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160 R. S. CLARK.

INTRODUCTION.

THE present report deals with the young fish which: were collected-in
the neiglibourhood of PIYplouth during the summer and autumn! of
1919, from the beginnipg 9f July to the end of ~epte~ber, ,?y small
meshed. nets opefated;from the Associ#ion'&steam~i OithanU.:> It is a
supplement to Dr. Allen:~,r~p'ort on~the ';':.Post-Iarval Teleosteans col-
lected near Plymouth during t~~ Summer of 1914," published in
Vol. XI, No.2 (May, 1917), of this Journal, and to the writer's" General
Report on the Larval :itfa Posi"la;rYar'releo~te3:n~in Plymouth Waters"
in Vol. X, No.2 (June, i914). ' ~~.' ,-- I .

The total number of fishexamined--amounts to 16,400, which are
referable to 24 families; 39 genera.. alld7l species. All the forms
are stages in the life histories- of-fishes, which are well known as,
adults.

The pelagic young of the species 6£ Gadus and Pleuronectes are poorly
representect,in the catches, but this is not surprising when. one-conside):'s

-,the lateness' in the year when ~he'hauls were made. Siillilarlyth.e young
, of early spawners like the Herring ar~ absent. ',',. , ' . . ,', .

The pelagic young of the Hak~ (Merluc.cius.merluGc~us}appe~rf:o;rtJie
,first time since investigations with small.meshed nets ,have:been under-
taken ill the Plymouth area, the only'other records of tb;eir occintenct;1n

.,the western area of the ,English .Cha~nel.bei~g tl10se ,whicl1,w:eret~k'~n
by the Danish research steamer Thor, vide Schmidt (1909). , '" .' ..

. .. Most. of the commercially important fish occur only in moderate

" numbers in 'thepelagic young stage, but the recor.dsshow a,bigger average
fortho&e species which support at Plymouth the chiefecon'oplici1s4erl~s.

r'This is. proved ,for the Whiting (Gadus merlangus), Mackerel (Scornber
~'scomber')and Pilchard' (Sardina pilchardus)~

" The :most abund:,mt post~larvre belong fto..thos~ speci€,s which.:.aje
economically of little importance except as food for other fish. Gobies

,:predominate and about 7000 young stages appear in the captures. Sand-
eels (Ainmodytes) and Wrasses, are also fairly numerous. .
. The ~atches of the Mosquito and Cotton Trawls show that many of

'.'the' economic species live,during their adolescent stage in the shallower.
~.watersclose inshore. Such' are ;-

Gadus pollachius,.
: ",', merlangus.

. ". - luscus. .

'Pleiironectes platessa.
, '" limanda:

,MuUus s,urm:ulet\J,s. .. , .~ ".~ '....~,..
. - .;.:.:~

..
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Trigla gurnardus.
" hirundo.

The spawning periods are here recorded for Plymouth area. These
have been determined from the examination. of ripe female fish,
from the records of eggs and newly hatched larv'q'J whose identifi-
cation has been certain, and frc,m the occurrence of the early pelagic
young.

The figures accompanying the text were kindly drawn for the writer
by Mr. E. Ford, Assistant Naturalist, who also helped in the collection
of the material.

AREA INVESTIGATED.

The hauls of the young fish and cotton trawls were made chiefly in
the area lying between the line, Bolt Tail-Eddystone-Looe and the
shore, while investigations were extended beyond the 40-fathom line to
a distance of about 25 miles S.W. of the Eddystone Rocks. The hauls
are summarised for the various depths in Table 1.

ApPARATUS.

TABLE I.

A= Young Fish Trawl of stramin.
B= " " " mosquitb netting..
O=Ootton TrawL!" mesh (t". square).

A ami B 0

The depths here represent the total depth of water at each station.
Systematic search was made both in the shallower waters of the bays

and in the deeper water of midchannel for the adolescent stages of the
young of the:Mackerel, Pilchard and Ancho'v,y, but t~e results were
negative.!, . .. .".

The number of hauls per month is as follows for nets A,Band 0 :-. \ ,

July
Aug.
Sept.

TABLE II.
A

30
25 4

. 25

B . '0
L
0

.26

Depth in f111s.I No. of Duration No."of hI's. No. of Duration No. of hI's.
Hauls. ?f Haul fishin". Hauls. of Hau

fishing.111111m. b in'min.
t

<10 i7 22.64 6.4 15 30 . 7.5
10-20 .10 21.5 3.5 2 20 0.6
20-30 46 21.08 16.16 4 27.5 1.8
30-40 4 22.5 1.4 4 36.25 2.4
40-45 7 30 3.5 6 30 3.0
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FlG. 1.-Diagram of Young Fish Trawl.

Del. E. FORD.

Types A. and B. (c) Galvanised iron bucket.
(e) Lanyard. (f) Otter Board. (g) Warp.

(b) Sal vage rope.

.'

~~

1:;,

(c) Wing. (d) Pole.
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APPARATUS.

Fig. 1 gives in diagrammatic form the type of young fish trawl as'
. used in the Plymouth investigations. It is a modifiedform ofDr. C.G. J.

Petersen's Yngel-trawl, a description and figure of which are published
by Dr. Johs Schmidt in " Skrifter udgivne af Kommissi"onenfor Havun-
dersogelser," No.1, 1904,p. 36. The dimensions given in Fig. 1 are those
which were taken from the nets in use.

On the Oithona, a single warp with two bridles, each 20 fathoms in
length, is led from the winch over a series of roller blocks along the port
side and over a roller on the port quarter. The bridles are shackled to
Otter Boards, 3' by 3' 9". Two pairs of lanyards of 2" manilla rope
connect the Otter Boards with two wooden poles which keep the mouth
of the net open. The lanyards are 12' in length and pass through
drilled holes, one at the top and one at the bottom of each pole. A
narrow strip of canvas about 6" in depth encircles the mouth of the net,
the sides of which are lashed to the poles by separate lashings, rove
through six eyelets. The mouth of the net is 6t'square. A rectangular
opening with smaller poles and lo;nger headline and foot rope has been
found to answer the p~rpose quite as well. There are two triangular

. wings about 14t' in length. Salvage ropes of i" to i" manilla or hemp
run along the sides of the wings and are continued to the" cod-end,"
as a single rope on each side of the net. These give greater strength to
the net and are essential during the process of hauling on board the ship.
The breadth of the net is reduced-to 5' at the apex of the wings and to
2' at the cod-end. A galvanized iron bucket l' long by 8" in diameter
is attached to the cod-end. This is more convenient for the transference

of the catch and seems to reduce the liability of damage to the specimens.
The strain is taken off the cod-end of the net by lashing the ends
of the salvage ropes to two iron loops on the bucket, while the cod-end
is also strengthened by the addition of a nar:r~owstrip of canvas covering.

The nets used in the present investigations are designated as TypeB -
A, Band C.

TYPE A.

This is a net made of the Danish material" Stramin," which is com-
posed of threads of closely spun hemp yarn. Each thread is made up
of two'strands which have undergone considerable stretching and-torsion,
to give greater strength and to reduce to a minimum the teasing out
of the fibres. There are about 12 meshes or 13 threads to an inch. The
threads are woven over and under each other and there is no attempt at

, knotting. The meshes are approximately square, b1}tare ~ot uniform
in size. The catching power of the net may be vitiated by the dis-
integratio'n of the material.
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TYPE B

Type B 'is composed of fine cotton ~osquito netting. Two strands
of fine cotton are twisted loosely along their whole length and the corners
ot the mesh are so arranged that single strands from the two adjacent'
sides of the" square" cross each other and bind the whole' together.
There is no knottmg of the threads. The twisting o~the strands and the
tenacity of the fibres prevent to a great extent the" mnlling " of the net
when damaged. . This material is much more elastic than stramin, and
tends to pull more in one direction than in another. Care 'must be taken
in the making of a net of this material so that the strain imposed on tJie
net pulls the meshes out to a definite and open square formation. When
stretch~dout in this. way, there are 9 to 10 meshes to an inch.

TYPE C.

The apparatus designated as C is a cotton trawl, devised on similar
lines to types A and B with a mesh of i" diagonally from knot to knot.
This is still in the experimental stage and further improvements are
contemplated. Its efficiency, however, in securing the early bottom
stages is well shown. To avoid confusion in the meaning of the mesh
i" net, it may also be described as a mesh of t" between the knots along the
square or I" all round. The cotton is 9 ply. This net was also" cutched."

The towing speed of Types A and B is generally from slow to half~
from I to 3 mls. per hour. This, however, depends largely on the tides
and the condition of the sea. Against a strong flood or ebb tide the
rev{}lutionsof the engine will naturally be increased to keep the net from
sinking to the bottom. The fault of the net generally lies in the bulk
of the poles, which set up a strong wash at its mouth, but this is difficult
to obviate.. The length of the net is probably sufficient to retain. the
young'fish which are caught.

The depth at which the captures were ma;de.is designated in. the
Tables IX and X by the letters S. M. B. for surface, midwater and
bottom hauls, intermediate hauls being shown as S.-M. (surface to
midwateJ:) and M.-B. (midwater :to. bottom), The depths have been
estimated frO:tlltb,e a,mount ()f warp lI!!ed,from the speed of the vessel,
and from, the pJ:evaili.ngsea conditions. This method may be open to
criticism, but .in these comparatively shallo.wwaterS of the Channel' the
m~thod adopted is the .simplest ap.d most convenient a~d seems to rp.eet
the -case quite well. . .
. The duration of the hauls is not quite uniform,as i~is almqst impossible

to bit pH an exact time limit. The :r;neanis about 30 minutes.
The selective power of the nets is well sho.wn, but tb,e material used
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has not always been perfect. This has been the chief difficulty and is
eXplained by the present~dayconditions 'of trade.

"

, DETERMINATlON OF THE MATErnAL.

The catches of the young fish trawls were transf(\rred to glass jars. '
A few ofthe more active fish were picked out and k(\pt aliv.d.or special'
s~~dy. The remainder of the catch was immediately killed'with a weak
solution of formalin, to prevent the medusre from 'making their'customary
depredations on the young fish. When time and conditionsallawed;-
mast of the fish were picked out on board ship. The whole of the material'
was handed over to Dr. Lebour for investigation .ofthe food contents 'and
she also identified the species~ and recarded the measurements' before
cutting them up. The rarer fish and the Gurnards were kept intact and
dealt with by the writer. Mr: Ford d,etermined the Ammodytidre (Sand
eels).' , ,

The young fish have been determined by the use of existing literature,
which is now fairly comprehensive. There are still many gaps ~o fill in
and an accurate determination is essential before the broader 'biological
problems can be tackled. Oomprehensive collecting during a complete
year has not been possible. There is much still ta be dane in the earlier
and later months of the year before we can arrive at a'completestary of
the distributian and numbers of young fish near Plymouth. The
measurements of the young fish have been'recorded to the nearest. h3Jf
rnillimetre. Here, as always, the length is the total length~tip:
af'snout ta tip .of caudal fin. '

POST-LARVAL OHARAOTERS.

The peculiar structures of the post-larval y'oung of Teleostea~s hav_e
.often enough been described, vide Regan, 1916, and Fage, 1918. In
mast cases the young are so markedly different in the pelagic stage from
the adult that th~ characters so well known for the determinatian of the
latter are often of little use for the identification of the farmer. Generally,
the structure and shape of the young are adapted to their particular mode
of life and are" oriented by hereditary factors." The pelagic life is more
Orless transitory, in some it is of short duration, in others long. A long
larv.al or post~larvallife is generally associated' with deeper water spawners
e.g. Congervulgaris,. a short pelagic existence with.coastal spawners, e.g.
Gadus luscus. This must be accepted" however, with modificatioll" .).

,The surest determination of a species is to be found in the counting:
0f the vertebrre and fin rays (if..these be developed), and this methodh~
been adopted in all doubtful caRes. ..'i

.
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NUMERICAL RESULTS.

The following data have been compiled to show roughly the com-
parison in the seasonal distribution of the numbers of young fish caught
with the young fish trawl (Types A and B) during the months July,
AuglJ.st and September for the years 1913, 1914 and 1919. It must be
understood, however, that the comparisons are by no means conclusive
owing to the fact, .which Dr. Allen (1917) has already pointed out, that
no two nets have the same catching power and that the number of hauls
at the different depths is far from being uniform either in actual numbers
or in the duration of each haul. Still, the data at disposal justify some
consideration.

The hauls, Table III, were distributed over the various depths as shown
in Table IV, where the depths represent the total depth of water at the
particular localities.

TABLE IV.

ApPARATUSA and B.

.
Table III gives a general summary for July month. This month has

been selected as investigations practically ceased after that month in
1914, and because in. July, 1919, Type A net was used solely, being
replaced in August by Typ-eB. The average duration in minutes per haul
in July for each year was 20.3 for 1913, 20 for 1914, and 23.5 for 1919..COMPARATIVERESULTSfor years 1913 and 1919for hauls taken between
the 20 and 30 fathom lines.

TABLE III.

ApPARATUS A and B. Period: July only.

Total Total Total Average
Year. number number number number number

(July.) of young of hours' of fish of hauls. of fish
fish. fishing. per hour. per hauL

1913 1206 9.8 123 29 41
1914 1885 12.6 149' 38 49
1919 4214 11.6 363 30 140

Depth ;n fathoms. 0-10 10-20 20-30 30-40

Year. Numberof Numberof Numberof Number of
hauls. hauls. hauls. hauls.

1913 9 5 14 . 1
1914 9 5 14 11
1919 1 4 21 4
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The area of intensive fishing lies between the 20 and 30 fathom lines,
and the same conclusion with regard to the numbers of young for the
months July, August and September for the years 1913 and 1919 still
holds good. ,They are much more numerous in 1919.

TABLE V.

APPARATUSA and B. Period: July, August, September.

Frequency in numbers of the more abundant young fish is shown in
the following list, where the figures represent the number of fish per hour's
fishing in the hauls taken between the 20 and 30 fathom contour lines.

COMPARISONin total captures for years 1913, 1914 and 19,19for the
months July, August and September. .

Year.
Total number Total number Number of Average number

of hauls. of specimens. hours' fishing. of fish per hour.

1913 74 2137 26.1 81
1919 48 5543 18.08 306

1913. 1919

.Clupea and Sardina 7 51

Ammodytes 6 25
Scomber - 7
Caranx - 13
Labrus 3 38

Trigla .' 4 19
Gobius .11 47

Arnoglossus . 29 9
Gadus merlangus - 3

" minutus. - 10

Trachinus vipera 6 8-
Callionymus . 7 46

TABLE VI.

ApPARATUS A and B.

Total Total Average Total Average. Year. number number number number number
of of hours' of fish of of fish

fish. fishing. per hour. hauls. pel' haul.
1913 5266 55.5 94 160 32
1914 1908 13.7 139 41 46
1919 11669 31.08 375 84 138
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,Table VI gives aicomparison between the three years for July, August
undSeptember. The average duration per haul being 20.8 minutes,in
1913, 20.2 in 1914 and 23.5 in 1919. In 1914 only two hauls were made
in August and one in September. . "

The greater abundance of young fish in 1919 is very striking. This
may be due to many causes, among which are:-

(a) The greater selective power of the nets used in 1919.
(b) 1919 being a year of greater p~oduction of the young.
(0) 1919 being a later spawning year for some of the species as shown

for the Mackerel.

The more abundant types are represented in the following list, where
the numbers are the total number of fish captured during the same
period-July to September (inclusive) for all the hauls of nets A and B.

1913
{160hauls)

Clupea and Sardina. 413
Arnoglossus . 1270
Caranx . 90

Ammodytes . 619
Callionymus. 475
Labrids (4 genera) . 24;7
Trachinus . 535
Scomber 2

Gobies(4genera) . 1136
Trigla . 175

1914
(41 hauls)

341
130
Nil

91
458

67
65
3

631
23

1919
(84hauls)

1674
482
308
711

1140
756

~64
178

, 4782
504

It will beseen that the marketable fishes are weakly represented dming
this period. An important exception is the Pilchard, which shows an
abnormally large number of young for 1919. It is interesting also to
note that the adult pilchard fishery at ,Plymouth and along the Cornish
cpast during the latter part of 1919 was the richest experienced for over
twenty years.

The larger number of Mackerel in 1919 may be attributed to a year of
later spawning. The years 1914 and 1919 showed an equal number of
the young of this species-those in 1914 appearing in greatest numbers

,in June month. On the other hand, Arnoglossus (Scaldback) and Trachi-
nus (Weever) were relatively 'mostabUlldant in 1913.

'. L PRODUCTIVE HAULS.

An interesting feature of the 1919 captures is the large proportion of
hauls with nets A and B which are rich. both in the number of species
and of specimens., The hauls which show.the highest percentage of species



'"

YOUNG STAGES OF TELEOSTEANS. 169~

and of specimens were taken in greater numbers in localities where the
total depth of water exceeded 20 fathoms, and where one would naturally
expect a mixture of the young of inshore and offshore spawners, but
there is also in these deeper waters an influx of forms wlUchundoubtedly
have drifted with the general up-channel current from'the west. The
following list shows a few of these rich hauls :-

EXPLANATION OF CHART AREAS AND POSITIONS.

The Chart Area of each haul in Tables IX and X is that shown in the

Chart published in Vol. X, No.2, June, 1914. The positions have been
calculated from cross-bearings. For convenience in estimating the
locality of each haul, the nearest observed point is shown in Tables IX
and X as bearing a definite magnetic direction and a fixed distance from
the actual position of the haul. '.

. The localities of Hauls 62 to 68 '(inclusive) for nets A and B and Hauls
7,t.o i6 (inclusive) for net C were determined from.astr~nomical "fixes,"
which were kindly taken for the writer by Mr. E. W. Nelson.

TABLE VIII.

ApPARATUSA and B.

