Journal of the Marine Biological Association 14(2) 1926

387

The Vertical Distribution of Marine Macroplankton.
III. Diurnal Observations on the Pelagic Young
of Teleostean Fishes in the Plymouth Area.

By
F. §. Russell, D.8.C., B.A,,

Assistant Naturalist at the Plymouth Laboratory.

With 8 Figures in the Text.
THis paper records the results of two serial collections undertaken to
obtain information on the behaviour of the post-larval stages of teleostean
fish during the hours of darkness.

The net used was a stramin ring-trawl (2 metres diameter at mouth
and 6 metres long). The first collections were taken on July 15th to
16th, 1924, at a period of full moon, at L4 ; on this oceasion the hauls
were so arranged that five series of collections were obtained between
3 p.m. on July 15th and 11 a.m. on July 16th ; in each series samples were
taken from five different depths. The second batch of samples was
obtained on June 17th, 18th, and 19th, between L4 and the Eddystone.
Samples were taken from six different depths in each series, and the
experiment was carried through fwo successive nights. There was no
moon.

The material was treated as described in a previous paper (6), all the
young fish being picked out and then the remaining plankton organisms
counted directly or by sampling. The results shown by the plankton
organisms on July 15th to 16th, 1924, have already been published (6).
It is unfortunate that on both occasions the numbers of post-larve of
the more important food fish captured were very low. This was perhaps
to be expected in 1924, as mid-July is somewhat late in the season to
find the very young stages still in the plankton. On this account the col-
lections in 1925 were made in the middle of June, at which time of the
year in 1924 the young fish were very abundant. In 1925, however, for
some unknown reason the post-larvee of many species apparently dis-
appeared from the plankton a month earlier than in 1924 (7), and the
results of the day and night collecting were most disappointing, the num-
ber of fish taken being considerably less even than in the series of collec-
tions taken on July 15th to 16th, 1924.

Table 1 gives the complete log taken on June 17th-19th, 1925 ; all times
are Greenwich mean. (The log for July 15th to 16th, 1924, is given in
a previous paper, 6.)
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Tur Fisaing Dzprms,

On both occasions the depth-recorder, kindly lent by Admiralty
Authorities, was in use and tracings were obtained of the actual path
of the net through the water for each haul; the tracings for the 1924
collections have been reproduced in the previous paper (6).

In 1924 the results were very satisfactory in that they showed that
for most hauls the net fished steadily at the required depths, and did
not follow an irregular course up and down through the water ; also the
net fished at approximately the same five depths in each series; it is,
however, regrettable that no samples were obtained from the water
layers between 34 metres and the bottom, at 51 m. In 1925 the depth
records showed very unfavourable fishing results compared with the above.
The first two series were satisfactory, but at midnight on the first night
a misfortune oceurred ; in our efforts to get the net into the deeper
layers it struck the bottom. Thereafter the results obtained by the
recorder reflected the uneasiness felt by the collector, and show that the
speed of the ship when towing had been inereased slightly in order to avoid
the possibility of a re-occurrence of the accident. As a result, as in 1924,
there are no samples in the remaining six series from the water layers
between 32 metres and the bottom. This is unfortunate, as we shall see
when we come to consider the vertical distribution of the various species
of young fish captured.

A fresh attempt to repeat the experiment will be made, this time,
if possible, in May, to ensure a good supply of fish ; efforts also will
be made to obtain more samples from the deeper layers. This is
necessarily somewhat risky ; the use of the depth-recorder has shown
that it is a common oceurrence for the net to traverse a vertical
distance of 10 or more metres in its path through the water, and that
hence in the deeper water layers the possibilities of the net striking
bottom at some particular instant during the haul are great ; the large
amount of sand brought up by the net on such an occasion cannot but
be detrimental to the material of which the net is made.

The tracings obtained in June, 1925, are reproduced in Figs. 1 and 2.
It can be seen that in the 3rd and 4th series the clock of the recording
drum ran down after a very short time, so that in hauls III and IV of
the 3rd series and IT and IIT of the 4th series the maximum depth only
was recorded. This was rectified when it became light enough to examine
the clock, and it was found that the error was due to the slipping of the
winding key which had become worn ; for the remainder of the collections
the clock was wound by means of a pair of pliers.

The average depths have been estimated as previously described in
another paper (6), by taking the depth at ten equidistant points along
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the curve and calculating the mean. The sudden increase in depth of
the net at the end of haul IT of the third series was due to the several
fathoms of warp being accidentally allowed to run off the winch drum
immediately before hauling in.

Table 2 gives the average depth for each haul.

TABLE 2.

AveEracE DepTH IN METRES FOR EAcH HavL
oN JunNE 17TH-18TH-19TH, 1925.

1st 2nd 3rd 4th 5th Gth Tth 8th Oth
Series. Series. Series. Series. Series. Series. Series. Series. Series.

Surface — - - — — - - — -
II 45 54 112 6* 32 32 52 36 4
111 162 14 23*%  13* 75 93 122 8 111
IV 234 248  31* 18 99 14 166 139 127
v 29-8 31-:3 29 268 208 194 207 23T 233
VI 48-8 386 49 30 314 309 258 275 285

(GENERAL RESULTS.

In Tables 7 and 8 (pp. 397-399) are given the actual numbers of each
species taken in the collections. In most cases reference is made to these
two tables when discussing the results for each species in detail.

This work must be regarded merely as a record of the behaviour of the
various species of post-larval fish on the three nights in question, one
night of which was at the time of full moon while the other two were
moonless.

