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A Contribution to the Quantitative
Study of Plankton.

By
E. J. Allen, D.8c., F.R.8.
Director of the Plymouth Laboratory.

TueE well-known work of Hensen (1887) was the first serious attempt
to determine the actual number of individual plankton organisms in
sea-water. Hensen’s method consisted in straining a vertical column
of water through a net of fine-meshed bolting silk having 6,000 to 6,500
meshes per square centimetre, the average length of the side of a mesh
being 50 u. A carefully measured sample of the organisms retained by
the net was taken and the number of organisms in it counted. From this,
since the area of the mouth of the net and the distance through which it was
drawn were known, the number of organisms in a unit volume (1 litre)
of water could be calculated, with the help of a coefficient of filtration
for the particular pattern of net employed, which was determined ex-
perimentally. Many small organisms, however, escaped through the
meshes of the net, and Lohmann (1902, 1908) made a special study of
these by filtering through hard filter paper or closely woven taffeta silk,
by an examination of the filtering apparatus in the * houses” of
Appendicularians, and finally, for the quantitative estimation of the
smallest organisms of all, by subjecting samples of sea-water to the
action of a centrifuge making 1,400 revolutions per minute for a period
of 7 minutes. The use of the centrifuge has been continued by Gran
(1915) and by Lebour (1917). For the full literature of the subject the
reader is referred to Gran (1915) and Lohmann (1911).

In the course of my work on the cultivation of plankton diatoms
(1910, 1911) I became convinced that even the quantitative method
based on the use of the centrifuge fell very far short of giving the total
number of organisms actually present in a sample of sea-water, and the
results recorded in the present paper show that this is certainly the
case. The figures now given, which are based on culture experiments,
though very greatly exceeding those obtained by the use of the centri-
fuge, must still be regarded as minimal figures, and by no means repre-
sent the actual number of organisms present, even when we leave out
of consideration the bacteria, which I have not attempted to enumerate.

The culture solution used was the modification of Miquel’s solution
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2 E. J. ALLEN.

recorded in the paper by Allen and Nelson (1910). Two solutions were

made up :—

A. Potassium nitrate 22-2 grams.
Distilled water 100 grams.

B. Sodium phosphate (Na,HPO,12H,0) 4 grams.
Calcium chloride (CaCl1,6H,0) 4 grams.
Ferric chloride (melted) 2 ce.
Hydrochloric acid (pure concentrated) 2 ce.
Distilled water 80 ce.

To 1 litre of sea-water 2 cc. of solution A and 1 cc. of solution B were
added. After the addition of the two solutions, the sea-water was brought
to the boil and then allowed to cool and stand for at least 24 hours,
generally for some days, the precipitate which forms settling to the
bottom. The clear liquid was poured off and used in the experiments.
Long experience has shown that no growth of organisms (other than
bacteria and possibly moulds introduced from the air) occurs in sea-
water so prepared unless it is inoculated with sea-water containing such
organisms. All flasks were thoroughly cleaned and baked in an oven
before use, and pipettes were always both boiled and baked, a clean
and sterile pipette being used each time a flask was examined.

On September 6th, 1918, a sample of sea-water was taken near the
Knap Buoy, which is situated about § mile outside the Plymouth Break-
water. The sample was taken in a sterilised Winchester quart bottle,
which was plunged, after the stopper had been taken out, one or two
feet below the surface and allowed to fill. The sample was dealt with
immediately it reached the Laboratory; (1) by centrifuging 40 cc. of
it twice, and counting the number of organisms under the microscope
in the ordinary way and (2) by a culture method in which the organisms
present in } cc. were allowed to grow.

1. EXAMINATION BY MEANS OF THE CENTRIFUGE.

This part of the experiment was carried out by Dr. Lebour, on the
same plan as that usually followed by her in the quantitative determina-
tion of the microplankton of Plymouth Sound (Journal M.B.A., Vol. XI,
p. 133, 1918).

Four glass tubes with pointed ends, each containing 10 cc. of the
sea-water, were subjected for 10 minutes to the action of a centrifuge
worked by a small water-motor and running at about 1,140 revolutions
per minute.® The bulk of the water was then poured off from the tubes and

1 The centrifuge was the same and worked at the same speed as that used by Dr.
Lebour in her work on the microplankton of Plymouth Sound. The tubes were 65 mm.
long (including the pointed ends) with an internal diameter of 18 mm. At a later date
a careful comparison was made between the results given by this centrifuge and those
given by a hand centrifuge driven at 1,680 revolutions per minute, with fwo tubes 95

mm. long (ineluding the pointed ends) and 11 mm. diameter, The former, driven by
the water-motor, proved to be distinctly more efficient.
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the drop containing the organisms remaining in the pointed end of each
tube was removed by means of a-pipette and transferred to a ruled glass
slide on which the number of organisms was counted under a microscope.
The bulk of the water was then put back in the tubes, again centrifuged
for 10 minutes and the organisms deposited, examined and counted.

Table I gives the result obtained by Dr. Lebour by using the centri-
fuge in this way.

Table 1. Water Sample from near Knap Buoy, September 6th, 1918.
Four tubes of 10 ce. each, centrifuged twice.

AvErRAGE NUMBER IN 10 cc.

% indicates that the organism was seen once only in the 40 cc.

Navicula sp. 10 Lithodesmium undulatum 1
,,  membranacea 1 Pleurosigma sp. 2
Thalassiosira gravida 2 Hyalodiscus stellatus X
. sp. X Prorocentrum micans 6
Chaetoceras sp. 16 Peridinium sp. juv. 7
Skeletonema costatum 26 Glenodinium bipes 3
Nitzschia closterium 8  Amphidinium crassum X
s delicatissima 7 Gymnodinium teredo %

i seriata 1 . sp. juv. 3
Coscinodiscus radiatus 1 Spirodinium glaucum >
i excentricus X Cochlodinium sp. 3¢

. sub-bulliens ¥ Flagellata indet. 21
Rhizosolenia faereensis 2 Tintinnopsis beroidea 1
Asterionella japonica 13 Infusoria indet. X
Eucampia zoodiacus 3 Foraminifera indet. X
Paralia sulcata 8 Algal spore X
Larval bivalve X

Larval crustacean X

This gives 14-45 organisms per cubic centimeter or 14,450 per litre.

2. EXAMINATION BY MEANS OF CULTURES.

The bottle containing the sea-water sample of September 6th, 1918,
was shaken up and } cc. was drawn out and measured off with a 2 cc.
pipette graduated in 50ths of a cc. The § ce. was added to 1,500 ce.
of sea-water which had been treated with Miquel solutions as already
described, boiled and allowed to cool and the precipitate to settle. After
being well shaken up the solution was divided up into 70 very small flasks
(capacity of flask 50 ce.), so that on the average there was a little over
20 cc. in each flask. These 70 flasks were placed in a north light and
kept at room temperature without a fire (September and early October).
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After ten days many of the flasks showed distinct signs of growth,
and the first examination was commenced on September 16th and
extended to September 19th. The different kinds of organisms found
growing in each flask were recorded. A second examination was made
between October 4th and October 15th, and a third examination between
October 17th and October 23rd.

The organisms found were chiefly diatoms, flagellates and other
protozoa. Bacteria were practically always present, but no attempt
was made to distinguish them, and they are not included at all in the
figures given below.

Tt must be understood clearly that the numbers given are minimal
numbers. Closely allied species, where there was any possibility of
their being merely varieties or ‘“ growth forms ” of one species, were
counted only as one organism when they occurred in the same flask.
Thus Nitzschia delicatissima and Nitzschia seriata are not counted as
distinet, and never more than one species of minute Thalassiosira is
recorded from the same flagk. In the case of Chatoceras never more
than two were recorded in any one flask, and then only when the dis-
tinction between them was very marked. TFlagellates were only re-
garded as distinct when their characters were very marked indeed.

The largest number of different kinds of organisms found in one
flask was 7; in two flasks only one organism was distinguished, and
there were no flasks in which no growth at all took place. The average
number of different kinds of organisms per flask for the whole series
was 3-3. Adding together the numbers found in each flask for all the
70 flasks we get a total of 232 different organisms. Now each of these
must have been represented by at least one individual or unit, either
as cell or spore, in the original 1 cc. of sea-water from which the experi-
ment was started. The sample of sea-water therefore must have con-
tained at least 464 organisms per cubic centimeter or 464,000 per litre.

The real number must be very considerably greater than this. In
the case of several of the minute diatoms, especially small Thalassiosira-
like species, they form little patches of encrusted growth on the sides
and bottom of the flask, and when the flasks are first examined, and
before they have been disturbed in any way, two or three or more patches
are frequently seen in the same flask, showing that the growth in that
flask has probably started from more than one individual cell or spore.
In the case of chain-forming diatoms such as Chetoceras it is practically
certain that the chains are not all broken up into individual cells by the
shaking given to the 1} litres of inoculated culture solution before it is
distributed amongst the 70 small flasks. In many cases the growth of
such species in a flask will have started from more than a single cell.

The organisms recorded are only those that will grow in the particular
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culture medium employed, and under the conditions of light, tem-
perature, ete., in which the experiment was carried out. It is certain
that many species cannot be cultivated at all under these conditions.
I have, for example, in the whole course of my work only once had a
gpecies of Peridinian in culture.

Taking all these points into consideration we should probably be
within the mark in putting the number of organisms in the sample of
sea-water examined at least one million per litre.

To what extent the number found represents individual cells and to
what extent it represents “ spores ” it is impossible to say definitely.
The organisms most frequently occurring in the cultures are small diatoms
and flagellates of different kinds, the usual mode of reproduction in both
cases being by binary fission, reproduction by spore formation being
exceptional. '

The following table gives the details of the experiment just described :—

Table 11 showing the minimum number of organisms (excluding bacteria)
in % ce. of sea-water collected near the Knap Buoy, September 6th, 1918,
as determined by a culture experiment in which it was distributed amongst

70 small flasks.
Number of Oceurrences
in % ce.