No.of Duration of haul Total depth No of species No of specimens
haul. in minutes. in fathoms. in haul. in haul.

2 30 16 16 148
6 30 12 16 166
9 30 29 17 399

11 25 26 19 288
12 25 26 23 272
13 20 26 17 203
14 20 27 14 432
28 30 28 23 316
62 ,30 41 15 268
64 30 41 12 368
66 30 41 14 264
77 30 '4-7 12 2320 (2269are

one species)



TABLE IX. -:t
0

LIST OF STATIONS. ApPARATUS A.

EXPLANATION. S.=sarface. M.=midwater. B.= bottom. N.H. =Night Haul.

Depth Duration Total
No. of of Haul Depth Chal't
Halll. Date. of in Locality. in Area.Haul. minutes. fathoms.

1 3.vii.19 B. 20 Rame Penlee 7 T.
2 7.vii.19 B. 30 Rame N. 37° W. Ii miles 15 . T.
3 9.vii.19 M. 25 Eddystone E.N.E. 6 miles 36 O.
4 10.vii.19 B. 90 Ram, II. 14" E. 4. n.ril" 28 S.

to to (3 hauls) to rn

N.8°E. 2t miles 26 T. a
"

5 l1.vii.19 B. 30 Rame N. 5°E. Ii miles 24 T.
6 18.vii.19 M.-B. 30 Penlee N. 9° W. £ mile 12 T.
7 18.vii.19 M.-B. 25 PenleeN. 10°E. 2i miles 24 T.
8 18.vii.19 M.-B. 20 Rame N. 2°W. 3! miles 27 T.
9 18.vii.19 M.-B. 30 Rame N. 5°E. 4t miles 29 S.

10 21.vii.19 B. 20 Rame E.N.E. 2 miles 25 T.
11 21.vii.19 B. 25 Rame E. by N. 2£miles 26 T.
12 21.vii.19 B. 25 Rame E. tN. 4 miles 26 T.
13 21.vii.19 B. 20 Rame E. tN. 5i miles. 26 M.
14 24.vii.19 M. 20 Rame E. £N. 4t miles. 27 T.
15 24.vii.19 S. 25 Looe N. 15° W. 2 miles 10 M.
16 24.vii.l9 M. 20 LooeN. 3°W. 4 miles, . 25 M.



Depth Duration TotalNo. of Date. of Haul
Locality. Depth Chart

Haul. of in in Area.Haul. minutes. fathoms.
17 28.vii.I9 M. 20 Penlee N. 23° E. 1mile 13 T.
18 28.vii.I9 M.-B. 20 Rame N. I! miles 24 T.
19 28.vii.I9 M. 20 Rame N.N.E. 2! miles. 27 T.
20 29.vii.I9 B. 20 Mewstone RE. Ii miles 22 W.
21 29.vii.I9 B. 20 Mewstone N: It miles. 20 W. 022 29.vii.I9 M. 20 Mewstone N. t E. 4t miles 25 X.
23 29.vii.I9 S. 20 Mewstone N. 4! miles. 24 X.
2'4 29.vii.I9 B. 20 Eddystone N. 70° W. 7i miles 32 X. rn

25 29.vii.I9 B. 20 Eddystone N. 64° W. 7! miles 33 X.
26 29.vii.l9 B. 20 Bolt Tail E.N.E. 7i miles 33 Z. rn

27 31.vii.I9 K 20 Rame N. by W. 5! miles 29 X. 0
I:;j

28 31.vii.I9 B. 30 Rame N. 13° W. 41 miles 28 X 1-3
l;j

29 l.viii.I9 B. 20 Rame E. !N. 1 mile 16 T.
30 l.viii.I9 B. 20 Rame N. 62° E. 2i miles 26 T. 0rn

1-331 1.viii.I9 B. 20 Rame N. 60° E. 3i miles 27 T. l;j

,32 l.viii.I9 S. 20 Rame N. 55° E. 4i miles 28 ' T.
33 5.viii.I9 M. 20 Penlee N. 3° W. Ii miles 15 T.
34 5.viii.I9 B. .20 Penlee N. 2° E. 4 miles. 27 W.
35 5.viii.I9 B. 20

I Eddystone S. 66° W. 4! miles 29 S.
36 5.viii.I9 S. 20 .Eddystone W. by S. 3 miles. 30 S.
37 5.viii.I9 B. 20 Eddystone S. 71°W. 21 miles 30 S.
38 5.viii.I9 M. 20 Eddystone S. 59°W. 31miles 30 S. f-'39 5.viii.I9 B. 25 Rame N. 14°E. 3£ miles 28 S. ;::I



u i ,,!
Depth

Duration " ,- Tpt(LI fj
No. of mate.',. ofHlOul DPth C,art
Haul. oC ,. , J;;ocali,ty. " Area.

Haul.
In III

'-', miimtes. fathoms.

40' 7.viii.19 S': 20 ' YealmRiver Entrance 7' W.
41 7;viii.19 M. 20 ' YealmHead,N,N.E. l mile' . 7, W.
42 7.viii.19 B: 20 Stoke Point E, ! ,So! mile ,7 W:
43 7.viii. 19 B. 20 Stoke' PointE.N.E. H miles: 21 W.
44: 8.viii.19 M.B. 20 Rame N. 20E. 3! miles' 28 '.1':

45 8.viii:19 M: 20 Rame N. l7'° E. 4 miles 28 S.
48 8.viii.19 S,' 20 Eddystone W.S.W. '2!miles : 30 S. ,
47 8.viii.19 B: 20 EddysiJone W. ! mile 20 S.
48 11.viii.I 9 B: 25 Ranie N. 58° E. 5 miles 27 S.
49 1Lviii.19 B. 15 Rame N. 36°E. ! mile. 20 '.1'. ?i

50 13.viii.'l9 M. 20 Shagstone to Mewstone '7 W.
d
t7

51 ,13.viii.19 M'. 20 Yealm Head E. by'S. ! mile. ,7 W. £;
p::

52 13.viii.19 M. 20 Yealm HeadN. 39° E. ! mile 10 W. ...

!'J3 13.viii.19 M. 20 StokePointE. ! mile . 10 W.
"

LIST OF STATIONS. ApPARATUS B.
."

54 13.viii.19 M'. 20 Stoke Point N. 72° E.!" mile '. .19 W.
H.viii.19 'B.' Yeal:m Head E.N.E. 1 Ihile -W.

,.
55 :20 ,17
56 ,15.viii.19 B. 40 Polperro N. 37° W,"4!,milesJ 26 M.

(2 hauls)
f;)7 Lix:19 B. 40 Rame N. 7°:W.3 miles 27 :T"'J

--:'B"
--,

58 l.ix.19 ,. 20. j Penlee W. ! mile ,9] T.



~~-

neRth
Duration Total

N6;'Qf ,> of Haul Dp,th Chart

Hit;;1.
Date. of 'ili ,Locality. ArM.

Haul.
III

minutes. fathoms.

59 3.ix) 9 S. 20' Rame E. 3i miles 24 'T.

60' 3.ii:19 M. 20' Rame R 4t miles' 26 T.M.

61 3.ii.'19 B. 20' RameE. 5 miles. 26 M.

62
"

: S.' ,50'° 0".5 N. 4° 35' W.' N.H.9.ix.19 30' 41 -

(;g
"

M: 50'°0".25 N 4° 34.8'W. N.H.9.ix.19 30' 41 - ><

64 "9'.ix.i9 B: 50'° NAo 34'.7 W:
0

30' N.H.' 41 - q

65
"

S: 49° 59',7 N:4° 34(.5W./ N:H: 4T
z

9.ix.19 30'
-

"
B: 49° 59(,5 N: 49 34('6 W: N.H.

w
6B 9.ix.19 O' 41 - J-3

67
"

S." 30 49° 58(.5 N: 4° 25(.2 W: N.H.
>.

10'.ix.19 41 -

68 Ie .ix.l:9 ' M. O' 49°59'.5N. 4°24(:5W. N.H: - 4']'
- rz>-

69 17.ix.1'9 B: M Eddy-stone S.by W. 1t'miles: 31 S,.'
0
r:E

70 17.ix.19 ' B: 20' Eddystone S. 2t niiles . 30' : S.'

71 17.ix.19 B: 25 Eddyst@neS. by E. 3t miles: 29, :S.' I;j

72 17.ii.'19 B: 30' Eddystone S. 3° E. 3! miles 29 \ ,:S.'
0w

17.ii.'19

>-J

73 B:' 30' Rame N: 55° E. 21 mile's 29 IT;' I;j
>.

74 19.ix.19 B." 20' Whitsand Bay E. 5 T.n.' . z"

75 . 19.ix.19 'co'M." 20" " Rame Penlee 7 :r..
!:,""j

25.ix.19'76 . B., 30' Cawsand Bay' 4-7 T.U.

77 25.ix.19 B. 30' Cawsand Bay 4-7' T.U.

78 25.ix.19 B.' 20', WestQhanel(Sound) 7 T.V.W.

79 25.ix.19 M.-B. 40' West Channel 7 T.V.W.

80' 25.ix.19 M.-B. 20' West Channel 7 T.V.W. I

81 29.ix.19 B. 2Q, 'Rame N. 58°R 5 miles 27 S.
H""



-~~.- T

TABLE X. "'"'
-'I
II'-

LIST OF STATIONS. ApPARATUS C.

No. 0( Depth Duration Total ChartHaul. Date. of of Haul LocaJity. depth iu Area.Capture. in minutes. fathoms.

1 19Aug. 19 S.-M. 20 Plymouth Sound (WhitePatch) 6 V.
2 " 8.-M. 20 CawsandBay (Zostera) '. 4-7 T.U.
3 " M. 20 " " " 4-7 T.U.
4 25 Aug. 19 B. 40 " " " 4-7 T.U.
5 26 Aug. 19 B. 24 4-7 T.U. F=1" " "
6 3 Sept. 19 B. 20 Rame E. 5 miles. 27 M. rn
7 8 Sept. 19 S. 55 50° 02'.3 N. 4° 35'.5 W. N.H. - 40 a

t"'

8 M. 30 50°01'.7 N. 4° 35'.4W. N.H. 40 - l;"
Pi9 " B. 30 50°01'.3N. 4° 35',2 W. N.H. 40

10 " S. 30 50°00',8N. 4° 35' W. N.H.. 40
11 9 Sept. 19 B. 30 49°49' N. 4°28'.5 W. N.H.. 43
12 " M. 30 49°50'.6N. 4° 28' W. N.H.. 43
13 " M.-B. 30 .49° 52' N. 4°27'.5 W. N.H. 43
14 " S.-M. 30 49°54' N. 4°26'.8 W. N.H.. 44
15 , " M.-B. 30 49b56' N. 4026' W. N.H. 42
16 10Sept. 19 S. 30 50°00'.5N. 4° 23'.5 W. N.H. 41
17 12Sept. 19 B. 30 MewstoneN. 53°E. 3 miles. 26 W.
18 " B. 30 Rame N. 48°E. Ii miles 30 T.



11::

I-'
-:t
C!

No. Depth. Duration Total Chart
2: of Date. of of Haul Locality. depth in Area.to Haul. Capture. in miuutes. fathoms.
::a
rn 19 16 Sept. 19 M. 25 Whitsand Bay E. 4-5 T.U.I?;I
t:d 20 B. 25 4-5 T.U.;j " " " "rn

21 " B. 25' " " " 4-5 T.U.

0 22 " B. 30 " " " 4-5 T.U.
t:<

23 " B. 30 " " " 4-5 T.U. t<
0

!""' 24 18 Sept. 19 B. 45 5-6 T." " "
z 25 " 13. 45 " " " 5-6 T. Q

!='
26 23 Sept. 19 B. 20 Oawsand Bay (Zostera) 4-7 T.U.

17.>

27 " B. 25 , ,, ,, 4-7 T.U. Q
.... I;;j
q 28 29Sept. 19 B 10 Whitsand Bay E. 6-10 T. 17.>

-
29 B. 10 Rame E.S.E. 2i miles 15 T.

0
..... " I:;j

"" 30 B. 30 Rame E. by S. 3 miles. 19 T. ..,
p " I;;j

81 B. 30 Rame E.N.E. 4 miles 27 T. t"
" I;;j

0
17.>

...,
I;;j

:n
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ISOSPONDYLI.

OLUPEIDlE.

CLUPEA SPRATTUS L.

" HARENGUS L.

SARDINA (CLUPEA) PILCHARDUS (Walb.)

SPRAT.

HERRING.

PILCHARD.

The young fry of the Clupeidre are produced in very large numbers
in the neighbourhood of Plymouth, and these belong to three species,
Clupea harengus (Herring), Clupea sprattus (Sprat) and Sardina pilchardus
(Pilchard). Alosa alosa (Shad) occurs not uncommonly in the adult
stage in the estuaries, as for instance at Saltash, where they are caught
in tuck ned in autumn, but their young stages appear to have escaped
notice.

The spawning period at Plymouth for the three species shows a good
deal of overlap, but the maximum spawning months for each of the
three appear to be more distinct.
I Maximum.

Herring. xii.-i. (?) i.
Sprat i.-vii. iii.-v.
Pilchard' iv.-x. vi. and viii.

The 1919 material shows a capture of 1674 post-larvre-nearly all of
which are Pilchard, with an average of about 20 specimens per haul
estimated Jor the three months: These occurred in 66 hauls, an average
of 51 specimens per hour's fishing for the three months' period.

CLUPEA SPRATTUSL. SPRAT.

Month.
Average
No. per

haul.

July
Aug.

1.9
0.6

Few post-larvre of the Sprat occurred so late in the year-all those
recorded being still in the" nude" stage. The larger" vetu " (scaled)
and" silvery" types from about 30 to 60 mm. (or more) were found
in large shoals mixed with Herring in July in the rock pools below the
Laboratory, the largest of those being probably about six months old.
The distribution of the post-larvre is general, specimens occurring outside
the Eddystone, though they are more frequent closer inshore.

ApPARATUS A and B.

No. of Hauls
Total No. in which No. of Size in
of Hauls. species specimens. mm.

occurs.

30 11 57 13-27
29 5 19 18-25



YOUNG STAGES OF TELEOSTEANS. 177

The number of post-larval pilchards is large. For the whole period
of three months, the number of hours' fishing totalled 31,08, so that the
average number of specimens for one hour's fishing of the young fish
trawls A and B works out at about 48.

In the cotton trawl C, 146 specimens (13-28 mm.) were secured in
10 hauls in August and September, an average of 4.7 specimens per haul
for a total of 31 hauls. The larger size of the mesh of this net accounts
for the small numbers-those which were captured being generally twisted
round the" meshing." The prime object of this net was to catch thf
larger" poutines vetues " and" palailles " stages (Marion, 1888, Pouchet,
1888) from 40 to 70 mm. and systematic investigations were carried out
both in the shallower water of the bays ana in the deeper midchanne]
water. Both localities, however, gave negative results during August
and September months. This negative result, however, is probably not
the real state of things, and two important factors have to be considered
in (1) the catching power of the net and (2) in the ability of the young
to escape the net.

The" poutines nues "-all the above recoFds belong to this stage-
are exceedingly abundant, having been taken over the whole of the area
investigated from the Sound out to and beyond the 40-fathom line.
Cunningham (1893) was the first to record captures from brackish water
at Saltash, while this year (October) a few were taken by Dr. J. H. Orton
in Millbay dry dock. The" nude" stage probably exceeds 40 mm.
when there is a reduction in length in the change to the" poutines
vetues." The" palailles" or Sardine stage, with the scales larger
and giving the fish its silvery appearanC(~, have been taken at end
of October and in November. The writer has the following three
records :-

(1) One specimen, 90 mm. (snout to tip of caudal), secured by hand
in a rockpool at entrance to Millbay Docks on 29th October, 1919. This
was caught by W. Searle, of the Laboratory..

SARDINA (CLUPEA) PILCHARDUS(Walb.).

ApPARATUS A and B.

No. of Hauls
A'verageTotal No. in whic.h No. of SizeinMonth. of Hauls. species specimens. No. permm. haul.occurs.

July 30 23 528 6-26 17.6

Aug. 29 19 521 8-25 17.9

Sept. 25 19 471 9-28'5 18.8
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(2) One specimen, 72 mm. (snout to tip of caudal), from stomach of
Gadus virens landed at Newlyn on 17th November, 1913. This specimen
was sent to the Laboratory by Mr. Matthias Dunn.

(3) One specimen, 69 mm. (snout to tip of caudal) from mouth of
Zeus Jaber landed on quay at Mevagissey on 18th November, 1913, and
sent to the Laboratory by Mr. Howard Dunn.

The two smallest specimens are probably the young of the same year,
and the largest probably spawned in October of the previous year and
thus one year old (cf. Cunningham, 1891, 1899, 1900; Hjort, 1913; and
Fage, 1913). .

TABLE XI.

ApPARATUSA. and B.

RECORD OF CLUPEA AND SARDINA.

No. of Date. Depth. a. sprattus. S. pilchardus. C. sp.
Haul. No. Sizein mm. No. Sizein mm. No. Size in mill.

1 3.vii.19 B. 2 13-18 - -
2 7.viQ9 B. 6 18-23 83 12-25
3 9.vii.19 M. 3 16'5-20 26 12-17
4 lO.vii.19 B. 1 18 2 14-20
5 Il.vii.19 B. 9 15-24 1 15
6 18.vii.19 M.-B. 2 20-21 13 16-24
7 " M.-B. 5 18-21 13 16-22
8 " M.-B. - - 3 19-21
9 " M.-B. - - 16 9-21.5

10 21.vii.19 B. - - 26 11-22
11 " B. - - 49 11-24
12. " B. - - 12 11-21
13 " B. - - 22 13-22
14 24.vii.19 M. 18 15-27 62 13-25
15 " S. 7 22-25 71 12-23
16 " M. - - - - 73 13-23
17 28.vii.19 M. - - 2 15-26 - -
19 " M. - - - - 2 7-8
21 29.vii.19 B. - - 3 9-14
22 " M. - - 21 9-12
23 " S. - - 11 6-11
24 " B. - - 26 7-18
25 " B. - - 29 9-15.
26 " B. - - 29 6-14
27 31.vii.19 S. 3 17-25 2 21
28 .. B. - - 7 13-20
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No. of a. s}J1'aU/ts. S. pilchardus. a. SJl.
Haul. Date. Depth. No. Sizein Illm. No. Sizein mru. No. Sizeinmm.

