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The Microplankton of Plymouth Sound from the Region
beyond the Breakwater.

By
Marie V. Lebour, M.Sc,,
Assistant Lecturer in Zoology, Lecds Universily.

Temporary Naturalist at the Plymouth Laboratory.

With Figures 1-9 in the text, and Tables I and II at the end.

ThroUGHOUT a complete year from September, 1915, to September,
1916, sea-water samples were taken regularly two or three times a week
from beyond the Breakwater in the region of the Knap buoy, 2} miles
from Plymouth shore, from the surface and at 5 and 7 fathoms. The
object was to supplement the existing records from the tow nets as it
is well known that a very large amount of material is lost even from the
finest nets, as Lohmann has shown exhaustively (1908). So far the
only plankton records from this region have been from the tow nets,
and a glance at the tables given at the end of this paper will show directly,
if compared with those by Gough (1903-7) and Bygrave (1911), also
Cleve (1899 and 1900), the great difference in numbers of the smaller
forms, or their entire absence from the tow nettings. Again, no actual
numerical records have been given from this region. At the same time
as the water samples were taken, tow nettings, coarse, medium and
very fine, were also secured, and these were regularly examined for
comparison.

The water samples were estimated by means of the centrifuge after
the manner introduced by Lohmann. A water-bottle was used for the
5 and 7 fathom samples, and the surface sample was collected in a Win-
chester bottle. Experiment showed that there was no difference in
the surface samples when collected either with the water-bottle or Win-
chester, and it was found more convenient for keeping as it was unnecessary
always to examine it the day of collection, as was the case with the water-
bottle samples. The Winchester samples keep for two or three days at.
a uniform temperature. If examined the day they are brought in the
water-bottle samples are quite as good as the surface samples in the
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134 MARIE V. LEBOUR.

Winchester for Peridiniales and Protozoa, which perhaps include the
most delicate of all the plankton organisms. The samples were all
examined fresh when possible ; if impossible, which was only seldom,
they were preserved by adding strong Flemming’s solution at the time
of capture as advised by Gran (1912a). For most species this method
of preservation was found very satisfactory.

For quantitative estimation a certain amount (usually 50 ce.) of the
sample water was put in tubes and centrifuged. Five tubes each holding
10 ce. were examined, the tubes pointed at the end after Lohmann’s
pattern, so that the contents may be emptied out and leave the residue in
the point ; this residue was removed carefully with a fine pipette, put
on a ruled glass slide and the contents counted. The water was then re-
centrifuged and the process gone through again. It was found that
although re-centrifuging answered very well for diatoms, Peridinium
and the more sturdy organisms, it was no use for the fragile forms such
as the naked Peridiniales and small Infusoria, many of which are most
probably destroyed even before they are brought in.

It was found by experiment that centrifuging for ten minutes gave
the best results, the largest number of gymnodinians being secured in
this way. This is longer than the time taken by Lohmann, but his
centrifuge made many more revolutions than ours, the number of ours
not being exactly estimated.

The tow nettings were not exhaustively examined, but the most
important organisms were noted and their relative abundance. The
nets used were of silk with meshes 26, 50 and 150 to the inch respectively,

amouth 56 inches in circumference (inside), and bottom 15 inches in ecir-
cumference. Length of silk clear of the calico to which it is attached
at the ends, 39 inches. Area of silk, 1382 inches. Duration of haul, 10 to
15 minutes, or in exceptional cases a few minutes longer.

The following quick method was adopted : anything large first noted
with the naked eye, then a certain amount of each sample taken, and when
30 or more of any organism was present it was marked cc; if 20 but
under 30, ¢; if 6 but under 20, 4- ; if more than one but under 6, r; if
only a single specimenr. In this way a rough estimate of what is common
in the tow nets is made. In the case of the very fine samples after stirring
two separate drops with a pipette are examined and the above method
applied. :

On the few days when it was impossible to gc beyond the Breakwater
the samples and tow nettings were taken from the west channel at the
side of the Breakwater. For a fortnight in April it was impossible
owing to the storms to go out at all. After this, about the 25th, .tha
increase in plankton is large. The samples were as nearly as possible
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«mk@ at the same time of day, between 11 a.m. and 1 p.m., and the
g'%aa of tide, wind, and weather noted.
A great many species get through the meshes of even .the finest gets.
hose which are nearly always lost are the smaller Peridmlla,ies, especmllly
the Gymnodiniacee, the small Infusoria, with the exception of thl? Tin-
innoidea, small flagellates (very few of which, however, appeared. in our
'mples), Protozoa of various kinds and many of' thelsmalle_r d.latfolms.
n looking through the Plymouth records in the Fisheries Invesltl.ga.tlons
s find an almost complete absence of all the very smal].Perldqnales,
:d with one exception (that of Gymmodinium lunula, which owing to
arge size is conspicuous) an absolutely complete absence of Gymno-
siacee which confirms Lohmann’s statement that all were lost. P:ror:?—
sum micans is almost absent from the tow nettings, here again in
eement with Lohmann, who found a large loss. Infusoria, except the
intinnoidea are practically absent, and among th‘? diatoms we find
cords of species such as Cheatoceras curvisetum, which we have found
¢ commonest species of this genus in the plankton, only represeuted'at
most by the sign -+, usually r or rr. At times it has appearetli with
in quantity in the tow nets, but not nearly as frequlent]y as in the
ter samples. Paralia sulcata is seldom to be found in the nets but
bundant in the water samples, and present nearly all the year round.
(ough’s lists it is usually marked r or rr, never by either Bygrave or
is it marked ce.
Skeletonema costatum is another good example and one specially
arked by Lohmann. Although sometimes recorded as ce for Plymouth,
few times it is thus marked bear no comparison with the numbers
lly contained in the water. This is a particularly abundant species
e, and at Kiel it is shown to be in enormous numbers, most of which
icape the net. The species of Nitzschia are also good examples, N.
losterium and N. delicatissima particularly nearly always being lost by
he net.
On the other hand, a good many of the larger species do not get into
he water samples in anything like a representative number. Forinstance,
he genus Biddulphia only appears very occasionally, when really it
ms a most important part of the plankton at a certain season of the
. Streplotheca thamensis is another case ; this species being very
bundant at times in the tow nettings and only occurring in small num-
ers in the water samples. The genus Rhizosolenia, although the relative
nee of the species is usually well shown in the water samples, is
“sometimes very ineffectually represented. For instance, in June
lenia Shrubsolei appeared in all the tow nets for two or three
particularly on June 19th, especially in the medium net,
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and the specimens were of very large size. These scarcely got
into the water samples, so that the curve taken from the
numbers obtained from the water samples gives a wrong impres-
sion for this species, although the seasonal distribution is correctly,
though roughly, shown.

The Metazoa in the water samples only amount to a few individuals
and are of no account, so that the quantitative work practically amounts
to an estimation of the unicellular organisms. Whilst counting the
diatoms they were estimated, as is usual, by cells ; however, for the
tow nettings the chains were regarded as individuals, otherwise the
method given above would not have been suitable owing to the number
of cells in a chain. -

The tables at the end of the paper show the average number of organ-
isms in the water samples in 50 cc. for each week. The tow nettings are
shown for comparison at the same time (marked in letters). The account
of the Metazoa from the tow nettings is given without tables, and they
are also taken into account in the survey for each month. A list of the
dates on which the samples were taken, giving wind and weather, will be
found at the end of the paper.

The largest numbers, on the whole, are found in the surface layer, but
there is not much difference, and a large amount of mixture of water
seems to take place, so that it is difficult to assign to any particular
species its particular habitat in depth. Skeletonema costatum is most
frequent at the surface, also Chetoceras species generally, Lauderia,
Thalassiosira, and Mastigloia. The greatest fluctuations are nearly always
from the surface and can usually be traced to the state of the tide, the
5 and 7 fathom layers being much more regular, as was to be expected.
Skeletonema, as noticed by Gran (1912b) is rather more numerous at the
surface. Paralia sulcata, however, shows all its maximum numbers
either at 5 or 7 fathoms, but as this is naturally a bottom form often
coming into the plankton, it is not surprising. Nitzschia delicatissima,
~ and Asterionella japonica also show largest numbers at 5 and 7 fathoms.

The state of the tide affects the numbers, more being taken at or just
before high tide, fewest at or just before low tide usually. The highest
catches usually come with S. and S.W. winds. YE

The. unicellular organisms other than diatoms occur irregularly at all
depths. ' -

On comparing the present records with those of Lohmann at Kiel,
much that he states is borne out by these results, -although many of his
numbers are from estimates with filter as well as centrifuge. Skeletonema
costatum, which he regards as one of the most important diatoms of the
plankton, has a curve which is wonderfully in accordance with ours,
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_' Wit 1 having a large spring and a small summer maximum (Lohmann,
1908, table XII). - ok

~ Of his numerical results the Peridiniales are relatively in much‘larger
~ pumbers than in the present records. Although he.re many species are
~ found to occur and several new species are described, the individual
numbers are usually enormously less in these records, even when the
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Fie, 1.—Curve of Skelelonema costatum, showing average number of individuals
in 50 ce. for each month.

season of maximum number agrees. As Lohmann observed at Kiel, so
, there are several ameebs to be found in the plankton. Ours are of
hree kinds, one of which is fairly common. With him Flagellata are
uch more numerous than with us, except Phaocystis, which is so abundant
re in May and June that it interferes with everything, clogging up all
nets. Infusoria Lohmann finds numerous, and there are numerous
ecies of them here, but they are not found in large numbers with the
ption of the Tintinnoidea. The smaller forms, such as Laboea species
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and Strombidium caudatum, very easily collapse and destroy themselves
in a moment. Tiarina fusus we find at a larger maximum than at Kiel.
Most of the new species, both of the Peridiniales and Infusoria found in
the plankton by Lohmann, are present here if not in such large quantities;
thus we have Amphidinium crassum, Pouchetia parva, Cochlodinium
pellucidum, Laboea strobila, and many other species hitherto not known
from British seas.

The diatoms, although usually in less numbers than Lohmann’s, are
in some cases more. Nearly all his diatom numbers are, however, from
filter examinations, therefore not exactly comparable. One fact which
is striking is the relative regularity of the yearly curve of certain gpecies,
instead of their showing a marked seasonal distribution. This we find
to be the case with Thalassiothriz witzschioides, which is present at Kiel
practically all the year round whilst with us it is a pronouncedly winter
form. The same is true with most of the Coscinodiscus species which
also are winter forms here. This is perhaps to be explained by Gough’s
theory of the distribution of neritic diatoms which he found occurred at
certain definite times only in places near the ocean, but stayed all the
year round in suitable localities far removed from it. We find much the
same seasons for the above diatoms at Port Erin as we have at Plymouth
(see Herdman and Scott, 1908-15). '

For comparison I have taken from Lohmann’s tables certain species
with their maximum number in 100 litres and put side by side of these
the Plymouth records of the same species in the same amount calculated
from the number in 50 cc. The month of maximum is also recorded.
It will be seen that in most cases his numbers are higher, in a few instances
much higher, but in three cases the Plymouth numbers are higher.

Species. ! Kiel. :g;ﬁil LPlymaouth. Dbgziﬂll
Paralia suleata . : 77,000 Nov. 1,000,000 Nov.
Skeletonema costatum . 778,000,000 June 25,000,000 April
Guinardia flaccida . 360,000 May 20,000 Sept.
Asterionella . . 1,800,000 Dec. 3,260,000 July (japonica)
Prorocentrum micans . 5,100,000 Aug. 128,000 Sept.
Glenodinium bipes . 2,100,000 May 12,000 Aug.
Cerativim fusus . : 300,000 Sept. 12,000 Aug.

e P. armata
Pouchetia parva. : 50,000 Sept. 30,000 June

Tiarina fusus . 5 11,000 Oct. 14,000 Aug.

‘As will be seen, the maxima here agree in most cases in being in the

spring or autumn. As has been stated above, however, there are several ;

o
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B gpﬂ&ies--WhiCh do not agree; for instance, Coscinodiscus Granii has: a
 maximum at Kiel in August, whereas I found it conﬁn'.ed to the period
;. from November to April, when it is fairly evenly distributed. The
..maxim-u.m of Prorocentrum mieans in August or September seems to be
::;vve]] established. Ostenfeld (1913) is here also in agreement. Cemm?;-m
fusus also has its maximum at this time, and Pyrocystis lunula, whu:-h
- 3{; Plymouth is only recorded in these nlO?lthS‘ Ho“-'fwer, 1 ﬁr.ld that in
E ‘many cases species having a spring maximum at Kiel have it here in
‘the summer.
_thj& comparison of the present results, with those of Gran (1912)is f?.ifﬁcult
as his are only for the month of May and from so many .st-atlons at
various localities and many different depths. However, if we take
the Dutch results from the south-western part of the North Sea,
which is the nearest to us of all the localities he makes use of,
- and compare them with the present records fo'x: the month of May
~ only, we find the comparison is not without interest. Gran used
‘the centrifuge entirely and the samples were all preserved. ‘He.ufmal]y
~ took 50 cc. of the sample and calculated from it the number of individuals
" in a litre. Except in certain cases mentioned below, the nu{nhem are
~ not extremely different. Thus we find the species of Biddulphia present
E in very small numbers (only B. sinensis at Plymouth), a large 1.1umber
~ of several Chatoceras species in both (12 species with him, 8 with us).
However, whereas there (. decipiens and debile are the prevailing forms
(maximum numbers 11,500 and 6,500 per litre respectively) the prevailing
forms here are C. curvisetum (maximum number 39,900 per litre) and
7eA pseudoerinitum (maximum number 30,000 per litre). A‘ large number
of resting spores of Chatoceras species are recorded by Gran and also
by Lohmann. They were not recognised and therefore not recorded
~in the present paper. Lauderia borealis (Gran’s maximum 2,180 per
b litre) with us is more abundant (21,580 per litre). Paralia sulcata (Gran’s
‘maximum 7,180 per litre at 30 m.), with us 700 per litre at 7 fathoms.

~ Rhizosolenia species fairly abundant :—

Plymonth records..
120 surface

Duteh records.

R. alata . . . 300 (15 m.)

R. semispina .- 160 {20 m.) 500 51.
R. Shrubsolei 480 (10 m.) 1,600 5f.
R. Stolterfothii . . 8,360 (50 m.) 760 surface

Thalassiosira gravida (Gran’s maximum 1,7€0 per litre, Plymouth 6,320
21 litre).  Niizschia delicatissima much more abundant at Plymt?l?th,
tzschia closterium more abundant in the Dutch records. Of thg Silico-
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flagellata Dictyocha fibula and Distephanus speculum are few in numbers
as in our records, also the individual numbers of the Peridiniales which
are often represented by single examples or by twos and threes. Tt is,
however, among the Infusoria that a great difference is seen, for whereas
my own records seldom show more than a few specimens in each sample,
the small Infusoria are in fairly large numbers in the Dutch records,
especially the species of Laboea, which sometimes reach five figures per
litre. The Metazoa agree with my records in only being represented by
very few individuals.

Herdman’s (1908-15) quantitative estimates of the plankton for
Port Erin and the south end of the Isle of Man are taken from the tow
nets only. These are only comparable with the present records to a certain
degree, but some facts stand out as of special interest. Here we find the
large spring and smaller autumn maximum for the diatoms, the seasonal
distribution of certain genera and their maxima, Rhizosolenia species
in June; Chatoceras, Thalassiosira and Lauderia in April and May ;
Cheeloceras and Lauderia again in September and October ; all these
agree well with our records. The species of Biddulphia agree in being
almost entirely absent from June to August and being much the most
common from November to May. Coscinodiscus again agrees in being
absent in the summer and early autumn and common in winter and early
spring, Rhizosolenia species being only common in summer. Thalas-
stosira has its maximum in May both at Port Erin and Plymouth, with a
slight second maximum at Plymouth in 1916. Guinardia is slightly
earlier at Port Erin than at Plymouth. Lauderia with a large spring
and small autumn maximum at both places, and the same with Chetoceras.
Asterionella japonica appeared in large quantities in May, 1913, at Port
Erin. At Plymouth it has a maximum in July and is present on and off
from April to January, common through July and August. Apparently
this species is irregular in its appearances, as Gough records it from
Plymouth as cc in May. The numbers of Peridiniales at Port Erin are
enormous compared with the present results ; Ceratium species and the
larger Peridinium species forming the basis of the Port Erin records.
However, we are in agreement in finding the Peridiniales maximum to
occur very shortly after the diatom maximum and the maximum a single
one which is only in the summer, May usually at Port Erin, June this
year for Plymouth; when-the curve shows a conspicuous hump, gradually
dwindling in September, after which month very few are present. The
smaller Peridiniales are not taken into account in the Port Erin reports,
and' the Gymnodiniacew, which turn out to be abundant, are necessarily

not noticed as they come through the nets. The same applies to the

other small unicellular organisms.
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Tae DiaToMs.

In estimating the diatoms, we find they fall natural!y ix’1tro two groups ;
~ the first and most important includes the species beglnr}lng about A}?I‘ll
" and usually ending about September, the second including those having
their maximum in the winter or spring and extending from September

2500
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y Fra, 2,—Curve showing average number of diatoms in 50 cc. for each month,
or October to the end of March or April and May. In September these
‘groups sometimes overlap, but the two large general maxima occur
‘about April and from August to October, the diatoms of the first group
thus being mainly responsible for both the spring and autumn maxima.
The curve here given (Fig. 2) shows the average number of diatoms in -
- 50 ce. monthly throughout the year. The largest maximum is in April,
though May comes very near. The autumn maximum here this year is
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early and occurs in August. It is very nearly as big as the spring maxi-
mum. Also in the curve there is another maximum in October, 1915, after
which the numbers are very low, until they suddenly rise enormously
in April. The October maximum is possibly the ordinary autumn
maximum occurring later in 1915 than in 1916. For the rise in April
Skeletonema costatum is almost wholly responsible ; in May Chatoceras
species are mainly responsible, together with Nitzschia delicatissima,
Thalassiosira gravida and helped by Rhizosolenia species and Lauderia
borealis. For the August maximum Chatoceras again is to the fore with
Asterionella japonica, Mastigloia at times in numbers, Rhizosolenia species
and Nitzschia species. The rise in October, 1915, is due to Mastigloia,
Chetoceras, Lithodesmium undulatum and Skeletonema costatum.

The diatoms of the first or spring and summer group include the genera
Asterionella, Chetoceras, Lauderia, Nitzschia, Rhizosolenia and Thalassio-
sira; those of the autumn and winter group include Biddulphia, Coscino-
discus, Paralia, Streptotheca and Thalassiothriz. One of the most important
diatoms is Skeletonema costatum, which, although occurring practically
all the year round, yet has certain times of total disappearance for short
periods. It cannot be placed in either of the above-mentioned groups
as it extends over both.

We find this year the genera Biddulphia and Coscinodiscus disappear
suddenly and do not continue in small numbers through the summer, as
is the case generally at Port Erin. Gough, however, has recorded Bid-
dulphia mobiliensis in June and August from Plymouth, so it must
occasionally be present ; also Coscinodiscus species very rarely. Paralia
and Thalassiothriz are essentially winter forms here, the latter stopping
abruptly in the spring and the former being much commoner in the
winter, although occurring throughout the year. The records of Bygrave
and Gough are here also in agreement.

Several important species have only one maximum in the year. Monthly
curves show a gradual decrease from it. Asterionella Japonica (July),
Rhazosolenia Stolterfothii (May), R. alata (June), R. Shrubsolei (May),
R. hebetata f. semispina (May), R. setigera (August), are examples ; also
Biddulphia species and Coscinodiscus species (autumn to spring) the curves
of which could not be exactly determined because of their presence only
sparingly in the water samples. The following are some of the most
important species which have two maxima : the larger in April, May or
June, usually very much exceeding the second in August or September :
Skeletonema costatum (April and September), Chatoceras curvisetum (May
and September), Lauderia borealis (April and August), Thalassiosira

gravida (May and September). These results agree roughly very well
with the previous records for Plymouth by Gough and Bygrave.

e

b

3 (2) Paralia sulcata (Ehr.). Occurs almost all the year round in small

A
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Large masses of a species of Mastiglowa in a gelat‘inous sheath some-
times occur at infervals and swell the number of dtatoTns largely. ¥n
these cases they are usually so numerous that I have estln}ated them in
10 ce. instead of 50 ; I have also done this with other species when very

NUMerous. . :
Table IT shows the average number of diatoms in 1 ce. for each month.

1 3 In the following details of the species the classification of * Nordisches
B nkton,” Vol. 111, Gran (1905) is used.

(1) Melosira Borreri Grev. Not common. In water samples, October
to March.

numbers, but is esgentially a winter species. Common ; from
October to April with a maximum in November, then dwindles
and picks up again in August. Nearly always goes through the
nets. More frequent at 5 and 7 fathoms although common some-
times at the surface. Belongs, properly speaking, to the bottom
but very often comes up to be a true member of the plankton.

(3) Skeletonema costatum (Grev.). Very common for .nearly the whole
year, but has periods of disappearance. Rare in Decern.ber agd
part of January, June and July. Maximum of 250 per cc. in April,
when it helps largely in making the spring diatom maximum. Very
numerous in August, September and October. A smaller second
maximum in August, and in October, 1915, a still smallex: one.
Lohmann considers Skeletonema costatuim the most important diatom
at Kiel, where in June it reached a maximum of 780,000,000 per
100 litres. He finds it prefers water of 10 m. depth. Gran (1912b)
shows it likes surface water, and I have found that although
common in all three depths it is usually commonest in the surface
samples and its maximum of 12,500 in 50 cc. is from the surface.
This is one of the most important of the plankton diatoms at
Plymouth, but passes through the net in quantity.

(4) Thalassiosira gravida Cleve. This is the only species of the genus

' found commonly in the water samples. It is abundant from the
end of March to the middle of September with an interval of
scarcity in July and August. May and June are the mont.hs
given by Herdman for the maximum of the genus at P.ort El‘ll’.l,
which agrees well with us. It occurs at all depths, but its maxi-
mum in May of 316 in 50 cc. is from the surface.

() T Nordenskioldii Cleve. Not very common, occurring at intervals.
Frequent in May. nlidsels
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(6) T decipiens (Grun.). Rare.

(7) T subtilis (Ostent.). This little species with its surrounding matrix
occurred only rarely in 1916, althou

gh it was frequently noticed
in 1915,

(8) T. condensata (Cleve). Very rare.

(9) Lauderia borealis Gran. An important part of the plankton from
May to September, with intervals of scarcity. Helps largely in
forming both diatom maxima. Rare from late autumn to early
spring. Maximum in May. Its seasonal distribution agrees with
Herdman’s records for Port Erin. At all depths, but largest

numbers at the surface. Maximum of 1,079 in 50 cc. in May from
the surface.

(10) Leptocylindrus danicus Cleve, Fairly common from May throughout
the summer, at other times very rare,

Fre. 3.—Leptocylindrus sp. = 700,

(11) L. sp. (Fig. 3). A small species which is like L. minimus G ran (1912),
but never twisted as he describes: occurs fairly commonly in the
summer plankton. There are seldom more than two cells in &
chain and these are always quite straight. The two chroma-
tophores, size and form agree with Gran’s species.

(12) Guinardia flaccida (Castr.). Common at intervals from April to
September, with a maximum in J uly. More common in the very
fine tow nettings than in the water samples. The large numbers

oceurring at Port Erin in May and June (maximum in June) are
noticeable.

(13) Hyalodiscus stelliger Bail. Fairly common from October to Februa Ty ;
a winter species. At other times rare.

Genus Coscinopiscus Ehr.

All the species of Coseinodiscus we have found practically absent
during the summer, which agrees well with Port Erin ; although
they continue through the year there except sometimes for one
month, they are in very much smaller numbers through the
summer. From September to May they occur at times abundantly
and are common in the very fine tow nettings.
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(14) Coscinodiscus excentricus Ehr.  Common from September to

May.

(15) C. radiatus Ehr. Common from September to May. . excentricus
and C. radiatus ave the most abundant species.

(16) C. sub-bulliens Jorg. Only noticed from September to December,
Not very common.

' 0 ins in Nov 1 remains till April.
(17) C. Granii Gough. Begn_ls in November and ren P
Sometimes common in December, January and February.

(18) Actinocyclus Ehrenbergi Ralfs. In tow nettings only. Rare. Sep-
tember.

(19) Actinoptychus undulatus (Bail.). From the middle of Septembj?r
to the end of April, never very abundant, more freque_,nt in
tow nettings than in the water samples. Not seen at all in the
sumier.

Genus RuizosoLenia (Ehr.) Brightw.

With the exception of R. robusta which is the only winter
form all the species of Rhizosolenia are markedly summer
forms ; beginning to be abundant in May they continue
common until the end of September at all depths. If we
compare this with the Port Erin records we find it agrees
well except for the fact that at Port Erin there are very few
present in August. _ _

The curve (Fig. 4), giving the distribution of the various species,
shows R. Stolterfothiz as much the most abundant with a b]g
maximum in June. As mentioned above, however, R. Shrubsole:
occurred in enormous numbers in June in the tow nets, of a large
size, and was not adequately represented in the water samples.
The maximum of the species on the curve ought to rise very much
higher. T find that R. Shrubsolei and Stolterfothii run together to
a great extent, although Shrubsolei almost disappears in July,
whilst Stolterfothii continues common well into September‘. The
genus is hardly represented at all from November to L-X?III. Its
absence being very striking, R. alata follows R. Szohefrfot{‘m 'c]osely,
although it is not so common. R. hebetata form‘ semispina, has
its maximum in May. R. setigera is later, beginning in June ‘au.d
ending in September, with a maximum in August; thus 11:.13
later and remains less time than any of the others. All the species
are abundant in the tow nets.
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(20) Rhizosolenia Stolterfothiz H. Perag. Perhaps the commonest of the
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In the tow nettings it occurs in long spirals with many cells in
each. In the water samples, however, these are broken up and
only a few cells cling together, and many single cells are
present.
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(21) R. robusta Norman. This is the only winter Rhizosolenia here. It
begins in November and, although never common, continues
till April. Chiefly in the tow nettings. Very seldom in the water
samples.

(22) R. Shrubsolei Cleve. Very common in May till the end of June,
then dwindles and is rare in August, almost absent in the winter.

(23) R. setigera Brightw. Very common in J uly and August, when it
seems to take the place of R. Shrubsolet; rare in spring and autumn

and almost absent in winter.

(24) R. hebetata (Bail.) f. semispina (Hensen). Begins in May and is
very common till the middle of August, after that is rare and
disappears entirely in the winter.

(25) R. alata Brightw. Begins to be common in June and continues
till August, after that is only rarely found, although a few stragglers
are present throughout the year.

(26) Corethron criophilum (Castr. Most frequent in October but never
common. Absent for nearly the whole summer.

Genus CnaTocERAS Ehr.

Although scattered throughout the year, all the species occur
chiefly in the spring, summer and early autumn, forming an
important portion of both maxima. A very large maximum in
May (Fig. 5) agrees with the Port Erin records, but the autumn
maximum in August is small, not amounting to more numbers than
in March. This rise in March is partly due to numbers of C.
densum, the maximum number of that species in the water
samples. This species, however, is large and, like C. boreale, does
not get much into the water samples. Cheetoceras  curvisetunt,
which is much the commonest species found, shows two well-
marked maxima, a large spring and a small autumn maximumn,
these agreeing with the Port Erin records for the genus. The fact
that on several days in early autumn no Chetoceras species were
seen in the water samples brings the average for the month down.

(27) Chatoceras densum Cleve. Frequent in the tow nettings, but too
large to be found much in the water samples. Present most of
the year except at times in the summer.

(28) C. convolutum Castr. From spring to autumn, sometimes abundant

 (29) C. danicum Cleve. Rare, at intervals through the year-
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(30) C. boreale Bail. Chiefly in two nettings. Occasionally in spring and
early autumn.

(31) C. decipiens Cleve. Fairly common in spring and summer. rare in °

autumn and winter.
(32) C. teres Cleve. Chiefly in February and March, common in March.
(33) C. contortum Schiitt. Occasionally in July, August and September.