Navicula sp.
Thalassiosira (large sp.)
. (minute sp.) . ;

Chatoceras sp. (not more than 2 recorded

in one flask)
Skeletonema costatum
Nitzschia delicatissima

5 closterium
Coscinodiscus sp. .
Detonula sp.
Rhizosolenia fercensis
Asterionella japonica
Kucampia zoodiacus
Minute diatom indet.
Chrysomonads
Cryptomonad
Peridinian
Coccolithophora
Tintinnids
Other Protozoa

13
DD H

=1

—

—
BD W = e e e e DD e e D OO O WO
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Total . : . 232
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Notes on Table 11.

Cheetoceras sp. The most common species was a small one with
cylindrical cells 11 w long by 2-8 u diameter. There was also a
species with square cells, the side of the square bheing considerably
less than the length of the cylindrical cells, probably about 5 wu,

_though no actual measurement was taken.

Thalassiosira sp. There were at least two minute species very
frequent, one with diameter 4 u and height 4 u, the other with
diameter 2-8 . These two were counted as one when occurring
in the same flask. A larger species of Thalassiosira with diameter
8:3 u was regarded as different.

Navicula sp. Two species oceurred, a larger and a smaller one.
The former had frustules 25 u long by 5 u broad at the widest part,
and was the one usually found. The smaller one had frustules
about 13 u long.

The Chrysomonads were chiefly 3 w to 7 wm in diameter, the
Cryptomonad was T p.

For comparison with the above experiment, a culture experiment
started August 6th, 1918, and carried out in a similar way in 66 flasks,
with 1 cc. of sea-water from a sample taken near the Knap Buoy, may
be recorded. In this case the experiment was commenced for another
purpose and no comparative examination of centrifuged samples was
made.

The number of different organisms proved in the 66 flasks, that is
the minimum number of individuals which must have been present in
the original § cc. of sea-water, was 231, which is almost the same figure
as that found from the experiment of September 6th.

The following table gives a list of the organisms. It will be noticed
that the proportion of flagellates is larger in this sample than in the
previous one.

Table 111 showing the minimum number of organisms (excluding bacteria)
i % ec. of sea-water collected near the Knap Buoy August 6th, 1918,
as determined by a culture experiment wn which it was distributed amongst
66 small flasks.

Number of
Ocecurrences.

Navicula (2 species) . . ! 60
Thalassiosira sp. . . ; ; 36
Cheetoceras sp. . : . ] 18
Skeletonema costatum . { : 6
Nitzschia delicatissima . : : 17

=

i closterium 7
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Number of

* Oceurrences.
Lauderia borealis ; : : 1

Flagellates (not more than 2 recorded in

one flask) 73
Ciliates 10
Amceba 1
Coccolithophora 2
Total ‘ ; .

A comparison of the list of species and number of specimens recorded
from the centrifuged sample (Table I) with that obtained from the
culture (Table II) shows a considerably larger number of species revealed
by the centrifuge, as we should expect from the larger sample examined
(40 co. as against % cc.), whereas the number of individuals per cec.
revealed by the culture is very much larger, more especially in the case
of the smaller species.

In Table IV, which is compiled from Tables I, IT, and III, the numbers
given by the three experiments have been multiplied up to show the

number of organisms per litre, so that the three can be more readily
compared.

Table IV. Number of plankton orgawisms per litre shown by the three

experiments.
Centrifuge, Culture. Culture,
Sample of Sample of Sample of
Sept. 6th. Sept. 6th. Aug. 6th.
Number per Number per Number per
litre from litre from litre from
Table I, Table II1. Table IIL.
Navicula . : . 1,100 8,000 120,000
Thalassiogira 3 : 225 136,000 72,000
Chamtoceras : : 1,600 146,000 36,000
Skeletonema costatum . 2,600 12,000 12,000
Nitzschia delicatissima 800 16,000 34,000
and seriata ;
Nitzschia closterium 3 800 38,000 14,000
Coscinodiscus ; ; 150 8,000 —
Rhizosolenia fercensis . 200 4,000 —
Asterionella japonica i 1,300 2,000 s
Kucampia zoodiacus . 300 2,000 —
Other diatoms . . 1,125 4,000 2,000
Peridinidee . . 2,000 2,000 —
Other Protozoa . . 2,250 86,000 172,000

Totals : 14,450 464,000 462,000
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There is obviously at present no method that is capable of giving
us a complete quantitative estimate of the total number of individual
organisms in a sample of sea-water, but by combining a number
of method we shall gradually get nearer to the solution of the problem.
The present note it is hoped may carry the question a step forward.

My best thanks are due to Dr. M. V. Lebour, not only for carrying
out the examination of the sample of sea-water by means of the centri-
fuge, but also for constant help in the determination of species.
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Feeding Habits of Some Young Fish.

By

Marie V. Lebour, D.Sec.
Naturalist at the Plymouth Laboratory.
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INTRODUCTION.

Durine the year 1918 several young fish brought in alive from the
tow-nets were kept in small aérated aquaria at an even temperature
and fed on plankton. In this way feeding habits were noted and some
post-larval fish went through a metamorphosis into the adult form,
notably Labrus bergylta the Ballan Wrasse, Solea vulgaris the Sole,
Solea lascaris the Lemon Sole, and three species of Lepadogaster. Young
Whiting and Pollack were also kept alive for some months and fed
eagerly on most of the food that was given to them.

A great difference was seen in the way the various species of young
fish feed. Some deliberately stalking certain selected food, others
apparently eating the first thing that comes. Some feeding at all times,
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others only at night. Some eating very little at one time, others eating
as much as they can get. Some very shy and only eating when apparently
unobserved, others snapping immediately at the food. The Whiting, of
all the young fish observed, is the greediest and very clever at recognizing
the different foods and selecting the best first. The Pollack comes
second. These stalk their food, usually Copepods, coming up behind
and giving a sure sideways dart so that the Copepod is swallowed head
first. Many times have Whiting and Pollack been captured with Copepods
in their mouths, having probably swallowed these after being caught in
the tow-nets when in a broad-mouthed bottle. The Copepods are always
head first in the mouth, the advantage to the fish being obvious, as legs,
antenne and spines then fit close to the body and project as little as
possible, whereas if the tail goes in first all would stick out, and a fish
is easily choked by a spine. One small Whiting died from swallowing
a crab megalopa whose dorsal spine stuck in its throat so that it was
impossible to close the mouth. This particular fish took the megalopa
very unwillingly and only because it was very hungry, but Whiting of
a slightly larger size take crab megalope as part of their natural food,
as is shown in this year’s food records (see page 34 of this Journal).

Whiting being the cleverest of the young fish, the Ballan Wrasse,
Labrus bergylta, is certainly the most stupid. Its movements are heavy
and slow and food is not observed for a long time after having been put
into the aquarium. When it does eat it does not stalk its food, but snaps
up the small Copepods or other small Crustacea that cross its path. This
slowness of perception of the food is curious, as the adult Ballan Wrasse
in the aquarium tanks is very greedy and will if possible eat up all the
other fishes” food.

The species of Solea were both very alert, but Solea vulgaris, although
agitated by the presence of food, only ate it at night, Solea lascaris, on
the other hand, would come a long way when food was put into the
aquarium, and dashing in amongst it would snap quickly at it, not
stalking anything, but selecting what it liked best.

Young Lump Suckers, Cyclopterus lumpus, were exceedingly intelligent.
Fixed by their suckers to the glass sides of the aquarium or to the aérating
tube they would know at once when food was near, instantly unfix and
swim about, then selecting something specially attractive would chase it
and quickly swallow it. They never snapped at food whilst they were
fixed but always fed swimming. The little rock suckers, Lepadogaster
spp., were the same in this way and always moved about when feeding.

Rockling Onos mustela were always shy when feeding, but would eat
almost anything, Callionymus lyra the dragonet, and the gobies, Gobius
spp., were also not at all particular as to the food they ate and snapped
up most of what was given to them. Brill and Turbot are very dainty,



FEEDING HABITS OF YOUNG FISH. 11

but ate occasionally Copepods, larval Crustacea, Isopods or Amphipods.
Various species of Blenny would dart after Copepods, using their long fins,
but were difficult to keep alive in the small aquaria.

LABRUS BERGYLTA. TaE BArnaN WRASKE.

Three were kept alive, one of 6 mm. on June 12th, one of 7 mm. on
July 16th, and one of 7 mm. on August 7th. All of these were similar
to those recorded by Clark (1914) and Allen (1917) having the hind part
of the tail quite free from pigment, which covers the rest of the body.
Two completed their metamorphosis and showed themselves to be truly
Labrus bergylta, thus proving that these authors were right in attributing
the post-larval form to this species.

By June 25th the specimen of 6 mm. had grown to 11 mm. and had
undergone its metamorphosis. On July 23rd it died, measuring 15 mm.
The second specimen died the next day and contained no food. The
third specimen metamorphosed at 11 mm. and lived until October 2nd
measuring 13 mm. Both those that lived kept at the bottom of the
aquarium all through the post-larval state and seemed to try to hide
away as much as possible. After metamorphosis they would swim
about more, especially if feeding. Their movements were always very
slow, food being taken casually and without apparent selection although
in the post-larval forms from the tow-nets taken from June to August
and measuring from 4 to 10 mm. Temora longicornis was almost ex-
clusively eaten even by the smallest, with Podon intermedius in July
when it was common. In captivity Labrus bergylta would eat almost
any small Copepod, Temora often being present, but also there were
many Acartia clausi, Oithona similis, and Copepod nauplii of various
species and Balanus nauplii which were always eaten. Calanus fin-
marchicus although often offered was never eaten even by the largest
fish of 13 mm. It is possible that its movements are too quick for such
a sluggish creature. It is an interesting fact that oyster spat was eaten,
for most of the post-larval fish refused it. Limacina retroversa was, how-
ever, not liked and always lett. After metamorphosis the food seemed
to be the same as before.

