 per cent., were recaptured at dis-

tances of from 22 to 44 miles, viz. 10 males (83'3 per cent.), with an average of 31*5

miles, and 13 females (56"5 per cent.), with an average of 32*1 miles. Four
males and 6 females went to the north and west, 4 males and 3 females to the south

and west, one male to the south and east, 1 male and 4 female? to the north and east.

50 to 100 miles.—One female was got at a distance of 54| miles to the west and
north (St. Andrews Bay).

Over 100 miles.— One female was taken in the Moray Firth, at a distance of

123 miles.

Matueity,

Males.—The condition of the reproductive organs was known in 9 cases. Two
were "spawning," 1, which measured 37-5-38-9 cm., being taken in March 1913,

32^ miles to the south and west, ofi St. Abb's Head, and the other, of 33-5-42-1 cm.,

in March 1915, offshore, at a distance of 25 miles north and east.

Two were " ripe," 1, of 36-36-5 cm., taken in February 1913, 30| miles to the

westward, and the other, of 36-42-7 cm., in February 1914, to the south-east of

the Isle of May, at a distance of 39 miles to the westward. One was " nearly ripe "
;

it measured 35-5-402 cm., and was got in January 1914, near Aberdeen Bank,
at a distance of 29 miles to the north and west.

Females.—The condition of the ovaries was recorded in 15 of the 24 cases.

None was " spa-wniing." One, of 42*5-43 cm., caught in February 1913, at Aber-
deen Bank, 37 miles to the north and east, was " nearly ripe."

Three were "spent "
; 1, of 40-5-43-1 cm., caught in July 1913, 19| miles to

the south and west, and 2 taken in August 1913, 13 miles to the north and west

;

1, measuring 40-42-5 cm., and the other, 43-45-4 cm. Two were "half-ripe";

1, of 40-5-40 cm., was got in October 1912, at Aberdeen Bank, and the other, of

44-43-3 cm., also taken in October 1912, 11 miles to the south and east. Among
the adult females whose ovaries were "immature" was 1, taken in April 1914,

17 miles to the north and west, and measuring 39-50 cm.

Experiment at St. Andrews Bay.

3rrf December 1913.

On 3rd December 1913, 59 plaice were marked and liberated in St. Andrews
Bay, namely, 34 males and 25 females, the Tay Fairway Buov lying N.E./PJ.

3 miles (Lat. 56° 23' N. ; Long. 2° 54' W. ; depth,' 11 fathoms).

The fish used were caught by the " Goldseeker " in Kirkcaldy Bay on the

previous day.

The sizes of the males ranged from 29-5 to 40-5 cm., and 8 were under the
adult size (33 cm.) when Hberated. The females ranged from 27*5 to 62-5 cm.,
and 15 were under the adult size (38 cm.) on liberation.

The numbers liberated and recaptured, arranged in 5-cm. groups, are as

follows :

—

F. Lib.

F. Recap. .
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Sixteen of the males were of adult size on recapture, measuring from 33'3 to

39"7 cm., and averaging 35"9 cm., as compared with a range of from 32 to 37'5 cm.,

and a mean of 35'4 cm. on liberation ; they were at liberty for from 3 to 495 days,

the mean being 134 days ; they migrated distances of from li- to 166 miles, the

average being 39"5 miles, and the mean rate of movement, 2"9 miles. Three of

the males were under the adult size on recovery, averaging 31*3 cm., as against

31 cm. on liberation ; they were free for a mean period of 100 days, and migrated

distances of from 12 to 84 miles, the average being 39 miles, and the mean rate of

travel 3* 8 miles.

Four of the females were of adult size on recapture, averaging 41*8 cm., as

compared with 36*1 cm. on liberation ; they were at liberty for an average period

of 502"5 days, and migrated an average distance of 35"5 miles, the mean rate being
•8 mile. Seven were imder the adult size, ranging from 26"9 to 36-5 cm., and
avcT'aging 31'8 cm., as compared with a range of from 27"5 to 35"5 cm., and a mean
of 31*6 cm. on liberation ; they were free for from 22 to 117 days, the mean being

67 days ; they travelled distances of from 1| to 38 miles, the average being 13 miles,

and the mean rate, per 10 days, 1-9 miles.

The Extent and Direction of Migration.

First Quarter.—In December 1913, 5 males and 2 females were recaptured,

1 of the females at a distance of 12 miles to the south and east, 1 male 12 miles

to the north and east, and all the others to the south and west, near the shore, in

St. Andrews Bay, at distances of IJ and 2 miles.

A female was captured in January 1914, 2^ miles to the south-west, also close

inshore, and in February, 2 males and 1 female were taken, all outside the Bay,

to the south and east, at the following distances :
—-One male at 15 miles, the other

at 20 miles, and the female at 11 miles.

In this quarter, 11 of the marked plaice, or 37*9 per cent., were recaptured,

6 (54-5 per cent.) to the south and west, 4 (36'4 per cent.) to the south and east,

and 1 to the north and east.

Second Quarter.—Six males and 4 females were recaptured in March 1914, 4 of the

males and 2 of the females to the south and east, at distances of from 12 to 20 miles
;

1 female had moved up the coast, to the neighbourhood of Tod Head, a distance

of 38 miles to the north-east ; 1 female migrated round Fife Ness, to within the

mouth of the Firth of Forth, a distance of 13 miles, while a male was taken, after

99 days, in the Moray Firth, close to Tarbet Ness, a distance of 166 miles north-

wards, the rate of movement in this case being 16-7 miles per 10 days ; another

male was caught quite close to Rattray Head, after 92 days, a distance of 84 miles

to the northward ; its mean rate of movement was 9*1 miles per 10 days.

In April, 2 males were taken, both at a distance of 12 miles to the south and east.

None was recovered in May.
Thus, in the second quartei, 12 fishes, or 41*4 per cent., were recaptured, 9

(75 per cent.) at a mean distance of 15 miles in the mean direction S. 57° E., and
3 (25 per cent.) at an average distance of 96 miles in the mean direction N. 47° E.

Third Quarter.—^A female and a male were recaptured in June, the female to

the eastwards, at a distance of 34 )niles, and the male in the Moray Firth, near

Berriedale Ness, at 159 n\iles distant, the mean rate of movement being 8'4 miles.

None was taken in July and August, so that these 2 fish represent the total

for the third quarter (6'9 per cent.).

Fourth Quarter.—Only 2 fish were taken in this quarter, namely, a male in

September. 7 miles east from the Bass Rock, at 19 miles distant to the south and east,

and another male in November, at a distance of 15 miles to the south and east.

Within the 12 months after liberation, 27 of the marked plaice, or 93*1 per cent.,

were recaptured, 16 (59-2 per cent.) to the south and east, 6 (22-2 per cent.) to

the south and west, and 5 (18^5 per cent.) to the north and east.

The remaining 3 fishes of the experiment were taken as follows :—A male, in

April 1915, in the Moray Firth, close to Clyth Ness, at a distance of 158 utiles to

the northwards, a female, in July 1915, 26 miles to the south-east, south-east of

May Isle, and a female, in December 1916, after 1105 days, 30 miles E.S.E. of

Aberdeen, at a distance of 67 miles to the north and east.
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Quadrant.
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in the same direction ; the third was caught in December 1913, at 12 miles to the

north and east, and the fourth in November 1914, 15 miles to the south and east.

Among those of adult size (33 cm.), the following, captured during the spawning
season, were described as "immature" :—One. of 33-33'3 cm., in February 1914,

15 miles to the south and east ; 2 in March 1914, measuring respectively 34-34-7

cm., and 33-33"3 cm., 17 miles and 15 miles to the south and east, and 1 taken in

April 1914, 12 miles to the south-east, which measured 34-35-2 cm.
On the other hand, among the males under adult size was 1 described as " ripe,"

which measured 29-5-29-9 cm., and was taken in February 1914, 20 miles to the

south and east.

Females.—The condition of the ovaries was recorded for 10 of the 11 recaptured.

All were described as " immature " (including 1 taken in March 1914, and measuring
38-5-38-5 cm.), except the last, caught in December 1916, 67 miles to the north and
east, which was described as " ripening."

Experiments at Aberdeen Bank.

At this station, which hes about 35 miles to the south-east of Aberdeen, in Lat.
56° 55' N. ; Long. 1° 8' W., and where the depth is about 37 fathoms, marked plaice

were liberated on eight different occasions, between June 1910 and November
1913. The following table gives the main particulars of each experiment :

—
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The fish used in this experiment were trawled by the " Goldseeker " in Aberdeen

Bay on the 10th June, and were hberated at the station the same evening, between

9.45 and 10.40 p.m.

The number recaptured was 201, or 59-8 per cent., namely, 94 males (63-1 per

cent.) and 107 females (60-4 per cent.).

Of the males, 73 were of adult size on recapture, ranging from 33 to 44*4 cm.,

and averaging 36-7 cm., as compared with a range of from 24-5 to 39 cm., and an

average of 33-5 cm., on liberation ; they were at Uberty for from 4 to 1398 days,

the mean being 283 days ; they migrated distances of from 4 to 199 miles, the

average being 36"6 miles, and the mean rate 1*3 miles per 10 days. Twenty-one
were under the adult size on recovery, namely, from 26-7 to 32 "9 cm., the mean
being 30-6 cm., as compared with a range of 26-5 to 32-5 cm., and a mean of 29-1

cm. on liberation. They were at liberty for from 4 to 272 days, the average being

95 days ; they migrated distances of from 4 to 52 miles, the mean being 21*8 miles,

and the mean rate 2 '3 miles.

Fifty-one of the females were of adult size on recapture, ranging from 38*2 to

57"6 cm., and averaging 41-8 cm., as compared with a range of from 25-5 to 56 cm.,

and an average of .34'8 cm. on hberation ; their peiiods of freedom varied from 7

to 1447 days, the mean being 447 days ; they moved distances of from 1^ to 126

miles, the average being 30-5 miles, and the mean rate "7 mile. Fifty-six were under
the adult size, ranging from 28"5 to 37"7 cm., and averaging 34 cm., as compared with

a range of from 24*5 to 36-5 cm., and a mean of 31*6 cm. on liberation ; they were at

liberty for from 2 to 636 days, the mean being 180 days ; they travelled journeys of

fron. 3 to 114 miles, the average being 27' 1 miles, and the mean rate, per 10 days,

V5 miles.

The Extent and Direction of Migration.

Owing to the number of marked plaice recaptured, this experiment is of special

value. The chart, on which are presoited all rhe lines between the position of

liberation and of recapture of each fish, shows that the niajority ji.oved to the

north-west and the south-west, towards the coast, but a considerable number went
farther north, several to the Orkney Isles, and 1 to the west coast. On the other
hand, only 1 fish was recaptured to the south of the Firth of Forth, or Lat. 56° N.

First Quarter.—Thirteen of the marked plaice were recaptured in June, viz.

5 males and 8 females. One of the males was caught after 20 days at the place of

liberation ; 2 were found to the north and west at distances of 15 and 22 miles ; 1

to the north at 10 miles distant ; and 1 to the south and west at a distance of 5^
miles. Two of the females had moved to the north and west for distances of 9
and 15 miles respectively ; 4 were found to the north and east at distances of from
10 to 45 miles, the latter being offshore, east of Rattray Point ; 1 was caught 4

miles to the south and west ; and another 6 miles to the south and east.

Twenty were recovered in July, 9 males and 11 females. Five of the males were
taken to the south and west, at distances of fron 10 to 16 n.iles ; 2 were got to the
south and east, at 9 and 11 miles distant ; 1 was found 11 miles to the north and
west ; and 1, 4 miles to the north and east, after 38 days. Five of the females
were taken to the south and west, at distances of from 12 to 34 miles ; 1, directly

west, at 21 miles distant ; 3 to the north and west, at distances of from 12 to 34^^-

miles ; and 2 to the south and east, at 8 and 21 miles distant.

Nine were recovered in August, 6 males and 3 females. Three of the males were
found to the south and west, at distances of from 7 to 31 miles ; 2 to the north and
east, 4 and 23| miles away ; and 1, 12| miles to the north and west. One of the
females was got 3 miles to the south and west, 1, 9 miles to the north and west,
and 1, 8^ miles to the south and east.

In this quarter, the total number recaptured was 42, or 20-9 per cent. ; 10
(24-4 per cent.) had moved an average distance of 16 miles in a mean direction N.
53° W., the average rate of movement being 15-5 miles per 10 days ; 8 (19-5 per
cent.) had gone an average distance of 15 miles in the mean direction N. 30° E.,
the average rate of movement being 21-9 miles per 10 days ; 16 (39 per cent.)
migrated a mean distance of 14 miles S. 55° W., the average rate of movement being
3-9 miles

; 6 (14-6 per cent.) went an average distance of 10-6 miles in the mean
direction S. 44° E., at the average rate of 4-6 miles ; 1 fish moved 21 miles directly west.
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Second Quarter.—In September, 17 of the liberated plaice were recovered, 11

males and 6 females. Three of the males were found at distances of from 15 to 48

miles to the south and west, 5 at distances of from 8 to 35 miles to the north and
west, 2 at 16 and 30 miles to the north and east, and 1, 8 miles to the south and east.

Three of the females were recaptured at distances of from 14| to 45 miles to the south

and west, 1, 13 miles to the north and east, another 8 miles to the south and east,

and 1, 9| miles to the north and west.

In October, 17 were recaptured, 10 male!= and 7 females. Four of the males were

taken at distances of from 4 to 48 miles to the south and west ; 4 were found at

distances of from 7i to 21 miles to the north and west ; and 2 at 16| and 20 miles

to the north and east. Three of the females were recaptured at 10 miles to the

south and west ; 2 at 6 and 7i miles to the north and west ; 1 at 10 miles to the

north and east ; and 1, 8| miles to the south and east.

In November, 13 fish were go^^, but the place of capture of 1, a male, was not

ascertained. Th*^^- others consisted of 5 males and 7 females. Three of the males
were taken at distances of from 24 to 37 miles to the north and west, and 2 at 17 and
52 miles respectively to the south and west. Two of the females were taken at 40
and 45 miles to the south and west ; 3 at distances of from 17 to 114 miles to the

north and east ; and two 24 and 30 mdes to the north and west.

Thus, in the second quarter, 47 of the marked plaice, or 23" 4 per cent., were
taken ; the position of capture of 1 was not ascertained, and of the remaining 46
(22-9 per cent.) 17 (36"9 per cent.) migrated an average distance of 29 miles in the

mean direction S. 51° W., at a mean rate of 2-4 miles per 10 days ; 17 (36'9

per cent.) moved an average distance of 17 miles in the mean direction N. 37^^ W.. at

a mean rate of 1"7 miles ; 9 (19"6 per cent.) went a mean distance of 29-8 miles in

the mean direction N. 27° E. ; and 3 (6"5 per cent.) migrated an average distance of

8"1 miles in the mean direction S. 42° E., at the mean rate of '7 mile per 10 days.

Third Quarter.—Ten were recovered in December, 5 males and 5 females, but the

place of capture of 1 male and 1 female was not ascertained. Two of the remaining
males were found at 23 and 30 miles to the north and west, 1,11 miles to the south
and west, and 1, 18 miles to the south and east. Two of the females were taken at 28
and 30 miles to the north and west, and 2 at 20 and 44 miles to the south and west.

In January 1911, 2 males and 1 female were recovered all to the north and west,

one of the males at a distance of ]6| miles and the other off Banfi, in the Moray
Firth, at a distance of 77 miles ; the latter was " ripe and running." The female was
caught near Buchan Ness, at a distance of 40 miles.

Fourteen w^ere taken in February 1911, 9 males and 5 females. All these fish

were also recaptured to the north and west, 2 males and a female off Banff, in the

Moray Firth, at a distance of 77 miles ; the female was " nearly ripe," and the

males " spawning." One of the males had made a long journey, and was recaptured,

after 257 days, 13 miles S.W. by "W. of Cape Wrath (58° 26' N. ;
5° 14' W.), a distance

of 199 miles, the mean rate of migration being 7-7 miles per 10 days ; it was " ripe."

Three males were taken near Aberdeen, at distances of .30i and 34 miles. A male
and 2 females were got near Buchanness, at distances of 34, 37, and 39 miles ; a male
was caught npar Montrose, at a distance of 43 miles, and 1 near Tod Head, at a
distance of 31 miles. A female was recovered off Buchanness at a distance of 26
miles, and another only 4 miles from the place of hberation.

The number recaptured in this quarter was 27, or 13"4 per cent., the

place of capture of 2 not being ascertained. Of the remaining 25 (124 per cent.),

22 (88 per cent.) migrated an average distance of 45 miles in the mean direction

N. 35° W., at a mean rate of 1*9 miles per 10 days ; 2 (8 per cent.) moved south and
west, and 1 south and east.

Fourth Quarter.—In March 1911, 13 of the marked plaice were recaptured,

7 males and 6 females. They were all found to the north-west, with one exception,

a male, recaptured 11 miles to the north and east. Three of the males were takeii

in the Moray Firth, at distances of 77, 93, and 103 miles. A female was recaptured
east of the Orkney Isles, a distance of 97 miles. A male was taken north of

Kinnaird Head, at a distance of 64 miles. Five of the fishes, 2 males and 3 females,

were taken to the south-east of Aberdeen, 4 at distances of 8 and 1 at 10 miles. Two
females went 32 and .34*5 miles to the northwards, being taken off Buchanness.

In April, 3 males and 4 females were recaptured, 1 male and 1 female to the north-
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east, 2 females to the south-west, and all the others to the north-west. A male and

a female were taken in the Moray Firth, at distances of 93 and 102 miles. One of

the males was caught off Kinnaird Head at a distance of 51 miles ; a female, which

measured 26"5-3r8 cm., was recovered at the mouth of the Tay, 56 miles to the

south-west. A male and a female were found to the south-east of Aberdeen at 21

and 8 miles distant, while a female went 26 miles to the south-west.

In May, 9 were taken, 3 males and 6 females. Two of the males had moved to

the north-west ; 1 was taken off Buchanness, at a distance of 33 miles, and the

other in the Moray Firth at 98 miles distant ; the remaining male was found 15

miles to the south and west. Two of the females had moved to the north and west

for distances of 8 and 36 miles respectively ; 1 was found 12 miles to the north and
east, and 2, 16 and 45 miles to the south and west ; the remaining female migrated

for 19 miles directly west.

In this quarter, 29 fishes, or 14*4 per cent., were recaptured ; 19 (65"5 per cent.)

moved an average distance of 49 miles in the mean direction N. 21° W., at the mean
rate of 1'5 miles ; 5 (17"2 per cent.) moved a mean distance of 32 miles in the mean
direction S. 49° W., at an average rate of "9 mile ; 3 (10-3 per cent.) moved to the

north and east ; and 1 each to the west and to the south and east.

Altogether, in the 12 months after liberation, 145 of the fishes, or 72-1 per

cent., were recaptured, the positions of 4 not being ascertained.

Of the remaining 141 (70-1 per cent.). 68 (48-2 per cent.) were found to the

north and west ; 40 (28*4 per cent.) to the south and west ; 20 (14-2 per cent.)

to the north and east, 11 (7-8 per cent.) to the south and east, and 2 directly west.

A summary of the mean distance and direction in each quadrant, for the first

year after Uberation, is given in the following table :—

Quarter.
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Thirty-one of the reiuaiiiiiig fishes which were recaptured were caught in the

remainder of 1911.

In June, 4 females and 2 males were taken, the position of 1 of the

males not being ascertained. The other male and 3 of the females were found
to the north and west, at distances of from 6 to 35 miles ; the remaining female was
taken 1| miles to the south-east of the place of liberation.

Three males and 6 females were recovered in July. Two of the males and 3 of the
females were taken to the north-west, at distances of from 6 to 35 miles ; 1 male
and 2 females were captured at distances from 10 to 54 miles to the south-west,

off the Isle of May ; the remaining female was found at a distance of 16 miles to

the north-east.

Two males and 5 females were recaptured in August, 1 of the males and 2

of the females at distances of from 5 to 28 miles to the north and west, and the
remaining 4 fishes to the south and west, at distances of from 15 to 72 miles ; 1 of

these, a female, was taken near the Bell Rock, and another female south-east of St.

Abb's Head, in the offshore waters, both being under adult size.

In September. 3 females were recovered, one 24 miles to the south and west,

another 27 miles directly west, and the remaining fish 52 miles to the south-east,

offshore.

In October, 1 male and 2 females were taken, the male and one of the females,

to the north-west, at 36 and 11 miles distant respectively, and the other female at

a distance of 85 miles to the south and east, far offshore.

A male was taken in November, in the Moray Firth, at a distance of 97 miles to

the north and west.

In December, 2 males were recovered, one 14| miles to the north-west, and the

other 21 miles to the north-east.

Twenty of the marked plaice were recaptured in 1912. A female was taken in

the Moray Firth, off Clyth Ness, at a distance of 88 miles, after 597 days, and it was
" spawning." Three females were taken in February, 2 to the south-west, at

distances of 60 and 75 miles respectively, the latter, which measured 28-38-2 cm.,
in the Firth of Forth, near EHe, and the former, of 25-34-7 cm., near the Isle of May,
both being " immature "

; the third female, of 32-42-3 cm., and " nearly ripe,"

was taken to the east of Orkney, at a distance of 126 miles to the north and west.

In Maich, 2 males and a female were taken, all to the north and west. One of

the males was got in the Moray Firth, at a distance of 117 miles, and was " ripe "
;

the other was also recovered in the Moray Firth, at 90 miles distant, but the con-
dition of the testes was not recorded ; the female, which measured 27-35-4 cm.,
was recaptured 12 miles distant.

Two females were caught in April, one 46 miles to the south and west, east of

the Isle of May. the other at a distance of 11 miles to the north and west.

Three females were recaptured in May, the position of 1 not being recorded
;

1 was taken 35 miles to the north and west, and the other 8 miles to the south and
east.

A male and a female were got in June, the male 23 miles to the north and west,

and the female 46 miles to the south and west, east of the Isle of May.
A female was recaptured in Julv, 103 miles to the south and east, offshore, in

Lat. 57° 10' N. ; Long. 2° E.

A male was recovered in August, but the place of capture was not recorded.

In September, 1 male and 2 females were taken, the male 73 miles to the
north, off Kinnaird Head, and both the females to the south and west, at distances

of 10 and 24 miles respectively.

A female was taken in December 13 miles to the north and east.

Three of the marked plaice were recaptured in 1913. In February, a female,

which was " spawning," was caught 9 miles to the north and west.

In May, a male and a female were recovered, the male at a distance of 22 miles

to the north and east, and the female offshore, at a distance of 65 miles to the
eastward.

The 2 remaining fishes from this experiment were taken as follows :—A male
in the Moray Firth, north-east of Clyth Ness, at a distance of 106 miles in April, and
a female 18 miles to the north and west in May ; the former was " ripe," and the
latter " spent."
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The following table shows how all the fish of the experiment were distributed in

each quadrant :

—

Quadrant.
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20 to 50 miles, 31 males (34*8 per cent.), with an average distance of 30*9 miles,

and 37 females (35"2 per cent.), mtli an average of 33*6 miles. Nineteen males

and 17 females had gone to the north and west ; 7 males and 15 females to the south

and west ; 5 males and 2 females to the north and east ; 1 female south and east ;

and two directly west.
* 50 to 100 miles.—Twenty-four, or 12*4 per cent., were found at distances between

50 and 100 miles, 13 males (14.6 per cent.), with an average distance of 78 miles,

•and 11 females (10-5 per cent.), with an average of 71*1 miles. Ten of the males

and 3 of the females were got to the north and west, one male to the north and east,

1 male and 5 females to the south and west, 1 male directly north, and 3 females to

the south and east.

Over 100 miles.—Eight fish, or 4'1 per cent., were taken at distances exceeding

100 miles, 4 males (4-5 per cent.), with a mean of 131-4 miles, and 4 females (3-8

per cent.), with a mean of 111*5 miles. All the males and two of the females were

found to the north and west, in the Moray Firth, off Cape Wrath, and east of the

Orkneys ; 1 was recaptured to the north and east, also off Orkney ; and the other

in the offshore waters to the eastwards.

Maturity.

Males.—Of the 94 males recaptured, the condition of the testes was ascertained

in 68.

Four were " spawning "
; 1, which measured 37"5-37"5 cm., was captured in

January 1911, after 223 days, off Banff, in the Moray Firth, at a distance of 77

miles ; 2 were taken in February, also off Banff, after 249 and 260 days,

measuring respectively 39-38"9 cm., and 32-36-4 cm. ; the fourth male was got

in March 1911, after 294 days, 103 miles to the northwards, off Rattray Point ; it

measured 35-38-4 cm.
Five were described as " ripe." One, measuring 30-33*3 cm., was recaptured,

in February 1911, after 257 days, off Cape Wrath, at a distance of 200 miles
;

another, of 32-35-8 cm., was taken in April 1911, 51 miles to the north and east, off

Buchanness ; the third was recaptured also in April 1911, 21 miles to the north

and west ; the fourth was taken in March 1912, after 637 days, in the Moray Firth,

off Brora, at a distance of 117 miles, and measured 29-33-6 cm. ; the fifth was
got in April 1914, after 1398 days, near Clyth Ness, in the Moray Firth, at a dis-

tance of 106 miles, and it measured 36-5-44-4 cm.
Four of the males were said to be " spent." Two were recovered in February

1911, 30 and 34 miles respectively to the north and west ; one was recaptured in

May 1911, 98 miles to the north and west, in the Moray Firth ; and the fourth, in

May 1913, 22 miles to the north-east.

Five were described as " nearly lipe." Three were got in December, the place

of capture of 1, however, not being recorded ; one of the others was found 11 miles

to the north and west, after 188 days, and the other 14 miles to the north and west,

after 564 days ; the third fish was taken in November 1911, 97 miles to the north

and west, in the Moray Firth ; the remaining fish was captured in June 1912,

after 747 days, 23 miles to the north and west.

Among those of adult size on recapture whose testes were "immature," were

the following taken within the limits of the spawning season :— 1, measuring 34-36-7

cm., at a distance of 16| miles to the north-west, in January 1911 ; 4 in February
1911, at distances of from 31 to 43 miles to the north-west ; 2 in March 1911,

each at 8 miles distant to the north and west.

Among the fishes which were under the adult size (33 cm.) on recapture was
1 which measured 27-31-3 cm., taken in December 1910, 18 miles to the south

and east, and described as " nearly ripe."

Females.—The condition of the ovaries was r corded in 80 of the 107 recaptured.

Four were " spawning," all taken to tlie north and west. One was caught in

January 1912, after 597 days, 88 miles to the northward, and measured 25-5-40-1

era. ; another, of 40-40-8 cm., on 2.3rd Febriiary 1911, at a distance of 26 miles ;

the third in February 1913, after 982 days, at a distance of only 9 miles, and
measuring 29-41-3 cm. ; and the fourth, of 32-5-421 cm., in April 1912, after 676

davs, at a distance of 11 miles.
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One female, of 38-5-48-1 cm., taken in December 1912, after 928 days, at a

distance of 13 miles to the north and east, was described as " nearly spawning."

None was described as " ripe," but 3 were " nearly ripe." One of these, which

measured 36-5-39-4 cm., was taken off Banff in February 1911 ; another, of 32-42-3

cm., in February 1912, off Auskerry, Copinshay, Orkney Isles, at a distance of 126

miles ; the third, which measured 32-45-9 cm., was captured in September 1912,

24 miles to the south and west.

Four were " spent," 1 caught in July 1911, 35 miles to the north-west, 1 in May

.

1912, the position of capture not being ascertained ; a third, also in May 1912,

8 miles to the south and east, and the fourth in May 1914, after 1447 days, l8 miles

to the north and west.

Two taken in March 1911 were described as "spent or immature"; they

measured 32-5-38-4 cm. and 34-5-38-3 cm., and were caught 34 and 32 miles to the

north and west.

Among those of adult size, whose ovaries were said to be "immature," were

3 taken in April, and measuring 36-39-8 cm., 36-5-38-9 cm., and 29-40-9 cm.

;

they were caught 26 miles to the south and west, 8 miles to the south and east

and 46 miles to the south and west respectively ; another, of 28-38-2 cm., was
taken in the Firth of Forth, between Largo and Elie, at a distance of 75 miles, in

February 1912.

EXPERIMENT II.

21s/, October 1910.

In this experiment, 282 plaice were marked and liberated, comprising 114 males,

152 females, and 16 whose sexes were not ascertained. The sizes of the males

ranged from 27 to 41 cm., and 14 were under the adult size on liberation ; the

females ranged from 27 to 45-5 cm. in length, and 90 of them were below the adult

size. Those whose sexes were not recorded varied in length from 33-5 to 40 cm.

The numbers marked and recaptured, arranged in 5-cm. groups, are given in

the following table :

—

cm. cm. cm. cm.
2.5-30-5 31-35o 36-40-.'5 41-45-5 Total.

F. Lib. ... 6 46 83 17 152

F. Recap. . . 2 27 69 14 112

M. Lib. . . 3 51 59 1 114

M. Recap. . . 1 33 42 — 76

3



3J to 196 miles, the mean being 50'fi miles, and the mean rate of travel 1-8 miles.

Thirty-three of the females were under adult size on recapture, varying from
27"3 to 37'9 cm., and averaging 35"6 cm., as compared with a range of from 27 to

38 cm., and an average of 34"8 cm. on Uberation ; they were at Uberty for from
6 to 526 days, the mean being 129 days ; they travelled journeys of from 4 to

140 miles, the mean being 30'5 miles, and the average rate 2'4 miles.

The 7 whose sexes were not ascertained were free for a mean period of 185 davs
;

their sizes on recovery avei'aged 40'7 cm., as compared with 39 cm. on liberation
;

they travelled journeys of from 8i to 197 miles, the average being 81-8 miles, and
the mean rate 4*4 miles per 10 days.

The Extent and Direction of Migration.

First Quarter.—Right fish were recaptured in the remaindc- of October, 4 males
and 4 females. Three of the males and 3 of the females moved to the north and
west, for distances ranging from 7 to 13 miles : 1 male and 1 female were found
4 miles to the south and west.

In November, 10 of the marked plaice were recaptured, 5 males, 4 females, and
1 whose sex was not ascertained. The last-named fish and 1 male and 1 female
were found to the north and west, at distances of from 8 to 44 miles ; 2 males
and 2 females were taken to the south and west, at distances of from 17 to 45 miles

;

1 male had moved 48 miles to the south and east, and other 2 to the north and
east, a male for 25 miles to near Buchanness, and a female 29 miles offshore to the

south-east of Buchanness.

In December, 9 fishes were recovered, 3 males, 5 females, and 1 of unknown
sex. Two of the males moved distances of 20 and 32 miles respectively to the

north and west ; the other inale was found 10 miles to the south and west ; 3 of

the females were also taken to the south and west, at distances of from 10 to 49
miles, 2 being recaptured near Montrose, and another near the Bell Kock ; 1

female moved 10 miles to the north and east, and another 104 miles to the north
and west, being got, after 65 days, in the Moray Firth, to the east of Clyth Ness

;

the fish of unknown sex was also recaptured in the Moray Firth, off Whitehills, at

a distance of 77 miles to the north and west.

In the first quarter, then, 27 fishes, or 13"9 per cent., were recovered, 13 (48' 1 per
cent.) to the north and west ; 10 (37 per cent.) to the south and west ; 3 to the
north and east ; and 1 to the south and east.

Second Quarter.—hi January 1911, 14 fishes were recaptured, 5 males and 9

females. All were taken to the north and west, except 1 female to the south and
east, and another to the south and west. No less than 9 of these Esh, namely,
4 males and 5 females, were taken in the Moray Firth, 6 of them off Banff, at a

distance of 77 miles, and other 3 at distances of 93 and 97 miles ; 1 female was
got on the north coast of Scotland, north-west of Dunnet Head, at 140 miles distant,

after 84 days ; another was taken at Buckhaven, near Buchanness. at a distance

of 41 miles ; another, south-east of Buchanness, at a distance of 30 miles ; 1 of

the females was recovered offshore at a distance of 17 miles to the south and east,

and another at a distance of 15 miles to the south and west.

Twenty-four of the plaice, 13 males, 10 females, and 1 of unknown sex, were
recaptured in February ; no fewer than 22 were got to the north and west ; 1

female was taken to the south and west ; and a male to the south and east.

Thirteen, viz. 12 males and 1 female, were recovered in the Moray Firth, 8 in the
cod-nets off Banff, at distances of 77 and 78 miles, the others mostly off the coast

of Caithness, at distances of 101 to 107 miles. All the males but one were " spawn-
ing " or " ripe," and the exception was " nearly ripe "

; the female was " almost
ripe "

; the fish of unknown sex was captured after 130 days at a distance of 197
miles to the north and west, namely, 11 J miles W.S.W. of Cape Wrath (58° 29' N.

;

5° 15' W.) ; it was. " spawning "
; 1 male was taken at a distance of 17 miles to

the south and east ; it was described as " mature "
; a female was recaptured a

httle east of the Isle of May, at a distance of 59 miles to the south and west ; it

was " just about to spawn "
; 7 females were taken at distances of from 11 to 34

miles north and west ; they were all "immature "
; 1 female, measuring 37*5

-

37"8 cm., recovered 16 miles to the north and west, was described as " ripe."
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Thirty of the marked plaice, 10 males and 20 females, were recovered in March.
Twenty-six had migrated north and west, 2 north and east, and 2 south and west.

Six of the fishes, 3 females and 3 males, were taken in the Moray Firth, or to the

east of it, 2 off Banff, at a distance of 77 miles, and the others at distances of from
93 to 107 miles ; 1 of the males and 1 of the females were described as " spawning,"
the condition of the reproductive organs of the others not being recorded ; a

male, which was " ripe," was taken on the north coast, near Strathie Point, at a

distance of 150 miles ; another, also " ripe," was caught near Cape Wrath, on
the west coast, at a distance of 194 miles ; other females were got at shorter

distances to the north-west, from 6 to 43 miles ; most of these fish were either
" spent " or " spawning." One male, which was " spawning," was caught north-

east of St. Abb's Head, at a distance of 45 miles to the south and west, and another
20 miles in the same direction. A female, " spent." was taken 61 miles to the

north-east, north-east of Kinnaird Head.
Thus, in this quarter, 68 fishes, or 34-9 per cent., were recaptured ; 60 (88'2 per

cent.) had migrated an average distance of 61 miles in the mean direction N. 26" W.,
the average rate of movement being 5*3 miles ; 4 (.5"9 per cent.) had moved an
average distance of 35 miles in the mean direction S. 39° W., at a mean rate of

3*1 miles ; 2 were taken to the north and east, and 2 to the south and east.

Third Quarter.—^In April 1911 , 22 of the marked plaice were recovered, 5 males,

15 females, and 2 whose sexes were not recorded. Thirteen of the fishes were found
to the north and v/est, 4 to the north and east, and 5 to the south and west. A
male was caught in the Moray Firth, at a distance of 101 miles, and a female off

Banff, at a distance of 77 miles, and 1 of unknown sex at a distance of about 93
miles, also in the Moray Firth ; a male was taken east of Noss Head, 104 miles

away; a female was caught at 115 miles distant, offshore, to the east of the

Orkneys, and 1 off Cape Wrath, on the west coast, at a distance of 196 miles
;

most of the remaining fish were found at comparatively short distances to the

north and west ; a male, of 27-27-7 cm., was taken at the mouth of the Tay, 59 miles

to the south and west.

Seven were recovered in May, 4 males and 3 females. The position of 2 of

the males was unknown ; 1 of the other 2 went to the Moray Firth, and the
second 18 miles to the south and west ; 1 of the females was found 20 miles to

the south and west, another 34 miles to the north and west, near Buchanness, while

the third was recaptured on the north coast, off Whiten Head, at a distance of

156 miles ; it was "spent."

Thirteen were taken in June, 3 males, 9 females, and 1 of unlviiown sex. Seven
were found to the north and west, 4 to the south and west, and 2 to the .lorth and
east. Two of the males were recaptured in the Moray Firth, at distaJices of 87
and about 93 miles, and 2 females, both " spent," were taken to the east of Aus-
kerry, Orkneys, at distances of 135 and 137 miles ; a female, "spent," was caught,
offsnore, north-east of St. Abb's Head, at a distance of 35 miles to the south and
west, and a male, described as " ripe," was taken 32 miles to the north and west,
near Buchanness ; the remaining fishes had migrated short distances, of from 5 to

15 miles.

In the third quarter, therefore, 42 of the fish, or 21-5 per cent., were recovered,
but the place of recapture of 2 was not ascertained. Of the remaiinng 40 (20'5

per cent.), 23 (57-5 per cent.) migrated an average distance of 58 miles in the mean
direction N. 15° W., at an average rate of 3 miles per 10 days ; 6 (15 per cent.)

migrated an average distance of 79 miles in the mean direction iST. 7° E., at the mean
rate of 3*9 miles ; and 11 (27-5 per cent.) moved an average distance of 23 iniles

in the mean direction S. 59° W., at a mean rate of 1-2 miles.

Fourth Quarter.—Eleven of the marked fish were recaptured in July, 3 males
and 8 females. Seven were taken to the north and west, 3 to the north and east,

and 1 to the south and west. One of the females was taken in the Moray Firth, at
a distance of 98 miles ; anothei, east of the Bell Rock, 33 miles away to the soutn
and west ; and a third, 25 miles to the north and east, offshore ; all the other fish

were found at short distances from the station, from 3 to 13 miles.

Six were recaptured in August, 4 males and 2 females ; 3 went to the north and
west, 2 to the north and east, and 1 to the south and west. Two of the males
were taken in the Moray Firth, at distances of about 93 and 94 miles ; a female
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was caught east of Auskerry, Orkneys, at a distance of 132 miles ; the other 3 had
moved short distances of 9, 15, and 17 miles respectively.

A male and 2 females were recovered in September, the male and 1 of the

females 25 miles and 12 miles respectively to the north and east ; the other female

was taken off Noss Head, in the Moray Firth, at a distance of 104 miles.

Thus, in the fourth quarter, twenty of the marked fish, or 10"2 per cent., were
recaptured, 11 (55 per cent.) at an average distance of 41 miles in the mean
direction N. 16" W. ; 7 (35 per cent.) at an average distance of 32 miles in the

mean direction N. 36^ E. ; and 2 (10 per cent.) to the south and west.

Altogether, within the 12 months after liberation, 157 plaice, or 80"5 per cent.,

were got, but the place of capture of 2 was not recorded. Of the remaining 155
(79*5 per cent), 107 (69 per cent.) were found to the north and west, 27 (17"4 per

cent.) to the south and west, 18 (11'6 per cent.) to the north and east, and 3 (1*9

per cent.) to the south and east.

Particulars of all the marked plaice recaptured within the first 12 months are

set forth in the following table :

—

Quarter.



186

a female, and 1 of unknown sex, wore recaptured in the Moray Firth, at distances

of from 105 to 117 miles ; the female was " ripe," one of the males " about ripe,"

and the other "three-parts ripe "
; a male, "ripe," was taken west of the Orkiaey

Isles, at a distance of 146 miles ; a female, which had migrated 26 miles to the

north and west, was "spawning," and a male, found 22 miles to the south and
west, was " nearly ripe "

; the other 3 fish had moved distances of only 6, 7, and
8 miles respectively. Two males and 3 females were recovered in March. Two
of the females were taken in the Moray Firth, at distance? of about 93 and 108

miles ; in neither was the condition of the ovaries ascertained ; a male, " ripe,"

was caught to the south-east of Auskerry, Orkneys, at a distance of 127 miles
;

another male, also " ripe," was got off Buchanness, at a distance of 32 miles to

the north and west ; and a female, " partly spent," at a distance of 10 miles to

the north and west. A male and a female were taken in April, the male, " spent,"

at a distance of only 5 miles to the north and west ; the female, also " spent,"

near the Pentland Skerries, 114 miles to the north and west. In May, a female,
" spent," was captured 52 miles to the north and east, off Rattray Point. Three

females and a male were taken in June, 1 female " spent," off Noss Head,
Moray Firth, at a distance of 98 miles ; another, 25 miles to the north and
east, off Buchanness ; and the third, 15 miles to the south and west ; the

male, off Auskerry, Orkneys, at a distance of 127 miles to the north and east.

Two females were recovered in August, both to th e north and east, 1 at a

distance of only 7-| miles, and the other offshore, south-east of Buchanness, at a

distance of 39 miles. A female was taken in September, 8 miles north-west from
Fair Isle, at a distance of 157 miles to the north and east. In October, another

female was got 9 miles south-east from Fair Isle, at a distance of 150 miles to the

north and east. In November, a female was caught 6i miles to the north and
west. In December, another female was taken 8 miles in the same direction ; both

were " nearly ripe."

Two were recaptured in 1913, both in March, a female, offshore, north-east of

Kinnaird Head, at a distance of 77 miles to the north and east, and a male on the

north coast, 5 miles north of Sandside, at a distance of 148 miles north and west

;

the condition of the ovary of the female was not recorded ; the male was " spawn-
ing."

Two males were recaptured in 1914, 1 in January, 8 miles to the north and
west, an the other in June. 10 miles south-east of Fair Isle, at a distance of 146

miles to the north and east ; the former was " three-quarters ripe," and the latter
" spent."

The following table shows the particulars of distance and direction in each

quadrant for all the fish of the experiment :

—

[Table.
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Quadrant.



of from 50 to 100 miles, viz. 20 males (27 percent.), with an average oi 82"1 miles,

17 females (15"2 per cent.), with an average of 80-5 miles, and 3 (42'8 per cent.)

of unknown sex, with an average of 78*5 miles. Eighteen males, 13 females,

and 3 of unknown sex were found to the north and west ; 1 male and 3 females

to the north and east ; 1 male and 1 female to the south and west. Eighteen

of the males, 12 of the females, and 2 of uuknown sex. or 32 altogether of the 40,

were recaptured in the Moray Firth.

Over 100 miles.—Thirty-six fish, oi' 18-6 per cent., were recovered at distances

of from 101 to 197 miles, namely, 18 males (24-3 per cent.), with an average of 126-8

miles, 16 females (14-3 per cent ), with a mean of 131-4 miles, and 2 of undetermined
sex (28-6 per cent.), with an average of 156-5 miles. Fifteen of the males, 8 of the

females, and the 2 of unknown sex had migrated to the north and west ; 3 males
and 8 females to the iiorth and east ; none was found to the south and west, nor to

the south and east. Eight males, 5 females, and 1 of the unknown sexes were
recaptured in the Moray Firth, mostly off the coast of Caithness, and 2 of the males
just outside the limits of the firth. Two males and 2 females were taken on the

north coast of Scotland. Three males and 3 females were got in the neighbourhood
of the Orkney Isles. One male and 2 females were taken near Fair Isle, and 2 males

and 1 female off Cape Wrath, on the west coast. A female was caught at the

entrance to the Pentland Firth, and another far offshore to the east of Noss Head.

Maturity.

Males.—Of the 76 males recaptured, the condition of the testes was ascertained

in 60. Nine were " spawning "
; 7 of them were caught in the Moray Firth, 6

near Banff, at a distance of 77 miles, and 1 on the Caithness coast, at a distance of

104 miles ; 1 was recaptured off Sandside, on the north coast of Caithness, at a

distance of 148 miles, and 1, 45 miles to the south and west, to the east of the Firth

of Forth. Two were taken in January 1911. 4 in February 1911, 2 in March 1911,

and 1 in March 1913.

Sixteen were " ripe," of which 7 were recaptured in the Moray Firth, 3 at Banff,

at a distance of 77 miles, and the others at distances of from 101-5 to 107 miles.

One was got on the north coast, at a distance of 150| miles, 2 off Orkney, at distances

of 127 and 146 miles. 1 off Cape Wrath, at a distance of 194 miles, 2 off Buchanness,
at 32 miles distant, 1, 4 miles to the north and west of the station, and 1, 17 miles

to the south and east ; the locality of recapture of the remaining fish was not ascer-

tained. Eight of these were taken in February 1911, 1 in February 1912, 2 in

March 1911, 2 in March 1912, 1 in May 1911, 1 in June 1911, and 1 in July 1911.

Five were described as " spent," 1 taken in June 1914, after 1362 days, near
Fair Isle, at a distance of 146 miles, and the others at, respectively, 5, 15, 17, and
29 miles to the north and west, 3 in March 1911, and 1 in April 1912.

Eight were " nearly ripe." Two were recaptured in the Moray Firth at dis-

tances of 78 and 105 miles, 1 near Cape Wrath, at a distance of 190 miles, 1 to the

north of Rattray Point, at a distance of 72 miles, 2 off Buchanness, at distances of 32

and 38 miles, 1, 8i miles to the north and west ; the remaining male was recaptured
22 miles to the south and west. One of these fish was got in January, 4 in February,
1 in October. 1 in November, and 1 in December.

Two were described as "three-quarters ripe," 1 taken in the Moray Firth in

February 1912, at a distance of 117 miles, and the other in January 19i4, 8 miles

to the north and west.

Fourteen were described as " immature." Two were recovered in April, both
to the south and west, at distances of 3^ and 32 miles respectively ; 2 were caught
in May, the place of recapture of 1 being unrecorded, the other being taken 18 miles

to the south and west. Two were taken at considerable distances, 1 in the Moray
Firth, in August 1911, 94 miles away, and the other in June 1912, off Auskerry,
Orkneys, at 127 miles distant.

Females.—Of the 112 females recovered, the condition of the reproductive organs
was ascertained in 92.

Eight were " spawning "
; 6 were recaptured to the north and west, 1 to the

south and west, and 1 to the north and east. One was taken in the Moray Firth,

oft' Banff, at a distance of 77 miles ; another off Stronsay, 140 miles distant to the
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north-east ; 1, 20 miles to tlie south and west, and the others at distances of from
10 to 32 miles to the north and west. One was captured in February, 6 in March,
and 1 in April.

Two were " ripe," 1 got 59 miles to the south and west, off the Isle of May, in

February 1911, and the other in the Moray Firth, at a distance of 105 miles, in

February 1912.

Twenty-one were said to be " spent "
; 9 were recaptured to the north and west,

at distances of from 13 to 196 miles, the latter in the neighbourhood of Cape Wrath
;

another was taken on the north coast, off Whiten Head, at 156 miles distant; 1 off

the Pentland Skerries, at 114 miles, and 2 in the Moray Firth, at 77 and 98 miles

distant respectively. Nine were recovered to the north and east, 2 at Auskerry.

Orkneys, at 135 and 137 miles distant ; 1 north of Rattray Point, at a distance of

52 miles ; 1 east of the Orkneys, at a distance of 115 miles ; another off Kinnaird

Head, at 61 miles distant, and the others at distances of from 12 to 30 miles ; 3

were taken at 15J, 33. and 35 miles to the south and west. Of these fish, 4 were

caught in March, 8 in April, 2 in May, 5 in June, 1 in July, and 1 in August.

Eight of the females were described as " nearly ripe "
; all were taken to the

nortl\ and west, 5 in the Moray Firth, off Banff and Whitehills, at a distance of 77

and 78 miles, 1 off the Pentland Firth, at 100 miles distant, and 2 at short distances

from the station, namely, 6J and 8 miles. Four of these fish were taken in January,

1 in February, 1 iii November, and 2 in December.
Twenty were "immature." One, of 39-39-6 cm., was caught in January 1911,

15 miles to the south and west ; 1, of 39-41'7 cm., was taken in March 1911, 12 miles

to the north and west ; 2 were got in April 1911, 1 measuring 37'5-40-l cm., 12

miles to the north and west, and 1, of 36-5-38'9 cm., 33 miles to the north-west
;

and 1, of 37-5-40'l cm., in May 1911, 20 miles to the south and west. All the others

were taken outside the limits of the spawning season.

Among the females under the size assigned for first maturity, viz. 38 cm., 1 was
" ripe," 1 " nearly ripe," 3 " spent," and 1 " spent or immature." The " ripe

"

fish measured 37-5-37-8 cm., and was taken in February 1911, after 103 days, 16^
miles to the westwards ; the " nearly ripe " plaice measured 37-36"9 cm., and was
got in January 1911, after 95 days, in the Moray Firth, at a distance of 97 miles.

All those described as " spent " were taken in March 1911, and all to the north

and west ; 1, of 36'5-37"7 cm., at a distance of 6| miles ; another, of 37-37*9 cm.,

at a distance of 7| miles ; a third, of 37-37*4 cm., at a distance of 15 miles, and the

fourth, which was " spent or immature." measuring 36-5-37"2 cm., at a distance of

13| miles.

Among those whose sexes were unknown was one described as " spawning "
;

it measured 39*5-39 cm., and was captiired in February 1911, after 130 days, off

Cape Wrath, on the west coast, at a distance of 197 miles.

EXPERIMENT III.

19^^ July 1911.

The number of plaice marked and liberated in this experiment was 109, of which

49 were males and 60 were females. The sizes of the males ranged from 23-5 to

43-5 cm., and of the females from 24-5 to 47-5 cm. On Uberation 35 of the males

and 37 of the females were under the adult size

The numbers marked and recaptured, arranged in 5-cm. groups, were as

follows :

—

cm. cm. cm. cm. cm.
•25-30-5 31-35-5 36-40-5 41-45-5 40-50-5 Total.

F.Lib. ... 19* 10 21 9 1 60

F. Recap. . . 6t 5 16 6 1 34

M. Lib. ... 33$ 10 3 3 — 49

M Recap. . . 14§ 6 2 1 — 23

* Two at 24-5 cm. t One at 245 cm.

X One at 23-5 and I at 24-5 cm. § One at 23-5 cm.
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The fish used in this experiment were caught in Cruden Bay, Aberdeenshire,

on the 18th July, at 9 p.m., and they were Uberated on 19th July, at 2 a.m. Two
died in the tanks on the way.

The number recaptured was 57, or 52-3 per cent., rather a low proportion.

Twenty-three (46'9 per cent.) were males, and 34 (56'7 per cent.) were females.

Of the males, 10 were of adult size on recapture, ranging from 33-7 to 44-8 cm.,

and averaging 38"7 cm., in comparison with a range of from 29 to 41 cm. and an
average of 34-4 cm. on liberation ; they were free for from 15 to 883 days, the

mean being 380 days ; they migrated distances of from 8 to 102 miles, the mean
being 393 miles, and the average rate of travel was 1 mile per 10 days.

Thirteen of the males were under adult size, averaging 28'5 cm., and ranging

from 23'8 to 32 cm., compared with a range of from 23'5 to 33 cm. and an average

of 27"7 cm. on liberation ; they were at liberty for from 9 to 323 days, the mean
period being 83 days, and they moved journeys of from 6 to 55 miles, the average

being 26"2 miles, and the mean rate was 3' 15 miles.

Twenty-three of the females were of adult size on recapture, ranging from 38*6

to 46"9 cm., and averaging 41*8 cm., as compared with a variation of from 31 to

47'5 cm., and an average of 38"9 cm. on Uberation ; their periods of freedom varied

from 13 to 701 days, the average being 275 days ; they travelled from 4 to 169

miles, the average being 31'1 miles, and the mean rate was I'l miles per 10 days.

Eleven wer*^ under the adult size, the average length being 31*4 cm., and the

range from 25 to 37'9 cm., compared with a range of from 24'5 to 37-5 era., and a

mean of just .30'9 cm. on liberation ; they were free for from 10 to 209 days, the

average being 91'5 days, and the distances migrated were from 4 to 52 miles, the

average being 24'9 miles, and the mean rate of movement 2'7 miles.

The Extent and Direction op Migration.

First Qxiarter.—In the remainder of July, 5 of the marked fishes were recaptured,

2 males and 3 females, but the particulars in regard to 1 of the females were

not recorded. The 2 males and 1 of the females were found to the northwards

at distances of from 8| to 12^ miles ; the other female was got 15 miles to the south

and shghtly to the east.

In August, 10 were recovered, 7 males and 3 females. Two of the females

and 4 of the males were taken to the south and west, at distances of from 11 to 41

miles, the rates of movement varying from 7'3 to 17*8 miles per 10 days. One
male went to the east of the Bell Rock ; the other 3 males and the remaining

female were found to the westwards and slightly northwards, at distances of from
4 to 29 miles.

Two males and 4 females were recaptured in September, both the males and
two of the females to the south and west, and 2 females to the north and west. One
of the males and one of the females were caught off St. Andrew's Bay, west of the

Bell Rock, at distances of 52 and 55 miles ; one of the females was caught to the

east of the Isle of May, at a distance of 51 miles ; the other niale was recaptured

east of the Bell Rock, at a distance of 34 miles ; the 2 females which moved to

the north and west were found at distances of 4 and 19 miles respectively.

In this quarter, 21 of the marked plaice, or 36'8 per cent., were recaptured, the

position of capture of 20 (35" 1 per cent.) being recorded. Ten (50 per cent.) were

found at an average distance of 31 miles in the mean direction S. 59° W. ; 9 (45

per cent.), 11 A miles in the mean direction N. 73° W. ; and 1 , 15 miles S. 1° E. The
general feature on the chart showing the lines between the station and the place

of capture is the movement westwardi and south-westwards, towards the coast and
the mouth of the Firth of Forth. None was recaptured to the north of a hue
between the station and Aberdeen. With two exceptions, all the males were under
the adult size on recapture, while 3 females were over adult size. The repro-

ductive organs in all case where their condition was recorded were " immature " or
" very immature."

Second Quarter.—One male and 3 females were got in October, the male and 1

of the females to the south and west, and 2 females to the north and west. Of the

2 females captured to the north and west, 1 was found at a distance of only

6 miles ; it measured 36'5-38*8 cm,, and was " nearly ripe •'
; the other, of 4r5-
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4r6 cm., was taken near Aberdeen, at a distance of 26i miles, and was " rather

immature." The male, of 26'7 cm., and " very immature," was taken to the

soutli-west of the Bell Rock, at a distance of 47 miles ; and the remainina female,

offshore, to the east of the Isle of May, at a distance of 35 miles ; it measured
42*5-42"8 cm., and was " nearly ripe."

Seven were taken in November, 1 male and 6 females. The male and 3 of the

females were got to the north and west, 2 of the females off Aberdeen, at distances

of 25 and 28 miles respectively, and both were " nearly ripe "
; the other female

was found 4 miles to the north and west, and the male, which was "about half

ripe," 17 miles to the westwards. Of the 3 females which migrated to the

south and west, 1 was found east of the Isle of May, at a distance of 52 mdes ; it

measured 30 cm., and was " immature "
; the other 2, also under adult size, were

found near Montrose, at a distance of 39 and 42 miles.

Only 1, a female, of 39-40"4 cm., and " half ripe," was got in December, 7 miles

to the north and west.