29 l.viii.19 B. - - 1 8
30 " B. - - 7 9-14
31 " B. - - 9 11-19
33 5.viii.19 :M:. - - 1 11
34 B. - - 15 8-"15 - ' -"
35 " B. - - 35 9-21
36 " S. - - 48 13-25
37 " B. 1. 21 15 11-21
38 " lVI. - - 37 10-23
39 " B. - - 123 '9,5-20
41 7.viii.19 M. - - 3 10-21
42 " B. 1 21 3 17.5-24
43 " B. - - 4 13.5-22 -

44 8.viii.19 :M:.-B. - 14 11-19
45 " lVI. - 12 10-20
46 " S. 4 19-25 21 9-25
47 " B. - 21 12-22
48 11.viii.19 B. - - 2 14-15
52 13.viii.19 lVI. 1 18 - -

56 15.viii.19 B. 12 18-22 150 14-20
57 l.ix.19 B. - 71 12-25
58 " B. - 9 12-28
60 3.ix.19 M. - - 17 11-23
61 " B. - - 65 12-23
62 9.ix.19 S. -. - 76 14.5-28.5 -
63 " .M. - 4 18-23
64 " B. - - 8 17-27
65 " S. - - 76 14-24
66 " B. - - 37 14-23
67 1O.ix.19 S. - 21 14-20
68 " :M:. - - 32 11-22'5 -

69 17.ix.19 B. - - 3 15-27
70 " B. - - 9 14-23
71 " B. - - 1 21
72 ." B. - - 2 24-26
75 19.ix.19 :M:. - - 2 21-25
76 25.ix.19 B. - - 18 10-24'5 -
79 " :M:.-B. - - 5 10-19
80 .. :M:.-B. - - 15 9-28
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No. of haull
1
2
3
4
8

11
12
13
14
16

R. S. CLARK.

SYNGNATHIDlE. PIPE FISHES.

SYNGNATHUS ACUS L.

" ROSTELLATUS NILSS.
SIPHONOSTOMA TYYHLE L.

N EROPHIS JEQUOREUS L.

Size in mm.

17-23
19-26
22-24
19-25

20
22-27

28
13

16-29
15-24

ApPARATUS A AND B.

Syngnathus rostellatus was the only species which occ~rred off shore,
and only two young stages were captured, one of 21 mm. in Haul 7 on
18th July, 1919, and one of 56 mm. in Haul 69 on 17th September, 1919.

Siphonostoma typhle occurred as a single individual in Haul 77 (Oawsand
Bay) at a length of 97 mm. on 25th September, 1919, and Nerophis
Q!quoreuswas represented by two young forms, 12 to 22 mm. in length,
captured in Haul 80, West Ohannel, on the same date.

ApPARATUS O.

Adolescent and adult stages of Syngnathus acus, S. rostellatus and
Siphonostoma typhle were taken with the cotton trawl 0 in August and
September in Whitsand and Oawsand Bays, all in shallow water close
inshOJ;e. Siphonostoma typhle was found to be carrying the young in the
brood pouch in August. The records here given of these three species
are not quite representative, as many rich hauls of these fish were trans-
ferr~d alive from the ,{JawsandBay Zostera bed to the aquarium tanks

TABLE XII.

ApPARATUS O.

RECORD OF SARDINAPILCHARDUS.

DalP. Depth. No.

19.vii.19 S.-M. 10
" S.-M. 31
" M. 7

25.viii.19 B. 88
8.ix.19 M. 2
9.ix.19 B. 2

" M. 1
" M.-B. 1
" S.-M. 2

10.ix.19 S. 3

SOLENIOHTHYES.
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for special public. exhibition. N erophis lumbriciformis was also present
in these hauls, which were made with the cotton net and with the ordinary
shrimp trawl.

No. of
Haul. Date.

7 lS.vii.19
69 17.ix.19
77 25.ix.19
gO

No. of
Haul.

Date.

5 26.viii.19
22 16.ix.19

23 . "
24 lS.ix.19
25
26 23.ix.19
27

"

"

TABLE XIII.

ApPARATUS A AND B.

RECORD OF SYNGNATHIDJE.

Syngnathus Siphorwstoma Nerophis
Depth. rostellatus. typhle. aequoreus.

No. Size in mm. No. Size in mm. No. Size in mm.

M.-B.
M.
B.
B.

1
1

21
56

1 97
2 12-22

TABLE XIV.

ApPARATUS C.

. RECORD of SYNGNATHIDJE.

APODES.

CONGRIDAJ;.

LEPTOCEPHALUS CONGRI VULGARIS (L. Morrisii).
ApPARATUS B.

A single Leptocephalus stage of the Conger occurred in Haul 69 (Bot-
tom) on 17th September, 1919. It measured approximately 115 mm.
when brought in alive to the Laboratory. Fortunately the young fish has
survived and enabled observations to be made on its rate of growth.
The reduction in length during metamorphosis is a distinctive feature.

The specimen has been carefully looked after by Mr. Ford, who gives in
the same volume of this Journal a few notes on his observations along
wi~h a table of the captures of Leptocephali of the Conger round our
coasts.

Depth. Syngnathus acus. S. rostellatus. S. typhle.
No. Size in mm. No. Size in mm. No. Size in mm.

B. - - - - 1 220
B. S' 95-145
B. 2 9S-105
B. - - 4 95-105
B. - - 13 77-140
B. - - - - 7 lS5-295
B. - - 2 100-105 1 175
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In the 1919 hauls, July to September (inclusive) pelagic young of the
Pollack had disappeared, with the exception of one post-larva of 5 mm. .
secured on 21st July, 191p. This result is not surprising as the Pollack
is a spring spawner in this area, and may well have reached the bottom
stage by July. Adolescent stages have been taken in Cawsand Bay at
lengths from 3 to 5 cm. in June. They are extreemly abundant in the
Zostera bed of Cawsand Bay, and are invariably present in every haul
of the shrimp trawl in summer and autumn. Two hauls (Nos. 4 and 5,

. Apparatus C) gave 53 fish from 60 to 120 mm. in length for a total dura-
tion of 64 minutes.

Spawning Period ~ i-vi.

GADIDlE.

GADUSMERLANGUSL. Whiting.

This was the most frequent Gadoid. in the pelagic young stage-
during the period of the 1919 investigations. Sixty-nine post-Iarvre,
5-17 mm., Were captured in July and 11 varying from 5 mm: upwards
in August, all in the area between Rame Head and the Eddystone. The
average per haul (23.5 minutes) for July is 2.3. Dr. Allen gives the
maximum number per haul (ca. 20 minutes) for the years 1906-1914
as 33.6 for May month. This is a fairly high percentage, especially for
a fish of commercial importance, and shows a large production of the
young fry in this area.

The adolescent period is passed in shallow water close to the shore,
and a few examples 65-85 mm. were caught in Cawsand and Whitsand
Bays with the cotton trawl C in September. -These are the young
,spawned in the earlier part of the year and are at least six months old.

Spawning Period: ii-vii.

GADIDlE.

Bib (auctorum).
Pout-Plymouth.

The pelagic young stages of this species were extremely limited in
number, as only 7 post-Iarvre from 8-15 mm. in length were taken during,

GADUS LUSCUSL.

R. S. CLARK.

ANACANTHINI.

GADIDlE.

GADUS POLLACHlUSL. Pollack.
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the autumn of 1919. The records from 1906-14 gave only 74 post-Iarvre-
44 of which were captured in May-so far the maximum month-with
an average of only 1.5 per haul of 20 minutes' duration. These records
are supplemented for the earlier months of the year by a few captures
in Ply~outh Sound recorded by Lebour (1917-1918). The writer is
inclined to the idea, however, that a more systematic investigation during
the earlier months of the year will supply a better indication of the real
state of things with regard to the frequency of the early young of this
species. The adult is extremely plentiful in the fishing areas both inside
and outside the Eddystone, and forms with Gadus pollachius (Pollack),
G. merlangus (Whiting) and G. minutus (Poor-Cod) the chief representa-
tives of the Gadoids in the Plymouth area.

The captures of the early bottom stages by the cotton trawl C
are not quite representative of the state of things. They are limited to
6 fish from 33 to 43 mm. captured in one b:aul in'the deeper water
off Whitsand Bay, though a few have been taken with the shrimp
trawl in the Zostera bed of Cawsand Bay at corresponding sizes also in
September.

Spawping Period: xi-vi.

GADUS MINUTUS. Poor Ood (auctorum).
Bib-Plymouth.

Pelagic young of this species were absent from the hauls made in
July, August and September, 1919. Dr. Allen gives the maximum
average number of post-Iarvre per haul of 20 minutes as 13.5 in
M~. .

The early bottom stages, however, were well represented in the 1919
material, and their distribution was quite general over the whole area-
extending from close inshore out to midchannel, where captures were
registered from a depth of 44 fathoms. Table XV records the capture
of 196 specimens, 40-160 mm., secured in 5 hauls in July and August
with the mosquito net B, while the cotton net C captured llll, varying
from '58 to 175 mm., during the same period, an average number for the
latter of 35.8 specimens per haul of an average duration of 28.3 minutes.
One half-hour haul in locality It miles S. by W. from Rame Head gave
938 bottom stages from 65-90 mm. in length.

Mature adults of this species vary from 150 to 230 mm., but seldom
very much larger, so that the present records contain many fish which
are undoubtedly over one year old.

Spawning Period: ii-vi.



TABLE XV.

ApPARATUS A AND B.

RECORD OF GADUS Sp.

G. poz,zachius. G. 1nerictngus.
No. Size in mm. No. Size in mm.

1 5

3
2

14
4
2
3

.7
9

11
7
1
1
5
1
4
1
1
4

6-9
12-17
6-17
8-12.5
11
6.5-9
7-11
6-11
5-10.5
7-13
13
11
6-9
12
20-40
8
7
5-7.5

-,

G. IUSC1ts.
No. Sizein mm.

G. rninutus.
No. Size i.nmm.

1 8

~
C1J
H"-

?:!

rn

a
t"'
~
i:t!
?1

No. Of Date. Depth.Haul.
1 3.vii.19 B.
2 7.vii.19 B.
4 10.vii.19 B.
6 18.vii.19 M.-B.
7 " M.-B.
8 " M.-B.
9 " M.-B.

11 21.vii.19 B.
12 " B.
13 " B.
19 28.vii.19 M.
20 29.vii.19 B.
28 31.vii.19 B.
29 1.viii.19 B.
32 " S.
33 5.viii.19 M.
34 " B.
&5. " B.
56 15.viii.19 B.
64 9.ix.19 . B.
72 17.ix.19 B.
73 " B.
81 29.ix.19 B.

1 40.
9 51-89

100 64-160
2 14 79 69-110
4 11-15 7 82-143



No. of
Haul. Date.

4 25.viii.19
5 . 26.viii.19

11 9.ix.19
15 "
17 12.ix.19
18 "
20 16.ix.19
21 "
24 - 18.ix.19
26 23.ix.19'
27
29 29.ix.19

'30

"

"

Depth.

B.
B.
B.

M.-B.
M.
B.
M.
B.
B.
B.
B.
B.
B.

TABLE XVI.

ApPARATUS O.

RECORD OF GADUS sp.

G. pollachius.
No. Size in mm. '

G. merlang1ts.
N o. Siz~ in mm.

G. luscus.
No. eizein mm.

12
41

60~120
76-109

-. 24
30
1
2

92
938

G. mimtt1ts.
No. Sizein mm.

58-90
73-104
60
70-78
68-175

65:-90

t<1
0

~
(j.)
m
~
(j.)trJm
0
";j
'""
trJ
t"
trJ
0m
'""
trJ
iJ>
Z
7'

I-'
00
C!

1 65
1 70
1 82

-
2 67-85

-
3 78-80 6 33-43
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GADIDlE.

. MaLVA MaLVA L. . COMMON LING.

Ten post-larvffi of the Common Ling, 6-17 mm. in length, occurred
in three hauls on the Rame Eddystone Grounds in July. For 1914,
Dr. Allen records a similar number, 8-20 mm. in length, from May to
July, while the investigations during the years 1906-1913 yielded only
30 young stages, so that it may be safely considered that the production

- of the young fry in the area investigated is very small. Schmidt (1906,
1909) has already remarked on the scarcity of the young pelagic stages
in the English Channel, their absence in the shallower water of the east,
and their presence in small quantity in the deeper water of the west.
Adult Ling have only occasionally been taken in the deeper water off
Plymouth, but they increase in number westward. No ripe females.
have been examined.

Spawning Period; iv-vi.

TABLE XVII.,

ApPARATUS A.

RECORD OF MaLVA MaLVA.

No. of
Haul.

4
8

12

GADIDlE.

MERLUOOIUS MERLUOOIUS L. HAKE.

Thirteen young Hake from 4.5 to 13 mm. occurred in 8 hauls from the
end of July to middle of September, 1919. These are apparently the
first observations on the young of this species in Plymouth waters. Ten
of these were captured in del3perwater of about 40 fathoms in midchannel,
15 miles W.S.W. of the Eddystone Rocks, but three appeared in hauls
between Rame Head and Eddystone over depths ranging from 20 to 30
fathoms. They agree very well with Schmiqt's excellent figures and
descriptions (1907 a). The distribution of this species in the area investi-
gated is similar to that for the Common Ling. -Both show a tendency to
occur in-deeper water, though the records are rather few to draw conclu-

Date. Depth; No. Size in mm.

10.vii.19 B. 4 6-15
18.vii.19 'M.-B. 1 11.5
21.vii.19 B. 5 10-17



YOUNG STAGES OF TELEOSTEANS. 187

sions. Schmidt (1909) records a few small individuals which were cap-
tured in the western part of the English Channel in May and June.

Spawning Period: vi.-viii.

One ripe female was observed by the writer in July, 1913. This was
secured in the Oithona's Otter Trawl, in the fishing grounds outside the
Eddystone. .

GADIDlE.

RANICEPS RANINUS L. Lesser Forkbeard.

ApPARATUS B.

A single post-larva, 12 mm. in length, was taken in a surface night
haul (No. 67) on 10th September, 1919, in latitude 49° 58'.5 N., longitude
4° 25'.2 W. over a depth of 41 fathoms. It is well represented by Schmidt's
figure of a specimen, 12l mm. (1907 b). For 1914, Dr. Allen records
a postclarva 8 mm. in length at the end of July, while the writer recorded
€ight specimens (4.5-18.5 mm.) in August and September, 1913. The
distribution of the pDst-larva! here recorded is identical with that for the
Ling and the Hake. They were all secured over total depths greater
than 20 fathoms, in localities west of Rame Head, round the Eddystone
Rocks and in midchannel. Their numbers' are exceedingly few and give
indications that the area in question is poorly represented by this species.

The writer, so far, has not observed any adults in this area, though
they are known to have been captured farther west off the ,Cornish
coast, through observations by Mr. Matthias Dunn, Newlyn, who has
sent specimens to the Laboratory for identification.

Spawning Period: vi-viii.

/
TABLE XVIII.

ApPARATUS A AND B.

RECORD OF MERLUCCIUSMERLUCCIUS.
No. of Date Depth. No. Sizein mm.Haul.
28 31.vii.19 B. 1 5.5
44 8.viii.19 M.-B. 1 5 .
47 " B. 1 4.5
62 9.ix.19 S. 1 13
63 " M. 1 9.5
64 " B. 4 9-10
66 " B. 3 7-11
69 17.ix.19 B. 1 10
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GADIDlE.

ONOS MUSTELUS L.

" TRICIRRATUS BLOCH.
" CIMBRlUS L.

Five-bearded Rockling.
Three" "

Four.. "

The identification of the early young Rocklings still remains doubtful.
Most of those recorded in Table VII belong to the five-bearded species,
O. musteZus, 23 specimens, 4-8 mm., having been secured in July, and
beginning of August. These occurred in.13 hauls taken inside and
outside the Eddystone.

On 29th September, 1919, Bottom Haul No. 31 of the cotton trawl C
yielded a single adult Onos cimbrius 160 mm. in length. This species has
only been taken occasionally in the adult stage near Plymouth and the
spawning period for this area has not been recorded. The writer, how-
ever, secured a ripe female, 150 mm. in length, in a "Mosquito" tow-
net attached to the Otter Trawl on 2nd September, 1913, in locality
3t miles W.S.W. from Rame Head at a depth of 26 fathoms. The eggs
measured (after the specimen had been ill formalin) .8 to .875 mm. In
this 150 mm. specimen, the first ray of the anterior dorsal measured 33
mm. and the head 26 mm.

O. mustellS. 0 tri-cirratus. O. cimbj"ius.

Spawning Period: l-VIl. V-Vlll. IX.

TABLE XIX.

App AItATUSA AND B.

-RECORDOF ONOS sp.
No. of Date. Depth.

O. mustel1s. O. tri-cirratus. O.sp.
Haul. No. Sizein mm. No. Sizein mm. No. Sizein mm.

2 7.vii.19 B. 2 6-8
3 9.vii.19 lVI. 1 8
4 1O.vii.19 B. 1 5
'9 18.vii.19 M.-B. 2 6-8

11 21.vii.19 B. 2 5-6 1 31
12 '" B. 4 5-7
13 " B. 1 6.5
14 24.vii.19 lVI. 1 8
24 29.vii.19 B. 4 6-7
25 " B. 2 4-5 2 23-25
26 " B. - - - - 1 10
27 31.vii.19 S. - - - 1 9
28 " B. 1 6
31 l.viii.19 B. 1 5
39 5.viii.19 B. 1 7
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ZEOMORPHI.