(34) C. didymwm Ehr. Begins in February and continues through the
spring and summer until October. Very common in August.
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F16, 5, —Curve showing the average number of Chetoceras in 50 ce. for each month,

(35) C. constrictum Gran. One of the commonest species from July to
the end of September with its maximum in May when it suddenly
appeared and disappeared. Resting spores noticed commonly in
August forming in the chains. At all depths, but the largest
numbers nearly always at the surface, _

(36) C. Willei Gran. Rare from June to October.

(37) C. breve Schiitt. Rare in August. This is recorded often by Gough.

(38) C. laciniosum Schiitt. Occasionally from June to October.

(39) C. diadema (Ehr.). Only seen once in August.

(40) C. pseudocrinitum Ostenf. Common in May and June, at other
times rare. At all depths.

(41) C. curvisetum Cleve. The commonest species of (hetoceras - begin-
ning in March it continues throughout the summer till the middle
of September. Maximum of 37 per cc. at the end of May. This
1s certainly the most important species of Chatoceras here and
helps greatly to swell the diatom maximum both in May and
August. Largest number at the surface, although it oceurs at
all depths.

& ]
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(42) C. debile Cleve. Not very common, May and June.

(43) Cheetoceras spp. Species which could not be identified were common
in July and August.

(44) Eucampia zoodiacus Ehr.  Occasionally from May to October.

(45) Streptotheca thamensis Shrubs. Common from September to April,
otherwise rarely seen. More frequent in tow nettings than in

water samples.

(46) Cerataulina Bergoni H. Perag. Tairly common in May and June.

Genus Bropureaia Gray.

The Biddulphia species are practically confined to the autumn,
winter and early spring, being almost entirely absent in the
summer. This agrees fairly well with the Port Erin records,
although there, in small numbers only, they are found in the
summer. At any rate they may be regarded as winter, or early
spring, and autumn forms. B. mobiliensis, regia and sinensis arc
all common in the early spring, winter and autumn. Whether
B. regia and sinensis should be regarded as good species is a
matter discussed at length by Herdman (1912), who has shown
that intermediate forms are to be found and has figured forms
from Port Erin which appear to be half B. sinensis and half
B. regia or mobiliensis, his final decision being that they are
probably all the same species. He therefore regards B. sinensis
and B. regia as distinet forms of B. mobiliensis. There seems to he
no doubt about the sudden appearance of the exotic species
B. sinensis in numbers at Port Erin in November, 1909, and
also that it suddenly appeared at the mouth of the Elbe in 1903,
as is shown by Ostenfeld (1908) : having spread from the mouth
of the Elbe into various places including the North-East of
Scotland it was then found on the Belgian coast, Ostenfeld
accounting for its presence there by imagining a reversal of
the usual north-going current. Its first appearance at the
mouth of the Elbe Ostenfeld thinks is probably due to its being
taken there by some ship. In 1908 he predicted its discovery
in the Channel, as up to that time it had not been found
to occur there. In order to ascertain whether it was present
in Plymouth in former years (it certainly is common here now)
I examined a large number of old tow nettings mostly from
the West Channel, Plymouth, and all from this district. Beginning

NEW SERIES,—YVOL. XI. Xo0. 2, May, 1917. L
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in 1897 I searched through samples of various dates, particularly
autumn, winter and spring, without finding any trace (;t'
B. sinensis until October, 1909, when it suddenly became abun-
dant and continued so within the limits of its seasonal range as
is shown in these records until the present time. It is very
distinet and easily recognised and I find it hard to believe it is
not a true species distinet from mobiliensis and regia. It occurs
withb them and is easily distinguished from them, and this year
continues to stay longer than the others. The fact also, qu;)ted
by Herdman, that Dr. Allen and Mr. Nelson grew cultures of all
three forms, which bred true for a year is strong evidence in
favour {_)f their being separate species. In some sﬁmples taken
by Dr. Garstang in 1897 P. mobiliensis and regia were common,

4 Iy

{ A B ¢

5

Fre. 6.—Varietics of Biddulghia vegia. x 60,

and amongst these I found an occasional specimen which showed
~ an approach (o sinensis. '

The figures (Fig. 6) were drawn with the camera lucida, and
are very like some of Herdman’s figures. Although, however, one
end is decidedly like sinensis and the cell is elongated (probably
soon going to divide), I think these are varieties of regia only and
not true sinensis species. It seems from this that occasionally
B. regia can show varieties approaching B. sinensis and perhaps
this is the explanation of Herdman’s mixed forms. If this
explanation be correct we thus find B. sinensis appearing at
Plymouth suddenly in October, 1909, and at Port KErin in
November of the same year. The difficulty as to its origin is still
a puzzle.

(47) Biddulphia mobiliensis (Bail.) Grun. Begins to be abundant in the
middle of November, keeping up its numbers until the end of
March, is scarce in April, finally disappearing at the end of the
month, not to reappear until the middle of August and then only
singly.

(48) B. regia M. Schulze. Much the same as B. mobiliensis but not quite
so abundant and disappears earlier. '
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(49) B. sinensis Grev. Not so abundant as the other two but fairly
common, continues until the end of May.

(50) B. favus (Ehr.) v. Heurck. Rare, February and April.
B. alternans (Bail.) v. Heurck. Rare, October and early spring.

(51)

(52) Bellerochia malleus (Brightw.) v. Heurck. Rare, September.

(53) Lithodesmium undulatum Ehr. Common from August to October,
rare at other times.

(54) Datylivm Brightwelli (West) Grun. Appears and disappeais peri-
odically from January to September. In March and September
very common in the tow nets.

(55) Fragillaria sp. Yometimes present in long strings in summer.

(56) Thalassiothrix nitzschioides Gran. Common from September to the
end of April. A winter species In summer rare or entirely absent.

(57) Asterionella japowica Cleve. Tmportant in the late summer. Occurs
in single groups rarely at intervals from October to the end of
June, then suddenly becomes very cominon in July, rising to
over 478 per cc. at the end of the month, abundant in August and
gradually dwindles through September.  Present in the tow
nettings as well as the water samples. This seems to be erratic
in its appearance as Gough records it as cz. in April and May (as
A. glacialis). The largest numbers occur at 5 and 7 fathoms,
maximum at 5 fathoms.

(58) A. Bleakeleyi W. Smith. Only occurred twice, November and
December. .

(59) Lyemophora Lynbergi (Kiitz) Grun. Rare, at intervals through the
year. -

(60) Grammatophora serpentina Ehr. A littoral species, rare.

(61) Acnanthes longipes Ag. Rare, in tow nettings, autumn and early
spring.

(62) Navicula membranacea Cleve. Fairly common from July to
November.

(63) N.sp. Many species of Navieula occurred through the year which
were not identified.

(64) Pleurosigma sp. Several species occurred through the year.

(65) Mastigloia sp. Occurred at intervals in such numbers as to materi-
ally influence the records. The large numbers are always at the
surface, although in July and August it occurs at all depths.
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(66) Amphiprora mazima Greg. Rare, chiefly in autumn and winter.
(67) dmphora ostracaria Breb. Rare, only in autumn.

(68) A.sp. Rare, September and August,

Genus Nrrzscuia Hassal,

The species of Nitzschia oceur throughout the year and, unless
entangled in larger organisms, get through the nets in numbers.
In . Phaoeystis, Nitzschia species entangle themselves to a large
extent, chiefly N. closterium and a needle-like species which I
believe to be N. delicatissima. However, when it is entangled
it is generally single or there are two together. It is never in a
chain or three or five as is often the case with this species when it
is free. When not entangled it is not so common.

Fre. 7.—Nitzschia elosterium W. S, Long and short forms. % 850,

(69) Nitzschia closterium W. Sm. Oceurs throughout the year. Never
in very large numbers. Two forms are seen (Fig. 7), the long form
with its ends curled slightly and a much smaller form with straight
ends. Possibly the latter is the young just after division. In
cultures the central part is very often much inflated. At all
depths.

(T0) N. seriata Cleve. Fairly abundant in August and September, rare
at other times.

(7T1) N. delicatissima Cleve. In May and June this species plays an
important part in the plankton.  From July to the middle of
September it is fairly common, after that occurring only occasion-
ally. At all depths but largest numbers at 5 and 7 fathoms.

(72) N. panduriformis Grev. Very rare, September and October.

(73) Bacillaria paradoxra Gmel. Never in large numbers, but occurs
throughout the year both in water samples and tow nettings.
Almost absent in May and early June.

(74) Campylodiscus sp. At least four species of Campylodiseus occur in
the tow nettings occasionally. Also Surrirella fastuosa Bhr. is
fairly common. All these are hottom forms and do not strictly
belong to the plankton. :
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THE PERIDINIALES.

In the microplankton the group of Peridiniales comes next to the
diatoms in importance. A very large number of these go through the
finest net, and practically all the smaller forms including almost the
whole of the Gymnodiniaceee ave lost. Former tf)\V-l‘let recortzls show hardly
any of these. Ceratium and the larger Peridinium species have been.
shown to be plentiful, but there is a very marked absence of the smalles

B0 B
E ] | 7
e PERIDINIALES Mo
%00 . 1 l \ ;
800 R | B
AINNE

-700 e i | ' / \\

600 -

500/ - = ' \

4}005 — o SEE—— — - —_— /

300_ .. P SN — =
200 .- - T S S, W = =Y L
100 n\i_\'_ ! s i = _i..__.l
\o-... 5 P T | |
GSEPT; OCT. Nov, DEC. JAN. FEB. MAR. AFPR, MAY JUNE JULY AUG. SEPT.
1915 1916

Fi6, 8.—Curve showing the average number of Peridiniales in 1000 cc. for cach month.

forms. This is perhaps the group which shows t;_he loss frorp the net tu
the greatest degree. Because of the number ot‘ new species and new
records of this group I have given the systematic deta?ls in a separate
Paper of this journal (p. 183). Lohmann has described many new
forms from the microplankton, and several of these are fo_u_nd to oceur
here, In most cases his numbers are much greater than mine ; also the
numbers given in Prof. Herdman’s records for Por.t Erm are very large,
but the different methods employed make the two records hardly com-
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parable. . Probably many of the more delicate {forms are lost, but the
relative seasonal abundance is well shown by the curve (Fig. 8) which
shows June as the maximum month, thus agreeing with other observers.
In this curve there is a depression in July which may be due to the
fact that most of the samples were preserved in that month, rather
than to the fact that the numbers are much less than in August. From
September the curve falls and is very low until May, showing an almost
complete absence of Peridiniales in the winter. Even if some of the
individuals are lost the results show well the relative abundance of the
species. Prorocentrum micans which is largely lost in the tow nettings is
one of the few which has an autumn maximum, thus agreeing with the
observations of other workers (Lohmann, 1908 ; Ostenfeld, 1913).
Table 2 shows the average number of Peridiniales per cc. for each
~month. These numbers possibly do not show the real abundance of such
large forms as Ceratium and the larger Peridinium species, which are
often very common in the tow nettings when there are few in the water
samples,

The 5-fathom samples are found to be richer in specimens than the
7-fathom samples. Usually they are more abundant at the surface than
at b fathoms, but the species all occur in all the depths. 1t is well known
that the Peridiniales form a large portion of the food of many of the
plankton animals. Aetinotrocha which sometimes oceurs in the tow nets
is a good instance of this, and the species which have just been swallowed
can nearly always be identified. The following list shows the contents
of five specimens taken June 25th, 1915 :—

Specinien, 1 2 3 4 ]
Peridinium ovatum . | ‘ 1 1 2 1
. pallidum . S - — -
. pellucidum . == | 2 9 2
gy i B LR | - o
. sp. Juv. . . 3 | - - —- e
Pouchetia armata ; S ez il " 2
Dinophysis acuminata . . . - -
Other organisms | 1 = | b
FLAGELLATA.,

“ Nordisches Plankton,” Vol. 2.
Phaocystis is certainly by far the most important of the flagellates,
which interferes enormously with the catches by blocking up the tow nets
in the early summer and entangles in its gelatinous covering many

diatoms and Peridiniales. It also serves as food for many of the plankton
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organisms. I have recorded this species by colonies instead of cells, as it
\\-'a;s practica.ll__\_r impossible to count the latter. .

Halosphara viridis comes next in importance, its swarm spores occurring
oftener in the water samples than the spheres themselves. The other
flagellates occur sparingly but belong to the genera recorded by others
from plankton and are almost entirely missed by the nets. ‘

Owmyrrhis marina 1 have placed with the Pe ridiniales ; this species and a
small species of Carteria, although not often found in the water samples,
multiply freely in cultures where they are often found. The numbers
obtained for flagellates, with the exception of Phewocystis, are much
smaller than Lohmann’s. '

(1) thocys.‘t'és Pouchetii (Hariot) Lagerheim. Begins to be common n
the middle of May and continues till the middle of June, interfering
with all the tow netti ngs. Rare at other times. Not many colonies
get into the water samples. The unidentified flagellates are chiefly
swarm spores, probably of Pheocystis.

(2) D-a;-n-ob-ryon sp. (cf. balticum (Schiitt) Lemm.). Rare in Augusgt in the
water samples in small colonies. A minute species.

(3) Carteria sp. A very small species, rare, in water samples only.

(4) Trochiscia Clever Lemm. Rare, September and May.

(5) Halosphewra viridis Schmitz. Not uncommon from September to
February. Very frequent in summer, especially the swarm spores,
usually éwimming freely but sometimes still in the parent sphere.

(COCOSPHAERALES.
“ Nordisches Plankton,” Vol. 2.
Pontosphwra Huzleyi Lohmann. This is the only species found. It
oceurs oceasionally in summer and in early autumn is sometimes abun-

dant.
Coccoliths of other species are very rarely seen.

SILICOFLAGELLATA.
“ Nordisches Plankton,” Vol. 2.
The usual two species occur fairly commonly in the water samples.

(1) Dictyocha fibula Ehr, From September to December and from
March to September. Commonest in September.

(2) Distephanus speculum (Ehr.) Haeckel. Throughout the year, except
in mid-winter, rather more abundant than Dictyocha. Commonest
in September and October.
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RHIZOPODA.

Ameebee, as Lohmann has pointed out, are not uncommon in the
plankton. He records two forms, the largest number being 75,000 in 100
litres, but usually much less. He found July and August were the
months in which they occur, and they were only found in depths of
5 and 10m. T find them from May to October, the greatest number
being 140 in a litre. However, I have seen them much commoner than
this in surface samples in 1915 when they were not counted. They occur
in the surface water and also from 5 and 7 fathoms, the greatest number
being from the surface. They are to be found either by examining the
water directly or keeping it for a day or two, and, I think, there is no
doubt that they are really free-living and do not come from harbouring
in other animals. Three forms occur, one very much more common
than the others. I have designated them A, Band C. Bis very common,
Aand C only occurred once each. A prominent feature of all is the form
of the pseudopodia, which are all spiky when fully outstretched and in the
forms A and B give the animal the appearance of a heliozoon. However,
they were constantly observed to retract and were in reality perfectly
soft although apparently firm.

Form A (Fig. 9, A, 1, 2 and 3), a very minute species, pale greenish
brown with very long and exceedingly slender spine-like pseudopodia.
sreenish and brown granules inside. Circular even when the pseudo-
podia are retracted.

Form B (Fig. 9, B, 1, 2 and 3). Very common, larger than A, hyaline
and perfectly colourless. Perhaps this is the same species as Lohmann’s
No. 2. The pseudopodia stick out in regular spikes, much shorter and
thicker than in A. These move in various ways and can be completely
retracted. May to October. Maximum in May. .

Form C (Fig. 9, (!, 1, 2 and 3). A very clear and also perfectly colou:-
less form with a conspicuous central nucleus. At one end only is a small
frill of spiky pseudopodia. These are usually in the same position, but
are capable of being changed and appearing in another place.

All these Amebea are entirely lost by the nets.
Heliozoa indet. Rare, only in November.

Foramanifera indet., including Polystomella sp., occurred fairly fre-
quently in the tow nets, especially in winter when they were stirred up
from the bottom. ;

Fie, 9.—Amabe from the plankton. A x 500, B and C x 330

[ 157 ]
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RADIOLARTA.

* Nordisches Plankton,” Vols. 3 and 17,

Iy
—

Acanthochiasma fusiforme Haeckel. At intervals throughout the
vear, sometimes abundant in June and October,

—
(B
—_—

Lathomelissa setosa Jorg. Rare, November and December.

—
)
—_

- Amphimelissa setosa Cleve, Rare, October to May.

SUCTORIA.
* Nordisches Plankton,” Vol. 16.
(1) Paraconeta limbata Maup. Rare, November to January.
(2) Acenita tuberosa Bhr. v. Fraiponti (Fr.). Only once in October.
(3) Ephelota crustaceorum Haller. Once in November on the legs of a
Copepod.
INrUsoRIA.
** Nordisches Plankton,” Vol. 15.

The Tintinnoidea are much the most abundant of the Infusoria, as
Lohmann found. However, a large number of small Infusoria are lost
completely by the nets, and these are fairly common in the water sanmples.
Many of them are exceedingly fragile and very easily destroyed. Prob-
ably many of them are lost. Among those commonly found is a gmall
species of Mesodinium allied to M. pulex, which is very difficult to count
as it jumps about and collapses before it can be preserved. Species of
Laboea are also common. Others unidentified are many and varied.

Tintinnopsis ventricosa which is common in the water samples as well
as the tow nettings has a maximum of 300 in a litre in June Lohmann
found its maximum was 8800 in 100 Jitres. However, 7. beroidea at Kiel
had a maximum of 1,200,000 per 100 litres, while here its maximum
number was 460 in a litre,

Several of the species originally described by Lohmann are found to
occur here and some of Leegaard’s newly described species of Laboea
and its allies. The abundance of these small Infusoria as found by Giran
from the Dutch waters does not agree with our records.

(1) Lachymaria sp.. Only occurred once, water samples, May.

(2) Coleps sp. A small species shaped like a flower-pot with square ends,
water samples, rare, August.

(3) Tiarina fusus Cl. and L. Fairly common in August and September,
rare in July and October, chiefly in water samples.

i
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Mesodinium sp. Common in water samples.

(

1)
(5) Nassula sp. Rare from May to August, water samples.
6)

(

Strombidium caudatum From, Rare in summer, water samples.

(fenus Lanora Lohmann.

The species of this genus, so far as I have seen, all have a
vellow colour. They are common in the summer but occur all
;:hrough the vear although very rare in winter. Some of
the most delicate of the Infusoria. Never found in the tow
nettings.

(T) Laboea conica Lohm. The commonest species of the: genus.
Occurs fairly often through the summer, but never in large
numbers.

(8) L. strobila Lohm. Occasionally from July to November and also in
January.

(9) L. acuminata Leegaard. Occasionally T.hI'Ullg}\l the year, chiefly
in May.

(10) L. spiralis Leegaard. Rare, May and July.

(11) L. sp. All through the year several unidentified species occurred,
except for part of December and January.

(12) Lohmanniella oviformis Leegaard. Rare, only in August, water
samples.

(13) Euplotes vannus O.F.M. Once only in July, water samples,

(14) E. sp. Rare, September, water samples.

(15) Tintinnus subulatus Ehr. From July to October, not uncommon,
most frequent in August.

(16) Tintinnopsis beroidea (Stein). Very common, both in tow nettings
and water samples, but especially in the former early in November,
middle of December, end of March and again through July and
August ;: at other times not so frequent. Almost absent through
October and the latter part of September.

(I7) T. campanula (Bhr.). Occasionally at intervals from August. to
March, not observed from April to July. Both in tow nettings
and water samples.

(18) T. ventricosa Cl. and L. Common at intervals throughout the year.

Commonest in September. In both tow nettings and water
samples, but commonest in the water samples.
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(19) Cittarocyelis denticulata Ehr. Occastonally from August to October.
This species is abundant close to the shore.

20) €. edentata Brends. Once only in October, water samples.

(21) Infusoria indet. Chiefly in the summer and early autumn in
numbers.

THE METAZOA.

The Metazoa in the water samples being negligible the following is an
account of the tow nettings examined as described above through the
same period as the water samples and from the same locality.

CELENTERATA.

The medusw are chiefly confined to the coarse and medium tow nets.
Beginning at the end of January with Phialidivm hemisphericum they
continue for the rest of the year until nearly the end of November when
they are absent for the winter. Ctenophores and Siphonophores repre-
sented chiefly by Pleurobrachia pileus and Muggiea atlantica are common
in the summer, although Pleurobrachia wes not so numerous as usual this
year, possibly owing to the April storms and the coldness of May and
June.

The medusze are specially interesting because they carry other animals
parasitically and thus serve as effective transports. Those chiefly so
utilised are Cosmetira pilosella, Phialidiun hemisphericum, Obelia sp.,
Turris pileata and Stomotoca dinema ; perhaps the species most frequently
80 used, and necessarily so as they are the commonest, are Phialidium
hemisphericum and Obelia sp. Phialidiuin serves as host for larval
trematodes, larval pyenogonids and larval Peachia. Obelia has not been
noticed as a host for Peachia larvee, probably because it is too heavy to be
carried by so small a medusa. Cosmetira serves as host for all three,
Turris pileata and Stomotoca dinema for larval trematodes. The trema-
todes are always the late cercaria stage of Pharyngora bacillaus (Molin),
which reaches maturity in the mackerel (Lebour, J.M.B.A., 1915). This
occupies the manubrium and mesogleea. It is interesting in this con-
nexion that . T. Browne (P.Z.S., 1896) notes that a species of cercaria
infects the mesogleea of Phialidium temporarium (i.e. P, hemisphericum) in
Valencia Harbour, and that Haleampa (i.e. Peachia larva) also selected
this medusa, attaching itself to the generative organs. I find that
Halcampa attaches itself to the medusa margin as well as the inside
of the generative organs.  The pycnogonid Anaphia petiolata Kroyer
lives in the larval state tightly folded up in the manubrium of
Phialidiwm, Obelia and Cosmetira (Lebour, J.M.B.A., 1915,
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ANTHOMEDUS 4.
“The Meduse of the World,” Mayer.

(1) Steenstrupia rubra Forbes. Begins in April and is common till the
middle of June when it disappears.

(2) Hybocodon prolifer L. Ag. Begins at the end of 3'1&1-ch,‘is common
through April, very common in May up to the middle, then
dwindles and disappears in the beginning of June.

(3) Sarsia prolifera Forbes. Rare, in June only.

(4) S. tuberosa Lesson. Once only in June.

(5) S. eximia Allman. Once only in September.

(6) Slabberia halterata Forbes. Once only early in September.

(T) Stomotoca dinema L. Ag. Begins in July, is common through the

i month, becomes less common and disappears in November.

(8) Turris pileata (Haeckel). Fairly common now and then in June,

July and August, rare in September and October.
(9) Bougainvillia brittanica Forbes. Once only in June.

(10) Rathkea octopunctata Haeckel. Begins in the middle of I*‘e‘bl'uar‘\-",

one of the first medusea to appear, becomes very common in April

and the beginning of May, disappears in the mid.dle of June. It,
however, reappears in September as a single specimen.

(11) Willsia stella'a Torbes. Once only at the end of August.

LEFTOMEDUS.E.

(.] 2) Obelia sp. Meduse extremely abundant. Begins at thelend of
February, very common from May to October, leaves off at the
end of November and is absent through December, January and
most of February.

(13) Cosmetira pilosella Forbes. Begins in May. very common on and
off from June to September.

(14) Clytia volubilis Lamouroux. Once only in April.

(15) Phialidium hemisphericum (Gron.). Perhaps the commonest of the
medusa here. Begins at the end of January, is common from May
to October and continues till the middle of November.

(16) Saphenia gracilis Forbes and Goods. Rare in May.. On June 14th
the nets were {ull of it and it was abundant once in August.
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SEME0STOME 1.
(17) Chysaora sp. Once in November.

(18) Awrelia sp. Ephyr&f. One on January 24th. Continues fairly
commonly from February to the beginning of April, then stops.
One oceurred on September 6th. ' o

SIPHONOPHORA,

oy ¥ Tl ' ;
(19) JI}'a:;g;arm allantica J. T. Cunn. Once at the end of January, rare in
‘ebruary, but continues till September, when it is very common.

CTENOPHORA.

(20) Plewrobrachia pileus Fab. F airly common, February to J ulv, and
from September to November, chiefly young forms. ‘

(21) B_(.;.-fém.infmedz'budﬂ-m- Fab. On June 14th the nets were full of
1t with Saphenia gracilis. 1In October, 1915, it was fairly
common,. | ".

{22) B(.‘.‘?'n‘):’.' cucumis (Fab.). In October and November, 1915, and
i May to August, 1916, rare.

ZOANTHARIA,

(93) Arachnacis = = . : >
) h:zc/mad:s Bournei Fowl. Larva of Cerianthus Lloydii Gosse,
From March to June, common.

(24) Peachia sp. larva (=Haleampa chrysanthellim (Peach) of Haddon),
comimon, Mav and June to the middle of July, on meduszw. .

PLATYHELMINTHES,

‘ Amongst these are some interesting larval trematodes which oceur
in the. free state, having been captured probably in the intefval of
changing hosts. Also two parasitic in meduse and in Sagitta, both of
which eventually enter fish as their final host. o

(1) Pharyngora bacillaris (Molin). What I believe to be the free-swimming
tailed cercaria of this species occurred once in fair numb.ers on
January 28th, 1916. It is described in a separate paper (p. 201)
‘of this Journal. The late cercaria without a tail is found parasitic
in ¥nedusse and in Sagitla, besides being sometimes free in the sea
at tervals throughout the year. Commonest in J une.
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(2) Derogenes varicus (O. F. Miill.).  Occurs in Sagitta bipunctata in the
late cercaria stage in June. In old material of previous years it is
quite common.

(3) Turbellarian indet. Occurred occasionally in August and November.

NEMATODA.
Unidentified trematodes occurred occasionally free in the antumn and
winter ; a larval Ascaris (described in another paper of this
Journal, p. 201) is common in Sagitta bipunctaia.

ANNELIDA.
K. J. Allen, ** Polycheta of Plymouth and the South Devon Coast, ete.,”
J.M.B.A,, 1915.
The annelids with the exception of Tomopteris and Autolytus arve all
larval forms.

(1) Awtolytus longiferiens De St. Joseph. Occurred once at the end of
January with eggs, twice with eggs at the beginning of September,
and one male.

(2) A. rubropunctatus (Grube). Once in September, 1915, twice in
November, once in August and twice in September, 1916, always
with eggs.

(3) A. pictus (Ehlers). Once in September and once in Noveisber, 1915.
Once in September, 1916, alwavs with eggs.

(4) 4. sp. These were allied to A. Edwarsi, a small species, three with
egos and one male, always in September.

(5) Polynoé gp. juv. Once in December and once in the end of March.

(6) Spionid larva, occasionally from November to March. Rarely in
May and July.

(7) Magelona sp. larva. Fairly common in July and August.

(8) Pacilochwtus serpens Allen, larva.  Occurred in small numbers
every month except December and April. Commonest in May
and August.

- (9) Cirratulus sp. juv. Once only early in March.

(10) Terebellid larva. Present every month, but not usually in large
numbers except once in November, then rare till the end of
February, when it inecreases and is very common in May. The

houses of the very young larve are extremely pretty, the animal
using all sorts of small organisms to cover itself, especially
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f;{a.i;ms, but sometimes the case is entirely of sponge spicules
As the worm grows the house becomes transparent and hyaline
11 naria s g ; S
(11) Pectinaria sp. larva. Only found rarely in October and December
12) Annelid larvee inde ) .
(12) r;gihd lalt\aelluf_k.t.d Occurred occasionally but particularly from
January to the end of March when they W i '
; hey were at time ]
I very young stages. . e
(3) Tom : ‘ o ;
(13) Tomopteris heligolandicus Greef. Begins in the middle of June and

18 very i i
; .1}_ {:f)mmon in July, rare in September and October. Young
orms chiefly from July to September. )

CHAETOGNATHA.

Sagitta bi 3
}n;;gz{icilb?p?ﬁciata;](l?‘i & (i.). Present throughout the year, scarce in
st of March, April, May and . Very con ol .
oo . April, May and June. Very common most of the rest of
POLYZOA.