Thus, in the second quarter, 12 of the marked plaice, or 21 per cent., were

recaptured, 7 (58"3 per cent.) at an average distance of 16*2 miles in the mean direc-

tion N. 45° W., and 5 (41"7 per cent.) at an average distance of 43 miles in the mean
direction S. 60° W. The feature of the chart is much the same as in the first quarter,

none of the fish being found north of Lat. 57° 15' N.

Third Quarter —A male, described as " three-quarters ripe," was taken in

January 1912, to the north-east of the Bell Rock, at a distance of 24 miles to the

south and west ; it measured 29-5-31 "8 cm.
Two males and 2 females were recaptured in February, 1 of the males 16i miles

to the north-east, the other male and the 2 females to the north and west, at dis-

tances of 7 and 10 miles One of the females, which moved 7 miles, was " fully

ripe," and measured 38-39-2 cm.
None was taken in March.
In this quarter, therefore, only 5 of the marked plaice, or 8-8 per cent., Nvere

recovered, 3 at an average distance of 9 miles in the mean direction N. 51° W., 1 to

the north-east and 1 to the south and west. The chart shows a change from the

pre^dous quarters, 4 of the 5 fish being taken to the north of the station, but none
north of Lat. 57° 57' N.

Fourth Quarter.—A male and 3 females were got in April, 1 of the females to the

north and east, at a distance of 26 miles, and all the others to the north and west,

at rfiistances of 7, 9, and 13 miles respectively. One of the females was described

as " spent "
; it measured 37'5-40 cm., and was found 13 miles to the north and

west.

In May, a male, " spent," was recaptured in the Moray Firth, at a distance of

100 miles to the north and west.

In June, a male and two females were taken, the male 30 miles to the north and
west, 1 of the females 12 miles to the north and east, and the other 15 miles to the

south and west.

In this quarter, 8 of the marked plaice, or 14 per ceiit., were recovered, 5 (62-5

per cent.) at an average distance of 32 miles in the mean direction N. 24° W. ; 2

(25 per cent.) 19 miles in the mean direction N. 49° E. ; and 1 to the soutn and west.

All bur one were fouad to the northwards of the station.

Thus, in the first 12 months after liberation, 46, or 80-7 per cent., were
recaptured, the positions of 45 (78-9 per cent.) being known. Twenty-four (53*3

per cent.) were got to the north and west ; 17 (37-8 per cent.) to the south and west
;

3 to the north and east ; and 1 to the south and east.

[Table.
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The following table sets forth these particulars for the first year :-

The remaining plaice of the experiment were recaptured as follows; :—'Four in

the remainder of 1912, and 7 in 1913.

A female was caught in September 1912, after 422 days, 9 miles to the south
and west, and another in October, aftei 461 days, 29 miles to the south and west.

In November, a male was taken far offshore, north-east of Kinnaird Head, at a
distance of 102 miles to the north and east ; it measured 32'5-38*l cm., and was
" about half ripe "

; a female, described as " mature," was also taken in November,
offshore, to the south-east, at a distance of 28 miles.

Two females were recovered in February 1913, 1 of 37-45*4 cm., and " rather

immature, " to the north-east of the Orkneys , at a distance of 169 miles to the north
and east ; and the other, measuring 35-41'3 cm., and "immature," 13J miles to

the north and west. In April, a female of 31-40*8 cm., and " nearly ripe," was
recaptured 30 miles E. by S. | S. of Haitlepool, at a distance of 138 miles to the
south and west. In June, a male and a female were taken, the male 30 miles to

the south and west, to the east of the Bell Rock, and the female, described as "spent,"

33 miles to the north and west. A male was got in October, off Kinnaird Head, at
a distance of 65 miles ; it was said to be " nearly ripe." The last fish from the
experiment was a male, caught in December 1913, after 883 days, 41 miles to the
south and west, north-east of the Isle of May ; it was "nearly ripe," and measured
34-44-8 cm.

The following table sets forth the particulars of distance and direction in each
quadrant for all the fish of the experiment :

—

[Table.
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Quadrant.
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Over 100 miles.—Three, or 5-3 per cent., were got at distances over 100 miles,

a male, far offshore, 102 miles in the mean direction N. 71° E., and 2 females, 1 near

Fair Isle, at a distance of 169 miles to the north and east, and the other off Hartle-

pool, at a distance of 138 miles to the south and west.

Maturity.

Males.—Of the 23 recaptured, the condition of the testes was ascertained for 21.

None was described as " ripe." Two were " nearly ripe," 1 taken in December

1913, 41 miles to the south and west, and the other in October 1913, 65 miles to the

north and east.

One was said to be " spent "
; it was got in the Moray Firth, at a distance of

100 miles, in May 1912.

Two taken in November were described as " about half ripe," 1, 17 miles to the

north and west, and 1, 102 miles N. 71° E.

One of those described as " immature " was taken in April 1912, 9 miles to the

north and west ; it measured 29'5-33-7 cm.
Among the males under 33 cm. on recapture was 1, of 29*5-31 -8 cm., taken in

January 1912, 24 miles to the south and west, and described as " three-quarters

ripe."

Females.—The condition of the ovaries was recorded in 30 of the 34 females

recovered. One was " fully ripe "
; it was caught in February 1912, 7 miles to the

north and west, and measured 38-39-2 cm. ; another, of 38-5-42 cm., was " ripe,"

and was caught on 5th November 1912, 28 miles to the south and east.

Two were " spent "
; 1, of 37-5-40 cm., caught in April 1912, 13 miles to the

north and west, and the other, of 47-5-43-3 cm., 33 miles to the north and west.

Five were " nearly ripe," 3 caught at distances of 6, 25, and 28 miles to the north

and west, 1 in October 1911, and 2 in November 1911 ; 1 in October 1911, 35 miles to

the south and west, and 1, in April 1913, after 634 days, off Hartlepool, 138 miles

to the south and west.

Among those of adult size which were " immature " on recapture were the

following :—Two taken in February, measuring respectively 35-41-3 cm. and
37-45-4 cm., at distances of 13| miles to the north and west, and 169 miles to the

north and east ; 2 in April 1912, 1, of 37-5-40-4 cm., 7 miles to the north and west,

and 1, of 39-5-42-1 cm., 26 miles to the north and east.

EXPERIMENT IV.

6th July 1912.

In this experiment, 100 fish were marked and liberated, 49 males, 50 females,

and 1 whose sex was not ascertained. The sizes of the males ranged from 29 to 41

cm., and 20 were under the adult size ; the sizes of the females ranged from 28-5

cm. to 60 cm., and 35 were under the adult size on liberation.

The numbers Uberated and recaptured, arranged in 5-cm. groups, are as

follows :

—

cm. cm. cm. cm. cm. cm. cm.
25-30-5 31-35-5 3fi-40-5 41-455 46-50-5 51-55-5 56-fi0-5 Total.

F. Lib. . . 7 23 11 3 3 1 2 50

F. Recap.

M. Lib.

M. Recap.

?Lib. .

1 Recap.

The fish used in this experiment were taken in Kirkcaldy Bay, in the Firth of

Forth, on 5th July, and were marked and placed in tanks between 3-5 and 3-30

p.m. They were Uberated at 8-20 p.m. on the 6th, 10 of them having died in the

tanks in the interval.

The number recaptured was 62, or 62 per cent., viz. 31 males (63-3 per cent.)

and 31 females (62 per cent.).

3 15 6 1 3 1 2 31

11 29 8 1 — — — 49

5 19 6 1 — — — 31

_ !_____ 1_______
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Twenty-eiglit of the males were of adult size on recapture, ranging from 33"2

to 44 cm., and averaging 37 cm., as compared with a range of 29 to 41 cm., and an
average of 34"7 cm. on liberation ; they were free for from 5 to 822 days, the mean
being 291 days ; they migrated distances of from 5 to 172 miles, the mean being

60-7 miles, and the average rate of movement 2-1 miles. Three were under the

adult size, averaging 30-9 cm., as compared with 30-2 cm. on liberation ; they

were at liberty for a mean period of 124 days, and moved a mean distance of 30-2

miles at an average rate of 2-4 miles.

Eighteen of the females were of adult size, averaging 46'3 cm. and ranging

from 38"5 to 602 cm., as compared with an average of 42-3 cm. and a range of 31-5

cm. to 60 cm. on liberation ; they were at liberty for from 39 to 1188 days, the mean
being 382 days ; they moved distances of from 8 to 106 miles, the average being

35-8 miles, and the mean rate of movement -9 mile. Thirteen were under the adult

size, ranging from 29-8 to 37*4 cm., and averaging 33-7 cm., as compared with a

range of from 295 to 36 cm., and a mean of 32-2 cm. on hberation ; they were free

for from 28 to 362 days, the average being 190 days ; and they travelled journeys

of from 7 to 70-5 miles, the average being 43-7 miles, and the mean rate 2-3 miles.

The Extent and Direction of Migration.

First Quarter.—Two males were got in the same month as they were hberated,

1, 10^ miles to the south and east, and the other 19 miles to the north and west.

Four females and 1 male were taken in August, the male 9 miles to the north and
east, and all the females to the south and west, at distances of from 24 to 54 miles.

Three of them were recovered near the Bell Kock, 2 to the west of it, towards St.

Andrew's Bay, at distances of 52 and 54 miles, and the other to the south-east of it,

at a distance of 47 miles. The fourth female, described as " spent," was found

at a distance of 24 miles.

One male and 5 females were recaptured in September, the male 16J miles to the

south and east, and 1 of the females 34 miles in the same direction, in the offshore

waters ; of the other females, 1 was taken 11 miles directly west ; another, near Tod
Head, 30 miles to the westwards ; a third, 24 miles to the south and west ; the

fourth, 57 miles to the south and west, to the north of St. Abb's Head. On the

chart, the lines of movement, with a few exceptions, are towards the coast, spread-

ing out between Tod Head and St. Abb's Head.

In this quarter, 13 of the marked plaice, or 20-9 per cent., were taken, 6 at an

average distance of 43 miles, in the mean direction of S. 65° W. ; 3 (23-1 per cent.)

to the south and east, 2 to the north and west (N. 77° W.), 1 west, and 1 north and
east.

Second Quarter.—Three males and a female were recovered in October, 1 of the

males to the north and west, and the other fish to the south and west, the female

at a distance of 23 miles, 1 of the males at 24 miles, and another at 44 miles, near the

Bell Rock ; the remaining male was taken near Tod Head, at a distance of 30 miles

to the west and south.

Three males and 1 female were taken in November, 1 of the males near Tod
Head, 30 miles to the westwards, and all the others to the south and west, 1 of the

males at a distance of 20 miles, another south-east of the Bell Rock, at a distance

of 41 miles, and the female off Dunbar, 65 miles to the south and west.

Two males were caught in December, 1, " nearly ripe," off Aberdeen, at a distance

of 23 miles to the north and west ; the other, 27 miles E. h S. of Hartlepool, at a

distance of 133 miles to the south and west.

In this quarter, 10, or 16-1 per cent., were recaptured, 7 (70 per cent.) to the

south and west for an average distance of 50-3 miles, the mean direction being S.

54° W. ; 3 (30 per cent.) were got to the north and west, the mean distance being

28 miles in the mean direction N. 66° W. The chart shows much the same condi-

tion as in that for the previous quarter, only 1 marked plaice being caught to the

north of the station.

Third Quarter.—In January 1913, 3 males and a female were recaptured. The
female, measuring 33-34-5 cm., and " immature," was taken in the Firth of Forth,

near Elie, at a distance of 65 miles to the south and west ; 1 of the males was
caught 88 miles to the south, 42 miles E.S.E. J S. of Longstone Light ; it measured
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33-5 cm. on liberation, but the size on recapture and the condition of the testes were

not recorded ; another male, of 35-35-6 cm., and " nearly ripe," was caught in the

Moray- Firth, near Banff, at a distance of 77 miles ; and the third was recovered

114 miles to the south and west, 8 miles E. i S. of Tynemouth ; it measured 35-35

cm., and was described as " mature."

Three males and 4 females were taken in February, all but 1 of the females

to the north and west. Four were taken in the Moray Firth, 2, a male and a female,

at nearly the same place, close to Clyth Ness, at a distance of 106 and 106^ miles
;

the male measured 38-5-40-3 cm., and was " spawning " (" partly spent "), and

the female measured 50' 5-50-2 cm., fiid was " about ripe "
; a male was taken ofE

Banff, at a distance of 77 miles, measuiing 34-5-34-8 cm., and being described as
" ripe "

; the fourth, a male, of 32-33-2 cm., and " ripe," was got off Tarbet Ness,

at 100 miles distant ; a female, measuring 33-5-36-5 cm., and " immature," was

recovered 11 miles to the north and west ; and another female, of 30-32-9 cm., was

taken in St. Andrew's Bay, at a distance of 63 miles ; the last female, which

measured 46-46-5 cm., and was " almost ripe," was caught 8 miles to the north

and west.

Three males were recaptured in March, 1, of 34-36-8 cm., but of unknown
maturity, 35 miles E. h N. of Flamborough Head, at a distance of 172 miles to the

south and east ; another, of 34-36-4 cm., and " immature," only 5 miles to the north

and west, and the third, in the Moray Firth, north-east of Tarbet Ness, at a dis-

tance of 108 miles; it measured 39-5-40-2 cm., and was "spawning" ("partly

spent ").

In this quarter, 14 of the marked plaice, or 22-6 per cent., were recaptured,

9 (64-3 per cent.) to the north and west, at an average distance of 66 miles in the

mean direction N. 16° W. ; 3 at an average distance of 81 miles in the mean
direction S. 54° W. ; 1 to the south ; and 1 to the south and east. The migra-

tion lines on the chart show a great difference, 6 passing northwards to the Moray

Firth, 3 to the southwards, and 2 south and west, to the Firth of Forth and St.

Andrew's Bay.
Fourth Quarter.—Three females and a male were taken in April, the male in

Aberdeen Bay, 35 miles to the north and west, one of the females 7 miles to the

south and east, another 15 miles to the south and west, while the third had migrated

to near EUe, in the Firth of Forth, a distance of 70 miles. All these fish were

"immature."
In May, 3 females and a male were recaptured, the male at the entrance to the

Moray Firth, off Noss Head, at a distance of 104 miles ; it was " spent." One of

the females was taken 32 miles to the north and west, " spent "
; another, 34 miles

to the north and east ; and the third 39 miles to the south and west, offshore, to the

east of the Isle of May.
A female was caught in June, 16 miles to the south and west.

In this quarter, 9 of the marked plaice, or 14-5 per cent., were recovered ; 4 (44-4

per cent.) to the south and west (mean direction, S. 67° W.) ; 3 to the north and west,

and 1 each to the north-east and the south-east.

In the year after hberation, 46, or 74-2 per cent., were recovered, 20 (43-5 per

cent.) to the south and west ; 17 (36-9 per cent.) to the north and west ; 5 to the

south and east ; 2 to the north and east ; 1 west and 1 south.

The following table gives a summary of these particulars :

—

[Table.



197

Quarter.
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March, another female, of 31-5-40-5 cm., and " immature," was caught 28 miles
to the south and west, and in October, after 1188 days, the last fish, a female, of
34-5-52 cm., and " rather immature," was recaptured only 10 miles distant, to the
north and west.

The following table gives a summary of the mean distance and direction, in each
quadrant, for all the fish of the experiment :

—

Quadrant.
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Thus, 15 of the fish, or 24*2 per cent., were got at distances under 20 miles,

8 males (25'5 per cent.), with an average distance of 9-9 miles, and 7 females (22'6

per cent.), with a mean of 11 "2 miles.

20 to 50 miles.— Twenty-two of the recaptured plaice, or 35"5 per cent,, were taken

at distances of from 20i to 47 miles, 9 males (29 per cent.), with an average of 30'7

miles, and 13 females (41"9 per cent.), with an average of 32 miles. Five of the

males and 3 of the females were found to the north and west, 4 males and 7 females

to the south and west, 2 females to the north and east, and 1 female to the south

and east.

50 to 100 7nile6.—Sixteen, or 25"8 per cent., were taken at distances of from 51 to

100 miles, 6 males (19"3 per cent.), with an average of 79 miles, and 10 females (32'2

per cent.), with an average of 61*5 miles. Three of the males were taken to the

north and west, 1 male and 1 female to the north and east, 1 male and 8 females to

the south and west, 1 male to the south, and I female to the south and ea.«t.

Over 100 miles.—Nine, or 14'5 per cent., migrated distances of iiom 101 to 172

miles, viz. 8 males (25"8 per cent.), with an average of 120"1 miles, and 1 female (3'2

per cent.), which went 106 miles. Five of the males and the female were recaptured

in the Moray Firth, or its vicinity, while 3 of the males were taken off the coast of

England, to the southwards.

Maturity.

Males.—Of the 31 males recaptured, the condition of the testes was recorded

for 25.

Three were " spawning," 2 being taken in the Moray Firth, and the third off Kin-

naird Head, the former in February and March 1913, after 231 and 244 days

repectively, at distances of 106 and 108 miles ; the latter, in March 1914, after 612

days, at a distance of 71 miles ; all were large, measurine respectively 39'5-40*2 cm.,

38- 5-40- 3 cm., and 33-5-40 cm.

Five M^ere described as "ripe" ; 2 of them were taken in the Moray Firth,

in February 1913, after 214 and 216 days, at distances of 77 and 100 miles

respectively ; 1 was caught off Tynemouth in January 1913, at a distance of 114

miles, after 186 days, and 2 were taken short distances to the north and west, 1 at

7 miles in January 1914, and the other at 9| miles in May 1914.

One was said to be " spent "
: it was taken in the Moray Firth, in May 1913,

at a distance of 104 miles.

Four were described as " nearly ripe "
; one was got in January 1913, off

Banff, in the Moray Firth, at a distance of 77 miles ; another, m November 1912,

41 miles to the south and west, the third in December 1912, 23J miles to the north

and west, and the fourth in December 1913, 26J miles to the north and west.

Among those of adult size on recapture and described as "immature," was the

folloAAnng fish, taken within the limits of the spawning season :—It measured
34-36-4 cm., and was caught in March 1913, at a distance of only 5 miles to the

north and west.

Femnles.—The condition of the ovaries was recorded in 28 of the 31 females

recaptured.

None was " spawning " or " ripe."

Two were described as "spent," 1, measuring 59-59-3 cm., taken in August

1912, 24 miles to the south and west ; the other, of 40-43-1 cm., taken in May 1913,

32 miles to the north and west.

Four were described as "nearly ripe"; 1, of 52-51-4 cm., was taken in

November 1912, after 139 days, o^ Dunbar, 65 miles to the south and west ; another,

of 60-60-2 cm., was caught in December 1913, after 524 days, to the west of the

Bell Eock, at a distance of 51 miles to the south and west ; the third was caught

in February 1913, after 229 days, in the Moray Firth, at a distance of 106 miles
;

it measured 50-5-50-2 cm. ; the fourth, measuring 46-46-5 cm., was recaptured,

also in February 1913, only 8 miles distant, to the north and west.

Among those of adult size, with " immature " ovaries, 3 were recaptured in

the spawning season, viz. 1 of 32-49 cm., in January 1915, after 933 days, 34 miles

to the north and east ; 1, taken in March 1915, after 997 days, 28 miles to the

south and west ; a third, of 37-39-9 cm., caught in April 1913, after 271 days.

15| miles to the south and west.
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EXPERIMENT V.

2\st September 1912.

One hundred plaice were marked and liberated in this experiment, 44 males,

55 females, and one of undetermined sex. The males ranged in size from 30 to

44 cm., and 4 were under adult size on liberation ; the females ranged from 31*5

to 53 cm., and 22 were under the adult size when liberated.

The following table shows the numbers of those marked and recaptured,

arranged in 5-cm. groups :

—

F. Lib.

F. Recap. .
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and the female, the condition of whose ovaries was not recorded, 29 miles to tlie

south and west, offshore, to the east of the Bell Rock. A male and a female were

taken in February, the male at a distance of 10 miles to the north and west, and
the female at 15i miles distant in the same direction ; both were " spawning," the

male measuring 36-5-36-8 cm., and the female 44-44-3 cm. Three females were

caught in March, but the position of capture of 1 was not recorded. One of the

others, of 42-5-43'4 cm., was taken at a distance of 8 miles to the north and west,

and was " spawning "
; the other, measuring 38-37'8 cm., and " rather immature,"

was got nearly at the same place.

In this quarter, 7 were recaptured, or 17'5 per cent., the positions being

recorded for 6 (15 per cent.), and of these 5 were found to the north and west, at an
average distance of 15 miles, the mean direction being N. 25° W. ; the other fish

was taken to the south and west. The chart shows the radiating lines going to

the north and west, 5 of the 6 fish being taken to the northwards.

Third Quarter.—Two males and 3 females were taken in April 1913, but the

position of capture of one of the females was not ascertained. One female was
found lOi miles to the west, and the other 6 miles to the north and west ; one

of the males was taken 12 miles to the north and west, and the other 15 miles to

the south and west ; all these fish were " immature." A female, of 45-46 cm.,

was caught in May off Eattray Head, at a distance of 48 miles to the north and
west, and was " spent."

In this quarter, 6 fishes, or 15 per cent., were taken, the positions being known
for 5 ; 3 were found to the north and west, and 1 each to the south-west and the

west.

Fourth Quarter.—A male and a female were recaptured in July 1913, the male

18 miles to the south and west, and the female to the east of the Isle of May, at

a distance of 51 miles to the south and west. Two females and a male were taken

in August, the male at 7 miles and one of the females at 14| miles to the north

and west, and the other female 13J miles to the north and east.

In this quarter, 5, or 12*5 per cent., were caught, 2 to the north and west, 2 to

the south and west, and 1 to the north and east.

Thus, in the 12 months immediately following the liberation of the fish,

30 marked plaice were recovered, or 75 per cent., but the positions of 2 were not

recorded. Of the remaining 28, 13 (46-4 per cent.) were found to the north and
west, 9 (32-1 per cent.) to the south and west, 3 (10-7 por cent.) to the north and
east, 2 to the west, and 1 to the south and east.

[Table.

*
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A summary of the mean distance and direction in each quadrant for the first

year is as follows :—

Quarter.
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Quadrant.
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Maturity.

Males.—The condition of the testes was recorded for 10 of the 11 males.

Two were "spawning," 1 , measuring 36-5-36-8 cm., caught in February 1913, 10 miles

to the north and west, and the other, of 36-5-39-9 cm. in February 1914, 30| miles

to the north and west.

A male, of 36-36-3 cm., taken in January 1913, 35^ miles to the north and west,

was described as " ripe." One, of 35-5-34-8 cm., taken in December 1912, 24 miles

to the south and Avest, was said to be " nearly ripe."

Two, described as " immature," were caught in the spawning season, both in

April, 1, 15 miles to the south and west, and the other 12 miles to the north and

west ; they measured respectively 34-5-35'7 cm. and 36-5-36-5 cm.

Females.—The condition of the ovaries was ascertained in 23 of the 29 recap-

tured. Two were "spawning," 1, of 44-44-3 cm., being captured in February

1913, 15J miles to the north and west, and the other, of 42-5-43-4 cm., in March

1913, 8 rniles to the north and west.

One was described as " nearly spawning "
; it measured 42-42 cm., and was

captured in DccemDer 1912, 10| miles to the westwards.

Pive wei? aescribed as "spent," but the position of 1 was not recorded; the

others were taken as follows :— One in May 1913, 48 miles to the north and west,

off Rattray Head ; another, in March 1914. 9 miles to the north and west ; the

third, in Mav 1914, 9| miles to the north and west ; and the fourth, in February

1915, after 882 days, 7" miles to the north and west.

Four were " nearly ripi "
; 1 was taken in November 1912, 42 miles to the north

and cast ; another, in December 1912, 17 miles to the north and west ; the

third, in November 1913, 56 miles to the north and sliglitly to the east ; and the

fourth, in January 1914. 8 miles to the north and west.

Among those in which the ovaries were " immature," 1, of 39-39-5 cm., was

captured in April 1913, lOh miles to the west.

EXPERIMENT VI.

27th March 1913.

One hundred plaice were marked in this experiment, 28 males and 72 females.

The males ranged in size from 29-5-41-5 cm., and 6 were under adult size, and the

females from 31-5 to 55 cm., of which 49 were under adult size.

The numbers liberated and recaptured, arranged in 5-cm. groups, are as

follows :

—

cm. cm. cm. cm. cm. cm.
25-30-5 31-35-5 36-40-5 41-45-5 46-50-5 51-55-5 Total.

F. Lib. . . — 34 31 4 2 1 72

F. Recap. . . — 26 23 4 1 1 . 55

M. Lib. . . 1 19 7 1 - — 28

M. Recap. . . 1 14 6 1 — — 22

The fish used were taken by the " Goldseeker " in the Firth of Forth, place un-

specified, on the afternoon of the 26th, and were liberated about 2 a.m. on the 27th,

after being in the tanks for 11 hours, " all in good condition."

The number recaptured was 77, or 77 per cent., viz. 22 males (78-6 per cent.)

and 55 females (76-4 per cent.). All the males were of adult size on recapture,

ranging from 33-2 to 43-8 cm., and averaging 38-6 cm., as compared with a range of

from 29-5 to 41-5 cm., and an average of 34-8 cm. on hberation ; they were free for

from 5 to 671 days, the mean being 253 days, and they migrated distances of from

4 to 154 miles, the average being 36-6 miles, and the mean rate of movement 1-4

miles. Thirty-two of the females were of adult size, ranging from 38 to 55-3 cm.,

and averaging 43-8 cm., as compared with a range of from 32 to 55 cm., and an

average of 38-8 cm. on hberation ; they were at hberty for from 4 to 1457 days, the

mean being 294 days, and they moved distances of from 3 to 198 miles ; the mean
being 30-5 miles, and the average rate 1 mile. Twenty-two of the females were

under the adult size on recapture, ranging from 31*3 to 37*9 cm., and averaging

35-3 cm., as compared with a range of from 31*5 to 37*5 cm., and a mean of 34*2
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cm. on liberation ; they were at liberty for from 3 to 349 days, the average being
74 days, and they travelled distances of from 4 to 68 miles, the average being 24*7

miles, and the mean rate 3-35 miles per 10 days.

The Extent and Direction of Migration.

First Quarter.—In the remainder of March, 5 females were recaptured, 4 to the
north and west, at distances of from 6|to 9 oiiles, and 1, 10| miles to the north and
east. One, measuring 44-44-3 cm., was "spent" ; it was taken 6| miles to the
north and west.

Ten females and 4 males were taken in April, 6 to the north and west, at dis-

tances of from 4 to 9 miles, 5 to the south and west, at distances of from 11 to 25
miles, 2 directly north, at distances of 11 miles, and 1, 13 miles to the south and
east. Four of the females were described as " spent," 2 caught to the north and
west, and 2 to the south and west.

In May, 5 females and 2 males were taken ; 3 to the north and west, 3 to the

south and west, and 1 to the north and east ; the last named, a male, of 41'5-42"3

cm., is described as having been caught, after 46 days, 154 miles to the north and
cast, offshore, in 69 fathoms (Lat. 59° 5' N. ; Long. 1° 20' E.), and was landed at

North Shields ; a male and 2 females, taken to the north and west, had gone dis-

tances of 9|, 9|, and 16| miles respectively ; of the 3 females recaptured to the

south and west, 1 was got at a distance of 19 miles, 1 near the Bell Rock, at a distance

of 45 miles, and the other north of the Bell Rock at a distance of 40 miles.

In this quarter, 26 of the marked plaice, or 34*2 per cent., were recovered, 13

(50 per cent.) to the north and west, at an average distance of 8 miles in the mean
direction N. 55° W. ; 8 to the south and west, in the mean direction S. 67° W.,
at an average distance of 23 miles ; 2 (7'7 per cent.) to the north and east ; 2 to the

north, and 1 to the south and east. The lines of migration on the quarterly chart

mostly radiate towards the coast, to the westwards and south, but 8 of the fish were
recaptured to the north of the station.

Second Quarter.—Nine females and 1 male were taken in June, 4 to the north
and west, and 6 to the south and west. Three of the females were caught at dis-

tances of 16i, 19, and 19 miles respectively to the north and west, and the male
off Noss Head, Moray Firth, at a distance of 96 miles in the same direction. Of
the 6 females taken to the south and west, one was got east of St. Abb's Head, at

a distance of 58 miles ; another was taken north of St. Abb's Head, at a distance

of 52 miles ; a third south-east of the Bell Rock, at a distance of 48 miles ; one
offshore, east of the Isle of May. at a distance of 39 miles ; another at a distance

of 32 miles ; and the last at 5 miles distant.

A female was recaptured in July, 16 miles to the north and east.

In August, 2 males and 4 females were taken, 3 of the females to the south and
west, and 1 to the north-west ; 1 male was taken to the north-west, and the other

to the south and east ; 1 female had migrated 33 miles to the south and west, and
was caught to the east of the Bel! Rock ; other 2 were found 15 and 15| miles to

the south and west ; 1 female was taken 20 miles to the north and west^ south-

east of Aberdeen ; 1 male was recaptured 4 miles to the north and west, and
another 26 miles to the south and east, in the offshore waters.

In this quarter, 17 fish, or 22-4 per cent., were recovered. Nine (52-9 percent.)

went to the south and west, in the mean direction S. 53° W., at an average distance

of 34 mih s ; 6 were taken to the north and west, at a mean distance of 29 miles,

in the mean direction N. 63° W. ; and 1 each to the north and east and south and
east. The migration hues on the chart are much the same as in the first quarter,

but are spread more seawards, to the south.

Third Quarter.—A male was caught in September, 12 miles to the north and
west ; another in October, 26 J- miles to the south and east ; and a female in Novem-
ber, to the south-east of the Bell Rock, at a distance of 43 miles to the south and
west.

Thus, only 3 of the marked plaice were recaptured in the third quarter, or 3"9

per cent.

Fourth Quarter.—Two males and 2 females were taken in December, one of the

females 22^ miles to the north and west, south-east of Aberdeen, and the other
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near Buchanness, 34 miles to the north and west ; 1 male was taken south-east of

Aberdeen, at a distance of 26 miles, and the other off Dunbar, at 64 miles distant

to the south and west.

In January 1914, a female was caught in the Moray Firth, off Banff, at a distance

of 77 miles, and was " nearly ripe."

In February, a male was recaptured in the Moray Firth, close to Tarbet Ness,

at a distance of 113 miles, and a female 23 miles to the south and west.

In this quarter, 7 fish, or 9-2 per cent., were recaptured, 5 (71"4 per cent.) to

the north and west, and 2 to the south and west.

In the 12 months immediately following the liberation, 53 of the marked
plaice, or 69' 7 per cent., were taken, 25 (47'2 per cent.) to the north and west,

20 (37'7 per cent.) to the south and west, 3 (5'7 pei cent.) to the north and east,

3 to the south and east, and 2 to the north.

A summary of these particulars is given in the following table :

—

Quarter.
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Rattray Head, at a distance of 76 miles to the north and east. The male was got on

the north coast of Scotland, north-west of Holburn Head, at a distance of 144 miles.

In June, 2 males and 3 females were taken, one of the males 4 miles to the north

and east, and the other 17 miles to the north and west ; one of the males was found

7 miles to the south and east, one 26 miles to the north and east, and the third 26

miles to the south and west, north-east of the Bell Rock.
Two females were recaptured in July, one 3 miles to the south and west, and

the other 15| miles to the south.

Li September, a male was taken 10^ miles to the north and west, and a female

28 miles to the north and east.

A female was caught in October, after 567 days, only 5 miles to the north and
west, and in December, a male 30 miles to the westwards, near Stonehaven.

In January 1915, a male and a female were got, both to the north and west, the

male at a distance of 8 miles, and the female at 12 miles.

A male was recaptured in March 1917, after 1457 days, at a distance of 108 miles

to the north and west.

The following table gives a summary of particulars relative to all the fish

captured from the experiment :—

Quadrant.
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Distances travelled—10 miles and under.—Nineteen, or 25 per cent., of the re-

captured plaice were taken at distances of from 3 to 10 miles, viz. 7 males (31"8 per

cent.), with an average of 6'8 miles, and 12 females (22'2 per cent.), with a mean of

6-4 miles. Six of the males and 10 of the females were found to the north and
west, 1 male to the north and east, 1 female to the south and east, and 1 to the

south and west.

10 to 20 miles.—Twenty-five or 329 per cent., were recovered at from 10| to

19^ miles. Six (27"3 per cent.) were males, with an average of 13 miles, and 19

(35"2 per cent.) were females, with an average of 15 miles. Four of the males and
7 of the females were found to the north and west, 1 male and 7 females to the south

and west, 2 females to the north and east, 1 male and 1 female to the north, 1 to

the south, and 1 to the south and east.

Thus, 44, or 57-9 per cent., were taken at distances under 20 miles, 13 males
(59-1 per cent.),with an average of 9*7 miles, and 31 females (57-4 per cent.), with

a mean of 11*8 miles.

20 to 50 miles.—Twenty, or 26'3 per cent., were found at distances of from
20 to 48 miles, 4 males (18"2 per cent.), with an average of 27*2 miles, and 16

females (29-6 per cent.), with an average of 32-8 miles. Two of the males and 3 of

the females went to the north and west, 2 males to the south and east, 11 females

to the south and west, and 2 females to the north and east.

50 to 100 miles.—Seven, or 9"2 per cent., moved for from 52 to 96 miles, 2 males
(9*1 per cent.), with a mean of 80 miles, and 5 females (9-2 per cert.), with ar average
of 66 miles. One of the males and 1 female were found to the north and west

;

1 of the males and 3 of the females to the south and west, and 1 female to the north

and east. A male was caught off Noss Head, in the Moray Firth, and a female off

Banff, Moray Firth. One female was recaptured in the Eirth of Forth, near Elie,

and 2 to the east and south-east of the Isle of Ma} .

Over 100 miles.—Five, or 6' 6 per cent., were got at distances of from 113 to

198 miles, 3 males (13"6 pei cent.), with an average of 137 miles, and 2 females (3'

7

per cent.), one of which moved 198 miles, and was found of? Cape Wrath, on the

west coast of Scotland, and the other 108 miles to the Moray Firth Two of the

males were found in the Moray Firth, and one off the north coast of Scotland.

Maturity.

Males.—The condition of the testes was recorded in 20 of the 22 males recap-

tured. One was described as " ripe "
; it was taken in January 1915, only 8 miles

to the north-west of the station, and measured 37-43-1 cm.
One, of 32-5-38*3 cm., was "about three-quarters ripe," and was captured off

Stonehaven, 30 miles to the west and north, in December 1914, after 623 days.

Among those of adult size (33 cm.), described as " immature," recaptured within
the limits of the spawning season, 2 were taken in March 1914, 1 measuring 33-5-

37"6 cm., 10 miles to the north and west, and the other, of 33-40*4 cm., recovered
12 miles to the north and west ; 4 were taken in April, 2 at 5| and 6| miles to the
north and west, 1, 11 miles to the north, and the fourth 16 miles to the south and
west ; they measured 37-5-37-5 cm., 33-33-2 cm., 35-35-4 cm., and 35-34-6 cm.

Females.—The condition of the ovaries was ascertained in 48 of the 54 females
recaptured.

None was described as "spawning" or "ripe." One was "nearly ripe," and
measured 33-39 cm. ; it was taken off Banff, in the Moray Firth, at a distance of

77 miles, in January 1914. One, of 41-5-54-4 cm., taken in December 1913, 22i

miles to the north and west, was described as "about three-quarters ripe." Of
other 2, described as " about half ripe," 1 was got in August 1913, 15| miles to

the south and west, and the other in October 1914, 5 miles to the north and west.

Ten of the females were said to be " spent." One was taken in March 1913,
after 4 days, 6| miles to the north and west ; it measured 44-44-3 cm. Six were
taken in April, 4 in 1913, and 2 in 1914 ; of the former, 2 were got 4 and 9 miles

to the north and west, and 2,15 miles and 25 miles to the south and west ; of the 2

recaptured in April 1914, 1 was found at 11 and the other at 11^ miles to the north
and west. Two were taken in June 1913, both to the south-west, at 15 and 52
miles distant. The tenth fish was taken in March 1917, after 1457 days, 108 miles
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to the north and west. All those fish were large, above 44 cm., on recovery, except

1, which measured 39-39"l cm.
Amongst those of adult size, with " immature " ovaries (13 in number), none

was recaptured within the hmits of the spawning season.

EXPERIMENT VII.

2lst May 1913.

One hundred plaice were marked and liberated in this experiment, 43 males and

57 females. The males measured from 27 to 46 cm., and 8 were under the adult

size (33 cm.) on liberation ; the females varied from 28-5 to 63-5 cm., and 15 were

under the adult size when liberated.

The numbers Uberated and recaptured, arranged in 5-cm. groups, are as

follows :

—

cm. cm. cm. cm. cm. cm. cm. cm.
•25-30-5 31-35-5 3G-40-5 41-45-5 46-50-5 51-55-5 56-00-5 61-65-5 Total.

F. Lib. . 2 5 23 15 4 5 2 1 57

F. Recap. . 1 2 16 9 4 2 — 1 35

M. Lib. . 4 15 20 3 1 — — — 43

M. Recap. . 1 11 15 2 1 _ — — 30

The fi.sh used m this experiment were caught in the Dornoch Firth on the 20th

May, in the forenoon, and were set free, in good condition, on the following day, at

4.30 a.m.

The number recaptured was 65, or 65 per cent., viz. 30 males (67-4 per cent.)

and 35 females (61-4 per cent.). Twenty-six of the males were of adult size on

recovery, ranging from 33-3 to 46 cm., and averaging 39-7 cm., as compared with a

range of from 29-5 to 46 cm., and an average of 36-98 cm. on Uberation ;
they were

at Uberty for from to 945 days, the mean being 267 days, and they migrated

distances of from 7 to 62 miles, the mean being 26-3 miles, and the mean rate '98

mile. Four of the males were under the adult size, averaging 31*5 cm., as com-
pared with 30-25 cm. on hberation ; they were free for a mean period of 63 days,

and moved from 17 to 49J miles, the average being 35-7 miles, and the mean rate, per

10 days, 5-7 miles. Thirty-one of the females were of adult size, averaging 44-4 cm.,

and ranging from 38 to 63-1 cm., as compared with a range of from 32-5 to 63*5

cm., and an average of 42-5 cm on Uberation ; they were at Uberty for from to

636 days, the mean being 197 days, ana they migrated distances of from 7 to 109

miles, the mean being 29"7 miles, and the average rate of movement I'b miles.

Four of the females were under adult size, the average being 33"5 cm., as compared
with 33-2 cm. on liberation ; they were at Uberty for an average period of 26 days,

and travelled from 7 to 44 miles, the mean being 29 miles, and the mean rate 10-9

miles.

The Extent and Direction of Migration.

First Quarter.—Four of the marked plaice were recaptured on the day of Ubera-

tion, all by a Grimsby trawler, 3 at a distance given as 8 miles to the south and west,

and 1 at 7 miles to the south and west ; with the exception of 1 of the females,

which measured 36-5-36-2 cm., they were all of adult size.

Fourteen were got in June, 10 females and 4 males. Three of the males were

taken to the south and west, at distances of 28, 30, and 49| miles, the last-named

close to the Bell Rock, and the others in the same direction ; the other male was
found 11 miles to the north and east ; 7 of the females were found to the south and
west, at the following distances :—21, 28, 30, 37 (to the east of the Bell Rock), 27^,

44 (south-east of the Bell Rock), 59 (east of St. Abb's Head) ; 1 was recaptured 19

miles to the north and west, and 1 at 11 miles to the north and east ; the remaining
female was taken ofi Noss Head, in the Moray Firth, at a distance of 109 miles to

the north and west, the mean rate of travel in this case being 42"8 miles per 10

days.

Three males and a female were recovered in July, 2 of the males to the south

and west, at distances of 24 and 51 miles (to the east of the Isle of May), and the
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third 17| miles to the north and east ; the female went to the offshore waters,

64 miles to the south and east, 91 miles east of St. Abb's Head.
In this quarter, then, 22 of the marked plaice, or 33*8 per cent., were recaptured,

16 (72'7 per cent.) to the south and west, at an average distance of 29 miles in the

mean direction S. 65° W. ; 3 (13"6 per cent.) north and east ; 2 north and west

;

and 1 south and east.

Second Quarter.—In August, 3 males and 3 females were caught, all to the south

and west, except 1 female, which was taken 17 miles to the south and east ; the

others were taken at distances of 24, 29, 33J, 47, and 52 miles, the last-named east of

St. Abb's Head.
Two males and 2 females were caught in September, 1 of the females 11 miles

to the north and east, and all the others to the south and west, at distances of 15,

15J, and 18 miles.

Two females and 1 male were recaptured in October, all to the south and west,

at distances of 24, 32, and 40^ miles, the last-mentioned being to the east of the Bell

Rock.
In this quarter, 13 of the marked fish, or 20 per cent., were recaptured, of which

11 (84"6 per cent.) were taken to the south and west, at an average distance of 30

miles, in the mean direction S. 42° W. ; 1 was caught to the north and east, and 1

to the south and east.

Third Quarter.—In November, a female was got off Tod Head, at a distance of

20 miles to the west and north.

In December, a male and a female were taken, the male 13| miles to the north

and west, and the female 16 miles to the south and west.

In January 1914, 2 males and 1 female were captured, the female and 1 of the

males at 10 miles distant to the north and west ; the other male 62 miles to the

south and west, south-west of the Isle of May.
Thus, in this quarter, 6 fishes, or 9'4 per cent., were recaptured, 4 (66"6 per

cent.) at an average distance of 13 miles in the mean direction N. 76° W., and 2

to the south and west.

Fourth Quarter.—A male and a female were caught in February 1914, the female

8 miles to the north and west, and the male 21 miles to the south and west.

In March, a male and a female also were recovered, both to the south and west,

at distances of 20| and 52 miles respectively, the latter north of St. Abb's Head.

Two males and 2 females were taken in April, the males to the north and west,

at distances of 9 and 34 miles, the latter in Aberdeen Bay ; the females were got to

the south and west, at distances of 36 and 49 miles, the latter offshore, east of St.

Abb's Head.
Eight fishes, or 12-3 per cent., were recaptured in this quarter, 5 (62-5 per cent.)

at an average distance of 36 miles in the mean direction S. 55° W., and 3 (37'5 per

cent.) to the north and west.

Altogether, within the 12 months following the liberation, 49 of the marked
plaice, or 75-4 per cent., were recovered, 34 (69-3 per cent.) to the south and west,

9 (18"4 per cent.) to thenorth and west, 4 to the north and east, and 2 to the south

and east. These particulars are summarised in the following table :

—

[Table.
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Quarter.
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In February 1915, a female was captured, after 636 days, 9 miles to the north

and west, and in December of the same year a male, after 945 days, 30 miles to the

north and werft, south-east of Buchanness.

Quadrant.
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and west ; they were taken off the mouth of the Firth of Forth, except one got in the

offshore waters, more to the east.

Over 100 tniles.—Only 1 fish, a female, was recaptured over 100 miles ; it was
taken off Noss Head, Moray Firth, at a distance of 109 miles to the north and west.

Maturity.

Males.—The condition of the testes was ascertained in 28 of the 30 males

recaptured.

One was described as " spawning "
; it was caught 12 miles to the north and

west, in May 1914.

Four were " ripe "
; 2 were taken 9 miles and 11 miles respectively to the north

and west, in April 1914, and June 1913 ; 2 were found to the south and west, at

distances of 21 and 52 miles, in February 1914 and March 1914.

Four were described as " spent," all taken to the south and west, at distances of

28, 40, 34, and 51| miles repectively, in June 1913. Mav 1914, May 1914. and
July 1913.

Six were " nearly ripe," 4 taken to the north and west, at distances of 10, 13|,

13, and 30 miles respectively, in January 1914, December 1913, December 1914,

and December 1915 ; 2 were taken to the south and west, at 62 miles, in January
1914, and at 47 miles in November 1914.

Among the adult males described as " immature," 1, of 29"5-36-l cm., was caught

34 miles to the north and west, on 23rd April 1914.

Females.—The condition of the ovaries was recorded for 29 of the the 35 females

recaptured.

Two were " spawning," 1 taken in February 1914, 8 miles to the north and west,

and 1 in March 1914, 21 miles to the south and west.

One was " nearly ripe "
; it was taken in January 1914, 10 miles to the north

and west.

Seven were described as " spent "
; 2 of them were got to the north and west,

at distances of 9 and 19 miles in February 1915 (after 636 days), and June 1913

respectively ; 1 went to the north and east for 11 miles, being taken in June 1913
;

4 were recovered to the south and west, at distances of 30-|-, 36, 27|, and 24 miles, in

June 1913, April 1914, Juno 1913, and August 1913 respectively.

Three were said to be " three-quarters ripe "
; 1 went to the north and west for

20 miles, being caught in November 1913, the other 2 to the south and west, at

distances of 46 and 16 miles, in October 1914 and December 1913 respectively.

Among the 11 of adult size, which were described as " immature," one was taken

on 8th May 1914, at a distance of 41 miles to the south and west ; it measured
38-5-42-5 cm.

EXPERIMENT VIII.

\Mh November 1913.

One hundred fishes were marked and liberated in this experiment, namely.

49 males and 51 females. The males ranged in size from 28-5 to 48*5 cm., and 8

of them were under the adult size when liberated. The females measured from
26*5 to 51*5 cm., and 21 were under adult size.

The numbers Uberated and recaptured are shown, arranged in 5-cm. groups, in

the follownna table :

—

F. Lib.

F. Recap. .
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The number recaptured was 44, or 44 per cent., a low proportion ; 18 (36-7

per cent.) were males, and 26 (51 per cent.) were females. Seventeen of the

males were of adult size on recapture, averaging 40*8 cm., and ranging from

34'7 to 48'5 cm., as compared with a range of 31"5 to 48"5 cm., and a mean of 39"5

cm. on liberation ; they were at liberty for periods of from 15 to 732 days, the mean
being 197 days ; the distances travelled varied from 4 to 150 miles, the mean being

54-3 miles, and the average rate of travel 2-7 miles. Twenty-three of the females

were of adult size, ranging from 39 to 51*8 cm., and averaging 45"9 cm., as com-

pared with a range of from 34 to 51*5 cm., and an average of 4o-4 cm., on liberation
;

their periods of freedom varied from 8 to 673 days, the mean being 229-9 days
;

the distances travelled ranged from 2 to 110 miles, the average being 27' 1 miles,

and the mean rate of travel 1-2 miles.

The Extent and Direction of Migration,

First Quarter.—Two fish were caught in the remainder of November, 1, a female,

after 8 days, 26 miles to the north and west, off Tod Head, and a male 48 miles to

the south-west, near the Bell Kock.

A female was taken in December, 23 miles to the north and west, off Girdleness.

One male and 5 females were recaptured in January 1914, all to the north and
west, except 1 female, "which was taken 52 miles to the south and west, south of the

Bell Rock ; the male was found 4 miles distant, and 3 of the females at 10 miles
;

the remaining female was got off Buchanness, at a distance of 35 miles.

In this quarter, 9 fishes, or 20"4 per cent., were recaptured, 7 (77-8 per cent.)

at an average distance of 17 miles, N. 57° W., and 2 to the south and west.

Second Quarter.—In February, 6 males and 1 female were recaptured, 2 of the

males to the south and west, at distances of 15| and 42 miles, the latter to the east

of the Bell Rock ; 1 male was taken at 8 miles to the north-west, and a female

32 miles in the same direction, in Aberdeen Bay ; 2 of the males were got in the

Moray Firth, 1 near Banff, at a distance of 74| miles, and the other north of

Tarbet Ness, at a distance of 119 miles ; the remaining male was recovered on the

north coast of Scotland, 4 miles east of Strathie Point, at a distance of 150^ miles.

In March, 3 males and 3 females were recaptured ; a male and a female were

taken at 45 and 48 miles respectively to the south and west, to the south-east of

the Bell Rock ; 1 female was recaptured 4| miles to the north and east

;

and the remaining fish were taken in the Moray Firth, the female north-east of

Tarbet Ness, at a distance of 110 miles, one of the males off Burghead Bay, at a

distance of 106 miles, and the other south-west of Clyth Ness, at 110 miles distant.

A female was taken in April, 37J miles to the south and west, south-east of

the Bell Rock.
In this quarter, 14 fish, or 31-8 per cent., were recaptured, 8 (57-1 per

cent.) to the north and west, at an average distance of 89 miles in the mean
diiection N. 19° W. ; 5 (35"7 per cent.) to the south and west, at an average

distance of 38 miles in the mean direction S. 6° W. ; and 1 was found to the

north and east.

Third Quarter.—One male and 3 females were recovered in May, all to the

south and west, the male at a distance of 31^ miles, and the females at respectively

15J, 37, and 53 miles ; of the last 2., the former was got east of the Bell Rock, and
the latter north-east of St. Abb's Head.

One male and 4 females were recaptured in June, the male 46^ miles to the

south and west, north-east of St. Abb's Head, and a female 21 miles to the south

and west ; the other 3 females were taken to the north and west, at distances of

9, 12|, and 12| miles respectively.

In July, a male was caught 41 miles to the south and west, east and south of

the Bell Rock.
In this quarter, 10 of the marked plaice, or 22*7 per ceat., were recovered, 7

(70 per cent.) to the south and west, at an average distance of 35 miles in the

mean direction S. 56° W., and 3 (30 per cent.) at a mean distance of 11 miles in

the mean direction N. 15° W.
Fourth Quarter.—A male was taken in September, north of St. Abb's Head,
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at a distance of 57 miles to the south and west ; and in October, a female was

found near Scurd\aiess, Montrose, at a distance of 39 miles to the south and west.

Thus, there were only 2 fish ('t'5 per cent.) recaptured in the fourth quarter.

In the 12 months after liberation, 35 of the marked plaice, or 79-5 per cent.,

were recovered, 18 (51-4 per cent.) to the north and west, 16 (45"7 per cent.) to

the south and west, and 1 to the north and east. These particulars are sum-
marised, quarterly, in the following table :

—

Quarter.



216

Quadrant.
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distance of 8 miles, in February 1914, 2 of the others in the Moray Firth, at distances

of 106 and 119^ miles, in March and February 1914, while the third was captured

off the north coast of Scotland, in February 1914, at a distance of 150J miles
;

the rate of travel of the last fish was 9-1, 11-2, and 15 miles per 10 days of freedom.

Three were "ripe," 1 taken 4 miles to the north-west, in January 1914, 1, 42

miles to the south and west, in February 1914, off the Bell Rock, and the third

in the Moray Firth in March 1914, at a distance of 110 miles.

One was described as " nearly ripe "
;

it was taken in November 1913, 48

miles to the south and west, off the Bell Rock. One, said to be " three-quarters

ripe," was got in November 1915, 13 miles to the north and west.

Among those of adult size described as " immature " were 2 taken in February

1914, 1, 15| miles to the south and west, which measured 36-36-3 cm., and the

other, taken in the Moray Firth, at a distance of 74 miles, and measuring 37-5-

37-7 cm. ; the third was captured in February 1915, 4 miles to the north and

west, and measured 31-5-41 cm.

Females.—The condition of the ovaries was ascertained in 25 of the 26 females

recaptured.

Two were "spawning," 1 taken in January 1914, 35 miles to the north and

west, ofE Buchanness, and the other in March 1914, in the Moray Firth, at a

distance of 110 miles.

One was described as " ripe "
; it was caught in January 1914, at a distance

of 52J miles ti the south and west, south of the Bell Rock.

Five were said to be " spent "
; 4 were taken in June 1914, 3 of them to the

north-west at 9, 12|, and 12 J miles, and the fourth 21 miles to the south and west,

and 1 in May 1914, 15i miles to the south and west.

Three were " nearly ripe "
; they were all taken to the north and west, 1 in

November 1913, at a distance of 26 miles, 1 in December 1913, at 23 miles, and

the third in February 1914, at a distance of 32 miles. Two were described as

"about thiee- quarters ripe," 1 taken in January 1915, 32 miles to the north and

west, the other ir September 1915, 8 miles to the north and west.

Of those of adult size on recapture, whose ovaries were " immature," 5 were

taken vnt\\\\\ the limits of the spawning season, 2 in January 1914, both at 10

miles to the north and west, and measuring respectively 40-40-5 cm., and 42-5-

42-7 cm. : 1 was taken in March 1914, 4| miles to the north and west, and measured

36-5-39 cm. ; 1 was caught in April 1914, 37|- miles to the south and west,

measuring 38-5-41-2 cm. ; another in April 1915, 24 miles south and west,

measuring 34-42-2 cm.

Experiments Near Fair Isle.

In the neighbourhood of Fair Isle, 8 experiments were made, extending from

4th November 1910 to 22nd November 1912, 940 plaice being marked and liberated,

of which 371 were males, 551 females, and 18 of unknown sex.

The number recaptured was 461, or 49 per cent., viz. 180 males (48-5 per cent.);

275 females (49-9 per cent.), and 6 of unknown sex (33-3 per cent.).
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EXPERIMENT I.

Uh November 1910.

In this experiment, the large number of 246 plaice were marked and liberated,

at a position 22 miles south-east of Fair Isle, 59° 20' N. ;
1° 3' W., where the depth

is 44 fathoms. Of the total, 109 were males, 133 females, and 4 of unknown sex.

The males measured from 30*5 to 40 cm., and 7 were under adult size when liber-

ated. The females ranged from 31-5 to 48*5 cm., and 63 were under adult size on
liberation.

The numbers liberated and recaptured, arranged in 5-cm. groups, were as

follows :

—
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taken in the " Moray Firth," and landed at a foreign port ; the others had all moved
to the south and \vest ; 1 was taken at the Shetland Isles, 45 miles away ; another,

at the entrance to the Pentland Firth, at a distance of 63 miles ; 1 was recaptured
on the north coast, off "Wliiten Head, at a distance of 116 miles ; and the remaining
female was taken near Aberdeen, at a distance of 137 miles ; the latter had moved
21 -1 miles in 10 days.

In this quarter, therefore, 22 fish were recovered, or 14-9 per cent., 16 (73 per
cent.) to the south and west and 6 (27 per cent.) to the north and west. An
examination of the chart shows the general movement south-west to the northern
part of the Moray Firth, and, in the case of 3 of the fish, southwards to the coast of

Aberdeen or Kincardine.