'CAPROIDlE.

CAPROSAPERL. Boarfish.

Three post-Iarvre. 6-7 mm:in length, were secured in September, 1919.
These were in two surface night hauls-one 6.3 mm. in Haul 62 on 9th
September and two 6-7 illill. in Haul 67 on 10th September, 1919, both
over depths of 41 fathoms. Eleven young stages-3.3 to' 6 mm. were
recorded during August and September, 1913, and these were also
secured in deeper water chiefly round the Eddystone Rocks. All the
Plymouth records so far are confined to hauls in water of over 20 fathoms
in total depth, while the post-Iarvre have occurred in surface, midwater
and bottom hauls.

In Plymouth waters, spawning extends-according to Cunningham,
Holt and Hefford-from June to August, with a maximum in July, and
may take place not far from the shore, as Holt has already remarked.
The writer has trawled numerous ripe adults of this species on the in-
shore fishing grounds between the Eddystone and Rame Head in July
and August.

Spawning Period: vi-viii.

TABLE XX.

ApPARATUS B.

RECORD OF CAPROS APEH.
No. of
haul.

62
67

No. Size in mm.Date.

9.ix.19
10.ix.19

Depth.
S.
S.

1
2

6.3
6-7

HETEROSOMATA.

PLEURONECTIFORMES.

BOT;HIDlE.

Sub-Fam. PLATOPHRINJE.

ARNOGLOSSUSLATERNA(Will) SCALDBACK.

The scales in the adult are very deciduous, hence the popular name
of Scaldback. The pelagic young occur in 53 hauls out of 84, with an
average of 5.7 specimens per haul. The maximum number is in September,
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when the average per haul is 11.6 specimens. They are distributed
generally over the whole area, fewer inshore than in the deeper water
()ffshore, and are extremely common on the Rame-Eddystone grounds.
Post-larvre have not been recorded earlier than May nor later than
beginning of October, so that the spawning period, judged from the
lengths of the very early stages, probably lies between the end of April
and middle of September for this neighbourhood. T4e eggs of A. laterna
and grohmanni have been observed in June and July.

The smaJlest completely metamorphosed A. laterna was 24 mm.,
though there is a good deal of variation in the length. Specimens 24.5 mm.
and 25.6 had only just begun, while post-larvre at 19.5 and 22 mm.
were at least half-way through their metamorphosis, the right eye being
almost on the top of the ridge at the smaller of these two lengths and
just over the top at the larger length, while the dorsal fin in the latter
had not yet reached the snout, the usual gap still being present, where
t~e right eye had travelled round the head. The reduction in length at
metamorphosis is very noticeable.

The hauls of the cotton trawl C record the capture of adolescent
stages of A. laterna from 28 mm. upwards in the shallow water of the
bays and in deeper water between Rame Head and Eddystone.

Spawning Period: vi-viii.

TABLE XXI.

ApPARATUSA AND B.

RECORD OF ARNOGLOSSUSsp.

No. of A. laterna. A.sp.
haul. Date. Depth. No. Sizein mm. No. Sizein mm.

1 3.vii.19 B. 2 9-11.5 - -
4 1O.vii.19 B. - - 2 5-7.5
7 18.vii.19 M.-B. 3 4-11 -
8 " M.-B. - - 1 4
9 " M.-B. 5 4-10

10 21.vii.19 B. 5 4-18
11 " B. 8 6-135
12 " B. 4 7-19
13 " B. 4 8-15
14 24.vii.19 M. - - 1 7.5
18 28.vii.19 M.-B. - - 1 10
19 " M. - - 1 4
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No. of A. late1'na. A. sp.
haul. Date. Depth. No. Sizein mm. No. Sizein mm.

20 29.vii.19 B. 4 6-19
21 " B. .5 5'.'
22 " M. 24 4.5-11
23 " S.. 6 4-9
24 . B. 3 7-10.5L"
25 " B. 4 . 7-11
26 " B. - - 3 . 911
28 31.vii.19 B. 7 11-24
30 1.viii.19 B. '2 4.5-6
31 " B. 6 8-21
32 " S. 1 -6
33 5.viii.19 M.- 2 - -5-5.5
34 " B. 5 -5-13
35 " B. 4 5-16
36 " S. 1 9.5
37 " B. h 10 9-16
38 " M. 7 5-9
39 " B. 9 5-9
41 7.viii.19 M. 1 8
42 " B. 3 7-14'5
43 " B. 6 7-17
44 8.viii.19. M.-B. 9 5-11
45 8.viii.19 M. 5 11-19
47 " B. 7 6.5-12
48 11.viii.19 B. 5 5-lti
54 13.viii.19 M. 1 10
55 14.viii.19 B. 2 10-15
56 15.viii.19 B. 13 1.1-18
57 l.ix.19 B. 3 7-15
62 9.ix.19 S. - - 55 6-21.5

(

63 " M. - - 4 8-17
65 " S. - - 24 7-21
66 " B. - - 23 8-22
67 10.ix.19 S. - - 100 6-20
68 " M. 1 24 22 7-24
69 17.ix.19 B. - - 10 10-19
70 " B. - - 4 9-20
74 19.ix.19 B.. - - 1 12.5
76 25.ix.19 B. - - 6 8-12
79 " B. - - 21 9-17
80 " M.-B. - - 16 9-14.5

NEW SERIES.-VOL.XII. No.2. JULY,1920. N
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Few post-Iarvre of either species were taken in the hauls of the young-
fish trawls, and they disappeared from the captures in'the beginning of
August. The investigations for the years 1906':"'1914and 1919 show that
the spawning of the Turbot during July and August and the Brill in
July is very small indeed, as the records of the young fish trawl for
all the years are extremely few. That the maximum spawning period
for each species occurs earlier in the year, and that both species are
well represented in the Plymouth area are proved by the abundance
of the later pelagic young and early bottom stages.

Young metamorphosing stages of the Brill, still at the surface, occur'
regularly in large numbers in May and June in the areas close inshore.
Garstang (1895) remarks, "Every year at this time (May month) '~he
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TABLE XXII.

ApPARATUS O.

RECORD OF ARNOGLOSSUS sp.

No. of A. later1w,. A. sp.
haul. Date. Depth. No. Size in mm. No. Size in mm

4 25.viii.19 B. 2 13-15
6 3.ix.19 B. 4 7-15
7 8.ix.19 S. 3 17-23
8 " M. 6 17-24

10 ,. S. - 5 11-23
11 9.ix.19 B. - - 2 24-27
12 " M. - - 2 25-29
14 " S.-M. - - 1 26
15 " M.-B. - 2 19-240
17 12.ix.19 B. 5 95-115
18 " B. 14 90-130
21 16.ix.19 B. 3 42-105
22 " B. 4 49-111
23 " B. 1 44
24 18.ix.19 B. - - 5 46-118
28 25.ix.19 B. 1 35
30 " B. 16 28-132
31 .. B. 2 92-100

Sub-Fam. BOTHINlE.

RHOMBUSMAX)MUSL. Turbot.
L..£VIS ROND. Brill.
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'harbour is invaded by shoals of young Brill (Rhombus lmvis) in their
pelagic stage." Numerous early bottom stages of the Turbot 25-50 mpl.
in length have been taken with hand nets, worked from the shore in ,
Whitsanq. Bay in August and September. .

The working of a shore seine would add greatly to our knowledge
of the numbers of these two important species in the Plymouth area.

R, maximus.

Spawning Period: (?) vi-viii.

R. lwvis.

(?) iv-viii.

TABLE XXIII.

ApPARATUS A ANDB.

RECORD OF RHOMBUS sp.

,SCOPHTHALMUSNORVEGICUSGunther.-Norway TOPKNOT.
" UNIMACULATUSBnp.

ZEUGOPTERUS PUNCTATUS(Bloch).

Post-Iarvffi of Lepidorhombus megastoma (Don.), the MEGRIMhave not
been observed in the hauls of the young fish trawl, though the adult
is of common occurrence in the deeper water off Plymouth.

The commonest post-larva belongs to the Norway Topknot, Scoph-
thalmus norvegicus, 271 specimens from 4.5 to 11 mm. having been
secured. The maximum number was taken in July with an average of
8.6 per haul for this month. Dr. Allen gives an average of 14.6 per haul
for the previous years in May'month, which approximates more to the
middle of the spawning period, which extends from March to June.'
Metamorphosis is nearing completion in specimens Df, 11 mm. of S.
norvegicus and thus at a smaller size than Petersen (1909) records for his
specimens. The dorsal fin has extended on to the snout and the migrating
eye is completely closed in. The pectorals have become more elongated
and permanent rays have developed.

Only two post-Iarvffi of Zeug. punctatus were recorded in July, and
these were in process of metamorphosis. The eggs of this species have
been observed from February to May, SOrthat their comparative absence
from the pelagic' hauls is easily explained.

No. of R. maximus. ' R. lwvis.
hauL Date, -

Depth, No. Sizein mm. No. Sizein mm.
14 24..vii.19 - B. - - 9 4-6.5
17 28.vii.19 M. - - 1 4
27 31.vii.19 S. ' 1 7
37 5.viii.19 B. 1 6
44 8.viii.19 M.-B.. - - 1 6.5
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:post-larvre of the Norway'Topknot (S. nor(1)~gicU8)are distributed over
th~ whole of the are,a inyestigated. One adolescent stage of 26 mm. was
secure!l.in,Haul15 of the cotton trawl C an 9th September, 1919, at a

. depth of 42 fathoms.
S. norvegicus. S. unimaculatus. Z.punctat1tS.

Spawning Period: Ill-Vl. IV-Vl. ll.-V.

TABLE XXIV.

ApPARATUS A AND B.

RECORD OF SCOPHTHALMUS AND ZEUGOPTERUS.

PLEURONECTIDlE.

PLEURONECTES PLATESSA L. PLAICE.

" LIMANDA L. COMMONDAB. .
" MICROCEPHALUSDon. LEMON DAB.

FLESUS L. FLOUNDER.

P. platessa. P. limanda. r. microcephalus. P. flesus.

Spawning Period: xu-v. ll-Vl. ll-Vll. ll-IV.

No. of Date. Depth. S, nor1!egicus. S. uninwculatus. Z. pnnctatus.
Haul. No. Sizein mm. No. Sizein mm. No. Sizein mm.

3 9.vii.19 M. 2 9
4 1O.vii.19 B. 20 5.5-9
5 11.vii.19 B. - - 2 7
6 18.vii.19 M.-B. 3 7-9
7 " M.-B. 1 5.5
9 " M.-B. 11 5.5-8

10 21.vii.19 B. 32 5-10 - 1 8
11 " B. 52 5-10 - - 1 10'5
12 " B. 69 6-10
13 " B. 53 4.5-11
18 28.vii.19 M.-B. 1 7
23 29.vii.19 S. 1 5
24 " B. 3 6-9
25 " B. 6 5-7
26 " B. 4 5.5-8
28 31.vii.19 S. 1 6'5
31 l.viii.19 B. 9 6-9
34 5.viii.19 B. 1 5
47 8.viii.19 B. 1 8.5
63 9.ix.19 M. 1 11
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P. limanda. COMMONDAB.

Only two post-larvffi, 12.5 and 13 mm., were taken in the beginning
of July, after which time they disappeared from the pelagic hauls. The
maxirdum month for post-larvffi falls in May. .

The captures with the cotton trawl C were taken mostly in shallow
water close insho{e. The small number of hauls must be considered in
the estimation of the number of fish captured.

P. microcephalus. LEMONDAB.

The pelagic young of this species persist in the hauls later than any
of the other species of Pleuronectes. This is due not to a later spawning
period but to a longer pelagic life. The species is a deeper water form and
the main spawning probably takes place well offshore.

No early bottom stages were secured in the area under investigation.
The largest post-larva observed at Plymouth was taken in Haul 48

on 2nd July, 1914, and measured 18.5 mm.

FIG. 2.-Metamorphosing stage of Pleuronectes microcephalus Don. Length 18'5 mm.,
Del. E. FORD. Halll 48, Apparatus A, 2nd July, 1914.

The above figure is drawn from a mounted specimen. The numerical
characters are definitely as follows ;-

D.88. A.75. Verebrffi13+35.

There is nothing newto add to the descriptions of Holt (1893) and Petersen
(1904). It is just a shade further advanced than Petersen's specimen of
18 mm. (1904), and is about half-way through metamorphosis. The
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migrating eye has not qrute reached the dorsal ridge and the pectorals
have still got larval rays.

P. platessa. PLAICE.

The records of the cotton trawl C are few and cannot be taken as

representative of the true state of things. The hauls' with this net are
not quite comprehensive enough in regard to locality. There is un-

odoubtedly an abundance of the young in the Sound, even in the more
brackish water, and they have been taken in large numbers along with
young Turbot with hand nets worked from the shore in Whitsand Bay.
The shallowness of the water in these localities prevented the Oithona
from making the necessary captures.

TABLE XXV.

ApPARATUSA AND B.

RECORD OF PLEURONECTESsp.

No. of Date. Depth.
P. limanda. P. microcephalus.

Haul. No. Sizein mm. No. Sizein mm.
1 3.vii.19 B. - 1 12
3 9.vii.19 M. 1 12.5 - -

4; 10.vii.19 B. 1 13 2 9-11
9 18.vii.19 M.-B. - - .1 8

10 21.vii.19 B. - 2 7-9
11 " B. 1 8
12 " B. - 4 6-8
13 " B. - 1 8
25 29.vii.19 'B. - 1 7'
26 " B. - 1 11
28 .31.vii.19 B. - 2 7-8
29 1.viii.19 B. - 1 10
64 9.ix.19 B. - - 1 18
66 9.ix.19 B. - - 1 10
80 25.ix.19 B. 1 56



SOLlEIFORMES.

SOLEIDlE.

SOLEA VULGARIS Quens. COMMON SOLE.

Only one post-larva, 4.5 mm. in length, belonged to this species. This
was taken in Haul 7, apparatus A, on 18th July, 1919. Post-larvre
t)f this species have never been taken in any numbers near Plymouth,
and yet the adults are frequently trawled in the inner and outer Eddy-
stone grounds and in the bays. The scarcity of the pelagic young is
probab1y due, as also in the Plaice, to the maximum spawning period
for Plymouth being in the earlier months of the year.

No early bottom stages were secured with the cotton trawl.

SOLEA VARIEGATA, Don. THICKBACK.

This is the species of the Genus Solea which occurs most freq~ently
in the pelagic stage in the Plymouth area. The maximum number of
post-Iarvre has been recorded for May month, vide Allen (1917), who
gives an average of 9.6 specimens per haul of 20 minutes for this month.
The scarcity in numbers of t}lI>'l)elagic young during the autumn of 1919
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TABLE XXVI.
..

AWARATus C.

RECORD OF PLEURONECTESsp.

No. of Date. Depth.
P. limanda. P. platessa.

Hanl. No. Sizein mm. No. Sizein mm.

5 26.viii.19 B. 7 35-54 - -"

17 12.ix.19 B. 1 35
18 " B. 1 65
20 16.ix.19 B. 3 58-63
21 " B. 16 27-65
22 " B. 26 44-145 4 95-120
23 " B. 54 41-135 1 111
24 18.ix.19 B. 42 48-68 2 97-112
25 " B. 8 42-60 6 95-115
26 23.ix.19 B. 5 42-60
27 " B. 47 26-62
28 29.ix.19 B. 1 32
30 " B. 6 44-79
31 " B. \ 2 34-53 -
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is then easily explained. The records, however, prove that some adults
spawn as late as July. Thepo!3t-Iarv~ have been found chiefly in water
of a total depth of over 20 fathoms.

DETERlIlINATlON OF THE POST-LARV lE.

The number of fin rays and vertebrre for this species has been given
by the various authors, cf. Holt and Byrne (1905) as:-

D 63-77. A 52-61. Vertebrre 9(10)+30(31)(32).

Petersen (1909) recorded a range of 46-60 anal rays in 6 post-Iarvre,
but the smaller number is obviously due to the fact that the full number
of rays was not developed. An examination was made of 21 adults,
171-195 mill. in length, which were secured in the outer Eddystone
grounds on 12th November, 1919. These were all females. The numerical
results are here summarized :-

No. of vertebrre 40 41 42

No. of specimens 6 10 5

The range in number of rays and vertebrre is for these specimens -
. D 68-78 (one more than the accepted number for this species)

A 52-61
Vertebrre 40--42.

The Plymouth post~larvre, of which about 50 were stained and de-
hydrated, gave (with one exception) 10+30. vertebrre, the ex<;eption
being 10+31.

The dbrsal and anal rays showed, according to their development,
a good deal of variation, but the number recorded in the larger specimens
came well within the range noted above.

Petersen (1909) has. described six post-Iarvre, 6.9-18'3 mill., which
undoubtedly belong to tpj.s.species. Kyle (1913) seems to doubt Peter-
sen.'s identification because of the absence of barred pigmentation, but
this doubt can be ruled o]J.t,as this pigment character is wanting entirely
in the pe!agic young of this speGies, though it is present in the early
bottom stages. Barred pigmentation is not a reliable index to specific

Dorsal Fin Rays.

No. of Fin Rays 68 70 71 72 73 75 76 77 78

No. of Specimens 2 3 1 2 6 2 3 1 1

..- Anal Fin Rays.