On all occasions the majority of species showed only a very slight
movement at night. There were, however, one or two exceptions, notably
the post-larvee of Sardina pilchardus, which became much more abundant
at night, curiously enough at all depths. The reasons for this increase
in numbers shown by the post-larval pilchard are, at the moment, not
quite clear ; further observations are needed. There was also evidence
that certain species, e.g. Callionymus lyra, showed a behaviour on the
moonlight night different from that on the dark nights with no moon.
On the moonlight night Callionymus showed no signs of upward move-
ment, whereas on the two dark nights their distribution stretched upwards
to the surface.

As regards the night of July 15th to 16th, 1924, a study of Table 7
conveys the impression that at night there was only a slight filling up
of the surface layers, in which the post-larves were comparatively scarce

* Maximum depth only.
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METRES. METRES.
0 ! 0
10 10

20 20

30 30

40 FIRST SERIES. 40

50 . Daylight. 235-4.29P.M. 50
0 54 I 0
10 “ - - 10

G 2a8--- =

20+ 30

407 SECOND SERIES. - o366 40

504 . Dusk 727 - 923 BM. 50
B i v 0
10 : 12 - - -YN\S- 0

20 Max.23 _ - _ . - 20

30 Mase:ll el 30

407 THIRD SERIES. e g‘g

50 Dark. 10-39 BM. - 12:46 A.M
0 L 0
20 g 20

o1 0 RS N 30 30
40 FOURTH SERIES. 40
50 Dawn. 2:36-4-29 A.M. 50

0 0
10 10
20 Z 20
30 34 -- A0
40 FIFTH SERIES. 49
50 Daylight. 7.25- 913 AM 50

F1c. 1.—The first five zeries of curves given by the depth recorder indicating the path
of the net through the water at five depths during the collections of June 17th-18th—
19th, 1925. (The surface haul is not included.) The net enters the water on the
right-hand side of each curve. The dotted lines indicate the calculated * average
depths.”
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in the daytime, with no consequent marked diminution of numbers of
fish in the deeper layers.

Table 3 gives the total numbers of young fish taken in each haul without
those of Sardina pilchardus and Gobius elongatus, the post-larvee of which
species were so numerous that they would distort the true picture of
events. Table 4 gives the numbers of different species of fish post-larvza
taken in each haul.

METRES . METRES .

40 SIXTH SERIES . 40
S0 Dusk . 730 - 818 PM 50

07,
10 1
20 1
30 1
40 EIGHTH SERIES. - 40
50 - Dawn . 2-:28-416 AM. =5
01 0
10 )
20 9 20
309 30
404 NINTH SERIES. 40
50- Daylight.  735-922 AM. 50

F1c. 2.—The last four series of curves given by the depth recorder indicating the path of the
net through the water at five depths during the collections of June 17th-18th-19th,
1925. (The surface haul is not included.) The net enters the water on the right-hand
side of each curve. The dotted lines indicate the calculated *“average depths.”

It will be seen from Table 4 that there were definitely more species
of young fish present at the surface at night than at any other time ;
this agrees well with the findings of Johansen in Danish waters (4, p. 6).
In the lower layers from about 9 metres downwards there would not
appear to be much change, an obvious increase at night in the deepest
layer (V), being somewhat compensated by a decrease in the layers above
(IV).
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TABLE 3.

ToraL NUMBERS OF POST-LARVE CAUGHT IN EACH HAUL oN JuLy 15TH-
16TH, 1924, EXCLUSIVE OF THOSE OF SARDINA PILCHARDUS AND
(GOBIUS ELONGATUS.

lat Series.  2nd Series.  3rd Series.  4th Series.  5th Series.
3.25 pom. to  7.55 p.m. to 10.50 p.m. to 2.50 a.m. to 8.45 a.m. to

4.45 p.m. 917 p.m.  12.20 a.m. 4.16 a.m. 10.11 a.m.
Surface 9 3 H2 14 14
11, 2-7 m. 44 46 61 43 30
I1I, 9-15 m. 87 48 61 121 82
IV, 16-20 m. 286 172 61 i 172
V, 30-34 m. 56 211 149 153 106
Total 482 485 384 408 404
TABLE 4.

ToraL NUMBERS OF DIFFERENT SPECIES OF FisH POST-LARVE OCCURRING
N THE COLLECTIONS MADE ON JULy 15TH-16TH, 1924,

1st Series.  2nd Series.  3rd Series. 4th Series.  5th Series.
3.25 pm. to  7.55 p.m. to 10.50 p.m. to 2.50 a.m. to 8.45 a.m. to
4.45 p.m. 9.17 p.m. 12.2{1 a.m. 4.16 a.m. 10,11 a.m.

Surface 7 6 16 3 7

I, 2-7 m. 14 15 16 11 9

111, 9-15 m. 17 14 18 16 19

IV, 16-20 m. 22 22 15 16 18

V, 30-34 m. 11 15 20 17 14
TABLE 5

ToraL NUMBERS OF POST-LARV.E CAUGHT IN EACH HAvL oN JUNE 17TH-
18tH-19TH, 1925, EXCLUSIVE OF THOSE OF SARDINA PILCHARDUS,
(GOBIUS ELONGATUS, AND CALLIONYMUS LYRA.

Dark. Dark.
Series 1 2 3 4 5 6 7 8 9
Surface 1 3 19 5 = 3 18 3 2
11 17 14 34 8 3 2 16 b 2
III 10 13 21 6 i 4 12 6 6
v 22 13 17 19 H 15 25 20 13
Vv 70 38 1D 15 5] 23 64 2 26
VI 42 18 14 6 56 3l 25 28
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TABLE 6.