TRACHINUS VIPERA. Lgesser WEAVER.

Four specimens were procured alive from the tow-nets in July and
August, from 6 to 30 mm., but none lived more than a few days and
they would not eat at all. One of 12 mm. caught August 2nd, died on
August 8th, and in its stomach was an adult specimen of the trematode,
Derogenes varicus, full of eggs. No food was found in any of them.
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LOPHIUS PISCATORIUS. ANGLER.

A post-larval Angler occurred from the region of the Panther buoy
on July 2nd, 1917. It measured 8-5 mm. in length and was alive when

Fre. 1. Post-larval Angler, Lophius piscatorius, 8'5 mm. long.

brought into the Laboratory (Fig. 1). The most striking feature was its
large and extremely brilliant blue eye, which glistened intensely. The
yellow and black pigment of its head and fore part of the body and the
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distal portion of its pelvie fins was also conspicuous. The distribution
of the pigment is peculiar, as it is entirely confined to the region from the
head to the end of the alimentary canal and to the distal portions of the
pelvic fins. A diffuse bright yellow pigment occurs over almost the whole
of this anterior region with dense black dendritic chromatophores. The
part of the head in front of the eye is almost destitute of pigment and the
head crest is perfectly clear with no pigment at all. For rather more than
half its length the distal end of the pelvic fin is a diffuse yellow with
black chromatophores and the fringed edge of the pectoral fins are
provided with small black chromatophores. Behind the anus the body
is perfectly clear and hyaline.

This stage is very like the American form figured by Agassiz (1882)
who, however, gives no measurements. It is older than those figured
by Allen (1917) and Prince (1891), these two latter being at about the
same stage and measuring over 6 mm., and it is at a much less advanced
stage than the post-laival of 7 mm. figured by McIntosh and Prince
(1890) although larger than this. The anterior portion of the dorsal
fin is provided with four processes each with a supporting ray, the
two front rays ending in extremely fine filaments. The pectoral fins
are large with lobed edges and reach beyond the alimentary canal.
The pelvic fins are much more developed than they are in the Plymouth
specimen of 1917 (from 1914 tow-nets) being nearly as long as the body
and having two distinct fin rays. Its shape approaches the more ad-
vanced stages figured by Agassiz (1882).

This stage follows on naturally from the younger stage from Ph» mouth
and the oldest form figured by Prince from the Firth of Forth, the latter
being 15 days old, so that probably the present specimen is a few days,
older than that, perhaps three weeks old. It appears to be slightly older
than Fig. 1, PL. XVIII of Agassiz, but closely resembles this whilst the
pelvic fins incline towards the shape in Fig. 2, and it exactly corresponds
in colouring with Agassiz’s description. There seems no reason to think,
as Prince suggests, that the British Lophius is different from the
American form in its post-larval stages. Danois (1913) figures a post-
larval Lophius of 11 mm. in length which is at about the same stage as
Allen’s and Prince’s, the pelvic filaments being rather longer.

On July 2nd from the Knap five young Anglers were obtained from
4 to 5 mm. long. These are rather younger than the Plymouth specimen
recorded by Allen and figured by Mrs, Sexton (1917), having two head
spines only and the clear space above the brain enormously developed.
The pigment is almost entirely black with only a faint yellowish tinge,
the eyes a very deep blue so that the anterior portion of the body alone
is visible in the water, the little fish looking like small round masses of
dark blue, the pigment being confined to the anterior portion of the body
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and the tips of the pelvic filaments. The head spines and the whole of
the body behind the anus being transparent and colourless they are
invisible in the water. No food was contained in any of these young
Anglers and all died soon after they were brought in. The movements
of these little Anglers are wonderfully beautiful and very quick, the
long pelvic fins looking more like wings than anything else, and a quick
darting movement being constantly kept up.

BLENNIUS OCELLARIS anp BLENNIUS GATTORUGINE.

One live Blennius ocellaris, the Butterfly Blenny, was caught on
July 8th, measuring 18 mm. It fed on various Copepods, especially
Calanus and Temora, but when these were not present it would eat
Acartia and other small Crustacea including Hyperia. One Blennius
gattorugine of 30 mm. caught August 12th ate similar food. Both would
chase the food and dart at it with quick movements which have already
been described by Garstang (1900) in the Butterfly Blenny. They both
refused oyster spat.

GOBIUS MICROPS.

One Gobius microps measuring 10 mm. was caught alive from inside
the Breakwater on July 24th. On December 18th it was still alive
measuring 16 mm., and having the adult shape and colouring. It eats
any small Crustacea, darting at them quickly, but not stalking them at
all. At first it swam near the surface, but very soon retired to the bottom,
where it stays. It usually eats up directly any Copepods given to it.
When food was searce it ate the young Limnoria, a wood-boring Isopod,
oyster spat and Limacina were refused, also chopped worm.

GOBIUS RUTHENSPARRI.

One of 10 mm. was captured on June 7th; on December 5th it died
measuring 25 mm. and was then in all respects like the adult, having
changed from the larval and very transparent condition when it was
only slightly pigmented, very soon after it was put into the aquarium.
The black tail spot so characteristi¢ of the species reached its ordinary
condition at about 12 mm. Unlike Gobius microps this species does
not live at the bottom but near the surface. It would eat almost any-
thing that was given to it even including chopped worm, but the food
was chiefly Copepods. Isopods 5 or 6 mm. long were eaten, but oyster
spat and Lemacina were refused.
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CALLIONYMUS LYRA. DRAGONET.

Two live specimens in May and July were obtained, one 10 mm. on
May 21st, the other 7 mm. on July 7Tth. The first died July 15th at
21 mm., the other died October 6th at 17 mm. At 7 mm. it was still
a surface swimming form, but underwent metamorphosis at 9 mm. and
lived on the bottom. At the bottom they are almost invisible, looking
as much like the background as possible and when food was put into
the aquarium they did not come up for it, but when it went near the
bottom they darted at it quickly. Calanus, Temora, Acartia and
Anomolocera it took readily, also small worms, but oyster spat was, as
in most cases, refused.

CYCLOPTERUS LUMPUS. Lump SUCKER.

Five specimens were kept alive from the tow-nets in June and July
measuring 10 to 25 mm. One of 23 mm. was caught on December 9th.
All were caught among Zostera, where they feed on the small animals
among the weed. They were always very alert and instantly perceived
food given to them. With their large mouths they were able to catch
quite large Crustacea larvee, such as Leander nearly as long as themselves ;
CUrangon and Gebia larvee, crab zoese and megalopz, Isopods and
Amphipods, as well as Copepods were all eagerly eaten. The Decapod
larvee were caught from the side and bitten so that they were quite
incapacitated, and then swallowed. Leander is a specially difficult
animal to catch because it can see all round with its long-stalked eyes,
and on account of its great agility requires a specially clever fish to catch
it, but the young Lump Sucker never fails and will gaily continue to
catch one after the other as they are put into the aquarium. The little
Lump Sucker will go for quite large Idotea, sometimes, however, attempt-
ing to eat one that is too large. It then gives it a bite and leaves it
and the Idotea pretends to be dead. The fish will not go for the food
unless it is actually moving, so the Idotea is safe until it has recovered
and swims about again, when the fish will again chase it, and seems to
enjoy its races after its food.

LEPADOGASTER CANDOLLI.

One specimen of 6 mm. from the tow-nets on July 29th was kept
alive for a few days, but died on August 2nd, measuring 6-5 mm. When
caught it was bright red and yellow, the red predominating and spread-
ing all over the ventral surface. It is one of the most brilliant of the
post-larval fish. At this stage it tried to fix itself by its fins although
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no proper sucker was developed and the larval fin was still present round
the tail. In the four days it underwent a metamorphosis so that the
adult fins with fin rays were formed, the ventral sucker present in a
rudimentary state, the colouring entirely different from the post-larval
form (Fig. 2). The pigment in this later stage is arranged all over the
body in irregular stripes running dorso-ventrally, the stripes themselves

Fi1c. 2, Lepadogaster Candolli., Length 6'5 mm.

formed of spots of a dull purple colour and anastomosing here and there.
The characteristic starry black chromatophores on the top of the head
still persist. This colouring is totally unlike the adult fish and approxi-
mates more to that of its relative Lepadogaster bimaculata, but the form
of the fins shows it to belong to the present species. Its food in captivity
consisted of small plankton, chiefly Copepods and Balanus nauplii,
which it pursued when they came mnear the bottom, but it never
approached the surface to feed.

LEPADOGASTER BIMACULATUS.

Two live specimens were caught in the tow-nets. The first on
August 19th, measuring 6 mm., almost immediately metamorphosed,
fixing itself by its pelvic fins and the characteristic unpaired fins
appearing. The colouring was at first pinkish, but after a few days
it turned to a purple which was much more like that of the young
Lepadogaster Candolli just described, but the blue spots are very con-
spicuous in the present species. It may thus be the light of the aquarium
in the tank that induces this sombre colouration.

On December 4th this specimen measured 17 mm. and was in the
form of body and fins like the adult. It lives clinging to the glass either
at the sides or bottom of the aquarium, but leaves its hold for feeding
and darts gently after its food, which consists of small Copepods, chiefly
nauplii, and the adults of Temora, Pseudocalanus and Acartia. It also
ate small Isopods.

Another specimen 18 mm. long was captured on November 30th.
When first brought in it was bright red, but after living in a small
aquarium on December 3rd it had changed to a dull greenish purple,
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somewhat approaching the colouring of the two above-mentioned
specimens of L. bimaculatus and L. Candolli. Tt is evident that the
colouring can change very easily.