No. of Fin Rays 52 53 54 55 56 57 58 59 60 61

No. of Specimens 1 3 1 3 2 3 2 2 3 I

Vertebrre.
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identification. In S6lea lascaris, for example, it 'is absent in the adult;
but present in the pelagic young, vide Kyle (1913)and Cli1rk(1914).-

The striking 'feature of most of the Plymouth specimens is their com-
paratively greater breadth than. Petersen's pos'GclaFffi. They are more in
agreement with Kyle's (1913) Mediterranean specimen. Theprotrusion
of the abdomen is also characteristic-of many but not all the post-larvffi.

There is no sign in any of the specimens of an air-bladder. -
The post-larvffi range from 4 to 12.3 mm. -

The Thickback is put on the market at Plymouth, but, owing chiefly
to its small size, the fishery is.not of great economic value. The adult
occurs commonly on the inner and outer Eddystone grounds, but is
trawled more frequently in the latter locality.

DESCRIPTION OF POST-LARV iE.

FIG. S.-Solea variegata. Length 4 mm. Raul 1O,Apparatus A, 19th ~lay, 1914.
Del. E. FORD.

4 mm.-This is the smallest post-larva in the collection. It follows
on Cunningham's 2.52 mm. larva (1896), with the two longitudinal rows
of large black stellate chromatophores along the 'dorsal and anal fin
membranes. The eyes are perfectly symmetrical and about equal to the
snout length, which.is contained about 4! times in the length of the head.
The length of the head is about! of the total length (including caudal).
The anus is slightly nearer to the cautlal than to the tip, of the snout.
The depth of the body is considerable, 'about half the total length. The
pectorals are pedunculated' and do not quite reach to the anus. The
mid-brain is well arched and .follows the dorsal contour of the head.
Fin rays are not developed: interspines .are just indicated.. The noto-
chord is straight. The pigmentation is characteristic. Five longitudinal

..
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rows dominate-one each on the margins of the dorsal and anal
fin membranes, one each on the proximal ends of the dorsal and anal
interspines and one along the dorsal half of the notochord. The rows
along the dorsal interspines and on the notochord extend on to the
head. These consist of stellate chromatophores which are slightly
larger than the pigment cells which are scattered over the greater
part of the head and body. The number of chromatophores along
the proximal ends' of the interspines is much greater than in the
other three speciesof Soleswhich occur at Plymouth, but it is difficult;,
to count them accurately as the pigm~nt cells appear to be drawn
out longitudinally and to merge into each other. The pigment cells
of the body appear, according to condit;ion, as small stellate chroma-
tophores or as small dots. They occur sparingly on the sub-orbital
region, on t4.e dorsal and anal fin membranes posteriorly and on the
caudal. The colouration of the. pectorals is confined t;o a ring of small
black lines (longitudinally) just inside the outer margin of the fin.

['
I
"

-- - "l

~ ----

FIG. 4.-Solea variegata. Length 9 mm. Haul 13, Apparatus A, 22nd May, 1914.
Del. E. FORD.

9 mm.-Tip of snout to anus 4 mm. Greatest depth of :fish(including
dorsal fin) 4.25 mm. Head four times in total length (including caudal).
Diameter of eye less than lengt;h of sQout, which is contained about four
times in length of head. PectoraliSreach to vertical through anus. They
are pedunculated, rounded and about equally developed on both sides.

Fin ,Formula.-D ca. 69. A ca. 55, Vertebrre 10+30.
The scheme of pigmentation is much the same as in the smaller speci-

men, but the rows of large chromatophores along the dorsal and anal
fin;margins are much subdued. The interspines are now well developed,

...
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but the fin rays are still short 'of their full length. The dorsal fin .has
extended on to the head. The left eye has moved forward and
upward, but is still below the dorsal ridge. The notochord is bent
upward. The pelvic fin has not~.yet appeared.

--'

FIG. 5.-Solea variegata. Length 12'3 mm. Hanl 14, Apparatus A, 25th May, 1914.
Del. E. FORD.

. 12.3 mm.-Tip of snout to anus ca. 4.875 mm. Greatest depth of
body (excluding dorsal fin) ca. 5 mm. Head about four times in total
length (including caudal). Pectorals reach slightly beyond the vertical
through the anus. The left eye has migrated round to the right side
and the notch has closed up. The dorsal fin has moved forward, the
first ray being vertically over the middle of the left (migrating) eye.
The first interspine is roughly parallel to the outline of the brain and
to it is attached the I?ucceedingray. .

Fin Formula.-D 71. A 57. Vertebrffi 10+30.
No permanent rays are as yet developed in the pectorals, while the

pelvics are just indicated. Metamorphosis is still far from being com-
pleted. The pigmentation is much the same as in the younger specimens.
The two rows along the margins of the dorsal and anal fins have dis-
appeared. The dorsal and anal fins are well covered along the rays
with stellate chromatophores. The sub-orbital region is sparsely pig-
mented, as also are the interspinous regions, except for a short distanGe
anteriorly, and on the middle of the body over the vertebral region.
In all the specimens the pigment, as' Petersen has remarked, is
" distinctly scattered."

The smallest adolescent stage with typical adult characters is a speci-
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men of 42.5 mm. (measured on a formalin specimen) which was captured
at a depth of 29 fathoms, Eddystone .bearing, S.W. 3 miles, on 5th March,
1914, in a small meshed pocket attached to the cod-end of the Oithona's
otte'r trawl. The shape resembles Petersen's 18.3 mm. post-larva.
The head nleasures 9.5 mm., tip of snout to anus 8 mm. and the greatest
breadth of body (without fins) 12 mm. The pigmentation resembles that
of the adult. There are three broad transverse bars on the body and a
narrower one on the caudal peduncle. The bars' of darker pigment on
the dorsal and anal fins occur at regu~ar intervals and are .much broader
posteriorly. There is almost a continuous series of darker blotches along
the dorsal and anal margins of the body on the interspinous regions.
There is a suggestion in this formalin specimen of a transverse bar across
the middle of the caudal.

SOLEA LUTEA (Risso). SOLENETTE.

The pelagic young of this species have not been observed in large
numbers in the Plymouth area, though the.adults are commonly trawled
in the bays and on the fishing grounds inside and outside the Eddystone. -
TVTopost-larvffi, 5-6 mm: i~ length, were taken in July, 1919, between
Rame Head'and the Eudystone. The cotton trawl 0 captured 8 adults','
60-123 mm., in the shallower waters of Oawsand and Whitsand Bays' and
in deeper water between Rame Head and Eddystone.

The smallest/early hottom stages observed by the 'writer were 3 speci-
mens, 19,5-22.5 mm. Two ofthese-19'5 and 21.5 mm.-were secured
from a depth of 7t fathoms in'a Mosquito tow net attached to one of the
otter trawl boards in Whitsand Bay on 12th August, 1913; while the
third specimen, 22.5 mm., ~as brought up in the" D " net from a depth
of 27 fathoms in locality 3t miles W.S.W. from Rame Head on 2nd
September, 1913. .

The numerical characters were the following :-

D 71-77. A 54-63. Vertebrffi 9+29.

These specimens are similarly pigmented to the Mediterranean speci-
mens, described by Kyle (1913). There are 9 to 10 large black blotches
longitudinally along the dorsal and, 5 to 6 along the anal interspinous
regions. There are also 5 broad spots, equally spaced, along the verte-
bral column, the first at the edge of the operculum, the last on the
penultimate vertebra. Lines of pigment are distributed along the rays
of the dorsal and anal fins at fairly regular intervals, but there is
only a suggestion of these occurring alternately at the base and at
the tip.
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SOLEA LASCARIS. RISSO.

Only four post-Iarvffi, 8.5-13 mm. in length, were attributable to this
species and the~e 'Yer~taken ~t ~he,en,d of September. Previous records
are for July, August, and September, but the production of 'the young
in the neighbourhood is small. These four pelagic young fish were
taken close inshore at the western :entrance to the Sound. The species
has a shallow water distribution:

The smallest early bottom stage is a specimen of 22.5 mm. measured
on 30th October, 1919. This was reared in the aquarium from a length
of about 12 mm., having been captured a;;that length in Haul 30, Appara-
tus C, 19th September, 1919, in locality: Rame Head bearing E. by S., ,
3 miles. There is thus a growth of 10:5 mm; iJ;labout four weeks.

On staining and clearing, the specimen gave quite definitely the
following numerical characters :--- '.

D 84. A 69. Vertebrffi 9 +37.

The specimen has completed its metamorphosis, as proved by the
forward movement of the dorsal fin on to the snout, and by the permanent
rays being developed in the pectorals. The length of the head is con-
tained about four times in the total lengtp. (including caudal): the
greatest depth of the body (without fins) slightly less than three times.
The pectorals are small, that of the left (blind) side being the smaller.
The tumid nostril of the blind side is oval, rosette shaped, and large,
being equal to about i of the longitudinal diameter of the eye.

The pigmentation resembles that of the aqult. The right (eyed) side
is a felted mass of small black spots or stellate chromatophores with here
and there an aggregation of large black stellate chromatophores. The
barred pigmentation so characteristic of the post-larvffi has entirely dis-
appeared." The blind side still supports a few large stellate chromato-
phores, but these are not prominent. Scales are developed all over the
body and have one or more spines-the majority still being one-spined.
Teeth are very well developed on the left (blind) side. This young fish
follows 'on the metamorphosed specimen of 11.25 mm., described and
figured (Fig. 11) on page 371, Vol. X, No.2, of this Journal.

SOLEA sp~

Spawning Period:

S. vulgaris.
ll-Vl

S. va,riegata.

ll-Vll.

S. l1ltea.

Ill-Vll.

S. lascaris.

Vl-Vlll.



TABLE XXVII.

ApPARATUS A !AND B.

RECORD OF SOLEA sp.

S. lascaris.
No. Size in mm.

-

1
3

9.2
8'5-13

t.:)
0
II>-

~

?'
a
t"
~
~
:'1

Nt). of Di1e. Depth. S. vulgaris. S. va1'iegata. S."lutea.
Han1. No. Sizein mm. No. Sizein mm. No. Sile in mm.

7 18.vii.19 M.-B. 1 4.5 -
8 " M.-B. - 1 6
9 " M.-B. - - 2 4-5

11 21.vii.19 B. - - 2 5-7.5 1 5
12 " B. - - 1 8
25 29.vii.19 B. - 4 5-9
26 " B. - 1 7
31 1.viii.19 B. - - 1 8
32 " S. - - -1 6
37 5.viii.19 B. - - 1 5
78 25.ix.19 B.
80 " M.-B.
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TABLE XXVIII.

ApPARATUS O.

RECORD OF SOLEA Sp.
S. llltea.

No. Size in mm.
S. lasca,.is.

No. Sizein mm.
1
1
5
1

85
60
60-97
123

1 12

PEROOMORPHI.

PEROOIDEI.

SERRANIDlE.

SERRANUSCABRILLAL. SEA-PERCH.

In Vol. X, No.2, of'this Journal published in June, 1914, a foot-
note on page 392 recorded the identification of the young stages of this
species, but descriptions and figures were not given as. the series was -
far from being complete and many of the specimens were badly damaged.
Meantime, however, Fage' (1918) has given us excellent figures and
descriptions of the young stages, ranging in length from 5-24 mm.
These were all captured in the Mediterranean, but two post-larvaJ, 9-11
mm., were taken in the English Ohannel off Oherbourg. The Ohannel
specimens differ slightly in the arrangement of their pigmentation from
those of the Mediterranean.

The production of the young in the Plymouth area is small. The
post-Jarvre were taken only in August and September, and these were
scattered over the whole of the area outside the twenty-fathom contour
line. Fage's description of a 5 mm. fish holds good for those of 4 mm.
occurring in the present collection. There is no trace of the first dorsal
fin, and it is not till almost 5.5 mm. that a definite" thickening" appears
at its base. Fig. 6 illustrates the point in question. At about 6 mm.
the tbird spine of the first dOIi?alfin becomes elongated as in Fig. 7, but
it is an extremely delicate structure. In the later stages up to 9 mm.
the third spine becomes stouter and longer, being equal in length
almost to the pelvics. The fin formula and number of vertebrre could
only be counted with certainty in the larger post-larvre from 8-9 mm.
and.upwards, an observation which Fage has already noted. .

D X 14. A III 7. Vertehrre 10+14.

The spinous and rayed sections of the dorsal and anal fins are con-
tinuous as in the adult. The spine of the pelvic fin is just indicated;'

No. of Date. Depth.Haul.

27 23.ix.19 B.
28 29.ix.19 B.
30 " B.
31 " B.
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the second ray is the longest and is,slightly longer th!tn the third spine
of the first dorsal. The pigmentation is peculiarly variable, a ch!tracter
which has been already noted for Ohannel post-Iarvffi and for the very
early young, vide Hefford, (190,6),Fage (1918). The normal pigmenta-
tion appears to be as in Fig. 7. The variations in pigment are :-

1. Absence or reduction of large dorsal chromatophore with presence
of large anal chromatophore.

2. Absence or reduction of large anal chromatophore with presence
of large dorsal chromatophore.

3. Small chromatophores occasionally continuous along the base of
the anal fin.

4. Single large black ch,romatophores occasionally present in the
younger stages, at the beginning of the dorsal fin membrane and half-
way along this membrane between the origin of the fin and the large dorsal
chromatophore. The dorsal and posterior half of the abdominal cavity
is always densely pigmented.

Spawning: vii-viii.

-;roo

~::~
-~\ ?'

// ~ ::..,~ /"

//
--,./

I
i '
!

I '

FIG. 6, - Serra.nllS cabrilla L. Length 5'5 mm. Haul 179A, Apparatus A, 29th September,
Del. E. FORD. 1913. '

r-:-~-----
r '

--~---~~-

'--' ". " '1"

-.,~:

--~."l\ /
~ ::_~,

._-, ,"---~ ~._- -

FIG. 7.-Serranus cabrilla L. Length ca. 6 mm. Haul105A, Apparatus A, 29th August,
De!. E. FOltD. 1913.
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These two figures illustrate the growth of the dorsal and anal fins.
At 5.5 mm. the first dors~l is indicated by a thickening of the base-

the second dorsal and anal have not made their appearance. At 6 mm.
the filiform spine of the first dorsal has grown out, while at the same
time the base of the anal and second dorsal are. beginning to show:up.
The filiform ray is extremely delicate. . .

There is nothing new to add to Fage's (1919) excellent descriptions of
a complete series. The balancing organs are the elongated pelvics and
first dorsal and the well-developed pectorals. The variation in pigment-
already remarked for Channel specimens'--is well shown in Figs. 6 and 7.

TABLE XXIX.

ApPARATVSA AND B.

RECOHD OF SERRANUS CABlULLA.
No. of haul. Date. Depth. No. Sizein mm.

62 9.ix.19 S. 3 7-8
64 " B. 1 6.5
65 " S. 1 9
66 " B. 1 8
67 10.ix.19 S. 3 8-9
70 17.ix.19 B.' 1 7.5
72 " B. 1 7

TABLE XXX.

ApPARATUS A.

RECORD OF SERRANUSCABRILLA 1913.
No. ofhau!. Date. Depth. No. Size in mID.

57 A .2.viii.13 M. 1 6

99 " 26.viii.13 M. 8 4-6

105" 29.viii.13 M. 6 416.5
119" 5.ix.13 M. 1 5

142 " 15.ix.13 B. 1 5.25

145" " M. 1 4.5

155" 20.ix.13 B.' 1 5.5

156 " " M. 3 5:5-6.5

171" 26.ix.13 M. 1 5

172 " " M. 1 6.5
174" " B. 3 5-7

176 " " B. 1 5

177 " " S. 2 5-5'5

179 " 29.ix.13 B. 1 6.;:

180 " ,.30.ix.13 M. 1 4.5
NEW SERIES..-YOL. XII. No.2. JU'IN, 192()} 0
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PERCOIDEI.

CARANGIDlE.

OARANX. (TRACHUmJS) TRACHURlJS (L). SCAD. OR HORSE MACKEREL.

The distributIon of the post-larval Scads is g~n.er~loyer the whole of
the area inves~iga~ed,. 'J'headolescent stages froIll35 to 65IllIll. occurred
in very shalloww;;Lte~c~oseinshore in. Cawsand Bay and Whits~ndBay
East, though young .jish of the s<:u~esize ~ere a~s()captured between
RaIlle Head, ~ddyst.one and the 40-fathoIll line. The average number
per haul of the young fish trawls A and 13was 2 for July, 6.8 for August
;;Lnd1.8 for September. .'

The number of young stages takend~ing the three months in 1919
totalled 308-a number far in excess' of any previous year, and even
surpassing the totaLnuinber fo~ al.l.the.previous years, 1906-1914, when
only 99 specimens were secured. This increase in numbers during 1919
may be explained by the more systematic collecting with different
meshed nets, but there is also..a suggestion that the species varies in
abundance in different years.

Spawning Period: vi-viii.

TABLE XXXI.

App ARATUSA AND B.

RECORD DF"CARANXTRACHURUS.

No. of hanl. Date. ;Depth: No. Size in mm.

9 "18.i.19 M.-B. .2 5.5-6.5
.' [

..

12 21.vii.19 B. 4 4-8j,:'
20 29.vii.19. B. 1 14.
22 " M. ' 1 4

4. " B.. '26 35-7

25, 13:'
.'.. I

" .12 4-6,
2.6, " B. .ll 6:-8
28. 31.vii.19 B. 5 '6.5-9
30. 1.viii.19' ° B... 1 \ '4.5

'.' "
:>2 " S. '2 '6-<.
34 ,5.viii.19' B... ., [ 4 '5:"'6

315. " B. '" 22 5-6

?6;, " S. 1 '6

37, " B. 49 '3-6

.7..3,8 " M. 20 '46

39., " B. 23 4-6
42 7.viii.19. . B..

'
1 '0.5

, . .' '-
:",.,; .! "', "-, <,°: "



No. of haul.
44
45
47
48
49
54
56
57
58
59
60
62
64
65
66
67
68
70
71
72
73
74
80

N(). of halll.

7
22
24'
25
27

YOUNG STAGES OF TELEOSTEANS.