Torar NUMBERS OF DIFFERENT SPECIES OF F18H POST-LARVE OCCURRING
N THE (OLLECTIONS MADE ON JUNE 17TH-18TH-19TH, 1925,

Dark. Dark.,
Series 1 3 3 4 5 6 7 8 9
Surface 3 4 11 5] 0 2 8 1 1
11 3 9 16 5] 2 4 9 6 3
11 7 9 12 6 6 b 12 7 6
IV T 8 11 12 5} 11 13 10 5
v 10 14 12 11 6 8 18 12 12
VI 11 13 13 5 12 17 12 11

In Tables 5 and 6 the results obtained on the nights, June 17th-18th—
19th, 1925, are dealt with in a similar manner, except that in Table 5,
which gives the total numbers of post-larvee taken in each haul, the
post-larval Callionymus lyra have been excluded as well as Sarding
pilchardus and Gobius elongatus.

Table 5 shows that on this occasion the results were somewhat similar
to those obtained on July 15th-16th, 1924 ; the numbers are very small,
but they show, if anything, perhaps that the upward movement was
more marked on this occasion. Table 6 shows that there was a general
increase in the number of species at all depths at night except at 29 metres
at 11.11 p.m. on the first night.

In the following pages the vertical distribution of each species will
be discussed in detail.

CLUPEID A.

SarpiNA pILcHARDUS (Walb.).

If we examine the percentage distribution of Sardina pilchardus
post-larve (Table 9) on July 15th-16th, 1924, we see that while tending
to be most abundant between 10 and 20 metres in the daytime the young
fish filled up the surface layers at dusk and midnight, and further, that
at midnight more were taken actually at the surface than at any other
depth. At dawn they left the surface, and the greatest number were
taken at a depth of about 9 metres ; in full daylight they had resumed
almost exactly the same distribution as on the previous afternoon.

In addition to this evidence of change in the vertical distribution of
the post-larve there is a very marked increase in the numbers caught
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at midnight and even more so at dawn. In fact, it would appear that
we were at the time passing through a large shoal, and that at about
3 a.m. we encountered the densest region. This increase in numbers is
illustrated in Fig. 3, which shows diagrammatically the actual number
of individuals caught at the different depths in each series of hauls.

METRES. METRES.
325-445PM.  T55-917PM. 1080P.M-1220AM 2:50-416AM. 8-45-1011 AM.

0 v 0
[o: - 10
20: _ 20
30: ;50

T

40+ NO. or FISH. SARDINA  PILCHARDUS . L 40
& _ 40 20 0 200 400 -

F1c. 3.—The vertical distribution of Sardina pilchardus post-larve, at the times shown,
on July 15th-16th, 1924, showing the large increase in numbers at all depths at mid-
night and dawn. The white spots and black circles indicate the * average depths ”
at which hauls were taken.

In Table 10 I give the number of post-larve of this species taken at
the different depths in June, 1925.*% Here again we see a tendency to
extend into the upper layer at night, and again also we note an increase
in the total numbers taken at night ; although the figures are not so great
as in 1924 this increase in numbers is very noticeable in the diagrammatic
distribution shown in Fig. 4. On this occasion it is the night series only
that show the largest catches ; at dawn, between 2 and 4 a.m., there is an

METRES. METRES
235-  727- 038 PM.-  236-  725- 730-  I033RM- 735 -

. 419PM SI3RM. 1236 AM.  419AM. sam QBPM. IDIBAM.  4BAM. gizAm. o
104 i
204 F20
30+ F30
404 NO. or FISH. SARDINA PILGHARDUS. |40

40 20 0 20 40 I 50
50 o o5 o .
|7 ™ i |8 TH. : Ig‘rn.

Fi1e. 4.—The vertical distribution of Sardina pilchardus post-larve, at the times shown,
on June 17th-18th-19th, 1925, showing the large increase in numbers at all depths
on the two nights. The white spots and black circles indicate the *“ average depths ’
at which hauls were taken.

* All the post-larve caught on this occasion were less than 20 mm. in length.
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indication of increase in numbers in the bottom haul both on the 18th
and the 19th ; it is unfortunate that there are no deeper hauls to show
whether they were even more abundant below. It is interesting to note

TaBLE 9.

ey s & Fs & .. L
POST-LARVE OF SARDINA PILCHARDUS CAUGHT IN THE RING-TRAWL ON
Jury 15TH-16TH, 1924.

Depthin 5-10 11-15 16-24 Total num- Percentage

metres. mm. mm. mm. ber of fish. distt_ribu-
1011,
1st Series Surface  — 11 - — 11 a7
3.25- II 6-6 33 — — 33 17-2
4.45 p.m. I1T 13-6 60 10 — 70 36-5
Daylight v 195 61 7 2 70 365
v 345 8 - — 8 4-1
2nd Series  Surface  — 5 10 —- 15 14-1
7.55- 11 7 23 11 — 34 317
9.17 p.m. I1I 151 11 7 1 19 17-8
Dusk v 17-1 16 12 2 30 28-1
vV 32-3 4 2 3 9 83
3rd Series  Surface — 160 156 16 332 32-5
10.50 p.m. 11 58 141 66 8 215 21-1
-12.20 a.m. 111 11-2 124 31 16 171 16-7
Dark IV 20-7 67 34 10 111 10-8
v 32-2 142 41 10 193 19
4th Series  Surface  — 16 ~ — — 16 0-7
2.50- 11 19 326 b7 1 384 17-4
4,16 a.m. III 9 982 258 36 1276 577
Dawn IV 16 187 61 12 260 11-8
v 30-1 173 91 8 272 12-3
oth Series  Surface  — 3 1 - 4 3-3
8.45- II 53 17 3 — 20 170
10.11 a.m. I11 125 37 5 3 45 382
Daylight IV 183 29 8 4 41 3448
v 311 5 2 1 8 67