LEPADOGASTER GOUANI.

One specimen of 6 mm. was caught in the tow-nets on August 19th.
This is the common shore form and seldom occurs in the tow-nets. It
was already fixing itself and its adult fins were formed. It unfortunately
died the next day.

These notes on young Lepadogaster show that the time of meta-
morphosis of all three species is at about 6 mm., the permanent fins
at that time being formed and fixation taking place.

SOLEA VULGARIS. ComMoN SOLE.

A Sole of 11 mm. was kept alive from the tow-nets on April 12th
and is still alive and well.  When captured it had not quite completed
its metamorphosis, and although inclined to settle on the bottom it
sometimes swam about near the surface. Very soon, however, it settled
down at the bottom of the aquarium for good. Temora was given to
it for food exclusively for nearly two months. This Copepod was chosen
as it was found last year to be its commonest food. It throve very well
on this although never seen to eat, as it always fed at night, all the
Copepods having disappeared by the next day. About 30 Temora a
day were given to it, but on some days none at all. By June 3rd it
was more than double the size, now measuring 25 mm., and lying at
the bottom of a flat glass aquarium with the upper part of its body a
spotty sand colour. At this time as no Temora was obtainable Calanus
was substituted, which was readily eaten, but, as before, always at night.
On June 10th it measured 30 mm., having grown 5 mm. in 7 days, a
few other Copepods, including Acartia clausi and Anomalocera Petersont,
being mixed with the Calanus and also eaten. After this it was given
Decapod larvee, Crangon, Leander, Gebia, Hippolyte, crab zoée and
megalope, all of which it ate except the Leander, which apparently was
difficult to catch. It even ate Porcellana larve, which are avoided by
most young fish on account of the long spines. Young Hyperia and
other Amphipods and young Isopods were also eaten and small live
worms, but chopped worm at this stage was refused. Oyster spat was
apparently uneaten. At 35 mm. in July it jumped out of the small
aquarium and was seen in the larger tank in which this was standing.
As this tank was fitted with a false bottom it was difficult to reach the
Sole which was seen from time to time, pieces of chopped worm being
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periodically put into the water forit. On December 4th the false bottom
was removed and the Sole rescued. It then measured 50 mm. As the
normal grywth is about 5 inches in the first year this is rather below
normal, but is easily accounted for as the fish had little food. It will
now eat chopped worm and is perfectly well.

SOLEA LASCARIS. Lemox SoLk.

A specimen 9 mm. long was kept alive from the tow-nets on July 15th.
The eyes were still quite symmetrical and the fish completely in the
post-larval condition, swimming vertically and pigmentzd on both sides.
Unlike Solea vulgaris it fed in the daytime, eagerly eating Acartia claus?,
Pseudocalanus and Copepod nauplii. Directly the food was put into the
aquarium it would come up to it and apparently selecting what it liked
best it would retire backwards, make one dart at it and swallow it.
It seemed to like the nauplii best, but would eat the smaller adult Cope-
pods. Calanus and even Temora seemed at first too big for it. On
July 20th it showed signs of settling at the bottom, and by August Ist
it had completely metamorphosed. It still would come up to feed,
getting agitated as soon as food was put into the aquarium. As it got
bigger it ate T'emora and Calanus and the smaller Decapod larvee, but
could not manage Leander, Porcellana nor crab larvee. It also refused
oyster spat and Limacina. In the autumn when plankton was scarce
it took small Isopods, but like Solea vulgaris it refused chopped worm.
It died on November 19th measuring 23 mm., having grown 14 mm. in
four months.

RHOMBUS LAVIS. BriiL.

One Brill of 27 mm. on July 1lst and one of 15 mm. on July 24th
were kept alive from the tow-nets. The smaller specimen died the next
day having eaten 4 Anomalocera that were given to it. The other lived
till October 6th when it measured 33 mm., but it never ate very much.
It was the only one of the small fish except the Lump Sucker that could
take Leander larvee, but it was slow to do this and never eager for food.
It would only catch the live food if it were on or near the bottom and
never rose to chase anything. Anomalocera, which was occasionally
given it in numbers, it always ate, but would often leave Calanus alone
for days ; possibly because it was more difficult to catch. Brill of the
same size were to be caught close inshore, which had all eaten young
fish such as Rhamphistoma belone and Onos mustela, so that probably
this specimen was pining for lack of fish food.
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GADUS MERLANGUS. WwHITING.

Several young Whiting were obtained from the tow-nets. The first
three on May 27th measured 16 to 19 mm. Calanus was very common
in the tow-nets just then, and nearly all the Whiting caught had been
feeding on them. Many had them still in their mouths and must have
been feeding in the jars after capture. The live specimens were there-
fore fed on Calanus, which they ate greedily and caught cleverly by
stalking them and making a dart for them. They always perceived
food directly it was put into the aquarium and went for it at once.
However, if Pseudocalanus and Temora were put in with Calanus the fish
would go for Pseudocalanus first, which bears out the fact recorded
last year and corroborated this year that, although the young Whiting
will eat other things, it seems to prefer Pseudocalanus if available. Tt
would never eat a dead Copepod and always refused dead food of any
kind or chopped worm. It is also very fond of Aecartia and prefers it
to Calanus. '

On June 17th the two remaining Whiting (one having died) measured
22 mm. ; on that day two live Whiting from the tow-nets measuring
10 mm. were put into the aquarium with the others and these instantly
swallowed the smaller specimens and were none the worse after it.
The Whiting is naturally a cannibal when it reaches a certain size,
and in the food records this year (page 34 of this Journal) a Whiting
of 55 mm. is shown to have eaten another Whiting.

The next day plankton was given to the fish containing the following
Crustacea in order of abundance :—

Acartia claust.
Calanus finmarchicus.
Temora longicornas.
Podon intermedius.
Larval Gebia.

Larval Porcellana.

The Whiting persistently took Acartia first, and it was not until all
these were eaten (and the fish hunted for them a long time) that any-
thing else was taken ; then one larval Gebia was eaten, then the Podon,
Calanus and Temora in order. The Porcellana larva was not eaten at
all and was still there the next morning. Evidently the long spines
were too much for the Whiting.

When Copepods were scarce crab zoéz were given to the Whiting,
but they only ate these when very hungry, and occasionally choked
over them. The megalopa stage was also unwillingly eaten and was
the cause of death by choking of one of the fish. The other died on
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July 22nd measuring 35 mm., having grown from 19 to 35 mm. in less
than two months. In its intestine were two full-grown specimens of
the trematode Derogenes varicus with eggs ; possibly the cause of death.

Other young Whiting were kept alive and behaved in a similar way
as regards food. Small Hyperia were eaten when Copepods were not
available, also other young Amphipods and Isopods. Oyster spat and
Limacina were refused.

GADUS POLLACHIUS. PoLLACK.

Two young Pollack were obtained alive from the tow-nets measuring
20 and 22 mm. on May 28th and 31st. The first died the next day,
its intestine being full of Harpacticids. The other had a Calanus in its
mouth and was fed on Calanus for some weeks, which it ate eagerly,
stalking them in the same way as the Whiting.

The Pollack is, however, not quite so quick as the Whiting at per-
ceiving and catching food, but will try new things more willingly. Thus
it took a mouthful of chopped worm, but never took any more, and
it was one of the few fish that attempted to eat oyster spat. This
Pollack died on July 22nd measuring 35 mm., with no recognizable food
inside it. Another specimen, 26 mm. long, kept alive for five days only,
had inside it many Copepods, chiefly Temora, a crab megalopa and
some oyster spat.

ONOS MUSTELA. RocrLING.

Rockling rarely came in alive. One of 35 mm. on August 12th lived
till November 13th. It ate almost anything alive that was given to it
except oyster spat and Limacina. When food was put into the
aquarium it was at first shy, but would after some time dart at the food
and swallow it quickly, eating chiefly Copepods and Decapod larve.
It was able to catch and eat Leander larvee and also ate crab zoée and
megalope. Young Hyperia and other Amphipods and young Isopods
were also eaten, and it would sometimes take chopped worm, but un-
willingly. It always kept at the bottom of the aquarium except when
catching its food. Young Rockling brought in from near the shore
were eagerly eaten by young Brill.
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INTRODUCTION.

InvesTicATION 0f the food of larval and post-larval fish from the tow-
nets has been continued throughout the year (1918) in the same way as
previously,* by examining the contents of stomach and intestine in the
fresh state. From May 24th a new big net made of stramin, with a
wooden frame 36 inches by 25 inches, was used in addition to the ordinary
tow-nets. Any live specimens, and these were chiefly caught in the big
net, were kept in small aérated aquaria standing in running water and
fed with plankton in order to see, when possible, what food they ate.
In this way a few post-larval fish went through the metamorphosis into
the adult form. Details of these will be found in another paper in the
same number of the Journal (page 9).

The tow-nettings were regularly examined by Miss Webb in order
to see whether the fish were feeding on what was commonest at the
moment, and this was found to be usually the case, so far as the Copepods
were concerned, although most of the young fish seemed to select their
food to a certain extent. In any month the Copepods which are at that
time commonest in the plankton are those most eaten by the young
fish, but most of them have preferences and select in various degrees.

Thus in June Calanus finmarchicus and Acartia clausi were the
commonest Copepods, Temora longicornis coming next, Pseudocalanus
elongatus and Oithona similis not oceurring so frequently. The commonest
young fish in the tow-nets in the same month were the Whiting, Pollack,
Rockling and Ballan Wrasse (Labrus bergylta). Tt has been shown last
year that the Whiting chiefly eats Pseudocalanus, and this is borne out
in this year’s records. In June Pseudocalanus is still its chief food,
although Calanus and Acartic are commoner, and these it also eats
occasionally. In July, however, when Pseudocalanus was usually absent
and Calanus abundant the Whiting’s food was chiefly Calanus. The
Pollack, on the other hand, in June took Calanus more often than Pseudo-
calanus and Acartia although it ate all three. Labrus bergylia was the
only fish of the three to eat Temora in June and this is its usual food.
The Rockling, Onos imustela, alone ate large numbers of Oithone similis
and very little else.