Second Quarter.—In February 1911, 3 males and 2 females were caught, 1 of the

males in the " Moray Firth " by a foreign trawler ; another to the east of the

Orkneys, 36 miles to the south and west, and the third to the west of the Orkneys,
8 to 10 miles S.S.E. of Sule Skerry, at a distance of 100 miles. One of the females was
taken to the north and west, off Noup Head, Orkneys, at a distance of 68 miles ; the

other, north-east of Rattray Head, at a distance of 81 miles to the south and west.

In March, 8 males and 3 females were recaptured, all to the south and west
;

1 of the males and 1 of the females were taken in the " Moray Firth," and landed
at a foreign port ; another female was taken east of the Shetland Isles, at a dis-

tance of 36 miles ; the remaining female was captured north of ICinnaird Head,
at a distance of 79 miles ; of the males, 1 was got at the same place, off Kinnaird
Head, at a distance of 79 miles ; another, on the north coast, off Sandside Bay,
at 95 miles distant ; 2 others were taken also on the north coast, farther to the

westward, off Rabbit Island, at a distance of 112 miles ; another was captured
close to Tarbet Ness, in the Moray Firth, at 123 miles distant ; the 2 remaining

males had migrated to the west coast, 1 being taken 10 miles W.S.W. from Cape
Wrath, at a distance of 138 miles, and the other in the Gairloch (57° 43' N. ;

5° 43' W.)
at a distance of 208 miles ; the rates of movement of the last 2 were respectively

10'5 and 16-4 miles per 10 days.

In April, 18 of the marked plaice were recaptured, consisting of 7 males, 10

females, and 1 whose sex was not ascertained. Two of the females were taken by
foreign trawlers in the Moray Firth, the position unspecified ; a third female was
recovered to the north-west of the Shetlands, off Ronasvoe, at 86 miles to the

north-east ; a fourth was taken off Foula, 51 miles to the north and west ; the

others were got at the following localities :—36 miles to the south-west, off Auskerry
;

85 miles to the south-west, off Kinnaird Head ; 41 miles to the south-west, off

Auskerry ; 35 miles to the south-west, east of the Orkney Isles ; 72 miles to the

south-west, south-east of Noss Head ; and 12 miles W. ^ N. of Cape Wrath, at a

distance of 140 miles. Of the males, 1 was taken 41 miles to the north-west, at the

Orkney Isles ; another, south-west of Cape Wrath, at a distance of 131 miles
;

another, east of the Orkney Isles, 41 miles to the south and west ; the fourth, east

of the Shetlands, at 37 miles to the south and west ; the fifth, on the north coast, off

Whiten Head, at 109 miles distant ; the sixth, 63 miles to the south-west, off Noss
Head ; the remaining male was recaptured 16 miles east of the Bell Rock, at a

distance of 170 miles to the south and v/est ; the fish whose sex was unknown was
taken east of the Orkneys, at a distance of 40 miles to the south and west.

Thus, in the second cjuarter, 34 fish, or 23"1 per cent., were recaptured, 29
(85-2 per cent.) to the south and v/est, 4 (11*8 per cent.) to the north and west, and
1 to the north and east. The migi-ation chart shows the same general features as

in the first quarter, v/ith this difference that several of the fish were found to the

westwards, towards Cape Wrath, and south of it, and a considerable number east

of the Orkney Isles, and some northwards towards the Shetlands.

Third Quarter.—In May, 2 males and 14 females were recaptured, the position

of 1 of the females not being ascertained. The 2 males were taken to the south-

west, east of the Orkneys, at 37 and 45 miles to the south and west. Eight of the

females were also got to the south and west, 5 east of the Orkneys, at distances of

from 36 to 44 miles ; 1 was taken far in the Moray Firth, to the north-east of

Tarbet Ness, 102 miles to the south and west ; another near the Pentlaud Firth,

52 miles to the south and west ; 1 on the north coast, off Strathie Point, about 100
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miles distant ; another female was taken 5h miles off Cape Wrath, 127 miles to the

south and west ; another 17 miles to the north and west ; 1 is described as having
been captured 178 miles E. by S. of Aberdeen (57° 20' N. ;

3° 30' E.), 187 miles

to the south and east. One female went to the north and east for 22 miles ; another

to the north and west for 30 miles, and the remaining female had no particulars

of capture recorded.

In June, 25 of the marked plaice were recaptured, 15 males and 10 females.

Twelve of the males migiated to the south and west, all, with one exception, being

captured to the east of the Orkney Isles, at distances of from 33 to 43 miles from
the station ; the exception was taken off the north coast of Scotland, at a distance

of 79 miles to the westward ; 3 males had moved to the north and west ; 2 were

taken to the west of the Orkney Isles, off Stack Skerries, at a distance of 95 and
96 miles, and oae 6 miles off Foula, 52 miles distant. Of the females, 9 were

taken to the south and west, 8 of them being captured to the east of the Orkney
Isles, at distances of from 32 to 40 miles ; the other female was found in the Moray
Firth, off Portknoclde, on the south shore, at a distance of 102 miles ; the remaining

female was recaptured to the north and west, at a distance of 15 miles.

In July, 4 males and 5 females were taken ; 2 of the males were found to tlie

south and west, at 14 and 41 miles, and 2 to the nortii and west, at 14 and 49 miles
;

the latter near Foula. Two of the females were taken to the south and west, at

14 and 21 miles, and 3 to the north and v.^est, at 10, 13, and 16 miles

In this quarter, 50 fish, or 34 per cent., were recaptured, the place of capture

being known for 49 (33 3 per cent.), and of these, 34, or 69*4 per cent., migrated

a mean distance of 44 miles in the )nean direction S. 76° W., 13, or 26'5 per cent.,

an average distance of 44 miles in the mean direction N. 54° W., while 1 moved
north and east, and 1 south and east. The migration chart shows a great concentra-

tion of the plaice to the east of the Orkney Isles, where most were recaptured.

Fourth Quarter— A male and a female were taken in August, the male 36 miles

to the south and west, to the east of the Orkne}'S, and the female 17 miles to the

north and west.

In September, a male was recovered 16 miles to the north and west, and in

October, another male 9 miles to the north ai\d west.

In this quarter, only 4 fish, or 2*7 per ceat., were taken, 3 to the north and
west, and 1 to the soutn and west.

In the 12 months immediately following liberatioii ] 10 marked plaice, or 74*8

per cent., were recaptured, of which 9 had no particulars given ; 71 (70"3 per cent.)

migrated to the south and west ; 27 (26*7 per cent.) to the north and west ; 2 to

the north and east, and 1 to the south and east.

Of the remaining fish, 2 were taken in the remainder of 1911, 27 in 1912, 3 in

1913, and 3 in 1914.

In November 1911, a male was taken off the Pentland Skerries, 60 miles to the

south and west, and in December, another male was recaptured 10| miles N.W.
by N. of Cape Wrath, on the west coast, 138 miles to the westwards.

Two females were taken in January 1912, 1,15 miles to the north and west,

and the other 2-4 miles to the north and cast, off Sumburgh Head, Shetland. In

February, 4 males and a female were taken, the latter 48 miles to tlie south and
west, east of the Orkneys. All the males had moved to the westwards ; 1 was

taken oft' Strath ie Point, on the north coast, at a distance of 99 miles ; another

was found 6 miles W.N.W. of I^och Laxford, on the west coast, at a distance of

145 miles ; another south-west of Cape Wrath, at a distance of 144 mile?, and
the last 7 miles to the north and west, to the Butt of Lewis, at a distance of 169

miles. The 3 males last referred to had travelled at the mean rate of from 3 to

3'5 miles per 10 days. One male and 3 females were taken in March, the male

off Lossiemouth, in the Moray Firth, 100 miles to the south and west ; 1 of the

females was taken on the north coast, off Whiten Head, at a distance of 107 miles
;

another fartlicr north of the same place, at a distance of 102 miles, and the third

27 miles N.E. | E. of the Butt of Lewis, at a distance of 149 miles. A male and
2 females were recaptured in April, the male 7 miles E.S.E. from Stack Skerry,

west of tlie Orkneys, at a distance of 99 miles ; 1 female in the Moray Firth, south

of Tarbet Ness, at a distance of 92 miles to the south and west, and the other off

Cape Wrath, at a distance of 121 miles. Two females were taken in May, both
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to the north and west, 1 at 15 miles and the other at 50 miles, 6 miles south-east

of Foula. Two males and 3 females were taken in June, 1 of the males and 1 of

the females near Foula, 51 and 53 miles to the north and west ; the others were got

to the south and west, the male and 1 female to the cast of the Orkneys', at 33 and
38 miles, and the other female in the Moray Firth, about midway between Noss
Head and Kinnaird Head, at a distance of 80 miles. In July, a male and 2 females

were recaptured, the females to the north and west, at 13 miles, and the male near

Rattray Head, 95 miles to the south and west. A female was recaptured in August,

close to Noss Head, in the Moray Firth , 82 miles to the south and west. In November,
a male was taken aoith of Kinnaird Head, 66 miles to the south and west, ard a

female near Duncaiisby Head, 63 miles to tlie south and west. A male was taken
in March 1913, to the east of the Orkneys, at a distance of 39 miles to the south

and west, and in April, a female off Strathie Point, on the north coast, at a distance

of 100 miles to the south and west. A male was taken in August, offshore, south-

east of Aberdeen, 154 miles to the southwards, and in January 1914, a male was
recaptured Ih miles off Whitehills, on the south coast of the Moray Firth, at a

distance of 109 miles to the south and west. A female was recaptured in May
1914, 13 miles to the north and west, and the last fish of the experiment was taken

in June 1914. after 1313 days, a female, also 13 miles to the north and west.

Aji inspection of the migration chart for this experiment shows the lines radiating

in great numbers to the south and west, the greater number to the east of the

Orkneys and into the westeni half of the Mora}" Firth. A number moved down
the east coast of Scotland ; 6 were taken north east of Kinnaird Head, and 6 farther

to the south, 1 of them to the eastern side of the Bell Rock. Six fish were recaptured

near Foula, Shetlands, and 1 farther to the north, off the west of the Shetlands.

Two were taken to the north-west of the Orkneys, and 26 west and south-west of

the Orkneys ; 9 on the north coast ; 8 in the vicinity of Cape Wrath ; 2 off the

Butt of Lewis, and 1 in the Gairloch, close to the Isle of Skye.

Quadrant.
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Distances travelled~10 mihs and under.—^ix fish, or 4-4 per cent., were

recaptured at distances of from 6 to 10 miles, namely, 2 males (3-3 per cent.), with

an average of 7-5 miles, and 4 females (5-4 per cent.), with an average of 8 miles.

All the fish were found to the north and west.

10 to 20 m?7g.<f.—Sixteen, or 11-8 per cent., were recaptured at distances of from

13 to 17 miles ; 3 males (4-9 per cent.), with an average of 14-6 miles, and 13 females

(17-6 per cent.), with an average of 14-7 miles. Two of the males and 12 of the

females were found to the north and west, 1 male and female to the south and west.

Thus, 22, or 16-2 per cent., were recaptured under 20 miles ; 5 males (8-2 per

cent.), with 'an average of 12-2 miles, and 17 females (22-9 per cent.), with

an average of 13'1 miles.

20 to 50 miles.—YoTtj-niae fish, or 36 per cent., were recaptured at distances

of from 21 to 50 miles, namely, 22 males (36-1 per cent.), with an average of 38-9

miles, 26 females (35-1 per cent.), with an average of 36-5 miles, and 1 of uaknown

sex. Twenty of the males and 21 of the females were found to the south and

west ; 2 males and 3 females to the north and west, and 2 females to the north

and east.

50 to 100 mt^es.—Thirty-eight fish, or 27-9 per cent., were taken at distances

of from 51 to 100 miles, namely, 18 males (29-5 per cent.), with an average of

79-5 miles, and 20 females (27 per cent.), with an average of 76-1 miles. Twelve

males and 15 females were found to the south and west ; 6 males and 4 females

to the north and west, and 1 female to the north and east.

Over 100 m?7e5.—Twenty-seven fish, orl9-8 per cent., were recaptured at distances

of from 102 to 208 miles,"' namely, 16 males (26-2 per cent.), with an average of

141-5 miles, and 11 females (14-9 per cent.), with an average of 126-4 miles. Four-

teen of the males and 6 of the females were found to the south and west
; 2 males

and 4 females to the north and west ; and 1 female to the south and east
;

most of these fish were recaptured on the north coast of Scotland, or in the neigh-

bourhood of Cape Wrath, bat some of them were recaptured on the east coast

of Scotland.
Maturity.

Males.—The condition of the testes was recorded for 42 of the 63 recaptured.

Eight were " spawning ;
" 3 were taken in March 1911, to the south and west,

1 at a distance of 79 miles, and 2 at a distance of 112 miles : the former was

recaptured near Kinnaird Head, in the Moray Firth ; the 2 latter on the north

coast towards Cape Wrath. Two were taken in April 1911, also on the north coast,

at distances of 109 and 131 miles. One was taken in February 1912, also on the

north coast, at 99 miles distant, and another in June 1912, to the east of the Orkneys,

at 38 miles distant to the south and west. The eighth " spawning " male was

taken in January 1914, after 1175 days, off Whitehills, on the south shore of the

Moray Firth, 109 miles to the south and west.

Nine were described as "ripe "
; two were taken in January 1911, one in the

Moray Firth, off Noss Head, 73 miles to the south and west ; the other off Tod

Head, Kincardineshire, on the east coast, at a distance of 153 miles to the south

and west. In February 1911, two were taken ; 1, 36 miles to the south and west,

east of the Orkneys, the other on the north coast at a distance of 100 miles to the

westward. One was caught in March 1911, south-west of Cape Wrath, 138 miles

to the south and west ; 2 were taken in June 1911, both east of the Ork-neys, 35

and 40 miles to the south and west ; 1 caught in July 1911, near Foula, 49 miles

to the north and west, and 1 taken in February 1912, south-west of Cape Wrath, at

145 miles distant.

Nine were described as " spent ;
" 1 taken in March 1911, on the north coast,

at Sandside Bay, 95 miles to the south and west ; another in April 1911, east of

the Orkneys, at a distance of 41 miles to the westward ; 3 in June 1911, east of the

Orkneys, 37 and 38 miles south and west ; 1 was taken in July 1911, east of the

Orkneys, 41 miles to the south and west ; another in April 1912, on the north coast,

at a distance of 99 miles. In June 1912, 1 was recaptured near Foula, 51 miles

to the north and west, and in July 1912, another near Rattray Head, 95 miles to

the south and west.

Five were " nearly ripe," 1 taken in October 1911, 9 miles to the north and
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west ; another in November 1911, 60 miles to the south and west, near the Pent-

land Skerries, the third in December 1910, in the Moray Firth, 73 miles to the south

and west, oE Noss Head ; the fourth in March 1912, north of Tarbet Ness, in the

Moray Firth, 100 miles to the south and west ; the fifth in November 1912, north

of Kinnaird Head, 66 miles to the south and west.

One described as "^ ripe " was taken in December 1910, off Stonehaven, on the

east coast, at a distance of 147 miles to the south and west.

Among those whose testes were " immature," was one measuring 34:-34"2 cm.
It was recaptured in April 1911, near the Bell Rock, at a distance of 170 miles to

the south and west.

Females.—The condition of the ovaries was ascertained in 57 of the 83 recaptured.

Only one was " spawning "
; it was taken in April 1913, after 907 days, on the

north coast, at a distance of 100 miles to the south and west.

Two were described as " ripe," 1 taken in March 1912, on the north coast, at

a distance of 107 miles, and the other in June 1911, east of the Orkneys, 32 miles

to the south and west.

Three were " nearly ripe," 2 taken in January 1911, both to the south and west,

1 east of the Orkneys, at a distance of 45 miles, and the other on the north coast,

at a distance of 116 miles ; 1 was taken in December 1910, off Noup Head.
No less than 17 were described as " spent "

; 2 were taken in April 1911,

1 near Foula, 15 miles to the north and west, the other south-west of Cape Wrath,
140 miles to the south and west ; 1 was caught in May 1911, on the north coast,

off Strathie Point, 100 miles to the south and west ; 1 in June 1911, to the east of

the Orkneys, 39 miles to the south and west, and 2 in July 1911, 1, 21 miles to the

south and west, the other 10 miles to the north and west. A " spent " female was
recaptured in March 1912, off Strathie Point, on the north coast, at a distance

of 102 miles to the westwards ; in January 1912, another was captured 15 miles

to the north and west, and in April, 2, one off Noss Head; in the Moray Firth, 92

miles to the south and west, and the other near Cape Wrath on the west coast, at

a distance of 121 miles ; 2 were taken in May 1912, 1, 15 miles to the north and
west, and the other at Foula, 50 miles to the north and west. Two were taken
in June, 1 near Foula, 53 miles to the north and west, and the other east of the

Orkneys, 33 miles to the south and west. In May 1914, 1 was taken 13 miles to

the north and west, and in June, another 13 miles to the north and west. The
seventh " spent " fish had no date of recapture given.

Among those of adult size with " immature " ovaries, 2 were recaptured in

April 1911, 1 measuring 39-40-6 cm., at the entrance to the Moray Firth, north of

Kinnaird Head, and the other measuring 37-5 to 39"5 cm., east of the Orkneys,
36 miles to the south and west.

Among the females under adult size recaptured, was 1 taken in March 1911,

off Kinnai rd Head, 79 miles to the south and west, which was described as " spawn-
ing," measuring 34 to 35*5 cm.

EXPERIMENT II.

I5th September 1910.

At this station, 7 miles S.E. by i E. of Fair Isle (59° 28' N. ;
1° 26' W.), where

depth was 52 fathoms, 30 marked plaice were liberated on 15th September 1910,

namely, 14 males, fifteen females, and 1 of undetermined sex. The size of the males
was from 32*5 to 38*5 cm., and of the females 34 to 43-5 cm., and 2 of the males
and 10 of the females were under adult size on liberation.

The numbers Hberated and recaptured, arranged in 5-cm. groups, were as
follows :—

F. Lib
F. Recap.

M. Lib.

M. Recap.

? Sex .

The fish used were caught in the vicinity by the " Goldseeker " on the same day.

cm.
2.5-30-5
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The number recaptured was 14, or 46-7 per cent. ; 7 males (50 per cent.) and
7 females (46'6 per cent.). Six of the males were of adult size on recapture, averag-

ing 38'8 cm., compared with 35 cm. on liberation ; they were at liberty for an
average period of 385 days, and migrated from 8 to 236 miles, the average being
66"5 miles, and the mean rate of movement 1'7 miles. Five of the females were

of adult size, averaging 41 "8 cm. as against 37*3 cm. on liberation ; they were at

liberty for an average period of 319 days, and migrated distances of from 5 to 136

miles, the mean being 62*9 miles, and the mean rate 1*97 miles.

The Extent and Direction of Migration.

First Quarter.—A male was recaptured in September, on the same day as it

was liberated, at abo»4fc62 miles to the south and west.

In October, 2 females were taken, 1 thirty miles to the south and west, and the

other 5J miles to the south and east.

In November, a female was recaptured 5 miles to the south and east.

In this quarter, 4, or 28*6 per cent, were recaptured.

None was recaptured in the second quarter, and only 1 in the third quarter, a

male, north-east of Noss Head, 56 miles to the south and west.

Fourth Quarter.— In June, 2 males and 2 females were taken, 1 male 8 miles

to the north and east, and the other 32 miles to the south and west, to the east of

the Orkneys. One female was also taken to the east of the Orkneys, 34 miles to

the south and west. The other female was recaptured on the west coast, 8 miles

west by north of Loch Inchard, south of Cape Wrath, at a distance of 136 miles.

In July, a male was taken east of the Orkneys, 20 miles to the south and west,

and a female 6|- miles to the south and east.

None was recaptured in August, so that the total for this quarter was 6, or

42"8 per cent., and in the 12 months following liberation, the number was 11,

or 78"6 per cent., of which 7, or 63 '6 per cent., were found to the south and west;

3 to the south and east, and 1 to the north and east.

Of the remaining fish, a male was taken in May 1912, near Foula, 47 miles to

the northwards ; another male in July 1912, at a position described as 56° 49' N.
;

4° E., or 236 miles to the south and east. It was landed at Cuxhaven by a German
trawler. The last fish for this experiment was taken in August 1912, off Aberdeen,

133 miles to the south.

[Table.
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former offshore, east of Noss Head ; the third male was taken 7 miles to the south
and east ; 5 of the females were found to the south and west, at 7, 7, 31, 38, and
80 miles ; another was taken 15 miles to the south and east, 1, 64 miles to the
north and east, near Fetlar, Shetland, and another 31 miles to the north and east
and 2 to the north and west, at 14 and 27 miles ; the fish taken at Fetlar had
moved rapidly, at the rate of 4 miles per day ; the mean rate of movement of the
other plaice recaptured this month varied from 2-2 to 40 miles per 10 days.

In November, 5 males, 4 females, and 1 of unknown sex were recaptured. Four
of the females were taken to the south and west, at distances of 24, 62, 67, and
150 miles, the first E.S.E. off Sumburgh Head, the second off Koseness, Orkney,
the third N.N.E. oft" Buchanness, and the fourth to the south-east of Aberdeen

;

1 of the males was found 69 miles to the south and west, at the entrance to the
Pentland Firth ; another, 16 miles to the north and west ; a third, 27 miles to the
north and east, east of Sumburgh Head, and the other 2, 20 and 37 miles to the
south and east ; the fish of unknown sex was taken 13 miles to the north and
west.

Altogether, in this quarter, 31, or 23-7 per cent., were recovered, of which 15
(48-4 per cent.) were found to the south and west, at an average distance of 51
miles in the mean direction S. 45° W. ; 6 (19-3 per cent.) were taken to the south
and east, 5 to the north and west, and 5 to the north and east.

Second Quarter.^"rhTue males were recaptured in December, 1 near land,
north of Sumburgh Head, Shetland, 28 miles to the north and east, another north
and east of Kinnaird Head, offshore, 60 miles to the south and west, and the
third 7 miles E.N.E. of Aberdeen, 142 miles to the south and west ; the mean
rate of movement of this fish was 15-1 miles per 10 days.

Six males and 5 females were taken in January 1911, all but 1 to the south
and west ; the exception was a male, captured 5 miles N.E. of Noup Head,
Orkneys, 61 miles to the north and west ; another male was taken at an unspecified
place in the Moray Firth ; of those which migrated to the south and west, 1 female
was taken 18 miles distant, another 50 miles, east of the Orkneys ; 2 females and
a male were recaptured near the Pentland Skerries, at the entrance to the Pentland
Firth, at 70 and 72 miles ; a male was captured in Sinclair Bay, near Wick, Moray
Firth, 89 miles distant, and a female and a male south-east of Noss Head, Moray
Firth, at 88 and 89 miles ; the remaining male was taken 1^ miles off Knock Head,
Banff, Moray Firth, at a distance of 116 miles.

Six females were taken in February 1911, 1, 26 miles to the east and north,
2 to the north and west, at 7 and 38 miles, the fourth 46 miles to the south and
west, the fifth 1 mile off Keiss, Wick, in the Moray Firth, 90 miles to the south
and west, and the remaining female at Banff, Moray Firth, 116 miles to the south
and west.

In this quarter, 20, or 15-3 per cent., were got, of which 15, or 75 per cent.,
were found to the south and west, 1 at an unknown place in the Moray Firth,
and the other 14, or 73-7 per cent., at an average distance of 80 miles in the mean
direction S. 56° W. ; 3 (15-8 per cent.) were caught to the north and west, and
2 to the north and east.

Third Quarter.—In March, 6 males and 3 females were taken ; the position
of 1 female, found in a consignment of fish from Granton, was not ascertained

;

all the others were found to the westwards and south-west. One, a male, was
caught east of the Orkneys, at 44 miles ; another, a female, in the Moray Firth,
south-east of Noss Head, at a distance of 98 miles ; 2, a male and a female, were
taken off Strathie Point, on the north coast, 110 and 112 miles to the west and
south ; and another male a little farther to the west, off Rabbit Islands, at 122
miles ; another male was taken on the west coast, south of Cape Wrath, at 158
miles ; another male was recaptured IJ miles off Banff, on the south coast of
the Moray Firth, at 117 miles, and the last male was taken 8 miles off Buchanness,
130 miles distant.

In April, 5 males and 2 females were got, all to the west and south, a male at
21 miles ; 4, 2 males and 2 females, were taken east of the Orknevs at 45 and
47 miles

; 2 males were taken to the westwards, one 4 miles S.E. of Stack Skerry,
north-east of Cape Wrath, and the other 6 miles north of Loch Erribol near Cape
Wrath.

' ^
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Two males and 7 females were taken in May, the place of capture of 2 of the

females not being ascertained ; 2 of the other females were found in the Moray
Firtli, to the south and west, at unspecified places ; a female was recovered 17 miles

to the south and west, 1 near Foula, Shetland, 42 miles to the north and west
;

2 males were taken east of the Orkneys, 45 aad 63 miles to the south and west, and
a female off Whiten Head, on the north coast, at 112 miles.

In this quarter, 25, or 19-1 per cent., were found, the positions being known for

22 ; all but one were found to the south and west, 21, or 95" 4 per cent., at an average

distance of 83 miles in the mean direction S. 65° W., and one was taken to the north

and Avest.

Fourth Quarter.—Twenty were taken in June 1911, 10 males, 9 females, and 1

of unknown sex. A female and the fish of unknown sex were caught near Foula,

Shetland, 43 and 44 miles to the north and west ; a male was also taken to the

north of the Shetlands, on the east side, off Fetlar, 65 miles to the north and east
;

a female was got 10 miles to the north and west ; all the others were recaptured

to the south and west, 1, a female, at IS miles, towards Fair Tsle : 10, 4 males and
6 females, were recaptured to the east of the Orkneys, at distances of from 39 to

59 miles ; the other fish were taken to the westwards, a male off Sule Skerry, at

103 miles ; another male near Cape Wrath, at 138 miles ; a third male 14 miles

E.N.E. of Cape Wrath, at 130 miles ; and a fourth, 7 miles north-east of Gape
Wrath, at 137 miles ; the remaining male was recaptured at Scourie Bank, in the

Minch, south-west of Cape Wrath, at a distance of 168 miles.

Two males and 7 females were got in July, all but 2 to the south and west, 3

south-east of Fair Isle, at distances of from 12 to 19 miles, and 5 east of the

Orkneys, at distances of from 14 to 57 miles ; the remaining fish, a female, was
taken 18 miles S.Fi. of Noss Head, Moray Firth, at a distance of 85 miles.

One fish, a female, was recaptured in August, in the Moray Firth, precise place

unknown.
In this quarter, 30 of the marked plaice were recaptured, or 22*9 per cent.

;

24 (82-7 per cent.) were got to the south and v/est, 23 of them (79-3 per cent.) at an
average distance of 62 miles in the mean direction S. 69° W. ; 4 were taken to

the north and west, 1 to the north and east, and 1 directly west.

Within 12 months of hberation, 106 marked plaice, or 80'9 per cent., were

recovered ; 75, or 75'7 per cent., were taken to the south and west, 13, or 13'1 per

cent., to the north and west, 8 to the north and east, 6 to the south and east, and
1 directly west.

Of the other fish recaptured, 8 were taken in the remainder of 1911, 9 in 1912,

and 8 in 1913.

Li September 1911, a female was taken 7 miles south-east of Fair Isle, at a dis-

tance of 11 miles to the north and west. Two males and 3 females were recaptured

in October, 2 females south of Sumburgh Head, at 16 and 19 miles to the north and
west, and the third 11 miles to the south and west, south-east of Fair Isle ; of the

two males, 1 migrated to the south and west, to the east of the Orkneys, for 55 miles,

and the other to the north and west, to the Shetlands, a distance of 36 miles. In

November, a male was recaptured " 188 miles E. by S. J S." of Aberdeen, v^'hich

is a position a fev/ miles to the north and west of the Great Fisher Bank, at a dis-

tance of 198 miles to the south and east ; and a plaice of unspecified sex, near

Buclianness, Aberdeenshire, at a distance of 115 miles to the south and west.

A male was taken in January 1912, off Fair Isle, at a distance of 19 miles to the

south and west, and in April a male and two females, the male near Foula, Shet-

land, 45 miles to the north and west, 1 of the females 105 miles to the eastwards,

offshore, and the other near the Butt of Lewis, Hebrides, 182 miles to the west-

wards. In May, a male was taken to the east of the Orkneys, at a distance of 50
miles to the .south and west, and a female near Foula, 44 miles to the north and
west. In June, a female was recaptured in the Moray Firth, south-east of Noss
Head, at a distance of 85 miles to the south and west. In July, another female

went 2 miles to the south and west, and in November a female at a place unrecorded.

In January 1913, a female was recaptured on the north coast, 7 miles off Hol-
burn Head, at a distance of 99 miles ; in March, a female to the east of the Orkneys,

45 miles to the south and west, and in April, a male and a female, the latter at the

entrance to the Moray Firth, south-east of Noss Head, at a distance of 67 miles, and
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the male on the southern edge of the Dogger Bank (Lat. 54° 10' N. ; Long. 2° 42' E.),

at a distance of 315 miles to the south and east. Two females were taken in May,
both near Foula, at 44 and 47 miles ; in June, a female was recaptured on the
north coast, off Strathie Point, at a distance of 117 miles, and the last fish to be
taken, a female, was got in December 1913, after 1197 da}s. at the mouth of the
Firth of Forth. 205 miles to the south and west.

The migrations of the marked plaice from this station aie of considerable
interest, and it may be worth while considering the subject as illustrated on the
migration charts. Thirty-one fish, recaptured in the first three months, had dis-

persed chiefly to the south and west, in the direction of the Moray Firth and the
east coast of Scotland ; three were taken on the eastern side of the north part of

the Shetlands, and 2 near the entrance to the Pentland Firth. All the fish, except
the two last-named, were taken between 0° and 2° W. Long., 3 of them between
60° and 61° N. Lat., 18 between 59° and 60° N. Lat., 8 between 58° and 59° N. Lat.,

and 1 between 57° and 58° (south-east of Aberdeen).
In the next three months (December 1910 ancl January and February 1911)

the majority of the fish were found more to the westwards, but still to the south,
the Unes radiating from the station to the east of the Orkneys, on the north, and
to the south shores of the Moray Firth oJi the south. Seven were taken between
0° and 2° W. Long., and 12 between 2° and 4° W. Long. ; none was got north of
60° N. Lat. ; 8 were fomid between 59° and 60° N. Lat., 8 between 58° and 59°

N. Lat., and 3 between 57° and 58° N. Lat.

In the third quarter, March, April, and May, the migration lines run in the same
general direction, but moie of them penetrate farther to the westwards. Only
1 fish was taken to the northwards, while 21, or over 95 per cent., were got to the
south and west ; 7 were found to the east of the Orkneys, in the direction of the
Pentland Firth, 6 off the north coast of Scotland, and 1 on the west coast. Four
were found between 0° and 2° W. Long., 10 between 2° and 4°, and 6 between 4°

and 6°. One was recaptured between 60° and 61° N. Lat., 5 between 59° and 60
and 13 between 58° and 59°.

In the fourth quarter, the same conditions as in the last are indicated, but the
number of fish found to the east of the Orknevs is greater. Twelve were got
between 0° and 2° W. Long., 11 between 2° and 4°',' and 5 between 4° and 6° W. Long.
Three were taken between 60° and 61° N. Lat., 16 between 59° and 60°, and 10
between 58° and 59°.

In the chart showing the lines of migration for all the fishes recaptured, the
chief feature is the concentration to the south and west. A large number were
recovered to the south-east of Fair Isle, at comparatively short distances from
the station, and a still larger number were taken to the east of the Orkneys ; 10
were recaptured within the Moray Firth, 3 being taken off Banff, on the south
shore, and most of the others south-east of Noss Head ; 12 were got on the north
coast of Scotland, as far west as Cape Wrath

;
2 to the south of Cape Wrath, and

1 near the Butt of I^ewis, far to the westwards. A number were taken at Foula,
to the west of the Shetlands, and 4 on the north and east parts of these islands.

One was recaptured near the Oreat Fisher Bank, and another on the south edge
of the Dogger Bank, while 5 were found on the east coast of Scotland. The move-
ment in this direction of a number of fish from the Fair Isle stations is interesting

and remarkable, and is elsewhere dealt with.

FTable.



230

Quadrant.



231

from 55 to 99 miles, viz. 13 males (26 per cent.), with an average of 67*7 miles, and
15 females (21 '4 per cent.), with a mean of 77-1 miles. Eleven of the males and
12 of the females were taken to the south and west, 1 male to the north and west,

and 1 to the north and east, and 3 females to the north and east.

Over 100 mi7es.—Twenty-five, or 20-3 per cent., were recaptured at distances

of from 103 to 315 miles, viz. 16 males (32 per cent.), with an average of 145 miles,

8 females (11 "4 per cent.), with a mean of 137 "4 miles, and 1 of unknown sex, which
was recaptured 115 miles to the south and west. Of the males, 15 were taken to

the south and west, and 1 to the south and east, while 7 of the females were taken
to the south and west, and 1 to the north and east.

Maturity.

Males.—The condition of the testes was ascertained in 34 of the 51 males
recaptured. None was " spawning," but 10 were described as " ripe," 3 caught
in March 1911, to the south and west, 1 east of the Orkneys, at a distance of 44
miles, another on the north coast, off Strathie Point, at 110 miles, and the third

at Banff, on the south shore of the Moray Firth, at 117 miles. Two were recaptured

in April 1911, 1, 21 miles to the south and west, and the other on the north coast,

at Loch ICrribol, 130 miles to the south and west. Three were recaptured in June
1911, 1 east of the Orkneys, at 50 miles to the south and west, the second at Fetlar,

65 miles to the north and east, and the third off the north coast, near Sule Skerry,

at a distance of 103 miles to the south and west. In July 1912, a " ripe " male
was taken 15 miles to the south and west, and in April 1912, another near Foula,

45 miles to the north and west. Seven w^ere described as " nearly ripe," 4 taken
in January 1911, one 61 miles to the north and west, off Noup Head, 1 near the

Pentland Skerries, 72 miles to the south and west, a third 89 miles to the south
and west, and the fourth off Knock Head, 116 miles to the south and west. In

December 1910, 1 was caught off Aberdeen, 142 miles to the south and west, and
in October 1911, another 36 miles to the north and west, at the Shetlands ; the

last was recovered in January 1912, 19 miles to the south and west. Six were
described as "spent," all taken to the south and west, 1 in March 1911, on the

north coast, at Rabbit Islands, at 122 miles ; 1 in April 1911, near Stack Skerry,

at 110 miles ; 3 in June, 2 east of the Orkneys, at 40 and 44 miles ; the third at

Scourie Bank, south-west of Cape Wrath, at 168 miles ; another was taken in May
1912, east of the Orkneys, at a distance of 50 miles.

Females.—In 63 of the 77 recaptured, the condition of the ovaries was recorded.

None was described as " spawning," and only 1 as " ripe," which was taken in

June 1911, 18 miles to the south and west. Three were "nearly ripe," 1 found
in October 1910, 80 miles to the south and west, another in January 1911, 18 miles

to the south and west, and the third in December 1913, after 1197 days, 205 miles

to the south and v/est. Twelve were described as " spent "
; 2 M^ere recaptured

in February 1911, 1 east of the Orkneys, 46 miles to the south and west, and the

other near Wick, 90 miles to the south and west ; 1 was recaptured in March 1911,

on the north coast, 112 miles to the south and west, and 1 in May 1911, also on the

north coast, at a distance of 112 miles. One was taken in June 1911, 39 miles to

the south and west, and 1 in July, 12 miles to the north and west. In April 1912,

1 was recaptured near the Butt of Lewis, 182 miles to the south and west ; in May
1912, 1, 44 miles to the north and west ; in June 1912, 1 south-east of Noss
Head, 85 miles to the south and west ; in January 1913, a " spent " female was
recaptured on the north coast, 99 miles to the south and west ; in March 1913,

1 east of the Orkneys, at 45 miles, and in June, after 1004 days, another on the

north coast, at a distance of 117 iniles.

Among females under adult size on recapture (38 cm.) 1, which measured 38-
37-9 cm., was recovered in February 1911, after 163 days, at Banff, 116 miles to

the south and vfest, and was described as " about to spawn "
; another, measuring

36-5-36-6 cm., was taken in February 1911, 7 miles to the north and west, and
was described as " nearly ripe."

Among those fish of adult size, whose reproductive organs were described as

"immature," and which were captured during the spawning season, were the

following :—Two males, 1 measuring 37-38"3 cm., caught in January 1911, at
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Sinclair Bay, near Wick, 89 niiles to the south and west, and the other measuring

33-5-34-1 cm., caught in March 1911, near Buchan Ness, 130 miles to the south

and west. One female, which measured 38-38-2 cm., taken in January 1911, south-

east of Noss Head, 88 miles to the south and west, was " immature."

EXPERIMENT IV.

16th September 1910.

In this experiment, 30 plaice, taken by the ," Goldseeker " in the locality,

were liberated 13 miles S.E. by E. J E. of Fair Isle (59° 26' N. ;
1° 14' W.), com-

prising 10 males and 20 females. The males measured from 33 to 40 cms., and all

were of adult size ; the females ranged from 33-5 to 43-5 cms., and 7 were under

adult size on liberation.

The numbers Kberated and recaptured, arranged in 5-cm. groups, were as

follows :

—

cm. cm. cm. cm. cm.
2.5-30-5 31-35-5 30-40-5 41-45-5 46-50-5 Total.

F. Lib. ... — 3 14 3 — 20

F. Kecap. . . — 2 8 2 — 12

M. Lib. ... — 6 4 — — 10

M. Recap. . . — 3 4 — — 7

The number recaptured was 19, or 63-3 per cent., 7 males (70 per cent.) and

12 females (60 per cent.).

Six of the males were of adult size on recapture, averaging 38*2 cm., as compared

with 37-5 cm. when Hberated ; they were at liberty for from 137 to 630 days, the

mean being 301 days ; they migrated distances of from 1 to 134 miles, the mean
being 78-8 miles, and the mean rate was 2-6 miles. Eleven of the females were of

adult size when recaptured, averaging 42-6 cm. as against 39-4 cm. ; they were at

liberty for from 45 to 417 days, the mean being 233 days ; they migrated distances

of from 4 to 167 miles, the mean being 45-8 miles, and the mean rate 1-4 miles.

The Extent and Direction op Migration.

First Quarter.—In October, 2 females were taken, one 18 miles to the south

and west, and the other 42 miles to the north and west, to the north of the Shet-

lands. A female was caught in November, east south-east of Sumburgh Head,

32 miles to the north and east.

In this quarter these were the only 3 fish obtained (15*8 per cent.).

Second Quarter.—In January, a male was recaptured 1 mile off Whitehills, near

Banff, in the Moray Firth, 113 miles to the south and west.

Third Quarter.—Two females and a male were taken in April, a male 1 mile

to the north and east, and both females to the south and west, near together, at

35 and 36 miles east of the Orkneys.

In May, a male and 2 females were recaptured, the male 46 miles to the north

and west, near Foula, and both females to the south and west, 1 east of the Orkneys,

at a distance of 53 miles, and the other off the north coast of Scotland, 10 miles

north-east of Whiten Head, 105 miles distant.

In this quarter, 6, or 31-6 per cent., were recaptured, 4 (66-6 per cent.) to the

south and west, and 1 each to the north and east, and north and west.

Fourth Quarter.—Two males and 2 females were taken in June, 1 of the females

5| miles to the west, all the others to the south and west, a female at a distance

of 32 miles east of the Orkneys ; 1 male in the Moray Firth, north and west of

Banff, at 106 miles, and the other male 4 miles east -north -east of Cape Wrath, on

the west coast, at a distance of 134 miles.

These were all the fish taken in this quarter.

In the 12 months, 14 fish, or 73-7 per cent., were recaptured ; 9 (64-3 per cent.)

to the south and west ; 2 each to the north-east and north-west, and 1 to the west.

The date of recapture of 2 other fish was not ascertained ; 1, a female, was taken
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on the east coast, near Montrose, 167 miles to the south and west ; the place of

capture of the other, a male, was not ascertained.

Two fish were recaptured in 1911, a female in September, 4 miles to the north

and west, and a female in Noven\ber, 6 miles to the north and west. The last

fish for this experiment was a male, taken in June 1912, 16 miles north of Banff,

at a distance of 100 miles.

The following table shows how all the fisli of the experiment were distributed

in each quadrant :
—

Quadrant.
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Females.—The condition of the ovaries was ascertained in 10 of the 12 females

recaptured. One was "spawning" ; it was taken in April 1911, to the east of

the Orlaieys, 35 miles to the south and west ; 1, taken in November, 6 miles to

the north and west, was " nearly ripe," and 2 were described as " spent "
; 1

recaptured in Apiil 1911, east of the Orkneys, 36 miles to the south and west,

and the other on the north coast, off Whiten Head, 105 miles to the westwards

EXPERIMENT V.

mhAfrill^U.

In this experiment, 70 plaice, 33 males and 37 females, were liberated at the

same place as before, 59° 20' N. ;
1° 3' W., on the 11th April 1911. The males

ranged in size from 24-5 to 39 cm., and 25 were under adalt size on liberation
;

the females measured from 25 to 67 cm., and 20 were under adult size when liberated.

The numbers liberated and recaptured, arranged in 5-cm. groups, were as

follows :

—

cm. cm. cm. cm. cm. cm.
2.5-305 31-3.5-5 3fi-40-5 41-4.5-5 4G-50-5 51-555 Total.

F. Lib. . . 13 6 4 3 6 4 37t
F. Recap. . . 1 3 3 3 5 4 20t

M. Lib. . . 22* 9 2 — — — 33
M. Recap. . . 3 7 1 — — — 11

* Two at 24-5 cm. t One at 67 cm.

The fish used were taken by the " Goldseeker " in the Dornoch Firth, Moray
Firth, on the 8th April, in the forenoon. The fish were placed in tubs of running
sea water, and the vessel proceeded to visit certain hydrographic stations ; owing
to bad weather it had to return to the Dornocli Firth on the 9th April, where it

lay until the evening of the 10th. TJie fish were liberated about 11 a.m. on the

11th, and although they had been in the tubs for 3 days, and the weather was
very rough, only 1 marked plaice died in the tubs.

The number recaptured was 31, or 44'3 per cent., namely, 11 males, or 33-3

per cent,, and 20 females, or 54*1 per cent. Ten of the males were of adult size

on recapture, ranging from 34'8 to 47*5 cm., and averaging 39'3 cm., as compared
with a range of from 26 to 36 cm., and an average of 32-5 cm., on Hberation : they
were at Uberty for from 126 to 1349 days, the mean being 430 days ; they migrated
distances of from 13 to 113 miles, the mean being 67-6 miles, and the mean rate of

movement 1*5 miles. Seventeen of the females were of adult size, averaging
50-8 cm., and ranging from 39-7 to 68 cm., as compared with a range of from 31

to 67 cm., and an average of 46-6 cm. on liberation ; they were at liberty for from
79 to 1023 days, the mean being 304 days ; they migrated distances of from 6

to 188 miles, the mean being 45'4 miles, and the mean rate 1*5 miles.

The Extent and Direotion of Migration.

First Quarter.—None was taken in April or May, and only 1. a female, in June
;

it was caught east of the Orkneys, 33 miles to the south and we.st.

Second Quarter.—One male and 5 females were recaptured in July, the male
16 miles to the north and west, and 4 of the females to the iiortli and west, at 11,

12, 13, and 13 miles ; the remaining female was taken Jiear Rattrav Head, 97
miles to the south and west.

Two males and a female were taken in August, the female 10 miles to the
north and west ; 1 of the males off Kinnaird Head, 90 miles to the south and
west, and the other 8 miles south-east of Baltasound Light, at the north of the
Shetlands, 79 miles to the north and east.

A male and a female were taken in September, the male 13 miles, and the
female 12 miles to the north and west.
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In this quarter, 11, or 35'5 per cent., were recaptured, 8 (72-7 per cent.) to the
iiortli a)id west ; 2 to the soutli and west, and 1 to tlie nortli and east.

Third Quarter.— A. female was recaptured in October, 6 miles to the north and
west, and in November, 2 males and 4 females ; 1 of the males and 1 of the females

were taken to the east of the Orkneys, at 41 and 40 miles to the south and west

;

the other male was recaptured off Duncansby Head at the entrance to the

Pentland Firth, 63 miles to the south and west, and the female was taken in the

Moray Firth, north of Kinnaird Head, 82 miles to the south and west. The
remaining 2 females were found 12 miles to the north and west.

In this quarter, 7, or 22-6 per cent., were recaptured ; 4 (57'1 per cent.) to the

south and west, and 3 to the north and west.

Fourth Quarter.— .4. male was recaptared in February 1912, in the Moray
Firth, 4 miles off Dunbeath, Caithness, 96 miles to the south and west. In March,
2 males were taken ; 1 at an unknown place in the " Moray Firth," and the other

also in the Moray Fiith, south-east of Noss Head, 76 miles to the south and west.

In this quarter, 3, oi 9'7 per cent., were recaptared.

In the 12 months, 22, or 70'9 per cent., were recaptured, the position being

known for all but 1 ; 11 (52'4 per cent.) were found to the north and west ; 9

(42-8 per cent.) to the south and west, and 1 to the north and east.

Five were taken in the remainder of 1912, 1 in 1913, and 3 in 1914. In April

1912, a female was recaptured near Buchanness, 118 miles to the south and west,

and in May, 2 females, 1 east of the Orkneys, 42 miles to the south and west, and
the other off Rattra}^ Head, 104 miles to the south and west. In July, another

female was taken offshore, south-east of Buchanness, at a distance of 118 miles

to the south and west, and iii November, another female, offshore, east of the

Firth of Fortli, 188 miles to the south and partly east. In June 1913, after 808
days, a female was recaptured to the north of the Shetlands, near Balta, 84 miles

to the north and east. In January 1914, a female was taken 20 miles to the

south and west ; la May, a male, after 1132 days, 38 miles to the south and west,

east of the Orkneys, and the last fish, a male, was recaptured in December 1914,

after 1349 days, near Buchan3aess, 113 miles to the south and west.

The chart of the lines of migration of this experiment, shows the general

movement to have bee-T first of all do the nortli and west, for short distances,

towards Fair Isle ; also to the south and west, to the east of the Orkneys and
into the Moray Firth, while a number of fish migrated to the southwards, 5 having
been taken in the vicinity of Rattray Head and Buclianness. and 2 farther to

the eastwards in the offshore waters. Two moved northwards to the north of

the Shetlands. None of the fish of this experiment was takoi on the north coast

of Scotland or on the west coast.

[Table.
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The following table shows how all the fish of the experiment were distributed

in each quadrant :

—

Quadrant.
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" spawning "
; and another, taken in March 1912, off Noss Head, in the Moray

Firth, was "ripe."

Among those " immature " was 1 , measuring 34"5 to 36"1 cm., taken in the Moray
Firth, off Dunbeath, 96 miles to the south and west, in February 1912.

Females.—The condition of the ovaries was ascertained in 18 out of the 20
recaptured.

None was " ripe," but 3 were " nearly ripe." Two were taken in November
1911 ; 1, 12 miles to the north and west, and the other north of Kinnaird Head, 82

miles to the south and west ; a third was taken in January 1914, after 1023 days,

20 miles to the south and west.

Six were " spent." One recaptured in June 1911, east of the Orkneys, 33 miles

to the south and west ; 2 taken in July 1911, 11 and 12 miles to the north and west

;

and another in April 1912, near Buchanness, 118 miles to the south and west
;

the fifth in May 1912, also near Buchanness, at a distance of 104 miles to the south

and west ; and the last in June 1913, to the north of the Shetlands, off Balta, 84

miles to the north and east.

EXPERIMENT VI.

nth October 1911.

This experiment was made on 12th October 1911, when 100 marked plaice,

comprising 32 males, 64 females, and 4 whose sexes were not determined, were

liberated about 35 miles east of Fair Isle, 59° 44' N. ;
0° 33' W. The males measured

from 28 to 51 cm., and 5 were under adult size on liberation ; the sizes of the females

varied from 27 "5 to 65 cm., and 25 were under adult size on liberation.

The numbers liberated and recaptured, arranged in 5-cm. groups, were as

follows :

—

F. Lib.

F. Recap. ,
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Three males and 3 females were got in November, 2 males east of the Orkneys,

at 66 and 77 miles to the south and west, and the other male and 1 female in the

Moray Firth, south-east of Noss Head, at 105 and 106 miles to the south and west
;

another female was taken 28 miles to the south and west, near Fair Isle, and the

third to the south-east, offshore, at a distance of 90 miles. A female was found in

December, in the same region as the last, 85 miles to the south and east.

Thus, in this quarter, 9, or 21*4 per cent., were recovered, 6 (66-6 per cent.)

to the south and west, 2 to the south and east, and 1 to the north and west.

Second Quarter.—In January 1912, 2 males and 2 females were got, 1 female 23

miles to the south and west, near Fair Isle, and 1 to the south and east, in the same
locality as the 2 above referred to, at a distance of 84 miles ; 1 of the males was
taken south-east of Noss Head, in the Moray Firth, at 105 miles to the south and
west, and the other south-east of Aberdeen, 164 miles to the south and west. A
male and a female were taken in Februar}^ the male 83 miles to the west, 4 miles

off Noup Head, Orkney, and the female near Clyth Ness, in the Moray Firth, at a

distance of 119 miles. Two males and 2 females were recaptured in March, a male
and a female at the Shetlands, the female off Ronasvoe, at a distance of 81 miles,

and the male 1 mile west of Cheynies Isles, on the south-west coast of the Shetlands,

at a distance of 46 miles ; the other female was taken off Buchanness, 125 miles

to the south and west, and the other male is represented as having been caught

at the Sylt Outer Ground, off the coast of Schleswig, 397 miles to the south and
east ; the fish was landed at Hamburg by a German trawler, and the average rate

of movement works out at 27 "6 miles per 10 days.

In this quarter, therefore, 10 were taken, or 23"8 per cent., 5 (50 per cent.) to

the south and west, 2 each to the north and west and south and east, and 1 to the

west.

Third Quarter.—A female was taken in April, in the Moray Firth, close to Clyth

Ness, at a distance of 113 miles to the south and west. In May, 2 males and 3

females were recaptured, 1 of the males 46 miles to the north and west, near Foula,

and all the others to the south and west, 2 females off Duncansby Head, 92 and 95

miles distant, and 2, a male and a female, off Noss Head, in the Moray Firth, at 98

and 101 miles distant. In June, a female was recaptured to the east of the Orkneys,

at a distance of 62 miles to the south and west.

In this quarter, then, 7, or 16*7 per cent., were found, 6 (85"7 per cent.) to the

south and west, and 1 to the north and west.

Fourth Quarter.—A female was recaptured in July, 28 miles to the south and
west, south-east of Fair Isle. In August, a female was got to tlie east of the Orkneys,
63 miles to the south and west, and in September, 3 females, 2 to the south and
west, at 31 and 58 miles, and the third on the east side of the Shetlands, to the

north, off Balta, 63 miles to the north and east.

In the fourth quarter, therefore, 5, or 11-9 per cent., were taken, 4 (80 per cent.)

to the south and west, and 1 to the north and east.

In the 12 months, 31 of the marked plaice, or 73-8 per cent., were taken, 21

(67*7 per cent.) to the south and west, 4 each to the north and w^est and south and
east, and 1 each to the north and east and the west.

Of the remaining fish, 4 were recovered in the remaining months of 1912, 6 in

1913, and 1 in 1914.

In October 1912, a female was landed at Aberdeen, which was described as

having been captured 120 miles N.E. J E. from Grimsby (55° 24' N. ;
1° 17' E.),

267 miles to the south and west, the mean rate of movement in this case being 7 '2

miles per 10 days. A male and 2 females were taken in November 1912, the male
south and east of Fair Isle, 31 miles to the south and west, 1 female south and east

of Noss Head, in the Moray Firth, 105 miles to the south and west, and the other

on the west coast at Loch Laxford, 170 miles to the westwards.
Two females were taken in March 1913, both to the south and west, 1 east of the

Orkneys, 68 miles distant, and the other 2 miles off Cullen, on the south coast of the

Moray Firth, at a distance of 139 miles. A male was taken in April, off Burghead,
Moray Firth, 145 miles to the south and west ; in May, a female east of the Orkneys,
at 74 miles to the south and west ; in June, 1 of unloiown sex, off St. Abb's Head,
230 miles to the south and west ; and in December, another of unknown sex, off

Holburn Head, on the north coast of Scotland, at an unspecified position.
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The last fisli to be taken was a male, which was caught on the west coast of

Scotland, 5 niiles N. by W. of Ku Stoer, south-west of Cape Wrath, at a distance of

178 miles to the south and west.

The following table shows how all the fish of the experiment were distributed

in each quadrant :

—

Quadrant.
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north cand west, the other in March 1914, on the west coast, south-west of Cape

Wrath, 178 miles to the west and south. One was " apparently ripe "
; it was

caught in November 1911, off Noss Head, in the Moray Firth, 105 miles to the

south and west. Four were "nearly ripe," 1 caught in October 1911, 18 miles

to the north and west, and the others to the south and west, at 31, 66, and 77 miles,

the last 2 to the east of the Orkneys. Two were "three-quarters ripe," 1 taken

in January 1912, off Aberdeen, 164 miles to the south and west, the other in

February 1912, off Noup Head, Orkneys, 83 miles to the westward.

Females.—The condition of the ovaries was recorded for 23 of the 26 females

recaptured. One was " spawning "
; it was taken in March 1912, 69 miles to the

north and west, at the Shetlands. Another was described as "fully ripe," and
was captured in October 1911—a date which suggests it was not spawning

—

40 miles to the south and M^est. Six were " nearly ripe "
; 1 was caught in January

1912, 23 miles to the south and west, another in September 1912, 58 miles to the

solith and west, 1 in November 1911, 28 miles to the south and west, another in

November 1911, offshore, to the south and east, at a distance of 90 miles ; the

other 2 were recaptured in November 1912, 1 off Noss Head, in the Moray Firth,

at 105 miles, and the other at Loch Laxford, on the west coast, at 170 miles. Six

were described as " spent," all taken to the south and west, 2 in May 1912, oft'

Noss Head, 95 miles and 98 miles distant, 1 in July 1912, at 28 miles, 1 in August

1912, east of the Orkneys, at 63 miles, 1 in March 1913, close to Cullen, on the

south shore of the Moray Firth, at 139 miles, and the last in May 1913, east of the

Orkneys, at 74 miles distant. A female, measuring 39-5-39"7 cm., taken in February

1912, near Clyth Ness, in the Moray Firth, was described as "immature."

EXPERIMENT VII.

l9thJune 1912.