that the catch actually at the surface at midnight on 18th-19th was

very small. | This was also shown by certain other plankton organisms.
Now we have said that in 1924 there was a possibility that we might

have run into a shoal of young pilchard at night ; this might also be put
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forward as an explanation for the 1925 results. It would be a curious
coincidence, however, if this has occurred on three oceasions, and especially
on two successive nights as it did in 1925. A further possibility would
be that in the light the greatest numbers descend to below 30 metres
or just above the bottom. There is no sign that such was the case in the
first two series on June 17th, 1925, when we were fortunate enough to
fish the net well down in the deeper layers. The question remains, did
they escape the net on all occasions except in the dark ? I do not think
that young pilchard, all less than 20 mm. in length, would be able to
avoid so large a net as the ring-trawl, but on this question we need more
observations. The only explanation that remains is the possibility of
swarm formation by the small fish. If this were so one would expect
that the swarm formation occurred in the daytime, when the small
numbers caught could be accounted for by the fact that no swarms were
encountered by the net.

It is obvious that it is of no avail to try and bring forward explanations
of these curious results until we have far more observations.

TasLE 10.

POST-LARVE OF SARDINA PILCHARDUS ON JUNE 17TH-18TH-19TH, 1925,

Dark. Dark.
Series 1 2 3 4 H 6 7 8 9
Surface 1 8 66 1 — — 3 — —
1T — 4 67 1 - 4 39 2 1
11T 4 T 58 9 4 3 21 H 5]
v 4 b 24 11 1 12 23 6 4
v 10 T 29 12 2 8 36 10 1
VI 3 4 12 28 3 7 39 25 4

GADID /A,
GADUS MERLANGUS L.

In the collections in 1924, only one post-larval whiting occurred : this
was taken at T metres at dusk.

In June, 1925, they were more numerous, but the results (see Table 8,
p. 398) do not point to any definite migration at night; however,
while none were taken right on the surface in the daytime, one or two
were taken there by the dusk, midnight, and dawn hauls. Nearly all the
specimens were between 7 and 20 mm. in length. The following table
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shows the numbers of larger specimens taken, ranging between 22 and
50 mm. in length.

Dark. Dark.
Series 1 2 3 4 ) 6 7 8 9
Surface - - - 1 - - - 1 ~
II - ~ 1 3 = = e 1 -
111 = - = 1 - = - = -
IV - = . i - - - 6 N
v Pk e R A m owm B =
VI 2 - - - = - - - =

It will be seen that the larger number of young whiting of this size
were taken at dawn on both days, when they occurred at most depths;
including the surface. At each of the depths IV and V in series 8 one
small Cyanea capillata was captured.

Gapus mmwutus (0. F. Mill,).

Post-larvee of Gadus minutus were very scarce on both occasions ;
however the results would point to quite a definite upward movement
on the part of some at night. On July 15th-16th, 1924, two specimens
only were captured, 14 and 12} mm. in length. The first of these was
taken at 32 metres at 7.56 p.m., and the other at the same depth at
10.52 p.m. ; none occurred in any of the daylight or dawn hauls.

On June 17th, 18th, and 19th, 1925, specimens, 61-12 mm. in length,
were taken in the hauls shown in the following table.

Series 1 2 3 4 b 6

-1
oo
0w

Surface
IT
IIT -
v
Vv -
VI _

|

[ e I |
|
|
|

BD o |
|
|

— e ]
|

1 - - 1 -

Here we see definite indications that the post-larvee were extending
their distribution upwards at dusk and midnight on the first night, and
at midnight on the second night, reaching a level at a depth of 11 and
12 metres respectively, at which depth it is very unusual to meet with
them in the daytime (7, p. 119).
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BOTHID A&,

ARNOGLOSSUS SP.

On July 15th-16th, 1924, at 3.44 p.m. one post-larva only of Arno-
glossus, probably A. laterna (Will.), was taken at 19-5 m. ; at 8.15 p.m.
one at 17-1 m. ; at midnight eleven were caught at the surface, and one
or two at every other depth sampled ; at 4-6 a.m. none were taken quite
at the surface, but four at 1-9 m., nine at 9 m., and three and two at
16 and 30 m. respectively. In daylight the next day none were caught
at the surface or at b metres, but five, three, and one were taken at 125,
18-3, and 31-1 m. respectively. Thus it would appear that this species
showed quite a definite migration towards the surface at midnight,
together with a total increase in numbers.

In 1925, on June 17th, between 2.30 and 4.20 p.m., no Arnoglossus
post-larvee were taken ; at 8.53 p.m. one only was taken at a depth of
5+4 metres, and at midnight one at the surface ; in the next two series,
dawn and daylight, on the 18th, none were caught, but at dusk between
7.30 and 9.6 p.m. one was taken at each of the following depths : surface,
9-3 m., 19-4 m., and 30-9 m. ; between 10.30 p.m. and 12 midnight one
occurred at 12-2 m., one at 16-6, and one at 20-7Tm. In the two following
series, at dawn and daylight on the 19th, again no specimens were cap-
tured. Thus on this occasion also there occurred an inerease in numbers
in the darker hours, possibly indicating an upward movement.