Date.

8.viii.19

"
"

11.viii.19
"

13.viii.19
15.viii.19
l.ix.19

"
3.ix.19

9.ix.19
"

"
. 10.ix.19

"
17.ix.19

"

19.ix.19
25.ix.19

Depth.
M.,-B.

M.
B.
B.
B.
M,
B.
B.
B.
S.
B.
S.
B.
S.
B.
S.
M.
B.
B.
B.
'B.:
B.

M.-B.

TABLE XXXII.
ApPARATUSC.

No.
21

2
16
11
3
8

Hi
7
2
2
6
2
1
2
4
4
3
1
1
4
1
3
3

RECORD OF CARA~X TRACHURUS

Date.

8.ix.19

16.ix~19

18.ix.19

;,
23.ix.19

Depth.
S.
B.
B.
B:
K

PERCOID~I.

MULLIDlffi.

No...
1
3

'4
'6
'3

"',,' "".
MULLUS SURMULETUS L. RED MULLET.

! ,,'

209.

.Si,ze in mm.

~6
7
4-6

4{i-7
3-5
4-9
6-9
5-10
6-7
14-24
4'5-25
8-11
8

c,

'S-H:

S-;-l1
19,
35
11'5-16
19

.33-60
45-50

Size in mm. ., ' ,

19
ca. 35
35-65
40-55
45-50

'.
T,b.ere.careno records o£th3 p~lagic young stages Qfthis,speQ!es in ,the

YQ,ungflshtrawls A andB'for Un9, buta,few'ado~escents'bages:5i3-60mm.
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in length were captured by the cotton trawl 0 in Whitsand Bay. The
shrimp trawl also secured one of 51 mm. in Oawsand Bay on 30th
September, 1919. The average number per half-hour is one specimen,
so that one may conclude that the young are not by any means
numerous in the Plymouth area. The adults are now rarely captured
in the neighbourhood, though the shore seine fishermen state that they
were quite frequent a few years ago. Early young stages from 4.5 to
7.7 mm. have been recorded by the writer for the years 1906-1913, in
June, July and August, non,e being recorded for 1914.

Spawning Period: v-vii.

. TABLE XXXIII.

ApPARATUS O.

RECORD OF MULLUS SURMULETUS L.

No. of h~ul.
20
22
12
26

AMMODYTIDlE.

I AMMODYTES TOBIANUS L. LESSEH SAND-EEL.
" LANCEOLATUS, Lesauy. GREATER SAND-EEL.

The material contains examples of these two species, and the characters
by which they have been determined appear as a separate publication
by Mr. E. Ford in the same volume of this Journal.

The spawning period for each species is still problematical, no examina-
tion having been made of the sexual condition of the adult nor have the
demersal eggs been-secured. Lebour (1917) gives the following records
for post-larvre of A. tobianus from tow-nettings in the Sound :-

Month.
January.
February
March

April
May
June
November

No. of specimens.

19
16
69

1
24
2
2

Size in mm.

4-6
3-6
4-9

21
4-19
5~14
4-5

These suggest a winter and spring spawning with a probable maximum
in spring, and also an extension to the Warmer months. Thatsolli3
individuals spawn in the summer months is proved by the 1919 records

Date. Depth. No. Sizeiu mm.

16.ix.19 B. 1 58

" B. 1 60

" B. :2 ca. 60
23.ix.19 B. 1 60



, .,

YOUNG STAGES OF TELEOSTEANS. 211

Post-larvlB of A. lanceolatus appear.in greatest numbers in summer
and early autumn, the months of greatest frequency being July and
August. The pelagic young of both species are distribu~ed generally over
the whole area, both frequen~ly occurring in the same haul. A. tobianus
shows a greater frequen.cy in inshore hauls, A. lanceolatus in offshore.

The average number of young fish per haul of the trawls A and B is as
follows '-

. July. August. September.
A. tobianus . 0.5 0.4 3.6
A. lanceolatus. . 11.4 8.2 . 0.64

The September average of A. tobianus is due ~o the capture of
early bottom stages. The small average for July and August for
the same species and their absence from the pelagic hauls in September
indicates that the main spawning is finished and that only a few in-
dividuals spawn during the summer.

The early bottom stages of A. lanceolatus were not secured with the
cotton trawJ, but 94 adolescent stages of A. tobianus, 110-140 mm. in
length, were taken in Whitsand Bay on sandy bot;tom at a depth of
4 to 6 fathoms.

Spawning Period:
A. tobianus.

(?) xii.-viii.

TABLE .XXXIV.

ApPARATUS A AND B.

A. lanceolatus.
vi.-viii.

RECORD OF AlIfllfODYTESSp.
A. tobianus. Ai. lanceolat!ls.

. No. of haul. Date. Derth. No. Sizein mm. No. Sizein mm.
2 7.vii.19 B. 1 13 7 6.5-21
3 9.vii.19 M. - - 5 14-19
4 10.vii.19 B. - - 2 16-20
5 l1.vii.19 B. 1 16 - -

16 18.vii.19 M.-B. 1 8.5 5 9-23
7 " M.-B. 1 10 15 10-18
8 " M.-B. - - 3 12-14
9 " M.-B. - - 32 8-13

10 21.vii.19 B. - - 8 9-18
11 " B. - 54 .7-23
12 " B., - - 20 5'5-19
13 " B. - - 46 9-19
14 24.vii.19 M. - - 3 15-17
15 " S. 5 8.5-11.5 2 6.5-21
16 " M. 1 10.5 6 10'5-18
17 28.vii.19 M. 1 9
18 " M.-B. 2 5-6
19 " M. 2 6--8.5
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A. tobian1l8. A. lanceolat-us.
N6. of haul. Date. Depth. No. Size in mm. No. Size iu JUJU.

20 29.vii.19 B. 1 18
21 " B. - 1 11
22 " M. - 10 7-27
23 " S. - 1 9
24 " B. - 25 8-22
25 " B. 1 6 38 7-19
26 " B. - -' 36 7'5-24
27 31.vii.19 S. - -. .1 12
28 " B. - 22 10-19
29 1.viii.19 B. 1 6.5 -
30 " . B. 3 7'5-29
31 " B. - 8 10-18
32 " S. 1 12 1 13
33 . 5.viii.19 M. - 1 14
34 " B. - - 53 8-14
35 " B. - 17 7-13
37 " B. - 21 8-16
38 " M. - 12 7.5-18
39 " B. - 31 7-21
40 7.viii.19 S. 1 9 -
41 " M. 4 6.5-10.5 2 9-18
42 " B. 1 . 7 1 14
43 " B. - 3 19-20
44 8.viii.J09 M.-B. - - 15 9-18
45 " M. - 9 10-18
46 " S. - 4 14-19
47 " B. - 13 7'5-16
48 l1.viii.19 B. - 4 8-16
51 13.viii.19 M. 1 9.5 1 25
52 " M. - - 2 5-14'5
53 " M. 3 6-8.5 -
55 14.viii.19 B. - - 2 22-24
56 15.viii.19 B. - 37 12-28
57 1.ix.19 B. - - 4 12-21
58 " B. - 1 22
59 3.ix.19 S. 1 9 - -
60 " M. - - 2 14-18
63 9.ix.19 M. - - 2 15-34
64 " B. - 4 11-25
66 " B. - 3' 12-16
74 19.ix.19 B. 83 110-120 -
75 " B. 6 115-140 -
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TABLE XXXV.

ApPARATUS O.

RECORD OF AMMODYTES.

OEPOLIDLE.

OEPOLA RUBESCENS L. RED BAND FISH.

FIG. 8.-Cepola rubescens L. Length 7 mm.' Hanl 62, Apparatus B, Sept~lIlber 9th,
Del. E. FORD. 1919.

A single post-larva of 7D1m. belonging to this, species was taken in
Haul 62 (Surface) on 9th September,l9~9,over atotal depth of41 fathoms.
The capture is interesting as being the first young stage which has been
recorded from Plymouth waters, Fage (1918) gives several, records of
post-larvre from 4.5 to 10 mm. in length which were captured in the
Mediterranean from July to September, and figures one of 6 mm., while
Lo Bianco (1909) gives interesting notes on the later post-larvre, which
take on the rose red colour at 20 mm.

The Plymouth post-larva shows the characteristic denticulated'supra-
occipital and supra-orbitals. The lower surface of the mandible and the
posterior and lower margins of the prreopercula are also armed with
spines. The head is broad and high. The specimen was stained and

No. of Date. Depth.
.A tobianus. A lanceolatus.

Haul. No. Sizein mm. No. Sizein nim.

6 3.ix.19 B. - - 2 11-15

22 16.ix.19 B. 4 110-120 -

24 18.ix.19 B. 1 120
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mounted and the fin rays were found as yet to be undeveloped, while
only the first few vertebrre were calcified.

The adult is not uncommon in 'the vicinity of Plymouth and occurs
in the captures of t~e otter trawls which are operated from small motor
boats. A few adults, 385-505 mm., were caught in January, 1920, in
Whitsand Bay by Looe boats. In these the reproductive organs were
very minute.

Spawning Period: viii.

OALLIONYMIDlE.

OAL~IONYMUS LYRA (L.) DRAGONET.

" MACULATUS (Rafin.) SPOTTED DRAGONET.

Two species are represented in the 1919 material, of which Call. lyra is
much the commoner. Faga (1918) gives an excellent account of the,
young stages and a key for the identification of the species.

Call. lyra occurs in 53 out of 84 hauls of the young fish trawls A and B,
the average per haul for the whole period giving 11.5 specimens. The
maximum number was secured in July when the average per haul of
20 minutes was 27.4 specimens.

Call. rnaculatus gave a total of 149 post-Iarvre, secured in 20 hauls,
with an average of 2.1 specimens per haul in July, 0.7 in August and
2.5 for September. Both species often occurred in the same haul of the
young fish trawl.

The distribution of the pelagic post-Iarvre of the two species is quite
general. Call. lyra occurs everywhere in shallow and deeper water,
bui; is. more frequent inshore. Call. maculatus is more in accordance
with a deeper water form, and most of tbe records are over greater
depths.

The spawning period for the two species differs considerably. Call.
lyra is spread over the first 8 months of the year, while Call. maculatus
spawns only in the warmer months.

Young adult stages of both species were taken with the cotton trawl O.
Here again Call. lyra occurs more frequently and practically everywhere,
but more abundant close inshore in the bays. Only a few specimens of
Call. maculatus were secured and all these were in deeper water.

Spawning Period:

C. lyra.
I-Vlll.

C. maculatu.s.

vi-viii.
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TABLE XXXVI.

ApPARATUS A AND B.

RECORD OF CALLIONYMUSsp.

No. of Date. Depth. a. lyra. a. maculatus.
Haul. No. .Size in mm. No. Sizein rum.

1 3.vii.19 B. 2 4 -
2 7.vii.19 B. 2 5-6
3 9.vii.19 M. 3 5-6
4 10.vii.19 B. 22 3-9

.

6 18.vii.19 M.-B. 25 3--S
7 " M.-B. 8 4,5-7.5
8 " M.-B. 32 3-8.5
9 " M.-B. 201 4-7

11 21.vii.19 B. 27 3-9.5
12 " B. 28 3--S
13 " B. 1 3.5
14 24.vii.19 M. 80. .3-9
15 " S. 21 3-8
16 " M. 71 3.5--S
17 28.vii.19 M. 24 4-10
18 " M.-B. 19 3-9
19 " M. 18 4..5--S
21 29.vii.19 B. 1 3
22 " M. 3 5-7
23 " S. 4 4-6
24 " B. 24 4--S
25 " B. 6 3-5
26 " B. 66 4-11 7 5-10
27 . 31.vii.19 S. 1 3.5 - -
28 " B. 135 4-10 58 3.5-9
29 l.viii.19 B. 28 4--S - -
30 " . B. 4 6-7 6 4-6.
31 " B. 15 4:5-9
32 " B. 4 5-7
33 5.viii.19 M. 1. 5
34 " B. 8 4-6
35 " B. 7 3-6'5 1 6
37 " B. 11 2.5-7 2 6-7
38 " M. 6 4-6
39 " B. 11 3.5--S
41 7.viii.19 M. 2 5.5-7
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No. of a. lyra. a. maculatus.
Haul. Date. Depth. No. Sizein mm. No. Sizein mm.

43 7.viii.19 B. 12 4-7 - -

44 8.viii.19 M.-B. 18 4-6 4 5-6
45 " M. - - 1 7
46 " S. 1 4.5 - -

47 " B. 2 5-6 2 5-6.5
48 11.viij,I 9 B. 4 5-9 1 8
49 " B. 1 5
.52 13.viii.19 M. 1 7.5
54 . M. 1 8.5 1 8"
55 14.viii.19 B. 1 9.5 2 5.5-7
56 15.viii.19 B. 5 5-7 1 6
60 3.ix.19 M. 1 4 - -

63 9.ix.19 M. - - 11 7-10
64 " B. 1 11 30 '6-12
65 " S. - - 7 6-8
66 " B. - - 6 6-10
68 10.ix.19 M. - - 5 7-11.5
73 17.ix.19 B. - - 2 15-29
77 25:ix.19 B. 1 82 -.
78 " B. - - 1 9
79 " M.-B. - - 1 9
81 29.ix.19 B. 1 138 -

TABLE XXXVII.

APPARATUSC.

RECORD OF CALLIONYMUSsp.
No. of Date. Depth. C. lyra. a. maculatu8.
Haul. No. Sizein mm. No. Sizein mm.

4 25.viii.19 B. 36 33-67
5 26.viii.19 B. 4 45-68
6 3.ix.19 B. 1 170

18 12.ix.19 B. 6 35-140 5 70-120
21 16.ix.19 B. 7 50-82
22 " B. 8 40-82
23 , B. 26 42-85
24 18.ix.19 B. 30 40-85
26 23.ix.19 B. 30 46-145 -
27 " B. 318 45-140
28 '29.ix.19 B. 1 76
30 " B. 9 35-255 3 82-98
31 " 'B. "1 81 1 100
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LABRIDlE.

LABRUS BERGYLTA Asc.

" MIXTUS (L.)

CTENOLABRUS RUPESTRIS .(L.)

CRENILABims MELOPS (L.)
CENTROLABRUS EXOLETUS L.

The five species of Wrasses show a considerable production of the
young pelagic fry, nine specimens per haul for the three months in 1919.
They occur. most abundantly in July when the average per haul gives
18.7 specimens. Five species are represented in the collection, three of
which seem to be imperfectly known in the younger pelagic stages,
these being recorded here as Labrid types. A separate paper will be
published shortly by one of us on the identification of the doubtful species.
The later stages, however, where the adult' characters are developed
are easy to identify, and all five species occur in the cotton trawl collec-
tion. These later stages arEjdeveloped in comparatively shallow water
close inshore. They are abundant in the Zostera bed of Cawsand
Bay.

Coris julis (L.) occurs in the adult stage in the neighbourhood, but its
young stages have not been observed.

TABLE XXXVIII.

ApPARATUSA AND B.

RECORD OF LABRIDJE.

No. of Labrus'11!ixtt8. Ctenolabrus
Labrid types.Date. Dep*. rupestris.Haul. No. Sizein mm. No. Size in mm. No. Sizein mm.

1 3.vii.19 B. 5 10-11 - - 7 6-7
2 7.vii.19 B. - - 1 10 19 5-8
3 9.vii.19 M. - - - - 1 5
6 18.vii.19 M.-B. - - - - 22 5-10
7 " M.-B. 4 7-9 - - 27 4.5-9.5
8 " M.-B. - - - - 14 4.5-7
9 " M.-B. 3 8-9.5 1 8 2 4-5

10 21.vii.19 B. - - - - 1 4
11 " B. - - - - 7 4.5-8
12 " B. 1 9 - - 11 5-7
13 " B. 7 8-12 3 10 3 6,5-8.5
14 24.vii.19 M. 4 9-10 - - 190 5-8
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No. of Labr1'S mixtus. Ctenolabru8
Labl'id types.Date. Depth. rupetris.Haul. No. Sizein mm. No. z mm. No. Size in 10m.

15 24.vii.19 S. - - - - 62 4-8
16 " 1\1[. 1 8 - - 18 5.5-9
17 28.vii.19 1\1[. - - 2 9-9.5 32 4.5-9
18 " 1\I[.-B. - - 2 7-8 39 4-8
19 " 1\1[. - - - - 28 4-7.5
20 29.vii.19 B. - - - - 12 5-8
21 " B. - - 1 8 9 4-7
22 " 1\1[. - - 3 7-9 5 4-6
23 " S. - - 1 8
24 " B. - - 2 7-8
25 " B. - - 1 7.5
26 " B. - - 8 7-9
28 31.vii.19 B.. 1 6 3 9-10 1 8
29 1.viii.19 B. - - - - 35 4-7
30 " B. - - - - 6 4.7-7.5
31 B. ' - 6 8-9 - -"
32 " S. - - 2 7-9 1 6
33 5.viii.19 1\1[. - - - - 8 5-7
34 " B. - - - - 1 5
35 " B. - - - - 2 5
39 " B. . - - 2 6.5-7 5 4-6
40 7.viii.19 S. - - - - 4 7-7.5
41 " 1\1[. - - - - 50 4-9
42 " B. - - - - 19 4-8
43 " B. - - 1 9 16 49
44 8.viii.19 1\I[.-B. - - - - 1 4
47 " B. - - - - 1 5
49 l1.viii.19 B. - - .- - 10 5-7
50 13.viii.19 1\1[. - - - - 2 7-8
51 " 1\1[. - - 1 11 2 6.5-9
52 " 1\1[. - - - - 10 4.5-9
53 " 1\1[. - - - - 2 6-7.5
54 " 1\1[. - - - - 1 8
67 10.ix.19 S. - - - - 1 11
77 25.ix.19 B. - - 3 32-40



Oe~trQlabrus
, . eXQletus.
No. Size in mm.