In this experiment, 102 marked plaice, 31 males and 71 females, were liberated

on 19th June 1912, also at the station 59° 20' N. ;
1° 3' W. The males ranged in

size from 28"5 to 41 cm., and 15 were under adult size on liberation ; the females

measured 29 to 63 cm., and 36 were under adult size when liberated.

The fish used in this experiment were taken by the " Goldseeker " in Dornoch
Firth, on the 18th June, in the forenoon, and were Hberated at 7 a.m. on the 19th.

The numbers hberated and recaptured, arranged in 5-cm. groups, are shown
in the following table :

—

F. Lib.

F. Kecap.
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The Extent and Direction of Migration.

First Quarter.—None was taken in June or July, but in August a male was
recaptured and landed at Dundee by a local trawler with an intimation that the

fish was taken " 16 miles north-west of the Bell Rock," a position which is well

on land. On the assumption that it was' 16 miles south-east of the Bell Rock,
the distance would be 190 miles to the south and west, and the mean rate of move-
ment 34 '5 miles per 10 days ; on the assumption that it was 16 miles to the north-

east of the Bell Rock, the distance would be 163 miles, and the mean rate of move-
ment 29-6 miles. This fish measured 32-31 '8 cm., and was "immature."

Four females were taken in September, all to the south and west ; 1, 7 miles

south-east from Start Light, Orkneys, at a distance of 35 miles ; another, north

and east of Kiunaird Head, at a distance of 52 miles, and 1 a little to the north

east of Kinnaird Head, at a distance of 89 miles, and the fourth to the south-east

of Buchanness, at a distance of 120 miles.

In this quarter, 5 fish, or 10-9 per cent., were recaptured, all to the south and
west.

Second Quarter.—One male and 6 females were recaptured in October, the male
24 miles to the north and west ; a female 14 miles in the same direction ; another

female was taken 56 miles to the south and east, in the offshore waters, and the

other four to the south and west ; 1 at a distance of 31 miles ; another at 61 miles,

the third at 88 miles, near Kinnaird Head, and the fourth 6 or 7 miles south-

south-east from Buchanness, at a distance of 180 miles.

In November, 3 females were recaptured ; 1 in the Moray Firth, the position

unspecified, the other 2 at 8 and 11 miles to the north and west. A female was
taken in December, 59 miles to the south and west, north-east of Duncansby Head.

In this quarter, 11 fish, or 23*9 per cent., were recaptured, the position being

known for 10 (21 "7 per cent.). Five were found to the south and west ; 4 to the

north and west, and 1 to the south and east.

Third Quarter.—None was recaptured in January, but 1 male and 6 females

were taken in February. Place of capture of the male was not ascertained, the

fish being found on the market at Billingsgate. Five of the females were found
to the south and west ; 2 of them at 37 and 39 miles, to the east of the Orkneys,
1 at 28 miles and 2 in the Moray Firth, south-east of Berriedale Head, at 95 and
99 miles. The remaining female is described as having been captured 95 miles

to the east and south, in the offshore waters.

In March, 2 males and a female were taken all to the south and west ; the

female and 1 of the males to the east of the Orkneys at 42 and 45 miles ; the other

male in the Moray Firth, south east of Clyth Ness at 90 miles distant.

In this quarter, 10 tisli, or 21*7 per cent., were captured, the place of capture
being recorded for 9 (19-6 per cent.), of which 8 (88'9 per cent.) were found to

the south and west, and 1 to the south and east.

Fourth Quarter.—In April, 2 females were recaptured, both to the north and
west, 1 near Start Poiiit, Orkneys, at 39 miles, the other 7 miles west by north
from Foula, Shetlands, at 63 miles distant.

In May, 2 males and 2 females were recaptured, the females to the north and
west, at distances of 10 and 44 miles, the latter near Start Point, Orkneys ; the

males were foimd to the south and west, 1 east of tne Orkneys, at a distance of 39
miles, the other near Cullen, on the south shore of the Morav Firtli, at a distance of

109 miles.

In June. 1 male and 2 females were recaptured, the male 40 miles north and
west, near Auskerry, Orkneys ; the females, south and west, 1 east of the Orkneys,
at a distance of 44 miles, the other south-east of Noss Head, in the Moray Firth,

at a distance of 78 miles.

In this quarter, nine of the marked plaice, or 19-6 per cent., were recaptured,
5 to the north and west, and 4 to the south and west.

In the 12 months following liberation, 35 of the marked plaice, or 76-1 per cent.,

were taken, the position being recorded for 33 (71-7 per cent.). Twenty-two
(66-6) per cent, to the south and west, 9 to the north and west, and 2 to the south
and east.

Of the remaining fishes, 5 were recaptured in the remainder of 1913, aiid 6 in



242

1914. In July 1913, a female was taken 43 miles to the south and west, east of

the Orkneys. In August, a female was recaptured by a German trawler, and landed
at Cuxhaven, with the intimation that it was taken on the Great Fisher Bank
(57° N. 4' E.), at a distance of about 215 miles to the south and east. In November,
a female was recaptured 11 miles to the south and east, and in December, a male and
a female, the latter 77 miles to the south and west, south -east of Noss Head, Moray
Firth, and the male 101 miles to the north and west, 5 miles from Sule Skerry.

In January 1914, a female was caught 12 miles to the north and east. In
February, a inale was got in the " Moray Firth," and landed at Grimsby by a
foreign trawler. In March, a male and a female were recaptured, the female south-

east of Noss Head, at a distance of 75 miles to the south and west, the male south-
east of Berriedale Ness, in the Moray Firth, 103 miles to the south and west. In

May, a female was recaptured near Foula, Shetlands, 52 miles to the north and west,

and in November, a female 8 miles S.S.W. of Sumburgh Head, Shetland, at a dis-

tance of 25 miles.

The following table shows how all the fish of the experimejit were distributed

in each quadrant :

—

Quadrant.
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males aJid 8 of tlio females were fomid to the south and west, 2 of tlie males and 3
of the females to the north and west.

50 to 100 miles.—Fifteeji fish, or 34-9 per cent., were recaptured at distances of
from 52 to 99 miles, 1 male 90 miles to the south and west, and fourteen females
(41-2 per cent.), with an average of 74 miles. Ten were found to the south and
west, 2 to the north and west, and 2 to the south and east.

Over 100 milps.—Seven fish, or lfi-3 per cent., were recaptured at distances
of from 101 to 215 miles (on the supposition that 1 of the fish was really taken on
the Great Fisher Bank, and not in the Moray Firth). Four were males (44-4 per
cent.), with an average of 125-7 miles, and 3 (8-8 per cent.) were females, with an
average of 151 miles. Three of the males and 2 of the females Avere found to the
south and west, ] of the males to the north and west, and 1 of the females to the
south and east.

Maturity.

Males.—The conditioJi of the testes was ascertained in 6 of the 11 recaptured.
Two were " spawning "

; 1 was taken in Maich 1913, 45 miles to the south and
west, east of the OrkiTeys ; the other in March 1914, 103 miles to the south and
west, off Berriedale Ness, in the Moray Firth. One was " nearly ripe "

; it was
captured in December 1913, off the north coast, near Sule Skerry, 101 miles to the
westward.

Females.—The condition of the ovaries was recorded for 28 of the 35 recaptured.
One was " spawning "

;
it was taken to the east of the Orkneys, in February 1913,

at a distance of 39 miles to the south and west. Five were "nearly ripe "
; 1,

taken in October 1912, 14 miles to the north and west ; another, in November
1912, 8 miles to the north and west; the third, in September 1912, to the north
of Kinnaird Head, 52 miles to the south and west ; the fourth, in November 1912,
11 miles to the north and west ; and the fifth, in January 1914, 12 miles to the
northward. One was " three-quarters ripe "

; it was taken in November 1913 11
miles to the south and east. Seven were described as " spent "

; 1, taken in
February 1913, 37 miles to the south and west, east of the Orkneys

; another
in April 1913, 39 miles to the north and west, near Start Point, Orknev ; the third,
in May 1913, 10 miles to the north and west ; the fourth, in June 1913, 44 miles'

to the south and west, east of the Orkneys ; the fifth, in .July 1913, 43 miles to the
south and west, east of the Orkneys ; the sixth, in March 1914, south-east of Noss
Head, 75 miles to the south and west ; and the last, in May 1914, near Foula, 52
miles to the north and west.

Among the adult fish whose ovaries were "immature " was 1 taken in March
1913, 42 miles to the south and west, east of the Orkneys ; it measured 40-41-4 cm.

EXPERIMENT VIII.

22nd November 1912.

In the last experiment near Fair Isle, 100 plaice were marked and liberated, at
59° 20' N. ;

1° 3' W., 42 males, 56 females, and 2 whose sexes v/ere not ascertained.
The sizes of the males ranged from 25 to 43 cm., and 2 were under adult size on
hberation ; the females measured from 32-5 to 48-5 cm., and 38 were below adult
size on liberation.

The numbers hberated and recaptured, arranged in 5-cm. groups, were as
follows :

—

F.Lib. .

F Recap.

M. Lib. .

M. Recap.

? Lib. ... — 1 1 — — 2

? Recap. . .
— — — —

The fish used in this experiment were taken by the " C4oldseeker " in the fore-
noon of the 21st November, in the Dornoch Firth (Moray Firth).

cm.
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The number recaptured was 31, or 31 per cent., viz. 16 males (38-1 per cent.)

and 15 females (26-8 per cent.). Fifteen of the males were of adult size on recapture,

ranging from 33-7 to 4:4-5 cm., and averaging 37'3 cm., as compared with a range of

from 33 to 40*5 cm., and a mean of 36 cm. on liberation ; they were at liberty for

from 27 to 569 days, the mean being 174 days ; they migrated distances of from 11

to 205 miles, the mean being 83*9 miles, and the mean rate 4' 7 miles. Twelve of

the females were of adult size, ranging from 38-7 to 51*4 cm., and averaging 43*9

cm., as against a range of from 33*5 to 43 cm., and an average of 38-9 cm. on

liberation ; they were at liberty for from 59 to 681 days, the average being 346

days ; they travelled distances of from 9 to 114 miles, the mean being 50'7 miles,

and the mean rate 1*5 miles.

The Extent and Direction op Migration.

First Quarter.—A male was recaptured in December, north-east of Buchanness,

44 miles to the southwards. In January 1913, 3 males and a female were taken,

the female close to the place where the male was captured in December, at a distance

of 44 miles to the south, 1 of the males ofEshore to the south and east, at a distance

of 90 miles, the second male south-east of Noss Head, Moray Firth, at a distance of

76 miles to the south ; the third male is described as having been taken, after 47

days, on the Great Fisher Bank, 205 miles to the south-east, the rate of movement
being 43-6 miles per 10 days ; this fish was landed at Grimsby, and was probably

caught elsewhere than the place mentioned. Two males and 3 females were taken

in February, 1 of the males 16 miles to the south and west, and the other 126 miles

to the south and west, near Aberdeen ; 1 of the females was taken 11 miles to

the north and east, another 27 miles to the south and east, and the third 41 miles

to the north and west, 5| miles off Fitful Head, Shetland.

In this quarter, 10, or 32-25 per cent., were recaptured, 4 to the south and west,

4 to the south and east, and 1 each to the north and east, and north and west.

Second Quarter.— 1\\ March 1913, 4 males and 2 females were got, the place of

capture of 1 of the males not being ascertained ; the other 3 were taken to the south

and west, 1 east of the Orkneys, at a distance of 41 miles, 1 in the Moray Firth near

Tarbet Ness, at a distance of 110 miles, and the third betweeji Buchaiiness and
Aberdeen, at a distance of 119 miles. One of the females was taken east of the

Orkneys, 46 miles to the south and west, and the other offshore, 79 miles to the

south and east. A male was caught in April, 44 miles E. \ S. from the Bell Rock,

162 miles to the southwards, and in May, a male and female, the female 11 miles

and the male 13 miles to the north and west.

In this quarter, 9, or 29 per cent., were got, positions being known for 8, or

25'8 per cent., of which 5 (62'5 per cent.) were recaptured to the south and west,

2 to the north and west, and 1 to the south and east.

Third Quarter.—In July, a male was taken 11 miles to the north and west,

and in August, 2 females, 1, 17 miles to the north and west, 5 miles from Fair Isle,

and the other on Smith Bank, Moray Firth, 89 nules to the south and west.

Only 3, or 9'7 per cent., therefore, were found in this quarter, 2 to the north

and west, and 1 to the south and west.

Fourth Quarter.—Only 1 was taken in this quarter, a male captured in

September, near Noss Head, Moray Firth, 76 miles to the south and west.

In the 12 months after liberation, 23 or 74*2 per cent., M^ere recovered, positions

being knowij for 22, or 70"9 per cent. ; 11 (50 per cent.) were taken to the south

and west, 5 each to the north and west and south and east, and 1 to the north

and east.

The remaining captures were all in 1914. In January, a female was taken

51 miles to the north and west, on the west of the Shetlands. Li March, a male

and a female were found, both in the Moray Firth, one off Noss Head, 76 miles

to the south and west, the other near Clyth Ness, 93 miles in the same direction.

A female was taken in April, 6 miles from Buchanness, 114 miles to the south

and west, another female in May, east of the Orkneys, 35 miles to the south and
west, a male and a female in June, the female 9 miles to the north and west, and
the male 34 miles to the south and west, east of the Orlmeys. The last fish fiom
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the experiment was recovered in October 1914 ; it was a female which was got off

Grimsby, Orkneys, 56 miles to the south and west.

The following table shows how all the fish of the experiment were distributed
in each quadrant :

—

Quadrant.
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Maturity.

Males.—The condition of the testes was ascertained in 10 of the 16 recaptured.

Three were " spawning," 1 taken in February 1913, off Aberdeen, 126 miles to

the south and west, another in March 1913, near the same place, at a distance

of 119 miles, the third in March 1914, in the Moray Firth, near Clyth Ness, 93

miles to the south and west. One was described as " ripe "
; it was recovered

in February 1913, 16 miles to the south and west. One was " spent "
; it was

got in May 1913, 13 miles to the north and west. Two were "nearly ripe," 1

captured in December 1912, 44 miles to the south and west, and 1 in January

1913, south-east of Noss Head, in the Moray Firth, at a distance of 76 miles.

Females.—The condition of the ovaries was recorded in 13 of the 15 recaptured.

None was "spawning," but 1 was "ripe "
; it was captured on 19th August 1913,

at Smith Bank, Moray Firth, 89 miles to the south and west. Three were de-

scribed as "spent," 1 taken in March 1914, south-east of Noss Head, in the Moray

Firth, 76 miles to the south and west, another in April 1914, near Buchanness,

114 miles to the south and west, and the third in May 1914, 35 miles to the south

and west, to the east of the Orkneys. Among the females described as " imma-

ture," was 1, taken in March 1913, 79 miles to the eastwards, offshore, and it

measured 39-39-4 cm., and another, measuring 35-44 '7 cm., taken in January

1914. 9 miles to the north and west.

Experiments at 100 Miles East of the Isle of May.

At this station, which lies in Lat. 56° 40' N. ; Long. 1° 21' E., with a depth of

water of between 40 and 50 fathoms, marked plaice were liberated on 2 occasions,

namely, in June 1912 and June 1913. Particulars in regard to the liberated fish,

and those recaptured, are as follows :

—

No. of

Experi-

ment.
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The fish used in this experimert were trawled by the " Goldseeker," in Kirk-
caldy Bay, on the afternoon of the 11th June, and were marked between 3.35

and 6.25 p.m. They were kept in tanks of running water until midnight on the

following day, when they were hberated. Nine had succumbed in the- tanks.

The number recaptured was 29, or 32 per cent., namely 14 males (35-9 per cent.)

and 15 females (31-9 per cent.).

Of the males taken, 11 were of adult size, the average being 38"2 cm., and the

range from 35 to 42*1 cm., as compared with a mean of 34-2 cm., and a range of

from 28 to 38 cm. on liberation ; they were free for from 121 to 795 days, the

mean being 497 days ; they migrated distances of from 21 to 100 miles, the
average being 59'4 miles, and the mean rate, per 10 days, 1-2 miles. Three of

the males were under the adult size, the average being 30 cm., as compared with
29*3 cm., on liberation ; they were free for a mean period of 107 days, and
migrated an average distance of 60*6 miles, the mean rate of travel, per 10 days,

being 5*65 miles.

Seven of the females were of adult size on recovery, ranging from 39 to 53 '3

cm., with an average of 43-9 cm., as compared with a mean of 41-6 cm. on hbera-

tion ; they were free for from 22 to 912 days, the mean being 386 days ; they
travelled distances of from 4 to 119 miles, the average being 74 miles, and the

mean rate of travel, per 10 days, was 1 -9 miles. Eight were under the adult size,

the average being 33-4 cm., as compared with 33-6 cm. on liberation ; they were
at liberty for a mean period of 217 days, and migrated distances of from 42^
to 132 miles, the average being 70-5 miles, and the mean rate of movement 3-2

miles.

The Extent and Direction op Migration.

First Quarter.—None was caught in June, but 2 females were recaptured in

July, 1, after 22 days, a few miles off Tod Head, at a distance of 80 miles to

the westwards, having travelled at the mean rate of 364 miles per 10 days ; it

measured 54-53*3 cm., and was " spent "
; the other was taken to the east of

the Isle of May, 75 miles to the westwards, after 40 days, or at the mean rate of
18"9 miles per 10 days ; it measured 29'5-27'9 cm., and was " immature."

Two females were recaptured in August, 1 off Longstone Light, after 70 days,
at a distance of 76 miles to the south and west, the average rate of migration being
10*8 miles per 10 days ; it measured 39-39 cm. ; the other female was got to the
east of May Isle, at a distance of 52 miles, after 78 days, the rate of travel being
6*6 miles per 10 days ; it measured 34'5-35 cm.

Four fish, therefore, or 13*8 per cent., were taken in the first quarter, 3 of them
being to the west and south.

Second Quarter.—Two males and 3 females were recaptured in September, 1 of

the males, after 87 days, 72 miles to the westward, off the Isle of May, the other, after

107 days, 41 miles to the north and west, to the south-east of Aberdeen ; 1 of the
females was taken south-east of Longstone Light, after 96 days, at a distance of 82
miles to the south and west ; another was recaptured, after 102 days, north-east
of the Bell Rock, at a distance of 42 miles to the north-west ; the remaining female,

which measured 31-30 cm., was got offshore, at a distance of 117 miles E. by S. i S
of Longstone Light (Lat. 55° 40' N. ; Long. 1° 55' E.).

In October, 2 males were recovered, 1 south-east of May Isle, at a distance of

50 miles to the south and west, the other, 69 miles to the north and west, at a point
east of the Bell Rock.

A male was taken in November, far offshore, to the north-east of Buchanness, at
a distance of 100 miles to the north and east, in 62 fathoms.

Thus, in the second quarter, 8 fishes, or 27-6 per cent., were recaptured, 3 to the
north and west, and two to the south and west.

Third Quarter.—Only 1 was taken in this period, namely, a female in February
1913, 60 miles to the north and west, at Aberdeen Bank ; it measured 37-37*6 cm.,
and was " immature."

Fourth Quarter.-—Two males and a female were got in May 1913 ; the female
was taken in the Firth of Forth, about 3 miles S.S.W. of Buckhaven, at a distance
of 117 miles to the westwards ; it measured 36-5-39"2 cm., and was " immature."
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The 2 males were recaptured to the north-east of the Bell Kock, not far apart,

1 at a distance of 65 and the other at 69 miles to the north and west.

Within the first 12 months after liberation, then, 16 fishes, or 55'2 pe rcent.,

were recaptured, 7 (43"75 per cent.) to the north and west, and 5 (31 "25 per cent.)

to the south and west.

Of the remainder, 7 were taken in 1913, and 6 in 1914. Two females were
recovered in June 1913, both off Aberdeen, not far apart, at distances of 60 and 63

miles respectively to the north and west. A female was recaptured in July, 132

miles to the south and west, 2 miles S.W./W. | S. of the Tees Buoy. A male was
taken in September, south-east of Aberdeen, at a distance of 39| miles to the

north and west. In October, 2 males and ] female were caught, the female near

the place of liberation, at a distance of 4 miles to the south and east ; 1 of the males

had migrated westward for a distance of 88 miles, and was recaptured east of the

Isle of May ; the other was caught to the south-east of Buchanness, at a distance of

40 miles to the north and v^est.

In April 1914, a male was taken to the east of Aberdeen, at a distance of 48 miles

to the north and west, " immature." A male and a female were recaptured in July,

the male 50 miles to the N.W., south-east of Aberdeen, the female 39 miles to the

west and north. In August, a male was recaptured 21 miles to the north and west

of the station. In September, a male was got north-east of May Isle, at a distance

of 82 miles. The last fish to be recovered in the experiment was a female, measuring
33 cm. on liberation, but of unknown size on recapture, which was taken in December
1914, after 912 days, off Banff, in the Moray Firth, at a distance of 119 miles.

The chart shows that almost all these fish migrated towards the shore from the

deeper water, where they were liberated, to the shallower water near the coast,

and with a rapidity much greater than usual. The only exceptions are 3, 1 which
moved to the north and east, and 2 which went to the south and east.

Distances travelled—10 miles and under.—Only 1 fish, or 3"4 per cent., was
taken under 10 miles—a female, which was found 4 miles to the east and south.

This, indeed, was the only fish recaptured within 20 miles of the station.

20 to 50 miles.—Nine, or 31 per cent., were taken at distances of from 21 to 50
miles, 7 males (50 per cent.), with an average of 41 '3 miles, and 2 females (13"3 per

cent.), with a mean distance of 40*7 miles. They all migrated towards the coast,

the 2 females and 6 of the males to the north and west, and 1 of the males to the

south and west.

50 to 100 miles.—Sixteen fishes, or 55*2 per cent., were found at distances of

from 52 to 100 miles, 7 males (50 per cent.), with an average of 77*9 miles, and 9

females (60 per cent.), with an average distance of 69*7 miles. With 2 exceptions,

they all travelled towards the coast, to the west or north-west, but 4 of the females

went to the south and west ; of the 2 exceptions referred to, 1 went north and east..

and was recaptured far offshore, to the north and east of Buchanness, and the

other went south and east, also offshore.

Over 100 miles.—Three of the females were taken at distances over 100 miles,

1 in the Firth of Forth, 117 miles to the west, another, in the Moray Firth, off Banff,

at a distance of 119 miles, and the third, off the Tees, 132 miles to the south and
west.

Maturity.

Males.—The condition of the testes in 12 of the 14 recaptured was ascertained.

They were all " immature "
; 9 were above adult size, but only 1 was recaptured

within the limits of the spawning season, viz. on 21st April 1914, at a distance of

48 miles to the north and west, off the coast of Aberdeen ; it measured 30'5~36'5 cm.
Females.—The condition of the ovaries was ascertained in only 9 of the 15

females recovered. None was " spawning " or " ripe "
; 1, of 54—53*3 cm., taken

in July 1912, near Tod Head, 80 miles to the west and north, was " spent." All

the others were " immature," and none was taken within the limits of the spawning
season.

EXPERIMENT II.

13th June 1913.

In this experiment, 101 plaice were marked and liberated, viz. 42 males, 58
females, and 1 whose sex was not determined. The males ranged in size from
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25*5 cm. to 405 cm., and 25 were under the adult size on liberation ; the females

varied from 25 to 47-5 cm., and 35 were under adult size. The numbers liberated

and recaptured, arranged in 5-cm. groups, were as follows :—

F. Lib. .

F. Recap.
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to the north and west ; another, of 40"5-41 cm., caught in the Moray Firth, off

Banff, at a distance of 122 miles to the north and west ; and the third, of 28'5-30

cm., 60 miles E. | S. of Spurn Point, at a distance of 181 miles to the south. There
is little doubt that, from the size of this fish, its description as " spent " was a
mistake.

Two females were recovered in May, both to tlie south and west, one, measur-
ing 3r5-31"5 cm., at Holy Tsle, Northumberland, at a distance of 94 miles, and
the other, of 38"5-40 cm., south-east of Loagstone Light, at a distance of 79 miles.

In the fourth quarter, therefore, 7 of the fish, or 28 per cent., were recap
tured, 4 (57-1 per cent.) to the north and west, 2 to the south and west, and 1 to the
south.

Thus, in the 12 months immediately following liberation, 14 plaice, or 56
per cent., were recovered, 8 (57.1 per cent.) to the north and west, 5 (35'7 per cent.)

to the south and west, and 1 to the south.

In the remaijider of 1914, other 9 fishes were taken ; none was recaptured in

1915 ; 2 were obtained in 1916.

In July 1914, 2 males and a female were taken, one of the males 42 miles to the
so^lth and west, and the other near Aberdeen Bank, 50 miles to the north and west

;

the female was taken offshore, cast of Aberdeen, at a distance of 37 miles to the

north and v/est. A female was caught in September, after 461 days, near shore,

west of Longstone Light, Northumberland, at a distance of 93 miles to the south
and west ; it measured 30-5-39 cm. In October, after 483 days, a male, of 26-5

cm. on liberation, but of unknown size on recapture, was got offshore, 74 miles

N.E. by E. i E. of Flamboiough Head, at a distance of 112 miles to the south and
east. Two males and a female were recovered in November, the female, of 47-47"8

cm., offshore, 80 miles E. h N. from Grimsby, at a distance of 167 miles to the
south and east ; one of the males, of 33'5-35-7 cm., north-east of Longstone Light,

60 miles to the south and west ; and the other, of 26-5-32 cm., near the Bell Rock,
at a distance of 84 miles to the west and north. A female, of 29 39-7 cm., was
caught in December, after 553 days, near the coast to the south-east of Aberdeen,
at a distance of 70 miles to the north-west.

In January 1916, after 943 days, a male, of 30-5-38 cm., and " spawning,"
was recovered, near Aberdeen Bank, at a distance of 50 miles to the north and
west. In May, after 1065 days, a female, which measured 44-5-48-8 cm., was
recaptured offshore, at a distance of 33 miles to the north and east.

As in the previous experiment at this station, the chart, on which the lines of

migration are drawn, shows that the movement of the great majority of the niarked
plaice was westwards towards the coast, the most notable exceptions being those

which were taken off Flamborough Head and off Grimsby.
Distances travelled~10 miles and under.—Only 1 fish, a female, was found in

this category, at 10 miles to the south and west.

10 to 20 iniles.—Oiie female was got 19 miles to the north and west.

20 to 50 miles.—Six, or 24 per cent., were recaptured at distances of from 33 to

50 miles, 3 males (30 per cent.), with ar average of 47-5 miles, and 3 females (20
per cent.), with an average of 36-3 miles. Two of the males and 1 of the females
were taken to the north and west, off the coast of Aberdeen, a itiale and a female
were found to the south and west, and 1 female to the north and east.

50 to 100 miles.—Thirteen, or 52 per cexit., were got at distances of from 57 to

94 miles, 6 males (60 per cent.), with an average of 70-7 miles, and 7 females (46-7

per cent.), with an average of 75-9 miles. Five of the males and three of the
females were found to the north and west, 1 male and 4 females to the south and
west.

Over 100 miles.—Four, or 16 per cent., migrated more than 100 miles, 1 male,

which went 112 miles to the south and east, and 3 females, 1 of which travelled to

the north and east for a distance of 122 miles, being taken in the Moray Firth,

while the other 2 migrated to the southwards, 1 for 167 and the other for 181 miles.

Maturity.

Males.—The condition of the testes was ascertained only in 5 of the 10 recap-

tured. One was " spawning "
: it measured 30-5-38 cm., and was caught in
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JaJiuary 1916, after 943 days, near Aberdeen Bank, 50 miles to the north and wesr.

The others were " immature." including one measuring 39-5-iO-7 cm., caught on
29th April 1914.

Females.—The condition of the ovaries were ascertained in 12 of the 15 recap-

tured. None was " spawning " or " ripe," but three were described as " spent."
One, of 43'5-47 cm., was taken at Aberdeen Bank, at a distance of 59 miles to the
north and west, in April 1914 ; anotlier. of 40.5-41 cm., was taken in the Moray
Firth, off Banff, at a distance of 122 miles, on the 1st ,\pril 1914 ; the third, which
was much under tne adult size, measuring 28-5-30 cm., was described as "spent,"
doubtless by mistake. The other females were " immature."

Experiment at 220 Miles East of the Isle of May.

\m June 1913.

At this position, which lies in Lat. 57° 15' N. ; Long. 3° 54' E., near the Great
Fisher Bank, 106 marked plaice v/ere liberated on 16th Jmie 1913, in a depth of 37
fathoms. Fifty of the fish were males, the sizes ranging from 26-5-48 cm., and
19 were under the adult size. Fifty-five were females, ranging in size from 26-57
cm., 39 bei.ng under the adult size. There was only 1 fish whose sex was not
determiiied.

As no record exists on the subject, there is some doubt as to the place where
the fish used in this experiment were captured, but, as the vessel had been trawl-

ing in the neighbourhood on that day and the day before, it is probable they were
obtained locally.

The numbers hberated and recaptured, arranged in groups of 5 cm., are shown
in the following table :

—

F. Lib.

F. Kecap.
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to the south-east, at distances of 16 and 24 miles ; 1, measuring 38-38-2 cm.,

was described as " spent."

In this quarter, 3 fishes, or 17"6 per cent., were recaptured.

Second Quarter.—Three males and 2 females were got in September, 2 of the

males to the south and east, at distances of 28 and 33*5 miles ; the third male was
caught 12 miles to the north ; 1 of the females was recovered 27 miles to the south-

west, the other 51 miles to the north.

In October, a female was taken 8 miles to the south-west ; it measured 45-45*3

cm., and is described as " spent."

Two males were recaptured in November, one 29-| miles to the south and west,

the other 39 miles to the south and east.

Thus, in this quarter, the number recovered was 8, or 47-1 per cent.

Third Quarter.—In this period, only 1 fish was taken, namely, a female, in

February, after 239 days, in the Moray Firth ; it was got by a (lerman trawler,

and landed at Bremerhaven, and was stated to have been captured ]0| miles

N. I E. of CuUen, Banffshire, at a distance of 218 miles. No other fish was
recaptured within the first year after liberation, so that the total taken in the 12

months was 12, or 70*6 per cent., 6, or 50 per cent., to the south and east, 3, or

25 per ceJit., to the south and west, 2 to the north and west, and 1 to the north and
east.

In July 1914, 2 males and a female were recovered. The female was taken at

a distance of 27 miles to the north and west ; 1 of the males was found in the

same direction, at a distance of 53 miles, and the other, 15 miles to the south-

west ; the latter, which measured 32-5-38*8 cm., was described as " spent."

In August 1914, after 440 days, a female, measuring 39-5-43-6 cm., was taken,

by an EngUsh trawler, and landed at Grimsby, 20 miles E.S.E. of Flamborough
Head (I.at. 54° N. ; Long. 0° 25' E.), at a distance of 228 miles to the south and
west.

The date of recapture of 1 of the fishes, a male, taken 26 miles to the south,

was not recorded.

Dibtances travelled—10 miles and under.—One fish, or 5*9 per cent., a female,

was got at 8 miles distant to the south and west.

10 to 20 miles.-—Two fishes, or ITS per cent., a male and a female, went distances

of 15 and 16 miles respectively, the former to the south and west, and the latter

to the south and east of the station.

Under 20 miles.—Thus, 3 fishes, or 17*7 per cent., went journeys of less than
20 miles, 2 to the south and west, and 1 to the south and east.

20 to 50 miles.—Nine plaice, or 52-9 per cent., went distances of from 24 to 39

miles, namely, 5 males (62-5 per cent.) and 4 females (44-4 per cent.). Three of

the males and 2 of the females were recaptured to the south-east, 2 males and 1

female to the south and west, and 1 female to the north and west.

50 to 100 miles.—Two fish, or 11*8 per cent., were recaptured at distances of

between 50 and 100 miles, namely, a male, 53*5 miles to the north-west, and a

female, 51 miles to the north and east.

Over 100 miles.—^Three plaice (17"7 per cent.) wejit journeys of more than 100

miles, the average distance being 189 miles. A male and a female were got to the

north and west at, respectively, 121 and 218 miles distant, the latter being described

as captured in the Moray Firth. The other female went 228 miles to the south and
west, being taken off Flamborough.

Maturity.

Males.—The condition of the testes was ascertained only in four cases. None
was " spawning " or " ripe," but 1, measuring 37-39 cm., was taken in November
1913, at a distance of 29 miles to the south and west, and described as " nearly
ripe." Another, of 32-5-38-8 cm., was taken at 15 miles distant, to the south-

west, in July 1914, and Avas said to be " spent." All the others were " immature."
Females.—The condition of the ovaries was recorded in 6 of the 9 females

recaptured. None was " spawning " or " ripe." Two were described as " spent,"

1, taken in August 1913, 24 miles to the south and east, and the other in October

1913, 8 miles to the south and west. All the others were " immature,"
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Experiments at Great Fisher Bank.

A number of experiments were made in the region of the Great Fisher Bank,
extending from April 1910 to June 1912, but most of them referred to very small
numbers. The particulars are given in the following table :

—
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The numbers liberatedand recaptured, arranged in5-cra. groups, are as follows



255

north and west, 2, taken on the same day, at 10 miles and the third at 25 miles

distant.

In this quarter, 44 of the marked plaice, or 37-9 per cent., were recovered, but

the position of 1 was not ascertained. Of the remaining 43 (37"1 per cent.), 20 were
found to the south-east, at a mean distance of 19 miles in the mean direction S.

56° E. ; 10 (23-2 per cent.) went an average distance of 18 miles m the mean direc-

tion S. 22° W. ; 7 (16 per cent.) went 31 miles in the mean direction N. 49° W.

;

and 6 (13'9 per cent.) went an average distance of 6 miles in the mean direction N.
23° E. On the migration chart, the majority of the lines are to the eastwards and
southwards.

Second Quarter.-—None was caught in September, but 2 males and 3 females

were takeji in October, 1 of the males 39 miles to the south and west, and the other

35 miles to the south and east. Of the females, 1 was taken 15 miles to the north

and west, and the other 2 at 12 and 19 miles to the north and east.

Six males and 6 females were recaptured in November. Two of the males were

found at 15 and 51 miles to the north and east, 2 at 45 and 47 miles to the north

and west, 1 at 57 miles to the south and east, and 1 at 220 miles to the south and
east, at Borkum Riff (about Lat. 54° N. ; Long. 6° E.), the mean rate of movement
being 13-7 miles per 10 days ; this fish measured 37-37 cm., and was landed at Altona

by a German trawler. The place of recapture of 1 of the females was not ascer-

tained ; of the others, 2 had travelled distances of 17 and 42 miles to the north

and west, and 2 were taken by a German trawler 39 miles N.-W. | W. of Hanst-
holm, in the mouth of the Skagerak, Denmark, at 142 miles distant to the south and
east. The remaining female is stated to have been taken at a distance of 225
miles to the north and east (Lat. 60° 20' N. ; Long. 3° 10' E.), the mean rate of move-
ment representing 13*7 miles per 10 days ; this fish was captured by a German
trawler and landed at Hamburg.

In this quarter, therefore, 17 fish, or 14-6 per cent., were recaptured, but the

position of 1 w^as not recorded. Of the others (13'8 per cent.), 5 were taken to the

north and east, at an average distance of 64 miles ; 5 to the north-west, at a mean
distance of 33 miles ; and 5 to the south-east, at an average distance of 119 miles

;

while 1 was foimd to the south and west.

Third Quarter.—A male and a female were recovered in December 1910, at

distances of 40 and 43 miles to the north and east.

A male was got in January 1911, 37 miles to the north and east, and a female

in February, 88 miles to the north and west.

Thus, in the third quarter, only 4 of the marked plaice, or 3"4 per cent., were
recaptured, 3 to the north and east, and 1 to the north and west.

Fourth Quarter.—None was taken in March, but in April a male and 3 females

-

were caught, 1 female 21 miles to tne south and east, another 14 miles to the north
and east, and the third 14 miles to the north and west ; the male was taken 45 miles

E. I S. of Aberdeen, at a distance of 137 miles to the westward, and landed at

Aberdeen.

In May, 8 males, 14 females, and 1 of imknown sex were recaptured ; the position

of capture of 1 of the males was not ascertained ; 3 were found to the north and
east, at distances of 10, 11, and 13 miles ; 1 at 36 miles to the nortli and west

;

another 12 miles to the south and east ; and 2 at 5 and 16 miles to the south and
west. Of the females, 3 were found to the north and east, at distances of 5, 10, and
41 miles respectively ; 8 were recaptured to the north and west, at distances of 2,

11, 15, 17, 19, 34, 47, and 52 miles ; 1 was got 18 miles to the south and east, and 2

to the south and west, 1 at 13 miles and the other at 130 miles distant, to the east

of Hartlepool.

In the fourth quarter, 27, or 23-3 per cent., of the marked plaice were recaptured,

but the position of capture of 2 was not recorded. Of the remaining 25 (21-5 per
cent.), 11 (44 per cent.) were found at an average distance of 35 miles in the mean
direction N. 55° W. ; 7 (28 per cent.) at an average distance of 15 miles in the mean
dirert'on N. 22° E. ; 4 (16 per cent.) at an average distance of 41 miles S. 46° W.

;

and 3 (12 per cent.) to the south and east.

Thus, in the 12 months, 92, or 79'3 per cent., were recaptured, the positions

of 4 not being ascertained. Of the remaining 88 (75"9 per cent.), 28 (3r8 per cent.)

were taken to the south and east ; 21 (27"3 per cent.) to the north and west ; 21
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(23*9 per cent.) to the north and east, and 15 (17 per cent.) to the south and west.

These particulars are summarised in the following table :

—

Quarter.
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Quadrant.
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north and west, 3 males and -1 females to the north and east, 1 male and 1 female

to the south and west.

50 to 100 miles.—Ten fish, or 9-1 per cent., were got at distances of from 51 to

91 miles, 5 males (11-6 per cent.), with an average of 66-8 miles, and 5 females (7-6

per cent.), with an average of 74-8 miles. Two of the males and 1 of the females

were caught to the south and east, I of the males to the north and east, 1 male

and 2 females to the south and west, and 1 male and J females to the nortn and
west.

Over 100 miles.—Eleven fish, or 10 per cent., were recovered at distances of

from 112 to 232 miles, 3 males (6-9 percent.), with an average of 171 miles, and 8

females (12-1 per cent.), with a mean of 155-5 miles. One of tne males and 2 of the

females went to the south and east, 2 males and 2 females to the north and west,

2 females to the south and w^est, 1 to the north and east, and 1 to the south.

Maturity.

Males.—As previousl}; stated, most of these fish were taken by English or by
foreign trawlers, only the records coming into my possession. Thus, the condition

of the testes was ascertained in only 8 of the 46 males recaptured.

Five were described as " ripe," 1 taken in December 1910, 43 miles to the north

and east, 1 in April, 1911, 137 miles to the north and west, 1 in October 1912, 11

miles to the south and east, 1 also in October 1912, 69 miles to the south and west

and 1 in January 1914, after 1314 days, 156 miles to the north and west.

A male taken in October 1910, 35 miles to the south and east, was described

as " maturing," and 1 captured in May 1911, 36 miles to the north and west, was

said to be " spent."

Females.—The condition of the ovaries was recorded for 13 of the 69 females

recovered.

One was " ripe "
; it was taken on the ground 1| miles to the south and west,

in June 1911.

Among the females under adult size, 1, measuring 33-5-37 cm., caught in May
1911, 52 miles to the north and west, was described as " ripe."

EXPERIMENT VII.

Uth July 1911.

In this experiment, w^hich was made north-west of the Bank, at 57° 25' N.
;

3° 35' E., 102 plaice were marked and liberated, viz. 50 males, 43 females and 9

whose sexes were not determined. The males measured from 29 to 42-5 cm., and

23 were under adult size when liberated ; the females varied from 28 to 44 cm., and
33 were under adult size on liberation.

The numbers liberated and recaptured, arranged in 5-cm. groups, are as

follows :

—

F. Lib. .

F. Recap.
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20 females (46*5 per cent.), and 1 of unknown sex (11-1 per cent.). Nineteen of the
males were of adult size on recapture, ranging from 33 to 45-5 cm., and avera<jin»
38-9 cm., as compared wath a range of from 30 to 42-5 cm., and a mean of 35-8 cm.,
on liberation ;' they were free for periods of from 45 to 1117 days, the mean being
384 days ; they migrated distaiices of from 9 to 96 miles, the mean being 34 "5

miles, and the average rate of movement, -85 mile. Three were under the adult
size, averaging 31-8 cm., as compared with 31-7 cm. on liberation ; they were at
liberty for an average period of 135 days, and travelled from 15 to 54 miles, the
mean being 37 miles, and the average rate 2.7 miles. Sixteen of the females were
of adult size on recapture, averaging 42-8 cm., and ranging from 38-7 to 47-5 cm.,
as compared with a mean of 36"1 mn., and a range of from 28 to 44 cm. oii liberation

;

they were at hberty for from 291 to 923 days, the mean being 661 days ; they
travelled from 17 to 217 miles, the average being 73-9 miles, and the mean rate, I'l

miles. Four were under adult size, averging 31 cm., as against 31.4 cm. on Ubera-
tion ; they were free for a mean period of 109 days, and moved from 27 to 205 miles,
the average being 79-5 miles, and the mean rate 7-3 miles. So far as the port of
landing is recorded, 11 were landed at Aberdeen, 6 each at London and Grimsby, 5
each at Hull and Hamburg, 4 at Cuxbaven, 2 at Altona, 2 at North Shields, and 1 at
Ymuiden.

The Extent and Direction op Migration.

First Quarter.—Three males were recaptured in August, all to the south and
east, at distances of 27, 37, and 54 miles respectively.

In September, 2 males were taken, also to the south and east, at 11 and 15 miles.

These were the only marked plaice caught in this quarter (11-6 per cent.), all to the
south and east.

Second Quarter.—Three males, 2 females, and 1 of unknown sex were taken in

October, the 2 females, 1 of the males, and the fish whose sex was not determined
to the south and east, the male at 29 miles, and the female at 27 and 36 miles. The
fish of unknown sex was taken 25 miles W./N. f N. of Hanstholm, Denmark, at the
mouth of the Skagerak, the apparent rate of movement being 17-25 miles per 10
days. A male was caught 12 miles to the south and west, and another 34 miles
to the north and west.

Four males and 2 females were taken in November, but the position of capture
of 1 of the males was not recorded. The females and 1 male were taken to the
south and east, the male at a distance of 59 miles, and 1 of the females at 50 miles

;

the other female was found 20 miles west of List, in the northern part of the island

of Sylt, Germany (54° 56' N. ;
7° 49' E.), at a distance of 205 miles, the mean rate of

movement having been 17*5 miles ; a male was recaptured 19 miles to the north
and east, and another 19 miles to the north and west.

None was taken in December, so that the total recovered in the second quarter
was 12, or 27-9 per cent., but the position of 1 was unknown. Of the remaining
11 (25-6 per cent.), 7 (63-6 per cent.) were got to the south and east, at an average
distance of 78 miles in the mean direction S. 37° E. ; 2 (18-2 per cent.) were found
to the north and west, and 1 each to the north and east, and south and west.

Third Quarter.—^o plaice were recaptured during this period.

Fourth Quarter.—In April 1912, a female v/as taken 136 miles to the south and
east, off Jutland Bank, and in May 2 males, 1, 42 miles to the south and east, and
the otlier at an unknown locahtv.

Two females were recovered in June, both to the north and west, 1 at 17 miles
and the other at 25 miles.

Five were found in this quarter, or 11-6 per cent., but the position of 1 was
unknown ; 2 were taken to the north and west, and 2 to the south and east.

In the 12 months immediately following the Uberation of the fish, 22, or 51-2

per cent., were recaptured, the positions of 2 being unknown ; of the remainder
(46-5 per cent.), 14 (70 per cent.) were got to the south and east, 4 to the noit li and
west, and 1 each to the north and east, and south and west.

Of the others, 5 were taken in the remainder of 1912, 11 in 1913, and 5 in 1914.
In Jidy 1912, a male was taken 17 miles to the north and west. In October,

a male was caught 20 miles to the north and west, and a female 217 miles in the
same direction, 30 miles north-east of Sumburgh Head, Shetland. In November, a
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male was taken 96 nailes to the north and west, and a female 45 miles, also to the

north and west.

In January 1913, a female had gone 80 miles to the north and west, and in March
another female was taken, but the place of recapture was unrecorded. The next

recapture was a female in May 1913, 29 miles to the south and east. In July, a

female was captured, 77 miles E.N.E. J N. of Rattray Head, 131 miles to the north

and west. Two female's were recovered in September, 1, 19 miles to the south and
west, and 1, 36 miles to the south and east. In October, a male was taken 39 miles

to the south and east, and in November, another male 52 miles to the north and
west. In December, a male and two females were found, all to the north and wes1

,

the male at a distance of 70 miles, and 2 females at 60 miles.

In January 1914, 3 females were taken, 2 at 80 and 99 miles to the north and
west, and 1, 74 miles to the south and east. In May, a male was found 36 miles

to the north and west, and in August, after 1117 days, another male, which

measured. 34 '5-44 "2 cm., at a distance of only 9 miles to the north and west.

Distances travelled—10 miles and under.—Only 1 fish, or 2*5 per cent., was taken

imder 10 miles, viz. a female, at 9 miles to the north and west.

10 to 20 miles.—Eight, or 20 per cent., were found at distances of from 11 to 19

miles, 6 males (30 per cent.), with an average of 15-5 miles, and 2 females (10-5 per

cent.), with a mean of 18 miles. Two of the males were taken to the south and east,

2 males and 1 female to the north and west, 1 male and 1 female to the south and

west, and 1 male to the north and east.

Nine fish, or 22*5 per cent., were thus recaptured at distances under 20 miles.

20 to 50 miles.—Fourteen fish, or 35 per cent., were got at distances of from 20

to 45 miles, 8 males (40 per cent.), with an average of 33 miles, 6 females (31-6 per

cent.), also with an average of 33 miles. Three of the males and 2 of the females

were taken to the north and west, and 5 males and 4 females to the south and east.

50 to 100 miles.—Twelve fish, or 30 per cent., were found at distances of from
50 to 99 miles, viz. 5 males (25 per cent.), with a mean of 66 miles, and 7 females

(36-8 per cent.), with a mean of 71 "8 miles. Three of the males and 5 females went
to the north and west, and all the other fish to the south and east.

Over 100 miles.—No males were found over 100 miles away, but 4 females (21

per cent.) went distances of from 131 to 217 miles, the average being 172-25 miles
;

2 were got to the south and east, and 2 to the north and west ; 1 of unknown sex

was recovered 138 miles to the south and east.

Maturity.

Males.—The condition of the testes was recorded for only 6 of the 22 recaptured.

One was " spawning " (" nearly spent ") ; it was taken in May 1914, after 1043

days, 36 miles to the north and west, and measured 30-41-3 cm.

Three were described as " nearly ripe," all taken to the north and west, 1 in

November 1911, at a distance of 19 miles ; another in November 1913, at 52 miles,

and the third in December 1913, at a distance of 70 miles ; these fish were all above
adult size when hberated.

One, taken in October 1912, 20 miles to the north and west, was said to be
" three-quarters ripe."

Females.—Of the 20 recaptured, the condition of the ovaries was recorded in 7.

One was " spawning "
; it measured 33-5-44-5 cm., and was taken in January

1914, 99 miles to the north and west.

Two were described as " ripening," 1 found in January 1913, 80 miles to the

north and west, the other in January 1914, also 80 miles to the north and west.

One was said to be " spent "
; it was caught in June 1912, 25 miles to the north

and west. Another, also taken in June 1912, 17 miles to the north and west, was
described as " apparently spent."

OTHER EXPERIMENTS.

Some other experiments were made in this region.

On 15th July 1911, 26 plaice, which had been caught in the vicinity, were
marked and liberated at the same position as on the 14th, viz. 10 males, 14 females,

and 2 whose sex was not ascertained. The males ranged in size from 31 to 51-5
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cm., and 1 only was uiidei adult size on liberation ; the size of the females was
from 32 to 59 cm., and 2 were mider adult size. Tiie number recaptured was 6,

or 23-1 per cent., 1 male and 5 females. The male was recaptured iii March 1912,
94 miles to the south and west. One of the females was taken in October 1912,
12 miles to the south and west, and another, also in Oc'tober, 37 miles to tlie south
aud east; the third was found in November 1911, 110 miles to the south and
west ; the fourth, in January 1912, 217 miles to the south and west, 159 miles
E. I 8. of Spurn Head ; and the last, at a distance of 220 miles to the south and
east.

On 17th June 1910, 17 plaice, captured in the vicinity, were marked and
hberated at the position 57° 20' N. ;

3° 39' E., viz. 6 males, Gfemales, and 5 whose
sexes were not ascertained. Only 2 were recaptured, a male in May 1911, 10
miles to the south and west, and 1 of unknown sex in August 1910, 11 miles to
the north and west.

On the day following, 6 fish, 2 males aj\d 4 females, were hberated at 57° 1' N.
;

3° 52' E., and on the 20th, 4 plaice, 3 males and a female, at 56° 58' N. ;
4° 15' E.,

but no fish from either of these 2 experiments was recaptured.

On 21st June 1910, 12 plaice, caught in the locality, were marked and set free

at the position 56° 37' N. ;
3° 42' E., 5 males, 6 females, and 1 of unknown sex.

Three were recaptured, a male in July 1910, 45 miles to the north and west,

another male in Februarj^ 1911, 86 miles to the south and west, and a female in

October 1910, 34 miles to the south and east.

On 13th June 1912, 98 maiked plaice were hberated at the position 57° 12' N.

;

4° E., viz. 38 males, 57 females, aud 3 whose sexes were not ascertained. The
fish used were taken by the " Goldseeker " on the 11th June, m Kirkcaldy Bay,
were marked on the 12th, and Ubeiated on the 13th ; 6 fish died in the ta,nks in

the ijiterval. The males ranged in size from 27 to 42 cm., and 23 were under
adult size ; the females ranged from 27'5 to 48'5 cm., and 43 were under adult
size.

The numbers liberated and recaptured, arranged m 5-cm. groups, were as

follows :

—

cm. cm. cm. cm. cm.
25-30-5 31-35-5 36-40-5 41-45-5 46-50-5 Total.

F. Lib. ... 16 22 J

1

6 2 57
F. Recap. . . 2 6 1 1 _. 10

M. Lib. ... 17 14 5 2 — 38
M. Recap. . . 2 2 1 _ _ 5

?Lib. ... — 1 2 — — 3
? Recap. . . — — — — — —

Only 15, or 15*8 per cent., were recaptured, 5 males (13*2 per cent.) and 10
females (18-5 per cent.). All the males were of adult size on recapture, ranging
froju 36-9 to 43-5 cm., and averaging 40-2 cm., as compared with a range of from
28-5 to 41 cm., and an average of 33-6 cm. on liberation ; they were at liberty

for the average period of 672 days, and migrated fiom 36 to 86 miles, the mean
being 50-5 miles, and the mean rate of movement "75 mile. Six of tne females
were of adult size, ranging from 38-6 to 48 cm., and averaging 43-2 cm., as com-
pared with a range of from 33*5 to 45-5 cm., and an average of 37*2 cm. on libera-

tion ; they were at fiberty for from 116 to 1293 days, the mean being 588 days
;

they migrated distances of from 62 to 179 miles, the average being 108-4 miles,

and the mean rate 1-8 miles Four were mider adult size, averaging 32-5 cm.,
as compared with an average of 30-5 cm. on liberation ; they were at liberty for

the mean period of 268 days, and travelled distances of from 2 to 247 miles, the
mean being 77-5 miles, and the average rate of movement 2-9 miles.

The Extent and Direction of Migration.

The first fish to be caught were taken in October 1912, viz. 2 females, one 27
miles to the south and east, and the other 72 miles to the south and west.



The next was a female captured in March 1913, only 2 miles to the south and

west. In May, a female was said to have been taken in the Firth of Forth, ^ mile

off Portobello, on the south shore, having migrated a distance of 247 miles to the

westwards, in 322 days, or at the mean rate of 7-7 miles per 10 days ; this fish was

sent from a firm at Leith, with an intimation that it was caught in a crab-net at the

above locaUty. In June, a female was recovered 34 miles to the soath and west.

In August, a male 36 miles to the south and east ; and in September, 2 females, one

62 miles to the south and west, and ojie 94 miles to the north and west. In

December, a female was taken 18 miles north of Hanstholm Light, 145 miles to the

south and east.

In January 1914, a male had gone 86 miles to the south and east. In April, a

female was recaptured 97 miles to the south and east, in July a )nale 32 miles to the

south and east, in August 2 males to tne north and west, at 48 and 50 miles.

No other fish from this experiment was recaptured until December, 1915, when
a female was found, after 1293 days, on the Sylt Ground, 179 miles to the south and

east.

Distances travelled—10 miles and under.—One fish, a female, was caught 2 miles

to the south and west, after 263 days.

None was recaptured between 10 and 20 miles.

20 to 50 miles.—Five, or 33-3 per cent., were taken at distances of from 27 to 48

miles, 3 males (60 per cejit.), with an average of 39 miles, aiid 2 females (20 per cent.),

with a mean of 30-5 miles. Two of the males and 1 of the females were taken to

the south and east, 1 male to the north and west, and 1 female to the south and
west.

50 to 100 miles.—Six, or 40 per cent., were recaptured at distances of from 50 to

97 miles, 2 males, with an average of 68"25 miles, and 4 females (40 per cent.) with

an average of 81-6 miles. One male and 1 female went to the south and east, 1

male and 1 female to the north and west, and 2 females to the south and west.

Over 100 mile.-i.—Tliree fish, or 20 per cent., were recaptured at distances of from

145 to 247 miles ; they were all females (30 per cent.), and 2 were taken to the

south and east, 1 off Hansthohn Light, and another on the Sylt rxround ;
the third

is described as having been found in the Firth of Forth, 247 miles to the westwards.

Maturity.

As the condition of the reproductive organs was not recorded in the fish landed

at foreign, or at most English, ports, little can be said on this subject. The female

recorded as having been captured in the Firth of Forth measured 28-31-2 cm., and
was, of course, " immature." A female, taken in September 1913, 62 miles to the

south and west, was described as " mature "
; it measured 45'5-48 cm. ; a male,

taken in August 1913, 36 miles to the south and east, was " about half mature."

The remaiaing experiments in the region of the Grreat Fisher Bank were as

follows :

—

On 14th June 1912, 3 females and 2 of unknown sex, caught locally, were marked
and hberated at 57° 16' N. ;

4° 8' E., and 1 female was recaptured oji the 9th July

following, 4J miles to the westwards.