SCOPHTHALMUS NORVEGICUS (Giinther).

The numbers of S. norvegicus post-larve, all between 4 and 10} mm. in
length, taken on July 15th-16th, 1924, are given below.

1st Series. 2nd Series.  3rd Series.  4th Series.  5th Series.
3.25 pm. to  7.55 p.m. to 10.50 p.m. to 2.50 a.m. t1 8.45a.m. to
4.45 p.m. 9.17 p.m. 1220 a.m.  4.16am. 10.11 a.m.
Surface — 5 1 — —
II, 2-Tm. 1 8 2 2 —
II1, 9-15 m. 10 3 b 2 2
IV, 16-20 m. 37 25 4 4 14
V, 30-34 m. 1 13 9 12 8

These figures show that while in the daytime these post-larva appeared
to avoid the water layers between the surface and a depth of about
13 metres, at night they extended their distribution upwards, so that
a few occurred at the surface itself; the greater number, however, still
kept to the deeper layers.
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From June 17th to 19th in 1925 we again see a similar behaviour,
although in this case the numbers of individuals captured are small
(Table 8, p. 398) ; on the second night the majority occurred, as in 1924,
below a depth of 10 metres, and on the first night the largest cateh was
from 11 m., but the numbers taken on this night were very small.

PLEURONECTID A.

PLEURONECTES MICROCEPHALUS (Don.).

On July 15th-16th, 1924, post-larvee of P. microcephalus, 6-12 mm. in
length,* occurred in daylight, at dusk, at dawn, and again in daylight,
only below 15 metres, except for one at 9 metres at 3.34 am. In the
dark, however, between 10.52 p.m. and 12.9 a.m. they were distributed
from the surface downwards (see Table 7, p. 397).

In June, 1925, there was evidence that they extended upwards at
dusk and remained so at midnight, on both nights on which the collections
were taken, but they never actually reached the surface. They were all
between 5} and 121 m. long. In the daytime none were caught above
20 metres ; there is again evidence of a slight increase in numbers at
night, possibly indicating that in the daytime they were restricted to
some deep-lying zone not sampled by the net (Table 8, p. 398).

SOLEID A.

SoLeA VARIEGATA (Domn.).

Post-larvee, 4 to 8% mm. in length, of S. variegata, were only taken
throughout the period of collecting on July 15th-16th, 1924, below
10 metres, except at 8.49 p.m., when five were caught at a depth of 7
metres ; this time, however, the majority still occurred below 10 metres
(Table 7, p. 397). There was therefore little indication of change in
vertical distribution throughout the night.

Again on June 17th to 19th, 1925, they mostly occurred below 10
metres. There was a slight indication of extension upwards of their
distibution at midnight on the 18th, when three were caught at the sur-
face, at this time, though, they were again more abundant in the deeper
layers (see Table 8, p. 398).

CARANGIDA.

Caranx TRACHURUS (L.).

Post-larvee of Carana trachurus, between 4 and 8 mm. in length, were
taken on July 15th-16th, 1924 ; while the largest catch was made at

* At 11.16 p.m. at 20-7 metres one metamorphosing specimen 16§ mm. in length was
captured, and at 31 m. at 8.46 a.m. a late post-larva of 14} mm.
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13-6 metres at 4 p.m. on July 15th, at 11.52 p.m. most were caught at
5-8 m., and at 3.34 a.m. on July 16th the majority were taken at 9 m.
(Table 7, p. 397). In June, 1925, none were taken.

AMMODYTID ZE.
AMMODYTES LANCEOLATUS (Lesauv.).

Post-larvee of Ammodytes lanceolatus, mostly between 5 and 20 mm.
in length, showed on the night of July 15th, 1924, no very marked increase
in numbers in the surface layers. At this time there was a full moon.
From Fig. 5 it would appear that they moved slightly downwards at
dusk, and that at midnight they were evenly distributed between the
depths of 10 and 30 metres, avoiding the layers from the surface down
to 5 and 6 metres, although there were relatively more at this level than
in the daytime. In the daytime they were most abundant below a depth
of about 15 metres.

The following table gives the sizes and total numbers of specimens
taken in each haul of the five series :—

1

Depth in Length in millimetres. n?.\?ntxier

metres. 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 of fish.
IstSeries 8. - - - — — — — — — — — - - - — — — - - - =
6 - — - - - = I - - - - = 1 1 - = = = = 3
131 -1 - 315 2 5111 -1- - - - - - 22
195 - 41 - 4 3 5 77 -3 -11 - - = - = - 36

345 — 1 w i o8 T Bl s R w0 s om e s e 4

2nd Series S, - - - - - - - - - - - - - = - =
7P = = = =1 = = = = = = - - - - - - = 1

151 2 = = =« = = = 2 = - - - - - = - - - - - 4
17211 1 31 2 31111 === === == - -115
3223 1 1 2 3 611 6 9 5 2 5 3 - -1 - -1 1 57
drdSeries §. - - 1 - = = =1 111 = = = = = = - - = 5
8 — — 1 =1 = 2 = = = = = = = = = -1 - -5

1121 3 1 1 4 3 4 2 3 1 - -1 - - - - = - 24

200 - - =112 43 3111 -1-= - - - - =18

3221 - - 2 -2 4 3 4 3 -311 - - - - - - 24
4thSeries 8. — = - = = = = = = = = = = = = = = - = - -
F90E 1 i i B B e B m e T ey e e e

g 1 5 411 21 -1 = = = = = = - - - = 17

6 3 61 3 4 3 21 -2 - - - -1 - - - - 26

301 4 6 -1 4 5 7 93 5 31 - - -1 - - - - 49
SthSeries §. - - - = = 1 1 = = =1 = = - - - - - - - 3
31 - - = = = = = 1111 - = === - - 235