TABLE XXXIX.

ApPARATUS C.

RECORD OF LABRID:lE.

Labrus mixtus.
No. Size in mm.

Labrus bcrgylta
No. Size in mm.

OtenQlabnlS

rupestris
No. Size in mm.

Crenilabrus melQPs.
No. Size in mm.

><1
0
q
Z
!;:2
rn
>-3
>-
!;:2
l;j
rn

0
>oJ

>-3
l;j
I:"'
l;j
0
rn
>-3
l;j
>-
Z
rn

to:)
I--'
(0

No. of Date. Depth.Haul.

4 25.viii.19 B.

5 26.viii.19 - B.

27 23.ix.19 B.

29 29.ix.19 B.

2 39-44 2 30-37 25 30-39 14 25-38

2 28-37 2 36-37 2 27-37 8 29-37 2 22-23

2 35-43 5 43-59

1 98



220 R. S. CLARK.

TRACHINIDlE.

TRACHINUS VIPERA,C. & V.

DRACO,L.

Lesser Weever.
Greater Weever.

The pelagic young of Trachinus vipera (Lesser Weever) are distributed
generally over the whole of the area investigated. Out of 84 hauls this
species occurred in 52; but with an average of only 3 fish per haul. The
total number examined was 252 with a range in length from 3 to 11 mm.
The maximum number (149) was in July, and the pelagic stages were
still being got at the'end of September.

Adolescent stages from 59 to 98 mm. were taken in shallow water with
the cotton trawl C in WhitsandBay. Several hundreds were cap-
tured with the .shrimp trawl in the same locality in 4-6 fathoms, and
were transferred alive to the aquarium tanks, where they seemed to come
to rest on the bottom and to lie partly on: their sides. Their habitat
appears to be ~n sandy bottoms, where they can rest partly hidden in
the sand. '

Pelagic young of Tracli,inus draco. (Greater Weever), occurred very
sparingly and qutside the' 20-fathom line. )'ts distribution appears to
be more in deeper water. . The'records extend from end of July to the
middle of September when they disappear from .the pelagic hauls, the
larg~st post-lar'fa being 12 mm. in length.