. Cyinkomm-ies larva-.‘ TFairly common from September to the end of
Maxrch, rare from April to August. Commonest at the end of Marr};

PHORONOIDEA.
Aectinotrocha larva. Only ¢ i ik ;
Wi i nly geen in July and September, 1916, More

ROTIFERA.

Syncleeta sp. Rare, September, October and March.

CRUSTACEA.
CoPEPODA.
Sars, (. 0., “ Crustacea of Norway, Copepoda.”

1) Calan inmarchi ;
(1) Calanus finmarchicus Gunner. Common on and off from the end

of April to the beginni N
ginning of November, generally pr i
numbers at other times. SN i

(2) Paracalanus parvus
) Cert.{’am{s pam.af Claus. Unusually scarce this year except at
‘ fun k’:.lmes. Very common in May, common parts of August
-+ > 7 t? :
September and October.  Very common for part of November
then becomes rare or absent. -

(3) Pseudocalanus elongatus Boeck. Perhaps the commonest copepod
f;re. 'dﬁfceidf\;g]y common all through the year except from
he middle of May to the end of July, when i
g S v, when it becomes rarer and

THE MICROPLANKTON OF PLYMOUTH SOUND. 165

(4) Centropages typicus Kroyer. Common in September and October,
1915, scarce or absent through the winter, rather more abundant

in May, becoming rare again in August.

(5) C. hamatus Lillj. Common in September and October, 1915, then
absent until August, when it is very common on the 16th.

(6) Isias clavipes Boeck. Fairly common in May, rare in June.

(1) Temora longicornis Miiller. Very common all through the summer
and in the middle of February, common in parts of November,
but rather rare in winter.

(8) Anomalocera Patersoni Templeton.
ning of November ; not common.

(9) Labidocera W ollastoni Lubb. Not common, in July.

(10) Candacia armata Boeck. Rare through the winter, common in
July and September.

(11) Parapontella brevicornis Lubb.
and occasionally in May, otherwise rare;
to February.

(12) Acartia clausii Giesbr. I find this species of Acartia the only one
present in 1916. Tt is exceedingly abundant most of the year,
very common on and off from May to the beginning of January
and very seldom absent altogether.

(13) Longipedia Scotti G. O. Sars. Once only in February.

(14) L. minor Scott. Once in water samples and once in the tow nets,
June.

(15) Euterpina acutifrons (Dana). Rare, October to December.

From September to the begin-

Common in February and March
absent from October

- (16) Idywa furcata Baird. Once only in December.

(17) Amphiascus similis Claus. Rare, September and October.

(18) Oithona similis Claus. More or Jess common throughout the year
except from November to January. Very common in the middle
of February and the middle of May.

(19) O. nana Grubb. Rare, January to May.

(20) O. plumifera Baird. Rare, from February to May, and in
tember. '

Sep-

(21) Coryceus anglicus Lubb. Present most of the year, but rarest
in the summer. Through October and November it agrees
with Pseudocalanus in its abundance, but becomes scarce in

December.

AL
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(22) Thaumaleus longispinosus Brown. Once only in September, 1915,
with eggs.

(23) Caligus rapar M. Edw. Free in the tow nettings in September,
December and March. On one occasion a female with eggs was
present ; an unusual occurrence in the free state.

Copepod nauplii are common on and off for most of the year.
At the end of January they were very abundant, also at the
end of May and beginning of July. Calanus and Temora are the
commonest forms identified.

CIRRIPEDIA,

* Nordisches Plankton,” Vol. 11.

Balanus nauplii occur in the beginning of February, are very common
in the middle of February and continue till the beginning of May, when
they dwindle and disappear except for a straggler or two in June. In
the end of July they reappear and stay till the beginning of October.
Cypris stages begin in the end of April and continue until the end of May,
are rarer in June and disappear in July. A few were seen in September
and February. The fact that there are two seasons for these larvie
(which is borne out by other Plymouth records) probably means that the
July forms are a different species, as at Port Erin only the spring larvee
oceur.

CLADOCERA,
“ Nordisches Plankton,” Vol. 1.

(1) Evadne Nordmanni Lovén, Begins in the end of April and grows
very common in May, is common through the summer until the
middle of September when it disappears.

(2) Podon intermedius Lillj. Very similar in occurrence to Evadne, but
is more frequent in August and September.

AMPHIPODA.

Sars, G. 0., “ Crustacea of Norway, Amphipoda.”

(1) Apherusa bispinosa (Bate). Occurred once in October and once in
January.

(2) A. Clevii Sars. A few specimens once in August and twice in
June.

(3) Caprella sp. Once at the end of August.
Amphipoda indet. Rarely in April and September.

e
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Tsoropa.

*“ Nordigches Plankton,” Vol. 14.
(1) Idotea viridis (Slabber). Raie in November and March.

(2) Gnathia mazillaris (Mont.). Young larva, free, rare, December.
Praniza larva once in the middle of May.

(8) Microniscus sp. On Copepcds, chiefly Calanus, Acartia and Pseudo-
calanus, from September to December, rare in March, most frequent
in September.

(4) Bopyrina sp. Rare, January and February.

('UMACEA.

Sars, (1. 0., ©“ Crustacea of Norway, Cumacea.”
(1) Pseudocuma cercaria (P. G. van Ben). Very rare, September and
February.
SCHIZOPODA.

F “ Nordisches Plankton.” Vol. 12.

(1) Nyctiphanes Couchii T. Bell. Not common, in the beginning of May
only, immature.

(2) Macropsis Slabberia Van Ben. Rare, December only.

(3) Siriella Clausii G. O. Sars. Once only in October.

(4) Leptomysis mediterranea (. O. Sars. Not common, November to
January.

Euphausicde larve.  Not common, October, November,
March to May and August.

STOMATOFODA.

Squilla Desmaresti Risso, larva. Once only in October, 1915.

MACRURA.

These are all larval forms: starting with Carcinus manas early in
January they gradually increase and are very common through the
spring and early summer, and although plentiful through August and
September, fall off considerably in October, being only represented by
stray stragglers through the winter.

(1) Leander sp. larva. On and off from May to November. Single
specimens at the end of February. Commonest in July.
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(2) Galathea sp. larva (Sars, G. O., * Bidrag til Kundskaben om Deca-
podernes Forhandlingar,” Arch. Math. Naturw., 13, 1889-90).
Begins at the end of January and continues common till May,
when itdwindles and disappears inSeptember, commonest in March.

(3) Bupagurus sp. larva (Sars, ibid., 1889-90). Very rare at the begin-
ning of January, continues rare through March to the end of
April when it is common, continues fairly common till the middle
of May, rare from June to October. Older stages occasionally
in the summer.

(4) Hippolyte sp. larva (Sars, * Account of the Postembryonal Develop-
ment of Hippolyte varians Leach,” Arch. Math., ete., 32, 1911).
Common June to September, specially abundant in September,
continues into November, and was found twice in December, rarve
in the gpring.

(5) Crangon wvulgaris L. larve (Sars, “ Bidrag til Kundskaben om
Decapodernes Forhandlingar,” Arch. Math., ete., 14, 1890). From
February to September, never very common.

(6) Ligeon fasciatus Risso, larva (Gurney, R., ©“ The Metamorphoses of
the Decapod Crustaceans Ageon (Crangon) fasciatus, ete.,” P.Z.S.,
Vol. 11, 1903).  One specimen in January. On and off from May
to September.

(7) Ceraphilus nanus (Kroyer), larva (Sars, bid., No. 14). Rare,
September and October.

Crangonidae larve indet.  Oceurred occasionally from June to
October.

Other Macruran larve indet. chiefly allied to Hippolyte, common
in July and August.

(8) Jaxea noctiana, Trachiifer larva (Bouvier, JM.B.A., X, N.5., 1913).
Occurred once on August 16th, 1916. Unusual to find it so far
inland.

BRACHYURA.

(9) Porcelluna sp. zoea (Saxs, ibid., 13).  One specimen on March 23rd,
then begins at the end of April and in June and July 1s very
common, continues till the middle of October.

(10) Eurynome aspera (Penn.) zoea (Cano, G., *“Sviluppo e Morphologia
degli Oxyrhynchi,” Mitt. Zool, Stat. Neapel, X, 1893). Rare,
March and July.

(11) Cancer pagurus L. zoea (Pearson, J., “ Memoir on Cancer the Edible
Crab,” 16th Lanecs Sea Fish. Lab. Rep. for 1907). From the
middle of January to March, common.

THE MICROPLANKTON OF PLYMOUTH SOUND, 169

(12) Portunus sp. zoea (Williamson, C. H., “Report on Larval and Later
Stages of Certain Decapod Crustacea,” 28th Ann. Rep. Fish.
Board Scotland, 1907). Many species, begin early in March,
become very common in April and continue till September,
less common from October to November, after which they
disappear.

(13) Carcinus menas Leach zoea (Williamson, C. H., * On the Larval
and Barly Young Staces and Rate of Growth of the Shore Crab ™
(Carcinus moenas Leach) 2Ist Ann. Rep. of Fish. Board for
Scotland, 1903). The first of the Brachyura larvee to appear,
arrives early in January, is specially abundant in February and
continues till May, after that very scarce.

(14) Corystes cassivelaunus (Penn.) zoea (Gurney, R., “The Metamor-
phosis of Corystes cassivelaunus (Penn.),” Q.J.M.8,, 1903). From
the middle of February to July, fairly common, rare in September.

Brachyura zoea indet. With a long spine like Corystes fairly
common in September.

Megalopa indet. Scarce, from May to November.

PYCNOGONIDA.
Norman, A. M., “ The Podosomata (=Pyenogonida) of the Temperate,
Atlantic and Arctic Oceans,” J. of the Linn. Soc. Zool., Vol. XXX,

(1) Anaphia petiolata (Krvyer) juv. In June, September and October
free, with the hind legs not fully developed. In the larval stage
living in medusse common from July to September.

(2) Pallene brevirostris Johnston. Oeccurred once at the end of October.

Movrrusca.
Polycera quadrilineata (Miill.). Once only in September, 1915,

Larval Gasteropoda. On and off nearly all the year, commonest in
July. Rare in mid-winter.

Larval Lamellibranchiata. On and off, not very common for most of
the year. Commonest in September, rare in winter.

Lamacing balea Miiller retroversa (Flemm.). Common in the middle
of September, 1915. Occurred occasionally from July to October. Com-
mon once in August, 1916.
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ECHINODERMATA.

Holothurian juv. Rare in December and January.

Ophioplutens. Begins in March, very common towards the end of the
month, dwindles in April and disappears in May. Occurs again in August
and September, common in September.

Echinopluteus. A few oceurred once in the middle of November, 1915,
beging in May, not common. Very common at intervals in July and
Angust.

Awricularia.  Rave, Jannary and February.
Very voung Echinoderm larvae in March.

TUNICATA,

Oikopleura diviea Fol.  Common from Februarv to May and from
August to September, otherwise not very common and occurring at
intervals. Commonest in early April and early August.

Appendicularian indet. Rare in August till November, and in February.

Iigh eggs and young fish were occasionally present.

A Survey of the Plankton in each month both fron water samples and tow nets.
1915,  Sepiember (2ist to 30th).

Winds mainly S. and S.E. Weather fairly fine. Shows both groups
of diatoms. Coscinodiseus species, Biddulphia mobiliensis and regia
beginning, Rhizosolenia which is almoest at the end of its season not
common except R, Stolterfothii, which is still abundant. Skeletonema,
Cheetoceras constrictum and Asterionelle common, Paralia fairly common.
Very few Peridiniales except Prorocenirum micans which is near its
maximum and Cerativm fusus. Of the other unicellular groups Laboea
species occur in small numbers, Tntinnopsis ventricosa is abundant
and Pontosphera Hualeyi occurs singly several times.

Of the Ccelenterates Phialidium hemisphericum and Obelia meduse
with young Pleurobrachia are common, but no other species. Amongst
the Annelids dutolytus longiferiens and rubropunctatus occur singly with
egas and a few larvee of various kinds are present. Sagitta is very common,
Cyphonautes present but not abundant.

Many copepods oceur, deartia, Calanus and Pseudocalanus arve the
commonest, also common are Cenfropages typicus and hamatus and
Temora and Coryceus is common at the end of the month. Brachyura
zoew and the larva of Hippolyte are common, Porcelluna zoew and Podon
intermedius are common in the middle of the month and dwindle or
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disappear at the end. Limacina balea f. refroversa was common once
in the middle of the month.

Chief forms— Asterionella japonica, Chewtoceras constrictum, Rhizo-
solenia Stolterfothii, Skeletonema costatum, Prorocentrum micans, Phia-
lidium hemisphericum, Obelia sp., Sagitta bipunctata, Calans finmarchicus,
Pseudocalanus elongatus, Acartia Clausii, Centropages typicus, Brachyura
zoege and Hippolyte larvee,

October.,

Q.. winds prevalent. Chiefly fine weather. Asterionella common
until the middle, then dwindles and disappears. Biddulphta species not
yet common. Cheloceras species common at the beginning and fall off
in numbers towards the end, Lithodesimiwm undulatim common until
the middle, Mastigloia sp. very abundant from the middle to the end of
the month.

Nitzschia closterium common. Paralia on the increase. Rhizosolenia
Stolterfothii common at the beginning but absent at the end, Skeletonema
common and Streptotheca thamensis present with it nearly all the month.
Of the Peridiniales Ceratium bucephalum is fairly common, C. fusus
present in small numbers, Prorocentrium micans continually present,
Peridinium divergens sometimes fairly common.

Laboea species still present in small numbers, and Tintinnopsis ventricosa,
Pontosphwra more frequent, very common at the end of the month. Of
the Ceelenterates Stomotoca dinema and Turris pileata occur although
only Phialidium hemisphericum and Turris pileata are common. Besides
Pleurobrachia which is sometimes common, Bero¢ and Bolina both occur.
Annelid larvee rave. Sagitta very common, Cyphonautes continues but is
Tare.

Of the copepods Calanus is still common, but Pseudocalanas, Temora
and Acartia are the commonest ; Coryceus is also very common and seems
to follow Pseudocalanus closely in numbers, Centropages lypicus and
hamatus fall oft in numbers. Al the larval Crustacea are much less
numerous.

Chief forms-— Adsterionella japonica, Chetoceras constrictum, convolutuim
and densum at the beginning, Mastigloia sp. from the middle of the
month, Nitzschia closterium, Skeletonema costatum, Cerativan bucephalum,
Prorocentrum micans, Phialidium hemisphericum, Obelia sp., Sagitta
bipunctata, Calanus finmarchicus, Temora longicornis, Pseudocalanns
elongatus, Coryceus anglicus and Acartia Clausii.
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November.

N.E. winds prevalent. Mostly cold.

Asterionella much reduced in numbers. Biddulphia mobiliensis and
regie both come on and are very common from the middle to the end of
the month. Chetoceras species greatly reduced, almost disappearing.
Guinardia common towards the end of the month, also Hydlodiscus
stelliger, Mastigloia sp. in large numbers at the beginning, absent after
the 8th. Paralia becomes abundant, Skeletonema very common with
Streptotheca common also.  Ceratium bucephalum and Prorocentrum
macans much scarcer, the latter absent altogether at the end of the month.
Tintinnopsis beroidea very common at times through the month. Hard ly
any ccelenterates except Phialidium and Obelia, and these disappear at
the end of the month. Autolytus pictus and rubropunctatus appear with
eggs. Sagitta very common, copepods abundant, Calanus becoming
scarce, Centropages almost absent, Paracalanus common, Acartia,
Pseudocalanus and Coryceus very common. Crustacea larvee practically
absent.

Chief forms—Biddulphia species, Guinardia flaccida, Hyalodiscus
stelliger, Mastigloia sp., Paralia sulcata, Skeletonema costatum, Strepiotheca
thamensis, Tintinnopsis beroidea, Sagitta bipunctata, Paracalanus parvis.
Pseudocalanus elongatus, Acariia Clausii and Coryceus anglicus.

December.

S.W. winds prevalent. A good deal of overcast and showery weather.

Biddulphia mobiliensis very common, regia not so common, sinensis
rave.  Chatoceras almost absent, Coscinodiscus species begin to be
common, especially C. excentricus, Rhizosolenia Stolterfothii which has
been dwindling in numbers disappears at the end of the month. Skele-
tonema common early, rare at the end of the month. All Peridiniales
rave.  Tintinnopsis beroiden common till the middle of the month.
Jopepods scarce except Pseudocalanus and Acartia, Calanus rare and
absent for a large part of the month.

Chief forms—Biddulphia mobiliensis, Coscinodiscus excentricus, Skele-
tonema costatum, Tintinnopsis beroidea, Sagitta bipunctata, Pseudocalanus
elongatus and Acartia Clausii.

1916, January.

Nearly all S. and 8.W. winds. Weather mostly fine.
Biddulphia mobiliensis and regia common. Coscinodiscus excentricus
common, Paralia common, Skelelonema rare until the end of the month
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~ when it becomes common again. Streptotheca following it in much the

same abundance, Thalassiothriz common at the end of the month.
Peridiniales practically absent. One specimen of Muggica atlantica at

the end of the month, one Awrelia ephyra on the 24th. Sagitta very

common. Copepods rare except Pseudocalanus, nauplius stages increase
and are very common at the end of the month, zoea stage of Carcinus
manas and Caneer pagurus begins in the middle of the month. Galathea
larva begins at the end. Young fish and fish eggs present. :

Chiet forms—Biddulphia mobiliensis and regia, Coscinodiscus excentri-
cus, Paralia sulcata, Sagitta bipunetata, Pseudocalanus elongatus, cope-
pod nauplii, Brachyura zoee and Galathea larvee in the second half of the
month,

February.

8. and S.W. winds at the beginning, N.E. at the end. Stormy weather
mostly till the end of the month.

Biddulphia mobiliensis and regia common, sinensis more frequent.
Chatoceras begins again at the end of the month, C. curvisetum, con-
volutum and teres common. Coseinodiscus exeentricus common, radialus
fairly common. Paralic common, Skeletonema and Streptotheca very
common. Thalassiothriz common at the end of the month. Practically
no Peridiniales. Single specimens of Phialidium and Obelia. Rathkea
oclopunctata becomes common at the end of the month. Kphyre of
Aurelia present on the 10th and increase at the end of the month.
Pleurobrachia and Muggicea present. Sagitla not so common, Terebellid,
larvee fairly common, Cyphonautes larvee fairly common on the 10th.

Copepods common up to the 17th, then scarce, probably owing to the
N.E. winds coming on. Calanus rare, Temora and Oithona svmilis very
common on the 17th, Pseudocalonus common all the month. Para-
pontella brevicornis at the latter end, Carcinus menas zoea very common.
Galathea larva common, Crangon vulgaris larva fairly frequent. Corystes
zoea begins and Levander. Copepod nauplii fairly common and Balanus
Hauplhﬂgg;;}mqp beginning on the 5th. Owkopleura dioica fairly
common.

Chief forms— Biddulphia mobiliensis and regia, Coscinodiscus excentricus
and radiatus, Paralia sulcata, Skeletonema costatum, Streptotheca
thamensis, Temora longicornis, Oithona similis, Carcinus manas zoea,
Galathea larva, Balanus nauplius and Oikoplewra dioica.

Here we find a tush of larval Crustacea especially towards the end of
the month.
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March.

Prevailing winds N.E. and N. with S.W. in the middle and end.
Weather usually cold.

Biddulphia mobiliensis very common, regia not so common, sinensis
increasing. Chatoceras curvisetum very common, teres and convolutunt
common. Cosecinodiscus excentricus common, radiatus not so common.
Ditylium Brightwelli common at times, Rhizosolenia Shrubsolei begins to
be abundant in the middle and is very common in the end, Paralia fairly
common through the month, Skeletonema and Streptotheca very common,
Thalassiosira gravide begins to be fairly common in the middle and
becomes very common at the end, the same with Thalassiothriz. Tintin-
nopsis beroidea is very common at the end of the month. A few Phia-
lidéwm and Obelic meduse present. Rathkea octopunctata occurs the
whole month, getting common towards the end. Hybocodon prolifer
begins in the middle and gets common towards the end. Terebellid larve
are common through the month. Poecilochetus larva rare, Sagitia occurs
all through the month but is not common. Cyphonautes very common
at the end of the month.

Copepods not very abundant except Pseudocalanus, which is very
common, Calanus rare but present throughout the month, Acartia,
Temora and Paraponiella fairly common, Carcinus menas zoea common
at the beginning but absent towards the end, Portunus sp. zoea begins.
Corystes zoea occurs through the month but is not common, Galathea
larva common at the beginning, rare towards the end, Crangon vulgaris
larva through the month but not common. Copepod nauplii increase
at the end of the month. Balanus nauplii very common all through. the

month. Larval Gasteropoda all through the month, common at the end.
Larval Lamellibranchiata not so common. Ophiopluteus larvee through
the month, common at the end, Auricularia larva present once at the
beginning.  Oikopleura fairly common through the month. Young fish
rare, fish eggs fairly common.

Chief forms—Biddulphia mobiliensis, Chetoceras curvisetum, teres and
convolutum, Coseinodiscus excentricus, Skeletonema costatum, Streptotheca
thamensis, Rathkea octopunctata, Terebellid larvee, Pseudocalanus elongatus,
Balanus nauplivg, Ophiopluteus larve and Oikopleura dioica.

April.

Winds N., E. and 8. South at the end. Between 10th and 25th so
strong that no samples were taken, after that S. wind and abundant
plankton. All calm many days when the samples were taken after
the storms. :
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Biddulphia mobiliensis not so common, regia rave, sinensis 1iore
common, Lauderia common, Nitzschia delicatissima common at the end,
Skeletonema very common, Strepiotheca very common at the beginning,
rare at the end, Thalassiosira gravida common, Ceratium fusus, Peri-
dintum spp. and Prorocentrum not very common but occur throughout
the month. Pheocystis very common at the end. Phialidium and
Obelia become common at the end of the month, Steenstrupia rubra and
Clytia  wvolubilis occur ravely, Rathkea octopunctata very common,
Arachnactis, Muggicea and Hybocodon occur through the month but not
commonly except Hybocodon at the end of the month. Terebellid larvie
fairly common, Sagitta rare.

Calanus very common at the end of the month, Temora and Pseudo-
calanus very common. Portunus sp. zoea very common. copepod nanplius
and Belanus nauplius very common. Cypris stage of Balanus begins at the
end of the month. Young fish and fish eggs rare.

Chief forms—Chaioceras curvisetum, Lauderia borealis, Skeletonema
constatum, Thalassiosira gravida, Rathkea octopunciata, Temora longi-
cornis, Pseudocalanus elongatus, Portunus sp. zoea, Balanus and copepod
nauplii.

May.

Prevailing winds S. and S.W. Sometimes E. and N.W. Weather
variable, fine at the end with 8. and S.W. winds.

Chatoceras species common, especially C. curvisetum and pseudo-
crinitum, Lauderia very common at the beginning, dwindles at the end
of the month. Mastigloia sp. in large numbers from the middle to the
end of the month, Nitzschia delicatissima very common, Rhizosolenia
species increasing, R. Shrubsoles very common, R. Stolterfothii gradually
mcereasing so that it is very common at the end of the month, R. hebetata
and semispina very common from the middle to the end of the month,
R. alate occurs through the whole month but is not common. Skele-

- lomema very common. Thalassiosira gravide common. Various

Peridiniales occur but not in large numbers. Infusoria too in small
numbers abound. Phwocystis Pouchetit is very common through the
whole month. Amcebe fairly common. Phialidium and Obelia are very
common and various other meduse are present. Sagitta is not common
and disappears at the end of the month. Calanus, Temora, Acartia and
Pseudocalanus are abundant, Paracalanus very common early in the
month, several other copepods present in smaller numbers. Portunus sp.
zoea is common, Megalopa stages appear in the middle of the month.
Various other Crustacea larve are present, of these Hupugurus, Porcellana
and Corystes are common. Fuvadne Nordmanni and Podon intermedius
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are common in the middle of the month, copepod nauplii are common
and Balanus nauplii very common in the beginning, the cypris stages
being commoner in the middle of the month when they abound.

Chief forms—Skeletonema costatum, Rhizosolani Shrubsolei, Stolterfothii
and hebetata . semispina, Mastigloia sp., Thalassiosira gravida, Lauderia
borealis, Chetoceras curvisetum, Pheocysiis Pouchetii, Phialidium hemi-
sphericum, Obelia sp., Calanus finmarchicus, Temora longicornis, Acartia
Clausii, Pseudocalanus elongatus, Portunus sp., zoew and Balanus nauplii
and cypris stages.

June.

Prevailing winds N., S. at end of month. Weather mostly cold and
dull.

Cerataulina  Bergoni fairly common at the beginning, Chaetoceras
dwindles but C. curvisetum and pseudoerinitum are still common at the
beginning and an undetermined species is common through the month
particularly in the tow nets. Leptoeylindrus danicus is fairly common and
Mastigloia is occasionally present in large numbers. Nitzschia deli-
catissimea is very common till the middle of the month and falls off
towards the end. Paralia is rave, Rhizosolenia species very common,
R. Shrubsoler and Stolterfothii very common through the month, R.
hebetata f. semispina very common towards the end, R. alata gradually
increasing, to be very common in the middle and continuing so till the
end of the month. Skeletonema not common.  Thalassiosira gravida rare.
Maximum of the Peridiniales. Amphidinium crassum begins, Cerativm
fusus fairly common, Dinophysis species, Diplopsalis pillula, Gleno-
dintuimn bipes, Gymnodinium rhomboides, Pouchelia armate, Spirodinium
spirale and glaucum all ata maximum. Variousspecies of Peridiniuim fairly
abundant. Various Infusoria occur, although never in large numbers.
Pheocystis very commen till the middle of the month when it disappears.
Meduse abound, especially Phialidium and Obelia. On the 14th
Saphenia gracilis was very abundant, and with it a large number of
Bolina infundibulum. The day was cold and dull with a north wind. On
the same day Spirediniiin glavcum and Dinophysis acuminata were at a
maximum. The larva of Peachia sp. (Halecampa) was very common on
meduse.  Sugitia rave.

Copepods not very abundant, Calanus, Temora and Acartia common.
Pseudocalanus very rare, Portunus sp. zoea very common, Megalopa stages
fairly common, larvee of Hippolyte and Porcellana very common on the
21st. Copepod nauplii not so common, Balanus cypris stage disappears
after the beginning of the month. Anaphia petiolata and larval Gasterc-
poda common at the end of the month.
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Chief forms—Guinardia flaccida, Rhizosolenia species, Glenodinium
bipes, Gymmodinium rhomboides, Pouchetia armata, Spirodinium spirale
and glaucum, Phialidium hemisphericum, Obelia sp., Calanus finmarchicus,
Temora longicornis, Acartia Clausii, Portunus sp. zoea, Hippolyte and
Porcellana larvee.

July.

S. and 8.W. winds prevail. Fairly fine most of the month.

Asterionella very common all the month. Chatoceras constrictum very
common, (. curvisetwm, very common at the end of the month only.
Guinardia very common in the middle, not so common at the beginning
and end of the month. Rhizosolenia species very common, R. alata and
R. Stolterfothiv very common all the month, R. Shrubsolei not so common,
R. setigera beging and gradually gets common, being very common at the
end of the month. Peridiniales not so numerous. Ceratium fusus very
common in the middle of the month. Prorocentrum increasing. Infusoria
fairly common, especially Tintinnopsis beroidea, which at times is exceed-
ingly abundant. Phialidium and Obelia very common. Other medus:e
scarce. Calanus, Temora, Aeartia and Pseudoealanus very common.
Portunus sp. zoea and Porcellana zoea very common. Copepod nauplit
common. FEchinopluteus common at the end of the month.

Chief forms—Asterionella japonica, Cheatoceras constrictun, Rhizosolenia
species, Ceratvum fusus, Tintinnopsis beroidea, Phialidiwim hemasphericumn,
Obelia sp., Portunus and Porcellana zoew.

August.

Prevailing winds 8., some E. and some W. Mostly fine weather.