* Journ, Mar. Biol. Asscen. XI, p. 483, 1918,
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It is almost entirely the Copepods which are eaten by the young
fish, except those still in the larval state or very small post-larval forms,
which eat unicellular organisms and larval mollusks. Cirripede larve
and the Cladocera, i.e. Podon and Evadne, when present are, however,
eagerly devoured. Larval mollusks form the chief food of the young
Gar-fish, Rhamphistoma belone, which in 1ts turn is the chief food, with
the Rockling, ot young Brill of about 1 to 1} inches in length which are
common inshore in summer.

As usual the first fish to appear in the tow-nets are Herring and
Sprat. These two and an occasional Pouting are the only species in
January. None contained food, and there was little in the plankton
except diatoms, although Copepods were on the increase towards the
end of the month.

In February, besides Harring, Sprat and Pouting, the Lesser Sand-
Eel, Ammodytes tobianus and Cottus bubalis, were common, and Agonus
cataphractus and the Lump-Sucker, Cyclopterus lumpus, occurred. No
food was seen in the Herring except green food remains, a larval bivalve
occurred in the Sprat and green food remains in Ammodytes, whilst
Cottus and Agonus had eaten Balanus nauplii. The plankton was rich
in species Sowards the middle of the month, Balanus nauplii oceurring
first on February 15th.

A large increase of fish occurred in Maich—Herring, Sprat,
Ammodytes tobianus, Cottus bubalis, Rockling, Whiting and Solea lutea.
All the Herring that contained any food had eaten Pseudocalanus, 1T out
of 77 specimens, the rest being empty. The Sprats contained no food.
Ammodyles and the Rockling contained green food remains, Cotlus
contained Pseudocalanus and Temora and the Whiting Pseudocalanus.

There was a great abundance of life in the plankton in March, Pseudo-
calanus and Temora being some of the commonest Copepods throughout
the month.

In April the Herring have disappeared and there are only a few Sprat,
but there is a large increase of young fish of other kinds—Cyclogaster
Montagui, Cottus bubalis, Rockling, Pouting, Whiting, Pollack, Callionymus
lyra, Sole, Flounder, Merry Sole, Thickback, Ammodytes tobianus and
Gobius sp. all occurred. The Sprat still contained green food remains
or no food at all, Cyclogaster contained Acartia and Temora, Cottus
contained chiefly Temora, but also Pseudocalanus, Copepod nauplii and
a larval bivalve, the Rockling contained Temora and Pseudocalanus,
chiefly the latter; Euterpina acutifrons, Copepod nauplii and a crab
zoéa were also eaten. The Pouting contained Pseudocalanus and green
food remains, the Whiting, which was very abundant during April nearly
always contained Pseudocalanus, but occasionally Temora and Copepod
nauplii. Once it had eaten Balanus nauplii and once an Aecartia. The
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Pollack contained Pseudocalanus. Callionymus was often empty, but
had often eaten Pseudocalanus and once a Temora nauplius. The flat
fish contained no food.

It is striking that Pseudocalanus is the almost universal food of the
fish in April, Temora coming next, dcartia rarely, and these are all that
ocecur more than once in any of the fish. The April plankton is rich in
life of various kinds with plenty of Copepods, but of the Copepods
Pseudocalanus, Temora and Acartia are certainly the commonest forms.

Fish were fairly numerous in May, the Whiting still continuing to
be commonest. Besides the Whiting there occurred Sprat, Gobius sp.,
Flounder, Roekling, Pollack, dmmodytes tobianus, Callionymus lyra and
Trigla sp. Up to May 24th the Whiting was feeding almost entirely
on Pseudocalanus, although again occasionally on Temora and dcartia,
and, very rarely, on Calanus. On May 17th one had a specimen of
Calanus in its mouth and another had two Calanus and one Centropages
typicus also in its mouth. These must have been feeding in the jars
after capture. After this Acartia was rather more often taken although
still Pseudocalanus predominated, but on May 27th 37 specimens had

-all been feeding on Calanus, many of which were still in the mouth,
some inside, and also some Temora, but on that date only one Pseudo-
calanus.  After this Pseudocalanus, Acartia and Calanus are all taken,
but Pseudocalanus 1s still the favourite. Those specimens that are
below 9 mm. in length apparently do not take Calanus, but those of
quite a large size will take, and often seem to prefer, the smaller forms
such as Pseudocalanus. The Sprat again contained green food remains
or were empty, the Rockling contained Copepod nauplii, Calanus,
Pseudocalanus and Oithona similis, Ammodytes contained green food
remains and Copepod remains including Pseudocalanus. The Pollack
up to nearly the end of May contained chiefly Pseudocalanus, with occa-
sional Temora, Calanus, Aeartia and Oithona ; from May 27th to the
end of the month it was chiefly Calanus. Sometimes, however, the
Pollack contained several different Harpacticids. Callionymus con-
tained Pseudocalanus, Temora, Acartia and Copepod nauplii. Thus
again this month Pseudocalanus, Temora and Acartia with Calanus in
addition are the chief food of the young fish, Pseudocalanus being com-
monest until nearly the end of the month and afterwards Calanus.

The plankton is full of Copepods all through the month, but there
is a distinct falling off in frequency of Pseudocalanus, and towards the
end of the month Calanus is specially abundant and is apparently eaten
by those fish that usually feed on Pseudocalanus.

A number of fish occurred in June. The Whiting is still the commonest.
Labrus bergylta, Rockling, Ammodytes tobianus, Pollack, Cyclogaster
Montagui, Sprat, Gobius Ruthensparri, Pouting, Cyclopterus lumpus,
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Callionymus lyra and T'rigla sp. also occurred. The Whiting again fed
chiefly on Pseudocalanus, although Calanus was frequently taken especially
after capture, when the fish must have fed in the jar. Again Aecartia
and Temora were occasionally taken. Gobius contained Acartia and
Pseudocalanus.  Labrus contained Temora, the Rockling contained
Oithona almost exclusively, the Pollack contained chiefly Calanus, but
also Pseudocalanus, Acartia and Harpacticids. The other fish contained
no food.

In the tow-nets there was much life, Calanus and Acartia being the
chief Copepods, Pseudocalanus and Oithona not so common.

The plankton other than the young fish was not specially recorded
for July, except on the Ist and 2nd of the month. Young fish were on
the decrease, Labrus bergylta being the commonest, Whiting has nearly
disappeared, Gobius Ruthensparri, Rockling, Cyclopterus lumpus, Cteno-
labrus rupestris, Blennius ocellares, Blennius galerita, Lepadogaster
Candolli, Ammodytes sp., Trachinus vipera, Solea lascaris, Turbot, Brill,
Rhamphistoma belone and Callionymus lyra all are present. Labrus had
fed chiefly on Temora, although Podon intermedius had been eaten
frequently, the only other food being occasional Harpacticids. The
Whiting had fed on Calanus and Pseudocalanus, but also on Podon,
Acartia and Hyperia sp. No Whiting was caught in the tow-nets after
this month. Gobius contained Temora and Podon ; the Rockling con-
tained Pseudocalanus, Oithona and remains of Amphipods ; Ctenolabrus
contained Temora; Blennius galerita contained Podon and Aeartia ;
Lepadogaster Candolli contained Podon chiefly, but also Temora, larval
gastropods and Harpacticids ; Ammodytes contained Podon, Oithona
and Calanus nauplius ; Trachinus contained Temora, Pseudocalanus
and larval gastropods ; the Turbot contained the amphipod Apherusa
clevii ; Rhamphistoma contained chiefly larval gastropods, but the older
specimens also contained Harpacticids and Podon. The rest contained
no food.

Podon intermedius occurred commonly in the plankton throughout
July and was eaten by seven different sorts of young fish, so that it is
evidently a favourite food.

Not many fish were caught in August, Labrus bergylta and Gobius spp.
being the commonest. Trachinus vipera, Lepadogaster Candolli and
bimaculatus, Blennius gattorugine and ocellares, Arnoglossus sp.,
Ammodytes sp., Rhamphistoma belone, Rockling, Clenolabrus rupestris
and Callionymus lyra were also present. Labrus had eaten Temora only,
as also had Cienolabrus rupestris ; Trachinus which is a rather varied
feeder had also eaten chiefly Temora, but also larval Gebia, Podon, larval
gastropods, larval bivalve, Coryceus anglicus, Oithona similis and
Pseudocalanus ; Blennius gattorugine had eaten Podon; Lepadogaster
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Candolli contained Podon and Temora ; Arnoglossus contained the diatom
Tabellaria ; Rhamphistoma as usual contained larval gastropods. Gobius
contained T'emora, Pseudocalanus and Harpacticids; Callionymus con-
tained Pseudocalanus, Temora and Harpacticids.

The plankton for August is abundant, Calanus and Acartic being
the commonest Copepods; Decapod larvae are abundant, particularly
(ebia, which was eaten by Trachinus.

Much fewer fish were caught in September : a Sprat of 32 mm., Gobius
spp., Ctenolabrus rupestris, Carans trachurus, Ammodytes sp., Blennius
ocellaris and galerita, Pilehard, Pollack, Arnoglossus sp., Lepadogaster
gouant and bimaculatus. The Sprat contained Balanus cypris larve
and larval gastropods; the Pollack contained Acartia and Temora ;
Ammodytes contained Copepod nauplii including Calanus ; Caranz
trachurus contained Temora ; Blennius ocellaris which measured 30 and
31 mm. contained Decapod larve ; the Pilchards were empty except
for one indistinguishable Copepod ; Lepadogaster bimaculatus contained
larval gastropods, Balanus nauplius and Harpacticids, besides a fish’s
egg ; Gobius contained Temora, Pseudocalanus and Harpacticids ; the
remainder contained no food.