On the same day, 13, also taken locally, were liberated at 57° 19' N. ;
4° E., com-

prising 4 males, 7 females, and 2 of unknown sex. Four, or 30*8 per cent., were

recaptured, 2 males and 2 females. One of the males was found in September 1913,

34 miles to the south and east, and the other in July 1912, 7 miles to the north and
east. One of the females was got in July 1912, 7 iniles to the north and east, and
the other in November 1913, after 506 days, 17 miles to the south and east.

Three females, caught in the vicinity, were marked and set free also on the 14th

June, at 57° 15' N. ; 3° 52' E., but none was recaptured.

Experiment at 22 Miles S.S.E. from Cruden Scaurs.

8th March 1912.

One experment was made at this locality, which hes 22 miles S.S.E. of Cruden

Scaurs, or 25 miles S. 10° E. of Buchanness (Lat. 57° 6' N.; Long. 12° 5' W.), with a



depth of 43 fathoms. It was intended to Mberate these fish at Aberdeen Bank,
but, owing to a strong south-easterly gale, they had to be set free at this position,

wihch lies 14 miles N. 24" W. of the station on Aberdeen Bank.
The number liberated was 100, consisting of 20 males and 80 females. The males

ranged in size from 33 to 36-5 cm., and all were of adult size when liberated. The
females ranged from 32 to 47 cm., and 60 were under the adult size M^hen liberated.

The nunibers liberated and recaptured, arranged in 5-cm. groups, are as

follows :

—
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recaptured, 2 to the nortli and east, and 1 eacli to the north and west, south and
east, and south and west.

Third Quarter.—In September, a male was taken 29 miles to the south and
west.

In October, 3 females were recaptured, 2 of them 21 miles to the north and
west, near the coast south of Cruden Bay, and 3 east of the Bell Rock, at a distance

of 43 miles to the south and west.

Three females were taken in November, 2 to the south and west, at distances

of 10 and 25 miles, and 1 at Cruden Bay, at a distance of 22 miles to the north

and west.

In this quarter, 7 fish, or 10-6 per cent, were recovered, 4 (57-1 per cent.)

to the south and west, and 3 (42-8 per cent.) to the north and west.

Fourth Quarter.—Two were found in December, 1, a female, near Aberdeen, at

a distance of 18 miles to the north and west, the other, a male, off Banff, Moray
Firth, at a distance of 62 miles to the north and west.

In January 1913, 3 females and 1 male were recaptured. One of the females

was taken off Buchanness, at a distance of 21 miles to the north and east ; the male
and the other 2 females were recaptured in the Moray Firth, off Banff, at distances

of 61 and 62 miles.

In February, 3 males and 4 females were got, the 3 males and 2 of the females

to the north-west, 1 female to the north, and the other to the south and east ; the

last had moved only 6 miles ; the female which went to the north had migrated

20 miles, and was taken off Buchanness ; of the others, 4 were taken in the Moray
Firth, 2 females at distances of 74 and 87 miles, and 2 males at 95 and 104 miles

;

the remaining male was found 6 or 7 miles south-west from Rackwick Bay, Orkneys,

at a distance of 129 miles.

In this quarter, 13 fish, or 19*7 per cent., were recaptured, of which 10 were

taken to the north and west, 1 each to the north and east, the north, and the south

and east.

In the 12 months immediately following the hberation, 38 fish, or 57 '6 per cent.,

were recovered, 23, or 60 '5 per cent., to the north and west, 8, or 214 per cent.,

to the south and west, 4, or 10*5 per cent., to the north-east, 2 to the south and
east, and 1 to the north. These particulars are summarised in the following

table :

—

itAHLe.
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Quarter.
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In February, 2 females were caught, 1 off Kinnaird Head, at a distance of 44

miles to the north and west, the other in the Moray Firth, off Tarbet Ness, at a

distance of 90 miles.

In March, 2 females were taken, 1, 49 miles to the south and west, off the Bell

Hock, and the other, 97 miles to the north and west, near Noss Head, in the Moray
Firth.

A female was taken in May, 47 miles to the south and west, south-east of the

Bell Rock.
In July, a male was recaptured 15 miles E. by S. of Auskerry, Orkneys, at a

distance of 120 miles to the north-east, and in December, a female, 14 miles S.S.E.

of Fair Isle, at a distance of 133 miles to the north and east.

One female had no date of recapture.

Quadrant.
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cent.) and 10 females (20 per cent.), the latter having an average distance of 12'6

miles.

20 to 50 miles.—Twenty-four fish, or 37 '5 per cent., were recovered at distances

of from 21 to 49 miles, 2 males (1-1-3 per cent.), with an average of 25-5 miles, and
22 females (44 per cent.), with a 'mean of 28'3 miles. One of the males and 11 of

the females were taken to the north and west, the other male and 6 females to the

south and west, 4 females to the north and east, and 1 to the north.

50 to 100 miles.—Twenty-two of the marked plaice, or 34 -3 per cent., were
recaptured at distances of from 56 to 100 miles, namely, 7 males (50 per cent.), with

an average of 75-9 miles, and 15 females (30 per cent.), with a mean of 74*5 miles.

All the males and 13 of the females were found to the north and west, and 2 females

to the south and west. All the males were recaptured in the Moray Firth, 4 of

them off Banff ; 11 of the females were taken in the Moray Firth, 3 off Banff
;

1 of the females went to the mouth of the Tay, and another east of the Isle of May.
Over 100 miles.—Eight fish, or 12-5 per cent., were got at distances of from

104 to 201 miles. Five (35-7 per cent.) were males, wath an average of 151-2

miles, and 3 (6 per cent.) were females, with a mean of 141-6 miles. One of the

males was taken in the Moray Firth (Dornoch Firth), 2 on the north coast of Scot-

land, off Scourie Bank, and 2 at the Orloiey Isles ; two of the females were also

taken at Orkney, and 1 near Fair Isle.

Maturity.

Males.—The condition of the testes was ascertained in 14 of the fifteen males
recaptured.

Three were "spawning," 2 taken in February 1913, 1 in the Moray Firth, at

a distance of 104 miles, the other at the Orkneys, at a distance of 129 miles ; the

third was found in March 1913, off Banff, in the Moray Firth, at 61 miles distant.

Four were described as " ripe," all caught in the Moray Firth, 2 off Banff, at

distances of 61 and 62 miles, in December 1912 and March 1913, and 2 taken
respectively in February and March, off the coast of Caithness, at distances of 95

and 91 miles respectively.

Three were described as " spent," namely, 2 taken off Scourie Bank, on the north

coast, in April 1913, at 201 miles distant, and the third recaptured in .July 1914,

after 849 days, off the Orkneys, at a distance of 120 miles to the north and east.

One male, recovered in January 1913, off Banff, ia the Moray Firth, at a dis-

tance of 61 miles, was said to be " nearly ripe."

Among the males of adult size, whose testes were " immature," 2 were found
within the Umits of the spawning season, 1 in March 1912, after 2 days, at a distance

of 12 miles to the south and west ; it measured 34-5-34-8 cm. ; the other, which
measured 34-5-35-2 cm., was taken inApril, 22 miles to the north and west, in Cruden
Bay.

Females.—Of the 51 recaptured, the conditions of the ovaries were recorded for

43.

Three were described as "spawning," 1 taken in March 1914, after 740 days,

49 miles to the south and west, near the Bell Rock ; another, got in March 1913,

off Auskerry, Orkney, 116 miles away to the north and east ; the third, recaptured

in December 1914, near Fair Isle, 133 miles to the north and east.

One, recaptured in February 1913 in the Moray Firth, off Buckie, at 74 miles

distant, was described as " ripe."

Eight were said to be " spent," 4 being taken to the north-west, 2 to the south-

west, and 2 to the south-east. Of those caught to the south-east, 1 w^as recaptured

in May 1913, at 7 miles distant, a]id the other in April 1913, at a distance of 19

miles. Of those which went to the south and west, 1 was taken in May 1912, at

56 miles distant, east of the Isle of May, and the other in May 1914, at a distance of

47 miles, also east of the Isle of May. Of the 4 which migrated north and v/est, 1

was taken in March 1912, after 19 days, near Cruden Bay, and another also in

March 1912, after 17 days, off Bnchanness, at a distance of 22 miles. Of the 2

remaining fish, 1 was caught in March 1913, in the Moray Firth, at a distance of 99

ipiles, and the other in July 1912, on the west side of the Orkney Isles, off Hoy Head,
at 176 miles distant.
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Four were "nearly ripe," 1 taken in January 1913, in the Moray Firth, at a

cli»itance of 62 miles, another in December 1913, north of Rattray Head and south-

east of Noss Head, at 84 miles to the north and west, a third in January 1914, in

the Moray Firth, off Whitehills (Banff), a distance of 62 miles, and the fourth in

February 1914, after 700 days, near Kinnaird Head, at a distance of 44 miles to the

north and west.

Three were described as " three-quarters ripe," 1 taken in November 1912, 10

miles to the south and west ; another also in November 1912, 22 miles to the north

and west, at Cruden Bay ; the third was recaptured in January 1914, after 678

days, at Whitehills, in the Moray Firth, at a distance of 62 miles.

Three were said to be " half-ripe," 1 caught in March 1912, after 6 days, 11

miles to the south and west, and measuring 42-7 cm. ; another in April 1912, after

36 days, 23 miles to the north and west, and measuring 46'9 cm. ; the third, in

September 1913, 31 miles to the north and east, and measuring 52 cm.
Among the females of adult size whose reproductive organs were " immature "

were the following captured within the Hmits of the spawning season :—One, measur-

ing 33'5—42"2 cm., in January 1913, 21 miles to the north and east ; another, of

33-42-4 cm., taken in March 1914, in the Moray Firth, near Lybster, at a distance

of 97 miles ; and 1, caught in May 1913, 23 miles to the north and west, which
measured 43'4 cm.

Among the females under adult size whose ovaries were " immature " were 2

taken in February 1913, and measuring respectively 33*5-37-6 cm. and 33-37-2 cm.

EXPERIMKNT AT RaTTRAY HeAD.

1th July 1912.

At this place, which lies about 13 miles S. 79° E. from Rattrav Head, in Lat.
57'' 38' N. ; Long. 1° 25' W., where the depth is 40 fathoms, 101 fish were marked
and liberated, 46 males and 55 females. The males rn aged in size from 28-5 .o 45-5

cm., and 17 were under adult size whea liberated. The females measured from
29 to 48 cm., and 43 were under adult size on libeiation.

The numbers liberated and reraptured, arranged in 5-cm. croups, are shown in

the following table :

—

F. Lib. .

F. Recap.
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Thirteen were under adult size on recapture, averaging 33"6 cm., and ranging from
28-1 to 37 cm., as compared with a range of from 30 to 36-5 cm., and a mean of
32-9 cm. on liberation

; they were free for periods of froin 11 to 105 days, t!ie

average being 179 days ; the distances moved varied from 13 to 78 miles, the
average beiiig 27'5 miles and the mean rate 1*5 miles.

The Extent and Direction of Migration.

First Quarter.—In the remainder of July, 2 females and 1 male were taken,
the male 10 miles to the north and west, the females at 17 and 28 miles to the south
and west respectivel}-

.

In August, 2 males and 2 females weie found, all to the south and west, the

males at distances of 16 and 22 miles, the females at 10| and 14 miles.

In September, 1 male and 3 females were recovered, the male at a distance

of 56| miles to the south and east, in the offshore waters ; 1 of the females went
14| miles to the north and west, to off Kinnaird Head, and the other 2, 16 miles to

the south-west.

In this quarter, 11 marked plaice, or 21-1 per cent., were got, 8 (72-7 per cent.)

at an average distance of 17 miles in the mean direction S. 39° W ., 2 (18-2 per cent.)

to the north and west, and 1 to the south and east. The chart, with the lines of

migration, shows that 7 of these fish were recaptured at a short distance to the

south-east of Buchanness.

Second Quarter.— In October, 1 male and 2 females were taken, all to the south
and west, at distances of (for the male) 30^ miles and (for the females) 17i and 18
miles respectively.

In November, 4 males and 2 females were got, all to the soiitli-west, except 1

of the males, which was captured in the Moray Firth, off Buckie, at a distance of 52
miles to the north and west ; the other males were recaptured at 17|, 18, and 21

miles, and the females at 14 and 20 miles.

Ii\ December, 2 females were recaptured, 1 at a distance of 19^ miles to the

south and west, and the other 7 miles south from Fair Isle, at 116 miles distant to

the north and east.

In this quaiter, therefore, 11 of the marked plaice, or 21-1 per cent., were
recovered, of which 9 (81 '8 per cent.) were taken to the south and west, at a mean
distance of 19 miles, and in the mean direction S. 49*^ W. ; 1 was got to the north

and east, and 1 to the north and west. The chart of migrations shows the same
general features a^ in tne last quarter, 8 of the fish being recaptured to the soutn-

east of Buchanness, not far from shore.

Third Quarter.— In January 1913, 2 males and 1 female were taken, all in the

Moray Firth, 2 off Banff, at a distance of 36^ miles, and 1 off Lossiemouth, at a

distance of 57i miles.

Two males and 2 females were recaptured in February, 1 male 11 miles to the

south and west, the other 12^ miles to the north and west, and the 2 females in

the same direction, at distances of 11 and 13 miles.

In March, 1 male and 3 females were taken, all to the north and west, 1 female

off Rattrav Head, at 13 miles distant, another off Banff, in the Moray Firth, at a

distance of 37 miles, and the third female and the male were taken in the Moray
Firth, noith of Tarbet Ness, at distances of 70 and 78 miles.

In this quarter, then, 11 marked plaice, or 21-1 per cent., were recovered, 10 of

them (90-9 per cent.) at an average distance of 36 miles in the mean direction

N. 56° W., and 1 to the south and west. The chart of migration lines shows a

difi'erence from those of the two previous quarters, 4 of the fish being caught close

inshore to the westward, and 6 in the Moray Firth, only 1 being recaptured near

Buchanness, to the south and west.

Fourth Quarter.—In April 1913, 2 males and 1 female were taken, the female 35

miles to the south and west, close inshore, near Aberdeen, and the 2 males in the

Moray Firth, 1 near Tarbet Ness, at a distance of 74 miles, and the other south-east

of Noss Head at a distance of 61 miles.

In May, 3 females were recovered, 1, 18| miles to the north and west, close

inshore, at Kinnaird Head ; another in the Moray Firth, ofi Cullen, at a distance ot"
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45i miles north and west, tlie third 9 miles S.S.W. from Foula (59° 58' N. ; 2° 5' W.),

at a distance of 141 miles.

A female was recaptured in June, at only 7| miles distant to the north

and west.

In this quarter, 7 of the marked plaice, or 13 "5 per cent., were recaptured, 5

(71*4 per cent.) at an average distance of 41 miles in the mean direction N. 51° W.,
and 1 to the north-east, and 1 to the south-west.

Altogether, within the 12 months after liberation, 40 of the marked plaice, or

76-9 per cent., were recaptured, 19 (47 '5 per cent.) to the south and west, 18 (45

per cent.) to the north and west, 2 (5 per cent.) to the north-east, and 1 to the south-

east. These particulars are summarised in the following table :

—

Quarter.
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generally spealdng, to the south-west of Buchamiess, where a large number were

recaptured.

Quadrant.



Maturity.

Males.—Of the 24 recaptured, the condition of the testes was recorded for 18.

One was " spawning "
; it was taken in March 1914, off Clythness, at a distance

of 64 miles to the north and west.

Two were " nearly ripe," 1 taken in January 1913, oS Banff, 36| miles to the

north and west, the other in January 1914, 41 miles to the south and west, in the

offshore waters. One was described as " three-quarters ripe "
; it had gone 18

miles to the south and west, in November 1912.

Among those of adult size, whose testes were described as " immature," 2 were

taken within the hmits of the spawning season, 1 in February 1913, 11^ miles to

the south and west, the other in April 1913, off Tarbet Ness, Moray Firth, at a

distance of 74 miles to the north and west. Among the males under adult size

(33 cm.) was 1 measuring 31-32 '8 cm., taken in the Moray Firth off Lossiemouth, in

January 1913 ; it was described as " nearly ripe."

Females.—Of the 28 taken, the condition of the ovaries was ascertained in 27

cases.

None was described as " ripe " or " nearly ripe," but 1, " apparently spent,"

and measuring 36-5-39"7 cm., was taken in May 1913, off Foula, 141 miles to the

northward.
Among those of adult size whose reproductive organs were " immature," were

4 taken within the limits of the spawning season, 1 in January 1913, measuring

39-40 cm-, in the Moray Firth, off Macduff ; 2 in February 1913, measuring re-

spectively 37-39-8 cm., and 33 "5-38 "5 cm., which were taken inshore, near Rattray

Head, at distances of 11 and 13 miles to the north and west ; the fourth, which

measured 35 •5-36-1 cm., was captured in January 1914, after 563 days, 28 miles

to the south and west.

Experiments at Smith Bank, Moray Firth.

Ten experiments were made at Smith Bank, in the Moray Firth, or its immediate

vicinity, extending from February 1911 to November 1913, the particulars being

given in the accompanying table :

—

Place.
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which is on the Bank at the southern edge. The males measured from 23*5 to

42 "5 cm., and 13 were under adult size on liberation ; the sizes of the females

ranged from 26 to 61 cm., and 14 were under the adult size when liberated.

The numbers liberated and recaptured, arranged in 5-cm. groups, are as

follows :

—

F. Lib. .

F. Recap.
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None was taken in October ajid November.
Fourth Quarter.—Li December, a male was recaptured 24| miles N.E. -| E. of

Cape Wrath and landed at Grimsby ; the distance migrated was about 86 miles

in a north-westerly direction.

Li February 1912, a male was captured 1 6 miles E.N.E. | N. of the Butt of I;ewis,

at a distance of 122 miles to the north and westward. This fish was landed at Hull.

Within the 12 months after liberation, 19 plaice, or 82'6 per cent., were
recaptured, but the place of capture of 5 was not ascertained. Of the remaining

14, or 60'9 per cent., 5 were taken to the south and west, 3 to the south and east,

and the others to the north and west.

Of the remaining fish from the experiment, 3 were taken in 1912, and 1 in 1913.

Li April 1912, 2 females were got in the Moray Firth, near Noss Head, 1 at a

distance of 12| miles, and the other at 23-| miles to the northward. Tn June, a

male was recovered off Wick Bay, 15 miles to the north and west.

The last fish from this experiment to be recaptured was a female taken in May
1913, which obviously had migrated in an imusual direction. It is described as

having been found 5 miles S.S.E. fro)n Cruden Bay, or 70 miles distant from the

station, to the southwards ; it was landed at Aberdeen.

Distances travelled—10 miles and under.—Five of the marked plaice, or 27-8

per cent., were recaptured at distances of from 1 to 7h miles, 2 males and 3 females,

tlie males an average distance of 4-5 miles, and the females, 3'2 miles. One male
and 1 female were found to the south and east, 1 male to the north and west, 1 female
to the south and west and 1 to the north and east.

10 io 20 miles.—Four, or 22-2 per cent., were recaptured at distances of from
12-^ to 15 miles, 2 males with a mean of 14 miles, and 2 females with a mean of

13| miles. One male and 1 female were found to the north and east, the other
male to the north and west, and the other female to the south and east.

Thus, 9 of the fish, or 50 per cent., were recaptured at distances under 20 miles.

20 to 50 miles.— Six fish, or 33'3 per cent., were got at distances of from 23| to

46 miles, 2 males with an average of 34-7 miles, and 4 females with an average of

31"4 miles. One of the males and 3 of the females were found to the south and
west, 1 male to the north and west, and 1 female to the north and east.

50 to 100 miles.—Two fish, or 11-1 per cent., were recaptured, a male at 86^
miles to the north and west, and 1 female 70 miles to the south and east.

Over 100 miles.—Only 1 fish exceeded 100 miles ; it was taken at 122 miles

distant to the north and west, off the Butt of Lewis.

Maturity.

Males.—Of the 11 recaptured, the condition of the testes was ascertained in

only 2 ; both were " immature."
Females.—The condition of the ovaries was recorded for 5 of the 12 recaptured.

Two were described as "spent," 1 taken in April 1911, 14| miles to the south
and east, the other in April 1912, 23| miles to the north and east. All the others

were " immature."
EXPERIMENT II.

Uth March 19U.

Tn this experiment, 60 plaice, 27 males and 33 females, were marked and liberated

at 58° 10' N.; 2° 55' W., the males measuring from 21 to 36-5 cm., and 21 were
under adult size on hberation. The sizes of the females ranged from 22 to 50 cm.,

and 27 were under adult size on liberation.

The numbers liberated and recaptured, arranged in 5-cm. groups, are shown
in the accompanying table :

—

F. Lib.

F. Recap. .
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The fish used in this experiment were trawled by the " Goldseeker " in Dornoch
Firth on the same day.

Tlie number i-ecaptured was 32, or 53'3 per cent., 14 males (51'8 per cent.)

and 18 females (54"5 per cent.). Nine of the males were of adult size,- averaging
38"4: cm., as compared ^vith 32"5 cm. on Uberatiou ; they were at liberty for a mean
period of 485 days, and migrated distances of from 3 to 57 miles^ the average being
19-8 miles, and the mean rate '3 mile. Five males were under adult size, averaging
28" 1 cm., as against 28*4 cm. on liberation ; they were free for an average period

of 37 days, and travelled distances of from 6 to 53 miles, the mean being 21 '2 miles,

and the average rate, 9 miles per 10 days. Eight of the females were of adult

size, averaging 43"4 cm., as against 39-1 cm. on hberation ; they were at Hberty
for a mean period of 26(i days, and moved from 3 to 72 miles, the mean being

26 miles, and the mean rate -9 mile. Ten were under adult size, the average being
32-5 cm., as compared with 30'4 cm. on liberation ; they were at liberty for an
average period of 106 days, and migrated distances of from 7 to 44 miles, the

average being 20*7 miles, and the mean rate of movement 1-7 miles.

The Extent and Direction op Migration.

First Quarter.--'In the remainder of March, 2 males and 4 females were recovered
;

the position of 1 of the males was not ascertained ; the other was taken north-east

of Rattray Head, at a distance of 53 iniles to the south and east ; 1 of the females

was caught b]P a foreign trawler, and landed abroad, the place of recapture being

given as " Moray Firth "
; another is described as having been caught to the

north-east of Rattray Head, at 72 miles distant to the south and east ; the third

was got 7 miles to the north and west, near Clythness ; and the last, 12 miles to

the south and west, off Berriedale Head.
In April, 3 males and 4 females were recaptured, 2 of the males to the south

and west, at 6 and 16 miles respectively, the other male 10 miles to the north and
east, off Clythness ; 3 of the females were taken to the north and east, south-east

of Noss Head, at distances of 21, 25, and 27 miles respectively ; the remaining
female was recovered on Smith Bank, at a distance of 3 miles to the south and east.

Thus, in this quarter, 13 of the marked plaice, or 40*6 per cent., were recaptured,

the positions of 2 not being ascertained. Of the remaining 11, 4 weie found to

the north-east, 3 each to the south-east and south-west, and 1 to the north-west.

Second Quarter.—In June, a male and a female were recaptured " in the Moray
Fifth " and landed at foreign ports.

In July, a female was taken, and recorded under similar circumstances.

Three fish, or 9*4 per cent., represent the catches for this quarter.

Third Quarter.—A male and a female were got in September, the female in the

Dornoch Firth, the exact position not being recorded, and the male in the " Moray
Firth," and landed at foreign ports.

Fourth Quarter.—In January 1912, a male was recaptured 15J miles to the north
and west, south-east of Berriedale Ness.

In February, a female was taken in the " Moray Firth," and landed at a foreign

port.

Thus, in the 12 months after liberation, 20 of the marked fish, or 62*5 per cent;.,

were found, but the positions of capture of 8 were not recorded. Of the remaining
12, or 37-5 per cent., 4 were taken to the north and east, 2 to the north and west,

and 3 each to the south and east, and south and west.

Of the remaining fish recaptured from this experiment, 9 were taken in 1912
and 3 in 1913.

Three females were caught in March 1912, 1, 10 miles to the south and west,

and 2, 9 miles and 31 miles to the north and east. In April, 2 females were
recaptured, 1, 20 miles to the north and east, and the other on the north coast of

Scotland, north-east of Holburn Head, at a distance of 34 miles. In May, a male
was taken 4| miles to the north and east, and a female 20 miles in the same direc-

tion. In September, a male got in the " Moray Firth " was landed at a foreign

port, and in December, another male was recaptured 19 miles to the north and east.

In March 1913, 2 males were recovered, 1, 3 miles to the north and west, the
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other oil the north coast, off Strathie Point, at a distance of 57 niiles. The last

fish to he taken was a male, found 20 nules to the north and east, in April 1913.

Distances travelled—10 miles and under.—Eight fish, or 34-8 per cent., were

recaptured at distances of from 3 to 10 miles, 4 males, with an average of 5-9 miles,

and 4 females, with an average of 7-2 miles. One of the males and 1 of the females

were found to the north and west, 2 of the males and 1 of the females to the north

and east, and 1 male and 1 female to the south and east.

10 to 20 miles.—Four, or 17*4 per cent., were recaptured at distances of from

12 to 19 miles ; 3 males, with an average of 16-8 miles, and 1 female at 12 miles.

One of the males and the female were found to the south and west, 1 male to the

north and west, and 1 to the north and east.

Thus, 12 of the fish, or 52*2 per cent., were recaptured at distances under 20

miles.

20 to 50 miles.—Eight fish, or 34-8 per cent., were got at distances of from 20

to 44 miles, 1 male at 20 miles from the station, and 7 females (53 "8 per cent.) at

a mean distance of 27 miles. All these fish were found to the north and east.

50 to KK) miles.—Three fish, or 13 per cent., were recaptured at distances of

from 50 to 100 niiles, 2 males at 53 and 57 miles, and 1 female at 72 miles. One

male and the female went to the south and east, and the other male to the north

and east.

None was taken at distances over 100 miles.

Maturity.

Males.—The condition of the repioductive organs was ascertained in only 3 of

the 14 males recaptured. One was described as " spawning "
; it was taken in

March 1913, after 746 days, ofE Strathie Point, on the north coast of Scotland, at

a distance of 57 miles to the north and west.

One was described as " ripe "
; it was captured in January 1912, 15 miles to

the north and west. One was " nearly ripe "
; it was taken in December 1912,

19 miles to the north and east.

Females.—The condition of the ovaries was recorded for only 3 out of 18 fish

recaptured. One, taken in April 1912, 20 miles to the north and east, was said

to be "nearly ripe." Another, found in March 1912, 33 miles to the north and
east, was described as " spent." The third was "immature."

EXPERIMENT III.

im April 1911.

In this experiment, 50 marked plaice, viz. 20 males and 30 females, were hberated

at the same place as in the last experiment, the males measuring from 23'5 to 43*5

cm., and 17 being under adult size when liberated. The females varied from

26 to 56 cm., and 19 were under adult size on hberation. The fish used were taken

in the Dornoch Firth on the 17th, and were marked and kept in tubs until the

19th, o\\dng to the rough weather, when they were set at liberty.

The numbers hberated and recaptured, arranged in 5-cm. groups, are shown in

the following table :

—

cm. cm. cm. c-m. cm. cm. cm.
25-30-5 31-35-5 36-40-5 41-455 46-50-5 51-55-5 56-605 Total.

F. Lib. .. 9 7 5 2 1 5 1 .30

F. Recap. . . 1 5 2 — 1 1 1 11

M Lib. . . 13* 4 1 2 — — — 20

M. Recap. ..3 — — — — — — 3
* Two at 23*5 cm.

The number recaptuied was only 14, or 28 per cent., 3 males (15 per cent.)

and 11 females (36-7 per cent.). Two of the males were of adult size on recapture,

and 1 was under that size. Six of the females were of adult size, averaging 48"2

cm., as against 43 7 cm. on liberation. Five of the females were under adult size,

averaging 34*3 cm., as compared with 31*6 cm. on liberation.
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The Extent and Direction of Migration.

First Quarter.—Li May, 2 females were recaptured, the position of 1 being
vaguely indicated as " Moray Firth "

; the other was taken 20 miles to the north-

east, off Noss Head.
Li June, a female was recovered, the place of capture being still more vague,

namely, " North Sea "
; it was landed at Geestemiinde.

Second Quarter.—In September, 5 females were taken, the position of 3 being
given as " Moray Firth "

; the fourth was found 20 miles to the north-east, off

Noss Head, and the fifth, 36 miles to the south and west, at Burghead.
Li October, a female was recaptured in Cromarty Firth, at 45 miles distant

to the south and west.

Third Quarter.—Li December, a female was recaptured in the " Moray Firth,"

and landed at a foreign port.

Fourth Quarter.—In February 1912, a male was taken 10 miles to the north

and west, off Clythness, and a female was got on Smith Bank, in the place where it

was hberated.

A male was recaptured in March 1912, 36 miles to the south and west, in the

Dornoch Firth.

Thus, within the 12 months following liberation, 13 of the fish, or 92-8 per cent.,

were recaptured, the positions being known for only six, or 42*8 per cent.

The 1 remaining fish from the experiment was got in September 191 2, in Burghead
Bay, 35 miles to the south and west.

Distances travelled.—Only 1 fish went a distance of 10 miles, and none was
found between 10 and 20 miles. Six fish (85-7 per cent.) were recaptured at distances

of from 20 to 45 miles, 2 males and 4 females. The males and 2 of the females

were found to the south and west, the other 2 females to the north and east.

Maturity.

Males.—The condition of the testes was recorded for 2 of the males. One was
" ripe" ; it was taken in February 1912, 10 miles to the north-w^st. The other

was "very immature," although captured in March 1912, and measuring 29-34 '5

cm. ; it was taken in the Dornoch Firth, 36 miles to the westward.
Females.—The condition of the ovaries was ascertained in 4 of the 1 1 recaptured.

One, taken in September 1911, 20 miles to the north and east, was described as
" half ripe." All the others were " immature."

experiment IV.

19th September 1911.

In this experiment, 101 plaice were marked and liberated, viz. 36 males, 63
females, and 2 whose sexes were not ascertained. The males measured from 29
to 48 cm., and 5 were under adult size on liberation. The females ranged from
29 to 76 cm., and 15 were under adult size on liberation.

The numbers liberated and recaptured, arranged in 5-cm. groups, are as

follows :

—

. 2

F. Lib.

F. Recap.
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The number recaptured was 48, or 47 "5 per cent., viz. 22 males (61 "1 per cent.),

24 females (38'1 per cent.), and the 2 of unknown sex. Twenty-one of tlie males

were of adult size on recapture, averaging 38 "6 cm., and ranging from 33 '2 to 47 "6

cm., as compared with a range of from 30 to 48 cm. and a mean of 36"2 cm. on
liberation ; they were at liberty for from 53 to 883 days, the average being 267

days ; they migrated distances of from 3 to 188 miles, the mean being 40 miles,

and the mean rate 1'4 miles. Eighteen of the females were of adult size, ranging

from 38 to 55*1 cm., and averaging 46 '2 cm., as against a range of from 34-5 to

55 cm., and an average of 44*1 cm. on liberation ; they were at liberty for from
39 to 606 days, averaging 210 days ; they travelled distances of from 3 to 59 miles,

the mean being 23-3 miles, and the average rate 1 mile. Six were under adult

size, averaging 33 '8 cm., as against a mean of 35 cm. on liberation ; they were free

for a mean period of 91 days, and migrated from 3^ to 44 miles, the mean being
23-6 miles, and the average rate 2 "6 miles.

Twenty-six of the recaptured fish were landed by foreign trawlers at Ostend
Ymuiden, Greestemiinde, and Cuxhaven, the place of capture being stated, in some
cases, merely as " Moray Firth," or not recorded.

The Extent and Direction of Migration.

First Quarter.—In September, one of unknown sex was landed at Ostend, the

place of capture unrecorded.

In October, a female was taken 5 miles to the north and west, and another in

the " Moray Firth," and landed at Ostend.

In November, 2 males and 6 females were found ; 1 of the males was taken 7

miles to the north and east, and the other 8 miles to the south and east ; 2 of the

females were recovered together, north-east of Kinnaird Head, at a distance of 44

miles to the south and east, and 2 others near the same place, 1 at a distance of 45

miles, and the other at a distance of 41 miles ; of the 2 remaining females, 1 was got

in the " Moray Firth " by a Belgian trawler, and the other was taken on Smith

Bank, at a distance of 3J miles to the south and east.

In December, 2 males and 3 females were recaptured, 1 of the males in Ihe
" Moray Firth," by a German trawler, and the other 25 miles to the north and east

of Noss Head ; 2 of the females were taken on Smith Bank, on the same day, at a

distance of 8 miles to the south and east, the third being captured 21 miles to the

north and east, off Noss Head.
In this quarter, 16 of the marked plaice, or 33*3 per cent., were recaptured, the

position being known for 12 (25 per cent.), and of these, 8 (66-6 per cent.) were

found to the south and east, 3 to the north and east, and 1 to the north and west.

Second Quarter.—A male and a female were taken in January 1912, the female

17 miles to the north and east, off Noss Head, and the male, which was " ripe," on
the north coast, off Strathie Point, at a distance of 64 miles to the northwards and
westwards.

Four males and 1 female were recaptured in February 1912, the female 5 miles

to the north and west, off Clj^thness, and 2 of the males in the same locality, at 3|
and 6| miles ; another male was taken by a Belgian trawler in the " Moray Firth,"

and the remaining male, which was " ripe," on the north coast, off Strathie Point,

at a distance of 67 miles.

Two males, 2 females, and 1 of unknown sex were taken in March, 1 female 10

miles to the south and west, and the other 9 miles to the north and east, oft" Noss

Head ; one of the males was also found off Noss Head, at a distance of 9 miles to

the north and east, and the other 25 miles to the south and east, north of Kinnaird

Head ; the fish whose sex was not recorded was captured offshoie, near Auskerry,

Orkney Isles, at 65 miles to the north and east.

In the second quarter, therefore, 12 fish, or 25 per cent., were recaptured, the

position of 1 being unknown. Of the remaining 11, or 22 "9 per cent., 7 (63 '6 per

cent.) were found to the north and east, 2 to the north and west, and 1 each to the

south and east and south and west.

Third Quarter.— 2 males and a female were taken in April, the position of 1 of the

males not known, the other male off Noss Head, 12 miles to the north and east, the

female in the Dornoch Firth, at 36 miles distant to the south and west.
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In May, 4 maies and 3 females were recaptured ; the plnce of capture of 1 of the
females was not recorded ; the other females were taken to the north, and west, 1 at a
distance of 3| miles, and the other at 7 miles ; 1 of the males was recaptured 3 miles

to the north and west, another on the noith coast, off Dunnet Head, at a distance of

48 miles to the north and west, another at 62 miles to the north and east, to the
west of the Orkney Isles ; the remaining male is described as having been recap-
tured at a distance of 188 miles to the east and south (Lat. 58° 12'N. ; Long. 3° 15' E.).

In June, 2 females were taken, both to the north and east, off Auskerry, Orkney
Isles, one at 50J and the other at 59 miles.

Thus, in this quarter, 12 of the marked plaice, or 25 per cent, were recaptured,
the position of capture of 2 being unrecorded Of the remaining 10, or 20'8 per
cent., 5 (50 per cent.) were found to the north and east, 3 to the north and
west, and 1 each to the south-east and south-west.

No other fish was recaptured until October 1912, so that, within a twelvemonth
of hberation, 40 of the marked fish, or 83 "3 per cent, were taken, but the position of

recapture was recorded for only 33 or 68'7 per cent. Of these, 15 (45"4 per cent.)

were found to the north and east, 10 (30*3 per cent.) to the south and east, 6 (18"2

per cent.) to the north and west, and 2 to the south and west.

Of the remaining fish, 2 were taken in 1912, 5 in 1913, and 1 in 1914.

In October 1912, a female was recaptured 35 miles to the north and east, off-

shore, east of Noss Head. A male was got in November, in the " Moray Firth,"

and landed at Cuxhaven.
In March 1913, a male and a female were recovered, the male at 5 miles distant

to the north and east, and the female 19| miles to the north and west, north of

Tarbet Ness. In April, a male was recaptured off the Butt of Lewis, on the west
coast, at a distance of 140 miles to the north and west. In May, a female was taken
20 miles to the north-east, and in July, a male 7 miles to the north and west.

The last fish to be taken was a male in February 1914, 8| miles to the north and
west.

Distances travelled—10 miles and under.—Eighteen fish, or 45 per cent., were
taken at distances of from 3 to 10 miles, viz. 9 males (50 per cent.), with an average
of 6*4 miles, and 9 females (42*8 per cent.), with a mean of 6-5 miles. Four of the

males and 4 of the females were taken to the north and west, 1 of the males and 3

of the females to the south and east, 4 males and 1 female to the north and east, and
1 female to the south and west.

10 to 20 miles.—Three fish, or 7 '5 per cent., were recaptured at distances of from
12 to 1 9J miles, viz. 1 male and 2 females.

Thus, 21 fish, or 52*5 per cent., were found at distances under 20 miles. 10 males
(55"5 per cent.), with an average of 6"9 miles, and 11 females (52'3 per cent.), with an
average of 8'6 miles.

20 to 50 miles.—Eleven fish, or 27*5 per cent., were recaptured at distances of

from 20 to 48 miles, 3 males (16"6 per cent.), with an average of 32-8 miles, and 8
females (38*1 per cent.), with an average of 36 miles. Two of the males and 3 of the
females were found to the northward, 1 of the males and 4 of the females to the
south and east, and 1 of the females to the south and west.

50 to 100 miles.—Six fish, or 15 per cent., were recaptured at distances of from

50J to 68 miles, 3 males (16.6 per cent.), with an average of 64 "8 per cent., 2 females

(9"5per cent.), with a mean of 54 "7 miles. All these fish were got to the northward,
as was also 1 whose sex was unknown.

Over 100 miles.-~-Two fish, or 5 per cent., were found at distances of 140 miles to

the north and westward, and 184 miles to the south and east. Both were males.

Maturity.

Males.—The condition of the testes was ascertained in 9 of the 22 recaptured.

Four were described as "ripe," 1 caught in February 1912, on the north coast, off'

Strathie Point, at a distance of 67 miles, another, also off Strathie Point, in Januar}-

1912, at a distance of 64 miles, the third 12 miles to the north and east in April 1912,
and the fourth, in February 1914, 8| miles to the north and west, off Clythness,
Two were " nearly ripe," both taken in February 1912, one 3| miles to the north
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and east, and the other 6| miles to the north and west. A male, caught in December
1911. 25 miles to the north and east, was " half ripe."

Females.—The condition of the ovaries was recorded for only 5 of the 24 females.

One, captured in December 1911, 21 miles to the north and east, was " nearly ripe "
;

another, taken in January 1912, 17 miles to the north and east, was " spent," and
the third, recaptured in June 1912, off Auskerry, Orkneys, 59 miles to the north

and east, was described as " apparently spent."

EXPERIMENT V.

nth October \^n.

In this experiment, 100 marked plaice were Uberated, 37 males, 60 females, and
3 whose sex was not determined. The males ranged in size from 24*5 to 40 cm., and
8 were under adult size ; the females measured from 26 to 56 cm., and 31 were under
adult size on liberation.

The numbers liberated and recaptured, arranged in 5-cm. groups, are as

follows :

—

F. Lib.

F. Recap. .
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I uas caught off Noss Head, 24 miles to the north and (.'ast, and the other north-

east of Kmuaird Head, 43 miles to tlie south and east.

In December, a female was rcca])tured on Smith Bank, at a distance of 8 miles

to the south and east.

In this quarter, 11 of the marked plaice, or 19-6 per cent., were recovered,

positions being known for 8, or 14-3 per cent., and of these, 7 (87-5 per cent.) were

taken to the south and east, and 1 to the north and east. The migration Unes

oji the chart all pass from the station towards the outer waters to the eastwards,

none going towards the coast.

Second Quarter.— In January 1912, a female was recaptared far offshore, 82

miles to the north and east.

In February, 5 malps and 1 female were recaptured, the female in the Dornoch
Firth, 33 miles to the south and west ; 1 of the males was also takeiT to the south

and west, at a distance of 10 miles ; 2 of the males were recaptured on the same
day, off Cl}i:hness, 5 miles to the north and west ; a male was taken on the north

coast, north-west of Dunnet Head, at a distance of 58 miles to the north and west
;

the remaining male was recaptured 5i miles E. J N. of Cape Wrath, at 894 miles

distant.

Four males and 5 females were caught in March, the place of capture of 1 male
and 1 female not being ascertained, and 1 of the females being vaguely described as

having been recaptured in the " Moray Firth," and landed at Ostend ; 1 male was
captured on Smith Bank, at a distance of 3 miles to the north and west ; another

was taker 23 miles to the westward, north of the Dornoch Firth ; the remaining

male was captured at the mouth of the Dornocli Firth, 28| miles to the south

and west ; 2 females were taken in the Dornoch Firth, 36 miles to the south and west,

and the remaining female ol^' Duncansby Head, 31 miles to +he north and east.

In the second quarter, therefore, 16 fish, or 28*6 per cent., were recaptured, the

position being known for 13, or 23*2 per cent. Of these, 5 (38-4 per cent.) were

found to the south and west, 4 (30-8 per cent.) to the north and east, 3 (23-1 per

ceiit.) to ttie north and west, and 1 directly westward. The migration chart shows
the opposite condition from that for the first quarter, only 1 of the fish having
migrated eastward, all except 3 being found nearer the coast than the station

where they were liberated.

Third Quarter.—In April, 5 males and 4 females were recaptured, the position

of capture of 1 of the males not being ascertained. One male was taken 13 miles

to the north and east, off Noss Head ; 1 of the males was got 6 miles to the south-

w^est, and the other 2, 2| and 13| nides to the north and west ; all tJie females were
caught to the north and east, 2 at a distance of 2^, 1 at 20 miles, and the other 45
miles, south-east of Auskerry.

In May, 2 males and a female were recaptured : 1 of the males was got nort;h-

east of Kinnaird Head, at a distance of 47 miles to the south and east ; the female

was recaptured 22 miles to the north-east, off Noss Head, and the other male
north-east of Auskerry, at a distance of 63 miles to the north and east.

In June, a female was recovered south-east of Auskerry, 52 miles to the north-

east, and a female 15 miles to the north-east, off Noss Head.
In this quarter, 14, or 25 per cent., were taken, the position being known for 13,

or 23"2 per cent. Of these, 9 (69-2 per cent.) were found to the north and east, 2

(15'4 per cent.) to the north and west, 1 to the south and east, and 1 to the south

and west. The predominating feature of the migration lines in this period was a

movement to the northward of the station.

Fourth Quarter—None of the marked plaice was recaptured during these

3 months, so that, in the first year following the liberation, 41 fish, or 73-2 per cent.,

were recaptured, the position being known for 34 (60"7 per cent.). Of these, 14

(41-2 per cent.) were taken to the north and east, 8 (23-5 per cent.) to the south and
east, 5 to the north and west, 6 to the south and west, and 1 to the west.

Of the remaining fish, 5 were recaptured in the remainder of 1912, and 10 in 1913.

In October 1912, a male was taken 5 miles to the south and west, and a female

34 miles to the north and east. In November, 3 females were found, 1 on Smith
Bank, 8 miles to the south and east, and the other 2 to the north and east, 1 north-

east of Noss Head, at a distance of 30 miles, and the other 4 miles E. by S. from
Start Point, Orkney Isles, at a distance of 70 miles.
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In February 1913, 3 females and a male were taken, the male 9 miles to the

north and west, 2 of the females to the south and west, to near Tarbet Ness, 31 and
39 jniles distant ; the remaining female was recaptured 11 miles W.S.W. of Cape
Wrath, 106 miles to the north and west. Three males and a female were recovered

in March 1913, 1 of the males north-east of Tarbet Ness, 15J miles to the south and
west, another in the Dornoch Firth, 36| miles to the south and west, the third 21

miles to the north and east, off Noss Head, while the female was taken off Tarbet

Ness, 22 miles to the south and west. In May, a male was got north-east of

Kinnaird Head, at a distance of 39 miles to the south and east. The last fish of the

experiment to be recaptured was a male which was landed at Altona by a German
trawler, and said to have been caught to the south-east of Great Fisher Bank, about
Lat. 56° 52' N. ; Long. 4° 34' E., or some 257 miles to the south and east of the

station of liberation ; it is, however, not improbable that the fish was taken in the

Moray Firth, since no less than 20 of the recaptures from this experiment were

landed at foreign ports, the foreierri trawlers being at libertv to fish in the Moray
Firth.

Distances travelled—10 miles and under.—Sixteen, or 32'6 per cent., were recap-

tured at distances of from 2h to 10 miles, 8 males (38' 1 per cent.), with an average

of 5"7 miles, and 7 females (26'9 per cent.), with an average pf 5"8 miles. Five of the

males were taken to the north and west, 3 males to the south and west, 5 females

to the south and east, and 2 to the north and east.

10 to 20 miles.—Four fish, or 8"2 per cent., were recaptured at distances of from

13 to 15| miles. All were males (19 per cent.), 2 being taken to the north and east,

1 to the south and west, and 1 to the north and west.

Thus, 20 fish, or 40*8 per cent., were taken at distances under 20 miles, 12

males (57'1 per cent.), with an average of 8*5 miles, and 7 females (26-9 per cent.),

with an average of 5*8 miles.

20 to 50 7niies.—Tvv'enty-one, or 42-9 per cent., were got at distances of from 20

to 47 miles, viz. 6 males (28-6 per cent.), with an average of 32-6 miles, and 15

feiiiales (57 7 per cent.), with an average of 32*7 miles. Two of the males and 2

of the females were found to the sonth and east ; 2 of the males and 6 of the females

to the south and west ; 1 male and 7 females to the north and east, and 1 male to the

west.

50 to 100 miles.—Six fish, or 12-2 per cent., were taken at distances of from 52

to 89i miles, 3 males (14*3 per cent.), with an average of 70"3 miles, and 3 females

(11-5 per cent.), with an average of 68-2 miles. One of the males was taken on the

north coast, 1 off Gape Wrath, and the third off Auskerry ; 1 female was taken off

Auskerry, 1 off Start Point, Orkneys, and the third far offshore, to the eastward.

Over 100 miles.—Two fish, or 4-1 per cent., were recaptured at distances over

100 miles, 1 female W.S.W, of Gape Wrath, and a fish of unknown sex, represented

to have been got by a Germa)! trawler near the Great Fisher Bank.

Maturity.

Males.—The condition of the testes was recorded for only 9 of the 24 males

recaptured. 0)ie was described as " spawning "
; it was taken in February 1913,

9 miles to the north and west. Three were said to be " ripe "
; 2 were taken in

February 1912, 1, 5 miles to the north and west, and the other 10 miles to the south

and west ; the third was recaptured in March 1912, 23 miles to the westward. Two
were " spent," 1 taken in March 1913, 15-J- miles to the south and west, and 1 in

Mav 1913, 39| miles to the south and east. One, cuught in February 1912, 5 miles

to the north and west, was described as " three-quarters ripe."

Females.—The condition of the ovaries was recorded in 10 of the 30 recaptured.

One was " spawning "
; it was found in February 1913, 31 miles to the south and

west, off Tarbet Ness. Two were " ripe," 1 taken in February 1913, 39 miles to

the south and west, near Tarbet Ness, the other in March 1912, 31 miles to the

north and east, off the Pentland Skerries. Three were described as " nearly

ripe," 1 taken in November 1911, 24 miles to the north and east, another in Novem-
ber 1912, off Start Point, Orkney, 70 miles to the north and east, the third in

February 1913, near Cape Wrath, 06 miles to the north and west.
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EXPERIM ENT VI.

'20th September \1912.

In this experiment, 101 plaice were marked and li})erat('d, at a slightly difTerent

position, viz. 58° 5' N. ;
2° 30' W., 47 being males, 53 feniiilcs, and 1 of unknown sex.

The males measured from 31 to 41 cm., and 3 were under adult size when liberated

;

the sizes of the females ranged from 32*5 to 59 cm., and 20 were under adult size on
liberation.

The numbers liberated and recaptured, arranged in 5-cm. groups, are as

follows :

—

l\ Lib.

F. Recap. .
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known for 22, or 40 per cent., of which 12 (54 "5 per cent.) were taken at the mean
distance of 17'8 mi 1 es in the mean direction N. 26° E. ; 8 (36 '4 per cent.) at the mean
distance of 22 miles, in the mean direction N. 33° W. The remaining 2 were re-

captured to the south and east. An examination of the migration chart shows that

the great majority of the fish were recaptured northward of the place of hberation,

most of them to the south-east of Noss Head.

Second Quarter.—In January 1913, a male and a female were recovered, the

female 15J miles to the north and west ; the male was got on the north coast, off

Dunnet Head, at a distance of 60^ miles to the north and west.

Four males and 3 females were taken in February, all but 1 female to the north

and west. Three were recaptured in the Dornoch Firth, 2 males and a female, at

distances of 42 and 44 miles to the westwards ; a male was got a Uttle north of the

Dornoch Firth, at a distance of 32 miles, and another ofi Clythness, at 24 miles

distant ; a female was recaptured off Noss Head, 24^ miles distant to the north-

ward ; the remaining female was taken to the east and south, at a distance of

26 miles.

In March, 2 males and 2 females were recaptured, the 2 males in the Dornoch

Firth, at distances of 40 and 43| miles to the westward ; the 2 females were taken

off Clyth Ness, 16 miles and 16| miles north and west.

In this quarter, 13 of the marked plaice, or 23-6 per cent., were recovered, 12

(92 "3 per cent.) at an average distance of 34 miles in the mean direction N. 55° W.,

and 1 to the south and east. The Unes on the migration chart show a great

difference from that for the first quarter, spreading, as they do, shorewards, from

Tarbet Ness to Duncansby Head.

Third Quarter.—In April, 4 males and 2 females were recaptured, 1 of the males

and 1 of the females being taken by foreign trawlers in the " Moray Firth "
; the

remaining female was got 11| miles to the north and east, 1 of the males 18 miles to

the north and west, off Clythness, another 14 miles to the north and east, and the

last in Burghead Bay, 40 miles to the south and west.

In May, a female was recovered in the Dornoch Firth, at a distance of 43 miles

to the westward.

In June, a male and a female were found, the former 23 miles to the north and

west, near Noss Head, the latter 16 miles in the same direction, off Clythness.

Thus, in this quarter, 9 fish were recaptured, or 16'4 per cent., the position

being known for 7 (12'7 per cent.) ; 4 (57- 1 per cent.) were found to the north and

west, 2 to the north and east, and 1 to the south and west.

Fourth Quarter.—In July, a female was taken 14 miles to the north and west,

and in August, another female almost in the same position.

Only 2, or 3"6 per cent., were taken in the fourth quarter.

In the 12 months following liberation, 50 of the fish, or 90*9 per cent., were

recovered, the position being known for 44 (80 per cent.), and of those 26 (59-1 per

cent.) migrated to the north and west, 14 (31*8 per cent) to the north and east, 3 to

the south and east, and 1 to the south and west.

Of the remaining fishes recaptured, a female was caught in December 1913, 21

miles to the north and west, and in February 1914, 3 males and a female were

taken ; the female was recaptured off Tarbet Ness, 31 miles to the south and MT&t,

I of the males north-east of Tarbet Ness, 38 miles to the north and west, and

the other 2 males at 23 and 30 miles to the north and west.

Distances travelled—10 miles and under.—Two fish, or 4'1 per cent., went distances

of 7 miles to the north and west, a female and a male.

10 to 20 miles.—Twenty fish, or 40'8 per cent., were found at distances of from

II to 18 miles, 6 males (26-1 per cent.), with an average of 14-7 miles, and 14 females

(53'8 per cent.), with an average of 14'5 miles. Five of the males and 5 of the

females went to the north and east, 1 of the males and 9 of the females to the north

and west.

Thus, 22 fish, or 44-9 per cent., were got at distances under 20 miles, 7 males

(304 per cent.), with an average of 13"6 miles, and 15 females (57*7 per cent.) with an
average of 14 miles.

20 to 50 miles.—Twenty-four fish, or 48'9 per cent., migrated from 20 to 44 miles,

14 males (60*9 per cent) with an average of 32-4 miles, and 10 females (38-5 per

cent.), with an average of 30"5 miles. Eleven of the males and 5 of the females went
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to the north and west, 2 of the males and 2 of the females to the north and east,

1 male and 1 female to the south and west, and 2 females to the south and east.

^ to 100 miles.—Three, or 6-1 per cent., were found within these limits, 2 males
(8"7 per cent.), with an average of 74 '25 miles, and 1 female (3-8 per Cent.), which
went 63 '5 miles. The female and one of the m.ales were found on the north coast

to the north and west, and 1 male to the south and east, off Tod Head.

Maturity.

Males.—The condition of the testes was ascertained in 16 of the 27 recaptured.

Two were " spawning," both taken in February 1913, to the north and west, 1 at

44 and the other at 24 miles distant. Seven were described as " ripe," 1 caught

in January 1913, on the north coast, off Dunnet Head, at a distance of 60| miles

to the north and west ; 2 in February 1913, 32 miles and 42 miles to the north

and west ; 1 in March 1913, 40 miles to the north and west ; 1 in April 1913,

14 miles to the north and east, 1 in February 1914, 38 miles to the north and west,

and one in November 1912, 27 miles to the north and west. Three were said to be
" nearly ripe," all taken to the north and east, 1 in October, at a distance of 11 miles,

1 in November, at 20 miles, and 1 in December 1912, at a distance of 16 miles.

Females.—Of the 28 females recaptured, the condition of the ovaries was
recorded only for 12. One was described as " ripe "

; it was taken in August 1913,

14 miles to the north and west. One was " spent "
; it was taken in April 1913,

11| miles to the north and east. Seven were "nearly ripe "
; 3 were found in

October 1912, at 11, 18, and 29 miles to the north and east ; 3 were recovered in

November 1912, 1 at 14 miles north and east, 1 at 28 miles to the north and west,

and 1 at 32 miles to the south and east ; 1 was recaptured in December 1912,

15 miles to the north and east.

EXPERIMENT VII.

2lst November 1912.

In this experiment, 51 plaice, viz. 26 males, 24 females, and 1 of unknown sex,

were marked and liberated at 58° 10' N.; 2° 35' W. The males measured from 22

to 39'5 cm., and 9 were under adult size on liberation ; the females ranged from
24-5 to 46 cm., and 17 were under adult size when liberated.