Second diatom maximum at the beginning of the month caused
chiefly by Mastigloia, Asterionella, Chawtoceras, Lauderia, Rhizosolenia
and Skeletonema which are all very common. Chaloceras constrictum the
commonest. . didymun very common on the 10th. Lithodesmium
scarce at the beginning but very common at the end of the month.
Rhizosolenia alata is very common until after the middle when it becomes
scarce and very rare at the end of the month. R. hebetata f. semispina
very common at the beginning, disappears at the end, R. setigera very
common after the middle but scarce at the end, R. Stolierfothii very common
for the whole month. Skeletonema very common for most of the month,
Peridiniales fairly frequent, especially Prorocentrum micans. Infusoria
fairly abundant, especially Tintinnus subulatus and Tintinnopsis beroidea.
Dictyocha and Distephanus begin in the middle of the month, Phialidium
and Obelia very common. Muggica atlantica becomes common at the
end of the month. Copepods abundant. Calanus, Centropages typicus

e ——————



178 MARIE V. LEBOUR.

and hamatus fairly common, Acartia and Pseudocalanus very common,
Candacia armata, Coryceus and Paracalanus common at times.
Brachyura zoes and other crustacea larvee rare. Evadne Nordmanni
and Podon intermedius common. Balanus nauplii very common at times.
Echinoplutei very common on the 10th, Ophioplutei fairly common
through the month. Oikopleura fairly common.

Chief forms—Asterionella japonica, Cheetoceras constrictum, Rhizosolenia
Stolterfothii, Ceratium fusus, Prorocentrum micans, Tintinnus subulatus,
Tintinnopsis beroidea, Phialidium hemisphericum, Obelia sp., Acartia and
Pseudocalanus, Evadne Nordmanni and Poden intermedius.

September (till the 18th).

Prevalent winds W. and N.W. Usually fine weather.

Asterionella much scarcer, Cheatoceras curvisetum very common again,
other Chatoceras species not so common.  Lithodesmium and Lauderia
fairly common. Rhizosolenia species rare except R. Stollerfothii, Skele-
tonema still very common. Peridiniales scarce except Ceratium fusus
and Prorocentrum micans which is at its maximum. Infusoria fairly
abundant, especially Tintinnopsis species. Dictyocha and Distephanus at
their maximum. Few meduse except Phialidium and Obelia. Muggicea
very common. Sagitta common.

Copepods fairly abundant, Calanus and Temora common, Acartia and
Pseudocalanis very common. Various crustacea larvee in small numbers,
Evadne disappears at the beginning, Podon is common through the
month. Copepod and Balanus nauplii very common.  Lamellibranchiata
larvee common at times, Ophioplutel very common.

Chief forms—Chatoceras curvisetum, Rhizosolenia Stolterfothii, Skele-
tonema costatum, Prorocentrum micans, Tintinnopsis beroidea, Muggica
atlantica. Acartia, Clausii, Pseudocalanus elongatus, Podon intermedius,
Ophiopluteus.

The dates on which the plankton samples were taken, with wind and
weather, morning tide and time at which taken. * Indicates that the
samples were taken from the west channel. P Indicates preserved

samples.
1915. Weather, Wind. Gl‘gf:l'l:‘.mh Mt(;rdtgng
September 21 P fine L. 11.30 a.m. 4.7
#23 P drizzling S. abt. 11a.m. 5.38
*25 P fine S. 12 noon 6.49
27 P fine NI, 12 noon 7.45
29 P. showery N. 11.30 a.m. 8.40

October

November 1

Weather.

1 P cloudy

*1 P overcast
6 fine
11 very fine
13 fine
15 unsettled
*18  very fine
*21  heavy showers
27 calm
29 fine, dry

dull, gusty

December

1916.
January

3 fine, clear
5 fine, cold
8  cloudy, rain
rough, rain
15 calm, cold
17 fine, cold
19 cold, clear
22 cold, dull
24 fine, cold
26 misty, smooth
29 wet, rough’
2 wet, rough
9  wet, rough
13 fine, cold
16 fine, cold, showery
*20 misty, calm
22 misty, warm, smooth

*29 P strong wind, rain
3 P sunny, heavy swell
* 5P sunny, sea mod,
8P fair
11 P dull, warm
14 fai
18 swell
24 fine
*26  nasty sea
28 fine
31 dull

Wind.

S.8.W.
S.8.E.
S.S.W.
S.
S.8W.
N.E.

W.N.W.

S.8.W.
EN.E.
EN.E.
E.S.E.
EN.E.
N.N.E.
SW.
S.

E.

E.

E.
N.E.
EN.E.
N.E.
E.
S.8.W.
N.N.W,
E.N.E.
N.
S.W.

S.W.
N.W.

W.
S.W.

S5.W.

N.E.
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Greenwich
time.

11 a.m.

12 noon
abt. 11 a.m.
12 noon
abt. 11 a.m.
abt. 11 a.m.
abt. 12 noon
abt. 11 a.m.
11.30 a.m.
12.20 p.m.
11 a.m.
11.45 a.m.
11.45 a.m.
11l a.m.

11 a.m.

12 noon
12.45 p.m,
11.10 a.m.
11.15 a.m.
11.40 a.m.
11.45 a.m.
11.40 a.m.
12.15 p.m.
11.30 a.m.
11.30 a.m.
12.25 p.m.
11.30 a.m.
11.30 a.m,
11.30 a.m.,

11.30 a.m.
11.30 a.m.
11.30 a.m.
11,30 a.m.
2.5 pm.
2.45 p.m,
11.25 a.m.
11.20 a.m.
11.15 a.m.
11.40 a.m.
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Morning
tide,

9.41
1.10
3.37
7.5
8.25
9.58
1.28
4.28
T.44
8.25
11.45
1.49
3.44
5.59
8.18
12 noon
2.8
3.52
6.58
8.2
9.15
0.27
7.23
10.38
1.8
4,53
6.13
10.23

3.36
5.34
8.5
10.45
noon
4.3
8.12
9.38
10.39
1.35

-——-“‘
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June 2

12
14
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" Weather.

heavy sea
cold, clear
dull, cold

cold, sunny, nasty sea

stormy

snow showers
fine

fine, smooth
gnow showers
cold, rough
stormy .

fine
misty, calm
cold, calm
cold, wet
cold, sunny
calm, dull
calm, sunny
calm, sunny
calm, sunny
calm, sunny
sunny, warm
gunny, warm
calm, misty
showery, gusty
showery, gusty
rain, smooth

rather rough, dull

showery, dull
fine, warm
fine, breezy
fine, cloudy
fine

fine, warm
fine, warm
fine, warm
cold, rough
fine, cold
cold, dull
cold, dull

'~ cold, fair

Wind. Hreenich
S. 11.35 a.m.
S.W. 11.40 a.m.
S.W. 11,20 a.m.
S.W., 11.30 a.m.
N.E. 10.45 a.m.
N.E. 11.10 a.m.
N.E, 11 a.m.

K. 11.15 a.m.
N. 11.5 a.m.
N.E. 11 a.m.

E. 10.50 a.m.
SW. noon

N. noon

N. 11.10 a.m.
S.K. 11.10 a.m.
SW. 11.30 a.m.
S 12.20 p.m.
N 11 a.m.

K 11.50 a.m.
] 11.50 a.m.
S. 11.10 a.m.
S, 12,15 p.m.
E 11.20 a.m.
S 12 noon
E. 11 a.m.

8. W. 11.50 a.m.
S, 12.45 p.m.
W. 11.20 a.m.
— 11.26ba.m. "
E. 0.15 p.m.
N.W. 10.25 a.m.
S, 11.40 a.m.
S.W. 11 a.m.

S. 10.40 a.m.
S. 10.40 a.m.
N.W. 11.40 a.m.
W.toN.W.10.48 a.m.
S. 11.20 a.m.
W. 10.25 a.m.
N. 10¢.25 a.m.
N.W. 1045 a.m.

Morning
tide.

o
8.59
10
4.54
7:92
9.32
noon
3.55
£.22
9.21
0.31
3.21
6.52
8.1
11.4
1.21
4.1
6.49
7.50
10.5
118
1.16
5.5
6.21
7.25
9.43
0.29
3.40
5.15
6.48
9.8
11.4
0.4
3.49
5.20
6.35
8.46
10.8
1.49
3.55
8.16
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i 21 dull, cold S, 11 a.m. 9.50
27 cold, fine S. 11.45am.  3.13
29 stormy, showery * 8. 10.40 a.m. 5.3
July 4P S. 10.30 am. 5.3
7P heavy swell SSW. 1040am.  9.38
11P fair S.W. 10.45a.m.  noon
i 13 P heavy sea S.W. 12 noon 3.28
18 P fine N. 1050 am. 85
21 P very fine S. 3 pam. 10.2
25 P very fine S.W. 10.50 pm. 113
21 very fine N.W. 11.15 a.m. 3.46
August 1 misty S.E. &S W. 1.30 pm. 7.12
52 3 very fine S 11.5 a.m. 8.9
3 8a  fine E 11 a.m. 11.32
10 very fine w 10.55 am. 140
16 windy, rough S, 11.35 a.m. 7.43
18 fine S 11.15 a.m. 8.57
22 fine E 11 a.m. 11.42
28 fine 8. 11.40 a.m. 5.39
31 misty, swell S, 11.10 a.m. 1.7
September 4  showery W. 10.20 a.m. 9.25
6 very fine S, 11 a.m. 1111
8  wvery fine N.E. 10.40 aom.  11.35
11 showery, fine N.W. 10.40 a.m. 5.8
13 fine W 10.40 a.m. 6.38
15 fine W. noon 7.49
18 fine N.W. 10.30 a.m. 9.24
[@ These samples were taken at 4 and 6 fathoms. ]
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~ The Peridiniales of Plymouth Sound from the Region
beyond the Breakwater.

By
Marie V. Lebour, M.Sc.,
Assistant Lecturer in Zooloyy, Leeds University.
Temporary Naturalist at the Plymouth Laboratory.

With Figures 1-14 in the text.

~ Tae following list includes all the Peridiniales identified in the plankton
throughout the year from September, 1915, to September, 1916, from
~ the water samples, details of which will be found in another paper in
e same journal (p. 133). Also from the plankton in the tow nets in the
ame vear and a portion of the summer 1915, As is shown in the above-
nentioned paper, the summer is the time for nearly all the Peridiniales,
une being the maximum month. After October very few are seen in
e water samples, although in the tow nettings the larger and stronger
8, such as Ceratium and Peridinium, are still present.
he new and least-known forms belong to the Gymnodiniacece, which
no cellulose sheath. Perfectly transparent and extremely thin
however, are often seen which may be close fitting or many times
er than the gymnodinian. Pouchetia and various species of Cochlo-
) are instances of this (see Plate II, Fig. 14). The Gymnodiniacec
haps the most interesting of the Peridiniales, as many of them
nourishment holozoically and often the food can be determined.
roughout June the flagellate Pheocystis pouchetii was excessively
ant, and this furnished food for many gymnodinians (e.g. Gymno-
v thomboides and G. triangularis, see Plate I, Figs. 6 and 7).
on stages in this group are often seen which in the genera Gymno-
wm and Sjmodmwm take place usually, if not always, in the free
ate and not in capsules as in Pouchetia and others (Pouchet, 1885 ;
iel, 1906).
ough no special investigation has been made closer inshore, the
ination of a few samples of water show that many of the species
near the land, such as Gymnodinium and Spirodinium species
mophysis, besides several species of Peridinium.
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In the following list 60 species are recorded. Of these 5 of Gymno-
dinium, 2 of Spirodinium, and one of Cochlodiniwm are new. Twenty-one
species are, [ believe, new records for British seas and 28 are new records
for the Plymouth area. In addition to those recorded and described
there are many which I have not been able to identify. Some of these
are young forms, others collapsed before they could be properly observed,
and others were distorted. Among these there are probably many new
species belonging to the Gymnodiniacec.

The classification adopted is that of Paulsen (1908) in * Nordisches
Plankton.” Those marked * are new to Plymouth, those marked N.R.
are new records for British seas.

PROROCENTRACE/,
Genus Exvvienna Cienk.

(1) * Bzuviella compressa (Bailey) Ostenfeld. Occasionally in water
samples in the summer.

Genus ProrocENTRUM Ehrenberg.

(2) Provocentrum micans Ehrenberg. From May to October in the
water samples, rarely in tow nettings. Commonest in the late
summer. Its maximum early in September.

PERIDINIACE A,

Genus DiNoruysis Ehrenberg.

(3) Dinophysis acuta Ehrenberg. TFairly frequent in very fine tow
nettings, not so common in the water samples. May to October.

(4) D. acuminate Cl. and L. Common in water samples, usually gets
through the very fine net. There is a small form of this species
which occurs more rarely than the type in the spring and early
summer.

(5) D. ovum Schiitt. Occasionally in water samples.
(6) D. rotundatum Cl. and L. Common in water samples.
(7) D. homunculus Stein v. tripos Gourr. Occurred once only in tow
nettings, August, 1916,
(Genus GrenopmNium (Ehrenberg) Stein.

(8) * Glenodinium bipes Pauls. Common from May to September.
Abundant in May and June with its maximum in early June.

This species is so small that it always gets through the very fine

Y 185
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ars in a

et. It is exceedingly active and lives many ho
nev.

bottle of sea-water.

Genus PROTOCERATIUM Bergh.

(Cl. and L.). Occurs fairly commonly

k. ocerati ‘culatum ‘
o st monest in August.

in water samples from May to September, com

(tenus GGoxravrax Diesing.

| . Iﬂ. 3 t{)
.- ) ! ] 11, ar 3 mn \\-atel' Salnpl S, 4 2

September.

._ (11) G. polygramma Stein.
tember.

' (12) @. spinifera (Cl.and L),
1 May to September. | |
(13 N.R. G. sorippse Kofoid. Occasionally i
1 July to September.
(14) 6. polyedra Stein.

' tember.

")
Rare, in water samples, May to Sep
This is the commonest species of Goniaulax.
n the water samples,

Occasionally in water samples, May to Sep-
:‘I} )
E Genus AvyLax Meunier.

; '315) N.R. Amylax lata Meunier. Occurred a few times singly. I.Sllghtly

smaller than the type.

| Genus Drpropsauis Bergh.
@ Bergh. Fairly common in very fine tow
nettings and in water samples. May to September.

| ) N.R. D. pillula Osti. This minute species is abund.ant in June in
'th;: water samples, very often with Glenodinium bipes.

ﬂ-ﬁ) Diplopsalis lenticul

Gtenus PeripiNiuM Ehrenberg.
i Sub-genus PROTOPERIDINIUM Bergh.
:. | (18) Peridinium orbiculare Paulsen. Occurs rarely in the water
E samples.
~ (19) * P. cerasus Paulsen. This little s
~ and easily recognised. Ocours fa
large quantities in the water samples.
| * P. rosewm Paulsen. Very like the last spe
flatter. Oceurs rarely in the water samples.

pecies is one of the commonest
irly frequently but never n

cies but larger and
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(21) P. ovatum (Pouchet). Common in late summer but rare in May
and June. Specimens with broad and conspicuously striated
interspaces between the plates are as common as the typical
forms and are probably older, as Mangin (1913) has already noted.
More common in tow nettings than in water samples.

(22) P. pedunculatum Schiitt. Very rare, in water samples only.

(23) P. pallidum Ostf. This and the following species are both

common, the present species being larger is commoner in the
tow nettings.

(24) P. pellucidum (Bergh). Common in water samples.

Sub-genus HupertpiNtum Gran.
(25) P. oceanicum Vanh, Rare in tow nettings.

(26) P. divergens Ehrl. Abundant in the tow nettings, especially in
August and early September. Following Meunier (1910) I have
reunited the P. depressum of the *Nordisches Plankton” with
this species.

(27) P. crassipes Kofoid. Not very common in the tow nettings in
August and September.

(28) P. conicum (Gran). This species and P. divergens are almost the
only peridinians to be found in winter : although not abundant
P. cowicum is found throughout the year both in tow nettings
and water samples. Commonest in early spring.

(29) N.R. P. Thorianum Paulsen. Rare in water samples i June.
Meunier (1910) gives good figures of this species, which resemble
the Plymouth form more than do Paulsen’s. The present speci-

mens have small knobs conspicuously ornamenting the skeleton
which are very characteristic.

Genus Pyrormacus,

(30) N.R. Pyrophacus horologicum Stein. Occurred very rarely in tow
nettings in August.

Genus Oxyroxum Stein,

(31) N.R.  Owytowum Milneri Murr. and Whitt. I have referred to this
species, a very small Oxytoxum about half the size of the type

but agreeing with it in form. Only one specimen was found in
August in the water samples.
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(GGenus CERATIUM Schrank.

N.R. Ceratium platycorne V. Duday. Rare, occurred singly two

imes i 7 nettings.
three times in the tow netting o
2 Occurred sparingly in tow nettings in gaﬂy

summer, more frequently in the late summer months.
2

‘ 7. Mii casionally in water samples and tow
o (Olﬁk iﬁiﬁ;lgrﬁcgipproachis the form lineata (Ehrb.) and
mt'tmgi‘ have referred to this variety occurs more frequently
W]?:lch &This has a short and straight apical horn', the
(B"l%. hl]-.l nearly straight and the right horn abom.; one—t}:‘ur(‘l as
e Drlh left. The usual markings are longitudmal'st-rladfmns
Ezﬁlafhz :pex 'to the girdle, sometimes also with reticulations.

©2)

5__3) ¢. bucephalum (Cleve).

0 O

Tra. 1.—Ceratium tripos (0. F. Mill) f. lineata (Bhrb.). > 466,

to the form lineata, the apical horn

rest :
Although apparently nea han half the length from its apex

is very much shorter—less t
to the girdle. | ‘ e
~ (35) * C. arcticwm (Ehrb.). Very rare, in tow 11ett1r1.gs, :
i (86) C. macroceras (Ehrb.) Cleve. Rare in tow neftings.

g (__37) O\ furca (Ehb.). Occasionally, in tow nettings and water samples
© in summer. .

E ‘(38) (. fusus (Ehrb.). The commonest Ceratiwm here.  Occurs l?gfﬁh_ mn
- -tow nettings and water samples and is often the only peridinian

: 1 i 1 in October.
present in the winter. Maximum in O

E ('YMNODINIACEZ,

1 3 . . . . 2 to
g ] i Peridiniales of this area belong
- By far the greater portion of the Per 2 i

~ this group and are missed almost entirely

of the larger forms being retained by them.

—
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). Closely related to the last species 1s

and which is less than half the size.

._'(42) G. viridis n. sp. (Fig. 4
1 donoctiluca with a cap-like anterior

one also found only singly

Genus Awmpuipivtom €l and L. |
In shape it is much like G. pseu

(39) N.R.  Amphidinium crassum Lohmann. T have referred to this
species, a form between A. crassum and A. longum of Lohmann,
but which is slightly larger than either of these (Fig. 2).
The shape of the body is not so pointed posteriorly as in 4. longuin
but not so broadly rounded as in 4. crassum, the greatest breadth
being in about the centre of the body. The nucleus is posterior
as in both forms, and a coloured body, greenish, is situated just
in front of the nucleus and behind the transverse groove, with
small refractive bodies scattered round it. This is perhaps the
remains of ingested food material. A thin transparent covering
can sometimes be seen detaching itself from the body. Length

&

Fro. 2.—dmphidinivm crassum Lohmann, % 466, N =nucleus.

of body 0-030 mm. The only record so far of this species 1s by
Lohmann from Kiel.

Fia ‘{—Gymnocim'a;um pseudonoctiluea Poucheb. 466.

Genus GyMNODINTUM Stein. N —=nucleus. (==chromatophores.

a side view, b ventral view.
(40) HLR. Gymnodinium teredo Pouchet. F airly common in July and
August in the water samples in 1915, less common in 1916, This
Is the only gymmnodinian found here in the winter months, but
then only rarely. It turns up singly nearly all the year round.
Many abnormalities and deformities occur and a variety of shapes
| is seen.

(41) N.R. G. pseudonociiluca Pouchet (Fig. 3). To this specles
I refer one which agrees well with one condition of the above

species, but which T never saw with the long contractile tentacle
described by Pouchet (1885). It only oceurred twice, the first
time in medium tow nettings in July, 1915, and the second time
in the water samples in June, 1916. It is rather smaller than the
type (length 0-10 mm.). The ventral surface on each side of the
longitudinal groove is pulled out into a flap, the left flap slightly
longer than the right. The bright yellow chromatophores radiate
from the centre. The longitudinal groove is more marked than
in Pouchet’s figures. The nucleus is in the centre of the body.

Sl e e
Tra. d.—Gymnodinium viridis 0. sp. X
a side view, b ventral view. (=chromatophores.
roove, however, reaches back siightl.y o .'Zr
the dorsal surface posteriorly so that the hind end is glilrfl}:ht
The chromatophores are of a greenish yellow colour, nc;) ight
yellow as in P. pseudonoctiluca. Length 0.06 mm. Occu

end ; the longitudinal g

once in June.
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(43) G. achromaticwm n. sp. (Fig. 5). Related to G. wvirudis
but without chromatophores. Perfectly colourless and trans-
parent, transverse groove conspicuously left-handed, longitudinal
groove reaching to the extreme posterior end. Apex somewhat
excentric. Body covered with longitudinal striee. Nucleus
posterior. One specimen only in July, 1915.

(44) N.R. G. rhomboides Schiitt (Fig. 6). One of the commonest
in this area appears to be the species figured by Schiitt (1895,
Plate XXI, Figs. 63, 1 and 2) with the above name. Apparently
no description of it exists except the short diagnosis in ** Nor-
disches Plankton ™ (p. 99). Certain aspects of my specimens
agree very closely with Schiitt’s figures, and 1 have therefore
taken the name given by him rather than create a new one.

Fia, b.o—Gymnodinium achromaticum n. sp. X 466.
a ventral view, b side view. N=nuclens.

The species referred to by Dogiel (1906) as Gymnodinium spirale
v. obtuswm 1s from his figures certainly a true Gymnodinium and
not a Spirodinium, to which now G. spirale and all its varieties
‘have been transferred. The original figures by Bergh of G. spirale
show it to be a Spirodinium with the ends of the transverse
groove far apart, moreover Schiitt’s figure of v. obtuswm shows
also the same character. Dogiel’s species probably belongs to
G. rhomboides or else some closely related form. His specimens,
however, are very much larger than mine. His figures of the
stages in division show it in another form which is also common
with us and which I have found in division and very similar to
Dogiel’s figures. Schiitt’s figure 63, 1 is also of this type, and
apparently this is the form before and during division. These
two forms I have therefore placed together as Gymmodinium
rhomboides. The body is elongated. oval or rhomboidal, the
transverse groove is only slightly displaced and left-handed,
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e is inconspicuous. The whole surface 1s

inal strie, those on the anterior portic!n
Remains of food in

the longitudinal groov
covered with longitud ‘
being further apart than those posteriorly.

&

a

Fra. 6.—Gymnodinium rhomboides Schiitt. x 466 .
Sdo i i f older forms
i i 1 view, ¢ ventral and dorsal views o r
3 ro(ft.a‘irrlm?:é z}o(olgrszaasaes of Pheocystis, d young form containing @
Thalassiosiva, e division. N=nucleus. I —{food.

a ball is often seen in the hind portion of the body. Nuc}leuz
anterior. The body colourless with no cm?@tophoms. ﬂI:S 1;:1 :
consists very often of Phaocysis pouchetii w.hen that : ge e
is abundant, at other times of djatomf; ! 'remalns of Tha c]a;fn?s'on
and Coscinodiscus were also found }nslde the bodydf.b ]T‘)v;m'e]
takes place in’ the free state as described and figured by Dogtel. 2
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This is perhaps the commonest gymnodinian and occurs cloge to
the shore as well as beyond the Breakwater. Length of body

0040 mm. to 0:050 mm

Fre. 7.—Qymnodinium triangularis n, sp. X 466,
a ventral view showing contained Pheeocystis, b side view., F=food.

(45) Gymnodinium triangularis n. sp. (Fig. 7). Closely related to (.
rhomboides, but triangular in outline (the base of the triangle
posterior) and without longitudinal strie on the body. Rare in
water samples in May. This species had also been feeding on

Pheeocystis pouchets;, remains of which were recognisable inside
it. Length 0.045 m,.

Fra. 8.—Gym odinium minor ., sp. % 466.
a dorsal view, b ventral view. N=nucleus,

(46) Gymmodinium minor . sp- (Fig. 8). This little species is
transparent and destitute of any sculpture. It g nearly spherical
but with the posterior end slightly narrower than the anterior.
Transverse groove left-handed and only slightly displaced, longi-
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tral ; green masses, probably food material, at the a‘rllterut)r
Cer(; L,ength 0:028 mm. Occasionally in water samples May to
end. 2

July. ' |

3. 7 . fig. 9). Body long and narrow,
?(47) Gymmf;mz:;nafﬁt;z;dl-l]'ikzp}.)oi(it Cimstt)ariorly. Anterior end conu?al.
: I1'}I"C'Lrl;ilrﬂvfr.‘:se groove almost straight, longltudm‘a::t-l groodve 1§icc%;i§
about three-quarters of the ]\:ay to the }E;izi::;;rflo(;d i

i re. A dark brown mass - :

})e;}mdtﬂ:; (;21(;1;1: t;edside of the nucleus. One specimen was
e - ith no coloured body. Body clear and colourless Wlt;h
fou:i'i::l 1Length 0:065 mm. Rare in water samples July, 1915.
10 ;

Very fragile and easily collapses.

it

Fia. 9.—Gymodiniwm filum n. 8p. X 460
a side view, b ventral view.

Genus SeIRoODINIUM Schiitt.

1 (48) N.R. Spirodiniwm fissum (Levander) Lemmermann. (éccurslc(:lc;:;
gsionally in August and September in water samples. Conspi o
from its yellow colour and peculiar dorso-ventral flattening.

Division in the free state was noticed in September.

: (49) N.R. Spirodinium spirale  (Bergh) (Fig. 10). This species

i i y les in many varieties.
i dingly common in the water samp ’ y v

?hzxi;i}iclal% )frorm which agrees with Pouchet’s descrl};::-lon alileri

| 5 T ig. 30) i usually much sma

fi 1885, p. 67, Plate IV, Fig ‘
tlig;rfe tfis specﬂmens and generally colourless, although 11‘)1‘15;111;
yellow examples are sometimes seen, such as Pou{ihet }HH; 5
observed occasionally. The yellow examples are (;Iwayﬁ; > 11.111 -
rhich i uncedly ac ;

t the apex than the type which is prono

;f[y s;ezipmens including the yellow forms, mt;aspre gelr:)eﬂy
, g 1883-85) gives 0- :
: . to 0:06 mm., whereas Pouchet ( . mr
gsoih?i[;ptizal- size. The longitudinal striations are characteristic,
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(Pouchet) (Fig. 12). I have referred

hat rare form which is definitely

;(51) N.R. Spirodinium crassum
.I type 0-12-C-2 mm.

to this species a somew

and green remains of food are sometimes to be found inside the
smaller than the type, length 0-075 mm. (

body, also small roundish masses of fat.

The variety acutum Schiitt (Plate XXI, Fig. 66) is also found,
which seems to be close to the typical form and more nearly
the size of Bergh’s (1882) and Pouchet’s specimens. Length of
this variety 0-14 mm. One specimen which occurred in August,
1915, was coloured a beautiful carmine, the colour running along

Tie. 11.—Spirodinium concentricum . sp. > 466,
« large form, b small form.

In shape and contour of the furrows it corresponds
sh red beginning at the apex
Faint longitudinal strie

Pouchet). :
and has a diffuse colouring of browni
and following the transverse furrow.

Fra. 10.—Spirodinium spirale (Bergh), x 466,
a typical form, b and ¢ v. obfuswm Schiitt, d v. aenium Schiitt.

the lines of the strize in droplets. Other specimens are quite colour-
less.

The variety obtusum Schiitt is also common but of small size.
Length 0-06 mm. usually. Characterised by its blunt apex.