126 - 2 2 2113 -2 -1-1 === = = - 15

1531 7 2 3 6 6 6 6 5 312 -1 - - - - - — 47

31-1 - - 2 3 4 2 2 7T 3 1 - = = = = = = = - - 24

In the collections on June 17th—19th, 1925, very few post-larval stages
of this species occurred. The numbers were too small to show any indica-
tion of movement (Table 8, p. 398).
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Johansen (4, p. 11) gives records of this species for April in Danish
waters, which show a huge increase in the numbers taken at night over
those caught in the daytime. It is noteworthy, however, that these
stages were from 13 to 91 mm. in length, very much larger than the
specimens I have taken, and it is more than probable that at this length
the young sand-eels are congregated together in shoals and have already

METRES. METRES.
+ 325-445PM. 755-217 PM. 1050 PM-I220AM. 250 -4 AM. B-45- 1011 A.M,

 ¢AlAd

404 NO. oF FISH AMMODYTES LANCEOLATUS. 40

1

20 @ 0 0 20

S0 50

F16. 5.—The vertical distribution of 4Ammodytes lanceolatus post-larve, at the times shown
on July 15th-16th, 1924. The white spots and black circles indicate the * average
depths * at which hauls were taken.

adopted their typical habit of burrowing in the sand, in which case
they may well have been either in the deeper layers or buried in the
bottom in the daytime. Further, the extraordinary rapidity with which
these fish can move, a whole swarm dispersing with lightning speed,
would enable them to avoid the net in daylight. At this stage, in our
waters, they are mostly quite close inshore, when on clear days one can
see the large swarms swimming about over sandy bottoms near the rocks ;
a sudden movement on the part of the observer or the casting of a stone
into the water will disperse the shoal immediately.

CALLIONYMID A&.

CALLIONYMUS SP.

The specimens captured on these occasions were mostly the post-
larvee of Callionymus lyra (L.). A few C. maculatus (Rafin.) were, how-
ever, present. Of the large number taken on July 15th—16th, 1924, only
twenty-five specimens of C. maculatus were seen ; these were specimens
in a sufficiently advanced stage of development to be distinguishable
from C. lyra by the pigmentation of the ventral fin (Fage 3, p. 136, and
Mielck 5, p. 232). It is possible that a few earlier stages may also have
been present. In June, 1925, probably the post-larve of C. maculatus
were even more scarce, e.g. among the 248 specimens taken at 7.27 p.m.
on June 17th from 38-6 metres none were seen.
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On July 15th-16th, 1924, at the period of full moon, the post-larve of
Callionymus sp. showed no signs of making any upward movement
during the night. An examination of Table 11 and also of Fig. 6, which
gives diagrammatically the distribution at different times, shows that
there was even an indication that the young Callionymus went deeper

METRES. METRES.
325-445PM. 755-17FM. 10B0PM-1220AM 250-416 A.M. 845-10-11A.M.

eAlit

404 NO e FISH CALLIONYMUS s, A0
1 40 20 0 20 40 B
50 50

Fre. 6.—The vertical distribution of Callionymus sp. post-larve, at the times shown on
July 15th-16th, 1924. The white spots and black circles indicate the * average
depths " at which hauls were taken.

during the night and early hours of the morning than in the daytime.
In the afternoon and at dusk on July 15th and in full daylight on the
morning of July 16th there was a sudden increase in the numbers of these
post-larvee below 15 metres, and above this level very few were taken ;
at midnight and dawn, however, they were relatively scarce even down
to a depth of 20 metres,

Tasre 11.

NuMmBERS OF PosT-LARVA OF CALLIONYMUS SP. IN EACH HAUL oN
JuLy 15TH-16TH, 1924.

15t Series. 2nd Series.  3rd Series.  4th Series.  5th Series.

325 pm. to 7.55 p.m. to 10.50 p.m. to 2.50 a.m. to 8.45a.m. to
4.45 p.m., 9.17 p.m. 12.20 a.m. 4.16 a.m. 10.11 a.m.

Surface 2 - 3 - —
II, 27 m. 3 7 1 — 2
III, 9-15 m. 14 12 6 2 19
1V, 16-20 m. 62 47 12 8 59
V, 30-34 m. 42 101 71 44 50

In the two daylight series (1 and 5) and the dusk series (2) all the post-
larvee were between 3-5 and 7-5 mm. in length. At midnight, however,
at 20-7 metres, three specimens, 8 mm. long and two of 85 and 9-5
respectively, were caught ; while in the same series at 32-2 metres there
were four 8 mm. long and two hottom-stages of 12-5 and 14 mm. At
dawn at 30 metres two 9-5 mm. and one 10 mm. long were caught ; these
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were very early bottom stages, one of which was a C. maculatus. This
is an indication of an upward movement from the deeper layers of the
older stages.