The plankton early in the month was characlerized by large numbers
of the Ctenophore, Bolina infundibulum, accompanying which were
many Hyperia. The latter, however, were not eaten by any of the fish
examined, although when given to the fish in the small aquaria the
smaller specimens were eaten by Cyclopterus lumpus and Solea vulgar:s.
The number of Copepods in the plankton decreases, but Acartia and
Calanus are still abundant at times. Pseudocalanus and Temora
although eaten by the fish are not so common in the tow-nets.

Still fewer fish were caught in October, November and December,
the tow-nettings not being regularly taken in November. The fish
included Pilchard, Gobius microps, Blennius ocellaris, Cyclopterus lumpus,
Lepadogaster bimaculatus and Arnoglossus sp. The last contained
Pseudocalanus ; Blennius and Gobius had eaten Coryceus anglicus, the
remainder contained no food.

From October toDecember there is less and less in the plankton,
and especially in December very few Copepods are present. Coryeceus
anglicus is at times common in all three months.

From the above observations it is seen that Copepods are certainly
the chief food of the young fish caught in the tow-nets, and by far the
most important as food are the four species Pseudocalanus elongatus,
Temora longicornis, Calanus finmarchicus and Acartia clausi. Nearly
all the commonest larval and post-larval fish feed upon one or more of
these, evidently selecting them from the rest of the food. The large
numbers of Crustacea larvae other than Copepods, with the exception
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of Cirripede larve, are very little eaten by these small fish. Cladocera
which only occur in summer are, however, often eaten when present.
It is only very seldom that Decapod larvee are found inside the young
fish from the tow-nets, an occasional larval Gebia or Hippolyte, crab
larve or small Amphipods sometimes occurring, but the young fish will
take these when in captivity for want of anything better. If Copepods
are available, however, they always choose these rather than the
Decapod larvee, but when hungry they will take the larve if not too
spiny nor too large. :

LABRUS BERGYLTA Asc. Barpnanw Wrassk.

Fifty-four specimens of the Ballan Wrasse, 4 to 10 mm. long, were
examined from the tow-nettings June to August from inside and outside
the Brealkwater and as far out as the Panther buoy (see plan of Sound,
1917).*% 16 contained no food, 21 contained Temora, T contained Podon,
5 contained Harpacticids and the rest contained Copepod remains which
were almost certainly Temora. Thus Temora is the favourite food, and
although not very common through June and July yet it was nearly
always present in the tow-nettings. This agrees with last year’s records
when Copepod nauplii, especially Temora, were found to be the pre-
dominant food of the Ballan Wrasse, other small organisms also being
eaten. The smallest specimen, of 4 mm., had eaten nearly full-grown
Temora. Two live specimens were kept in aquaria and fed on small
plankton chiefly consisting of Copepod nauplii and young Copepods
at first. Afterwardsthey ate Temora, Acartia and Podon, but not Calanus,
which was always left, even by a fish 13 mm. long. Balanus nauplii
were also eaten and oyster spat, but the pteropod Limacina retroversa
was refused.

CTENOLABRUS RUPESTRIS L.

Four specimens, 8 to 9 mm. long, occurred in the tow-nettings from
the Breakwater, Panther and Knap in July and August. All contained
Copepods, one with indistinguishable remains, the others with Temora
longicornis, so that it is likely that this fish feeds like Labrus and prefers
Temora.

CARANX TRACHURUS L. HorseE MACKEREL.

Two specimens in September, 15 and 27 mm. long. The larger con-
tained no food, the smaller contained Temora and other Copepod remains.

* Journ., Mar. Biol. Assoen. XI, p. 459, 1918,
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TRACHINUS VIPERA Cuv. Lusser WEAVER.

Nineteen specimens from July to August, 3 to 12 mm. in length,
from both inside and outside the Breakwater. 7 contained T'emora,
adult and nauplii, 2 contained Pseudocalanus, 1 contained a larval Gebia,
one an Oithona similis and one a Coryeawus anglicus, 3 contained several
larval gastropods. The few records from last year showed varied food,
so that evidently the young Trachinus takes a variety although it is
chiefly Copepods.

COTTUS BUBALIS Evpn. FATHER LASHER.

Thirty-eight specimens from February to April, chiefly from inside
although occasionally from outside the Breakwater, from 3 to 8 mm. in
length. 25 contained no food, 7 contained T'emora, 3 contained Pseudo-
calanus, 2 contained Balanus nauplii and 3 contained larval mollusks.
As before we see that Cottus has a varied diet, but this year no diatoms
were observed inside it.

TRIGLA SP.

Six specimens of T'rigla, probably gurnardus, but perhaps 2 species,
were examined. Four contained no food, one contained Copepod re-
mains and another Copepod eggs.

AGONUS CATAPHRACTUS L. ArMED BULLHEAD.

One specimen on February 26th from the region of the Panther buoy,
8 mm. long, contained 2 Balanus nauplii.

BLENNIUS OCELLARIS L. BurreErrLy BLENNY.

Two live specimens in July and August only lived a few days and
when dead contained no food.

BLENNIUS GALERITA L. MoxNTtacUur's BLENNY.

Two specimens in July and September. One contained no food, the
other of 10 mm. contained Podon and Acartia.

BLENNIUS GATTORUGINE Brocs.

Three specimens in August, one alive but only lived a few days, one
contained no food and the third contained Podon.
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GOBIUS MINUTUS L.

One specimen in August from inside the Breakwater measuring 12 mm.
contained Pseudocalanus. 20 smaller specimens which were probably
this species occurred from March to August. Those of 2:4 mm. were
without food, larger specimens up to 7 mm. contained Pseudocalanus
and Temora.

GOBIUS MICROPS KroYER.

Seventeen specimens from inside the Breakwater from 8 to 12 mm.
Most of these contained no food, one contained a Pseudocalanus anc
one a larval gastropod. A specimen 10 mm. long on July 24th has been
kept in a small aquarium ..1d is still alive, having been fed on mis-
cellaneous small plankton, chiefly Copepods. It now (December 18th)
measures 16 mm. and has all the adult features.

GOBIUS RUTHENSPARRI Evpn.

This is the commonest goby from the tow-nettings in the Sound. 54
specimens were examined from 4 to 14 mm. Copepod nauplii being the
chief food, the peridinian Prorocentrum micans was in one, Acartia,
Temora, Podon and Harpacticids also being present. A specimen of
30 mm. from the Cattewater in July contained the following : 1 Aecartia
claust, 4 larval gastropods, 6 larval bivalves, 1 Idya furcata, 5 Harpacticids
indet. One specimen captured alive on June 7th measured 14 mm. It
was kept alive until December 5th when it measured 25 mm. It was
fed on plankton containing numerous small adult and larval Copepods
and sometimes Balanus nauplii, all of which were eaten. Oyster spat
and Limacina retroversa were refused. Evidently small Crustacea form
its natural food. This is probably the Gobius sp. (a) recorded last year.

GOBIUS PAGANELLUS (L.).

Although this is the commonest goby of the shore rocks its young
stages do not occur often in the tow-nets. 8 specimens were examined,
4-5 to 11 mm. long, 2 contained Pseudocalanus, one contained Temora
and 3 contained Harpacticids. A specimen of 20 mm. from the Catte-
water contained the following: 33 Harpacticids, one mite, 6 skins of
insect larvee, Copepod eggs. This is the Gobius sp. (b) recorded last year.

CALLIONYMUS LYRA L. DRAGONET.

Thirty-eicht specimens from April to August from both inside and
outside the Breakwater, 20 of these contained no food ; of the remainder
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7 contained Pseudocalanus, 5 contained Temora, one contained Aeartia,
one an Harpacticid and the remainder contained Copepod remains.
Last year’s records show it to be a miscellaneous feeder. At 3 mm. it
had eaten Pseudocalanus, so that it can feed on fairly large Copepods
when almost newly hatched.

CYCLOGASTER MONTAGUI Dowov.

Three specimens in April and June. Only one contained food—
Acartia and Temora.

CYCLOPTERUS LUMPUS L. Lump SUCKER.

Out of 7 from the tow-nets from February to December, 6 were kept
alive, measuring 10 to 25 mm. The other contained Idotea sp., and
Amphipod and Harpacticids. These young Cyclopterus live among the
Zostera eating such things as frequent the weed. The live specimens
ate small Crustacea of all kinds and would take Leander larve almost
as long as themselves ; young Isopods were also eagerly eaten, almost
any Copepods and Balanus nauplii.

LEPADOGASTER CANDOLLI Risso.

Eighteen specimens in July and August, 4 contained no food, 5 con-
tained Temora, 6 contained Podon, one a Pseudocalanus and 2 contained
Harpacticids. Evidently small Crustacea form its usual food. One was
kept alive and fed on fine plankton containing small Copepods, Podon
and Balanus larve.

LEPADOGASTER GOUANI Lacee.

This is the common shore form. Only 2 specimens occurred in the
tow-nets from near the Breakwater. One contained larval gastropods,
the other was kept alive and fed on the same food as L. Candolli.

LEPADOGASTER BIMACULATUS Doxov.

Two specimens obtained from near the Breakwater and Panther
buoy. One was kept alive and fed on the same food as the other two,
the second, measuring 6 mm., contained larval gastropods, larval bivalve,
Balanus nauplius, Harpacticids and a fish egg.

RHAMPHISTOMA BELONE (L.). GAR-FIsH.