The numbers liberated and recaptured, arranged in 5-cm. groups, are as

follows :

—

F. Lib. .

F. Recap.
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The Extent and Direction op Migration.

First Quarter.—Two males and a female were recaptured in November, the

female and 1 of the males to the north and east, at 14| and 15 miles, and the other

male in the Dornoch Firth, 38 miles to the south and west.

Two males were taken in December, both at the same place, on the north coast,

off Dunnet Head, at a distance of 58 miles to the north and west, the rate of move-
ment, per 10 days, in these cases being 41-4 miles.

A male and a female were recaptured in January 1913,, the female 8 miles to the

north and east, and the male near Tarbet Ness> 37 miles to the south and west.

In February, a male was taken to the north of Kinnaird Head, 24 miles to the

south and east, and a female 8J miles to the north and west, off Clythness.

In this quarter, including the 3 taken in November, 9 of the marked plaice, or

33"3 per cent., were recaptured, 3 to the north and east, 3 to the north and west,

2 to the south and west, and 1 to the south and east.

Second Quarter.—In March 1913, 3 males and 3 females were found, the males

all to the north and west, at 11, 17, and 18 miles, off Clythness ; 1 of the females

was taken 12^ miles to the north and west, another in the Dornoch Firth, 45 miles

to the south and west, and the third to the northwards, off Auskerry, Orkneys,

at a distance of 49| miles to the north and east.

In April, 1 male and 3 females were taken, 1 of the females in the " Moray
Firth," precise position unknown, another near Banff, 29 miles to the south and
west, and the third at Burghead Bay, 38| miles to the south and west ; the male

was recaptured 17 miles to the north and west, off Noss Head.

In May, a male and a female were taken to the north and west, the male at a

distance of 18 miles and the female at 11 miles.

Twelve, or 44'4 per cent., were recaptured in this quarter, the positions being

known for 1 1 , or 40*7 per cent. : of those, 7 (63'6 per cent.) were got to the north and
west, 3 to the south and west, and 1 to the north and east.

During the remainder of the 12 months, only a single fish was recovered, a male,

23 miles to the north"and west, so that, in the 12 months following Uberation,

the number recaptured was 22, or 81-5 per cent., the positions being known for

21, or 77-7 per cent., of which 11 (52-4 per cent.) were found to the north and west,

5 (23-8 per cent.) to the south and west, 4 to the north and east, and 1 to the s luth

and east.

Of the 5 remaining plaice, 4 were taken in 1914 and 1 in 1915. A male and a

female were found in February 1914, the male 20 miles to the westwards, in the

direction of the Dornoch Firth ; the female is d**cribed as having been taken at

" Klem Ness," Moray Firth, which possibly means Clyth Ness. In March, a male

was recaptured 23 miles to the north and west, and a female 29 miles to the south

and west, near Tarbet Ness. In March 1915, a male was taken near Tarbet Ness,

at the mouth of the Dornoch Firth, 39 miles to the south and west.

Distances travelled—10 miles and under.—Two fisli, or 8 per cent., were recap-

tured under 10 miles, both being females (20 per cent.), 1 taken to the north and

east, and the other to the north and west.

10 to 20 7niles.—^Nine of the marked plaice, or 36 per cent., were found at dis-

tances of from 11 to 18 miles, 6 males (40 per cent.), with an average of 16 miles, and

3 females (30 per cent.), with a mean of 12-8 miles. Five of the males and 2 of the

females were found to the north and west, 1 of the males and 1 of tlie females to

the north and east.

Thus, 11 fish, or 44 per cent., were taken under 20 miles, 6 males and 5 females.

20 to 50 mfc'.—Twelve, or 48 per cent., were taken at distances of from 20^

to 49i miles, 7 males (46-6 percent.), with an average of 29-2 miles, and 5 females

(50 per cent.) with a mean of 38-3 miles. Three of the males and 1 of the females

were recaptured to the south and west, 2 of the males to tlie north and west, a male

to the south and east, and another directly west, and a female to the north and east.

50 to 100 miles.—Two males were taken on tlie north coast, each at a distance of

58 miles.

Maturity.

Males.—The condition of the testes was recorded for 8 of the 15 recaptured.

Four were " spawning "
; 1 was taken in February 1913, north of Kinnaird Head,
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24 miles to the south and east ; 1 was got in March 1913, 18 miles to the north and
west, south of Clyth Ness, and 1 in March 1915, 39 miles to the south and west, at

the entrance to the Dornoch Firth ; the fourth was recovered in February 1914,

20 miles to the west, south-east of Berriedale Ness. One was described as
" ripe "

; it was taken in December 1912, off Dunnet Head, on the north coast, at a

distance of 58 miles to the north and west. One, recaptured in January 1913, near

Tiirbet Ness, 37 miles to the south and west, was " nearly ripe."

Females.—The condition of the ovaries was described in 4 of the 12 recaptured.

All were " immature."

EXPERIMENT VIII.

27th March 1913.

In this experiment, 30 plaice were marked and hberated at 58° 10' N. ; 2° 35' W.,
viz. 9 males and 21 females. The males measured from 31-5 to 365 cm., and
2 were under adult size. The females measured from 32 to 44-5 cm., and 15

were under adult size.

The numbers liberated and recaptured, arranged in 5-cm. groups, were as

follows :

—

cm. cm. cm.
31-35-5 36-40-5 41-45-5 Total.

F. Lib. ... 5 13 3 21

F. Eecap. ... 2 2 1 5

M.Lib. ... 8 1 — 9

M. Recap. ... 4 1 — 5

The fish used were taken by the " Goldseeker " in the Firth of Forth, at Station

VI., off St. Monans, on the afternoon of the 26th March, and they were liberated,

after 21 hours in running water, all being in good condition.

The number recaptured was 10, or 33*3 per cent., 5 males (55-5 per cent.) and 5
fpmales (23-8 pei cent.). Four of the males were of adult size, averaging 38-3 cm.
as against 33-6 cm. on liberation ; they were at liberty for a mean period of 329
days, and migrated from 22 to 92 miles, the average being 65-2 miles, and the mean
rate was 2 miles. Three of the females were of adult size, averaging 42-1 cm., as

compared with 39-3 cm. ; their periods of freedom averaged 177 days, and they
travelled from 16 to 20 miles, the mean being 18 miles, and the average rate -9

mile.

The Extent and Direction op Migration.

A male and a female were recaptured in April, the male 10 miles to the north
and east, and the female 13 miles to the north and west, off Berriedale Ness, A
female was taken in June. 1 7 miles to the north and east, and in July another female
was found, but its exact position was not ascertained. In September, a male
went 18 miles W.N.W. of Stack Skerry (Lat. 59° 3' N.; Long. 5° 5' W.), 92* miles

to the north and west. Two females were taken in October, 1, 16 miles to the

south and west, and the other 20 miles to the north and east.

In March 1914, 2 males were recaptured, 1 by a foreign frawler in the " Moray
Firth," and the other 8 miles E. by N. of Sule Skerry (Lat. 59° 15' N.; Long.
4° 30' W.) 80 iniles to the north and west. The last fish to be recaptured was a male,
in June 1914, 22 miles to the north and west.

Distances travelled.—None was taken under 10 miles from the station, but betTcen
10 and 20 miles there were 4, or 50 per cent., 1 male and 3 females, the male
and 1 of the females to the north and east, a female to the north and west, and 1 to

the south and west. Two were caught between 20 and 50 miles, a male 22 miles
to the north and west, and a female 20 miles to the north and east. Two migrated
between 50 and 100 miles, both males, which moved to the north and then west-
wards, distances of 80 and 92^ miles.
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Maturity.

The condition of the testes was not ascertained in any of the males recaptured
;

the condition of the ovaries of 3 of the females was recorded. One, taken in

October 1913, 20 miles to the north and east, was " nearly ripe "
; the others were

" immature."

EXPERIMENT IX.

21th March 1913.

On the same day, 72 plaice, consisting of 22 males, 48 females, and 2 of un-

known sex, were hberated at 58° 10' N. ;
2° 30' W. They were part of the lot taken

in the Firth of Forth on the previous day. The males measured from 29*5 to 37 "5

cm., and 9 were under adult size on Hberation ; the females measured from 31 to 43

cm., and 31 were under adult size on liberation

The numbers liberated and recaptured, arranged in 5-cm. groups, are as

follows :

—

cm. cm. cm. cm.
2.5-30-5 .31-35-5 36-40-5 41-45-5 Total.

F. Lib. ... — 24 19 5 48

F. Recap. . .
— 10 12 4 26

M. Lib. . . 2 16 4 — 22

M. Recap. . . 1 8 2 — 11

?Lib. ... — 2 — — 2

? Recap. . .

— — — —

The number recaptured was 37, or 51-4 per cent., 11 males (50 per cent.) and

26 females (54-2 per cent.). All the males w^ere of adult size when recaptured,

measuring from 34 to 42-5 cm., and averaging 36-3 cm., as compared with a range

of from 29-5 to 37-5 cm., and an average of 33-5 cm. on liberation ; they were at

liberty for from 24 to 485 days, the mean being 199 days ; they travelled from 13 to

39 miles, the average being 23-5 miles, and the mean rate 1-1 miles. Twenty of

the females were of adult size, averaging 43-5 cm., and ranging from 38-7 to 51 -3 cm.,

as against a range of from 32-5 to 43 cm., and an average of 38-2 cm. on hberation ;

they were free for from 6 to 1098 days, the average being 310 days ; they migrated

from 7 to 69 miles, the mean being 25-7 miles, and the mean rate -8 mile. Six of

the females were under adult size, the average being 34 cm., as compared with

34*2 cm. on liberation ; they were at hberty for a mean period of 30 days, and

travelled from 13 to 45 miles, the mean being 19-3 miles, and the mean rate 6*3

miles.

The Extent and Direction of Migration.

First Quarter.—One male and 6 females were recaptured in April ; the position

of the male was recorded merely as " Moray Firth "
; all the females were taken

to the north and west, at distances of from 10| to 19 miles, mostly towards Cl}^h

Ness, or Berriedale Ness.

Two males and 3 females were recaptured in May, 1 male 14 miles to the north

and west, and the other 30 miles to the south and west, near Buckie ; 2 of the

females were taken to the north and east, at 13 and 14 miles, south-east of Noss

Head ; and the third was caught in Burghead Bay, 45 miles to the south and west.

None was taken in June, so that the total recaptures in the first quarter were

12, or 32-4 per cent., the place of capture being known for 11, or 29-7 per cent. ;

of those, 7 were taken to the north and west, and 2 each to the north and east and

south and west.

Second Quarter.—In July, a female was taken near Noss Head, 24 miles to the

north and west, and in August 2 females at 7 and 9 miles to the north and east.

Two males and a female were taken in September, the place of capture of the

female being somewhat uncertain, but it was landed at Cromarty, in the Moray
Firth ; the males were taken together, 14 miles to the north and west, south-east

of Clyth Ness.
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Six, or 16-2 per cent., were taken in this quarter, the position being known for

5, of wiiich 3 were taken to the north and west, and 2 to the north and east.

Third Quarter.—A male and 3 females were taken in October, the male 15 mile;
to the north and west, and 2 of the females at 25 miles to the north andwest, near
Noss Head ; the third female was caught north-east of Kinnaird Head, 29 miles to
the south and east.

Two males were recaptured in November, 34 miles to the north and west, off

Brora.

In this quarter, 6 fish, or 16-2 per cent., were taken, 5 to the north and west, and
1 to the south and east.

Fourth Quarter.—In January 1914, a female was taken 7 miles to the north and
west, and in February, 2 females, one near Tarbet Ness, 33 miles to the south and
west, and the other on the north coast, off Dunnet Head, 48 miles to the north
and west.

One male and 4 females were caught in March ; the place of capture of one
of the females was not recorded ; all the others were taken to the north and west,

one off Berriedale Ness, at a distance of 15 miles ; the other 2 females were
recovered on the north coast, off Strathie Point, at distances of 68 and 69 miles.

In this quarter, 8 fish, or 21-6 per cent., were recaptured, the position being
known for 7 (18-9 per cent.), and 6 of those were found to the north and west, and
1 to the south and west.

Altogether, within the 12 months after liberation, 32 of the marked plaice, or
86"5 per cent., were recaptured, the position being knowTi for 29 (78'4 per cent.),

of which 21 (72 "4 per cent.), were found to the north and west, 4 to the nortli

and east, 3 to the south and west, and 1 to the south and east.

Of the remaining 4 fishes which were recaptured, a female v/„s taken in May
1914, 18 miles to the north and east, a male in July 39 miles to the south and west
near Tarbet Ness, and 2 females in March 1916, one 17 miles to the north and west,

and the other, after 1098 days, close to Clyth Ness, 24 miles to the north and west.

Distances travelled—10 miles and under.—Three fish, or 8"8 percent., were taken
under 10 miles, all females (12-5 per cent.), with an average of 8 miles ; two went
to the north and east, and 1 to the north and west.

10 to 20 mi^es.—Sixteen, or 47 per cent., were recaptured at distances of from
10| to 19 miles, 5 males (50 per cent.), with an average of 14 miles, and 11 females,
(45-8 per cent.), with an average of 15 miles ; all the males and 8 of the females were
found to the north and west, and 3 of the females to the north and east. Thus,
19, or 55 "9 per cent., were recaptured at distances under 20 miles, 5 males, wath an
average of 14 miles, and 14- females (58 '3 per cent.), with a mean of 13-4 miles.

20 to 50 miles.—Thirteen, or 38 '2 per cent., were recaptured at distances of from
from 24 to 48| miles, 5 males (50 per cent.), mth an average of 33*1 miles, and 8
females (33 '3 per cent.), vdih a mean of 31-7 nules ; 3 of the males and 5 of the
females were found to the north and west ; 2 of the males and 2 of the females to

the south and west, and 1 female to the south and east.

50 to 100 miles.—Two fish, or 5-9 per cent., were got between these distances
;

both were females (8 '3 per cent.), which were taken on the north coast, at 68 and
69 miles respectively.

Maturity.

Males.—The condition of the testes was ascertained in only 1 case ; it was
" immature."

Females.—The condition of the ovaries was recorded for 11 of the 26 females
taken. Two were " spawning," one in March 1914, on the north coast, at a distance

of 69 miles, and the other in March 1916, 24 miles to the north and west, near
Clyth Ness. One was described as " ripe "

; it was caught in February 1914, on
the north coast ofi Dunnet Head, 48 miles to the north and west. Two were
described as " spent," one found in March 1914, on the north coast, at a distance

of 68 miles to the north and west, and the other in May 1914, 18 miles to the north
and east, off Rattray Point.

lo
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EXPERIMENT X.

llth November 1913.

In this experiment, 100 plaice were marked and liberated at 58° 10' N. ;
3° 2' W.,

viz. 51 males and 49 females. The males measured from 23*5 to 46 cm., and 1 3 were

under adult size ; the females ranged from 25 to 55 cm., and 14 were under adult

size on liberation.

The numbers liberated and recaptured, arranged in 5-cm. groups, were as

follows :

—

cm. cm. cm. cm. cm. cm.
25-30-5 31-35-5 36-40 5 41-45-5 46-50-5 51-55-5 Total.

F. Lib. .. 7 4 14 12 9 3 49

F. E«cap. ..13 8 2 2 2 18

M. Lib. .. 9* 6 18 17 1 — 51

M. Recap. . . — 1 6 9 _ _ 16
* One at 23-5 cm.

The fish used in this experiment were taken by the " Goldseeker " in Burghead

Bay, on the sa^ne day as they were Uberated.

The number recaptured was 34, or 34 per cent.—a very small proportion

—

viz. 16 males (31-4 per cent.) and 18 females (36-7 per cent.). All the males recap-

tured were of adult size, measuring from 38-8 to 44 cm., and averaging 41-4 cm., as

compared with a range of from 32-5 to 43 5 cm. and a mean of 41 -2 cm. on hbera-

tion ; thev were at hberty for from 87 to 822 days, the Uican being 186 days ; they

migrated distances of from 3| to 28| miles, the mean being 18-3 miles, and the

average rate "9 mile. Of the females, 14 w^ere of aduk size, measuring from 38 to

55-2 cm., the average being 44*1 cm., as against a ranee of from. 35-5 to 55 cm., and

an average of 43 cm. on Uberation ; they were at hberty for from 89 to 695 days,

the average being 217 days : they travelled distances of from 4 to 277 miles, Ihe

mean being 60-4 miles, and the average late 2-8 miles.

The Extent and Direction of Migration.

First Quarter.—Only 1 fish was recaptured in this quarter, a male, which was

taken in January 1914, 4| miles to the north and west.

Second Quarter — ^ight males and 3 females were taken in February, but the

place of capture of 1 male was unknown. Of the other 7, 6 were found to the

south and west, 1 at 11 miles, and 5 near Tarbet Ness, at the entrance to the

Dornoch Firth, at distances of 24, 26, and 27 miles ; the remaining male was
captured farther to the north, south-east of Berriedale Ness, at a distance of

11 miles ; the 3 females were all taken to the south and west, 2 to the east of Tarbet

Ness, at distances of 21 and 29 miles, and 1 at Burghead, at a distance of 28 miles.

Four males and 4 females were taken in March ; the place of capture of 1 of

the males was unknown ; 2 were taken to the south and west, at Burghead, and
near Tarbet Ness, distances of 28 and 25 miles ; the remaining male was taken

on Smith Bank, 3| miles to the south and east ; 2 of the females were recaptured

to the south and west, at Burghead, distances of 29 and .34 miles ; 1 was taken

4 miles to the north and west, and 1, 6^ miles to the north and east.

Three females were recaptured in April, 1, 5 miles to the north and west 1

27 miles to the south and west, off Tarbet Ness, and 1, 16 miles soutli of Sule Skerry,

off the north coast, 76 miles to the north and westwards.
In this quarter, 22 of the marked plaice, or 64-7 per cent., were recaptured,

the place being known for 20 (58-8 per cent.), and of those, 14, or 70 per cent, were

taken to the south and west, at an average distance of 26 miles, in the mean direction

S. 63° W., 3 to the north and west, 2 to the north and east, and 1 to the south and
east.

Third Quarter.—Three females were taken in May, all to the northwards, 1

close to Noss Head, 19 miles to the north and east, 1 at the Pentland Skerries,

37 miles to the north and east, and the third on the west coast of Scotland, 7 miles

W.S.W.of Dubh Artach (Lat. 56° 3' N. ; Long. 6° 47' W.), a distance of 277 miles,
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first to the northwards, then westwards, and then southwards ; in this case the

mean rate of movement, per 10 days, was 16 •! miles.

Two females and a male were taken in June, the male 10 miles to the north

and east, both females to the north and west, at distances of 18 and 25 miles to

the south of Berriedale Ness.

In this quarter, 6 fish, or 17-6 per cent., were recaptured, 4 to the northwards,

and 2 to the westwards and northwards.

Fourth Quarter.—None was recovered during this period, so that the total for

the year was 29, or 85 "3 per cent., the position being known for 27, or 79*4 per

cent., of which 6 had moved towards the north and east, 6 to the north and west,

14 to the south and west (51-8 per cent.), and 1 to the south and east.

Of the remaining fish, 3 were taken in 1915, and 1 in 1916. In February 1915, a

female was caught on the bank opposite " Traigh Mhor," Aiisaig, on the west

coast of Inverness (Lat. 55° 56' N. ; Long. 5° 54' W.), and landed at Oban ; the

distance migrated was 217 miles, and the mean rate of movement 4 '7 miles.

In March a male was recaptured 5 miles to the north and west, and in October, a

female, at Burghead, 34 miles to the south and west. The last fish to be taken,

a male, was found in February 1916, after 822 days, off Brora, in the Dornoch
Firth, 26 miles to the south and west. One of the marked plaice, a male, was
landed at Hull, in March 1914, and said to have been caught " off East Home,
Iceland."

The chart showing the lines of migration represents the great majority of the

fish as having moved to the south and west, from the south of Berriedale Ness to

a Uttle east of Burghead. Eight were taken in the Dornoch Firth, or near it, and
5 in the vicinity of Burghead.

Distances travelled—10 miles and under.—Seven, or 22 "6 per cent., were found
at distances of from 3| to 10 miles, 4 males (28"6 per cent.), with an average of

5-7 miles, and 3 females (17"6 per cent.), with an average of 5-2 miles ; 2 of the

males and 2 of the females were found to the north and west, 1 male and 1 female

to the north and east, and a male to the south and east.

10 to 20 mi^es.—Four, or 12-9 per cent., were taken at distances of from 11 to

19 miles, 2 males (14"3 per cent.), with an average of 11 miles, and 2 females (11-8 per

cent.), mth an average of 18*75 miles ; a male and a female were got to the north

and west, a male to the south and west, and a female to the north and east.

Eleven, or 35"5 per cent., were thus recaptured under 20 miles, 6 males (42 "8 per

cent.), with a mean of 7 "5 miles, and 5 females (29 "4 per cent.), with a mean of

10-6 miles.

20 to 50 miles.—Seventeen, or 54*8 per cent., moved from 21 1 to 37 miles,

8 males (57*1 per cent.), with an average of 26 "4 miles, and 9 females (52-9 per cent.),

with an average of 29"5 miles ; all the males and 7 of the females were found to

the south and west, and 1 female to the north and east, and 1 to the north and
west.

50 to 100 miles.—One fish, or 3-2 per cent., was got at a distance of 76 miles

to the north and then west ; it was a female (5'9 per cent.).

Over 100 miles.—Two, or 6"45 per cent., were taken on the west coast, both

females (11 '8 per cent.), at 217 and 277 miles respectively.

Maturity.

Males.—The condition of the testes was recorded for 10 of the 16 recaptured.

Of these, no less than 7 were described as " spawning "
; 6 were recaptured in

February 1914, 5 to the south and west, 1 at a distance of 11 miles, and 4 at the

outer part of the Dornoch Firth, 24, 26, 27, and 27 miles distant ; the fifth was
taken 11 miles to the north and west, south of Berriedale Ness ; 1 was got in

March 1914, near Tarbet Ness, at the mouth of the Dornoch Firth ; all these males

were well over adult size, measuring from 38*8 to 42 '7 cm. ; 1 was found in January

1914, 4J miles to the north and west, and was described as " nearly ripe," and
another, caught in February 1914, was " spent," but the place of capture was not

ascertained.

Females.—The condition of the ovaries was recorded in 9 of the 18 recaptured.

None was " spawning " or " ripe." Four were described as " spent," 1 in Maich
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1914, 34 miles to the south and west, near Burghead, 1 in April 1914, 27^ miles

to the south and west, in the Dornoch Firth, another in May 1914, taken at Dubh

Artach, on the west coast of Scotland, at a distance of 277 miles, and the fourth

in October 1915, 34 miles to the south and west, near Burghead. A female,

measuring 40-40-8 cm., was taken in March 1914, 6i miles to the north and east,

and was " immature."

Experiments 15 Miles E. | N. op Tarbet Ness, Moray Firth.

On three occasions, marked plaice were liberated at a position 15 miles E. i N.

of Tarbet Ness (57° 58' N. ;
3° 21' W.), the depth of water being 21 fathoms.

Place.
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Fourth Quarter.—In the fourth quarter, 3 fish were recaptured, a male in De-
cember, on Smith Bank. 20 miles to the north and east. In January 1912, a female

was taken 13 miles to the south and east, and in February 1912, another female

off Golspie, 18 miles to the north and west.

In the 12 months following liberation, 12 fish, or 63-2 per cent., were recovered,

positions being known for 11, of which 6 were taken to the north and west, 2 each
to the north and east and south and west, and 1 to the south and east.

Of the remaining fish, 5 were found in 1912. 1 in 1913, and 1 in 1914.

In March 1912, a male was caught at an unspecified position m the Moray
Firth. In April, another male was got in the Moray Firth, also at a position un-

recorded, and a female 19 miles to the north and west, off Dunrobin Castle. A
female was taken in June, 84 miles to the north and east, off Start Point, Orkney.

The next fish to be recaptured was a male, which was taken in November 1912,

in the Dornoch Firth, 13 miles to the north and west ; then, a female in May 1913,

off Foula, 136 miles to the north and east ; and the last, a male, in January 1914,

after 1028 days, 8 miles south-west of Cape Wrath, at a distance of 116 miles.

Distances travelled—10 yniles and under.—Only 1, or 6-25 per cent., was got

within this distance, a female (11-1 per cent.) taken 7J miles to the south and west.

10 to 20 miles.—Nine, or 56-25 per cent., were found at distances of from 13 to

19| miles, viz. 4 males (57'1 per cent.), with an average of 16*5 miles, and 5 females

(55"5 percent.), with a mean of 17'5 miles. Three of the males and 4 of the females

were found to the north and west. 1 male to the south and west, and 1 female to the

south and east.

Thus, 10, or 62-5 per cent., were recaptured within distances of 20 miles, 4
males and 6 females.

20 to 50 miles.—Three, or 18-75 per cent., were found at distances of from 20 to

27 miles, 2 males (28*6 per cent.), 1 to the north and east, and 1 to the north and
west, and a female to the north and east.

50 to 100 miles.—Only 1, a female, was taken within these limits, 84 miles to the

north and west, off Start Point, Orkneys.

Over 100 miles.—A male was taken off Cape Wrath, at a distance of 116 miles,

and a female at Foula, Shetland, at a distance of 136 miles to the north and west.

Maturity.

Males.—The condition of the testes was ascertained in 4 out of the 9 recaptured.

None was "spawning" or "ripe," but 1, caught in January 1914, near Cft-p.-'

Wrath, at a distance of 116 miles, was " nearly ripe."

Females.—The condition of the ovaries of 5 of the 10 recovered was recorde*1.

The nearest to the ripe condition was 1, "three-quarters ripe," taken in January
1912, 13 miles to the south and east.

EXPERIMENT II.

mh April 1911.

In this experiment, 46 marked plaice were liberated, at the same position as in

Experiment I., 15 miles E. |- N. of Tarbet Ness, viz. 20 males and 26 females. The
males ranged in size from 24-5 to 44-5 cm., and 12 were under adult size ; the sizes

of the females were from 24 to 62 cm., and 12 were under adult size on liberation.

The fish were taken by the " Goldseeker " in the Dornoch Firth on the 17th
April, and kept in tubs until the 19th, owing to rough weather ; only 1 of the fish

died in the interval.

The number recaptured was 21, or 45*7 per cent., viz. 12 males (60 per cent.)

and 9 females (.34-6 per cent.). Nine of the males were of adult size, averaging
39 cm., and ranging from 34-6 to 45-5 cm. ; they were free for from 170 to 1073 days,
the mean period being 368 days ; they travelled an average distance of 51-6 miles,

the mean rate being 1-3 miles. Three were under the adult size on recapture,
averaging 32-1 cm. ; they were free for a mean period of 236 days, and travelled
an average distance of 12-3 miles, at a mean rate of -5 mile per 10 days. Six of the
females were of adult size, varying from 39 5 to 52-8 cm., and averaging 47-1 cm.

;

they were at liberty for a mean period of 478 days, and had moved an average
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distance of 15'9 miles at the mean rate of "3 mile. Three were below the adult size,

averaging 32-5 cm., and were free for a mean period of 191-6 days.

The Extent and Direction of Migration.

First Quarter.—Only 1 fish, a male, was taken in this quarter, viz. in May, 16|
miles to the south and west, near Portmahomack.

Second Quarter.—In September, a female was got at an unspecified place in the

Moray Firth, and in October, a male off Burghead, 15| miles to the south and west.

Third Quarter.—Two females were found in November, 1 at an unspecified place

in the Moray Firth, and the other in the Dornoch Firth, 23 miles to the westwards.

A male was taken in December, at Smith Bank, 18 miles to the north and east,

and another male in January 1912, recorded as caught in the "Moray Firth."

Only 4, therefore, were recaptured in this quarter.

Fourth Quarter.—Three males and 2 females were recajotured in February
1912, 2 of the males and the 2 females to the north and west, at distances of from 12

to 19 miles, a female and 1 of the males in the Dornoch Firth, close inshore, and 1

of the males south-west of Berriedale Ness ; the remaining male had taken a long

journey, and was recaptured 16 miles W.S.W. of Cape Wrath, at a distance of 13H
miles. Three males were taken in March, all to the northwards. 1 at a distance

of 9 miles, off Berriedale Ness, 1 off Strathie Point, Orkneys, at 85 miles, and the

third on the north-west coast, 8 miles N.W. of Loch Inchard, at a distance of 128

miles. A male was recovered in April, 11| miles to the north and west, at the

mouth of the Dornoch Firth.

In the 12 months following liberation, 16 of the marked plaice, or 76-2 per cent.,

were taken, positions being known for 13, or 6r9^ per cent. ; 5 had moved to the

north and east, 5 to the north and west, 2 to the south and west, and 1 to the west.

A female was recaptured in July 1912, 13 miles to the north and west, off Berrie-

dale Ness. In February 1913, 3 females were taken, the position of capture of 1

being unknown ; the other 2 were found to the north and west, in the Dornoch
Firth, at 15| and 17 miles. The last fish to be taken was a male caught in March
1914, after 1073 days, only 7^ miles distant, to the south and west.

Distances travelled—10 miles and under.—Two, both males, were taken under

10 miles, 1 to the north and east, and the other to the south and west.

10 to 20 miles.—Eleven, or 64*7 per cent., were taken at distances of from 12

to 19 miles, 6 males (54-5 per cent.), vath an average of 14"7 miles, and 5 females

(83"3 percent.), with a mean of 15-9 miles ; 3 of the males and all the females were
found to the north and west, 1 male to the north and east, and 2 to the south and
west.

20 to 50 miles.—Only 1, a female, was recaptured within these limits, 23 miles

to the westwards.

50 to 100 miles.—A male was taken 85 miles to the north and east.

Over 100 miles.—Two males were recaptured on the west coast, 1 north and east

of Cape Wrath, at a distance of 131 miles, and the other off Loch Inchard, at a

distance of 128 miles.

Maturity.

Males.—The condition of the testes was recorded for 3 of the 12 recaptured.

One, caught in March 1914, after 1073 days, 7| miles to the south and west, was
" spawning," and another, taken in March 1912, off Strathie Point, north coast,

at a distance of 85 miles to the north and east, was " ripe."

Females.—The condition of the ovaries was ascertained in 6 of the 9 recaptured.

One was " spawning "
; it was taken in February 1913, 15| miles to the north and

west, in the Dornoch Firth ; another, found in February 1912, 15 miles to the north
and west, in the Dornoch Firth, was " nearly ripe," and the third, recaptured in

February 1912, in the Dornoch Firth, at a distance of 19 miles to the north and west,

was " spent."

experiment III.

I5th September 1911.

In this experiment, 125 plaice were marked and liberated on the 15th September
1911, 60 males and 65 females. The males ranged in size from 25 to 48 cm., and
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33 were under adult size
;
the sizes of the females varied from 23 to 58*5 cm., and

42 were under adult size.

The numbers liberated and recaptured, arranged in 5-cm. groups, were as

follows :

—

cm. cm. cm. cm. cm. cm. cm. cm.
20-24-5 25-30-5 31-35-5 36^0-5 41-45-5 46-50-5 51-55-5 56-60-5 Total.

F. Lib. 2 19 16 14 5 3 4 2 65
F. Recap. — 10 7 11 1 — 3 1 33

M. Lib. — 22 27 7 2 2 _ _ 60
M. Recap. — 9 14 4 1 2 — — 30

The fish were taken by the " Goldseeker " in the Dornoch Firth on the 14th
September ; they were marked between 3 and 4 p.m. and liberated next day between
4 and 5 p.m. ; none of the fish died while in the tanks.

Twenty-four of the males were of adult size on recapture, ranging from 33 to
47-3 cm., and averaging 37-8 cm. ; they were free for from 33 to 910 days, the mean
being 299 days ; they migrated distances of from 3| to 124 miles, the mean being
26-6 miles, and the average rate -85 mile per 10 days. Six of the males were under
adult size, averaging 30-3 cm., as compared with 29*5 cm. on liberation ; they were
at liberty for from 35 to 176 days, the mean being 108 days, and they travelled
distances of from 19 to 24 miles, the mean being 21 miles, and the average rate
1-8 miles. Fifteen of the females were of adult size on recapture, averaging 44-4

cm., and ranging from 39 to 58-3 cm., as compared with a range of from 36 to 58-5

cm. and a mean of 42*1 cm. on liberation ; they were free for from 141 to 583 days,
the average being 242 days ; they travelled distances of from 11 to 122 miles, the
mean being 42-1 miles, and the average rate 1-9 miles. Eighteen of the females
were under adult size, averaging 32-8 cm., and ranging from 29 to 37-7 cm., as
against a range of from 26 to 36 cm., and an average of 30-6 cm. on liberation

;

they were at liberty for from 58 to 593 days, the mean period being 223 days
;

they migrated distances of from 7 to 25 miles, the mean being 18-9 miles, and the
mean rate -9 mile.

The Extent and Direction op Migration.

First Quarter.—Three males were recaptured in October, 1 at an unspecified
position in the Moray Firth, and 2 far into the Dornoch Firth, at 20| and 21 miles
to the north and west. Three males and 5 females were taken in November, a
male and a female simply in the " Moray Firth " at unspecified localities. One
male and 3 females were found far into the Dornoch Firth, in the same region as
those taken in October, at 20 miles to the north and west ; 1 male and 1 female were
got south-east of Clyth Ness^ at 16| miles to the north and east. In December, a
female was caught on Smith Bank, 25 miles to the north and east.

Thus, in this quarter, 12, or 19 per cent., were taken, the position -of capture
being known for 9, or 14-3 per cent. ; 6 were found to the north and west, and
3 to the north and east ; 6 of the fish, or 67 per cent., returned to the Dornoch
Firth.

Second Quarter.—A female was recaptured in January 1912, far into the Dornoch
Firth, off Embo, 20 miles to the north and west. In February, 9 males and 6
females were taken, 7 of the males and 5 of the females in the Dornoch Firth, at
distances of from 11 to 25 miles, and the other 3, 2 males and a female, at, or near,
Smith Bank, 25 and 26 miles to the north and east. Five males and 6 females
were recaptured in March, 1 female at an unspecified place in the Moray Firth, 3
males and 2 females in the Dornoch Firth, at distances of from 11 to 21 miles, 1

female close to Clyth Ness, 20 miles to the north and east, and a male to the south-
east of Clyth Ness ; another female was taken south-east of Berriedale Head, 14
miles to the north and east, and another on the north coast of Scotland, off Strathie
Point, at a distance of 80 miles.

Twenty-seven were taken in the second quarter, or 42-8 per cent., the positions
of all but 1 being known (41-3 per cent.) ; 15 were found to the north and west, 7 to
the north and east ; 18 of the fish, or 69 per cent., had returned to the Dornoch
Firth.
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Third Quarter.—One male and 5 females were recaptured in April, 1 female
within the Dornoch Firth, ofp Embo, at a distance of 18 miles ; all the other fish

had migrated to the north and east ; the male was taken south-east of Noss Head,
at a distance of 31| miles, 2 females farther north and nearer shore, at distances

of 37 and 40 miles ; another female on the north coast, at Stormy Bank, a distance

of 74 miles ; and the last on the west coast, 14 miles W.S.W. of Cape Wrath, at a

distance of 122 miles. A male was taken in May north-west of Kinnaird Head, 33

miles to the eastwards, and in June, a female, off the north coast, north-west of

Stroma, 76 miles distant.

Thus, in this quarter, 8 of the marked plaice, or ]2'7 per cent., were recovered

6 of them to the north and east.

Fourth Quarter.— None was taken in July and August, but a male and 3 females

were recaptured in September, all of them to the westward, within the Dornoch
Firth, at distances of from 13 to 25 miles.

Within 12 months of liberation, 51 of the marked plaice, or 80"9 percent., were
recaptured, the positions being known for 47, or 74 '6 per cent. ; 25 (53 "2 per

cent.) were got to the north and west, 16 to the north and east, and 2 each to the

south and east, south and west, and directly west.

Of the remaining fish recaptured, 2 were taken in the remainder of 1912, 8 in

1913, and 2 in 1914.

In October 1912, a female was taken in the Dornoch Firth, 18| miles to the

north and west, and in December, a male, 36|^ miles to the north and east, north-

west of Rattray Head.
In January 1913, a male was caught on the north coast, off Dunnet Head, at a

distance of 66 miles. In February, a female off Clythness, 17| miles to the north

and east ; in March, 2 males 3i and 5i miles distant, east of Tarbet Ness ; and in

April a male and 3 females, the male south and east of Clytli Ness, 22| miles to the

north and east, 1 of the females 7 miles to the north and east, another at an un-

specified place in the Moray Firth, and the third probably in the Dornoch Firth,

as it was forwarded from Embo, but the place of capture was not ascertained.

In February 1914, a male was taken off Lybster, Caithness, 13 miles to the north

and east, and in March another male on the west coast, 16 miles W.S.W. of Cape
Wrath, at a distance of 124 miles.

Distances travelled-—10 miles and under.—Three, or 5 '3 per cent., were found at

distances of 10 miles and under, viz. 2 males, with an average of 4*5 miles, to the

south and west, and 1 female to the north and east.

10 to 20 miles.—Twenty-one. or 36-8 per cent., were recaptured at distances of

from 11 to 19i miles, 10 males (35-7 per cent.), with an average of 14-05 miles, and
11 females (37-9 per cent.), with a mean of 16 miles. Six of the males and 8 of the

females were fomid to the north and west ; 2 males and 3 females to the north

and east ; and 2 males to the south and west.

Thus, 24 of the marked plaice, or 42-1 per cent., were recaptured at distances

under 20 miles, 12 males and 12 females,

20 to 50 miles.—Tvventy-six, or 45"6 per cent., were recaptured at distances

of from 20 to 40i miles, 1.3 males (46-4 per cent.), with an average of 25-1 miles,

and 13 females (44-8 per cent.), with an average of 24*4 miles. Five of the males

and 7 of the females were found to the north and west ; 5 of the males and 5 of the

females to the north and east ; 2 of the males to the south and east ; and 1 male
and 1 female directly west.

50 to 100 miles.—Five, or 8*8 per cent., were caught at distances of from 51

to 80 miles, 2 males (7-1 per cent.), with an average of 58-5 miles, and 3 females

(10'3 per cent.), with an average of 76-8 miles ; they all moved northwards along the

coast.

Over 100 miles.—Two, or 3"5 per cent., were found at distances over 100 miles,

a male and a female, both taken near Cape Wrath, at 124 and 122 miles respectively.

Maturity.

Males.—The condition of the testes of 19 of the 30 males recaptured was ascer-

tained. Two were "spawning," 1 taken in January 1913, off Dunnet Head, north

coast, at a distance of 66 miles, and the other in March 1914, near Cape Wrath, at
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a distance of 124 miles. Four were " ripe," 3 recaptured in February 1912, all

at the mouth of the Dornoch Firth, at distances of 11, 11, and 15| miles, and 1

in March 1912, in the same locality, at a distance of 15| miles. Two were described

as " spent," 1 found in March 1912, and 1 in February 1914, the former at the
entrance to the Dornoch Firth, at a distance of IH miles, and the other 13 miles to

the north and east. Two were " nearly ripe," 1 taken in February 1912, 26 miles

to the south and east, and the other in December 1912, 36 miles to the north and
east.

Females.—The condition of the ovaries of 21 of the 33 females was recorded.

One was " spawning "
; it was caught in February 1913, off Clyth Ness, 17 miles to

the north and east, and it measured only 37*7 cm., and would have been classified

as under the adult size. Two were " ripe," both caught in March 1912, 1, 11 miles

to the north and west, and the other on the north coast, off Strathie Point, 80 miles

distant. Three were "spent," all got in April 1912, 1 off Noss Head, 37 miles to

the northwards, another off the north coast, at Stormy Bank, at a distance of

74 miles, and the third near Cape Wrath, on the west coast, at a distance of 122
miles.

Experiment near Burghead, Moray Firth.

^2th December \%\^.

On 12th December 1913, 100 plaice were marked and liberated off Burghead,
on the south coast of the Moray Firth, at a position 2^ miles N.W. by W. \ W.
(Lat. 57° 42' N. ; Long. 3° 34' W.) in a depth of 6 fathoms. The males ranged in

fize from 38 to 46-5 cm., and all were thus of adult size. The females varied from
39 to 56 cm., all being of adult size.

The numbers liberated and recaptured, arranged in 5-cm. groups, were as

follows :

—

F.Lib. .

F. Kecap.
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south-east of Noss Head, 48 miles to the northwards, and another near Noss Head,
at a distance of 50 miles ; another female was recaptured about 5 miles off Sule

Skerry, on the north coast, at a distance of 106 miles ; and the remaining fish, a

male, was taken near the shore, off Nairn, 9 miles to the south and west.

In this quarter, 21, or 39-6 per cent., were recaptured, the positions being known
for 20, or 37-7 per cent., of which 16 (80 per cent.) were found to the northwards
and eastwards, 3 to the north and west, and 1 to the south and west.

Second Quarter.—Six males and 6 females were recaptured in March, 2 of the

males and a female near the entrance of the Dornoch Firth, 16 miles to the north-

wards, 2 males to the eastwards of Berriedale Ness, at a distance of 30 miles, a

female a little farther north at 37 miles, a female off Helmsdale, 23 miles to the

northwards, 2 males and a female off Burghead, 2| and 3 miles to the north and east,

a female on the north coast, off Whiten Head, at a distance of 105 miles, and another

on the west coast at Loch Inchard, a distance of 139 miles ; the mean rates of

movement of the 2 last were respectively 11*8 and 14-9 miles per 10 days. Two
males and a female were taken in April, both males, at 38 miles to the north and
east, in the neighbourhood of Smith Bank, and the female off the north coast, 16

miles E. by N. of Sule Skerry, at a distance of 107 miles. A female was recaptured

in May, but the position was not ascertained.

In this quarter, 16 of the marked plaice were recovered, or 30'2 per cent., posi-

tions being given for 15 or 28'3 per cent., of which 14 (93-3 per cent.) were found to

the north and east, and 1 to the north and west.

Third Quarter.—Two, or 3*8 per cent., were taken in this quarter, a male in

June, 3| miles from Trodday Isle, Skye, west coast, at a distance of 187 miles, the

rate of movement being 9-5 miles per 10 days, and a female in July, at a position

not ascertained.

Fourth Quarter.—No fish was caught in September, October, and November,
Thus, in the 12 months, 39, or 73'6 per cent., were recaptured, the positions

being known for 35, or 66 per cent. Of these, 29 (82-8 per cent.) were found to the

north and east, 5 (14-3 per cent.) to the north and west, and 1 to the south and
west.

Of the remaming fish, 1 was taken m 1914, and 10 in 1915.

In December 1914, a male was captured on the north coast, off Whiten Head,
at a distance of 111 miles.

In January 1915, a male was taken off Nairn, 10 miles to the south-west,

and in February, another male south-east of Berriedale Head, 27 miles to the

north and east ; a female was captured off Findhorn, 2 miles to the south and west,

in April ; and 4 females, all in the same locality, off Findhorn, in May, at distances

of from 2| to 5 miles to the south and west ; 2 females were caught in June, also

off Findhorn, at a distance of 2 miles, and in October, a male off Burghead, 3 miles

to the south and west. All the females taken in April, May, and June, off Findhorn,

are described as " spent."

Distances travelled—10 miles and under.—P'ifteen or 31 '2 per cent., were recap-

tured at distances of from 2 to 10 miles, 5 males (20 per cent.), with an average

of 5"4 miles, and 10 females (43*5 per cent.), with an average of 2 '6 miles ; 3 males

and 8 females were taken to the south and west, 2 males and 1 female to the north

and east, and 1 female to the north and west.

10 to 20 miles.—Thirteen fish, or 27'1 per cent., were found at distances of from
11 to 16J miles, 9 males (36 per cent.), with an average of 12-8 miles, and 4 females

(17'4 per cent.), \vith an average of 12*9 miles. Four of the males and all the females

were taken to the north and east, and 5 of the males to the north and west.

Thus, 28 fish, or 58 "3 per cent., were got at distances under 20 miles, 14 (56 per

cent.) males, with an average of 10'2 miles, and 14 females (60*9 per cent.), with

an average of 5-6 miles.

20 to 50 m,iles.—Fifteen fish, or 31*2 per cent., were recaptured at distances

of from 23 to 50 miles, 10 males (40 per cent.), with an average of 32*2 miles, and
5 females (217 percent.), with an average of 36-2 miles ; all the fish were taken to

the north and east.

No fish was recovered between 50 and 100 miles, but 6 were taken at distances

over 100 miles, namely, 2 males (8 per cent.), with an average of 149 miles, and 4

females (17-4 per cent.), with an average of 114*5 miles.
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Maturity.

Males.—The condition of the testes was ascertained in 20 of the 28 recaptured.

Seven were described as " spawming "
; 3 were taken in February 1914, all to the

north and east, at 11, 14, and 28 miles respectively ; 2 in Marcb 1914, 1, 16 miles

to the north and west, and 1,16 miles to the north and east ; the remaining 2 were
recaptured in February 1915, 1, 13| miles to the north and west, and the other 27
miles to the north and east ; all but 2 of these spawning males were taken at the

mouth of the Dornoch Firth, the two exceptions being got farther along the coast.

Six were "ripe," 1 captured in January 1914, at an unspecified locality, in the

Moray Firth, 2 in February 1914, 1, 24 miles and the other 37 miles to the north

and east, 2 in March 1914, off Burghead, and the remaining fish in April 1914,

38 miles to the north and east. One was described as " spent "
; it was caught

in February 1914, 11 miles to the north and west. Another, taken in December
1914, on the north coast, off Whiten Head, was " nearly ripe."

Females- The condition of the ovaries was determined in 20 of the 25 females

recaptured. Two were " spawning," 1 taken in February 1914, 11 miles to the north
and east, at the mouth of the Dornoch Firth, and the other in March 1914, off

^Vhiten Head, on the north coast, at a distance of 105 miles. Four were described

as " ripe," 1 caught in July 1914, at an unknown place ; another, in February
1914, on the north coast, off Side Skerry, at a distance of 106 miles ; a third in

April 1914, also off Sule Skerry, at a distance of 107 miles ; and the fourth, in

December 1913, 12 miles to the northward, at the mouth of the Dornoch Firth.

Eleven were said to be " spent "
; all but 1 were recaptured in the locality, at

distances between 2 and 5 miles, the exception being taken at the mouth of the

Dornoch Firth, at a distance of 16| miles ; another female, caught in December
1913, at the mouth of the Dornoch Firth, was described as " not qi^ite ripe."

Experiment at Nairn Bay, Station II.

IWi November 1913.

On 12th November 1913, 50 ir.arked plaice, comprising 25 males and 25 females,

were liberated in Nairn Bay, in the Moray Firth (Lat. 57° 37' N. ; Long. 3° 54' W.).

The males ranged in size from 24 "5 to 44 cm., and 10 were under adult size on
liberation. The females were from 26 to 58'5 cm., and 17, when liberated, were
under adult size. These fish were captured partly at Burghead Bay and partly at

Nairn Bay, on the same day.

Nineteen, or 38 per cent., were recaptured, namely, 12 males (48 per cent.) and
7 females (28 per cent.). Eight of the males were of mature size on recapture,

averging 40 '2 cm., as against 38*7 cm., on hberation ; they were at hberty for

from 83 to 1185 days, the mean being 321 days ; they migrated distances of from
7| to 46 miles, the average being 24*2 miles, and the mean rate '6 mile. Four
of the males were of immature size, averaging 28*8 cm., and migrating a mean
distance of 5 miles. Two of the females were of adult size, and 5 under, on recap-

ture, the latter traveling from 2| to 4 miles, the average being 3'2 miles.

The Extent and Direction of Migration.

None of the fish was recaptured in the first, third, or fourth quarters, but 14

were taken in February, March, and April, the second quarter.

Eight males and 1 female were taken in February, the female 3 miles to the

south and east, off Nairn, 2 of the males 2 miles to the south and west, off Fort
George ; a third, 13 miles to thesouth and east, in Burghead Bay; a fourth ,8 miles W.
by S. of Burghead, at a distance of 7| miles ; 2 were got off Brora, Dornoch Firth,

at 22 and 23 miles distant ; the seventh, south-east of Clyth Ness, at 46 miles to the

north and east ; and the eighth, at an unspecified locality in the Moray Firth. One
male and 3 females were taken in March, the male off Nairn, at a distance of 3

miles ; 2 of the females off Nairn, at 2^ and 4 m.iles ; and the third at Fort George,

2| miles to the north and west. In April, a female was recovered off Nairn, 4 miles
to the north and west.
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Thus, 14; or 73 "7 per cent., were recaptured m the second quarter, 5 to the

north and east, 3 to the north and west and south and east respectively, 2 to the

south and west, and 1 at an unknown locahty.

The next fish to be recaptured were taken in May 1915, a female off Nairn, at a
distance of 1 mile, and the other, also a female, 10 miles to the north and east, off

Findhorn. In June, a male was taken in the same locality as the last. The next
recapture was in February 1917, after 1185 days ; it was a male, taken 5 miles

to the north of Tarbet Ness. One male, which had gone 39 miles to the north and
east, had no date of recapture.

Distances travelled—10 miles and under.—Twelve fish, or 66*6 per cent., were
found at distances under 10 miles, 5 males (454 per cent.), with an average of 4*9

miles, and 7 females (100 per cent.), with a mean of 3"8 miles.

10 to 20 miles.—Only 1, a male, was recaptured between 10 and 20 miles, namely,
13 miles to the south and east.

20 to 50 miles.—Five, or 27*7 per cent., were got within these limits. All were

males (45*4 per cent.), taken to the north and east.

Maturity.

Males.—Of the 12 recaptured, the condition of the testes was recorded for 8.

Three were "spawning, ' all taken in February 1914, 2 off Brora, Dornoch Firth,

at 22 and 23 miles to the north and east, 1 off Clyth Ness, 46 miles to the north

and east. One was " ripe "
; it was taken in February 1917, after 1185 days, at

the mouth of the Dornoch Firth, 22 miles to the north and east.

Females.—The condition of the ovaries of each of the 7 females recaptured was
recorded. Two were "spent," both taken in May 1915, 1 at a distance of 1 mile,

and the other 10 miles to the eastward, off Findhorn.

Other Experiments.

MORAY firth.

I. On 22nd April 1910, 57 plaice were marked and liberated in the Dornoch
Firth (57° 58' N. ;

3° 45' W.) in a depth of 7-9 fathoms ; they comprised 29 males
and 28 females. Only 6 (10"5 per cent.) were recaptured, 4 males and 2 females.

The date and place of capture of 1 of the males were not ascertained ; another was
found on the market at Ymuiden, in May 1911, but the position of capture was not
ascertained ; the third male was taken in January 1911, 15 miles to the north and
east, off Golspie ; and the fourth, in February 1911, 2 miles south-west of the

Souters of Cromarty, 23 miles to the south and west ; 1 of the females was caught
at an unspecified place in the Moray Firth, and landed at Ostend ; the other was
taken in February 1911, off Dornoch village, 10 miles to the south and west.

II. On 23rd April 1910, 32 marked plaice were liberated in the Dornoch Firth,

at 57° 54' N. ;
3° 52' W. in a depth of from 10-15 fathoms. They comprised 11

males. 20 females, and 1 of unknown sex. Seven, or 21 "9 per cent., were recaptured,

5 males and 2 females ; 3 of the males were caught at unspecified places in the

Moray Firth, and landed at Ostend, in February 1911, April 1911, and September
1910 ; of the other 2, 1 was taken in March 1911, 8 miles to the south and east, and
the other in June 1911, at N. Ronaldshay, Orkneys, 119 miles to the north and
east ; 1 of the females was landed in January 1911, at Ostend, the place of capture

being recorded merely as " Moray Firth "
; the other was taken in March 1911, 8

miles to the south and east. This fish, and the male, caught close together near

Tarbet Ness, were " partly spent."

III. On 25th April 1910, 35 plaice—20 males, 14 females, and 1 of undetermined
sex—were liberated in the Moray Firth, near Findhorn (57° 42' N. ;

3° 37' W.) in a

depth of 6 fathoms. Only 4, or 11*4 per cent., were recaptured, viz. 3 males and
the fish whose sex was not ascertained. One of the females was taken in February
1911, 3 miles to the south and east, and 2 were found in March 1911, 1, 8 miles to

the south and west, off Nairn, and the other 1 mile to the north and west. The
fish of unknown sex was also taken at this position, 1 mile to the north and west, in

March 1911.



301

IV. In the Moray Firth, at 57° 47' N. ;
3° 17' W., where the depth is 13-15

fathoms, 10, consisting of 3 males, 5 females, and 2 whose sexes were not deter-

mined, were liberated on 26th April 1910. Three were recaptured, viz. a male
in June 1910, in the Pentland Firth, 79 miles to the northwards ; and 2 females, 1

in March 1911, off Tarbet Ness, 13 miles to the north and west, and the other in

April 1911, in the vicinity of Tarbet Ness, 6 miles to the north and west.

V. On 26th Aprd 1910, 22 were set free in the Moray Firth, at 57° 53' N. ;
3° 14'

W., in a depth of 28-32 fathoms ; they consisted of 11 males, 8 females, and 3 of

undetermined sex. Five, or 22 '7 per cent., were recaptured, 3 males, 1 in January
1911, at a place unknown ; another in March 1911, 13 miles to the north and west,

and the third in July 1911, at a place unknown. Two of undetermined sex were
caught at unspecified localities in the Moray Firth in July and September 1910.

The fish about which particulars are absent were caught by foreign trawlers and
landed at Ostend.

VI. On 27th July 1910, 1 male and 2 females were marked and liberated at
57° 51' N. ;

3° 16' W., and the male, alone, was recaptured, on March 1911, in the

North Minch, on the west coast, at a distance of 152 miles, the rate of movement
being 6"5 miles per 10 days. This fish measured 38"5-38"6 cm., and was " spawning "

when captured.

DOGGER BANK.

On 15th October 1913, 2 females were marked and liberated at 54° 52' N.

;

0° 57' E., west of the Dogger Bank, in 41 fathoms, and both were recaptured, 1 in

October 1913, after only 9 days, at a position given as 166 miles E.S.E. of the

Longstone Light, 91 miles N. 80° E., which is evidently wrong ; the other was
recaptured in June 1914, 5 miles to the north and east.

NORTH-WEST OF GREAT FISHER BANK.

On 17th June 1913, 4 marked female plaice were set free at a position 127 miles

E. by S. I S. of Buchanness (57° 30' N. ;
2° 10' E.), in a depth of 36 fathoms. One

was got in December 1913, 48| miles E. by S. of the Isle of May, 130 miles to the

west and south ; it was landed by an English trawler at Boston.