On the two nights in June, 1925, when there was no moon, there was
apparently definite evidence of a vertical movement upwards at night
(see Table 12 and Fig. 7). In the daylight hardly a single specimen was

METRES . S
2.35- 727 - 10-38 PM-  236- 7.25- 730- 10-33PM- 2.28- 7355-
0 418 PM, 843 P.M, 235 AN, 4I9AM. 9ZAM. SBRM. 1213 AM. 4BAM. S AM. 0
| ’ ] “ ° Qo o
104 | & "
~ 3 i -20
-1 30
iy NO. o FISH . CALLIONYMUS  se. L a0
-J_ |ﬁmmo L
N ' - 50
17 ™ ' 8T | o™

16, 7.—The vertical distribution of Callionymus sp. post-larvee, at the times shown, on
June 17th-18th—-19th, 1925, showing the increase in numbers at all depths on the
two nights. The white spots and black circles indicate the “ average depths ” at
which hauls were taken.

taken in any of the hauls above 15 metres, but at night post-larvae were
caught at the surface itself, although they were apparently still far more
numerous in the deeper layers.

TasLe 12.

NumBERS oF Post-LARVAE oF CALLIONYMUS SP. IN EACH HAUL on
JUNE 17TH-18TH-19TH, 1925,

Dark. Dark.

Series 1 2 3 4 B 6 7 8 9
Surface 1 1 38 1 — — 12 — —
II 1 10 47 1 — 1 41 2 -
ITT i 39 b2 5 2 — 79 4
IV 40 85 59 17 2 8 96 6 1
v 45 352 145 71 26 9 147 59 21
VI 30 248 5 54 18 31 182 75

Again, as we noticed to be the case with the pilchard post-larvee, we
find a curious inerease in the total number of young Callionymus caught
at night in June, 1925. To show that this is not due to a vertical move-
ment of fish of the small bottom-living stages I append the following
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figures, giving the actual sizes of the specimens taken in two of the
hauls : at 29-8 metres in Series 1 and 31-3 metres in Series 2. It will be
seen that in neither case can any of these be said to be true bottom living
forms, but that they are all true planktonic post-larvee. Ehrenbaum
(2, p. 106) says that Callionymus lyra takes to the bottom at a length
over 10 mm., and Mielck (5, p. 235) gives about 11-12 mm. for the corre-
sponding stage of development of C. maculatus ().

Length in millimetres.
4 4 5 5k 6 68 7 T¢ 8 8% 9 9% 10

1st Series,298m. - 3 10 9 7 4 3 2 3 3 1 - -
2nd ,, 31-3m. 3 15 51 29 58 42 58 37 36 13 8 - 2

The possible explanations for this increase in numbers will be the
same as those already stated under the description of the vertical distribu-
tion of Sardina pilchardus post-larve (p. 401). Perhaps, judging from
the actual figures which show such a large increase in the deeper layers
at night, it is most probable that in mid-June, a time at which the light
is at its strongest and its penetration into the water probably deepest,
the Callionymus larvae were, in the daytime, congregated either in the
water layer a few metres above the bottom or actually resting on the
bottom itself. The figures for daytime catches shown in Tables 6 and 8,
pp- 155 and 157, of a previous paper (7) would indicate that on June 4th
and July Ist these post-larvee occurred higher in the water. Tables 3
and 4, pp. 152 and 153, of the same paper show, however, that in mid-
June, 1924, on the 17th and 25th days of the month, in the daytime
they were also well above the bottom ; on both these dates the weather
was dull. In June, 1925, the amount of sunshine recorded in the South-
west of England was exceptional, and may well have been the cause of
the fish seeking the deepest layers, if such ghould turn out to be a correct
interpretation of the figures shown by my collections. I give below the
figures showing the average daily sunlight for the weeks at this time
of year in 1924 and 1925.

Average number of hours per day.

1924 1925
22nd week of the year 52 121
2%ed L, . . 22 126
24th ,, ,, , 65 10-6
25th ,, ,  , 67 97
2%th , ., 44 79

2

Atkins, in a paper on Phosphate Content in this volume of this Journal
(1), gives on p. 457 a graph that illustrates this exceptional amount of
sunshine in June, 1925,
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LABRID A.

Post-larval wrasses were scarce on June 17th-19th, 1925: but on
July 15th-16th, 1924, young Clenolabrus rupestris, Crenilabrus melops, and
Centrolabrus exoletus were present throughout the series. It has been shown
(7, p. 131) that these forms are somewhat irregular in their vertical distri-
bution, and may be taken right at the surface in daylight ; little informa-
tion can be obtained from the figures (Table 7, p. 397), except that at
any rate they did not definitely migrate to the surface at night in which
case they would have been taken in greatest numbers at that region.

SCOMBRID A.

SCOMBER SCOMBER (L.).

The post-larvee of the mackerel have been shown to occur as much in
the upper layers as deeper down in the daytime, even being taken right
on the surface (7, p. 133).

On July 15th-16th, 1924, they were most abundant at 5 or 6 metres
in the two daylight hauls and at midnight ; at dusk and dawn, however,
they would seem to have been deeper in the water, between 9 and 17
metres. This may, of course, be due to uneven horizontal distribution,
because while at dusk on June 18th, 1925, they were mostly at 20 to 30
metres, at dusk on the 17th there was no indication of this,

GOBIID A.
GoBius ELONGATUS Canest.

Post-larvee of Gobius elongatus on July 15th, 1924, showed a distinct
extension of their distribution into the upper and surface layers at night.
An examination of Table 13 and of Fig. 8, however, will show that the
bulk of the young fish were still well below the actual surface.

TaBLE 13.

NUMBERS OF (GOBIUS ELONGATUS POST-LARVE IN EACH HAUL on
Jury 15TE-16TH, 1924.

1st Series.  2nd Series.  3rd Series, 4th Series.  5th Series.

3.25 pm. to 7.55 p.m. to 10.50 p.m. to 2,50 a.m. to 8.45 a.m. to
4.45 p.m. 9.17 p.m. 12.20 a.m. 4.16 a.m. 10.11 a.m.