"'0-'- -., -~' ~--- '- n'", .
-- ---" n",

,

~~~~ --'
,
I

~

FIG. 9.-1'rachin:U$ draaoL. Length -12mm.. Haul 65, Apparatus B, September 9th,
Del. E. FORD.'~ 191~.

~',

The above figure' is drawn £rom a stained and mounted specimen
whose lengthiJ). foppalin was 12 min. ,The prremaxillre are shown
protruded. TIle head is contained, ',from 3! to 31 times in total
length, the greatest depth about 5 times. The diameter of the
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eye. is slightly less tbn the snout ~ength.
are:~ '

D VI 31.'
A 32.
Vertebrffi 11+31.

The numerical characters

The first dorsal so far is not well defined-five of the spines can be counted
quite definitely-the first three being close together and separated by
a wider space from the fourth. The two dorsal fins are connected by a
membrane. Another spt)cimen of'l1 mm. gives D VI 31 A 30. The
vertebrffi are definitely 42. Fage (1919), p. 122, gives similar numbers
for a 9.5 mm. fish, .but there is obviously a printer's error in the number
of vertebrffi, which should read 11+31. '

The pigmentation is well shown in the abQve figure. Two.black .spots
appear on the first dorsal. The abdominal region and the pelvic fins are
densely pigmented with black stellate chromatophores. There is a row
of chromatophores. usually six or more along the base of the 'an;al fin,
while an aggregation of black chromatophores is present at the base of
the mid-caudal rays. '

T. vipera. . T. draco.

Spawning Period: iv-viii. , VI-Vll1.

TABLE XL. "

ApPARATUS' A AND B.

.' ,

REOQRD OF '!'RAOHINUS sp.

No. of
Date.. Depth. Tmchin1ts vipcm l'rachinus draco.

Haul. No. Size ilimm. No. ' Size in rhm.
2'" 7.vii.19 'B. 3 56
4 10.vii.19 \ 'B: 7 3-5
6 . - 18.vii.19 M.-B. 7 4,'5-6 - .,
7" " M.-B. 10 5-6
8 M.-'B. 13' 4'-'-10 - _ !"
9 " M.-'-B. 32 4-8.

11 21.vii.19 'B. 6 5.:..7
12 . " B. 3 7-7.5
13 " R 15 4'5-7 -
14

..
24.vii.19 'M. 1'8 5-'-9,

15 '-.
I.S. '9 ,4.5::'9.5 - -"

16 " "M. '2 '5-5--6.5
17 28.vii.19 M. '> 7-11'"
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No. of Trachinus vipera. Trachinus draco.
Haul. Date. Depth. No. Sizein mm. No. Sizein mm.

18 28.vii.19 M.-B. 3 6-9
19 " M. 4 6-9.5
21 29.vii.19 B. 2 4-5 1 5
22 " M. 2 4-6
23 " S. . 1 8'5
24 " B. 4 5-7
25 " B. 4 5-6
26 " B. 2 4-f5
29 1.viii.19 B. 2 6-7
30 " B. 1 5
32 " S. 3 5.5-7.5 -

33 5.viii.19 M. 3 5-7 -

34 " B. 7 4-7 1 6

35 " B. 4 4'5 1 4.5

37 . " B. 2 5-6
39 " B. 8 4.5-7
40. 7.viii.19 S. 7 4-5-8
41 " ¥' 3 4.5-7
42 " B. 2 4.5-6 1 6

43 " B. 2 5-7
44 8.viii.19 M.-B. 1 6
46 . " S. 2 7
48 ll1. viii.19 B. 8 4-7
49 " B. 1 5
51 U3.viii.19 M, 1 4.5
52 " M, 5 5.5-6
55 14.viii.19 B. 1 8
56 15.viii.19 B. 1 8.5
58 1.ix.19 B. 2 6-9
62 9.ix.19 S. 7 7-10
64 " B. 1 9
65 " S. 1 7 3 .8-12
66 " B. '- - 1 9

67 10.ix.19 S. 14 6-11 4 8-11.
68 " N. 3 7.5-8
69 17.ix.19 B. ' -1 6
75 19.ix.19 M. 1 7
76 . 25.ix.19 B. 4' 7-9
79 " M.-B. 2 9.,5-10,5-
SO .. M.-B. 3 79'5
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TABLE XLI.

ApPARATUS C.

RECORD OF TRACHINUS VIPERA. .

20
22
23
24
25

No. of
Haul.

SCOMBROIDEI.

SCOMBER SCOMBER L. MACKEREL.

The early young of the Mackerel were moderately plentiful during the
autumn of 1919. One hundred and seventy-eight post-Iarvre from 5 to
13.5 mm. occurred in 30 hauls of the trawls A and B during July and the
first half of August. No post-Iarvre were taken after August 13th and
no adolescent stages were found, though a special search. was made for
these forms both in the shallower water of the bays and in the deeper
waters in midchannel. Dr. Allen (1917) recorded a similar number of
post-Iarvre for the year 1914, and these were taken chiefly in May and
June. The largest post-larva was 16 mm., and was secured in July.
There are few post-Iarvre over 12 mm. in length in the collections for
these two years, and this is evidently about the average length at which
they disappear near Plymouth. The pectoral and caudal fins are strongly
developed at an early age, the young fish soon become active swimmers
and apparently are able to avoid capture. It seems highly probable that
the young gather in shoals, well offshore and return to the bays for
feeding purposes the following year.

The spawning period of the Mackerel occurs from May to July at
Plymouth. There are no records of spawning earlier than May month,
though a later spawning has been observed for some years, vide Lebour
(1918) for the record of post-larvre in September, 1917. . The young
fish from 10 to 11.5 mm. secured at the end of May, 1914, were thl1i\
probably only about three weeks old. As the length of the newly hatched
larva is about 3.5 mm. this would give a growth of 6.5 to 8 mm. in three
weeks. The slightly larger fish from 43 to 50 mm. (tip of snout to tip of

NEW SERIES.-VOL. XU. No.2. JULY, 1920. p

Date. Depth. Tmchinus vipe1'a.
No. Sizeiu mm.

16.ix.19 B. 1 78

" B. 1 78

" B. 1 80
18.ix.19 B. 14 59-88

" B. 16 68-98
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,
caudal lobes) have seldom been captured, but several were taken by
Mr. G. T. Atkinson at this length in latitude 56° 20' N. and longitude
2° 23' W. on August 13th, 1913. These were secured at the surface at
night time. In assuming the spawning period for the North Sea to be
from May ~o August, these fish would at most be three months old.
The writer, while engaged in naval duties, secured several specimens,
128 to 157 mm. (tip of snout to tip of caudal), in October, 1918, from
the stomachs of Haddock and Whiting which were trawled a few
miles off the River Tyne. These October specimens (128-157 mm.)
when ranged alongside the August specimens (43-50 mm.) would
appear to be fourteen months old, as it seems highly improbable that
a 40 mm. fish would increase to 120. mm. in two months. This

estimation of the rate of growth of the Mackerel would thus work out
at an average of about 10 mm. a month-a figure which agrees well
with the rate of growth estimated above for the Plymouth post-Iarvre
(cf. Allen, 1897, Ehrenbaum, 1912, and Nilson, 1914).

Spawning Period: v-viii.



TABLE XLII.

ApPARATUS A AND B.

RECORD OF SCOMBER SCm1BER.

No. of Length in mm.
Haul. Date. Depth. 5 5.5 6 6.5 7 7.5 8 8.5 9 9.5 10 10.5 11 11.5 12 12.5 13 13.5

.2 7.vii.19 B. - - 1 - - 1 - - - - - - -

3 9.vii.19 M. - - - - - 1 - - - - - - - - kj
4 10.vii.19 B: 5 2 4 3 - - - - - - - - - 0

7 18.vii.19 J\1.-B. - - 1 1 1 - - - - - - q
Z

8 " M.-B. 1 2 1 - 1 1 2 1 1 - - - - .0
9 " l\1.-B. 9 1 1 1 - - - - - - - w

10 21.vii.19 B. ..d- - - - 2 1 - - - - - 1-3

11 B. +" 1 2 1 1
>

" . bD - - - - - - - - - - - - 0
12 B. >0 - - 2 1 3 2 2 4 1 1 - - - - - t;j

" -' w
13 " B. ..<:i- - - - - 'I 1 1 - 1 - - - - - -
14 24.vii.19 M. " - - - 2 2 -6 3 1 1 3 2 - 1 - - - 0

'" - "'J
15 S. '" - - - - - 2 - - 1 1 - - - - - -" +" 1-3
21 29.vii.19 B. '" - - - - - - - - 1 - - - - - - - t;j

22 M. w - 2 4 2 - - - 1 - - - - - - t"
" >0- t;j

23 S. '" 1" .S -
- - - - - - - - - - - - - - - - 0

24 B. - - 2 1 - 1 - - - - - - - - - - ' w
" ,,- 1-3

25 B. '" - 2 1 2 - - - - 1 - - - - - - - t;j" p.,-
26 B. w - - 1 1 2 2 1 - - 1 - - 1 - - - -- >

" .... Z
28 31.vii.19 B. 0 - - - - - - - 2 - 1 - - - - - - - - 7'
29 1.viii.19 B. 0- - - - - - - - - 1 - - - - - -
31 B. Z- - - 1 '2 1 - - 2 1 1 1 - - -"
32 " S.
34. 5.viii.19 B.
35 " B.
37 " B. - - - 1 1 - 1
38 " M. - - - 1 1 - 1
39 " B. 1 4 1 2 - 2 3 2 -
46 8.viii.19 S. - - - 1 1 1 - - - - - - - - - r,.:)
48 11.viii.19 B. - - - 1 1 - 1 1 - - - - - - - r,.:)
51 13.viii.19 M. - - - - - - - - - - - - - - - - 1 9<
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GOBIOIDEI.

GOBIIDlE.

GOBIUS MINUTUS Pall.
0 PICTUS MaIm.

PAGANELLUS L.

" JllICROPS Kroyer.
LEBETUS SCORPIOIDES ColI.
CRYSTALLOGOBIUS NILSSONI

GOBIUS RUTUENSPARRIEuph.
" ELONGATUSCanest.
" JEFFREYSIIGunther.
" NIGER L.

APHYA PELLUCIDA(Nardo).
Dub. and Kor.

The young Gobies are referable to the above genera and species, most
of which are abundant in the Plymouth area, vide Lebour (1919). The
young Fry are produced in large numbers, as many as 4782 specimens
having been taken in the young fish trawls A and B during July, August
and September, 1919, with an average per haul of 56.6 specimens for this
period, the most abundant species in the hauls being Gobius ruthensparri,
G. elongatus, G. jeffreysii and Orystallogobiusnilssoni. One haul of the
young fish trawl B (No. 77) yielded 2269 specimens of G. ruthensparri,
ranging from 16-52 mm., most of these being adult fish. Gobius
elongatus and G. jeffreysii occurred most frequently in September, when
the average numbers per haul were 19.8 for the former and 18.6 for the
latter. Both species were taken at lengths less than 10 mm. from July
to September so that spawning takes place for these two species at
least during July and August. Most of the Orystallogobius and Aphya
are adult fish, few young stages having been captured. The spawning
of Orystallogobius has been noted for June, and the appearance of the
very young suggests an extension to end of August. Aphya probably
spawns slightly earlier in the neighbourhood.

The distribution of the young Gobies is well marked. In the Genus
Gobius there are two species, G. elongatus and G. jeffreysii, which are
distinctly deeper water types. All the young of these two species were
captured beyond the 20-fathom line. The maximum for both is in hauls
taken over the greatest depths (total) recorded in this area. The remain-
ing species of Gobius occurred closer inshore, though two species, G.
minutus and G. pictus, were taken in a few hauls in water just over
20 fathoms. Lebetus scorpioidesand Orystallogobiusnilssoni are similarly
distributed to Gobius elongatus and G. jeffreysii, while Aphya appears in
the hauls as an inshore form. The abundance of the Gobies both in the

adult and young stages forms an efficient supply of food for some of the
commercially more important fishes.

The hauls of the cotton trawl 0 are equally interesting and here
Gobiusminutus is the most abundant, giving an average of 68.8 specimens
per haul. One haul of 25 minutes' duration in Oawsand Bay (No. 27)
yielded no less than 1532 sp~cimens from 35-73 mm. in length.



G.lllin"I",.
No Size ill. mm.

10 5-8

I

TABLE XLIII.

ApPARATUS A AND B.

RECORD OF GOBIUS sp.

U.1>ict1l'. U.)lagU/IeUIl'. (;. J/licrops. U. r1ltlt""oa,.,.i. U. elollyal1/s. U..i~lr,'ey)ii.

No. ~:~. ill No. ~~~~.ill No. S:~~,in No. ~~~~.ill No. ~:~~.ill No. S:~~li.n

6
8 4-63 6-7

3 4.5-5.5 - -
I 6.5 2 5
4 5.5-6.5 -

- -
2 4-7 I 4

3 5.5-6
3 5-6

u. ''P.
No. Size ill,"m

I 10

4 6-9

33 3-8
73 4-15

3 7.5-9
3 6.5-7

10 4-II
4 4-6

48 3.5-9

~
0
c::
Z
Q

UJ
0-3
>
Q
l';I'
UJ

d
»j

0-3
l';I
t"'
l';I
0
UJ
0-3
l';I
>
Z
V'

I:..::>
I:..::>
-l

No. of Date. Depth.haul.

I 3.vii.19 B.
2 7.vii.19' B.
4 10.vii.19 B.
6 18.vii.19 M.-B.
7 " M.-B.
8 " M.-B.
9 " M-B.

10 21.vii.19 B.
II " B;
12 " B.
13 " B.
14 24,vii.19 M.
15 -" S.
17 28.vii.19 M.
19' " M:
21 29.vii.19 B.
22 " M.
23 " S.
24 " B.

13 6-II
2 8-10 2 9-II
- - - - --

14 5-6 6 6-9 50 3.5-8
- - - -
7 4.5-7



~~

G. ?nin"tl1s. G.pict"s. G. paganelZus. G. microps. G. ridheilsparri. G. etongat",.
l..:>

No. 01 G.jeffreysii. G. sp. b.:)
haul.. Date. Depth.

No. s::'nn. No. Size iu.
No. S:'nn No. Size in No. Size in

No. Snn No. S/n .No. S/n
00

mm. .mm. mm.

25 29.vii.19 B. - - - - - - - - - - - - - - 16 4-9
26 " B. - - - - - - - - - - 15 6-16 24 5-6
28 31.vii.19 B. - - - - - - - - - - 26 4-12 9 4-9
29 l.viii.19 B. - - - - - - - - - - - - - - 35-8
30 " B. - - - - - - - - - - - - - - 4. 4.5-7
33 5.viii.19 M. - - - - - - - - - - - - - - 2 6.5--':7.5
35 " B. - - - - - - - - - - - - - - 2 4-7
37 " B. -. - - - - - - - - - 1 10 1 5
38 " M. - - - - - - - - - - 1 7 1 5 t;>:I

.39 " B. - - - - - - - - - - 3 4.5-12 - - - -
m

40 7.viii.19 S. - - - - - - - - - - - - - 8 5-12
G

41 M. 13 3,5-9.5 - - - - - - - - - - - - - - t-'"
42 B. 10 5-8 - - - - - - - - - - - - t;>:I

" p1
43 " B. 5 5-9.5 - - - - - - - -

44 8.viii.19 M.-B. - - - - - - - - 8 5-13
47 " B. - - - - - - - - - - 3 10-12
49 11.viii.19 B. - - - - - - - - - - - - 1 6 1 8=

G. niger
50 13.viii.19 M. 3 6 -
51 " M. 4 7-13 1 9
52 ", M. - - 8 5-13.5
53 " M. - - 9 4-15
54 " M. - - 7 7-13.5 -



b:;
t-:>
CO,

G. minll/1<s. G. pictu.. G. paganellus. G. »<icrops. G. ruthensparri. G. elongatus. G.jeffreysH. G.sp.
No. of Date. Depth. No. Sizein No. Sizein No. Sizein No. Sizein No. Sizein No. Sizein No. Sn No. Sizein
Haul. mill. mm. lUlU. mm. mill. mm. mm.
55 14.viii.19 B. - - - - - - - - - - - - - - 110 7-16
56 15.viii.19 B. - - - - - - - - - - - - - - 99 9-15
57 1.ix.19 B. - - - - - - - - - - 22 9-13-

58 " B. - - 18 8-14 - - - - 70 16-40 - -
62 9.ix.19. S: - - - - - - - - - - 15 13-22 42 6-19
63 M. 60 14-39 165 11-32" - - - - - - - - - - - - 0

64 " B. - - - - - - - - - - 88 16-391197-28 - -
65 S. 3 11-19 7 9-19" - - - - - - - - - - - - rn
66 " B. - - - - - - - - - - 73 9-21 51 5-19 - -
67 10.ix.19 S. - - - - - - - - - - 9 9-20 1 9 - -

rn
68 " M. - - - - - - - - - - 23 17-27 81 5-19 - -

0
69 17.ix.19 B. 4 10-13 - - bj- - - - - - - - - - - -
70 B. 10 9-17

>"1
" - - - - - - - - - - - - - - 11'1

t"

71 B. - - - - - - - - - - II 9-16 - - - - 11'1" 0
72 B. 23 11'5-20 -

rn
" - - - - - - - - - - - - >"1

11'1

73 " B. - - - - - - - - - - 101 9-24 - - - >
z

76 25.ix.19 B. - - - - - - - - - - - - - - 2 11-13 ?'"
77 " B. 120 44-60 - - - - - - 2269 16-52 - - - - -
78 " B. - - - - - - - - 1 22 - - - - 1 7
81 29.ix.19 B. - - - - - - - - - - 55 15-30



TABLE XLIV.
t:.o

ApPARATUS C.
<:;:!
0

HECORD OF GORIUS sp.

No. of Date. Depth.
G. minntus. G. pictus. G. 'futhenSp'!1'1'i, G. elongatu§. G. ,ir;t!Te1/sii.

haul. No. Size in mm. No. Size in 111111. No. Size in mm. No. Sizeinlllm. No. Size in mm.

4 25.viii.19 B. 37 33-52 9 30-47 21 24-35
5 26.viii.19 B. 18 27-60 3 50 106 23-45
6 3.ix.19 B. - - - - - -- 3 7-24 2 29-32

8 8.ix.19 M. - - - - - - 1 32 -

9 " B. - - - - - 9 25-43 1 28

11 9.ix.19 B. - - - - - 5 27-35
12 M. - - - - - - 5 14-35 2 28-'41 ?O

"
13 M. - - - - - 5 14-37 - SZ'

"
15 M. 4 29-35 5 24-42

0

" - - - - - - t<
;>-

16 10.ix.19 S. - - - - - - 1 17 - -
P1

17 12.ix.19 B. - - - - - - 2 36 -
18 " B. - - - - - - 3 44-50
20 16.ix.19 B. 6 37-85
21 " B. 53 40-80
22 " B. 62 32-75
23 " B. 129 33-80
24 18.ix.19 B. 80 33-80
25 " B. 6 40-70
26 23.ix.19 B. 181 40-68 - - 50 33-47
27 " B. 1532. 35-73 3 41-50 14 32-44
30 29.ix.19 B. 27 28-62
31 " B. 5 40-56



No. of
Hau1.

1 "

19
22
27
28

57
62
63
64
65
66
67
68
69
70
71
72
73
76
77
78
81

No.of
Hau1.

4
5
6

13
14
16
19
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TABLE XLV.

ApPARATUS A AND B.

Date.

RECORD OF CRYSTALLOGOBIUS AND APHYA.

3)vii.19
28.vii.19
29.vii.19
31.vii.19

"

l.ix.19
9.ix.19

"
"
"
"

10.ix.19
"

17.ix.19
"
"
"
"

25.ix.19,
"
"

29.ix.19

Depth.

B.
M.
M.
S.
B.

B.
S.
M.
B.
S.
B.
S.
M.
B.
B.
B.
B.
B,
B.
B.
B.
B.

I

I
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, C. nilssoni. A. pellndda.
No. Size in mm. No. Size in mm,

2 42-44
1 4
1 4

3
62
11

102
17
53
2

29
9

10
16
9

21

224

3 1 at 236
2 at 28-29Cf'
14-31
5-25
5.5-31
4-32
9-29
4-34
10-15
6-22
10-36
9-25
11-30
17-31
15-44

TABLE XLVI.

14-31

3
16
8

ApPARATUS C.

RECORD OF CRYSTALLOGOBIUS AND APHYA.

Date.

25.viii.19 "
26.viii.19

3.ix.19
9.ix.19

10.ix.19
16.ix.19

Depth.

B.
B.
B.
M.
S.
S.
M.

C. nilssoni.
No. Size in nUll.

5
1
1
3

30-38
11
16
5-10

1
1

546
47Cf'

19-23
21-50
19-26

1
1'"

A. pellucida.
No. Size ill mm.

45

48

1 20
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No. of
Haul.

1
13
28
38
39
45
47
48
62
63

R. S. CLARK.

TABLE XLVII.

ApPARATUS A AND B.

RECORD OF LEBETUS SCORPIOIDES.

BLENNIOIDEI.

BLENNIIDlE. BLENNIES.

The pelagic young Blennies occur in 34 hauls, with an average per haul
of 1.3 specimens. These are mostly Blennius ocellaris, whose spawning
period extends from June to August in the neighbourhood. The distri-
bution is general and again suggests inshore and offshore types, the
offshore type being B. ocellaris. The early young of this spe.ciesresemble
closely the young of the Mackerel, at the same size.

No of
Haul.

2
3
5
7
8

12
13

TABLE XLVIII.

ApPARATUS A AND B.

RECORD OF BLENNIUS sp.

Date. Depth. No. Sizein mm.

3.vii.19 B. 1 6.5
21.vii.19 B. 1 5
31.vii.19 B. 2 4-7
5.viii.19 M. 1 6

" B. 2 5-6
8.viii.19 M. 1 7

" B. 2 6-7
11.viii.19 B. 1 5
9.ix.19 S. 1 5

" M. 10 9-12

Date. Depth. No. Sizein mm.

7.vii.19 B. 5 . 6-7
9.vii.19 M. 1 7

11.vii.19 B. 1 5
18.vii.19 M.-B. 3 4-6

" M.-B. 3 3-8
21.vii.19 B. 2 5-8

" B. 9 6-7
...



The material collected from July to end of September, 1919, contains
501 examples of the pelagic young Gurnards, which occurred in 51 hauls
of the young fish trawls A and B, an average of 5.9 specimens per haul

"
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No. of
Date. Depth. No. Sizein mm.HauL

14 24.vii.19 M. 15 4-8
15 " S. 8 4-8
17 28.vii.19 M. 3 8-8.5
18 " M.-B. ,6 6-10
19 " M. 13 4.5-8 I
20 29.vii.19 B. 6 10-12
21 " B. 6 5-6
22 " M. 2 5-7
23 " S. 1 6.5
24 " B. 4 7-9
27 31.vii.19 S. 1 7
29 1.viii.19 B. 4 5.5-6.5
30 " B. 2. 5-7
31 " B. 2 6.5-8..
33 5.viii.19 M. 2 5-6.5
35 " B. 4 6
36 " S. 2 6'5-9
37 " B. 1 5
41 7.viii.19 M. 1 7
42 " B. 1 8
46 8.viii.19 S. 2 7-7.5
47 " B. 2 6.5-8
49 l1.viii.19 B. 1 6
57 1.ix.19 M. 1 8
62 9.ix.19 S. 1 14
65 " S. 1 12
80 25.ix.19 M.-B. 1 . 8.5

SCLEROP ARE!.

SCORP lENOIDEA. SCORP lENIFORMES.

TRIGLIDlE.

TRIGLA GURNARDUSL. GREY GURNARD.

" CUCULUSL. RED GURNARD.

" HIRUNDOBl. SAPPHIRINE GURNARD(Tub).
" LINEATAL. STREAKEDGURNARD(Polperro Bull dog).
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for the whole period. The determination of the species has been rather
difficult, owing to the similarIty of the young forms, more especially
those before the formation of the dorsal and anal fin rays. T. gurnardus,
however, and T. cuculus are the predominant species, and they occur
often in the same haul. Of the former species, little doubJ" may be
attached to the identification, which is in agreement with that of other
authors, notably M'Intosh and Prince (1890), M'Intosh and Masterman
(1897), Ehrenbaum (1905-1909), and Fage (1918).

T. cuculus, so far as examination of known literature goes, is practically
an unknown quantity, but the writer is strongly convinced that the
materia;l under investigation and recorded here as, Trigla sp. B. belongs
almost solely to this species, though one or two represent the very early
young of T. hirundo (cf. Jaquet, 1907) and T. lineata. Confirmation of
the last species was obtained by securing a good artificial fertilization
and by rearing the larva to the period of the absorption of the yolk sac.
Investigation on the early young stages is being continued and the results
will be published in due course. .

The pelagic young of T. gurnardus are distributed generally over the
shallower and deeper waters. T. cuculus seems to show a maximum
number over depths greater than 20 fathoms, occurring only occasionally
in the shallower water.

There is- not much difficulty in the determination of the adolescent
stages. The hauls of the cotton trawl C contain examples of three
species, T. gurnardus, cuculus and hirundo, while T. lineata is absent.
T. gurnardus and T. hirundo were taken in water of 4-6 fathoms in
Whitsand Bay, showing that these two species come inshore during their
adolescent stage. T. cuculus, on the other hand, has not been taken in
the adolescent stage in water less than 20 fathoms in depth, several
adolescent stages. having been taken from time to time in small meshed
nets attached to the otter trawl in the area beLween Rame Head and
Eddystone and in the de~pe:r mid-channel waters. T. lineata has a
similar distribution to T. cuculus, and only one adolescent st;1gehas been
observed by the writer; a specimen, ot 85 mm., which was taken in the
deeper water off Whitsand Bay.

T. lyra, another deep water form, so far has not been observed in the
early stages, nor has the adllJt been observed in spawning cOlldiLion.

T. gur!Lardus. T. cuculus. T. -hirundo. T. lineata.

Spawning Period: I-Vlll. IV-Vlll. VI. VI-Vll.
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TABLE XLIX.

ApPARATUSA AND B.

REOORD OF TRIGLA Sp.
No, of T. gU1'1wrdus, T1'igla sp, B.Haul. Date. Depth. No, Sizein mm. No. Sizein mm.

3 9.vii.19 M. 2 4,5-5.5
4 10.vii.19 B. 9 6.5-8 12 6-18
5 U.vii.19 B. 7 6-8.5 - -
6 18.vii.19 M.-B. - 1 5
7 " M.-B. 7 9-13.5 1 6
8 " M.-B. 2 9-9.5 2 7.5-8.5
9 " M.-B. 10 7-12 25 4-8.5

10 21.vii.19 B. 8 7-13 13 5'5-11.5
11 " B. 37 4.5-10.5 17 4-10.5
12 " B. 60 5-13 11 5.5-9
13 " B. 22 6.5-13.5 -
15 24.vii.19 S. 4 10-12
16 " M. 2 8.5-12
17 28.vii.19 M. 3 8-12.5 2 8-9
18 " M.-B. 3 6.5-11

. 19 " M. 1 6.5
20 29.vii.19 M. 1 7
22 " M. 6 6-9.5
24 " B. 1 8.5 17 5-9
25 " B. 20 5'5-10 3 5-7
26 " B. 25 5-16 4 5-12
28 31.vii.19 B. 12 6-15 9 5'5-10
30 1.viii.19 B. 2 7-10.5 -
31 " B. 13 6-17.5 6 6
32 " S. 2 7-8
33 5.viii.19 M. 2 9.5-12
34 " B. 3 6-15 1 6
37 " B. 3 7-9.5 6 5-7
38 " M. i 1 7 3 5-6
39 " B. - - 1 5
41 7.viii.19 M. 1 10
42 " B. 3 6-12
43 " B. 9 7-11 1 7.5,
44 8.viii.19 M.-B. 2 7-8 5 5-9
45 " M. 3 6-10
47 " B. - 8 5-11
48 l1.viii.19 B. 3 7-16 10 5-7.5



AGONUS CATAPHRACTUS L. POGGE.

No pelagic young of this species were s,ecured. Two bottom stages,
ca. 55 mm. in.length, were captured in the cotton trawl C, one in Haul 22
on 16th September, 1919, and one in Haul 24 on 18th September, 1919,
both in Whitsand Bay East in depths from 4 to 6 fathoms. The species
is not uncommon in the neighbourhood.

Spawning PerIod: iii-iv.

236 R. S. CLARK.

No. of ' 1'. gurnardus. Trigla sp B.
HauL Date. Depth. No. Sizein mm. No. Sizein mm.
49 11.viii.19 B. 5 9-14
51 13.viii.19 M. 1 7
52 " M. - - 1 6
54 " M. 1 6.5 1 6
55 14.viii.19 B. 1 8 1 13
56 15.viii.19 B. 26 7-13 6 7-10.5
57 l.ix.19 B. 2 6-10 1 10
58 " B. 1 7 - -
60 3.ix.19 M. 1 9 1 7
61 " B. - - 1 8
62 9.ix.19 S. 1 6
65 " S. - 1 11
66 " B. - 1 7.5
79 25.ix.19 - 1 20

TABLE L.

ApPARATUS C.

RECORD OF TRIGLA Sp.
No. of Date. Depth. T. gurnarclus. T. cuculus. T. hirundo.
haul. No. Sizein mm. No. Sizein mm. No. Sizein mm.

7 8.ix.19 S. 1 19 - -
8 " M. - - 1 16.

10 " S. 1 22 - - 1 15
12 9.ix.19 M. - - 1 22
16 1O.ix.19 S. 2 18
17 12.ix.19 B. 1 57
18 " B. - 1 48
20 16.ix.19 B. 1 78 - -
22 " B. - - - - 9 75-110
25 18.ix.19 B. - - - - 1 82
30 29.ix.19 B. 5 47-70 -

COTTIFORMES.

AGONIDlE.
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CYCLOPTERIDlE.

LIPARIS MONTAGUI Donov.

One post-larva, 6 mm. in length, occurred in Haul 6 of the young fish
trawl A on 18th July, 1919 (midwater to bottom). There are compara-
tively few records of this species in the early stages, but the adult occurs
close in shore fairly frequently. .

GASTROSTEOIDEA.

GASTROSTEIDlE.

SPINACHIA VULGARIS Flem.

No early pelagic stages of this species were taken. The captures of
the cotton net C ranged from 61-95 mm. in length, and these were adults.
The species is extremely common in the shallower waters close inshore,
being very abundant in the Zostera bed of Cawsand Bay.

TABLE LI.

4
5

26

ApPARATUS C.

RECORD OF SPINACHIA VULGARIS.

Date. Depth. No.

25.viii.19' B. 3
. 26.viii.19 B.. 1

23.ix.19 B. 4

Size in mm.No. of Haul.

61-80
70
73-95

XENOPTERI.

GOBIESOCIDlE.

LEPADOGASTER BIMACULATUS Penn.

GOUANI Lacep. '
.. CANDOLLI L.

The hauls of the young fish trawls A and B contain the above three
spEcies. Two are inshore forms-L. gonani and L. candolli-while L.
bimacnlatns appears to be a definite offshore type, and is the only one
of the three species which was taken in the deeper water hauls. The
post-larvlB of L. bimacnlatns are scattered over the whole of the area, 43
specimens having been taken from end of July to middle of September.
Two adults-, 33 to 35'mm. occurred in Haul 6 of the cotton trawl C on
3rd September, 1919, at a depth of 27 fathoms in locality 5 miles west
of Rame Head.

Spawnmg Period: L. bimacnlatns, v-viii.

"

.
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TABLE LII.

ApPARATUSA AND B.

RECORD OF LEPADOGASTERsp.

No. of Date. Depth.
L. candolli. L. gouani. L. birnaculatus.

haul. No. Size in mm. No. Sizein mm. No. Sizein mm.-
1 3.vii.19 B. 1 7 -
2 7.vii.19 B. - - 1 6
6 18.vii.19 M.-B. 9 5.5-7 3 6
8 " M.-B. 1 6

14 24.vii.19 M. 1 6
28 31.vii.19 B. - - - - 1 9
30 l.viii.19 B. 1 6 - - -
34 5.viii.19 B. - - - - 1 6.5
37 " B. -.. - - - 3 4-9
40 7.viii.19' S. - - - - 1 6
41 " 1\1. 5 46'5 - - 5 4-6'5
42 " B. 4 5.5-7 - - 1 6.5
43 " B. 5 6-7 - -- 1 5
44 8.viii.19 M.-B. - - -. - 3 4-10
45 " M. - - - - 2 9-9.5
50 13.viii.19 M. - - 1 8
51 " M. 3 5.5-6.5' - - 1 5
52 " M. 1 5.5 - - -
53 " M. - - - - 1 6
56 15.viii.19 B. - - - - 7 7-10
58 l.ix.19 B. - - 1 4 1 9
61 3.ix.19 B. - - - - 1 7
62 9.ix.19 S. - - - - 1 10
63 " M. - - - - 2 13-14
65 " S. - - -. - 1 8
66 " B. - - - - 7 6-12
68 1O.ix.19 1\L - - - - 1 11
70 17.ix.19 B. - - - - 1 7
72. " B. - - -- - 1 11-5
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