Four specimens from the region of Panther and Knap in July and
August from 8 to 36 mm. were all feeding on larval gastropods, as many
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as 85 in the largest in addition to 18 Harpacticids and 3 Podon. One
of 11 mm. contained 33 larval gastropods. Several post-larval Gar-
fish brought in from the Cattewater also had fed chiefly on larval gas-
tropods and very little else, the stomachs and intestines being full of
them. Many young Brill were feeding on these Gar-fish, some as long
as themselves being swallowed.

One Gar-fish, which had just completed its metamorphosis and
developed the long beak, was put alive into a small aquarium with some
very fine plankton consisting chiefly of small Copepods and Copepod
nauplii, which had congregated at the surface on one side of the glass.
The fish instantly rushed into the middle of these and lashing about
with its beak snapped up the food at an amazing rate. Unfortunately
it died the same day.

PLEURONECTES FLESUS L. FLOUNDER.

Four specimens from March to May, 7 to 9 mm. long. None con-
tained food.

PLEURONECTES MICROCEPHALUS Doxov. Merry SOLE.

One specimen of 6 mm. from between Cawsand and Penlee contained
no food. ‘

SOLEA VULGARIS Quens. SoLE.

One specimen from the Panther on April 12th, 11 mm. long, kept
alive. For two months it was fed on Temora, afterwards on other
Urustacea. Still alive on December 18th measuring 40 mm.

SOLEA LASCARIS Bowar., Lemox SoLm,

One live specimen from the Knap on July 15th, 9 mm. long, fed on
small Crustacea, chiefly Copepods, died November 18th, measuring
23 mm. At first it ate chiefly Acartia and Pseudocalanus, afterwards
adult Temora and Calanus, also the smaller Decapod larve and small
Isopods, but it refused oyster spat.

SOLEA LUTEA Risso.

One specimen from off White Patch on March 11th, 14 mm. long,
contained no food.

SOLEA VARIEGATA Doxov. THICKBACK,

Two specimens in June from the Panther and West Channel, 6 and
10 mm. long. The larger specimen contained no food, the smaller was
kept alive for two days only, being fed on small plankton.
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ARNOGLOSSUS SP.

Four specimens, probably Arnoglossus laterna, in July and August,
7 to 31 mm., 2 contained no food, one contained a Pseudocalanus and
the largest contained the diatom Tabellaria.

RHOMBUS MAXIMUS L. Tursor.

One specimen from the Knap, July 23rd, measuring 13 mm. con-
tained the Amphipod Apherusa clevii.

RHOMBUS LAVIS RoxpeL. BrILL.

Two live specimens in July, one of 15 mm. died the next day having
eaten 4 Anomalocera Pattersonz, the other of 27 mm. lived till
October 6th, having eaten various Crustacea. On July 17th several
specimens from 9 to 30 mm. were brought in from the Cattewater ;
the smallest contained larval bivalves and larval gastropods, the older
specimens contamed young Rhamphistoma and Rockling.

GADUS MERLANGUS L. WaIriNG.

Two hundred and eighty-eight specimens were obtained altogether
from the tow-nets, the first on March 12th, the last on July 24th, from
the Sound near the White Patch and Breakwater and beyond the Break-
water by the Knap and Panther buoys and off Cawsand and Penlee.
They measured from 3-5 to 35 mm. The smallest, which must have
been hatched quite recently, in some cases contained Copepod nauplii
showing that it can eat such solid food almost directly. 73, measuring
4 to 21 mm., contained no food, 5 were kept alive in a small aérated
aquarium and 3 of these lived for several weeks, being fed on small
Crustacea of various kinds, chiefly Copepods from the plankton. 134
from 4:5 to 33 mm. contained Pseudocalanus, the largest containing
33 specimens besides other Crustacea. Pseudocalanus, common in the
tow-nets during April, was the principal food until nearly the end of
May, although it was rare or absent in the tow-nets during May and not
abundant afterwards. Acartia and Calanus are eaten when Pseudo-
calanus 1s not so common, and T'emora is all the time occasionally eaten,
being present in 19 and the nauplius in 5. Aeartia occurred in 22 (except
in one case, after May 23rd), Calanus in 41, all after May 11th ; most of
these Calanus were in the mouth and alive and must have been taken from
the tow-nettings after capture. However, it is certain that the Whiting
does eat Calanus, for when Calanus was given to the live specimens

NEW SERIES,—VOL, XIL No. 1. JULy, 1919, o



34 MARIE V, LEBOUR.

from the tow-nets it was taken eagerly. Balanus nauplii occurred once
only in a Whiting in April, Copepod nauplii indistinguishable in 5,
Podon in 3 in July.

Thus the favourite food of the Whiting is shown to be, as it was last
year, Pseudocalanus. This year, having larger numbers to work with,
it was determined that although Pseudocalanus is evidently the favourite
food and is taken principally even when Temora, Acartia and Calanus
are present in large numbers, yet these three are only taken occasionally
except when Pseudocalanus is rare and then Calanus may be taken
abundantly by those of about 9 mm. upwards. Crab megalopa occurred
in two specimens of 22 and 35 mm. and the latter also contained remains
of Decapod larve. A specimen of 55 mm. contained remains of a
Whiting so that a cannibal diet begins at an early age. The two
live Whiting of 22 mm., each swallowed a live Whiting of 10 mm.
put into the aquarium to live with them. They were snapped up
the moment they were put in. A young Hyperia was contained in
a Whiting of 24 mm. It thus appears that after about 20 mm. other
animals are taken as well as Copepods. The live specimens measured
16 to 19 mm., and one grew to 35 mm. All the time they would always
eat Copepods, although they took young Isopods and Decapod larve if
Copepods were not present. They would, however, prefer the Copepods
and take these first if a mixture of Copepods and Decapod larvae were
given. Pseudocalanus was preferred, Acartia, Calanus and Temora
coming next in order of preference. Larvee with long spines such as
Porcellana were refused even by the largest Whiting. Oyster spat and
Limacina were also refused.

GADUS LUSCUS L. Pourine.

The Pouting is one of the earliest of the young fish, occurring from
January to June but not commonly. The specimens measured 3 to
8 mm. In the smallest there is green food remains and Copepod nauplii.
The specimen of 8 mm. had eaten Pseudocalanus. On December 16th
two Pouting measuring 18 and 23 mm. were brought from Jennyecliff
Bay, having been caught in the shrimp trawl. Both had fed on young
Amphipods, the larger specimen also contained Pseudocalanus, Candacia
armata and Calanus.

GADUS POLLACHIUS L. PoLrack.

Thirty-three specimens from 7 to 25 mm., from both inside and outside
the Breakwater, from April to September. Of these 3 were alive, one
living nearly two months. Only two of the remainder contained no
food, of the others 19 contained Pseudocalanus, 12 contained Calanus,
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5 contained Temora, 6 contained Acartia, 2 contained Oithona. Some-
times several of these species were eaten together, the largest number
in any one fish under 10 mm. being 7 Pseudocalanus and one Acartia,
those of larger size containing many more. A few had eaten Harpacticids
in numbers. The commonest food is certainly Pseudocalanus and Calanus.
The live specimens were given the same food as the Whiting and seemed
to eat all the Copepods, but Calanus first. They also took various
Decapod larve and attempted to eat oyster spat, but refused Limacina.
One kept alive for 5 days only had eaten many Copepods, chiefly Temora,
a crab megalopa and oyster spat.

ONOS MUSTELA L. Rockrixg.

Seventy-three specimens from March to August, 2:5 to 35 mm. The
smallest contained green food remains, a few up to 7 mm. contained
no food ; all the rest were usually full of Copepods, ova and crab larvee
being occasionally present. In April the food taken was almost entirely
Pseudocalanus and young Temora, usually both together. Euterpina
acutifrons and a crab zoéa occurred once each, the latter in a specimen
only 7 mm. long. In May and June Oithona similis was chiefly eaten,
Pseudocalanus and Calanus occasionally, and once a larval mollusk.
In July one of 34 mm. contained Amphipod remains in addition to
Pseudocalanus. Last year in the few specimens examined Temora
nauplii formed the chief food. It seems that even in the larger specimens
the ordinary food consists of the smaller Copepods, although larval
crustacea such as crab zoéw can be taken by quite small specimens
and Amphipods by those of a larger size. In captivity the Rockling
ate almost any food given to it from the plankton, including young
Isopods and Leander larvee. It, however, refused both oyster spat and
Limacina, although its ordinary food is sometimes larval gastropods.
On July 17th and 23rd several young Rockling, 12 to 27 mm., were
brought in from the Cattewater. These contained larval gastropods,
crab megalopz, larval Gnathia and Harpacticid remains, which shows
well the varied character of their diet. These Rockling from near the
coast were serving as food for the young Brill which were also eating
the young Gar-fish.

AMMODYTES TOBIANUS L. Lesser Saxp EExL.

From February to June the Lesser Sand Eel was common in the
tow-nets, 109 being examined, 3 to 21 mm. Nearly all contained green
food remains as before, or were empty. There was seldom anything
definite in the green stuff, but twice the diatom Coscinodiscus was present.
In one of 4 mm. there were remains of Copepod nauplii, but this is
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unusual. In specimens of 19 to 21 mm. Copepod remains were present
including Pseudocalanus.

From July to September a species of Ammodytes difficult to distinguish
from tobianus, but probably lanceolatus occurred. Out of 26 specimens
21 were empty, one contained ova, probably of a Copepod, one contained
Oithona similis, Podon and a fish egg, the remainder contained Calanus
nauplii.

SYGNATHUS ROSTELLATUS NiLLs.

Seven specimens from January to September, 17-5 to 105 mm. ; 4 of
these were alive, but only lived a few days and when examined con-
tained no food ; one contained 18 Calanus, another contained remains
of Calanus and Acartia and the smallest contained no food.

CLUPEA HARENGUS L. Herrine.