Surface 1 15 23 4 2
II,2-7 m. 9 89 52 26 10
III, 9-15 m. 68 154 87 237 103
IV, 16-20 m. 106 Iefd 95 213 236

V, 30-34 m. 62 118 210 187 105
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It is curious that in the 3rd Series (Dark) the largest catch was made
by the bottom haul, as with Callionymus (p. 407), indicating a possible
descent of some individuals (see Fig. 5); no conclusion, however, can
be drawn from a single observation, unevenness in horizontal distribution
always having to be borne in mind.

METRES METRES.

325-445 PM. 755- 817 PM, 1050 PM - 1220 AM. 250-416 AM. 8-45-I101A.M.
0

0 _ .
104 - 10
20: lEU
304 350

404 NO.oF FISH GOBIUS ELONGATUS. 40
] 100 50 © S50 100
50 50

Fra. 8.—The vertical distribution of Gobius elongatus post-larve, at the times shown, on
July 15th-16th, 1924. The white spots and black circles indicate the *‘ average
depths ** at which hauls were taken.

In June, 1925, post-larval Gobies were extremely scarce in the day-
time ; at night, however, there was a marked increase in numbers at all
depths, and they appeared to have been fairly evenly distributed from
the surface downwards (Table 8, p. 398).

Leperus scorrroinges (Coll.).

Post-larvee of Lebetus scorpioides were extremely rare on both the
occasions on which serial collections were made.

On July 15th, 1924, in Series 1 two only were taken, one from a depth
of 195 m. and the other from 34-5 m. In Series 2 no specimens were
captured. In Series 3 one was taken at the surface, one at 5-8 m., and
two at 32:2 m. In Series 4 only one was caught, and that from 30-1 m. ;
and in Series 5 two were taken, both from 18-3 m. In June, 1925, none
were taken, except at 8:11 p.m. and 10-55 p.m. on the second night,
June 18th, when they were caught at 14 and 20-7 metres respectively
(Table 8, p. 398).

Johansen, in April, 1925, only took this species in the upper water
layers, in Danish waters, between the hours of 12 midnight and 2 a.m.
(4, p. 10).
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BLENNIID A.

Brenn1Us PHOLIS (L.) AND BLENNIUS ocELLARIS (L.).

Post-larvae of Blennius pholis and Blennius ocellaris were too scarce
on both occasions to show any evidence of their behaviour (Tables 7 and 8,
p- 397).

BreENN1US GATTORUGINE (L.).

Blennius gattorugine post-larvae did not avoid the upper layers in the
daytime on July 15th-16th, 1924 ; there is an indication of an accumula-
tion in the surface layers at night, but the numbers are too small to be
conclusive. In June, 1925, they were very scarce.

TRIGLID A.

TRIGLA SP.

In July, 1924, post-larve of T'rigla sp., which were living in the day-
time below a depth of about 7 metres, showed a slight extension upwards
of their vertical distribution at dusk, dark, and dawn, but on no occasion
was any specimen caught at the surface itself (Table 7, p. 397). On the
two nights in June, 1925, however, when there was no moon, although
the numbers taken were very small, there is an indication of a more
marked upward movement (Table 8, p. 398).

GOBIESOCID A.

LEPADOGASTER BIMACULATUS (Penn.).

In July, 1924, post-larvee of L. bimaculatus showed no signs of any
diurnal change in their vertical distribution, being taken mostly below
20 metres ; one was taken at 7 m. at dusk. In June, 1925, only seven
specimens were caught in the whole series of collections ; of these two
were taken in daylight, three in the dark, and two at dawn.

CYCLOPTERID A.

Liraris MoNTAGUI (Donov.)

Only two post-larvae of L. montagui occurred in the July, 1924, collec-
tions ; one was taken at 8.15 p.m. from 17 metres and one at 10-52 p.m.
from 32 m. There were none caught in June, 1925.
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AGONIDA.
AGONUS CATAPHRACTUS.

In all the collections one post-larve of this species only occurred ;
this was from 25 metres at 10.33 p.m. on June 18th, 1925.

LOPHIID A.

Lorurus piscarorius (L.).

Post-larval L. piscatorius only oceurred in June, 1924, when only seven
specimens were taken altogether; there was no evidence of upward
movement at night (Table 7, p. 397).

SUMMARY.,

1. Results are given of collections made with the stramin ring-trawl
to study the vertical distribution of post-larval teleostean fishes through-
out the period from daylight, through the hours of darkness, to daylight
on July 15th-16th, 1924, and June 17th, 18th, and 19th, 1925. At the
time of collecting in July, 1924, it was full moon ; in June, 1925, there
Was 10 mMoon.

2. Inno case, except perhaps that of Sardina pilchardus post-larvee, was
there evidence of marked upward migration at night ; the general impres-
sion for most species was that while the type of distribution shown in
daylight was somewhat modified at night, only very few individuals
moved up to the surface layers. There was, however, a notable increase
in numbers of certain species at all depths at night, whether this was
an indication of a movement up from layers very close to the bottom is
not known ; it will need many more observations before the exact signifi-
cance of this can be fully understood.

3. The numbers of post-larve taken were in the case of most species
unfortunately very small on all occasions ; it is not possible, therefore,
to come to very definite conclusions.

4. A possible indication of the effect of moonlight was shown by the
post-larval Callionymus lyra, for while in July, 1924, at the time of full
moon they showed no upward movement at night, in June, 1925, with
no moon a certain proportion reached the surface layers.
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