(50) Spirodinium  concentricum n. sp. (Fig. 11). This species is
characterised by the sculpture of concentric striee on the body,
the longitudinal strize being arranged concentrically round a
certain point at the side or on the dorsal surface. Body colourless.
Grooves and shape of the body very much like the variety obtusum
of the preceding species. A large and a small form exist, the
larger form being several times the size of the smaller. Both rare,
_only in the summer of 1915. '

Fic. ‘12.——_.9’pirod'£n£um crassuim (P0]1011et). w466,
« ventral view, b dorsal view.

are present; transverse furrow with its ends widely separated,

longitudinal = furrow weakly developed. Nucleus pogterior.
Tnterior of body full of large granules. Occurs occasionally

in June.
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(52) Spirod‘im'mn glavcum n. gp. (Fig. 13). This is a very common
species, perhaps the commonest Spirodinium in this area.
It begins in May, having its maximum in May and June
and persists till October. A large yellow body posteriorly is
characteristic, although this may be absent in young forms and

Fia. 13.—S8pirodinium glawcum n. sp. % 466,
a ventral view, b dorsal view, c—f divizsion stages. N=nucleus.

possibly is only food remains, although it is always the same
colour and in the same place. These yellow bodies are also some-
times absent in divisional stages. The body is elongated with
a long anterior and short posterior portion, with a few wide
apart longitudinal strize. Transverse furrow with the ends wide
apart ; longitudinal furrow short and with the appearance of a
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three-cornered bite having been taken out of the posterior end.
This species is rather like G. teredo, with the exception of the
chromatophores which are numerous in the latter species. Cell
colourless except for the yellow mass. Nucleus in the region of
the transverse furrow. Divisional stages are often seen in the
free state, one individual pushing part of its body backward so
that a chain of two is formed very much like the figure given by
Pouchet of the division of S. spirale (loc. cit.). Earlier stages in
division show that the longitudinal flagellum persists as is described
by Dogiel in his Gymnodinium spirale v. obtusum. A growth
then takes place at the side of the whole body, so that the cell is
very much swollen transversely ; then division takes place, begin-
ning at the posterior end as a groove and half the cell is pushed
backwards so that the chain of two individuals is formed, one
attached to the side of the posterior end of its fellow by its extreme
anterior end. After division the individuals are small and may

Fia. 14— Cochlodinium pulchellum n. sp. X 466,
or may not contain yellow bodies. In one case the yellow body
appeared to be dividing at the same time as the cell, which perhaps

shows it to be a chromatophore.

(enus Cocuropintum Schiitt.

(53) N.R. Cochlodinium heliz (Pouchet). Occurs occasionally in the

water samples in August, sometimes free, sometimes enclosed
in a spacious perfectly transparent covering.

_- (54) N.R. Cochlodinium pelluciduwm Lohmann. Rare. In the water

samples in July and August.

~ (55) Cochlodinium pulchellum n. sp. (Fig. 14). This species was

found once only in the water samples from 7 fathoms, August,
1915. It is perfectly colourless and contained in a roomy trans-

NEW SERIES,—VOL. XI. No. 2. MAv, 1917 0




198 MARIE V. LEBOUR,

parent case in which it rotates freely on its longitudinal axis. It
is fusiform in shape, and pointed in much the same way at both
ends. The transverse furrow makes three complete turns and is
deeply grooved. The longitudinal furrow is inconspicuous, making
over one turn round the body. Nucleus nearly central. Length
of body 0-05 mm., length of case 0-65 mm. This species is very
similar to Pouchetia fusus Schiitt, but without the conspicuous
lens and stigma of that form.

(Gtenus PoucuETIa Schiitt.

(56) N.R. Pouchetia armata Dogiel (1906). This species, with its charac-
teristic stinging capsules, is common in the water samples, especially
in May and June. Tt is sometimes contained in a case, sometimes,
and more usually, free. Division into two within the case was seen.
So far this species has only been recorded for the Mediterranean.

(57) N.R. Pouchetia parve Lohmann. This is fairly frequent in summer,
especially in June. The case fits very close to the body, much
closer than in P. armata. Division in the case is often seen. This
species is very like Pouchet’s figure (1885) of P. polyphemus v.
nigra, the pigment, however, in his species is red and this is always
black. .

(58) N.R. Pouchetiac fusus Schiitt (1895). Occurs rarely in September.
Conspicuous from its elongated body and large lens with dark
red pigment. In one case the pigment mass was breaking up
into small red spots. The specimens seen were always free.

"~ Genus Ponvirikos Biitschli

(59) N.R. Polykrikos Schwarziv Biitsehli. Occurs occasionally in tow
nettings and water samples from May throughout the summer.

PYROCYSTEAL Apstein.
Genus Pyrocvysris Murray.

(60) Pyrocystis lunula Schiitt. Occurs occasionally in tow nettings in
August and September in various stages of division in the semilunar

cases.

i Incertae sedzs.

(61) N.R. Oxyrrhis marina (Duj.). The position of Ozyrrhis is still a vexed
question, and although Senn (1910) regards it as a true peridinian,
the view is not universally accepted (see Klebs, 1912). In my
opinion it is more of a peridinian than a true flagellate, the division
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stages of Gymnodinium and Spirodinium being closely related to

those of Oxyrrhis. Owyrriis marina occurs sparingly in the water

samples, but is to be found in great abundance in cultures in the

laboratory in which it thrives with the greatest ease. In cultures

of Nitzschia closterium especially it flourishes in enormous numbers,
~ the body being full of this diatom on which it feeds.
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Some Parasites of Sagitta bipunctata.

By
Marie V. Lebour, M.Sec.,
Assistant Lecturer in Zoology, Leeds University.

Temporary Noturalist at the Plymouth Laboratory.

With text Figures 1-6.

- Sagitta has been geveral times noticed as a host for various parasitic
‘worms, notably a larval nematode and several trematodes. Larval
cestodes have also been seen in it. It is exceeding voracious and ap-
'.'arent]y eats almost any animal food, especially its own species and
small crustacea, so that it is not to be wondered at if it forms a con-
ient intermediate host for many worms, and as Sagilta itsell is an
portant fish food it naturally follows that the adults of these parasitic
worms are usually found in fish as their final hosts. So far, however, the
life histories of the larval forms hitherto found have not been deter-
‘mined, so we are pleased to be able to identify two trematodes belonging
to well-known species which inhabit Sagitta as intermediate host and
fish as the final host.
- Busch (1851) and Leuckart and Pagenstecher (1858) have described
everal larval trematodes and a nematode from Sagitta, Ulianin (1871)
nematode, and Pierantoni (1913) a nematode. The latter nematode is
obably the same worm found in Sagitta in Plymouth Sound. Busch’s
eription of a nematode in Sagitta is too vague to recognise it, and
ortunately Ulianin’s paper has not been available for reference.
uckart and Pagenstecher mention two larval trematodes from Sagitta
ermanica (=Sagitta bipunctata Q. and (.), one a monostome and the
‘other a distome. Although these are figured, they are neither deseribed
1or named. The distome (Plate XXI, Fig. 9) is probably the larval
- Derogenes varicus which oceurs in Sagitta bipunctata in Plymouth Sound.
Buseh’s trematode larvae found in Sagitta cephaloptera (= Spadella
haloptera) were identified by him as Distomum papillosum Diesing
=Distomum beroc Will (1844)) and two new species, one of which he
nes Distomum fimbriatum and the other Distomum crassicaudatum.
tomum papillorum appears to be a larval Hemiurus, D. fimbriatum
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is not described sufficiently to recognise, and D. erassicaudatum seems
also to be a species of Hemiurus. As Derogenes is a genus closely related
to Hemiurus it is interesting to find that both inhabit Sagitia as an inter-
mediate host.

In Plymouth Sound the only species of Sagitta is S. bipunctata Q. and G.
In 1916 Mr. Smith called my attention to the number of parasitic nema-
todes in it from old plankton samples. Afterwards it was found to be
very common in the fresh samples and quite the commonest parasite of
Sagita. 1t is a larval Ascaris, and in all probability is the same species
as that described by Pierantoni (1913) from Sagitta in the Bay of Naples,

~and he has also found them from Villafranca, Wimereux and Trieste.

In his brief note on the worm he suggests that it may be identical with
an Agamonema described by Stossich from a Ranzana, one of the Molide.
The final host of the nematode from the Plymouth Sagitta is quite un-
known, but one would expect it to be something common judging from
the frequency of its occurrence. :

This larval Ascaris occupies the body cavity of Sagitta, lying length-
wise, and sometimes is three-quarters the length of its host. The figure
here given (Fig. 1, Plate I) is from a small specimen. The body is colour-
less and measures 3 to 17 mm. in length and is very narrow. The an-
terior end is provided with a large larval hook for boring ; the cesophagus
18 long and prolonged behind by the side of the intestine into a blind
esophageal sac: the intestine which occupies nearly the whole of the
body, since the reproductive organs are not yet present, gives off for-
wards a second blind sac, the blind intestine, which runs along by the
side of the cesophagus. The anus is near the tail, the latter ending in a

~small sharp spike. The brain is plainly seen as a broad band anteriorly

running round the esophagus, and just behind it is the excretory pore
from which can be traced the thin excretory duct. A large proportion
of the Sagitta brought in by the tow nets is infected with this nematode.

Two trematode larvee are also common in the local Sagitta, the larva
of Derogenes varicus (0. T. Miiller) and the larva of Pharyngora bacillaris
(Molin). Both of these inhahit common fish in their adult state.

Derogenes varicus is one of the commonest trematodes with a wide
distribution, and occurs in a number of different fish. Odhner (1906}
states that about a dozen and a half northern fish are recorded as its
hosts. Nicoll (1914) quotes twenty-eight different fish as its hosts from
the Channel, Coffus, various Gadide and a few Plemonectids are the
common hosts. It oceupies the stomach of these fish.

Levingen (1881) records the larval form of this trematode from Har-
mothoé imbricata, and finds the remains of this annelid in the stomach
of Cottus. It is very interesting to find the larva in the Sound inhabiting
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Sagitta, which looks as it Derogenes varicus had a different intermediate
ost in the open sea than it does near the shore.

" The larger larvee of Derogenes varicus which are found in Sagitia have
arly all the adult characters (Plate I, Fig. 2), and the smaller ones are
und in intermediate stages and are easily recognised. That we have
do with the true Derogenes varicus is placed beyond a doubt by the
ceurrence of a mature specimen in Sagitta which bears eggs (Plate T,
fig. 4). A parallel case is found in Echiurus pallasii (Greef, 1879) which
sontained a mature Distomuin, D. echiuri Greef, and other cases of
trematode larvee producing eggs have been recorded, although they are
are. The present specimen has only a few eggs, whereas in the ordinary
dult stage in a fish they are very numerous. :

A curious fact noticed is that all these larval Derogenes varicus are
eset with small spines, whereas it is a characteristic of the adult that
hough it has sometimes a wrinkling of the skin it is unarmed and
ually smooth. It is possible that these wrinkles may be the remains
the spines fused together. The gpines are specially distinct in the
unger specimens.

These larval Derogenes varicus are nearly always found in the region
of the ovary of Sagitta, and there is rarely more than one present in each
dividual, although one may be present at the same time as the larval
caris described above. -

- Pharyngora bacillaris (Molin), the second larval trematode found in
g‘itta, is a eommon parasite of the mackerel in its adult state, and has
en found in the whiting and also a few other fish, except in the whiting,
an immature state. Nicoll (1914) found many thousand of the im-
ture form in Cyclopterus lumpus. These had probably got in with
e food and would not come to maturity. The late cercaria stage of
18 worm was found frequently in- meduse (Lebour, 1916) and free in
e plankton (Nicoll, 1910). It was also found in ctenophores, so it is
idently not particular as to its intermediate host. Cercariee of all
ages were found in Sagitte occupying usually the region of the ovary,
18 the case with Derogenes varicus, but sometimes it is inside the
entary canal, which looks as if- Sagitta swallows it and afterwards it
grates through the intestinal wall into the region of the ovary. What
have no doubt is the free-swimming cercaria of this trematode was
d once in tow nettings on January 28th, 1916. Sagitta from the
me samples contained these cercariee without their tails, and it could
traced up to the ordinary Pharyngora late cercaria stage, such as was
md in the meduse and free in the plankton. The free-swimming
a is extremely interesting (Fig. 6). It is provided with a large
veral times the length of the body and armed with bunches of
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bristles placed at regular intervals and giving it the appearance of
n annelid. The tail is an efficient swimming organ, and the bristles no
oubt serve for keeping the whole animal floating. Two large kidney-
' ped black éyes are conspicuous, the oral sucker has the typical Pharyn-
ya form which is more like a pharynx in shape, the true pharynx
ading from it to a short cesophagus and intestinal cceca reaching to the
yd of the body. The whole body is covered with small spines. In the
yecimens inside Sagitta the eyes have begun to show diffuse pigment as
 the older specimens instead of its being in a thick black mass as in
free-swimming forni.

Neither Derogenes varicus nor Pharyngora bacillaris have been
und encysted, and it is presumed that the encvsted stage is
nitted as the cercarie develop in Sagitta and the other hosts
a late form which is ready to enter its final host. The first
which presumably is a mollusk is yet to be discovered for both
-~ these trematodes.

Two larval cestodes were also found in Sagifte from the Sound, one
h four suckers and one with none. These were not identified. It is
dent that we have in Sagitta an exceptionally good host for many
tes, and probably further investigation would be amply repaid.

]
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l’ost Larval Teleosteans collected near Plymouth
during the summer of 1914.

By

E. J. Allen, D.Sc,, F.R.8.,
Divector of the Phymouth Labovatory.

With 8 Figures in the Text.

Volume X, No. 2, of this Journal issued in June, 1914, Mr. R. 5.
k published an account of the post-larval fishes collected during
years 1906 to 1913 with the Petersen Young-fish Trawl in the neigh-
bourhood of Plymouth. Similar collections were continued regularly
mder Mr. Clark’s supervision, with the assistance of Mr. E. Ford and
. F. M. Gossen, from April to July, 1914, and two or three hauls were
de in August and September of that year. At the beginning of August
. Clark joined Sir Ernest Shackleton’s expedition to the Antarctic and
Plymouth in the * Endurance.” The young fishes had for the most
been picked out from the general material collected by the young-
h traw] by Messrs. Ford and Gossen, and it is this collection of voung
hes which forms the subject of the present report.
n drawing up the report I have followed closely the arrangement
opted by Mr. Clark for the earlier material, and it should be regarded
throughout as being supplementary to his paper (1914). For most
the important fishes I have given a monthly summary of the number
specimens captured during the whole period 1906 to 1914, which
udes both the figures given by Clark and those now added. The
lverage number of specimens taken per haul of the trawl has also been
given for each month. For many reasons, however, these averages cannot
claim any great degree of accuracy, but they are, I think, useful as giving
general idea of the relative frequency in the different months. The
owing sources of error must be borne in mind when drawing conclu-
ns frem the averages. The duration of the hauls has been in most
es twenty minutes, but there are a few instances where the time was
fifteen minutes and a few where it was thirty minutes. The error intro-
ced by regarding all the hauls as of equal daration will be so small
at it will hardly show in the average figures given. '
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A more important error will be caused by the fact that the hauls are
not distributed with any uniformity over the whole area. The great
majority were, however, made outside the 20-fathom line where the
conditions are moderately uniform, but in calculating the averages these
have not been separated from the hauls made nearer the shore and in
the bays.

Some of the hauls were made at the surface, some at midwater, and
some near the bottom, whilst some few are night hauls, which seem to
yield larger numbers, especially at the surface, than those made during
the day. These circumstances will all tend to diminish the accuracy of
the averages, but they do not, I think, destroy their more general signi-
ficance.

The number of hauls made in each month varies considerably, but
from May to September the totals are fairly large (Table II). The
number of hauls made in the different years for any given month, as
will be seen from the same table, varies so very much that it is not
possible to make reliable comparisons of the frequency of any species
from year to year.

Another source of error is introduced by the fact that the material of
which the young-fish trawl is constructed is not altogether satisfactory,
and the gize of the mesh often differs considerably in different samples,
so that even two new trawls may have different catching powers. With
use also the material shrinks badly, the meshes become smaller and the
amount of water filtered through the net (and hence the catching power)
is greatly diminighed. All these circumstances make the numerical results
approximate only.

Table T gives the list of stations at which hauls were made in 1914.
The Chart Area, to which each haul is assigned, is that shown on the
chart published in Clark’s Report (1914).




Explanation of abbreviations. §.=surface. M.

No. of haul.

V.
VI
VIL
VIIL(1)
VIIL.(2)
IX.(1)
IX.(3)
IX.(5)
e
XI.
@i
XIII.
XIILa
XIV.
XV.
XV
JoNAL
XVIIL.
XIX.
XX,
XXI.
XL,

Date.

29.iv.14

1

bEl

8.v.14

15.v.14

L}

19.v.14

ER]

22.v.14
25.v.14
3.vi.l4

bR

10.vi.14
11.vi.14

LR

Depth Durafion of

of

ERERrE | BEFPERREREREY

S.-M.
M.

M.-B.

haul in

capture. minutes.

20
20
20
25
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20

—midwater. B.=bottom. M H.=midnight haul (between 10

Locality.

Eddystone . by W. 4 miles
Rame N.E. by E. 4} miles
Rame N.E. 3} miles

Cawsand

Cawsand . g :
Bigbury Bay (west part) .
Bigbhury Bay (central) ;
Bigbury Bay (east of B. Island)
Eddystone N. by E. 5 miles
Eddystone N. 53 miles. M.H. .
Eddystone N. 6 miles. MH. .
Eddystone N. 6} miles. M.H. .
Eddystone 8.W. 3 miles .
Eddystone N. 4 miles. MH. .
Eddystone N. 4} miles. MR
Eddystone N. 5 miles. M.H.
Rame E. 4 miles

Rame E. 43 miles .

Rame E. 4} miles . :
Rame E. 7 miles. M.H. .
Rame E. 7 miles. M.H. .
Rame E. 7 miles. M.H. .

pm. &2a.m.).

Total depth ~ Chart
in fathoms, area.

28 8.

28 S,

23 .
£10 i 15
210 TsU:
. ca. 10 W.Y.
. ca. 14 Y
. ca.12-14 N
37 0.

38 R.

39 R.

39 Q.

28 S.
3536 R.

36 R.

37 R.

26 T

27 M.

27 M.

27 M.

27 M.

27 M.

HLAOWATI GVEN aULOETION SNVHLSOUTHL 'IVA}IV'I‘J‘SOJ-



No. of haul,

XXIIT.
XXIV.
XXV,
XXVL
XXVII.
XXVIII.
XXIX,
XXX.
XXXI.
XXXII.
XXXIIT.
XXXIV.
XXXV,
XXXVI.
XXXVII.
XXXVIII.
XXXIX,
XL1I.
XLII.
XLITI.
XLIV.
XLV.

Explanation of abbreviations,

Date,

11.vi.id4
16.vi.14

19.vi.14
24.vi.14

LR

26.vi.14
29.vi.14

2

- TABLE 1. LIST OF STATIONS.

N.=surface. M. =midwater.
Depth  Duration of

of haul in Loeality.
capture.  minntes,
B. 20 Rame E. 7 miles. M.H. .
B. 20 Between Penlee and Rame 1T cad
B. 20 Rame [. 1 L miles
‘B. 20 Rame E. 3 miles
M. 20 Rame . 5 miles

20 Off Rame Head 2 miles .

20 Off Rame Head 2 miles . .
20 Rame Head N. by E. 41 miles .
20 Eddystone 8.W. 2 miles |

20 Looe Island N.N.E. 5 miles

20 Looe Island N. by E. 5 miles
20 Eddystone 8.8.E. 41 miles

20 Eddystone W. by N. 1 mile

20 Eddystone N.N.W. 1 mile

20 Eddystone N. 21 miles

20 Eddystone N. by E. 3% miles
20 Eddystone N.E. by E. 31 miles
20 Stoke Point N.E. 4 miles ;
20 Stoke Point N.E. by N. 5 miles
20 Bolt Tail E. by N. 5 miles

20 Bolt Tail E.N,E. 6 miles .

PEFEEREYRERE A EE W

15 Eddystone S.8.W. 3 miles (Mosquito net yrr.)

Total depth
in fathoms,

27

: calh

22
23
27
29
15
11
28
29
28
29
28
23
32
35
37
36
24
27
25
31

B.=Dbottom. M.H.=midnight haul (between 10 pm. &2a.m.).

Chart
area,

NNHHREER g g nranzaES

Explanation of abbreviations. S.—=surface. M. —midwater. B.—bottom. M.H. =midnight haul (between 10 p.m. &2 a.m.).

Depth  Duration of
of haul in

No. of haul'.

XLVIL
XLVII.
XLVIIL
XLIX.
L.

LI.
LII.
LITT.
LIV.
LVv.
LN
LVII.
LVIIL.
LIX.
LX.
LXI.
LXII.
LXITII.
LT
LXV.
LXVL
LXVIL

Date.

2.vii.14

15.vii. 14

16.vii.14
22.vii.14

L

Locality.

Total depth  Chart

in fathoms, area.
B CrlePrsNE s E 31 =
S. 20 Prawle Point N.E. by N. 2 miles. M.H. 3'1_ —
M. 20 Start Point N.E. 2 miles . . ' 27 —
M.-B. 20 Start Point N.N.E. 2 miles. M.H. 532 ;
B 20 Rame N.N.W-: 1 mile 20 T.
B 20 Rame N.N.W. 1} miles 25 T.
M. 20 Rame N.W. by N. 21 miles 24 . i]
B 20 Cawsand Bay. ; Lil: L :
5. 20 Looe Is. W.N.W. L mile . 1.()) M
M. 20 Looe Is. N.W. 1 mile . M.
B. 20 Looe Is. NNN.W. 2 miles . - M.
B. 20 Looe Ts. N. 2 miles 1 T.
M. 20 Rame Hd. E. by S. 2 miles 2 T.
M. 20 Rame K. 4 miles. M.H. . 26 T‘
M. 20 Rame E. 4 miles. M.H. . 26 M.
B. T20 Rame K. 6 miles 3? M.
B. 20 Rame . 7T miles . : 7 . U
B. 20~ Cawsand Bay : : . : 210 ; T s
2% 20 Between Penlee and Rame Bottom . 10-12 . U
. B 20 Whitsands K. £10 I .
M. 20 Whitsands W. 210 S;
M. 20 Eddystone E. 14 mileg 32 :

(5]
—
=]

‘NATIV ' 'H

1 -L80d
"HLAOWATI dVAN TELOATION SNVELSOATIL TVATVI-LE

T1E



TABLE I. LIST OF STATIONS. :”3
Explanation of abbreviations. S.=surface. M=midwater. B.=bottom. M.H.=midnight haul (between 10 p.m. & 2 a.m.).
No. of haul. Date. D?fth Dulll‘;::f?nﬁ Locality. ':1[.; t;;tﬁgﬁltsh E?gt
capture, minutes, i
LXVIII.  22.vii.l4 B. 20 Eddystone N.E. 4 miles . ; : ; : ; 37 R;
LXIX. 5 S. 20 Eddystone N.E. by N. 6 miles . : - : : 38 Q.
LXX. W M 20 Eddystone N.E. by N. 6 miles . ; ; ; 38 Q.
LXXIL i B. 20 Eddystone N. by E. 6 miles (Mosquito net) ; ; 38 Q.
LXXII. 5 B: 20 hddystone N. by E. 6 miles (Mosquito net) : ; 38 Q.
LXXIII.  29.vii.l4 M. 20 Eddystone 8. } mile . . . . ! . 20 S.
LXXIV. = M. 20 Eddystone S.E. by E. } mile . . . . . 20 S. 2
LXXV. . B. 20 Eddystone N.E. by N.  mile . . : . y 25 . &
LXXVI. . M. 20 Eddystone N. 2 miles . . . . . . 35 R. b
LXXVII. . B. 20 Eddystone N. by W. 2 miles . : . . . 35 R. g
LXXVIII. . M. 20 Eddystone S.W. 41 miles. : : : : . 28 S. 5
LXXX. - M. 20 Whitsand Bay E. . . . . . . . 210 T-11.
LXXXI. o M. 20 Whitsand Bay E. . . . ! . . . 210 f 15
LXXXII. . M. 20 Whitsand Bay W. . . . . . . 210 I
LXXXIII. . B. 20 Rame E. by 8. 3} mllcs . . . . . 23 11
LXXXIV. o B. 20 Rame E. by 8. 4 mlles (Mosquito net) . . . 23 T
LXXXV. 12.viii.14 M. 20 Rame E. by N. 5 miles . : . : X : 27 M.
LXXXVI. ' B-M. 20 Rame E. by N. 4 miles . : . A . . 26 T
LXXXVII. 4.ix.14 M. 30 Off Penlee . . . . . . . . ca. 12 d 1
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‘Table II, showing the Number of Hauls made with the Young-fish
awl in each month for each of the years from 1906 to 1914 in which
vestigations were carried on.

MontHLY NUMBER oF HAuLs.
1906, 1907, 1808. 1900, 1013, 1914, Total.

- 2 - - — - 2

- 2 — 2 - 3 T

8 = 4 5 — 13 30

b 10 2 31 12 23 28 106
4 1 4 10 9 29 38 94
ugust . o e g L BB BB
eptember T B B o R 1 1 8
October 1 — —= — 13 = 14
‘November ; == e e e o N 9

CLUPEID A.

n the previous years the Clupeide show a very marked maximum
uency in May and the first half of June. A considerable number of
cimens have been stained and the vertebrse counted. TIn all cases
e have proved to be sprats, and there seems no doubt that the sprat
stitutes by far the greater proportion of the specimens taken during
months in which the 1914 material was collected. This is rendered
probable by the fact that the abundance of black pigment in the
hbourhood of the anus, which Ehrenbaum considers to be one of
distinguishing characters of post-larval sprats, was observed in
y all the specimens examined. Unfortunately in the present state
ur knowledge of the early stages of the different species of Clupea,
detection of a few specimens of (. harengus or C. pﬂo?a.ardus amongst
]arge quantities of C. sprattus which are caught in the young-fish
1 is from a practical point of view impossible, the labour involved
ing and counting the vertebre of so many specimens being

gether out of proportion to the value of the information which would
ined.

SERTES.—VOL., XI. No, 2. MAv, 1917. #
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No. of haul,

Vi

VI.

VII.

VIIL (1

VIII. (2

IX. (1

IX. (3

T ()
XI.
XII.
XITII.
XIV.
XV,
XVI.
XVIIL
XVIIL.
XIX.
XX.
XXII.
XXIII.
XXIV,
XXV,
XXVI.
XXVII.
XXIX.
XXXIL.
XXXII.
XXXIV.
XXXV,
XXXVI.
XXXVIL
XXXVIIL
XXXIX.
XLIIL
XLIIT.
XLIV.
XLV.
ST

)
)
)
)

E. J, ALLEN.

No. of haul.
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TABLE IIL. (continued).

TABLE IIL
REecorDp or CrLuPEas sp.
Date. Depth. No.
29.iv.14 B. 74
. M. 13
» 8. 62
8.v.14 M. Very many
i M. 220
15.v.14 M. H4
S. 5]
. B. 80
19.v.14 S. 1
" . 460
5 M. 406
25.v.14 M. Very many
5 S Many thousands
” S. . .
3.vi. 14 B. 218
. B. 415
» M. 195
103114 S.-M. Very many
11.vi.14 M.-B. s ,,
. B. 80
16.vi.14 B. 7
o B. 9
i B T
G M. 34
17.vi.14 B. 5
7 M. )
5 S, 65
19.vi.14 M. 3
. M. 10
24.vi. 14 B. 10
5 B. 11
., M. 26
» 8. 10
29.vi.14 B. 2
” B. 6
,, M. 4
= 8. 1
2.vii.14 M.-B 71

I
Size in mm. LI
7-165 LIL
5-6-11-5 .
L LITI.
9-5-25 LTIQ;
9-5-24 i
i LVL
12-165 LVI{
LVIII.
6-24
. |G
6-2-20 e
o X1
higo X1,
LXVIL.
e LXVIIL.
6-7-18:5 g1
6-1-185 g
g XTI
10-5-28 e Y.
LXXVII.
" BUXXVIII.
2 B XXXIII.
. Byl ;
e
b LXXXVIL.
11-6-20
14-24
11-5-23-5
11-5-25
82-13
7-9-20-5
7-7-14'5
7.5-19 fathoms.
7-16
7.5-20
10-13 No. of Laul,
9-13 BRI
9-5-11-5 LXTV.
95 LXXX.
11-5-355 e

Date, Depth.