Not so many herring were caught in the tow-nets this year. Only
87 in all, from January to March. The few caught in January and
February contained no food. In March the only food present was
Pseudocalanus in 17 out of 59, the rest being empty except for parasitic
worms which frequently occurred. The Trematodes, Pharyngora baeillaris
and Derogenes varicus, were common, also larval cestodes. Pseudo-
calanus was an important part of the herring food last year, although
several other small Crustacea and larval mollusks were eaten.

CLUPEA PILCHARDUS L. PILCHARD.

Thirteen Pilchard occurred in the tow-nets in September, 9 to 36 mm.
Only one contained any food and that was an unidentifiable Copepod.

CLUPEA SPRATTUS L. Serart.

Fifty-three Sprat were obtained from January to September. The
smaller specimens as before contained green food remains or were empty,
the only exceptions being one of 6 mm. containing a larval bivalve and
one of 4 mm. containing the diatom Coseinodiscus excentricus. All the
others were empty except one of 32 mm. in September which contained
4 Balanus cypris larvee and 3 larval gastropods. This specimen was
interesting, as its tail was very much frayed and found to contain a
number of encysted larval trematodes arranged along the rays of the
tail fin. These appeared to be a species of Gasterostomuin and apparently
accounted for the dilapidated state of the tail.
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ANGUILLA VULGARIS Turton. EEL.

One specimen of 40 mm. from Jennycliff Bay on March 22nd was
perfectly transparent, but had completed its metamorphosis. It con-
tained Crustacea remains.

AMPHIOXUS LANCEOLATUS. TurE LANCELET.

One specimen of a larval Amphioxus occurred in the tow-nets on

August 6th.

It measured 6 mm. iz length and although swimming

about vigorously in the jar, when it was removed to a glass aquarium
with a sandy bottom it remained in the sand and burrowed. Unfor-

tunately it only lived two days.

grains and 3 Cosetnodiscus sp.

1917.

LITERATURE.

In its intestine were several sand

Lebour, M. V. The Food of Post-larval Fish, Jour. Mar. Biol.
Assoe., N.S., Vol. X., No. 4.

RECORD OF LARVAL AND POST-LARVAL FISH FROM
THE TOW-NETTINGS.

Date.
Jan. Locality.
7  Panther
8  Off White Patch

Breakwater
11 Off Picklecombe
Fort, W.
West Channel
14 Breakwater
29  Knap
West, Channel

2 Breakwater
Middle Sound

5 Off White Patch

2 Panther

Brealwater
15 Panther
Knap

Brealkwater

18  Knap

Fish.
Syngnathus rostellatus
Clupea harengus
Clupea sprattus
Gadus luscus
Clupea sprattus
Clupea harengus

Gadus luscus
Clupea harengus

2y

L1

Cottus bubalis
Cyclopterus lumpus

Clupea harengus
Gadus luscus
Ammodytes tobianus
Clupea sprattus

Ammodytes toblanus
Clupea Bpr;ttus

Gadus luscus
Ammodytes tobianus

ot P B BS = T

b =R

No. Size in mm.

17-5
11

W OO b
=]

|
(=1

GERIFES
=

Food present.

No food.

Idotea sp., Amphipod
and Harpacticid
indet.

No food.

LE]
Green food remains.
Green food remains,
larval hivalve.
No food.
Green food remains.

] 2 "
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Date.

Feb.

18

19

Locality.

Breakwater

West end of Break-

water

Knap
Off White Patch

MARIE V. LEBOUR.

Fish.
Clupea sprattus
Gadus luscus
Ammodytes tobianus
Cottus bubalis
Clupea sprattus
Ammodytes tobianus

Clupea sprattus
Ammodytes tobianus

Clupea spr’a’uttus
Cottus bubalis

e LS

=LY b b
3

iR

No. Size in mm. Food present.

No food.

Copepod nauplii.
Green food remains.
No food.

”
Green food remains.

No food.
™ 4 =
sreen food remains.

” EH EE

No Foodi’

o e el e~ R )
=W o

22  Middle Sound £ -5 i
Ammodytes tobianus -5 Green food remains.
25 New Grounds Cottus bubalis 1 Balanus nauplii.
Clupea spratius 47 Coscinodiscus  excentri-
ous.

Middle Sound o 3 47 No food.

26  Panther Agonus cataphractus 1 8 Balanus nauplii.

Clupea sprattus 2 8 No food.
Ammodytes tobianus 1 3 »
Breakwater Clupea sprattus 1 B =
Cottus bubalis 1 4 Larval gastropod,
Balanwus nauplii.
March.
1 Off White Patch  Clupea sprattus L -8 No food.
4  Breakwater Cottus bubalis 3 -45-5 i
Ammodytes tobianus 1 45 .

Knap Cottus bubalis 1 55

5 Off White Patch a3 1 5

Gobius sp. (ef. minutus) 1 2-4
8  Off White Patch o . 1 25
Onos mustela 1 25 Green food remains.
11  Off White Patch  Solea lutea 1 14 No food.
Ammodytes tobianus 1 546 5

Breakwater i 1 65 Green food remains,

Panther o4 4 67 No food.

12 Panther i 5 b6 i

Clupea harengus 36 17-22 Pseudocalanus elon-
gelus.

Cottus bubalis 1 4 No food.

Back of Breakwater Pleuronectes flesus 18 i

Clupea harengus 33 1724 Pseudocalanus elon-
gatus.

Ammodytes tobianus 24 4-6-5 Green food remains.

Gadus merlangus 1 8 Pseudocalanus elon-
gatus.

Cottus bubalis 1 45 No food.

Knap £ 5 b5 Pseudocalanus  elon-
gatus, Temora longi-
cornis, larval gastro-
pod.

Clupea harengus 8 17-22 Pseudocalanus elon-
gatus.
Ammodytes tobianus 4 55 No food.

18  West Channel W 15 7 Coscinodiscus  excen-
tricus, green food re-
malns.

Cottus bubalis No food.

Middle Sound
Breakwater

Ammodytes tobianus
Cottus bubalis

Green food remains.
No food.

19 Off White Patch Temora longicornis.

Clupea,],mrengus -24 No food.

Clupea sprattus

P b e b



Date.
March. Locality.
19 Breakwater

Panther
22 Jennycliff.

April.
2  Breakwater

Panther

[}

8  Panther

Breakwater

Knap

Off White Patch
10 2 miles south of
Breakwater
Breakwater
12 Panther

Breakwater

Off White Patch
Knap

15 Between Cawsand
and Penlee

West end of Break-
water

West Channel
16 Knap

Panther

FOOD OF POST-LARVAL FISH.

Fish.

Gobius sp. (probably

minutus)

Ammodytes tobianus

Cottus bubalis

Ammodytes tobianus

Anguilla vulgaris

Cyclogaster Montagui

Cottus bubalis
Onos mustela
Gadus luscus
Clupea sprattus
Gadus merlangus

Callionymus lyra
Cottus bubalis

Clupea sprattus
Gadus merlangus
Callionymus lyra
Gadus é’erlangus
Solea Wﬁga.ris
Gadus merlangus

Pleurcnectes flesus

Ammodytes tobianus

Cottus bubalis
Gadus merlangus

Clupea sprattus
Gadus merlangus
Pleuronectes flesus
Clupea sprattus
Gadus merlangus
Cottus bubalis
Gadus merlangus

Onos mustela

Pleuronectes micro
cephalus

Gadus merlangus

”
Gadus luscus
Gobius sp.
Callionymus lyra
Gadus merlangus

Calliony,r,nus lyra

No. Size in mm.

1

b SRl R |

[T ]

[SIR=I

= -]
W
LT
it

(S )

=

o LD

=T D = LD =

bo SR P D b

2
4-9
3-5-4

85
40

(=2

B
[

|
ot
Pt

F_E

-IJ o Iib
=] ot

5-10

6

12-17

48

ot
wlm@qmm

53

39

Food present.
No food. -

Green food remains,
ovum.

Temora longicornis.

Green food remains.

Crustacea remains.

Acartia clausi, Temora
longicornis.
No food.

2

Pseudocalanus elongatus,
Temora  longicornis,
Balanus nauplii.

Pseudocalanus elongatus.

No food.

Copepod nauplius,
larval bivalve.

No food.

Pse&docalaims elongatus,
Copepod nauplius.
No food.

Pseudocalanus elongatus,
Temora longicornis.
Pseudocalanus elongatus.

Kept alive.
Pseudocalanus elongatus,
Temora longicornis.

No food.
Pseudocalanus elongatus.
Young Temora, Temora
nauplius.
Pseudocalanus elongatus,
Copepod remains.
Green food remains.
Pseudocalanus elongatus.
No food.

Pseudocalanus elongatus.

" L]
Temora longicornis,
Pseudocalanus elonga-
tus, Copepod remains,
green food remains.
No food.

2

Pseudocalanus elongatus
and eggs, Temora
longicornis, Copepod
remains.

Pseudocalanus elongatus.

11

No fogd.

Temora nauplius,
Pseudocalanus elongatus.
No food.
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Date.

April.

16
19

22

26

,_
=
=

.

Locality.
Panther

Cawsand to Penlee

Cawsand to Break-

water
West Channel

Breakwater .
Knap

White Patch
Breakwater
Panther

Knap

Off White Patch
Panther

Breakwater
Breakwater

Panther

Knap

Breakwater
Jennyecliff Bay

Knap
Knap

Panther

. Breakwater

10

Knap

Breakwater

Pa,nthcr to back of

Breakwater

MARIE V. LEBOUR.

Fish.

Cottus bubalis 1
Gobius sp. (cf. minutus) 1
Gadus merlangus 2
» 1

Gobius &p. (¢f. minutus) 3
Solea variegata 1
Gadus merlangus 6
Callionymus lyra 4
(Gadus merlangus 1
” 1

6

2

Callionymus lyra 1
Gadus merlangus 2
Gobius sp. (cf. minutus) 1
Callionymus lyra 1
Gadus merlangus 4
Gad