OFF KINNAIRD HEAD.

On 29th July 1910, 12 marked plaice, consisting of 6 males, 1 female, and 5 of

unknown sex, were liberated, 2 off Kinnaird Head (57° 41' N. ;
1° 55' W.) in a depth

of 5 fathoms. Four were recovered, 3 males and 1 of undistingiiished sex. The
latter was taken in September 1911, 6 miles to the south and east ; 2 of the males
were recaptured in March 1911, both in the Moray Firth, one ofi Buckie, 33 miles

to the north and west, and the other off Tarbet Ness, 62 miles to the north and west
;

the third male appears to have been taken in Morecambe Bay, Lancashire, at the
beginning of April 1911. The mark and wire were sent to me by Dr. J. Johnstone,
with a note from Captain Wignall of the Lancashire S.F.D. Committee Steamer
" James Fletcher," to the effect that the mark was taken from the fish on the

Fleetwood Landing Stage on 6th April 1911. It could not be ascertained which
boat caught the fish, but " it was caught in Morecambe Bay." Dr. Johnstone
kindly informed me that the trawlers speak of the area between Morecambe Bay,
the coast between Cumberland and Ribble and the Isle of Man, as " Morecambe'
Bay," and he was of opinion that the fish was probably caught on the Lancashire

coast. The distance between the place of liberation and Morecambe Bay is about
470 miles, and, as the interval between the date of liberation and recapture was
248 days, the mean rate of movement per 10 days would be 19 miles.

OFF TOD HEAD, KINCARDINESHIRE.

On 6th July 1912, 6 plaice, 3 males and 3 females, were marked and liberated

27 miles E.S.E. i S. of Tod Head (56° 48' N. ;
1° 24' W.) in a depth of 34 fathoms.

Five were recaptured, 2 males and 3 females. One male was taken in February
1913, south and east of Aberdeen, 38 miles to the north and east, and the other in
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December 1914, after 898 days, 9 miles to the north and east ; 1 of the females
was got in August 1912, 14 miles to the north and east, another in June 1913, 12
miles to the north and east, and the third in August 1913, 3| miles to the north and
east.

On the same day, 2 marked plaice, a male and a female, were liberated 53 miles
S.E. 1 E. of Tod Head (56° 34' N. ;

0° 44' W.) in 47 fathoms, and they were recaptured,
the male on 4th August 1912, 8 miles to the south and east, and the female in
October 1913, 36 miles to the north and west.

On 9th July 1912, 2 plaice, both females, were liberated at a position 57° 7' N.

;

0° 21' W., but none was recaptured.

On 25th June 1910, 3 plaice, all females were liberated in Kirkcaldy Bay, but
none was recaptured.



EXPLANATION OF PLATES.

Plate I. . . 20 miles E. of Isle of May, Experiment IX., 6th December 1912.

Plate II. . . Same Experiment. Showing the migratory movements in the 1st

Quarter, December 1912 to February 1913.

Plate III, . . Same Experiment. Showing the migratory movements in the 2n(l

Quarter, March t > May.

Plate IV. . . Same Experiment. Showing the migratory movements in the 3rd
Quarter, June to August.

Plate V. . . Same Experiment. Showing the migratory movements in the 4th
Quarter, September to November.

Plate VI. . . Firth of Forth. Midway between Elie and Fidra, Experiment
VIIL, 24th April 1912.

Plate VII. . Aberdeen Bank. Experiment L, 10th June 1910.

Plate VIIL . Moray Firth. S.E. of Smith Bank, 20th September 1912.

Plate IX. . . 19 miles E.S.K. of Fair Isle, 15th September 1910.

Plate X, . . Showing the Distribution of the "Spawning" Fish of all

Experiments.
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THE EGGS AND LARVAE OF THE ANGLER [LOPHIUS
PISCATORIUS L.) IN SCOTTISH WATERS.

INTRODUCTION.

The Angler {LopMus piscatorius), with its bizarre form and strange adaptations
to mode of life, has always attracted much attention. In recent years, it has
become increasingly important commercially, and the species, regularly brought
to market, now contributes its share to the food supply of the nation. The Angler
often grows to a very large size, sometimes exceeding 5 feet in length. The
very large, broad and depressed head of grotesque appearance is of no commercial
value, and the practice has grown up of landing only the tails on the markets,
and these find a ready sale.

Many contributions to our knowledge of the life-history of this strange species
have been made. In spite of the wealth of fact, however, many details of the
life-history still remain obscure, and, in particular, little is known definitely regarding
the chief spawning-places and the distribution of the larval, post-larval, and small
bottom-forms.

The first important contribution to a knowledge of the spawning and of the
young forms was made by Agassiz in 1882. In that year, he described the eggs
and larvae from specimens obtained in the Atlantic off the American coast. In
1891, Prince gave somewhat similar descriptions of forms from Scottish waters.
Although both these authors deal very fully with the appearance of the eggs and
the larvae until the absorption of the yolk, there is little reference to the later

stages. (Agassiz describes one post-larval stage of about 30 mm. in length.) In-
deed, there was almost an entire absence of definite information regarding the
later post-larval stages until 1911, when Stiasny gave a very detailed description
of forms found by him in the Gulf of Trieste. In this publication we have, until

now, the only detailed reference to the capture of the later post-larval stages. On
the other hand, there are no specific references to the spawning-places of the Angler.
Further, information regarding the distribution of small bottom-forms is very
scanty. Dr. Fulton (1902) has dealt most fully with this aspect of the problem,
and he points out that small Anglers are very rarely met with in the North Sea
under a size of 6 inches, although adults are by no means rare within the area.

In brief, our knowledge of the early life-history and the developmental changes
through which the young Anglers pass is built up from information derived from
very widely separated areas. Yet, when one thinks of the comparative frequency
of adult Anglers over a very wide area, and the striking appearance of the floating

masses of spawn, and the post-larval forms, one may well feel astonished that
complete information regarding the life-history has not been obtained even from
restricted areas where the spawn and adults are known to occur.

In the jjresent communication a detailed description is given of the occurrence
and developmental changes of the Angler in Scottish waters, and, in addition,
an attempt is made, from a consideration of all the facts known about the distri-

bution of the adults, and the younger stages, to bring the detached facts from the
different areas into harmony.

The characteristic appearance of the ovaries and the ova just before and after

maturation, as can be very easily verified by a microscopic examination of the
parts in the adult, has been very minutely described by Dr. Fulton (1897, p. 125).
The following is that author's description of some of the points which have a bearing
on the problem under consideration :

—
" The ovaries are confluent, and form a

single, long, flattened tube or band whose dimensions vary with the size of the
fish and the season of the year. In a specimen with almost mature eggs, caught
on 11th February, the ovaries measured a little over 29 feet in length, the greatest
breadth was 13| inches, and the thickness was only 4 millimetres. It formed a
long, flat, semi-transparent band, soft and easily ruptured. The ovaries form a
continuous tube, the oviduct, which is thick-walled and narrow—admitting a finger

with difliculty—opens into it at its middle, at the junction of the ovigerous and
non-ovigerous sides. The ovigerous tissue is limited to one side of the tube, the
opposite wall of the ovary, a thin, delicate, translucent membrane, being closely

M&GUd Wt5799/S.O.P. 80 10-20 300 G. 2
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applied to it. . . . In the ovary, especially before the eggs are quite mature, it

will be found that each large egg is contained in a pyriform pouch, which projects

into the cavity of the ovary, and which, in such specimens, may be easily separated

at its pedicle. In the early stages, gelatinous matter between the pouches is not

apparent. When the large, mature eggs escape from their follicles, they pass

into the gelatinous secretion, and the mass is extruded no doubt gradually. The

process of expulsion through the narrow oviduct would appear to be a matter of

difficulty, and the mode in which fertilisation takes place is also a little puzzling.

The males are much more numerous than the females, in the proportion of 100 to

26, and it is probable several males attend the female during oviposition."

The number of eggs in such an ovary has been estimated by Fulton. He
calculated that, in two nearly mature ovaries, there were 1,345,848 and 1,312,587

eggs respectively.

The Floating Spawn.

[Fig. 1).

The eggs of the Angler, after expulsion from the ovary, are found floating in

the sea enveloped in a ribbon-shaped band of mucus. Agassiz (1882) described

the appearaiice of this floating mass of spawn. Some of the bands were from 25

to 30 feet long, and from 2 to 3 feet broad. Thus probably the whole of the

eggs from a single ovary are enveloped in this mucoid sheet. Fulton concludes

that in such a case extrusion must take place with some rapidity, and that im-

pregnation of the ova is assured by the great excess of males.

The published records of the occurrence of sheets of spawn are discussed later.

Hitherto, however, descriptions of sheets of spawn have been confined to examples

in which the embryos were already far advanced in development, and the following

observations, the result of an examination of a mass in which the eggs exhibited

no trace of embryos, are therefore given.

The eggs are arranged in a single irregular layer through the mass, and the

gelatinous material forms a series of polygonal cells almost hexagonal in shape

but with rounded corners, in which the eggs lie. When the investing jelly-like

material is examined under the microscope, the walls of each cell in optical section

appear as if made up of a series of very fine concentric lamellae.

Each cell contains an egg, and the eggs are therefore quite separate from each

other. The egg is only about half the diameter of the cell, and, surrounded by
fluid which fills the remainder of the cell and acts as a buffer, the egg is not deformed

by contact with the sides of the cell or with other eggs. Thus each egg is free within

its cell, and can be turned about with the point of a needle ; it floats with its con-

tained oil-globule uppermost, and if the gelatinous sheet be turned over, the eggs

revolve within the cells so that the oil-globules are again on top.

If the eggs are freed from the gelatinous material, they float at the surface of

sea-water and appear like normal large pelagic eggs.

The mucous band is of a light violet-gray colour, and when the embryos are

well developed in the eggs the dark pigment spots of the young Anglers, still in the

egg, give to the mass a somewhat blackish appearance.

Agassiz' figure of the spawn is somewhat misleading. Either the embryos
have hatched out from the eggs and are now free within the cells, or if the embryos
have not hatched out from the egg, the investing membrane is absent from the

illustration. Cunningham's suggestion that the gelatinous substance arises by a

modification of the outer surface of the zona radiata was apparently based on
Agassiz' description. Fulton (1897) has already pointed out that this is not the case.
" It (the gelatinous substance) is situated not only outside the follicle, but outside

the ovigerous pouch ; that is to say, it lies in the cavity of the ovary, and it is, in

reality, formed as a secretion by the colunmar epithelium."

Isolated Eggs of Lophius Piscatorius.

The extensive investigations mad,e by the Scottish Fishery Eesearch Vessel,

Goldseeker, and other research vessels, have shown that the pelagic eggs, and the

larval and post-larval stages of our common food-fishes, can be caught in large

numbers with special apparatus. Notwithstanding the many extensive voyages
of investigation which have been made in recent years by these specially equipped
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vessels, hitherto no records have been publislied of the occurrence of the egs;s or

larvte of Lophius piscatorius.

Amongst the many collections made by the Goldseeker of pelagic fish eggs

of common species, an occasional egg, conspicuous by its large size, and possessing

an oil-globule, has appeared from time to time. At first there was considerable

uncertainty as to the identification of this species of egg, but on 5th May 1911
one was obtained at 59° 26' N. ;

1° 20' W., which gave some clue to its identity.

This large egg, separated from the rest of the collection, was kept alive and under
observation until the embryo had assumed definite shape within the egg. Un-
fortunately, the embryo died before hatching out, but it was sufficiently advanced
in development to enable me, from its characters, to decide that the egg belonged
to Lophius piiscatorius. The characteristic dendritic, dark, chromatophores had
developed over the head of the embryo and over part of the yolk and oil-globule,

and this particular specimen also showed the characteristic pigmentation on the
gut. All doubts as to the specific identification of these large eggs were cleared

away when, in April 1914, similar eggs were obtained, from which the embryos
were successfully hatched out and reared until the yolk had been very considerably

absorbed. The nature of the egg and the characteristic appearance of the larva

are sufficient for the purpose of identification.

Description of the Isolated Egg.

{Fig. 2).

The isolated egg of Lop)hius is pelagic, large and transparent, with a homo-
geneous yolk. The egg, especially in the living condition, is therefore easily

distinguished from that of Argentina, in which the yolk is segmented. The pelagic
isolated egg of Lophius is enclosed in a very delicate membrane. The perivitelline

space is extremely small, even when the embryo is well developed in the egg. It

never becomes large. (In eggs which have been kept in preserving fluid for some
time, the perivitelline space is sometimes larger, a condition due to the shrinkage
of the yolk.) The yolk is usually of a very pale straw or yellow colour, and oil

globules like burnished copper or am])er are present on the surface of the yolk.

The number of oil-globules varies ; there may be only a single large one, but usually
there are one or two larger ones with a variable number of very small ones. These
smaller oil-globules may coalesce later, to form a single large oil-globule.

The eggs are not always perfectly spherical, but often appear more or less

oval in shape, with a long and short axis at right angles to each other.

The following are the measurements of 500 eggs isolated from a mass of spawn
caught on 3rd May 1916 at 57° 37' N. ;

0° 53' E. The eggs were measured in the
living state, and each egg was measured along its greatest and least diameter

—

Measurements of 600 Eggs caught 57° 37' N.; 0° 53' E.—3/5/16.
50 scale divisions of eye micrometer = 2 mm.

Major



6 Fishery Board for Scotland.

The mean of tlie major diameters (Mj) is 57'14:6 (2'28584 mm.), and the Standard
Deviation (o-j) = 1-7892. The mean of the minor diameters (M,) is 55-298 (2-21192

mm.), and the Standard Deviation (cto) = ] "67387.

M - M
jf -1 2^ J) ^g -^ o

^j^Qgg distributions are significantly different where
o-Mi - M2

G J

1-848

Now, if G^V-M.= (S-+?r), ^^-^'= /3-201351 2-801863 = 16-86521.
VN, N,y CTM.-M, V~500~+~500~

Hence, although in a number of these eggs freed from the gelatinous material,

the two diameters at right angles were equal, and the eggs were therefore almost
spherical, the eggs of Loj)hius are tyjDically oval, the long diameter being significantly

different from the minor diameter.

The following table shows the variable number of oil-globules in the sample of

500 eggs.

Number of

Oil Globules. Frequency.
1 45
2 111
3 111

4 113
5 71

6 27
7 17

8
•

5

500

In addition, 38 isolated eggs caught at 58° N. ;
2° 54' W. on 4th April 1914 were

measured in the living condition. Two measurements at right angles to each other
were made on each egg ; the range was from 2-33 to 3-11 mm., and the mean was
2-72 mm. The number of oil-globules varied from one to nine, and the diameters
of the largest oil-globule ranged between -51 and -71 mm.

These 38 eggs, when caught, showed no traces of developing embryos, and
although the eggs were kept alive as long as possible in fresh sea-water, no traces

of developing embryos appeared. Indeed, the eggs gradually died. In five days
after capture three eggs were dead at the bottom oJE the vessel ; in seven days the
total had increased to nine, whilst eleven days after capture, only six eggs
remained clear, floating at the surface of the water. Even in these, the germinal
disc showed no signs of segmentation, so that one may conclude that this particular
batch of eggs had escaped fertilisation.

The eggs, when preserved in formalin, usually retain their pale yellow tint.

The following are the measurements of eggs so preserved. All the eggs, before
measurement, had remained more than a year in preserving fluid (-2 per cent,

formalin), so that practically they had reached their maximum shrinkage.

Measurements of Isolated Eggs of Lophius piscatorius caught in the North Sea.

Size in mm. . . 2-1 2-2 2-3 2-4 2-5 2-6 2-7 2-8 2-9

Frequency . . 5 33 48 41 62 56 38 12 3 = 298

The mean size is 2-4745 mm. The mean size of the oil-globule in those eggs which
contained only a single large oil-globule was -6718 mm., with a range from -52 to
•88 mm.

Agassiz and Whitman (1885), in their description of the eggs of Lophius pis-
catorius from the American side of the Atlantic, state that the eggs are laro-e, meas-
uring 1-75 mm. in diameter, and that the single oil-globule is -40--42 min. The
eggs obtained in American waters would appear to be much smaller than those
obtained in Scottish waters. The American authors do not say, however, whether
the eggs were measured in the hving condition or after long immersion in pre-
setvinjg fluid.
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M'Intosh (1891) gives the diameter of the contained ova in spawn cast ashore

in St. Andrews Bay as 2'2860 mm., and of the large oil-globule as '5334 mm. For
an isolated pelagic egg captured about the same time in the Bay, he gives the
following dimensions :—long diameter, r6764: mm. ; short, r6383mm. ; oil-globule,

•3048 mm.
Ehrenbaum (1905, 1911) records the diameters of the eggs of Lophius as varying

between 2' 13 and 2'36 mm., and of the oil-globules 0"53-0"57 mm. In his tables

for the determination of the plankton eggs of fishes occurring in the North Sea,

he gives the following criteria for the identification of the eggs of Lophius piscatorius :—" Yolk homogeneous, without segmentation. Eggs enveloped in a common
mucous mass, from which, however, they often apparently become isolated. Eggs
polygonal, flattened against one another, with large perivitelline space." In view
of the foregoing observations, the last sentence should read : Mucous cells poly-

gonal, flattened one against the other, diameter of cell about twice egg diameter
;

egg free within the mucous cell, with small perivitelline space.

The newly-spawned egg is entirely free from pigment, but even before the

embryo begins to assume definite form dark dendritic pigment appears on the em-
bryo and on the yolk in the neighbourhood of the embryo. Isolated eggs at this

stage of development are very easily recognised amongst the preserved material

;

the size of the egg and oil-globule, the thin membrane, and the pigmented yolk

and embryo, are sure guides for the identification of such eggs.

As the embryo grows, the dark pigment rapidly spreads, but does not extend
to the tail of the embryo itself. The pigment becomes more intensive on the

head and anterior body portion, and appears as large, black, dendritic spots. The
dark pigment spots also spread down the food canal and over the yolk especially

in the neighbourhood of the oil-globule. Indeed, the pigmentation becomes so

dense over the oil-globule that the limpid colour of the oil is hidden and the oil-

globule seen through this veil of reticulated pigment appears as a cloudy-Uke

ball.

Gradually the embryo assumes a more definite form. It always remains broad

and short, never extending more than two-thirds round the yolk. In isolated eggs

in the living state the black pigment appears very soft and delicate, and, in some
of the embryos, there is a development of violet pigment along the gut. This

violet pigmentation is not present in all specimens, and is often very transient,

disappearing from the embryo before it hatches out from the egg. Fulton (1902)

says that the newly-hatched larvae possess much bright canary-yellow in addition

to the black pigment. This canary-yellow pigment did not appear, however, in

any of these isolated eggs.

The embryo almost fully grown and stretching two-thirds round the yolk causes

the thin membrane to stretch greatly by its violent movements within the egg.

Unhke most pelagic eggs, the embryo does not stretch round the whole circumference

of the egg before it is ready to hatch out, and the hatching may, therefore, take

place rather unexpectedly. Indeed, so pigment-free is the tail that careful obser-

vation has to be made to determine whether the embryos have hatched. There

is a very considerable amount of unabsorbed yolk still remaining when hatching

takes place. It is probably due to the fact that, by the embryo hatching out thus

suddenly, and remaining in the mucous cell for some considerable time before being

freed, differences in the description of the newly-hatched larva have arisen.

Newly-Hatched Larva.

{Fig. 3).

The newly-hatched larva floats in the water with the yolk uppermost ; the head,

being heaviest, is lowest, so that the larva in still water assumes an oblique position,

the tip of the tail just touching the surface film. The newly-hatclied larva

is about 4"5 mm. long, and the yolk is still of enormous size in comparison, the

diameter being more than half the length of the larva. The pigment-free tail is

very short, being less than the diameter of the yolk. The larva is strongly pig-

mented with dense dark pigment, especially over the head. This pigment extends

over the body almost half way to the anus. The gut is also pigmented, and often
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on the posterior lialf mauve pigment remains for some time. There is also very

considerable pigment on the yolk, the pigment spots being large, with dendritic

branches, and occurring in dense masses. There is one mass on the yolk under

the body, another mass over and encircling the oil-globule. The large dendritic

spots which cover the oil-globule give it a peculiar reticulated appearance, so that

the oil-drop, with its brilliance dimined, assumes a weak coffee colour. Isolated

dendritic pigment spots occur over the rest of the yolk. The eye is of a deep dark

blue colour. The mouth is closed, and there is no appearance of dorsal filaments

except that there is a slight depression in the embryonic fin above the head, the

edge of which is slightly thickened.

The newly-hatched larva is, therefore, a striking object, and the large yolk,

pigmented body and short fleshy pigment-free tail, gives it a peculiar stumpy
appearance.

Four days after hatching, the larva has gained considerably in size at the ex-

pense of the yolk, which has therefore diminished in volume. The increase in size

is most apparent in the yet pigment-free tail, which extends beyond the yolk to a

distance exceeding two diameters of the yolk. In the living state, the larva meas-

ures about 5 mm., while the yolk-sac has a diameter of about 2"3 mm. The yolk

has contracted considerably from the outer membrane. The head, as in the newly-

hatched larva, lies over the yolk in close proximity to it, and the contour of the

anterior ])ortion of the head is continuous with tliat of the yolk membrane, there

being a deep bay between the yolk and the head. The mouth is closed. In the

living condition, the head usually lies on the surface of the yolk. The pigment is

somewhat more intensively developed. The head, anterior portion of the body,

and gut, are covered with intense black pigment, whilst the eye is of a deep

black colour. The yolk, especially over the still large oil-globule, is also covered

with branching black pigment. The distinctive colour of the oil-globule has now
almost entirely disappeared, and is only seen below the dark-coloured pigment as

a faint coffee colour. The gut is covered with black pigment, especially in the region

of the pectoral fins, but this becomes less intensive towards the end of the food

canal. A short loop of the gut lies above the yolk-sac, and here, as well as in the

posterior j^ortion of the intestine, violet pigment may yet persist. The pectoral

fins, now somewhat large, are fleshy and scoop-shaped, and rounded or blunt at

the tip. The pelvic fins are much smaller and arise directly on the surface of the

yolk as conical prominences. Both the pectoral and pelvic fins are free from pig-

ment, and are of a dull mottled gray colour.

The first dorsal fin-ray now appears beyond the margin of the embryonic fin.

In the newly-hatched larva, the first hint of the development of this ray was given

by the appearance of a thickening above the notochord just posterior to the pectoral

fin. This thickening, although ending rather abruptly in front, tails ofi posteriorly

in a wedge-shaped manner. Simultaneously, there appeared a depression in the

margin of the embryonic fin, the edges of which also become thickened. To the
naked eye, this bay in the embryonic fin looks like a constriction behind the head
of the larva. Soon there arises in the indentation of the embryonic fin a small

conical prominence, whilst the wedge-shaped thickening above the notochord
grows up to meet the indentation. This wedge-shaped thickening now extends
much further back on the top of the notochord, whilst there seems to be a shunting
forward of the whole mass. This may be more apparent than real, since, at this

period, the tail is growing at a relatively greater rate than the head region. The
tail has lost its distinctive rounded form, and is now somewhat pointed and appears
less fleshy.

Larva—7 to 8 days old.

{Fig. 4).

Considerable yolk remains even after the larva has been hatched a week.
Even now, the larva does not lose its unique position in the water, but floats

yolk uppermost, the body lying obliquely to the surface film. Occasionally, the
larva lies over to one side, but frequently there is vigorous movement from
side to side of the now much elongated tail. When a shght movement is given to
the water, the larva sinks a few inches, only to rise again slowly to the surface
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The dorsal fin-ray is now very distinct. The pectoral fins have also grown con-

siderably, and are moved vigorously by the larva.

The larva at this stage measures, in the living condition, about 5"5 mm. The
yolk is, however, much smaller in comparison to the total length of the larva, and the

pigment-free tail is also much larger than the diameter of the yolk.

The larva has become much thicker and more opaque, although the body pig-

ment does not extend much behind the dorsal fin prominence. The tail is still

practically pigment-free, but in some larva? there may appear a single dendritic

pigment spot on the notochord near the middle of the tail, and there may also appear

the beginning of pigment on the ventral surface near the tip of the tail. Usually,

at this stage, the mauve pigment has disappeared from the gut. The dorsal fin

filament has now grown considerably in length. The pelvic fins are, however,

very striking objects. They arise from the surface of the yolk-sac as long conical

prominences posterior to the fan-shaped j^ectorals. As the yolk gets absorbed,

the pelvic fins grow rapidly in length, and gradually get shunted forward, until

finally at the complete absorption of the yolk they are inserted on the ventral

surface of the body anterior to the pectorals. Small pigment spots appear on the

tips of the pelvic fins, but the pectoral fins, as yet, are pigment-free.

Soon after this stage, the larvae begin to lose their characteristic position at the

surface of the still water. They gradually sink towards the bottom of the vessel

and, although they may remain suspended in the water for some little time, they

finally come to rest on the bottom. No difficulty is encountered in rearing the

larvee in a hatchery until the absorption of the yolk. In the summer months, the

absorption of the yolk is completed in about fifteen days.

Larva at the Completion of the Absorption of the Yolk.

{Ficj. 5).

A very fine specimen at this stage was caught in a bottom tow-net at

Station 36 (58° 26' N. ;
0° 8' W.) on the 15th July 1914. The larva, after pre-

servation in 2 per cent, formalin for a few days, measured 8 mm. It still retains

the characteristic form, and shows no signs of depression of the head or body. The
head is two-sevenths of the total length, and the notochord extends as a supporting

rod the whole length of the elongated tail. The embryonic fin is broad and still

quite complete. The head and body regions are now completely covered with pig-

ment, and this feature, together with the elongated, almost pigment-free tail, gives

to the larva its superficial tadpole-like appearance. The pigment on the head
and body is of a delicate dark brown colour, merging into black over the brain and
behind the pectoral fin. The eye is still normal in position, slightly nearer to the

tip of the snout than to the insertion of the pectoral fin. It is dark, with a bluish

shimmer. The mouth, at this stage, is well-formed and open, whilst the gill-cover

is also very distinct.

The pectoral fins are large, transparent, and fan-shaped, the posterior border

extending almost to the anus. They are inserted on the body just half-way

between the posterior border of the eye and the anus, and have lost the distinctive

fleshy appearance of the early larval stages. They are only made out with diffi-

culty against the darkly pigmented body.

The greatest changes have taken place in the dorsal fin-rays and in the pelvic

fins. A second dorsal fin-ray element has arisen behind the first ; it is shorter and
not so robust, but both rays end in a fine filament. The length of the first ray is

greater than the depth of the body.
The pelvic fins have now entirely lost their primary form. They are shunted

very far forward, and are inserted on the ventral surface in front of the pectoral

fins. They have increased enormously in length, and are long, simple, filamentous

rays, pigmented at the tip. They extend to the mid-point of the total length of

the larva.

In this specimen there is a single large chromatophore on the notochord in

the middle of the tail. As yet, there are no signs of the development of the unpaired

fins.

There are no indications, up to this stage of development, that the larva belongs
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to such a depressed form as the adult Lcphius piscatorius. The larva is deeper than

broad, and the head, body, and tail are in the same line. The eyes are placed

laterally on the head, and the broad embryonic fin which borders the tail is continued

dorsally to the elements of the first dorsal fin.

Agassiz and Whitman (1885) have described very minutely the development

of the larval forms until the completion of the absorption of the yolk, and Prince

(1890), in liis descriptions of Scottish specimens at the same stages of development,

has pointed out that they differ in some respects from the American forms.

In the Scottish specimens hatched from isolated eggs, the first ray has not

appeared when the larva is newly hatched, whereas the American workers describe

the newly-hatched larva as possessing a single (first) dorsal appendage. As has

been pointed out already, the newly-hatched larva may be held for some time in

the gelatinous mass. There is the greatest difference, however, between the

American and North Sea specimens in the degree of development of black pigment,

especially on the tail. In the American specimens, there are three or four prominent

patches of intense black pigment placed at equal intervals along the lower, upper,

and terminal parts of the notochord. The tail pigment spots extend on both sides

of the notochord, and form the largest of the three patches. This is the case from

the earliest stages. On the other hand, in the Scottish specimens, the black

pigment is confined entirely to the head and anterior body portion of the larva.

Only very rarely is pigment found on the tail portion, and then only in the form

of single chromatophores. One chromatophore may sometimes be found at the

tail-tip on the notochord and another on the notochord in the middle of the tail.

Variation in the intensity of development of the larval pigmentation is not

unusual in other species. Schmidt has shown that Gadoid larvse of the North Sea

are characterised by weak pigment development.

Post-Larval Form with Three well-developed First Dorsal Rays and
Beginning of Second Dorsal and Anal Fins.

{Fig. 6).

The next stage illustrated is that of a specimen caught 30 miles E. of

Bard Head (60° 15' N.; 0° 7' W.) on 13th July 1905, in a depth of 125 metres.

The specimen had been some considerable time in formalin, and its length when
examined was 10 mm. Its actual length, when alive, would probably have been

slightly over 11 mm. Even in this preserved specimen the colour had not entirely

disappeared. The eyes retain their dark colour, and pigment still covers the head

and body, but it is not so dark as in the preceding stage.

This stage may be indicated by the appearance of the elements of the second

dorsal and anal fins in the tail region. The rudiments of these fins are seen to arise

on the dorsal and ventral sides of the notochord in the still complete embryonic

fin which borders the whole tail region. As yet, however, there are no indications

of the first elements of the caudal fin, for the notochord is straight and the tail

pointed

.

Most of the specimens in the present collection are at this stage of development.

The head and body region shows the first signs of that progressive change which
gradually leads up to the typical form of the adult. The head and body region

is now slightly more than two-sevenths of the total length, and placed at a somewhat
obtuse angle to the straight tail. There is no sign of flattening of the larva, however,

although now the eye has a relatively higher position on the head. It lies im-

mediately over the angle of the mouth. The bones of the mouth are well-developed.

The under jaw is very prominent, projecting beyond the upper, and is toothless.

The operculum is distinct behind the eye. The fin-rays of the first dorsal fin,

the pectoral and pelvic fins, show considerable advances in development from the

preceding stage. There are three well-developed fin-ray elements of the first dorsal,

and a fourth has made its ajjpearance posteriorly. The three anterior rays end in

fine filaments and are very long, exceeding the depth of the body. The first ray

h still th" longest. It arises directly over the cerebrum, and its jointed nature is

easily made out. Its real attachment is much further back.

The pectoral fins have increased in size and are large, fan-shaped organs inserted
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on the body at the upper corner of the gill-opening. The borders of the fins have
a crenated appearance, but there are no signs of thread-like appendages. The
pelvic fins have grown greatly, and now extend beyond the mid-point of the larva,

but, in addition they have increased their surface enormously by the development
of subsidiary lobes. Scattered groups of delicate pigment appear on the pelvic

fins, but there are distinct pigment groups at the tips of the long rays.

A specimen from Scottish waters of somewhat similar size is described by
Fulton (1902). The head is about one-quarter the length of the body, and it is more
than a third deeper than long ; in a front view, th e breadth of the head is about

seven-tenths of the height. Fulton also describes the movements in the water

of the pelagic form at this stage. " The little post-larval Angler, about 10 mm.
long, has a very odd appearance as it swims through the water by the rapid vibration

of the pectorals and tail, the long black verticals projecting downwards and upwards
and quiescent below, and the almost equally long, black-tipped rays of the first

dorsal standing erect on the top of the head. The eyes are large, deep ultramarine

in colour, and look upwards and forwards, and the mouth is usually gaping, each

jaw being provided with a row of ten or tv/elve minute-pointed teeth. They were

observed to dart and snap at particles in the water."

Five Distinct Rays in the First Dorsal Fin, the Elements of the Second
Dorsal and Anal Fins Complete.

{Fig. 7).

As the post-larval form grows, there is a progressive development of all

the different parts. The head and body become longer and more massive in

comparison to the total length of the larva. The fins are also progressively devel-

oped, and, at the stage illustrated in Figure 7, there are now five distinct rays

in the first dorsal fin, whilst the elements of the second dorsal and anal fins are

complete, and the caudal fin has also appeared. The total length of a post-larval

form at this stage is about 15 mm. when preserved in formalin, and the distance

from the tip of the lower jaw to the anus 5^2 mm. In the specimen figured, the

mouth is widely open with the lower jaw the more prominent, and minute conical

teeth and papillae denoting the positions of future teeth can be seen in both jaws.

The eyes are now somewhat higher in the head, gradually tending to look upwards
as well as outwards. The horizontal diameter of the eye is one fourth of the length

of the body from the tip of the snout to the anus. The anterior margin of the eye

is slightly more than half its horizontal diameter from the anterior margin of the

head. The gill openings are large and distinct, and the bases of the pectoral fins

are inserted on the body almost in a line with the eye at the upper angles of the

gill-openings. Both pectoral and pelvic fins are extremely well-developed. The
base of the pectoral fin is kidney-shaped. The membranous fan-shaped portion,

mth fin-ray supports quite distinct, is very large. When fully expanded, the

pectoral fin covers the bases of the two posterior rays of the first dorsal fin, and

also the anterior rays of the second dorsal and anal fins. There are no traces of

filamentous prolongations of the rays. The pelvic fins, inserted on the ventral

surface of the head, anterior to the pectoral fins, have an extensive surface. The
longest ray extends behind the second dorsal and anal fins, but the surface is in-

creased by the development of secondary lobes. These fins are dehcately pigmented

along the rays, and the pigment is most intense at the tips of the rays. There are

five distinct rays in the first dorsal fin, the tips of which end in long filamentous

processes. The bases of the rays are enveloped in the same membranous sheath

which extends some distance up the posterior four rays. In front of the first

ray, the rudiment of a sixth ray has been formed, the tip of which has just made
its appearance in a depression above the contour of the head. The interspinous

elements of the second dorsal and anal fins are now well-formed, and eleven dorsal

and nine anal rays can be counted extending to the edge of the embryonic fin.

The embryonic fin, however, is still complete, and extends beyond the tip of the

still straight notochord. The rays of the caudal fin are much better developed

on the ventral side of the notochord some distance from the tip, but the basal

elements of the caudal fin are not yet distinct from each other.
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Six Rays in the First Dorsal Fin, the First Ray still small but appearing

ABOVE THE CoNTOUR OF THE HeAD ; SECOND DORSAL AND AnAL FiNS COM-

PLETE.

[Fig. 8).

In this post-larval form, there is not a great increase in size, but the

development of the fins has progressed sufficiently to give some idea of the com-

plete pelagic form. The pectoral and pelvic fins are large ; still, there are no signs

of filamentous prolongations of the raj^s of the pectorals. N either are there filaments

to the pelvic fins, although this may he due to the difficulty in obtaining perfect

specimens. The pelvic fins are extraordinary, however, for the principal rays ex-

tend as far back as the caudal fin, and there is an enormous surface when the fins

are expanded.
Another characteristic of these older post-larval forms is the persistence of the

embryonic fin which still remains broad. The completed second dorsal and anal

fins add three diameters to the depth of the tail. Even the first dorsal fin helps

to give depth to the fish, for the membranous sheath enveloping the bases of the

four posterior rays is over three-fourths of the depth of the body. The first two
rays of the first dorsal are not included in this membranous sheath. The first

ray is very small, immediately anterior to the second ray, and the tip appears quite

distinctly above the contour of the head. The second ray is inserted on the head

in front of the middle of the eye. It is relatively further forward than at the

previous stage. It is still very long, and ends in a filamentous tip. The third ray,

which is about the same length as the second, arises from the head just posterior

to the eye. TJie bases of the three posterior rays are v^y close to each other,

and arise far back on the head above the insertion of the pectoral fin. There is,

therefore, a greater distance between the third and fourth rays than between the

•second and third.

The ravs of the caudal fin are now distinctly formed, and extend from the

ventral surface of the notochord to the margin of the embryonic fin. The noto-

chord is still straight at the tip, and is distinct from the rays of the caudal fin.

The body has not gained much in breadth ; it has not changed greatly in form.

The pectorals are, therefore, still inserted high up on the side of the body, and the

gill-cover with the branchiostegal membrane is also distinct, when the fish is viewed

in profile. The mouth is large and well-developed, and the lower jaw very pro-

minent. The eyes are large, tending to look forwards, as well as outwards. The
distance from the anterior head contour to the anterior edge of the eye is slightly

less than the horizontal diameter of the eye.

Stiasny (1911) has given most complete descriptions of the post-larval forms

after the absorption of the yolk. There is a number of points of difierence between
the North Sea specimens and those of the same size from the Adriatic series.

The smallest specimen described by Stiasny is one of 10 mm. in length, but,

as it had remained a long tiine in formalin, its original length may probably have
been about 11 mm. The stage of development is indicated by the degree of devel-

opment of the rays of the first dorsal fin. The first ray of the first dorsal fin,

which later carries the two-lobed appendage, is small, almost rudimentary, and
sunk in a small groove above the eyes. Directly behind this, there project the

strongly-developed second and third rays of the first dorsal, which, with the three

posterior rays, are still connected by a border which is confined to the base. The
continuous embryonic fin connects these latter with the easily distinguished second

dorsal fin, in which nine rays may be counted.

Scottish specimens of a similar length are not so far advanced in development
as Mediterranean specimens. At this size, the post-larval forms show only three

well-develo])ed first dorsal rays, and the beginnings v/ithin the embryonic fin-fold

of the elements of the second dorsal and anal fins in which, hov/ever, the separate

elements cannot be distinguished.

Similarly, at the later stages, the Scottish specimens are larger than Mediter-

. ranean ones at the same stage of development. The same feature has been observed

in other species, for Petersen points out that specimens of Drepanopsetta from
Iceland are much larger than specimens from the North Sea at a similar stage of
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development. It is possible that tliis difference, and the fact that the smallest

specimen from the Mediterranean had already the complete number of rays in the

first dorsal fin, led Stiasny into error regarding the sequence in development of the

rays of the first dorsal fin. The 10-mm. long specimen, described by Fulton, from
the North Sea, had not yet developed the true first ray. In reality the first ray

is the last to make its appearance in the development of the first dorsal fin, and the

Scottish specimens do not reach this stage of development until they are about
15 mm. long. On the other hand, the Mediterranean forms, at a length of 15 mm.,
show the separation of the first ray of the first dorsal fin into a long thin stalk and
a flap-like termination.

Stiasny states that the first small teeth in the upper and lower jav/ are visible

in individuals of 17 mm. long. According to Fulton, the 10-mm. long form,

described by him, showed 10 to 12 small pointed teeth. In the present series, the

first indications of teeth on the jaws were made out in specimens with five dorsal

fin-rays.

A post-larval form of about 30 mm. in length has been described by Agassiz

(1882), but here again Mediterranean specimens of a similar size are further

advanced in development than the American one. Agassiz' post-larval specimen,

although very much larger than the largest North Sea specimens, resembles these

much more closely than it resembles the Mediterranean ones. The description

given by Agassiz may, therefore, be used to bridge the gap between the oldest

post-larval form here described and the smallest bottom stage.
" Although the body is still laterally compressed, the head, which has greatly

increased in size, as well as the body anterior to the anal opening, have become
somewhat flattened ventrally, the first trace of the great flattening so characteristic

of the genus. The anterior part of the head projects proportionally far in advance

of the orbits, the head sloning less from the base of the anterior dorsal ray than in

preceding stages. The pectorals have now become enormous ; they extend across

the whole width of the body of the young Lopkius ; they are lobed at the edge,

the rays articulated, well-marked, and edged with rows of elongated dark pigment

spots. The tail is well-formed, though it still retains its ganoid shape, and the

posterior dorsal and anal, though well-formed, are still connected by a distinct

remnant of the dorsal and ventral embryonic fin-fold with the caudal fin. The
anterior dorsal now has five rays, with a rudimentary one anterior to the first formed

ray. These rays are connected at the base by a fin-fold at a much higher point than

in younger stages ; they extend far beyond the fold ; the extremities curve down
about a quarter of the" length of the ray. The increase in length of the ventral

rays has been still more remarkable. The original ventral ray is nov/ nearly twice

as long as the body of the fish, and the second ray extends fully as far as the

extremity of the caudal fin. There are two shorter exterior rays and one interior

ray ; they are joined by a membrane extending nearly to the base of the caudal,

so that when expanded and seen from above the ventrals appear like regular wings."

It is to be noted that, in the American specimen, the first ray of the first dorsal

fin is still small. Again, the membrane, which connects the posterior rays extends

high up the rays, whereas in vStiasny's forms this membrane does not extend beyond

the base of the rays. Further, although the second dorsal, anal, and caudal fins

are well formed, the embryonic fin-fold still persists. In Stiasny's series, the

embryonic fin-fold has dwindled considerably before this size is reached.

If the above differences are kept in mind, the later stages described by Stiasny

may be considered briefly. In the young fish of 22 mm. length, the fan-shaped pelvic

fins have increased to almost twice the length of the body ; at a length of 27 mm.
the membrane connecting the rays has grown still broader so that they give to the

fins, especially in movement, the appearance of wings ; whilst, at 30 mm., the

thread-Kke prolongations of the rays are still very long, often twice as long as the

body, or more. In the Mediterranean specimens at a length of 17 mm., there is

the first sign of the little leaf-like appendages at the border of the under jaw.

These rugged tags increase in number on the whole body as the fish gets longer.

There is a general and gradual flattening of the head, and at the length of 50 mm.
the head has increased still further in size and has grown flatter, the breadth now
exceeding the height by 2 mm. Stiasny states that at this stage, apart from the

still thread-like appendages, the wing-like pelvic fins and the broad pectorals
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have already the appearance characteristic of the fully developed post-larval

form.

The largest post-larva described by Stiasny measured 55 mm., but he thinks

that, when about 80 mm. long, they seek the ground, the natural habitat of the

adult.

Small Bottom Stage of 64 mm.

{Fig. 9).

Unfortunately, there is a considerable gap in the series between the largest

post-larval form and the smallest bottom stage caught in Scottish waters. There

is no difficulty, however, in recognising the specimen of 64 mm. in length as a

young Angler, on account of its close approach to the typical adult form.

Although many of the changes leading up to this form have been radical, they

have not yet been completed, and it is therefore of interest to compare this stage

with the preceding one, as well as with the larger forms.

A small bottom form of 124 mm. (preserved in formalin) has already been

described by Fulton (1902). It was caught in the month of July in the Dornoch

Firth in a depth of 8 to 11 fathoms. As it has many characters in common with the

smaller specimen, Fulton's description has been incorporated in the present one.

The relation of the 124-mm. specimen to a series of small bottom forms, which

have been examined, is considered later.

The transference from a pelagic to a bottom habit has involved many changes

both in form and in the relation of the paired and unpaired fins.

The small specimen of 64 mm. in length is still soft and gelatinous, with an

abundance of mucoid tissue in the head region.

The change in form has been brought about mainly by the enormous lateral

expansion of the bones of the head behind the eyes. The greatest breadth of the

head behind the eyes is now almost one-and-a-half times the distance from the tip

of the upper jaw to the occiput, and almost twice the greatest depth of the head.

The actual measurements are : breadth behind the eyes, 23 mm. ; distance fiom

tip of upper jaw to occipital region, 16 mm. ; depth at occipital region, 13 mm.
The body narrows suddenly behind the head ; its breadth, just behind the gill-

openings, is 8 mm. The body and tail form an elongated truncated cone slightly

flattened on the ventral surface. The distance from the occiput to the end of the

tail peduncle is 32 mm., and the breadth at the tail peduncle, 4 mm. The breadth

of the body at the head is masked by the disposition and size of the pectoral fins.

The angles of the large mouth are in a line with the anterior margins of the eyes
;

the gape with the mouth closed is 19 mm. The eyes are 5 mm. in diameter, and

the concave interorbital space is only slightly greater than the diameter of the

eyes. The eyes have, therefore, lost their original lateral position on the head.

The pectoral fins are large, the fan-like portion being equal to the length of the

head. They are pigmented at the tips, but there are no filamentous prolongations

of the rays. The membrane between the rays is still delicate and the fin is capable

of considerable expansion. The lateral growth of the bones of the head behind the

eyes has been accompanied by the rotation of the pectoral fins through a right angle,

so that the surfaces of the fins, when expanded, are now in a horizontal plane, and,

therefore, more adapted to a bottom habitat. The lateral expansion of the head

and the adhesion of the edges of the branchiostegal membranes across the isthmus

have made the gill-openings appear below the axils of the pectoral fins. The pelvic

fins are inserted on the ventral surface very far forward. They are also pigmented

at the tips, and are still membranous and capable of expansion. They are much
reduced in size, however, but the tips of the rays extend back almost to the anus,

which opens immediately in front of the anal fin.

The first dorsal fin has altered considerably, the six rays being now well developed.

The first two rays are very far forward, and arise close to the tip of the snout. The
second ray is the larger, and, when stretched along the head, reaches to the base

of the third ray. The first ray is only about half the length of the second. It is

very delicate and destitute of lateral appendages or fringes, but bears on the tip

a small membranous horizontal appendage about 4 mm. long, attached by the middle.

This membranous appendage is usually curled on itself in preserved specimens.
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Examination shows that it is provided at the free border with small hair-like

filaments. As Fulton remarks, it presents an extraordinary superficial resemblance

to an Amphipod.
The third ray of the first dorsal fin is quite separate from the others, and arises

from the head just in front of the two occipital spines. It is only slightly smaller

than the second ray. The three posterior rays are united by their bases to the skin

membrane, and arise on the dorsal surface of the body. They decrease in size

posteriorly. All the rays of the first dorsal fin, except the first, are feathered

laterally with membranous fragments.

The spines on the head are well developed, and appear very prominent in these

small preserved specimens. The most prominent spine lies posterior to the eye.

Other prominent spines are two on the inner margin of the orbit, and the two
occipital spines.

The upper surface of the body is covered with tag-like processes of skin which

simulate seaweed. These skin-fragments are especially numerous as a fringe along

the middle line of the body and along the margin of the lower jaw. The skin-tags

are even present on the upper surface of the pectoral fins.

Little can be said with regard to the exact colouring of small preserved speci-

mens. The general colour of the smaller specimens may be described as grayish-

brown, but a gradual transition to the typical adult coloration can be followed

with the increase in size of the specimens.

Developmental Changes in Small Bottom Forms.

Although the small specimen of 64 mm. had assumed the bottom habitat, the

transition from the pelagic to the bottom form had not been completed.

Further changes take place before the typical miniature adult form is assumed.

A series of small specimens, ranging in size from 64 to 344 mm., has been examined

and careful measurements made.

[Table.
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All the specimens were measured after preservation in formalin. The Angler

is a form on which measurements are not easily taken, but, as far as possible, only

those have been selected which can be made between definite and comparable

points in the several specimens. For the present purpose, the specimens have been

arranged in series according to their lengths from the tip of the lower jaw to the

end of the tail peduncle [i.e., length without caudal fin). For each specimen,

this measurement has been used as the standard, and all other measurements have

been calculated as percentages of this standard length. The total length has been

given in brackets for the purpose of ready reference.

The head length of Lophius is difficult to define, and measurements have there-

fore been made from both the lower jaw and upper jaw to a point in the occipital

region between the two strong occipital spines. Breadth of head has been measured
behind the eyes, the fringe of tag-like processes acting as a guide to the limits.

Depth of head is perhaps the most unsatisfactory measurement, as it depends

greatly on the degree of distension or depression of the head at the time of death.

The vertical distance of the occiput above the flat surface on which the specimen

lay has been taken as a measure. In order to secure uniformity for the paired

fins, these have been measured from their insertions to the tip of the longest ray.

The number of specimens examined is certainly small, and discrepancies may
arise through individual variations, but, when these points are taken into con-

sideration, the general trend of the develoj^mental changes is sufficiently obvious

to allow certain conclusions to be drawn from the data obtained. The results

-

have been plotted out in a diagram, the standard lengths being represented as

abscissae, the percentage-lengths of the various measurements as ordinates. Any
change in the relative growth of the different parts with increasing size of specimen

will thus be indicated by the slope of the fines. Curves have been drawn as uniformly

as possible among the points for each series of observations. After a length of about

150 mm. (185 mm.), these curves in general run parallel to the abscissal axis. The
interpretation is that the young Angler at a length, without caudal fin, of 150 mm.
(or about 185 mm. total length), has completed its metamorphosis, and acquired

its true bottom form, and that thereafter the growth of the different parts is uni-

form.

The changes from the typical pelagic form to the bottom form of 150 mm. length

(185 mm.) are orderly and progressive. The length, breadth, and depth of the head

decrease regularly, although slightly, in proportion to the length of the fish. The
relation, head length to head breadth, is established before the Angler reaches a

length of 48 mm. (or 64 mm. total length). On the other hand, the distance from

the tip of the lower jaw to the anus, relative to the total length, increases sHghtly

as the fish grows, until the length of 150 mm. (185 mm.) is reached. In other

words, until this length is reached, the body portion between the head and anus

grows relatively most quickly.

There are also orderly changes in the relations of the fins to the total body

length. Here again, however, the paired fins and the caudal fin have assumed

their definite proportional size when the fish has reached a length of about 150

mm. (185 mm.), and after this length, these fins grow uniformly with the fish.

The transition is most rapid in the relative length of the pelvic fins, and least rapid

in the caudal fin, as was to be expected. The proportional length of the pectoral

fins to the total length falls from over 50 per cent, at a length of 48 mm. (64 mm.)

to an average of 33 per cent, at 160 mm. (195 mm.), whilst the pelvics fall from

40 p.n- cent, to between 16 and 17 per cent, within the same limiting sizes.

The changes in growth of the rays of the first dorsal fin are also of considerable

interest. It has already been seen that the first dorsal fin, on account of the ex-

tension of the rays and the development of the membranous sheath is of consider-

able importance during pelagic Ufe. The first two rays, however, are not included

in this common membranous sheath, but are gradually shunted further and further

forward on the top of the head by the rapid growth of the interspinous elements,

until their free portions arise only a very short distance behind the tip of the snout.

The first ray is the last to develop, and is at first very much smaller than the second

ray. In the smallest bottom form examined, it is less than half the length of the

second ray. The diagram shows that the second ray loses its relative importance,

and only after the small bottom form has attained a length of 65 mm. (83 mm.),

3
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does the second ray grow reguiarly with the increasing length of the fish. The

first ray, however, although starting late, grows uniformly but more rapidly in

proportion to the increasing length of the fish, so that in the largest specimen

examined, the first ray is almost as long as the second.

The measiirements of the small specimen described by Fulton (1902) may now
be compared with those given for the present series in Table I. The following

are the comparable measurements :

—

In percentages of

Length without caudal.

Total lengtli
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variation in length of the first ray in young specimens and its greater development
in adult specimens cannot be held to prove, as is suggested by Gunther, that this

ray is exposed to injury and is reproduced when lost. He neither knew the course

of development of this ray, nor does he give the absolute lengths of the young
specimens examined.

The Adaptations op Lophius Piscatoeius to a Prolonged Period of
Pelagic Existence.

Hitherto, the absence of complete information of the different developmental
forms has led to the ^new that the j^elagic stages of existence were passed through
.very quickly. For the North Sea, where sheets of spawn had occasionally been
recorded, there was no definite information as to the post-larval stages, the youngest
stages known being bottom forms which had reached a length of 12 cm. Fulton,

therefore, reasonably assumed that the absence of records of the small forms was
due to the fact that the pelagic life was very short, and that these forms soon
reached a habitat, such as the sea-weed zone, where they were inaccessible to the
ordinary fishing apparatus. On the other hand, the spawn and very early stages

were unknown to Stiasny from the Gulf of Trieste, where numerous older post-

larval stages were caught during three months of the year. He, therefore, also

concluded that the pelagic stage of LopJiius was of very short duration.

It has already been stated that individual eggs, freed from a sheet of spawn
recently extruded, floated at the surface of sea-water and appeared like normal
large pelagic fish eggs. Pieces of the spawn with the contained eggs also floated

at the surface, but the gelatinous material itself when freed from the eggs sank
slowly.

The evidence which may be deduced from previous observations on the sheets

of spawn—whether they float for a time at the surface or are fomid normally in

the lower water layers—is not convincing.

The remarks made by Milroy (1897) on the egg masses of LopJiius in his

researches on the physical and chemical changes taking place in the ova of marine
teleosteans during maturation are of interest. " The ova of LojjMus piscatorius

may be perhaps regarded as a class distinct from the ordinary demersal ova. When
immature they have a volume of aboui: "268 cubic mm., when mature 4*18 to

5 cubic mm. These eggs are of especial importance, as they are examples of ova
which are dependent for their floating capabilities, not on their specific gravity,

but on that of the gelatinous sheet in which they are embedded. Again, the

specific gravity of the interstitial mucoid-like tissue, with the eggs embedded in

it, was I'OOS, while the ripe ova alone had a specific gravity of I'OSO to 1"035. In

the ripe Lophius roe 20"22 per cent, of the total weight is due to the ova, and the

rest to the mucoid-like tissue." It is to be observed, however, that these experi-

ments were made on ova which had not been spawned, and the specific gravity

given for the eggs is probably higher than it would be for eggs which had been
extruded.

If the table of records of isolated eggs caught in the North Sea be examined,
it will be found that most of these were caught in the tow-nets in the surface layers.

Observations made on larvae newly hatched from isolated eggs captured in the

North Sea showed that a considerable quantity of unused yolk still remained, and
that these larvae were able to float at the surface. It was not until the yolk had
been considerably reduced that they sank to the bottom of the vessel.

According to Mr. Dunn, Mevagissey, Cornwall, who sent a sheet of spawn to

Cunningham, he saw the spawn from the cliffs as a dark-coloured patch in the

water, and next day took a boat, found it, and brought it ashore.

Meek (1903) states that a sheet of spawn, obtained off the coast of Northumber-
land, was caught five fathoms under the surface, and Lo Bianco (1908-9) also records

the fact that a portion of spawn from the Mediterranean was found floating three

metres under the surface. Williamson (1911) has suggested that the sheet of

spawn may float some distance below the surface water, but gives no reason for

this view. In these three cases it is known that the embryos were well developed.

A large mucoid band obtained by Fulton (1902) in a trawl haul made in Aberdeen
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Bay on 1st August 1901, in 6 to 12 fathoms, contained eggs with embryos far

advanced in development, and indeed some of the embryos had already hatched
out.

While positive evidence as to the buoyancy of the sheets of spawn is as yet

perhaps too meagre, a study of the remarkable adaptations of the larval and post-

larval forms to a pelagic life will convince one that the method of oviposition is

admirably adapted to a long period of flotation for the eggs, if not at the surface

for the whole period, at least in the upper and middle water layers.