6.vii. 14 B.
5 B.

% M.

i B.
9.vii. 14 S.
- M.

- B.

. B.

) M.
15.vit. 14 M.
% M.
16.vii. 14 B.
" B.
22.vi.14 M.
5 B.

. S.

. M.
29.vii. 14 M.
5 B

. B.

" M.

B.

bt e
ﬁy\-ﬁ

4.1x.14

SYNGNATHIDAZ.

Z

LD = b0 W~ —~ W 3o

Size in mm,
13-28 ca.
11-5-19
12-21
19
13-5-24
15-16:5
17-19
20
19-5-22
13-26

[ oo o OO

o =T o OO
‘|—‘

[ -

Stk

— | I ]

-1 o L
o

e
LS = = bD = = o =]
Hl=]

7
—

-1

1SV
L3
=

~ Only six specimens belonging to this family are present in the material,

small number being due to the fact that most of the hauls were

ade at considerable distances from the shore.

The four hauls in which

v oceurred were made between Penlee and Rame Head and in Whit-
d Bay, the total depth of water being in all case$ not greater than

TABLE IV.

RECoRD OF SYNGNATHUS ROSTELLATUS.

Date, Depth.
17.vi.14
22 .vii.14
29.vii. 14

2

EEwEE

No. Size in mm,
1 265
1 17-5
2 23-30-5
2 - 35-52
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No. of haul. Date. Depth. No. Size in mm,
AMMODYTIDZE. LI. 6.vii. 14 B. 2 12-5-18-5
) LII 5 M. 3 23 ca.
All the specimens of Ammodytes appear to belong to the same species, LIV, 9 vii.14 S 1 185
which is probably A. lanceolatus, though as Clark (1914) points out, 1t LVI . B 9 19175
is difficult to distinguish between the young stages of A. lanceolatus and LVIL ) B. 1 e
A. tobtanus. Table V. gives the records for 1914, whilst Table VL. gives LIX.  15.viil4 M . 10-16
the monthly totals and averages per haul for all the years 1906-1914 for LX. . M. 8 19-93-5
which records exist. The average shows a gradual rise to a maximum ixt iy B. 5 13-7-30
in August and then a sudden drop (cf. Clark (1914), p. 340). 1.XIT. . B. 5 15-19-5
LXVI. 22.vii14 M. 1 12
TABLE V. LXVII. . M. 8 8-12:5
LXVIIIL. . B. 16 7-14-8
RECORD OF AMMODYTES SP. LXIX. . S, 3 9-13
No, of haul. Date, Depth. No. Size in mm. LXXIII. 29 vii. 14 M. P 18-15
VL. . M. ! 20 LXXYV. . B 13 65-158
VII. 5 8. 1 922.6
IX. 15.v.14 B. 2 i TABLE VI.
XII. 19.v.14 5. 2 12-6, 19
XT11. . M 1 m AMMODYTES SP.
XII1. 22.v.14 1 14 Number of " . ’
X1V, 25.v.14 M. 2 75,8 Month, To?f]l]:::;!l];] v “]'ifig‘}fi:}?e Lu;rgbel Size in mm, ﬁa;ﬁgﬁ
XVI. . . 2 6-11-5 1906-1914. i%i?li:: specimens. per haul.
XVIL  3.vild B. 10 9-18 March . . . 2 1 1 85 05
XVIIIL i B. 14 56, 12-3-18 April : ; 7 6 14 6-5-29 9
XXI. 11,vi.14 M. 1 10-6 May : . .30 11 32 6-29 1-07
XXII.  11.vil4 M.-B. 1 75 June : . . 106 49 247 5:H-104  2-3
XXVI. 16.vi.14 B. 4 8:5-10-H July s : .9 52 420 5-30 4-5
XXVII. W M. 1 8 ca. August . : g B 46 506 4525 6-7
XXX.  17.vil4 M. 3 9-23 September .. 8 12 14 55-24 016
XXXI. . M. 1 8 ca. October . | .14 0 0
XXXII. 5 8. 1 125 November : ; 9 0 0
XXXIII.  19.vi.14 M. 1 205 _
XXX1V, . M. 1 13 ; GADID .
XXXV, > M. 7 7:6-12:6 Gadus pollachius L. . merlangus L. 6. minutus O. F. Miiller,
XXXVII. 24vi14 B. 4 6-15-H a4 L
XXXVIII, » M 5 5:5-15 ~ Table VII. gives the records of the above species for 1914, whilst
XXXIX. » S. 1 10 - Tables VIII. to XI.show the monthly totals and averages of all the records
XLVL  2.vii.l4 S. ! 12:5 - from 1906-1914. The few specimens of (. pollachius taken in 1914 were
XLVIIL . M. 2 9-13 - nearly all taken in April and the first half of May. The maximum
L. ; 6.vii.14 B. 9 11-24 - frequency for the whole period is in March and April. For the whiting
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(6. merlangus) the maximum is in May, whilst in June specimens of the
sizes captured by the young-fish trawl are still fairly numerous. May
also shows a distinet maximum for (. luscus and G. minulus. Specimens
of all thesz gadoids are very infrequent in hauls taken after June.

TABLE VIIL.

(ADUS POLLACHTUS,

Number of
Total number hauls in -~ Number Average
Month. of hauls which the of Size in mm.  nmnber
TABLE VIL 1906-1914.  species  specimens. per haul.
acenrs,
Recorp or (GADUS sP. March . . ) 2 9 23 3.5 11-5
G, pollachius, G, merlangus, ” G, lusens, \G. r;l_iullhiﬁ. Ap]fll 4 i ; 7 4 46 3:5-16-H 6-6
No. of haul, Date. Depth,  No, Sizeinmm, No, Sizeinmm. No. Sizeinmm. No. Sizeinmm. 9 = :
V. 20iva4 B 9 6-165 2 665 — . 6 7-14 May . . .30 Ej 21 B 22 0-7
VI . M. e vy e oA g — 2 7-5-10:5 June % ; . 106 o) 20 56-42 0-2
VIL % S. 7 6513 — — -  — = — July , : . 2 2 6-7-2 0-01
VIIL(2) 8. v.14 M. s — 1 7 i - 1 80
IX.(1) 15.v.14 M. 4 8-10 103 5-5-11-5 — — — —
IX(3 . 8, 6 7595 5 85102 — — — — TABLE IX,
IX.(5) ., B. —  — 211 6515 4 68 1 75
X, 19wv.14 M. — — 10 616 — — — — (JADUS MERLANGUS.
XT. . S, 3 559 1 65 S 2 79 .
o1 ? : 61 s 5 3 5d-19 umber o

:\11- o 5. kool B u._,& - Ij{q i’ ]}: ff ]1 5 3 Total number hauls in ~ Number Average

XITL . Mo — = 8  5:5-8 fi s L ded Month. of hauls  which the of Size in mm.  number

XIV. 25.v.14 M e —_ 21 72-14 11 6:5-16 34 6:5-16 1906-1914. species  specimens, per haul.

XV, . S — — 4 8-13 2 885 23 6714 : oceurs,

NVl 8§ — 14 5518 G 78127 80 617 March 9 1 9 34 1
L Bt B N S T ST
o M e b ol Bl ww oses  aesiad May R 241009 4-18 336

XX. 10.vil4 S-M. — - - = 1 93 - = June . : . 106 66 584 3-40 55

XXI. 1wvild M. — — 3 8595 1 05 @ — @ — July ) ' Y 10 99 6-52-5 0-2
XXII. " MoB —  — 1 85 . — 3 6-5-177 A :

XXTIT. ) B e SV o 1 7 8§ 76-10 ugust . . . 5 1 1 62 0-01
XXV, 16.vild B. — — 1 G — = — i
NXVIL . B, — — 4 6216 — e o —
XXVIIL " B, — @ — 1 11 = =y ms s TABLE X.
XXX, 17.vi. 14 M. 1 St 2  8-1345 —_ — —_ —
TR ; . ki d s o o o (GADUS LUSCUS,
XXXVL 24vild B, — S 1 14 = ts = =3 Number of
NXXVIL . B o — e 2 = = 1 18 Total number hauls in ~ Number Average
XXXVIIL o M. — —- 2 11-11-5 2 5355 — — Month. of hauls  which the of Size in mmn.  number

XLI 26 vild . o o hE = e i 25 11-28 1906-1914. ilotiif:f specimens. per haul.
XLIV. 29.vi.l4 M. - — 1 19 - — e T March 9 0 o . =
XLVI. 2viild 8 — — 2 2281 1 1c2 — e April ‘

LV. Owild M -- =— 1 T8 — — — (U pri : e 3 3 55T 04
LXVIL vl M 1 72— = == <o May . D 8 44 5-16 15
TR o B SFSibaa 1 RR 106 18 15 4-9:5 0-14
e B g ‘ D 1 1 10-2 0-01
o R e s e s

September : Laeh b 5 4-8 0-06
_ October . Sitinio s 14 4 5 3-4-4.9 0-36
~ November e 1 1 31 0-1
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TABLE XI.
GADUS MINUTUS.
Number of
Total number hauls in ~ Number
Month, of hanls  which the of
1906-1914. species  specimens.
oCenrs,
March 2 2 14
April 7 3 il
May : : ; 30 16 405
June . : . 106 16 116
July . . .0 5 5]
GADIDA.

Molva molva L.

Average
Size in mm.  number
per haul.
451 7
7-18 1-6
4-17 135
5-48 1-1
8:6-H4 005

During the period 1906-13, eight post-larval specimens of Molva

molva were taken in May and twenty-two in June.

TABLE XII.
Recorp or Morva morva L.
No. of haul. Date. Depth. No.
XII. 19.v.14 S, 1
XVI. 25.v.14 S, 2
XVIL 3.vi 14 B. 1
XXII. 11.vi.l4 M. 2
XXVIIIL. 16.vi.14 B. 1
XXXVIII 24.vi. 14 M. 1
XLIV. 29.vi. 14 M. 1
GADIDZE.

Raniceps raninus L.

The single specim
at the end of July. Previous recor
Plymouth are all due to Clark who o
and September, 1913.

Size in mm.
10-3
86-11
8
8-H-10-5
86
12-5
10 ca.
20 ca.

en of the lesser forkbeard taken in 1914 was obtained
ds of post-larve of the species at
btained eight specimens in August
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No. of haul.

LXXIIT.

TABLE XIII
Recorp oF RaNicEps RANINUS L.
Date. Depth. No.
29.vii.14 M. 1
GADID .

Onos mustelus 1.

Size in mmn

8

221

All the post-larval rocklings have been identified as O. mustelus.

TABLE XIV.
Recorp or ONos MUSTELUS L.
No. of haul, Date. Depth. Nuo.
V. 29iv.14 B 2
VII. . S, 6
IX. (1) 15.v.14 M. 3
IX.(3) S 1
I1X.(5) . B. ik
X. 19.v.14 M. 5
XIT. 5 S, 3
XIII. i M. 5}
XTV. 25.v.14 M. 7
XV. . .\ S, b
3 XVL o S, 14
5 XVIII. 3.vi. 14 B. 2
' XIX. . M. 1
XXI. 11.vi.14 M. 1
XXII. o M.-B. 1
XXIV. 16.vi. 14 B. 3
XXXI. 17.vi. 14 M. 2
XXXII. - S, 2
XXXVIII. 24.vil4 M. 3
XXXIX. S S. 1
XLVI. 2.vii. 14 S. 2
XLVIII. e M. il
XLIX. & M.-B. 1
LIX. 15.vii. 14 M. 2
E LX. LR M. 4
3 LXXIII. 29.vii.1l4 M. 1

" The differences between the species are not, however, very well defined,
~ and it is possible that a few of the specimens may belong to O. tricirratus
- Bl or to O. cimbrius L.

Size in mm,

4-8-85
4-5-6-5
6-6-7-3
6-D

6
54-10
6:1-11
5-85
5-16
6-15-6
6-5-15-
7-75
6-8

31

285
7-25
52

55
53-6:5
65
6-3-8-5

9-8
8-8-31
12-32
7-5

b
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TABLE XYV.

ONOS MUSTELUS,

Numberof -
Total number hauls in -~ Number Average
Month. of hauls which the of Size in mm, number
1906-1914. species  specimens, per hanl.
GUCNTs,

April . . : 7 3 9 4:5-8:5 13

May . ; : ciy, 400 10 45 5-16 15

June s b . 106 29 46 2-7-31 0-4

T R e 14 19 4232 02
August .. i 5D 1 I 49 0-01
September . ; ixieee B0 1 1 8 0-01

SERRANID A,

Roccus labrax 1. (= Labrax lupus Cuv.)
One specimen of a larval bass 6 mm. long was obtained in Haul IX. (1),
a midwater haul made in the west part of Bigbury Bay on May 15th,
1914. It is well represented by Raffaele’s figure (1888 Tav. IV. Fig. 2),
which is reproduced by Ehrenbaum in Nordisches Plankton (1905) as
Fig. 7.d. '
LABRID .

Labrus bergylta Asc.  Labrus mixtus L.  Ctenolabrus rupestris L.

Young stages of wrasse belonging to three different species occur in
the material, but there is some slight doubt as to their correct specific
determination. The most numerous of the forms is the one in which
the body and the greater part of the tail is covered with many black
stellate chromatophores, which, however, cease more or less abruptly
behind the anal fin, leaving the hinder end of the tail unpigmented.
This form has been figured by Danois (1918, p. 155) and there seems no

reason to doubt that he has identified it correctly as L. bergylta. Holt's

figure (1899, Pl. V. Fig. 49) is probably the same species, Ehrenbaum
(1905, p. 7) having already pointed out that it certainly is not Ctenolabrus
rupestris as Holt has named it. The just hatched larva of L. bergylia
was described by Matthews (1887), and it is not improbable that the
larva described by Hefford (1910, Pl I. Figs. 8 and 8a) as L. mixlus
also belongs here. In the present records, as well as in those by Clark

(1914), all the specimens in which the body is deeply pigmented, but E
the hinder portion of the tail is quite free from pigment, have been 3

regarded as Labrus bergylta.

A second form is Ctenolabrus rupestris. This is well figured by Ehren-
baum (1905, p. 8). The body is free from pigment excepting for a large
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jpost—anal black chromatophore on the body at the hinder end of the
‘anal fin, and one or two chromatophores at the root of the caudal fin.
~see no reason to question Ehrenbaum’s identification, which is also
epted by Clark.

- The third form, of which I give an illustration in Fig. 1, kindly made
me by Mr. E. Ford, has occurred not infrequently in the 1914 material.
he distribution of the chromatophores is very constant and characteristic..
‘On the dorsal edge of the body, at the base of the dorsal fin, there are on
ach side five large black chromatophores which remain in specimens
reserved in formalin.  One of these, the smallest, lies beneath the
nterior end of the dorsal fin, followed by two large ones near the middle
f the fin, and finally a pair close together near its hinder end. On the
t-anal, ventral edge of the body there is a large chromatophore a
ttle way behind the anus, and two more near the posterior end of the
I fin. A single black chromatophore can generally be seen at the-

Fra. L—~Labrus mixtus L. Length 10 mm. July 2nd, 1914,

e of the caudal fin. In the anterior part of the fish there are two or-
iree large chromatophores on the top of the head, a row of small ones.
1 the mandible, two or three on the ventral edge of the abdomen, and
e fairly large one immediately in front of the anus. A line of pigment
Xtends along the dorsal side of the abdominal cavity, extending nearly
the anus. The number of vertebrae is 38 or 39, rays of dorsal fin 30
"'3-1, of anal fin 14 or 15. These numerical characters agree completely
With those given by Day for Labrus miastus, and amongst the British
ridee the only other species in which the number of vertebre is so
18 Labrus bergylia, the young stage of which seems to be satisfactorily
HOWn. I have little hesitation therefore in regarding Labrus miztus as.
€ Proper name to give to the form we are considering. If that be so
e larva described by Hefford (1910) is probably L. bergylta and not L.
us as he was inclined to think.

Post-larval stages of Labrus bergylta are most numerous in June
July, a few were taken in May and August, whilst in September they
Practically disappear from the young-fish trawl material. Ctenolabrus
"Upestris was most abundant in July. In 1914, the only year for which
pecies is recorded, Labrus mixtus was distinctly earlier in appearance-
C'. rupestris and was most abundant in June. 15353 :




No. of haul.

IX.(1)
X.
XIIL
XTI11.
XIV.
XV.
XVI.
XVIIL
XVIII.
XIX.
XX.
XXII
XXIIT.
XXI1V.
XXV.
XXVI.
XXVII
RXIX.
XXX.
NXXIV.
XXXVI.
XXXVIIL
XXXVIIL
XLIIL
XLVIL
XLVIL
XLVIIIL
XLIX.
L.
LI
LIL
LIV.
LY.
LVI.
LIX.
LXI.
LXIL
LXIII.
LXTV.
LXVIIL
LXIX.
LXXIIIL
LXXIV.
LXXYV.
LXXX.
LXXXV.
LXXXVI

Date,
15.v.14
19.v.14

1hvil4
11.vi.14

.

16.vi.14

113

17.vi. 14

19.vi. 14
24.vi. 14
20.vi.14
2.vii. 14

6.vii. 14
9.vii. 14
15.vii 14
16.vii.14
29, vii. 14

»

20.vii, 14

i

12.viii. 14

2
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TABLE XVIL

Recorp oF LABRUS sp.

Labrus bergylta.

Depth, No,  Size in mm, No.
M. t 5-8-7-3 e
M. 1 6-5 —
S, — — 1
M. 1 6 e
M. 3 5-6-6G-3 2
S. + 5-2-6-5 =k
S, - — 1
B. 13 5:3-T7-5 1
3. 1] Lz e
M. 1 G-5 s

S.-M. —- - 2

M.-B. — — 1
B. —— — 1
B. 1 55 et
B. 1 5.5 |
B. 1 6 2
M. 2 G-7-5 —
B. 3 637
M. 1 G35 1
M. 1 7.4 -
B. - — 1
B. - — —_
M. s = =
B. _— e
S, 1 8-3 2
S. — 2
M. 1 57 —

M.-B. 2 4-5-5-7 1
B. 2 556D =t
B. 11 4256
M. 1 53 st
S, 10 5:7-6-5 —
M. 12 4-5-7 =
B. 1 5 ca.

M. 2 7-8 —
B. 1 7 e
B. 1 T s
B. 1 66 S
B. 1 8 —_—
B. —_ — 2
S_ — —
M. 1 G e
M. — — -~
B. = —_ —
M. 1 8 —
M. il 7-5 ot
B.-M. 3 9510 e

Labrus mixtus.

Rize in mm

1]
—

Ctenolabrus
rupestris,

No.

ize in mm,

96

June.

- Month,

~ June .
' July

August

¢ 1914 material.
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TABLE XVII.

LABRUS BERGYLTA.

Number of
Total number  hauls in -~ Number Average
of hauls  which the of Size in mm, number
1906-1914, species  specimens. per haul,
eeurs,
30 8 26 4-5-7+5 0-87
106 42 240  3-25-24 2-2
94 49 348 3-20 37
75 19 29 3-10 0-38
85 1 1 45 0-01
TABLE XVIII.
LABRUS MIXTUS.
(1914 only.)
Number of
Total number hauls in -~ Number Average
of hauls  which the of Size in mm. number
1914 only. species  specimens. per haul.
oceurs.
13 3 4 6-6-8-3 0-31
28 8 10 6-5-9-2 0-36
38 3 7 7-10 0-18
TABLE XIX,

CTENOLABRUS RUPESTRIS,
Number of

Total number hauls in Number Average
of hauls  which the of Size in mm. number
1906-1914. species  specimens. per haul.
oceurs,

106 14 39 3:8-9-8 0-37

94 30 131 4-10 14
5 8 13 55-9 0-17

CARANGIDE.

Claranz trachurus L.

~ Only one specimen of the scad or horse mackerel is recorded amongst
This was 23-5 mm. long, with most of the adult
characters developed, and was taken in Haul LXXXVII. at midwater
off Penlee Point on September 4th.
ark (1914, p. 348) are all for July, August and September.

The previous records given by
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]
Lo

SCOMBRIDZE.

Seomber scomber L.

Perhaps the most interesting feature in the material collected with
the young-fish trawl in 1914 is the abundance of young stages of the
mackerel, which were far more numerous than in any of the previcus
years for which records are available, though a number of specimens
were taken by Hefford (see Clark, 1914, p. 349) in June, 1906, and June,

Number

o ,

25\

20

15

56 78 g9 o2t

/.J

Si}e, 5 67 8 g0 120m

ma? 25 fr?/ame M. /a/ne/ 1ot G 27@.{7/4‘

Fras 2.—Frequency curve of young mackerel from Hauls X1V.~XIX., caught on May 25th
and June 3rd, 1914,

F1i. 3.—Frequency curve of young mackerel from Hauls XX, -XLV., caught June 10th
to 29th, 1914.

1908. These young stages were first taken on May 25th, when 22, 29
and 32 specimens were captured respectively in three successive haulg. ;
The numl ers were still considerable in the hauls on June 3rd. -Aftel'...

that date they hecame less, but the young fish remained in the catches
throughout June, whilst isolated specimens were captured in July.

The individual fishes were measured, and the results to the nearest
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f, mm, are recorded in Table XX. Figs. 2 and 3 show in graphic form
Be length frequencies at each successive half-millimetre for two groups

hauls, the first group comprising XIV.-XIX., taken on May 25th
2d June 3rd, the second group comprising 16 hauls in which specimens
(;,curred from Haul XX. to Haul XLV., taken between June 10th and
th. The first group (Fig. 2) shows a definite mode at 6-5 mm. and the

Fra. 5.—Scomber scomber L. Length 9 mm. May 25th, 1914.

Fia. 7.—Scomber scomber 1., Length 16 mm. ca. July 22nd, 1914.

ithmetic mean is 7-15 mm. The second group (Fig. 3) has two modes,
ne at 6:5 mm. and another at 9-5 mm., whilst the arithmetic mean is
‘8 mm. It is probable that the mode at 9-5 in the second group (Fig. 3)
-duejto the group of fish found in the earlier hauls and represented in
ig. 2, which then showed a mode at 6:5 mm. This would indicate a
owth of 3 mm. in three weeks. If this interpretation be correct then
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as being due to the offspring of a second shoal of spawning fish appearing
some three weeks later than the one whose oflspring are represented in
Fig. 2. A more detailed analysis of the figures by taking five groups of
hauls instead of two, namely, (1) XIV., XV., XVI.,, (2) XVII., XVIII.,
XIX., (3) XX., XXI., XXII., XXIII., (4) XXIV.-XXXVIIIL, (5) XLIIIL.,
XLIV., XLV., and noting that the fifth group comprises hauls taken
more to the eastward, that is in the direction of the general Channel
drift, than the hauls of groups (1) and (2) confirms the view just
expressed, though I have not thought it necessary to reproduce the five
curves here, the numbers of fish in each group being rather small.

In Figs. 4-T are given four drawings made by Mr. E. Ford, representing
four different stages in the growth of these young mackerel. In these
drawings the characteristic distribution of the black pigment, the larval
teeth, and the other characters by means of which the species can be
distinguished are well shown.

TABLE XX.
RECORD OF SCOMBER SCOMBER.*

No. of hanl, Date, Depth,  No. Sizes in mm.
XI1V. 25.v.14 M. 22 2ath,1athh,Tat6,6at 65,
Jat 7, 1 at 7-5, 1 at 8, 1 at 85.
XV. 25.v.14 S. 29 lat5b,2at6,8at65,5atT,
4at7h,2at8 4at8b,2at9,
1 at 10.
XVI. 25.v.14 S. 32 lath 7 at6,8at 65 5at7,
3at 75,1 at8 4at85,1at9,
_ 1 at 10, 1 at 115,
XVII. 3.vi. 14 e 21 1 at 55,1 at6,8at65,6at’,
Jat 75, 2 at 8.
XVIII. J.vi.l4 B. 10 1at6,3at6:5,3at7, 2atTh,
1 at 9:5.

5
5
)

XIX. 3.vi.l4 M. 3 lat7,1at 75,1 at85.
XX, 10.vil4 S-M. 3 lat7,1at8,1atl125.
XXI. 11.vidl4 M. 3 1at85,1at9, 1at 10-5.
XXII. 11.vi.l4 M.-B. 4 1 at 7-5,2at 11,1 at 12.
XXIII. 11.vil4  B. 4 1at9, 2at 105, 1 at 11.
XXIV. 16.vi.14  B. 1 1 at 6-5.
XXVI. 16.vi.14 B. 2 1 at 85, 1 at 9-5.
XXVII. 16.vi.14 M. 7 lath,1at6, 2at9, 2at9b,
1 at 10.
XXXI. 17.vild M, 2 1 ath, 1 at 85.
XOCEE il Gl o8 2 1at8,1at9.

* Measurements to the nearest -5 mm.
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TABLE XX. (continued).

No. of haul. Date. Depth. No, Sizes in mm.
NXXIIL  19.vi.l4 M. 1 1 at 12-5.

XXXIV. 19.vi.l4 AL 1 1 at 6-5.

XXXVI. 24vil4 B. 1 1atT.

| XXXVIL 24vild B. 1 latT.
.\ XXXVIIL. 24vil4 M. 11 lat6,4at65,2at7 1at 75,

1lat8& 1at85,1at95.

XLITI. 29.vi.l4 B. 2 1at85,1at95h.
XLIV. 29.vil4 M. 3 1at65,2at95.
XLV. 29.vild S 12 1at85,2at9,2at9.5,4at 10,
2 at 10-5, 1 at 12.
E LX. 15.vii.14 M. 1 1at95h.
. LXVIIL. 22viil4 B, 1 1at16.
LXIX. 22.viil4 S 1 at 8-5.
ZEIDAE.

Zeus faber L.
~ One specimen only, 12 mm. long, was taken, this being found in

~ Haul LXXXIV., a bottom haul made on July 29th, 1914. For 1913

Clark (1914) has recorded a number of specimens in August and
September.

PLEURONECTID A.
Pleuronectes limanda L.

Post-larval dates are exceptionally well represented in the 1914
material. Already at the end of April when the collection began 29

- and 37 specimens were obtained in one haul. The maximum abundance

was reached in May, and in three hauls taken off the Hddystone on

- May 25th, 290, 276, and 508 individuals were captured. It is worth

noting that these three hauls were taken during the dark hours of the
night, between 10.25 p.m. and midnight. During June the numbers
obtained fell off rapidly and after the 2nd July no more specimens were

- obtained. During June also the most prolific hauls were made at night.

The details of the captures for 1914 are shown in Table XXI., whilst
Table XXII. gives monthly summaries of the hauls made during the
period 1906-14.

Pleuronectes microcephalus Donov.