The eggs are spread out in a single layer and bound loosely together, in a

gelatinous matrix, which is often over 30 feet long, 2 feet broad, and less than
3 mm. thick. This thin sheet of spawn may, therefore, cover an area of over 60
to 70 feet square. It is well known that such a body in which the surface is not

only large compared with its volume, but whose surface presents a large area at

right angles to the direction of sinking, will sink much more slowly than a body of

a similar volume but with a much smaller surface. High specific gravity and
viscosity of the water are also factors which will aid the flotation of the spawn over

an extended period.

There is no very definite information regarding the length of time which the

eggs of the Angler take to hatch. The statements made by Fulton (1902) may be

conveniently quoted here :
" The nature of the yolk, and the advanced condition

of the larva on issuing, argue a more prolonged period for the embryonic development
than in the case of pelagic eggs. On the other hand, the temperature of the surface

water in May, and still more in June and July, is high, and, judging from the period

in the case of a large pelagic egg like that of the plaice, it is probable that the eggs

of the Angler require over three weeks in May and njore than a fortnight in July

before hatching occurs."

As already stated, the larvae hatched from isolated eggs retained considerable

yolk even after they had been hatched a week. They also floated at the surface

of the water. In the sheets of spawn, however, the newly-hatched larva does not

immediately escape from the investing gelatinous sheet. Agassiz' illustration

supports this conclusion. Fulton, describing the sheet of spawn obtained by him
in Aberdeen Bay, states that the embryos were well advanced, and that some had
already hatched out.

Thus, the specific gravity of the eggs themselves and the loose binding together

in a gelatinous matrix of extended surface, tend to ensure for such large eggs flotation

in the upper water layers and for the larva, with yolk much reduced and pectoral

fins well developed, liberation from the investing jelly as far as possible from the

bottom.

A consideration of the remarkable developmental changes which take place

during pelagic life will at once convince one that the transitions are gradual, and
that the typical bottom form is attained only after an extended period.

Large surfaces, at right angles to the direction of sinking, are develoj)ed by the

extraordinary increase in length and in spread of the membranous pelvic fins.

These long and greatly expanded fins, inserted very far forward on the ventral

surface of the body, add greatly to the surface without a corresponding increase

in weight, and hence by the lively up-and-down motion of these membranous
planes, the small forms will not only keep suspended in the water, but will tend to

rise to the upper water layers.

Stiasny's statements regarding the mode of life of the older post-larval forms

are instructive. These were caught in the Bay of Trieste, in the day-time, but not

in the open sea. He caught them with a simple hand-net, or with a small net on
a long rod. " They are lively swimmers, while the adults are ground dwellers.

We usually found them swimming in the upper water layers or in small depths in

which they were easily seen by their thread-like appendages, and the Uvely up-

and-down motion of their pelvic fins in striking contrast to the strongly vibrating

pectoral fins. Sometimes we found them suspended without motion in the water

or on the rocky wall of the harbour, lying peacefully upon the rich and luxuriant

sea-weed."

There are other modifications for a pelagic existence in these small forms.

The embryonic fin, at the escape of the larva from the egg is very broad, and it

persists for a remarkably long period. It even persists after 'the true fins have
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been formed. Further, during the development of the first dorsal fin, the membrane
connecting the elongated rays rises very high between them, so that the depth of

the larva is considerably increased, also without much additional weight. Thus,
the great development of these structures along the median line of the body gives

the young fish much greater stability whilst living in the upper water layers. This

stability is still further increased by the enormous development of the paired pec-

toral fins which are expanded fan-like and attached high up on either side of the
body.

In short, the morphological changes through which the Angler passes during

its early life-history must be regarded rather as adaptations to a pelagic mode of

life than as structures reminiscent only of pelagic ancestors, and that only after

an extended period and when the young fish has reached a considerable size do
retrogressive changes bring about a form suited to life at the bottom.

The Occurrence op the Sheets of Spawn.

Notwithstanding innumerable investigations carried on, especially in recent

years, over the extensive area in which adult Anglers are caught, the number of

published records of the occurrence of the spawn of the Angler, and of its larval

and post-larval forms, is strikingly small. The few isolated records are from areas

very widely separated ; the east coast of America, the North Sea, the English

Channel, and the Mediterranean in the neighbourhood of Naples. No satisfactory

explanation has been offered why the records of such a conspicuous object as the

spawn of the Angler are so few. Agassiz (1882), who was the first to describe the

appearance of the spawn, gives no information as to the frequency of its occurrence

on the American side of the Atlantic. Gill (1905), however, in his story of the life

of the Angler, makes the following statements :

—
" About the end of summer, the

fishes seek shallower water, and the inhabitants of the depths advance upwards

;

the sexes must then consort together, but in what manner and what rites of marriage

are performed is unknown ; the result, however, is that about the time indicated,

the fishermen on the New England coast often notice a substance floating on the

water, which they term a ' purple veil.' " It would appear from this statement

that the spawn is not infrequently met with, since the fishermen have coined a

popular name for it, and it is, therefore, of interest to have a more recent and
definite record from this area, by Murray and Hjort (1912). During the voyage of

the Michael Sars across the Atlantic, a large cluster of Angler eggs was found at

Station 69 (41" 39' N. ;
51° 4' W.), from which the embryos were hatched. " Angler-

fish only inhabit the coast-banks, so that our find of slightly developed eggs that

could not have been drifting many days indicated that we were now in the neigh-

bourhood of the American coast."

Scottish Records of Occurrence of Spawn.

Definite records of the occurrence of the gelatinous bands have been

made mainly by Scottish workers, but when all the records are collected, they

do not form a very imposing list. Prince (1891) says that egg-masses have
occasionally been seen, and Mr. (Now Dr.) Thomas Scott, F.L.S., foimd a mass of

spawn stranded on the beach east of the flagstaff on Elie Ness, in July (presumably

July 1890). It was between twelve and thirteen yards in length. Later, two
additional specimens were obtained by the Fishery Board for Scotland. One was
secm-ed off Kinnaird Head on 18th February 1891, and Fulton got a second mass

of eggs of Lophius in the Firth of Forth in July 1891. Another large mucoid band
was obtained by Fulton (1902) in a trawl haul made in Aberdeen Bay on the 1st

August 1901, in 8 to 12 fathoms. The embryos were far advanced, and some indeed

had already hatched out.

M'Intosh and Masterman (1897) state that the masses are sometimes caught

by the ropes and nets of the salmon stake nets off' the east rocks at St. Andrews,

On 10th July 1891, a considerable portion of the gelatinous mass containing the

ova of the Angler was found in the stake nets off the East Rock, having apparently

been swept in by the currents and entangled in the meshes.

M'Intosh and Prince (1890) in a footnote refer to the rarity of the floating ova
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on tlie east coast of Scotland. Further, they say that, so far as is known, the

spawn is also uncommon on the west coast, though there, and off the south coast,

it had once or twice occurred recently. No definite records are given.

A mass of spawn was sent to Williamson (1911) from Sandhaven, on July 15th

1907, from which embryos hatched out two days later. Again, on 25th June 1908,

a sample of eggs was sent him, which had been obtained 5 miles east of Loch Braca-
dale.

On 4th May 1916, a sample of spawn was brought into Aberdeen Fish market.
It had been taken by the steam trawler Cygnet at 57° 37' N. ;

0° 53' E. The jelly-

like mass was taken off the net after a trawl haul. The mass of spawn was not
in the bag of the net, and there is no evidence as to the depth at which it may have
been floating. The sj^awn had been kept in a very limited supply of fresh sea-

water for three days on board the trawler. A number of living eggs was separated

from the gelatinous material and kept in a large volume of fresh sea-water in the

laboratory for some days longer, until the outhne of the embryo could be distin-

guished in the egg, thus p)roving that the eggs had been fertilised. As there were
no traces of developing embryos in the eggs when captured, it may be concluded
that the mass had been recently extruded.

Meek (1903) records the capture of a sheet of spawn in herring-nets 15 miles

off Beadnell, Northumberland, at a depth of 5 fathoms, on 23rd July 1902. Pro-

fessor Meek kindly informs me that the embryos were far advanced in the eggs.

A sheet of spawn has also been got from the neighbourhood of the English

Channel. Cunningham states that he received a sheet of sjjawn from Mr. Dunn,
Mevagissey (Cornwall), on 24th June, the eggs of which contained embryos well

advanced in development. He also remarks (1912) that the sheet of spawn of the

Angler has been frequently obtained ofi the south coast of England.
Ehrenbaum (1905) says he has caught spawn in the Skagerrak in the beginning

of July.

Schmidt (1906) states that, although Loj)hius lives in the northern j^art of the

Kattegat, it does not propagate there.

The above are the positive records of occurrence of the mucoid bands, and, as

Prince remarks, their paucity is all the more remarkable, because the eggs float in

large masses in the sea, and, unlike most pelagic ova, would appear to be especially

subject to observation.

The remaining records of spawn are from the Mediterranean, and these are

given by Lo Bianco (1908-9). A broad cluster of pelagic eggs with embryos in dif-

ferent stages of development was obtained on 21st January, and again a floating

gelatinous cluster (in which the eggs were all in the same stage of development with

embryos apparent) six-and-a-half metres long and thirty centimetres broad was
fished at a depth of three metres. He calculated that there were about 150,000

eggs in the mass, so that he had probably only obtained a portion of the mass.

The various records are shown on the accompanying table.

[Table.
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TABLE II.

Kecords of Spawn.

Locality.
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swept in by the currents and entangled in the meshes. The isolated egg had the
same characters as the eggs in the mass." He concludes that there are few eggs,

if indeed any, with which it can be confounded.
Altogether, 156 isolated eggs have been taken m the collections made by the

Goldseeker in the eleven years 1904-1914. These records are, therefore, very
numerous when compared with previous records of isolated eggs. The occurrence
of these is given in the accompanying table and chart.

[Table.
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It has already been noted that most of the eggs were taken in the surface tow-

nets. All were captured, however, in the northern North Sea, north of 57° Latitude.

It has been impossible to express within the limits of a single chart the number
of times the various localities have been visited within the eleven years under

observation. Even from Chart II., however, it can be seen that the stations south

of 57° North Latitude have been visited very frequently at all periods of the year.

The negative records from these stations are, therefore, of considerable importance

in dealing with the distribution of these isolated eggs, which, if present, could have

been so readily caught in the tow-nets.

The Spawning Period.

Fulton (1902) discusses the spawning time of the Angler from the e^^.dence of

the occurrence of the ripe adult. On the east coast of Scotland, the males are

apparently earlier than the females. A ripe male was got off Lossiemouth on the

3rd November, and on the 20th and 24th December two ripe males were obtained

at Burghead in shallow water. He also quotes Holt as having found a ripe male

25 inches long in 115 fathoms, in March. Females apparently almost ripe, with

very large ovaries were taken in February, on the east coast of Scotland, and Holt

found spent females of 30 inches in length in June, and one of 40 inches in March.

The times of occurence of the sheets of spawn and of the isolated eggs give much
more definite information regarding the duration of the spawning period. This

period appears to be an extended one. On the Scottish coast, one sheet of spawn

was obtained off Kinnaird Head on 18th February, and another, in which the

embryos were far advanced, was obtained in Aberdeen Bay as late as 1st Augu.st.

The record from 57° 37' N. ;
0° 53' E., made on 4th May"l916, is the only one in

which the eggs were in the initial stages of development. Isolated eggs were cap-

tured as early as 18th March 1914. On that date, five eggs, in which there were

no signs of developing embryos, were obtained at 57° 57' N; 3° 10' W. Again,

on the 31st March 1905", at 58° N. ;
2° 54' W., there were taken fifty-three isolated

eggs of LopJiius, in which the embryos were very far advanced in development

;

in fifty of these, the embryos stretched two-thirds round the yolk, and were thus

almost ready to hatch out. One must conclude, from the appearance of these

eggs so far advanced in development at that time of the year^ that they must have

been spawned very much earlier. On the other hand, isolated eggs, captured on

the 5th July 1913, showed no traces of developing embryos.

These records, therefore, show conclusively that the spawning period in Scottish

waters begins as early as February, and extends at least to the first weeks in July.

Ehrenbaum (1905) does not add any original information to our knowledge of

the spawning period, except that eggs were obtained by him in the Skagerrak in

the beginning of July. In his tables of the plankton eggs of fishes occurring in the

North Sea, he restricts the spawning period to the months June, July, and August.

Aoassiz and Whitman (1885), from the American side of the Atlantic, state

that the floating eggs of Lophius have been obtained early in June and late in

August, and Murray and Hjort's record for 29th June is in agreement.

The two samples of spawn, got by Lo Bianco in the Mediterranean on 21st

January and 27th February, show that spawning in that area is very early. In

both cases, embryos were well developed in the eggs.

The statements by Stiasny and Graeffe, regarding the spawning season for the

Mediterranean fish, must be taken with great reserve. Neither of these authors

gives actual records of the occurrence of the eggs, but they deduce the time of

spawning from the capture of the post-larval forms. Graeffe (1888) gives the

spawning period as December and January, because young forms are found swim-

ming pelagically in the sea in the months of February, March, April. His remark

that he believes the eggs may be pelagic, suggests that he did not know the eggs of

the Angler.

Stiasny (1911) mentions that the eggs of Lophius have not been observed m
the Gulf of Trieste, but suggests that the frequently-occurring adult probably

spawns in the winter months. This conclusion is based on the time of occurrence

of the post-larval forms, and its vaHdity will be considered later.

The time of spawning given for the Mediterranean fish does not conflict in any
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way with that for those of the North Sea. It is well known that, for a species

with such a ^vide distribution, spawning occurs earliest in the south, and' gradually

gets later and later towards the north. (For example, the Hake, which has a dis-

tribution very similar to that of the Angler, spawns much earlier in the Mediter-

ranean than west of the British Isles.) The only definite record of the spawn
between the widely-separated areas, the Mediterranean and North Sea, is the one

given by Cunningham for Plymouth. The spawn was got in June with the embryos
far advanced in development. Hence, one may say, with some degree of confidence,

that the spawning of the Angler in European waters begins at least as early as

January in the Mediterranean, and gets later and later further north. In the

Scottish area, spawning begins at least as early as March, and extends to the last

weeks in July.

The Occuerence op the Post-Larval Forms.

There is only a single record of the capture of a larval form in the North
Sea. This specimen was taken by the Goldseeker at 58° 26' N. ;

0° 8' W. on
the 15th July 1914. The absorption of the yolk was almost complete.

The time and place of occunence of the post-larval stages in Scottish waters

agree with what has already been stated concerning the spawning. The records

are most numerous for the months of July and August, so that the height of the

spawning season in Scottish waters probably occurs in the month of June. Further,

most of the post-larval forms were got north of 58° North Latitude, but the greater

number of these specimens was caught in the lower water layers, in contrast to the

isolated eggs which were taken mainly at the surface.

The oldest post-larval form from the North Sea, which measured 16 mm., was
captured at 57° 17' N. ;

1° 3' W. in a Petersen Young Fish Trawl fishing in a depth

of 103 metres on 11th September 1909. This post-larval form had the six rays

in the first dorsal fin, and the second dorsal and anal fins were completely formed,

the rays extending to the margin of the embryonic fins. The pectoral and pelvic

fins had also attained their extraordinary development. The other specimens,

which had reached a similar degree of development, were captured in the month
of August in the Atlantic, north-west of Scotland.

There are one or two previous records of post-larval Anglers from Scottish waters

which may be referred to here. There is the post-larval specimen described by
M'Intosh and Prince (1890), which was caught in 25 fathoms, 15 miles ofi May
Island, on 30th August 1886. It is a mutilated specimen, which, from its size and
description, is probably a young post-larval form in which the second dorsal and
anal fins have not yet appeared.

Another specimen from Scottish waters was caught by WilHamson (1909) in

Loch Fyne, near Otter, in a tow-net worked horizontally about five fathoms below

the surface, on 28th July 1899. The specimen preserved in spirit measured about

7 mm., and it had two dorsal filaments developed on the head. It is, therefore,

a very yoimg post-larval form.

The detailed fist of larval and post-larval stages captured in Scottish waters

is given in the following table :

—

[Table.
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TABLE IV.

Larval and Post-Larval Stages op Lophius piscatorius in Scottish
Waters.
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The other European records are from the Atlantic and the Mediterranean.
Dr. Johs. Schmidt, in Fiskermnderscpgelser ved Island og Faercfyerne i Sommersen, 1903,

states at p. 46 that single young specimens of Lojihius piscatorius were taken at

Stations 90 and 165 at the surface over great depths. His accompanying charts

show that Station 90 (61^ 30' N. ;
14° 40' W.) hes outside the contour line of 1000

fathoms deep, and was examined in the months of May to June, whilst Station

165 (62° 35' N. ;
19° 45' W.) lies between the 500 and 1000-fathom contour lines,

and was examined in July to August. No descriptions are given of these post-

larval forms.

Again, Schmidt (1906), in discussing the biology of the fresh-water eels refers

to the occurrence of post-larval forms of the Angler at places where tlie Leptocephali
of the eel were got in the Atlantic over great depths west of the British Islands.

Stiasny's (1911) material from the Adriatic consists of no fewer than eighty-

five specimens of different sizes, ranging from 10 ram. to 55 mm. These specimens
were caught in the years 1908, 1909, and they appeared in the Griilf of Trieste

normally from the end of November to the month of February. In 1908, however,
larvse appeared in the Gulf in the month of September, and Stiasny describes this

occurrence as transitory and striking. He also quotes Steuer as having obtained

post-larval forms for the years 1902-1904. The young fish were recorded by Steuer

for the whole of December, in the year 1902 ; in the years 1903 and 1904, in the

second half of January. Stiasny, therefore, summarises the appearance of the

post-larval Lophius in the Gulf of Trieste in the following table :

—

Appearance of Post-Larval Lophius in the Gulf op Trieste. (Stiasny).

Month.
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further advanced in development than Scottish specimens of the same length. The
older stages were mainly caught, and the largest was 55 mm. long. Any attempt,

therefore, at estimating the sjjawning period of the species, exclusively from such
material, must depend on a knowledge of the rate of growth of the larval and post-

larval forms. No attempt is made by Stiasny to estimate the rate of growth, but
it is legitimate to assume that the spawning period is some time anterior to the

appearance of the post-larval forms. The statement made by Stiasny for the

Gulf of Trieste, that the very frequently-occurring adult Lophius probably spawns
in the early winter months, is therefore not intelligible, unless he means that the

post-larval forms caught by him in the Gulf of Trieste between the months of Sep-

tember and February had been spawned in the previous winter months.
The only older post-larval form recorded from the American side of the Atlantic

is the one of 30 mm. length described and figured by Agassiz in 1882.

The following table is a summary of the records of post-larval forms from areas

outside Scottish waters.

TABLE V.

Kecords of Post-Larval Stages of Lophius Piscatorius
Outside Scottish Waters.

Locality
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The present investigations add only seven new records of young bottom forms
less than 120 mm. long to the existing extremgly short list. Two small specimens,

64 and 67 mm. long respectively, were captured on 11th July 1906, in a small trawl

of fiiie mesh at 58° 41' N. ;
7° W., in a depth of 108 metres. Other two specimens,

72 mm. and 83 mm. long, were captured in the same apparatus on 12th July 1906,

at 59° N. ;
7° 4' W. in a depth of 182 metres. Again, a specimen of 69 mm. in length

was taken in the small trawl on 4th September 1906, at 60° 45' N. ;
2° 30' E., in 129

metres depth, and another of 116 mm., in Broad Bay (Mincli) in 11 metres depth
on 20th September 1906. The only specimen under 120 mm. in length, captured

in the ordinary commercial trawl, was one of 94 mm. taken off Berriedale (Moray
Firth) in 22 24 fathoms on 14th October 1911.

Reference has already been made to the small Angler of 127 mm. in length

obtained by Fulton (1902) in November, in a trawl haul made in the Dornoch
Firth in a depth of 8-11 fathoms. He also gives an account of the capture of a

very large number of small Anglers in a single trawl haul off Lybster, on the Caith-

ness coast, in a depth of 23-34 fathoms in the month of November. No less than
twenty-seven of the thirty-six Anglers taken in this haul were under 200 mm.
(7| inches). The smallest individual was 128 mm. long, and the largest 198 mm.
Fulton, in reference to the distribution of the Angler, also states that the proportion

of young Anglers on the deep-water grounds of tlie North Sea appears to be higher

than on the inshore trawling grounds.

M'Intosh and. Masterman (1897) record an example 5| inches long (140 mm.),
which was cast ashore in St. Andrews Bay in March.

There are the two specimens 94 mm. and 78 mm. long, recorded by Dilben
and Koren, from the west coast of Norway.

Saemundsson (1909) reports that a small bottom form of the young Angler,

now in the museum at Reykjavik, was found cast ashore at the Westmann Isles

(Iceland). No date is given.

Finally, Lo Bianco (1908-9) gives the most complete information as to the

occurrence of young bottom forms in the Mediterranean. He says that in the

mouths March to May there were fished with the seine-net on shallow ground
young ones of lengths 6 to 15 cms.

The tabulated hst of small bottom forms under 200 mm. in length is as follows :

—

TABLE VI.

Records of Small Bottom Forms.

Locality.
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The Age of the Small Bottom Forms.

A study of tlie developmental changes in small bottom forms has shown that,

when they first take to a bottom habitat, the chaiige from the pelagic form is not

yet complete. The transition is gradual, and the typical or perfect ground -form
is not attained until the fish has grown to a length of almost 180 jum.

Fulton (1902) is the only investigator who has endeavoured to estimate the

age of the bottom forms. The task was a very difficult one, OAving to the absence

of complete information regarding the earliest bottom stages.

It is perhaps best to deal, first of all, with the series from the Mediterranean,

where the sequence of appearance of the different stages seems quite intelligible

The Angler spawns in the Mediterranean in the winter months—eggs with ad-

vanced embryos were obtained by Lo Bianco in January and February. The young
pelagic forms were caught by Graeffe in the open sea of the Adriatic in the months
February, March, April. Post-larval stages (15-55 mm. in length) appear in the

Gulf of Trieste from September to February. Lo Bianco caught small bottom
forms 6-15 cms. long on shallow ground in the Mediterranean in the months March
to May. The small bottom forms caught in the months March to May, therefore,

belong to the brood of the previous year.

The smallest bottom forms, caught in Scottish waters, are therefore comparable

with the smaller Mediterranean bottom forms just mentioned. They are' 64, 67,

69, 72, 83, 94, and 116 mm. long respectively, and were caught in the months
July, September, and October. It has been shown that they have not yet completed

their metamorphosis, although they have assumed a bottom habitat. These small

bottom forms, therefore, belong obviously to an earlier brood than the post-larval

forms which appear in the same areas at the same time, and, as the general spawning

period occurs in the locality in the months May, June, July, the small bottom
forms must be at least a year old. The results are, in fact, in close agreement

with those from the Mediterranean.

Comparison may now be made with the series obtained by Fulton. His material

was very much restricted at its lower limits, as the smallest specimen obtained by
him was already 127 mm. long. The smallest series was, however, obtained off

Lybster, on the Caithness coast, in the month of November. The individuals

ranged from 127 mm. in length to 214 mm., and the mean size of the thirty-six

specimens was 161 '5 mm. Owing to the absence of information concerning the

later post-larval and very young bottom forms, Fulton underestimated the age

of this series ; they are undoubtedly at least one year and six months old. The
members of the other series are, therefore, correspondingly at least one year older

than is stated. It would probably be correct to say that the Angler is very rarely

caught in the North Sea by the commercial trawl before it has reached an age of

at least two years.

Distribution op the Adult.
"

The known distribution of the young stages of Lo'phius jnscatorius has now been

very exhaustively treated, bu^t so far no reference has been made to the distribution

of adult forms. The adult has, however, a very wide distribution ; it is found

on both sides of the Atlantic. On the European side, it occurs as far north as

Iceland and the Faroes, and beyond 69° N. on the Norwegian coast, whilst, according

to Goode and Bean (1895), it extends as far south as the Cape of Good Hope. It

is met with frequently in the Baltic. All round the Scottish coast, it is caught in

considerable numbers. Fulton (1902) records the Angler as common both in the

inshore waters and in the greatest depths at which trawlers work, and states that

it seems to be most abundant in waters of moderate depth.

It also occurs in the Mediterranean. Lo Bianco (1908-1909), in describing

the fauna of the Gulf of Naples, says that the adult is not rare, and attains some-

times the weight of 20 kilos. ; it is caught in numbers, principally during winter

and spring. According to Goode and Bean (1895), however, there is another species

of Lophius confined to the Mediterranean. This is Lophius hudegassa Spinola,

and it is distinguished from the other Lophiidse by its shorter second dorsal and its

simple lanceolate humeral spine.
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Along the American side of the Atlantic, Lophius piscatorius is most common
in the comparatively shallow water of the New England coast, and in the deeper

water in the vicinity of Nova Scotia and Newfoundland. It also occurs as far

south as the Caribbean Sea. Gill (1905) seems to think that south of Cape Cod
the Angler retreats to deep water in summer, but that, although quite common
along many coasts in shallow water, it appears to be at home in deep water. He
states that its range of distribution in the Atlantic lies between '32° and 60° F.,

perhaps even higher.

Tate Regan (1914) records the capture of Lophius piscatorius off Cape Frie

(Brazil) at 22° 56' S. ;
41° 34' W., in a depth of 40 fathoms.

The most general survey of its distribution on the European side of the Atlantic,

from a commercial point of view, is given by Murray and Hjort (1912), who have
compiled tables from the statistics published by Dr. Kyle, of the International

Bureau for the Study of the Sea, up to the year 1906. These tables show the

relative and absolute importance of different marketable species within the different

European fishing areas. The data relative to Lophius piscatorius have been ex-

tracted from these tables.

Lophius piscatorius.
'

Relative and Absolute Importance from each area (Murray & Hjort).
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It appears, therefore, that Lcphius piscatorius has not only a very wide terri-

torial range, but its bathymetric range is also very great.

The sub-order Pediculati, to which LopJiius belongs, form a group, the members
of which are quite easily distinguished from all other forms. Although this group

is a very characteristic one, it includes members which are peculiarly adapted for

Ufe in very divergent habitats. Some of the members of the order belong exclusively

to the deep sea ; others, such as Antennarius, are at home at the surface amongst
the sea-weed of the open sea.

The members of the family Lophiidse are, however, all true bottom forms, which
range from moderate to great depths.

Smith (1892) considers that the fishes of the genus Lophius should really be

regarded as shore-fishes, for, at least during youth, they live in shallow water,

but, when older, they withdraw to greater depth. Gill (1905) says that, although

the Angler is quite common in shallow water, it appears to be at home in deep

water, and Giinther, on the strength of its capture in deep waters, has admitted

it to his list of deep-water forms.

The specialised form and the characteristic adaptations of Lophius piscatorius,

which have given to the species the name of fishing frog, have been regarded'by
most observers as mainly modifications suited for life in the shallow water, the

tag-like processes of the skin, and the fishing apparatus having generally been

regarded as modifications especially adapted for life in the sea-weed zone. Indeed,

this view is the predominant one, and is perhaps largely owing to the graphic

description which Saville Kent gave in 1874 of a large Angler which was living in

one of the tanks of the Brighton Aquarium.
Fritsch (1884), however, in his work on the angling apparatus of Lophius, has

shown that the Angler is peculiar in possessing a superficial layer of closely-packed

ganglion cells on the posterior portion of the medulla, which are in intimate relation

with the angling apparatus and the sensory skin system. The observations made
by Mr. Lane, which Cunningham (1896) gives, are therefore of peculiar interest.

" But another, and perhaps more important use of the tentacle is indicated by some
experiments made during the Irish Survey by Mr. Lane, and mentioned in Mr.

Holt's Report (Scientific Proc. Royal Dublin Society, vol. III., part IV., p. 459).

Mr. Lane found that, when he touched the tip of the erected tentacle with a stick,

the fish at once snapped with its jaws, so as to catch exactly that part of the stick

which had touched his tentacle. This was repeated until the fish was exhausted.

It is evident that this automatic and precise mechanism of sensitive nerve and jaw

muscles must be most effective in the capture of the Angler's prey. It is a spring-

trap of the most certain action, always set, and never betraying its nature. Any
fishes swimming near the ground, are liable to touch the tentacle of the Angler,

which cannot be distinguished from the most innocent and insignificant frond of

weed or stem of zoophyte, and to touch it is certain and immediate death."

Such a mechanism, which does not depend on sight, should be as effective for

the capture of prey in the deeper waters as on the shallow grounds.

The Angler has, however, many characters highly suggestive of a deep-water

habitat ; the bluish-black colouring of the upper surface, the loose skin with its

numerous serous spaces, and the weak development of lime in the skeleton are

especially noteworthy. So, too, in the young bottom forms, the abundance of

mucoid tissue and serous spaces, are characteristics which must not be overlooked.

In short, then, Lop)hius 2nscatorius as a species is very closely related to forms

which are true inhabitants of the deep waters, but the Angler itself is an inhabitant

of more moderate depths, and has extended its range into the shallow waters.

The Paucity op Recoeds of the Young Stages.

Lophius piscatorius is, therefore, a species which is very frequently met with

in the adult form in waters of moderate depths, both on the European and American

sides of the Atlantic. Yet, as previously referred to, the spawn and young stages

have only been recorded from isolated localities over this very wide area. No
satisfactory explanation has been given for the paucity of records of young forms

of such a frequently occurring adult. One must remember, however, that the

spawning area of a species is, as a ride, much more restricted than the actual dis-
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tribution of the species. The frequency of the records of young stages will, there-

fore, in a large measure, dej^end on the frequency with which the areas, where
the young forms occur, have been explored with apparatus suitable for their cap-

ture. The chances of capture of these forms also depend on the time of year in

which the different areas have been investigated.

The whole area throughout which the adult Angler is captured has not been
equally exhaustively investigated. The North Sea area, which supplies 70 per

cent, of the total weiglit of marketable Anglers to European markets, has been very

thoroughly explored, especially since the inception of the International Investi-

gation. Yet, the records of capture of the young forms belong almost exclusively

to the Scottish section, and to the northern portion of it. The southern area of

the North Sea has been explored again and again by research vessels belonging

to the bordering countries with negative results. The results are also negative

for the southern section of the area which has been most exhaustively investigated

by the Scottish research steamer. It is difficult to indicate on a single chart, or

even on a series of charts, the many observations which have been made at all times

of the year from 1904 to 1914, with different apparatus operating not only at the

bottom, but in mid-water layers and at the surface. There is a line of stations,

however, which runs east from the Firth of Forth, which has an important bearing

on this question. This line of stations, for the eleven years under review, has

been visited every year, and in practically every month of each year, with negative

results in so far as Lophius jnscatorius is concerned. But similar observations

made in the northern Scottish area have yielded positive results, thus showing that

these young stages can be captured with the apparatus employed. The records

of occurrence of the spawn, isolated eggs, post-larvse, and young bottom forms
are represented in Chart I. Chart II. shows the stations investigated by the
Scottish Investigation steamer Goldseeker during the period 1904 to 1914, and the

quarters of the year in which each station was visited. The number of times each
station was visited is not represented. Although the number of captured specimens
is small, the occurrence of newly-spawned isolated eggs of Lojyhins within this

northern area is proof that the Angler does spawn within the area. This statement
is confirmed by the capture on 4th May 1916 at 57° 37' N. ;

0° 53' E. of a sheet of

spawn which had been very recently spawned.
The evidence at present available, therefore, leads one to conclude that the

Angler is a species which spawns in the North Sea only in northern or deeper areas,

north of 57° North Latitude.

If this northern area, which has been so diligently searched, is the general

spawning area of the Angler, the jDaucity of records of such a conspicuous object

as the spawn is altogether inexplicable.

The information regarding these sheets of spawn has mainly been got from
samples which have drifted into shallow water, or have been stranded on the

beaches. The observations already made on the sheets of spawn have shown
that they are floating objects. They may not always float at the surface, even
when newly-spawned, and may thus escape observation. It may also be urged
that the sheets of spawn, on account of their size and nature, are peculiarly elusive,

and that apparatus, such as tow-nets and young fish trawls, are not adapted to

their capture.

Such an argument cannot be used to explain the infrequency of records of larval

and post-larval forms in the northern North Sea, if it is a general spawning area

for Lcphius. Larval and post-larval forms of such common species as haddock,
cod, and whiting, which are as active in their movements as young Anglers, have
been caught by the same apparatus, in great numbers. The Scottish area has
been extremely well searched at that period when the young post-larval Anglers

are most likely to be present.

The absence of information concerning the distribution of the very small bottom
forms is also especially noteworthy. In the present Eeport, only seven new records

can be given for the Scottish area of specimens under 120 mm. in length. All

these, however, are smaller than the smallest previously recorded, but only two
of them were from the North Sea. One, 94 mm. in length, was got off Berriedale,

in the Moray Firth, in the ordinary commercial trawl. The other was got at
60° 45' N. ;

2° 30' E., in a small trawl of very fine mesh, the head line of which
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measured only thirty feet. This apparatus has been very frequently used in the

North Sea, much more so than in areas beyond the North Sea, yet the other five

records of small forms were made by means of this apparatus in the areas outside

the North Sea. It mav also be noted here that, whilst these bottom forms were
caught at 58° 44' N. ;

7° W., and 59° 4' N. ;
7° 4' W., post-larval stages, 15 to 17 mm.

long, were obtained at 59° 54' N. ;
7° 6' W., and 59° 36' N.; 7° W. In addition,

our knowledge of the distribution of bottom forms of under 200 mm. in length is

extremely scanty, although the Angler, on account of its peculiar shape, is specially

liable to capture in the ordinary trawl long before it reaches this size. Fulton,

who gives most information concerning these sizes, says that they are obviously

uncommon on bottoms suitable for trawling, otherwise they would be taken in

much greater numbers. This statemeiit is undoubtedly true for the North Sea, but
his suggestion, viz., that in the case of the Angler, a prolonged pelagic hab't is out

of the question much after the post-larval stage, was made before the elaborate

developmental changes, through which the post-larval stages pass, were known.
He therefore adds that the reason for the comparative scarcity of records of young
Anglers may be that they frequent rocky algse-covered ground, where they can
have shelter and suitable food. According to this view, the young Angler, up to

a size of about 200 mm., might be considered as a shore-fish. But small forms of

Lophhis piscatorius are conspicuous by their absence from all lists of shore-fishes.

Fulton (1902), however, in the same Report, states that the proportion of small

Anglers (that is, of over 200 mm, in length) on the deep-water grounds appears to

be higher than on the inshore trawling grounds, and that the higher proportion

in the deep water may indicate the comparative absence of shelter, and it shows in

all probability that spawning and the developmental changes may take place far

from land. Biit shelter in these deeper water grounds from the operations of the

commercial trawl is no more possible for the somewhat smaller bottom forms than
for the larger ones.

All the facts concerning the occurrence of the floating sheets of spawn and the

larval and post-larval stages may nov/ be taken together. The absence, or com-
parative scarcity, of these forms from the records for the northern North Sea may
be very simply described by the hyj)othesis that they do not occur there, or are

there m very small numbers. In other words, although Anglers may spawn in

small numbers in the northern North Sea, this area is not the main spawning area,

and the Angler does not appear there in numbers, until it has reached some consider-

able size.

The records of the sheets of floating spawn are of especial interest in this re-

lation. If the records of the capture of these sheets of spawn are examined with

care, it will be found that in all cases, except the one already described, the embryos
in the eggs were already very far advanced in development. These sheets of spawn
float passively during the whole period of development of the embryos in the eggs,

and perhaps for some time longer, and are drifted with the prevailing currents

from the areas in which they were originally spawned. They are objects analogous

to the floating drift-bottles which Fulton experimented with to test the direction

and rate of flow of the surface waters in the North Sea. He has shown very con-

clusively that there is, at all seasons of the year, a fairly constant slow circulation

of the surface water in the North Sea, Atlantic water entering round the North of

Scotland and between the Orkneys and Shetland s, and passing southwards along

the east coasts of Scotland and England, as far as the neighbourhood of the Wash,

then in an E.N.E. direction towards the coast of Denmark, and then northerly

along the Danish coast.

The sheets of spawn found along the east coast were spawned, if not without

the North Sea, at least in an area in the North Sea further north than the locality

in which they were fouud. Ehrenbaum's record of a sheet of spawn in the Skagerrak

in July does not conflict with this statement, for, if one may judge from his de-

scription of the spawn of the Angler, it is evident he had never seen it when recently

spawned.
It must be-borne in mind that, if the spawning area of a species is to be deduced

from the occurrence of the eggs, larvae and post-larvee of a species, the proximity,

of the true spawning area will depend on the time it takes for the species to pass

through these stages of development, and the strength of the prevailing currents.
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If the records of the isolated eggs aud larvae of Lophius are considered, the spawning

area must be looked for to the north and west, in a direction contrary to that of the

prevailing current.

There is abundant proof from recent investigations that, on the European side

of the Atlantic, there occurs annually a northerly extension of true Atlantic passive

organisms. The magnitude of this phenomenon varies greatly from year to year,

but in some years it may be so great that the drift carries great numbers of these

passive forms over the Faeroe-Shetland Channel into the Norwegian Sea and to the

coast of Norway, and, in addition, large numbers may be brought into the North
Sea through the Scotland-Shetland entrance. For example, Leqms fascicularis,

the floating barnacle, which is not a true North Sea form, may often be picked up

from the surface in the northern North Sea in the summer months. The following

few records show that these forms may penetrate well into the North Sea, and that

the phenomenon is a recurring one :—60° 7' N. ;
0° 32' E., 10/8/11 ;

57° N. ;
0° E.,

1/8/12 ;
58° 13' N. ;

0° 49' E., 25/8/04 ;
57° 50' N. ;

0° 30' E., 25/8/04 ;
58° 34' N.

;

0° 47' E., 20/7/05 ;
57° N. ;

0° 5' W., 15/8/12.

The year 1905 seems to have been particularly favourable for the immigration

of passive Atlantic forms into the North Sea. In that year, there was an im-

migration of considerable magnitude of the true Atlantic form, Salpa fusiformis,

which is extremely well represented in the Goldseeker collections for that year.

The Umits of distribution of the Salps in the different summer months are graphi-

cally described by Schmidt, who had exceptional opportunities for studying the

phenomenon that year. At the end of the month of May, the northern boundary
of the Salps in the Atlantic had not extended beyond the latitude of the Hebrides,

but by the month of August this boundary had been gradually pushed northwards
and eastwards until it included a part of the North Sea and the Orkney and Shetland
Islands.

Perhaps of more interest and importance in the present instance is the ap-

pearance in this northern section of the North Sea of fish larvae which are admitted
to belong to the Atlantic, or to areas to the west and south. Fierasfer, a form which
does not belong to the North Sea but to the warmer water-masses of the Atlantic

and Mediterranean, and which has often been compared with Lophius p)iscatorius,

on account of its mode of spawning and the similarity of the post-larval stages in

the development of filamentous rays on the head, has been captured a large number
of times in the North Sea in the autumn and winter months, at stages both with
and without the filamentous ray on the head.

Mention may be made here of the occurrence in the North Sea of pelagic stages

of Arnoglossus imperialis. This is a species, the adult stages of which have never
been recorded from the North Sea. although it is hardly likely that its occurrence
would have been overlooked in an area so intensively fished. According to Kyle
(1913), the adults are common in 60-70 metres at the western mouth of the English
Channel, and are not rare south and south-west of Ireland. The j)ost-larval stages

were found in these areas and southwards, as well as in the Mediterranean. There
is one record from the north of Scotland. It was taken in September 1905. Dr.
Kyle, in reviewing the captures of these pelagic stages, says, " The small specimens
occur in practically every month in which investigations were made, whilst the
large are most abundant in September ; one large specimen occurs in January.
According to Holt, the spawning period should be in Spring, and with this agrees
the large number of the large specimens (eleven altogether, including the earlier)

taken in September. But the occurrence of small specimens in February, as well
as of a large specimen in January, would indicate that here, just as in the case of

A. Thori and A. Laterna, we have to deal with an indefinitely prolonged sj)awning
period, with the main spawning in Spring. The presence of both small and large

specimens over very deep water points to both a prolonged j)ost-larval life and also

to a deep-water habitat." The two captures of Arnoglossus imperialis in the North
Sea are in complete accord with these statements. One specimen, 16'5 mm. in

length in the preserved condition, was taken in the Petersen Young Fish Trawl at
58° 34' N. ;

0° 47' E., at a depth of 66 metres below the surface, on 26th November
1904 ; the other specimen 18 mm. long, was captured by the same apparatus at
58° N. ;

2° 54' W., at a depth of 27 metres, on 21st November 1904. Both these
specimens, even of such a large size, were symmetrical ; the position of the eyes
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showed that metamorphosis had not yet begun. There is no reasonable doubt

but that these forms had been carried by the currents from the Atlantic into the

North Sea, as the prolonged nature of the post-larval hfe keeps them under the

influence of the prevaiUng currents for an extended period.

If we next turn to the records of the post-larval stages of Lophius piscatorius

from the North Sea, we find that, whilst the total number of specimens recorded

is undoubtedly small, the years 1905 and 1914 are particularly well represented.

There is no reason to believe that these records are due merely to chance, as similar

investigations were carried out within the area in the intervening years with equal

vigour. The year 1905 is of particular interest ; it was the year in which the

immigration of Saljm fusiformis of Atlantic origin into the North Sea was especially

well marked ; it was the year in which the post-larval form of the southern species

Arnoylossus imperialis was captured by the Danish research steamer Thor, between

the north of Scotland and Orkney.

These facts are sufficient justification for suggesting that the main spawning

area lies beyond the limits of the North Sea, and that the Atlantic itself may be the

main spawning area. It is already well known that the Atlantic is a spawning area,

for Agassiz in 1882 was the first to describe the sheets of spawn and the young
post-larval stages. The Scottish records made in areas beyond the North Sea

also support this view. It must not be forgotten, however, in considering the

Scottish captures, that areas outside the lindts of the North Sea have been in-

vestigated much less frequently than the areas within the North Sea. Yet, the

largest post-larval forms and the smallest bottom forms have been obtained from

these Atlantic areas. These large post-larval forms were captured over consider-

able depths, at 60° 34' N. ;
3° 53''W ;

59° 54' N. ; V 6' W. ; and 59° 36' N.; 7° W.

;

and the smallest bottom forms yet recorded from Scottish waters were caught

at 58° 44' N. ;
7° W.; and 59 °4' N. ;

7° 4' W. There are also the two specimens

of post-larval stages which were taken by Schmidt to the south of Iceland over

waters of great depth. The fact that these pelagic stages were obtained over areas

of very great depths, and that they—already considerably advanced in development

—had therefore been carried by the currents for some considerable time, suggests

that they had their origin in areas of some considerable depth.

The capture, by Schmidt, of post-larval forms of Lophiiis jmcatorius in the

Atlantic over great depths, west of the British Islands, may now be mentioned.

His statements are of very considerable importance in the present instance, and
are, therefore, quoted at length. " Of fish young that occurred with the eel larvse,

there should first of all be mentioned the Leptocephalus of the conger {Lepto-

cejyhalus morrisii) and four other Leptocephali, the young of Fierasfer, Lophius,

Molva birkelange, Gadus poutassou, Gacliculus argenleus, Zeugopterus megastoma and

spp., a characteristic, plump, pelagic gadoid {Gargilius sp., Ad. Jensen nov. gen.

et spec.) Macrurus species, many different Scopelini, etc., as well as adult specimens,

some with eggs, of the needle fish Nerophis pelagica and its young. All these forms

are true warm-water species of the Atlantic, most of which were not found during our

investigations further north in the Atlantic. They clearly belong mainly to the more
southerly, warm water-masses than those we had previously investigated with the

Thor, even though single specimens of some of them were found by us further north

(west of the Faeroes and south of Iceland)."—Dr. Johs. Schmidt, " Contributions

to the life-history of the Eel {Anguilla vulgaris, Flem.)" {Rapports et Proces

vol. v., Oct. 1906, page 177).

Similarly, the tables quoted from Hjort regarding the distribution of Anglers

brought to market may again be referred to. Over 18 per cent, of all the Anglers

landed in European markets are caught in the region to the south-west of the

British Islands, and indeed in relative proportion to other commercial fishes the

Angler is most numerous in that area and in the Bay of Biscay, comprising about

one per cent, of the total catch of fish.

The capture of the post-larval forms of Lophius piscatorius by Schmidt over

deej) water in the Atlantic points to the view that spawning takes place in water

of considerable depths, or at least that spawning may occur on the continental

slope. On the other hand, there is the negative evidence that the Angler does not

spawn in the shallow water of the Atlantic. The sheet of spawn which was

obtained by Cunningham from the western portion of the English Channel had
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already the embryos iu the eggs very far advanced in development, an indication

that it had probably been carried a considerable distance from its place of origin.

Similarly, the eggs in the sheet of spawn procured by Williamson outside Loch
Bracadale, Skj^e, contained well-developed embryos.

On the American side of the Atlantic, the shallow water area is of limited extent,

and the deeper waters of the continental shelf are in close proximity to the coast,

and it is not strange, therefore, that American workers should have been the first

to describe the floating sheets of spawn of the Angler. It is so common on the
western side that the fishermen have given it the popular name of the " piirple

veil." In the descriptions of the floating spawn given by Agassiz and Whitman,
there is no e\ddence, however, that they ever found eggs which had been recently

spawned. Indeed, as has already been pointed out, it is probable that the eggs
captured by them were all far advanced in development, if the larvae had not
already hatched out. The sheet of spawn found by Hjort and Murray on the western
side of the Atlantic was taken over water of considerable depths. It is stated by
these authors, however, that, since the Angler-fish only inhabit the coast banks,
the finding of slightly developed eggs that could not have been drifting many days
indicated that they were in the neighbourhood of the American coast bank. But
our knowledge of the distribution of the Angler on the American coast, and the fact

that these eggs were only slightly developed, may be held to prove that they were
shed in waters of considerable depths. The Angler on the western side of the
Atlantic belongs to the warmer waters. According to Goode and Bean, a speci-

men about four inches long caught on the Banks of Newfoundland is the most
northern recorded occurrence in the western Atlantic.

The evidence from the Mediterranean is also all in favour of a deeper water
spawning habitat. There are no records of the occurrence of sheets of floating

spawn, or even of very early stages of Loj)hius in the inner region of the Adriatic.

The only records of spawn in the Mediterranean are got from Naples, which is near
to deeper areas. Even the spawn got at Naples contained embryos well advanced
in development. Again, in the Gulf of Trieste, which is very remote from the deep
water, only the older post-larval stages of the Angler were found, whilst in the
open sea of the Adriatic, less distant from the deep water, the earlier post-larval

stages were also captured.

So far, the northern North Sea is the only area in which recently spawned eggs
of Lophius piscatorius have been captured. The known distribution of the adults,

the occurrence of sheets of spawn with embryos well advanced in development,
and of larval, post-larval, and bottom forms, together with the knowledge of the

adaptations of the young forms to a prolonged pelagic life, are facts which show
that the Northern North Sea is only a very subsidiary area for the spawning of the
species. The limits of the spawning area of Lophius piscatorius, however, cannot
be defined exactly from the present evidence, but a hypothesis may be advanced
which describes the isolated facts—a hypothesis which must be tested by future

experiment.

Lopilnus piscatorius is a species which has its headquarters in the Atlantic.

On the European side, the species extends its range into the Mediterranean, North
Sea, Skagerrak, Cattegat, and Baltic. The Angler is very closely allied to Atlantic

species which belong exclusively to the deep-water, but Lophius itself is most
abundant in waters of moderate depths. Its extreme bathymetric range is, however,
somewhat extensive ; it has been taken in depths of over 300 fathoms, and it is

also found in large numbers in the shallow coastal waters. Its extreme limits of

distribution are, therefore, much wider than its spawning distribution, for it is

found very frequently in areas where it never spawns. Modifications in the adult

form are usually said to be adaptations for a life in the sea-weed or shallow water
areas, but such structures may be equally effective for life in deeper waters. The
Angler does not spawn in the shallow coastal zone, but in moderate to deep water.

It is a species which spawns in the warmer waters, and suitable conditions are

foimd in the warm salt water of the Atlantic and Mediterranean, probably in the

neighbourhood of the continental slope, on the edge of the deep water. It spawns
on 'both sides of the Atlantic. On the European side, to the west of the British

Isles, these conditions are found only at a considerable distance from the coast,

whilst on the American side of the Atlantic, suitable spawning areas are much nearer
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tlie coast. On the European side of the Atlantic, the known spawning range

extends from the Mediterranean to the northern North Sea. The extension of the

limits of spawning towards the north depends on the physical conditions in the

Atlantic at the time of spawning. The frequency of spawning in the northern

portion of the North Sea, which is under influences fromi the Atlantic, is dependent

on these conditions. Spawning begins earliest in the Mediterranean, probably- in

the winter months, but at least as early as January ; the spawning is later further

north in the Atlantic ; in the northern North Sea, spawning may begin as early as

March, and it extends to the end of July.

The method of deposition of the eggs in long extended bands of mucus, and the

characteristic development of post-larval adaptations secure for the species a very

prolonged pelagic life, and during this early period the young forms may be carried

very considerable distances from the original spav/ning grounds by the prevailing

currents. Even when the larvae are hatched from the eggs, they may be detained

for some time in the gelatinous matrix which tends to keep the larvae in the upper

water layers until post-larval structures are developed. The appearance of the

larvae and post-larvae is very unlike that of the ty]>ical bottom form. In the pelagic

stages, the body and head are laterally compressed, and the eyes are situated on

each side of the head. The young forms svv^im upright in the water. From the

earliest stages, the embryonic fin is especially broad, and it is very persistent,

traces remaining even in the older post-larval stages. As the post-larvae grow,

the embryonic fin is replaced by the development of the unpaired fins, and the

enormous development of the membrane between the rays of these fins adds greatly

to the depth of the fish, thus giving stability to the pelagic form. The paired fins

are extremely well adapted for pelagic life. The pectoral fins, as ]ierfect balancing

organs, are large and fan-shaped, attached high up on the body just behind the

gill-openings, whose surface is in a plane parallel to the plane of symmetry. The
pelvic fins—enormously developed—extend far beyond the body, and the fila-

mentous tips of the rays grow to an extraordinary length. When expanded,

these fins have an enormous surface in comparison to the size of the small fish,

and attached far forward on the ventral surface of the fish their rapid up-and-down

motion keeps the young fish in the upper water layers. The pelagic life may last

many months, and the young form appears to be more than nine months old before

it takes to a bottom habitat. During the pelagic period, the young forms may be

drifted far from the spawning area. In the North Sea, sheets of spawn may be

drifted south from the deeper northern area and may be ultimately stranded on

the east coast of Britain. In the Atlantic, the prevailing current carries the young

pelagic forms northwards and eastwards ; some may be carried towards Iceland,

for isolated specimens have been taken over waters of great depths to the south of

Iceland ; others may be carried up over the Faeroe-Shetland Channel, whilst a

number may enter the North Sea by the channels betvv^een Scotland and Shetland.

The magnitude of the northerly immigration at this stage will depend largely on

the prevailing conditions iu the Atlantic. In the Mediterranean, spawning does

not occur in the coastal water, but the sheets of spawn may be drifted into shallow

areas, such as the Gulf of Naples, from the near deep water areas. Spawning

does not occur in the shallow inner region of the Adriatic, and the post-larval forms

are late in arriving there, as the area is far removed from the deep water of the

Mediterranean. On the American side of the Atlantic, the deep water is adjacent

to the coast, and therefore the sheets of spawn and the larval forms have been fre-

quently met with in the coastal area at such places as Newport and in Massachusetts

Bay.
The prolonged pelagic life therefore secures a wide distribution for the growing

forms. The extension of the distribution area does not stop at the completion of

the pelagic life. The change from the typical pelagic form to the bottom form is

progressive but slow, and the young fish may take to a bottom habitat long before

these changes are complete. In the North Sea area, although the larger forms are

common, the very small bottom forms are extremely rare ; few are found less than

200 mm. in length. The Angler does not appear in the North Sea in numbers until

it is at least one year and a half old, and even then the smaller ones are relatively

in greater proportion in the northern and deeper parts of the North Sea. Although

the North Sea thus depends on its supply of Anglers from areas beyond its own
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boundary, it is nevertheless the most important area for the Angler, from the fishery

point of view, since 70 per cent, of the total weight of Anglers landed at European
ports are captured within the area.

The illustrations, which have been so ably drawn from very difficult material,

are due to the exceptional artistic skill and patience of Miss I. M. Duff. This paper
would have been far less complete without the aid of Dr. Fulton, who has not -only

supplied me with material,, but has helped me with the literature of the subject.

I am also greatly indebted to Dr. Williamson for part of the literature.
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DESCRIPTION OF PLATES.

Plate I.—
Fig. 1. Portion of Egg Mass of LopMus piscatorius. Caught 57° 37' N. ;

0° 53' E.

3/5/16.
Figs. 2a and 2b. Isolated Egg of Lophius piscatorius, with pigmented embryo.

Caught 59° 36' N. ;
0° 41' W. W4:/U.

Fig. 3. Newly-hatched Larva of LopMus piscatorius. Length, ca. 4'5 mm.
Diameter of Yolk, ca. 2'5 mm. Caught as isolated egg at surface, 59° 31'

N. ;
0° 37' E. 16/4/14. Hatched 19/4/14.

Plate II.—
Fig. 4. Larva of Lophius piscatorius, 7-8 days hatched. Length ca. 55 mm.

Caught as isolated egg at 59° 31' N. ;
0° 37' E. 16/4/14.

Fig. 5. Larva of Lophius piscatorius. Yolk-sac almost absorbed. Length ca.

8 mm. Caught 58° 26' N. ;
0° 8' W. 15/7/14.

Plate III.—
Fig. 6. Vost-lsivyal Lophius 2nscatorius. Length, ca. 10 mm. Caught 6'^ 15' N.;

0° 7' W. 13/7/05.

Plate IV.—
Fig. 7. Post-larval Lophius piscatorius. Length ca. 15 mm. Caught 59° 36' N.

;

0° 42' E. 17/8/07.

Plate v.—
Fig. 8. Post-larval LopMus piscatorius. Length ca. 16 mm. Caught 58° 17' N.

;

1° 3' W. 11/9/09.

Plate VI.—
Fig. 9. Small Bottom Form of Lophius piscatorius. Length ca. 64 mm.

Caught 58° 44' N. ;
0° 7' W. 11/7/06.
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