) Although no young merry-soles were taken until May 15th the captures
reached a maximum before the end of that month, falling off during
s Q
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June and July, when chiefly the larger sizes were taken. The figures

3 TABLE XXI. (continued).
for 1914 are given in Table XXI., and the monthly summaries for 1906-14

No of P. limanda. P. microcephalus,
in Table XXIII. Haul. Date. Depth. No. Size in mm. No. Size in mm,
The species is more abundant in hauls taken beyond the 20-fathom XLVIII. 2.vii.14 M. 3 155-16 3 9-18:5
line. In Table XXIII. this is shown by the figures given for the month f_Jf XLIX. " M.-B. 2 15-5-166 — =
May. The average number of individuals per haul for all the haulss. is LVIL 9.vii.l4  B. et - -2 92.115
6-6, whilst the average for the hauls at and beyond the 20-fathom line LVIL i B. - - 9 9-9-5
is 12:2, B LXVIII. 22.vii.14  B. —- —- 1 8
.~ LXXVIII.  29.viil4 M. — - 1 8
TABLE XXI. '
- Pleuwronectes flesus L. occurred in the following hauls :—V. 1 spec.
: PLEURONECTES SP. ] .
frcomn o e . P milorocenhialis 7 mm., VII. 3 spees, 6:5-85 mm., VIIL. (1) 2 specs. 885 mm., VIII,
gi.“ff o b No.P' ln:ia.:ld; . Ra  Bise i mm, (2) 2 specs. 8-85 mm., IX. (1) 1 spec. 9 mm.,, IX. (2) 33 specs,
Y. 29.1v.14 B. 36 55-11-6 — = 55-10"56 mm.
VI. % M. 29 4:5-9-2 — —_ b
VII. 5 S. 6 55-106 — — TABLE XXII.
VIIL.(2) . M. 3 6-2-8:5 — —= i
IX(5) 15v.14 B. 23 5.12:6 3 95112 PLEURONECTES LIMANDA.
: rd = Number of
X. 19.v. 14 M. 5 8:5-14:3 37 Bl i Total number }:;111115(!;1:} Number Average
XI. 5 S. 8 9-13-8 22 6-5-10-5 ~ Month. of hauls  which the of Size in mm. number
XTI g 35 4-14-8 2 6-8-10-6 1908-1914. species  specimens, per haul.,
. i ’ OCCurs.
XIII. ” M. 70 4-7-12-0 55 6-15 ~ April ) ) . " 5 86  4-5-11-5 123
XIIi.a 22.v.14 46 6-5-13 o~ o ~ May , . : ;o 30 20 1371 4-15 45-7
XIV. 25.v.14 M. 290 57-15 25 T-14-7 ~ June . . : . 106 28 199 1-59-17 19
XV. . S. 216 55125 7 96135 1 1 5 17 65-42 018 .
XVIL . S. 508 5-12:6 12 T7-5-14D
X VII. 3vild B 45 6:5-11-5 b 7-9
XVIIL. i B. 9 6-8 8 5215 TABLE XXIIT.
XIY . M. 4 67-8 g 6
XX 10vild S—M. 22 8.9-145 3 9.5-16 PLEURONECTES MICROCEPHALUS,
XXI. 11.vi.l4 M. 14 8-14-2 3 10-6-14 — . I\{umlbe_rof . "
A ¥ B . otal number 14118 11 nmber eragoe
XXII. 1 M.-B. 31 8:5-17 i 10-15-6 - Month. of hauls  which the of " Size in mm, 11:n:b§i'
XXIII B 32 9-15-6 22 9-14 1906-1914.  species specimens. per haul.
L1 » # 4 OCeurs,
XXVI. 16.vi.14  B. 3  105-116  — 3 ~ March i : N 9 1 1 6 05
XXVII i M. 1 10-5 = T : April : ; . 7 0 0 = e
XXVIIL. v B. 1 12:5 — 3 B . . 30 10 199 . 515 66
XXXI. 17.vil4 M. 2 Bl 7 = Rl .. 2 Saicicys 9 196 5-15 122
REXIXI, v Bon il = L 7 ; o 380: 129 68 12
XXXVIT, 24.vil4  B. 1 10-2 3 8-1 July | ! : ST 10 18 7185 0-19
};{il‘:g: 22?‘:::]{1 SB é 6?—?7'3 _; 19 4_:2_7 : * Hauls where total depth of water is 2) fathoms and over.
XLVII, S S. it 85 3 11-5-152

e : : “..I b
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PLEURONECTID/E.

Sub.-fam. Boruixz.

: Arnoglossus sp.

The records for 1914 are given in Table XXIV. By far the greater
number of specimens taken belong certainly to the species Arnoglossus
laterna. There were a certain number of doubtful cases, but in no in-
stance was [ able to feel sure that the specimen should be attributed to
A. Thori or A. imperialis.

The monthly summaries for the whole period 1906-14 given in Table
XXYV. show a maximum frequency in September with an average of
8-3 per haul. The average for August 6-8 is also high. Tt may be noted,
however, that the post-larval Arnoglossus seems to have been more
abundant in June, 1914, than it was in that month of previous years,
the average for the month being 8-4 in 1914, whilst for the whole period

it is only 2-3.

TABLE XXIV.

REcorD oF ARNOGLOSSUS SP.

No. of haul. Date, Depth, No. Size in mm.
XI. 19.v.14 S. 1 55 ca.
XIIT. ¥ M. 1 56
XIV. 25.v.14 M. 5 5-8-3
XV. % S. 7 6:5-8-3
XVI. . S, 12 5:6-7-6
XVII. 3.vi.l4 B. 11 5:5-T-5
XVIII. B. 18 4-8
XIX. g M. 1 52
XX. 10.vi.14 S -M. 17 9-5-11-7
XXI. 11.vi.14 M. 28 6:-5-11-2
XXII. % M.-B. 27 7-11
XXIII. . 12 47 7:5-12-3
XXV. 16.vi.14 B. A 7
XXVI. i B. 10 3-5-7-3
XXVIL 5 M. 3 6-3-9
XXX, 17.vi.14 M. 2 6-5
LT S Moo 18: = onnaio
XXXII. % S. 3 6-10 ca.
NEXTV. 19.vi. 14 M, 5 6:4-10-8
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No. of haul,

XXXV,
XXXVIL
XXXVII
XXXVIII.
XLII.
XLIIL.
XLIV.
XLV.
XLVI.
XLVIL
XLVIII.
XLIX.

L.

LI

LIT.

Lv.

LVI.
LVII.
LVIII.
LIX.

LX.

LT
LXII,

LXTII.

LXVII. -

LXVIII.
LXX.
LXXIII.
LXXYV,
LXXVI,
LXXVII.
LXXVIII.

- LXXXIII.

E I xxxv.

Date,
1_9.vi.14
24.vi.14

3

3

29.vi.14

3

15.vii. 14
16.vii.14

929.vii. 14

12.viii, 14

Depth,
M.

M.-B.

M.

M.

TABLE XXIYV. (continued).

No.
3

Size in mm,

6-5-12:3
6-5-14

'3
<

o
5-1
5-17-
6:5-9
8-2-13
155
11-18
6-5-15
18:3
4-5-18-5
17
12:5-16-5
11-175
13

19-5
13-5-22
13-4-20-3
15-16
15-21 ca.
72
7-2-19-5
7-20-5
18-7-21-2
6-3-20-5
8:2-90-5
17-20-5
20

o w

5

ot oo Ot

1

1 10-235
9-5-20-5
| 24-5-25-6
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TABLE XXV,
ARNOGLOSSUS 8P,
Number of
Total number ha.ulls ii’l Nun:flber . ﬁx:ﬁ%ﬁf’
hich t! ize in mm, s
Mt lg%fﬁiliag;i. wssl]_:.lgnliesm speciomena. per haul.
OCCNrs.
May : ; w20 5 26 583 0-87
June . . : . 106 30 249 3:5-18:H 2:3
[June, 191 : i 28 - 22 235 3651848 84
July . . . . 94 41 232 3-5-23-5 2:5
August . . 15 47 507 3-285 6-8
September . : . B85 62 708 4-31 83
October . ; . 14 2 2 7 0-14

Sub-fam. RHOMBIN .
Rhombus maximus Will.  R. laevis Rond. _
Seven specimens of R. laevis were taken in 1914 between May and
August, and one specimen of R. mazimus in July. . These records support
the conclusion reached by Clark that the spawning season of the bn].l
is earlier than that of the turbot.

TABLE XXVI.
Recorp or RHOMBUS sP.
R. maximus. R. laevis,
No. of haul. Date. Depth. No. Sizein mm, No. Size in mm.
XIV. 25.v.14 M. - = 2 9-8-11-5
XV. 25.v.14 S. — - 2 6-8,6-8
LXX., 22.wvi.l4 M. — — 1 6-2
LXXVI. 29.vii.l4 M. 2 7-7-85 — —=
LXXVIII. 29.vii.14 M. — — 1 7 |
LXXXV. 12.viii.14 M. — — 1 13

Scophthalimus norvegicus Gthr. .
The records for 1914 (Table XXVIL.) give a distinct maximum of the

post-larval stages in May. The numbers remain fairly large until June

11th, after which only a few specimens were taken. This would indicate
that the maximum spawning season is a little earlier than Clark (1914)

suggests, being probably in April. The hauls containing the largest _'
number of individuals were made south of the Eddystone, where the depths
were from 37-39 fathoms. The monthly summary for the period 1906-14
shows an average number of 14-6 individuals per haul for May, gnd of ]

54 for June (Table XXVIIL.).
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TABLE XXVII.
RECORD OF SCOPHTHALMUS NORVEGICUS.
No. of haul. Date, Depth. No. Size in mm,
X. 19.v.14 M. 69 4-2-11
XI. S S. 4 4-12
XII. 5 S. 68 4-5-12
XIII. 5 M. 84 4-11-7
XIII.a 22.v.14 — 2 6-6-6
XIV. 25.v.14 M. 5 55-10
XV. . S. 1 95
XVI. 3 S. 6 6-5-10-H
XVII. 3.vi.14 B. 45 4-0-8-0
XVIII. - B. 31 4-5-8
XIX. 3 M. 1 7}
XX, 10.vi, 14 S-M. 5 6-8
XXI. 11.vi.14 M. 11 5-5-8:5
XXII. . M.-B. 16 6-8-7
XXIII. " B. 27 6-8-7
XXVIL 16.vi.14 B. i 55
XXX, 17T.vi 14 M. 1 6
XLVI. 2.vit. 14 S. 1 97
LVI. 9.vii.14 B. 1 73
LIX. 15.vii.14 M. 1 6
LXVIII. 22.vii.14 B. 1 72
TABLE XXVIIIL.
SCOPHTHALMUS NORVEGICUS.
Number of
Total number hauls in~ Number Average
Month, of hauls which the of Size in mm. number
1006-1914,  species  specimens, per haul,
OCCUIS,
May . : . .30 14 438 4-12 146
June . A . . 106 39 576 3:5-12-2 54
g . o4 16 88 .4-11  .0:35

Zeugopterus unimaculatus Bnp.
Fourteen specimens of post-larvee one-spotted topknots were taken

- M 1914, The only previous records are those of Clark, who found three
- 8pecimens in June and July, 1913. The 1914 records are of specimens
- taken in May and the early part of June. The species is casily distin-
- Buished from the other topknots. ' g
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TABLE XXIX.

RECORD OF ZEUGOPTERUS UNIMACULATUS (ithr.
No. of haul, Date. Depth. No. Size in mm.
XI. 19.v.14 S. 1 8
XIITI. 19.v.14 M. 1 55
TV 25.v.14 M. 1 65
XV. 25.v.14 5 1 87
XVIL 25.v.14 S 1 8
XVII. 3.vi 14 B. 3 6-6-5
XVIIL 3.vi. 14 B. 2 6-6-2
XXIT. 11.vi.14 M i 36
XXII. 11.vi.14 M 1 9-3
XXIII. 11.vi.14 B 2 8-9-4

Zeugopterus punctatus Blainv.

In 1914 the post-larvee were much more frequent in May than in
June, indeed they practically disappeared after the beginning of the
latter month. The maximum frequency for the whole period 1906-14
occurred in April, though the figure is based on too few hauls to be very
reliable. It is clear, however, that the species must have its maximum
spawning period in the early months of the year.

TABLE XXX.
RECORD OF ZEUGOPTERUS PUNCTATUS Bl
No. of haul. Date, Depth. No. Size in mm.
IX.(5) 15v.14 B. J; T
X. 19.v.14 M. 7 5-8 -
XI. 19.v.14 S. 1 6:5
X1I. 19.v.14 S. 2 85,85 |
XTIIL. 19.v.14 M. 4 6.5-8.5
XIILa 22.v.14 — 10 5-5-7
XTV. 25.v.14 M. 1 75
XV. 25.v.14 8. 1 8
XVL 25.v.14 S. 7 8-5-10-2
XVIL 3.vi.l4 B 2 - 6:5-6-T
XVIIIL. 3.vi.14 B. 1 73 i
XIX, 3.vi.l4 Mt ). 6 3 i
M. 1 76 )

XXII. 11.vi.14
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TABLE XXXI.
ZEUGOPTERUS PUNCTATUS.
o ] I\".l';umlberof
otal number i N N rerag
Month. of hauls w}?i]tlz]f ;i;e u:iahel Size in mm. J::;E:ﬁg:
1906-1914.  species specimens, per haul.
) ! oceurs,
April . . ; 7 3 16 3-6 2:3
May . . . . 30 13 44 5-10-2 15
June . : ; . 106 14 27 55-11-69 025

Sub-fam. SoLEIN &,
Solea vulgaris Quens.

The majority of the specimens of post-larva of the common sole
were taken in May. The number captured was, however, not large and
was below that of the thickback sole (S. variegala),

Solea variegata Don.

These were taken in considerable numbers during May and a few
were also present in June. The maximum number taken in one haul
was 48, in marked contrast to S. vulgaris, of which only one specimen
oceurred in a haul, except in two cases where there were 2 and 4 specimens.

Solea lascaris Risso.

Only two specimens were found in the 1914 material, taken on the

22nd July. Previous records made by Clark in 1913 are in July, August,
and September.

Solea lutea Risso.

Not a s’ingle specimen of S. lufea was recognised in the 1914 material,
although in 1913 Clark found a fair number in June, a month which is
well represented in the 1914 hauls.
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TABLE XXXII. _ GOBIID .
RECORD OF SOLEA. Gobius sp.  Crystallogobius nilssoni Diib. and Kor.
_ ; Aphya pellucida Nardo.
i 8. vulgaris. 8. variegata. S, lascaris, o
No. of haul. Date. Depth.  No, Size in mm. No. Size in mm. No. Sizeinmu. Table XXXV, gives the record of all the gobies which have not been
V. 2ivl4 B 1 57 — — = - specifically determined, and the list probably includes many young
IVI’;.(5) 15.v.14 ;\31 : 3.5 — - s stagfas of both Crystallogobius nilssoni and Aphya pellucida. The larger
X 19w14 M 1 6:9 33 482 — @ — specimens, probably chiefly belong to Gobius minutus Pall., though other
XI. i S. — — 41 495  — = species may be included. -
X}%; . %{ - - i; ig:‘fnzg - = - Tables XXXVI. and XXXVII. give the records of those specimens,
XIL(s) 22.v.14 — 1 G4 11 4585 — @ — chiefly the larger ones, of Crystallogobius and Aphya which could be
XIV.  25wv.14 M, 1 66 43 42-12:3 — determined with some certai nty. The separation of the different species
X‘:.}I i g' i gg_;g 3 g'g:g:g - has been too incomplete to make it advisable to draw conclusions as to
XVIL 3vild B - . 5 5375  — o seasonal distribution.
XVIIL » B. 1 5 —2 5-4__7 : : _
Xzféﬁ: ”'v,',' ! Iﬁf e = 6 e58s = = TABLE XXXV,
i XXXVIL.  24vild B _— — 2 3656 — @ —
LXIV. 22wiil4 B s L = == 1 103 REcorp or Gosrus sp,
| LXV. ” B. o - o - k i No. of haul. Date. Depth. No. Size in mm.
| XL 19.v.14 S. 1 13
TABLE XXXIII. XIIL 5 S. 2 9-5-125
I XIII. . M. 5] 10-12:5
iii SOLEA VULGARIS. XIIl.a 22v.14  — 63 8-14, 24
l Total number Nﬁ:zll:;eilff Number Average XIV. 25.v.14 M. 13 9-6-13-3
Month, of hauls  which the of Size in mm. number XV. 2 g, 3 7115
] i 1906-1914. specire: specimens. per haul. XVI. . Q. 18 65-15
[' April ; : : 7 O‘:{3‘12 . 2 57-75 03 XX. 10.vi.14  S-M. - 1 14-5
: May . . : .30 i1 19 4-105  0-63 XXII.  11.vil4 M.-B. 6 12-6-14
=- Jume. ... 106 5 5 587 005 XXIII. g B. 5 1255-15
! XXV, 16.vi. 14 B. 1 7
{ _ XXVIIL. . B. 1 7
TABLE XXXIV. XLIV. 29.vi.14 M- 3 10-14
SOLEA VARIEGATA. XLVI. 2.vii.14 S 73 7-22:6
Total number Numberof . per Average )gi[{::{qi 2 S 87 6-19-5
Month, of hauls ‘};;?;i li’; of Size in mm, nurl};bﬁli 14 » M. 59 7-18
1906-1014. 0 " specimens. per haul. XLIX. i M:~Be-i & 10-16
May . . . . 30 I o 988 4 l0B ol LA R PR - 3 6-7-5
THnEG . e e sing 26 -5 1705 isadl 1:6 LT 6y B 1 10-2
July . g : SOl 3 4 4-5-10 0-04 LIV. 9.vi.14 S 3 5-7
| Augpstiasitiiie . o Sk 4 T 485 009 LV. M Haees sk
: 3 S LVI. s B 1 )
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TABLE XXXV. (continued.).

No. of haul. Date. = Depth. No. Size in mm.
LVIIL. 9.vii.14 B. 5 4-5-11
LIX.  15.vii.14 M. 83 6-19
LX. ¥ M. 52 7-19
LXI.  16.vii.14 B. 82 6-7-18:6
LXTI. s B. 11 D727
LXV. 22.vii.l4 B. 3 10-11-5
LXVII. i M. 1 66
LXVIIIL. " B. 7 3-2-8:5
LXXI. } B. 6 7-5-12
LXXIII.  29.vii.14 M. 1 10
LXXVIL. y B. 6 7-10
LXXVIIL } M. 1 6
LXXXI, 5 M. 3 10-11-6
LXXXIII. v B. 1 12
LXXXVIL 4.ix.14 M. 1 14

TABLE XXXV

Recorp oF CRYSTALLOGOBIUS NILSSONI.
No. of haul, Date. Depth. No. Size in mm.

IX.(5) 15.v.14 B. 2 9-11-5
XII. 19.v.14 S. 6 24-27
s XTI, 5 M. 150 17-36
XIV. 25.v.14 M. 40 18-31 ca.
XV. . S, 11 10-27
XVIL i S. 3 11-5-28
XXII.  1l.vil4 M.-B. 4 26-5-37
XXXIL 17.vi.14 S, 1 Fragment of large
one.
XLIII.  29.vi.l4 B. 3 25 ca.-30
LVI. 9.wviil4 B. 1 27
LVII. i B. 2 22-28
LIX.  15.vii.l4 M. 12 27-37-5
LX. 15.vii.l4 M. 20 8-29-5
LXI. 16.viil4 B. 18 26-29
LXXI. 22.vii.l4 B. 8 22-38
M. 1 12

LXXIII.  29.vii.14

B
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TABLE XXXVII.

RECORD oF APHYA PELLUCIDA.

No. of haul, Date. Depth, No. Size in mm,
XTYV. 25.v.14 M. 2 8,13
XV. . S. 3 6-6-13
XVI. o S. 1 11-5
XVIIIL 3.vi.14 B. 2 6-6-2
XX. 10.vi.14  S-M. 3 13-5-15
XXI. 11.vi.14 M. 3 11-5-16-5
XXII. 11.vi.14  M.-B. 3 13-2-15-3
XXIII. 11.vi.14 B. 4 7:6-16
XXXVIIL 24.vi.14 B. 3 6-5-8-5
XLIIT. 29.vi.14 B. 2 10 ca.~12
LXIII.  22.vii.l4 B. 50 7-5-11
LXIV. 22.vii.l4 B. 1 10
LXYV. 5 B 6 10-5-12-5
LXVL o M. 1 10
LXXYV.  29.vii.l4 B. 1 11
LXXXII. i M. 1 11 ea.
LXXXVI. 12.viii.14 B.-M. 1 11
CYCLOPTERID A,

CUyclopterus lumpus L.

One. specimen of the lump sucker was obtained in the voung-fish
trawl in 1914. Tt was found in Haul XLL., 3% miles S.W. by W. of the
Eddystone, a bottom haul made on June 26th, 1914. The length of the

Specimen was 16-5 mm. Clark records one specimen 18 mm. long in 1913.

TRIGLIDA.
T'rigla gurnardus L. T hirundo Bl.

The characters by means of which post-larval stages of 7. gurnardus
and 7. hirundo may be distinguished have been pointed out. by Clark
(191f1} in his report on the post-larval teleosteans of Plymouth. The
Specimens which were most numerous in the 1914 material belong to
tht? T. gurnardus type, with long pectoral fins which are pigmented
Ghli_a_ﬂ_y on the posterior half of the fin. From specimens of this type young
T. hirundo with short, broad pectorals pigmented over the whole surface,
are easily and definitely distinguishable. ;
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Clark refers to specimens appearing in August and September which
he thinks are quite distinet from 7. gurnardus and 7. hirundo, and have
very little pigment. These he regards as probably belonging to the
species T lineata. A few specimens amongst the 1914 material, which
I have included under the gurnardus type, very closely approach the
forms which Clark thus regards as 7', lineata, the amount of pigment on
the pectoral fins being small, although the fins are long, The variation
in the amount of pigment seen in preserved material, especially when
the preservation is not very good, is considerable, and seems to me to
make it impossible to assign every specimen to a particular species with
any degree of certainty until some more definite character can be used
for purposes of investigation.

It must be borne in mind too that the species which as an adult is
perhaps the most numerous on the grounds in the neighbourhood where
most of the hauls have been made is 7', cuculus, and so far as I am aware
the young stages of that form have never been recognised. It is possible,
therefore, that this species may be included amongst the forms with long
pectorals pigmented on the posterior half, which are here included under
Trigla sp., and amongst those which Clark recorded as 7'. gurnardus.
A fourth species, T'. lyra, is occasionally found in the western part of the
English Channel, concerning the young stages of which nothing is known.

Unfortunately the numerical characters, such as number of fin rays
and vertebre, of these gurnards are all so similar that they cannot be
used for diseriminating the species in these young stages.

TABLE XXXVIII.

REecorp oF TriGLA sp.

Trigla sp. T. hirundo.

No., of haul. Date, Depth. No, Size in mm. No. Sizeinmm,
IX.(5) 15.v.14  B. 3 TE9F e =
X. 19.v.14 M. 53 4:5-11'7 — —
XI. % S. 39 6-9-5 e =
X1 . - 8 B0 == =
XTIL. . M. 13 G . =i
XIIl.a 22.v.14 — 9 7-5-10 — —
XTV. 25.v.14 M. 45 5:5-13 e e
XV. 25.v.14 S. 33 7-2-126 — —
" XVI. o S. 41 55127 — =
XVII. 3.vi.14 B, 7 5-11-6 — e
XVIII. W B. 63 5-5-18 1 18
XIX. o M. 15 6-11:6 — —
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TABLE XXXVIIIL. (continued.).

Trigla sp. T. hirundo,
No. of haul, Date. Depth. No. Size in mm. No. Sizeinmm.
XX. 10.vi.14  S.-M. B! 9-10-8  — —
XXI. 11.vi.14 M. 9 87-105  — -—
XXII. i M.-B. 12 8:2-15 —_ -
XXIII. - 7 B. 24 7-11-6  — -
XXIV. 16.vi.14 B. 2 8, 8:5 —- e
XXV, 5 B 1 10 ca. — —
XXVI. 5 B. 19 56-165 — —
XXVII. o M. 5 -9 -~ —
XXX, 17.vi. 14 M. 2 77-85 — —
XXXI. sy M. 2 T-5-84 - —
XXXV. 19.vi.14 M. 2 12-13 — -
XXXVI. 24.vi.14 B, 1 17 1. 10-5
XXXVII . B. 3 6-8-7-7 — -
XXXVIII. " M. 1 11 1 7
XLII. 29.vi.14 B. 1 10-5 — =
XLIII. i B. 7 6:5-12 — —
XLIV. . M. 2 9-135  — —
XLV. 5 —_ — — 1 12ca.
XLVIL 2.vi.14 S. b 9:5-10-5 e e
XLVIIL. 2.vii.14 S. 2 10-8 == =
LVIII. 9.vii. 14 M. 2 13-16 — —
LX.  15.vii.l4 M. 1 12 — =
LXVIII.  22.vii.l4 B. - — 2 8-10
LXTX. 5 S, s s 1 95
LXXIII.  29.vii.14 M. 1 11 — —
LXXIV. . M. —- — 1 1llea
LXXYV. 4 B. 1 10 — -
LXXVI. % M. 1 117 — —
LXXVIIIL. . M. 2 9-19 — EE
LXXXYV.  12.viii.l4 M. 5 13-5-19 _ —
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TRACHINID .
Trachinus vipera Cuv.

The 1914 records are given in Table XXXIX. and monthly summaries
for the period 1906-14 in Table XL. In 1914 no specimens were observed
during May and the first half of June, the first record being on June 16th.
Over the whole period the average number per haul is highest in July
and August, being slightly though perhaps not significantly higher in
Augugt than in July. In September there is a rapid disappearance of
specimens in the hauls.

No specimens of Trachinus draco were recognised in the 1914 material.
Clark obtained four specimens cf this species in August and September,
1913.

TABLE XXXIX.
Recorp oF TRACHINUS VIPERA.

No. of haul. Date, Depth. No. Size in mm.
XXV, 16.vi. 14 B. 3 5:2-7
XXVI. o B. 2 56-8-2
XXXIV. 19.vi.14 M. 3 6:6-8:5
XXXV, . M. 3 6:5-7-5
XXXVI. 24.vi.14 B. 1 7
XXXVII. 2 B. 1 75
XXXVIII. o M. 2 5:6-6-5
XXXIX. . S, 1 9
L. 6.vil. 14 B. 8! all 5 mm
L. 2 B. 9 4-5-7-D
LII, . M. 7 5-6
LV. 9.vii. 14 AL 2 6-7
LIX. 15.viil4 M. 8 5:5-7-8
LXI. 16.vii. 14 B. 1 5D
LXII. . B. 2 5-1
LXVII.  22viil4 M. 5 6-5-8
LXVIII, 5 B. 6 5-2-9-3
LXIX. 3 S. 7 4-3-8-3
LXX, . M. 1 55
LXXIII. 29.vii.14 M. 1 11-6
LXXIV. i M. 3 6:5-7-5
LXXYV, i B. 1 85
LXXVI. 5 M. 1 11-5
LXXVIII. = M. 4 6-2-10-7
LXXXIII. o B. 2 5-5-8-7
LXXXVI. 12.viii.14 B.-M. 1 7
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TABLE XL,
TRACHINUS VIPERA.
Total number I\;umlh‘e?of Number Average
Month, of hauls ’;‘.1 ;’ 1,12 of Size in mm, number
1906-1914, WU ghecimens. per haul,
oceurs.
April a2 = = 1 1 35 0-1
M&y : k : : 30 1 1 3:b 0-03
June . y . . 106 22 30 2-5-9 075
July . ... o4 45 335 3116 36
August 3 ; 5 75 52 292 2-7-18 39
September . : .8 26 42 3:5-18 0-5
CALLIONYMID A.

Callionymus lyra L.

Post-larval dragonets are more constantly met with in the hauls and
occur in greater numbers than any other species of teleostean, being
specially abundant in May and June. The 1914 records are given in
Table XLI., and the monthly summaries in Table XLII.

TABLE XLI.
REcorp oF CALLIONYMUS LYRA.
No. of haul, Date. Depth. No. Size in mm.
V. 29.iv.14 B. 5 47
VI. s M. 4 5-T
VIL } S, 5 3-6
VIIL. (1) 8.v.14 M. 1 6-3
IX. (1) 15.v.14 M. 67 5-1-5
IX.(5) B. 108 47
XII. 19.v.14 S. 5 5-10-5
XI1T. 5 M. 20 45-11
XIILa  22.v.14 - 34 5-9
XIV. 25.v.14 M. 4 5:5-T
XV. i S. 4 8-10-5
XV, 5 S. 3 5-5-6
XVII. 3.vi.14 B. 105 4-7
XVIIIL. 5 B. 59 3:5-7
XIX. 3 M. 15 458
XX. 10.vi.14 - S.-M. 2 5:5-6-3
XXI. 11.vi.14 M. 4 52-11
XXITTI. M.-B. 16 6-12
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TABLE XLII

CALLIONYMUS LYRA.

TABLE XLI. (continued).

No. of haul. Date. Depth. No. Size in mm.

XXIII. 11.vi.14 B. 41 5-13-5 Total ey Nuberaf "
X_XIV 16.Vi.14 B. 2 6.7_10.2 "otal number = . lm%her T verage
XXV. - B. 27 3-8-8 Bonh: lg%ft‘j{f?gﬁ. {ﬁﬁ:ﬁ; specic:ians. IS EHRES pttlall’:li}.::j.
XXVII. M. 1 7 March . . . 2 2 36 256 18
XXIX. 17.vi.14 B. 1 T3 Aptii . . ; 7 6 46 2.5-12 66
XXX. . M, i 30Ed May . . . . 30 21 654% 25-11 218
XXXI. » Mo 30 . June. . . . 106 T 1890%  2-14 178
XXXII. S. 17 4-6 Juy . . . . % 57 933 25135 10
| XXXIL  19vil4 M 1 7 August 75 3 219 27513 37
XXXIV. » M. 1 7 September . . 8 20 56 4--10 07
XXXV. > M. 10 5587 October . . . 14 1 1 5 007
i XXXVI. 24.vi. 14 B. 2 3-2-6-6
' XXXVIL 1 B. 54 4-5-8
XLIL.  29.vild B, 11 7-85 GOBIESOCID Z.
' XLIII. " B. 37 5:5-8-7 Lepadogaster.
i XLIV’ & . 12 2o Eighteen post-larval specimens were obtained in 1914, thirteen of
- 2 i . g which occurred in July. According to Clark’s records (1914) specimens
| XLVL.  2viill4 S, 165 6-12 | i & ¥
XLVIL . s 98 55122 4 SRR AR
XLVIII. i M. 94 4-12-2
XLIX. " M.-B. 47 5-5-115 TABLE XLIIL
L. 6.viil4 B. 2 10-13-5 RECORD OF LEPADOGASTER SP.
L%‘IT 9 'i.:"li 14 ]S?) ; 7'3. 5 No. of haul, Date. Depth, No. Size i-l'l mm.
& Hh : = XXIII. 11.vi.14 B. 1 10-5
Lv. » M. 1 Bié XLVI.  2viild 8. 5 10-12
LVL . B. 1 5 XLVIL " s. 1 11-2
LVIL " B. 3 6:7-7-1 XLVIIL. " M. 3 8-6-11-7
LXIL » B. 2 50 LIX. 15vile M. 1 10
LXVIL ~ 22viilé M 1 64 LXXXVI. 12.viild B-M. 4 10-11-2
LXVIIL " B. 10 4573 :
LXIX. e S. 1 65
LXX. . M. 1 6 BLENNIIDZ.
LXXIII.  29.vil.l4 M. 8 6-5-8 Probably two species at least are represented in the material, Blennius
LXXIV. » M. 3 6-5-7-5 ~ pholis L. and Blennius ocellaris L., but I have not succeeded in separating
LXXVIL s M. 2 9-2 ~ them with certainty. The records are shown in Table XLIV.
LER VI ¥ B, 2 il  fm, (= has b ted as B0, and v.m. (=very many) as 100. Th
LXXXIYV.. s B. 1 8 il .f}::l:: Me:;l a(:lo; I!er:al :Bre tl,aerefor(;r:i)p;xig;l ion anly : e S
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No. of hanl.

XXV.
XXVII.
XXXVII.
XXXIX.
XLVI.
XLVIL
XLVIIL
L.

LI

LIV.

Lv.

LVIIL
LXIV,
LXV,
LXVIII.
LXXITII.
LXXYV.
LXXYV.
LXXXIII.
LXXXVIIL.

TARLE XILIV.
RecorD oF BLENNIUS sP.
Date. Depth.

16.vi.14 B.
5 M.
24.vi.14 B.
. S.
2.vii.14 S.
5 S.

. M.
6.vil. 14 B.
- B.
9.vii. 14 S.
. M.

- M.
22.vii.14 B.
B.

. B.
29.vii.14 M.
s B.

. B.

. B.
4.1x.14 AL
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Fia. 8.—Lophius piscatorius L. Length 6-2 mm. July 16th, 1914,
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Size in mm.
6-D
7
55
9
8-9
8:5-9-5
12:5
G4
75
17

12-13-5
175

17
7-9-8
12

85

8:3-11-5

POST-LARVAL TELEOSTEANS COLLECTED NEAR PLYMOUTH. 249

PEDICULATI.
Lophius piscatorius L.

One specimen of an early stage, 6-2 mm. long was found in Haul LXIL.,
taken near the bottom 7 miles west of Rame Head on July 16th, 1914.
A figure of this specimen drawn by Mrs. Sexton is reproduced as Fig. 8.
The great resemblance of this figure with Emery’s figure, which is repro-
duced by IEhrenbaum in Nordisches Plankton, p. 303, Fig. 108, b, and
aseribed by both authors to Macrurus, may be pointed out. It seems to
me very probable that that figure should really be assigned to Lophius.

The larva of Lophius piscatorius is figured by Danois (1913, p. 164,
Fig. 319). Ehrenbaum (1905-9) reproduces Agassiz and Whitman’s
figures of American specimens.

SUMMARY.

Table XLV. is perhaps of interest, as showing the composition of the
catch obtained with the young-fish trawl at different times of the year.
It has been obtained by combining certain groups of hauls made in 1914
in the offshore waters outside Plymouth, all of them being beyond
the 20-fathom line. As far as the conditions are concerned therefore the
different groups are fairly comparable. The figure given for each species
is the average number of specimens per haul for the group. It will be
seen that after June the number of species present as well as the average
number per haul are both very much reduced.

TABLE XLV.
Averacrs PER HAUL 1IN DrirrerenT GROUPS oF HAULS.
: XVIIL- LXXIII. LXXXWV
X.-XIII. XIV.-XVIL XXIIIL XXXV, LXVIIL. to and
8. of 8. of W, of to XLI. fto LXX, LXXVIII LXXXVL

Eddirstune Eddystone Rame Eddystone EddystoneEddystone W. of
May 19,14, May 25,'14, June 3-11, June 19-26, July 2214 July 20,14, Rame

27-89 fms, 85-37 fms. 1914, 1014,  82-88 fms. 20-35 fms, Aug, 12,'14

2¢-27 fms, 29-39fms, 206-27 fms.
Clupea g ; 21T v.m, V., 11 g | 2 —
Ammodytes . 5 0-7 1 4 3 7 3 —
Gadus pollachins . . 2 — - = 0-2 — —=
»  merlangus . . 6 13 9 - 05 — — -
s  Mminutus . . 44 47 2 4 0-2 0-2 =
»»  luscus " 2 3 6 04 0-3 — — -
Molva molva : : 0-2 0-7 0-4 0-2 —_— — =
Raniceps raninus . % - — - — 0-2 —_
Onos mustelus . ; 3 9 0-7 0-7 — 0-2 —
Labrus bergylta . : 0-5 2 3 —_ = 0-2 2
Labrus mixtus . £ 0-2 1 0-7 0-2 0-5 —_ —

L m.=Very many.
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TABLE XLV. (continued).

XVIILL.- LXXIII. L ‘(‘{XV
X.=XIII. XIV.-XVI, \‘{HI XXXV, LXVIL to il
8. of S, of W. of to XLI, to LXX, LXXVIII, IXX}LVI

Eddy‘-.tone Eddystom Rame Eddystone Eddyst.uneEdrlystona W. of
May 19,'14, May 25, '14. June 3-11, June19-26, July 22,'14.July 20,'14.  Rame

27-39 ﬁn‘i 35-87 fms. 1914, 1914, 3238 fms, 20-35 fins, Aug.12,'14
26-27 fms, 23-30 fms, 20-27 fms.
Ctenolabrus rupestris . — _ — 0-5 0-2 0-5 0-5
Seomber scomber . 28 7 2 0-5 - -
Pleuronectes limanda . 29 358 22 0-2 — —_ -

T microcephalus 34 15 8 0-5 0-2 0-2 _
Arnoglossus laterna . 05 8 21 3 3 6 1
Rhombus maximus . = - —_ - — 0-3 —

i laevis R 1 0-3 - 0-2 0-2 0-5
Scophthalmus norvegicus 66 4 19 — 0-2 — —
Zeugopterus punctatus . 4 3 0-7 —_ — —_ —

5 unimaculatus 05 1 1 - — —
Solea vulgaris 3 0-2 2 0-1 — — = —

., Vvariegata . " 36 18 2 0-3 -— — -
Gobius sp. . . 2 11 2 — 2 1 —-
Crystallogobius mlssom 39 18 0-6 — - 0-2 —
Aphya pellucida . . — 2 2 05 — 0-2 05
Cyclopterus lumpus - - — 0-2 — — —
Trigla gurnardus . . 28 40 29 1 — 1 2

., hirundo —_ — 0-1 0-3 1 0-2 —
Trachinus vipera . .= - - 1 5 2 0-5
Callionymus lyra . g 6 4 35 11 3 3 —
Lepadogaster — — 0-1 - — — 2
Blennius . 5 . = - — 0-3 1 0-5 -
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On the Amount of Phosphoric Acid in the Sea-Water
off Plymouth Sound. II.

By
Donald J. Matthews.

With one Figure in the Text.

In a previous paper* the writer gave the results of the determination
of the phosphates in sea-water, by means of Pouget and Chouchak’s
reagent, on a number of samples collected between September 13, 1915,
and February 5, 1916, at the Knap Buoy, half a mile outside the break-
water at Plymouth.

The analyses have been continued so as to cover a period of sixteen
months and show a large seasonal variation. :

The method is described in detail in the previous paper, and consists
in throwing down the phosphoric acid with iron and an alkali, treating
with nitric acid, and determining the amount colorimetrically in the
Dubosq apparatus after adding nitromolybdate of strychnine. A few
modifications have been made and are described below.

In the first place, as the pressure of other work made it impossible
to examine all samples immediately after collection, they were sterilised
as soon as taken with toluol or chloroform. Toluol was perfectly satis-
factory, but the chloroform in some cases threw down a precipitate on
standing, and the absence of figures for July, August, November and
December, 1916, is due to the loss of samples from this cause. If the
sample is allowed to stand without previous sterilisation the phosphates
decrease and may be entirely removed in a few weeks.

The standard phosphate solution contained 0-003 mg. of P,0; in one
cubic centimetre, and was made up in approximately decinormal nitric
acid to prevent the growth of moulds.

For the precipitation of the iron, sodium carbonate was used instead
of ammonia and ammonium chloride ; 1 cem. of 2 N solution for 1 cenr.
of iron solution was sufficient to more than neutralise the excess acid of

the latter.

In some instances the iron precipitate was greasy and was difficult

* Matthews, D, J., ““On the Amount of Phosphoric Acid in the Sea Water off Plymouth
Sound.” This Journa.l xi., No. 1, p. 122, March, 1916. . ;. .
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to dissolve off the paper completely, so the following method was adopted.
Five cubic centimetres of strong hydrochloric acid were poured into the
beaker in which precipitation had taken place and distributed over the
walls to dissolve any iron ; then 10 cem. of water were added, the beaker
was warmed for a few minutes, and the hot dilute acid was allowed to
drop on to the filter paper by means of a small pipette provided with a
rubber-teat head. The beaker and paper were well washed and the
latter incinerated in a platinum crucible ; the ash was dissolved in a
little strong hydrochloric acid and added to the rest of the solution, which
was then evaporated to dryness on the water-bath ; the chlorides were
converted to nitrates by evaporation to dryness with 10 cem. of the
dilute nitric acid, taken up in more nitric acid, using 7 cem. of 25% by
volume if the final bulk was to be 50 ccm. The analysis was then carried
out as described in the previous paper. In an extreme case the dirty
residue on the paper was found to contain 0-0024 mg. of P,0,. The
origin of the greasy matter is unknown ; it may be due to the drainage
from the port, or, on the other hand, it may be the volatile oily substance
which so often renders the distillate turbid when sea-water is boiled with
an alkali for the determination of ammonia.

It was mentioned in the earlier paper that the amount of phosphates
found was increased if the water was previously oxidised with a per-
manganate. Attempts to find a suitable method for determining this
excess phosphorus have been only partly successful. It is necessary to
use strong oxidising substances which do not interfere with subsequent

operations and are easily purified. In the end the following process was

adopted. From 200 ccm. to 400 cem. of the water were evaporated in
a porcelain basin holding nearly 200 cem. until the bulk of the salts had
separated; then 10 cem. or 20 cem. of strong nitric acid were added, accord-
ing to the amount of sample taken, the dish was covered, and heating
continued until the evolution of brown fumes had ceased. The cover was
removed and the evaporation was continued to dryness; the dish was
then heated over an argand burner until the salts were in gentle fusion
and the nitrates of the earths were decomposed with evolution of brown
fumes.

The dish was allowed to cool and the salts were dissolved by warm-
ing for an hour with 150 cem. of water and 1 cem. of strong hydrochlorie
acid. Tron was added and 5 cem. of 2 N sodium carbonate solution and
the analysis completed as before. There is danger of the porcelain being
attacked unless it is very carefully heated, and unless it is certain that
1t gives up no phosphates under this treatment it would probably be
better to use fused silica basins.

The blank on the reagents used in the analyses reported in the previous
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paper was 0-0036 mg. of P,O;. A repurification of the iron, acids, alkali
and water reduced it to 0-0026 mg., and a second purification to 0-0021 mg.
The blank on the amounts required for the estimation of total phosphorus
was at first 0-0066 mg. and afterwards 0-0061 mg. The blanks were
determined both by carrying out analyses on distilled water, to which
0-0300 mg. of P,0, had been added, and also with small amounts of
water, the final solution being made up to 10 cem. and compared in a
special small colorimeter tube holding only 10 cem. The results agreed
excellently.

The determination of the small amounts of phosphoric acid found
during the summer presented considerable difficulty. Making the final
volume 10 cem. gave rather discordant results, and it was subsequently
found that the closest agreement was obtained between duplicates if
enough of the standard solution was added to the sample to bring the
content up to about 0-035 mg. of P,0; per litre, the final volume being
50 cem.  This gives a strong colour in a depth of 40 mm. and at the same
time avoids the errors which arise when very small volumes of liquid are to
be manipulated.

The whole of the results obtained by the colorimetric method are given
in the following table, and those for phosphoric acid are plotted in the
curve ; the figures for February 17th, 1915, have not been used in this
case as the sample was by an oversight allowed to stand unsterilised for
six days.

SURFACE SAMPLES TAKEN AT THE KNAP BUOY.

3 Total P
: Phosphates. P.O. mg. per litre. caleulated
Date, G.M.T. 8.%..  Found in duplicates. Mean. to P.0;
mg. per litre,
1915
Sept. 21 10.30a.m.  34-96 — 0-046 -

Nov. 24  11.35 a.m. 34-78 0-042, 0-041 0-0415 —
. 260 1145a.m. 3443 0-040, 0-034 0-037 —
. 29 1110 a.m. 3414 0:040, 0-037 0-0385 —

Dec. 2 1220pm.  — 0-0484, 0-0435  0-0460 .
. 9 1080am. 3146 0049, 0047  0-048 e
, 13 1130am.  — 0044, 0-041  0-0425 =
. 16 12.10pm. 2620 = 0-043 =

. 20 11.25am. 2969  0-058, 0-064  0-061 o
1916

Jan. 3 1135am. 2566 0057, 0057 0057 =
, 14 155pm. 3387  0-0318,0:0316  0-0317 o
, 18  230pm. 3393 00336, 00348 00342 =
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Total P
Phosphates.  1.0; mg. per litre. caleulated
Date. G.MLT. 8.%..  TFouud in duplicates. Mean. to 1,0,

mg. per litre.
Jan. 24 11.20 a.m. 3342 0-0378, 0-0391 0-0384 ——
Feb. 5 1230 pm. 3158 00507, 0-0414  0-0460 =

, 17 1045am.  — 0:0190, 0-0190  (0-0190)  0-0323
, 25 110 am. 3330  0-0371,0-0343  0-0357 o
Mar. 1 1140 am. 33-82 — 00350 0039

, 8 1l15am. 3454  0:0201,00115 00158 e
, 21 11.50 a.m, 34-54 00101, 0-0122 0-0111 0-050
29 11.45 a.m. 32-18 0-:0104, 0-0148 0-0126 0:045
April 6 11.55 am, 3440 0-0160, 0-0180  0-0170 0-016
» 24 11.10 a.m. 3440 — 0-0056 —
,» 28 — 34-40 0-0117, 0-0124  0-0120 0-035
May 9 1050 a.m. 34-16 0-0158, 0-0130 0-0144 0-046
» 24 1145 am.  34-60 0-0053, 0-0064  0-0058 -
June 19 10.45 a.m. 34-90 0-0185, 0-0184 0-0184 0-036
5 27 1145 am. — 0-0230, 0-0248 0-0239 0-038
Sept. 13 noon - 0:0277, 0-0198  0-0238 0-024
Oct. 19 1045 a.m. 3393 0:0194, 0:0155  0-0174 0-029
1917 '
Jan. 10 12.30 p.m. 33-62 0:0435, 0-0448 0-0442 0-049

In the first place it is clear that the results given in the previous
paper which were obtained by precipitating the phosphorus with iron
and then weighing as phosphomolybdic anhydride are seriously in error,
and it was found that molybdic acid was thrown down at the same
time.

The data of the present table show that there is a large seasonal
variation, the maximum being more than ten times as large as the
minimum. At first it was expected that the curve would agree with that
for the phytoplankton inverted, but this is not the case. Miss Lebour*
has made counts of the diatoms at the surface, 5 fthms. and 7 fthms.
on 330 samples taken on 110 days at the Knap Buoy from September 21,
1915, to September 18, 1916. The average number in 1 eccm. for October,
1915, was 17, and in November 9, while in December and in January,
February and March, 1916, there were only one or two. The maximum
number for the year, 38, occurred in April, 1916, the high value being
due to the last week of the month, 45 being counted on the 25th and 137
on the 27th. Then a decline set in, with 30 per cubic centimetre in May
and only 9 in June. In July there was a rise to 21 and a secondary

* Lebour, Mavie V., M.Sc., *‘ The Micm&xlankton of Plymouth Sound from the Region
beyond the Breakwater,” This Journal and Volune, p. 133. .
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maximum of 31 in August, followed by a fall to 17 in September. The
curve shows that the maximum value for phosphates, 0-061 mg. of P,0,
per litre, coincided with the smallest number of diatoms, and also with
the shortest days of the year. The phosphates then commenced to fall
at once, irregularly at first it is true, to a minimum, of less than one-
tenth of the maximum, at the end of April, which coincides with the
diatom maximum for the year. The number of diatoms fell off at the
beginning of May, while the phosphate minimum continued to the last
week of the month. At this period, however, the alga Phwocystis ap-
peared in enormous quantities. It was first abundant on April 25,
reached its maximum on May 9th and 12th, then declined, and was
absent after June 12th. If the decrease in phosphates is to be attributed
to their removal by alge, as the writer considers to be the case, some
other factor must be sought in addition to the phytoplankton. This is
probably to be found in the larger algee, such as Fucus, Laminaria and
others. Well grown young plants of these are to be found in February,
and must by that time have already abstracted considerable quantities
of phosphorus from the water. The march of events would then be
somewhat as follows. As soon as the young plants of the fixed alge
begin to increase the amount of phosphates in the water falls off, and
this decline is further hastened by the sudden increase of diatoms at
the end of April. In May the diatoms decrease, but the phosphates are
kept at a minimum value by the appearance of Pheocystis, and increase
at once when this disappears in June. The want of data for phosphates
in July and August prevents a further comparison with the figures for
diatoms, but another minimum might be expected in August. Phosphate
values are also missing in November and December, 1916, but the
records for 1915 show an agreement with what might be expected from
the diatom figures, that is, a rise from November to December.

On January 10th, 1917, the amount of phosphates present was very
nearly the mean of the first two figures for the month in the previous year.

The Admiralty regulations have made it impossible to obtain water
at a distance from the shore. It is by no means improbable that
in mid-Channel, beyond the influence of the fixed weeds, the decrease
in the phosphates would not be large until much later in the year when
the phytoplankton begins to increase.

The last column of the table contains some figures for the total dis-
solved phosphorus, calculated to P,Q;. It is not claimed that they are
accurate, but they certainly show that what may be called for the
present “ organic phosphorus ” is often high even when the phosphates
are at a minimum, though it varies from month to month. The figures
for June 27th, 1916, and January 10th, 1917, are probably the most

AMOUNT OF PHOSPHORIC ACID IN THE SEA-WATER. 257

accurate, and as the two samples were analysed side by side they are
fairly comparable. They show that the total phosphorus may be as
high in summer as in winter, but that in summer only a very small part
of it may be present as phosphoric acid. The analyses as a whole, how-
ever, do not allow more to be stated with certainty than that there is
a soluble phosphorus compound present other than phosphoric acid,
that it is probably not a lower acid of phosphorus owing to the com-
parative difficulty with which it is oxidised, and that it is probably an
organic compound.

The nature and origin of this *“ organic phosphorus ” is, of course, quite
unknown. At first it was thought that it might be due to minute organ-
isms which pass through a filter paper, and an attempt was made to
filter it out by means of candles such as are used for bacteriological work,
but this proved impossible as both Doulton and Chamberland filters gave
up a considerable amount of phosphates to distilled water passed through
them. It is, however, unlikely that it is due to solid particles, as if iron
and a relatively large amount of ammonia are added to sea-water so as
to produce a bulky precipitate of hydrates of iron, lime, and magnesium,
which would almost certainly entangle and stop any suspended matter,
the filtrate from this still shows a considerable amount of phosphate after
oxidising.

SUMMARY.

The amount of phosphoric acid in sea-water off Plymouth was at a
maximum of 0-06 mg. per litre of P,0; at the end of December, 1915,
after which it fell irregularly to a minimum of less than 0-01 mg., which
extended from the last week of April to the latter part of May;
it then increased again and in January, 1917, reached the same value
as the average for the first part of the month in the previous year.

This seasonal variation is probably to be attributed to the removal of -
the phosphates from solution, at first by the fixed alge, and later in the
spring by the diatoms and for a short time by Pheocystis. There is also
present in sea-water taken near Plymouth another soluble compound
“of phosphorus which can be converted into phosphoric acid by oxidising
agents.




Abstract of Memoir
RECORDING WORK DONE AT THE PLYMOUTH LABORATORY.

The Development of Alecyonium Digitatum, with some notes on the Early
Colony Formation. By Annie Matthews, M.Sc.
Quart, Journ, Micr, Sei., Vol, 62, Part 1, New Series, 1916,

Tue above paper is a record of the successful rearing of Aleyonium
larvee in tanks at the Plymouth Laboratory.

Ripe male and female specimens collected near the Eddystone during
the breeding seasons of 1912-13 and 1913-14 spawned in the tank water,
and fertilised eggs were collected from which eventually young colonies
were obtained.

Segmentation gave rise in various ways to a morula, followed by the
pre-planula and planula stages. The pear-shaped free-swimming planula
eventually settled by the broad anterior end, and the mouth arose at
the narrow posterior end subsequent to a general flattening of the settled
planula along the long axis.

The characteristic eight mesenteries grew out into the cwelenteron on
the second day of fixation, followed by the appearance of spicules and
eight hollow circumoral tentacles which alternated in position with the
mesenteries. I'ree entrance of food was permitted on the fourth day,
after the degeneration of the base of the cesophageal invagination. On
the fifth and sixth day of fixation respectively the ventral and dorsal
mesenteric filaments were formed, the two being of homogeneous origin,
i.e. consisting of endodermic and ectodermic portions developed in
different degrees.

At the end of the third week the first bud grew as an outgrowth from
the basal stolon formed by the solitary polyp.

Very young fixed stages were fed with fine plankton, but colonies of

two or three individuals or more were successfully fed on larvee and

single adults from Leptoclinum and Botryllus colonies. The early buds
are arranged in circles round the parent, but in colonies of thirty-two
individuals budding took place irregularly,

A M.
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Marine Biological Association of the
United Kingdom.

Report of the Council, 1915.

The Council and Officers.
Four ordinary meetings of the Council were held during the year, at

which the average attendance was nine. During the Easter Vacation a
Committee of the Council visited and inspected the Laboratory at
Plymouth.

The Association has suffered a great loss during the year through the
death of Mr. J. A. Travers, who was for eighteen years its Honorary
Treasurer. During his term of office Mr. Travers worked hard in the
interests of the Association, and his advocacy of the practical value of
the scientific fishery work which was being undertaken did much to
ensure the continued progress of our investigations.

The Council elected Mr. George Evans, lately Prime Warden of the
Worshipful Company of Fishmongers, to succeed Mr. Travers as Honorary
Treasurer.

The Council desires to express its thanks to the Royal Society for the
use of the Rooms at Burlington House in which its meetings have been

held.

The Plymouth Laboratory.

The buildings, fittings and machinery at Plymouth have been kept in
a state of efficient repair, but owing to the war all expenditure has been
kept at the lowest possible limit. It has been necessary, however, to
effect some repairs to the Shone’s ejector, which pumps water from the
sea, and the small gas-engine used for circulating sea-water through the
Aquarium and Laboratory tanks has been fitted with a new piston and
cylinder liner.

The Boats.

The steamer Oithona has not been put in commission this year. All
the collecting work which has been possible has been done with the
small sailing boat built for the Association two years ago. The motor
boat given to us by Colonel G. M. Giles was sold early in the year for the
sum of £35, as there was little prospect of making use of her for some time

to come.
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The Staff.

E Dr. J. H. Orton and ‘Mr. L. R. Crawshay have joined His Majesty’s
Forces for the war, making with Mr. E. W. Nelson and Mr. E. Ford, who
joined last’ year, a,nc.l Mr. R. 8. Clark, who accompanied Sir E’rneat
Shackleton’s Al}tarcmc Expedition, five members of the staff who have
]Ij_)eenEalz}seﬁl this year. Of the old staff, in addition to the Director

r. E. J. Allen, only Mr. D. J. Matthews remains, he bei :
the Association for half his time. St et
> I\ESS M. V. Leboulé, M.Sc., lecturer in Zoology of the University of

ree s, has been applon‘lte.d a temporary Naturalist for the period of the
war a?nd t-!le _C'-ouncll is indebted to the Senate of the University for
granting Miss Lebour the necessary leave of absence. Mrs. D. J. Matthews,
M.Se., has also been engaged for part of her time in carrying out ﬁshery'
researches for the Association. )

I\iIr. D W. Cutler, B.A., now Lecturer in Zoology at Manchester
University, was employed for some months last summer in assisting with
fishery work.

.Those .mcmbers of the staft who have joined His Majesty’s Forces are
being paid by the Association the differences between their salaries and
service pay.

Occupation of Tables.

The following Naturalists have occupied tables at the Plymouth

Laboratory during the year :—

W. DE Moreay, Plymouth (Protozoa).
Dr, E, 8. GoopricH, r.R.8., Oxford (Myxosporidia).
Mrs, GoopricH, B.sc., Oxford (Parasitic Protozoa).
}I{tss M. IRWIN, B.A., Cambridge (Embryology of Elasmobranchs).
W. O. R. Kineg, M., Leeds, Ray Lankester Investigator (Temperature
coefficient of development of Eechinus maliards).
Mrs.‘ W. O. R. King, Leeds (Enzymes of Echinoderm gonads).
D. G. Linute, B.a,, Cambridge (Antarctic Plankton).
J. H. Lroyp, Birmingham (Larvie of Nematode of the Common Dogfish in
L el DA (Devel
Mrs, MaTrEREWS, M.8¢., Plymout: evelopment of Aleyonium)
Mrs. E. W. Sexrow, Plymouth (Amphipolda- and Polj}gl{::st;lm”
Dr. €, SHEARER, M.A., Cambridge (Dinophilus), :
The usual Easter Vacation Course in Marine Biology for University
students was not held this year. “

General Work at the Plymouth Laboratory.

Thu? number of the Journal issued during the year (Volume X, No. 4)
contains a report by Mr. L. R. Crawshay upon his experiments in the
keeping of Plankton animals under artificial conditions. Since this
paper was written Mr. Crawshay has, after a careful study of the different
factors lqvolved, succeeded in rearing Calanus finmarchicus, one of the
most_typical of the Plankton Copepods, through all stages f;'om the e
to the adult form, under eritical experimental conditions. i
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In the same number of the Journal the Director has published a
revised list of the Polycheta of the Plymouth District and of the South
Devon Coast, with records of the localities in which these annelids have
been found. The list contains many new records for the English Channel
and geveral for the British area.

The Director has been engaged for a portion of the year in examining
a large collection of larval and young stages of fishes made by Mr. Clark
and Mr. Ford in the summer of 1914, by the use of Petersen’s young-fish
trawl. This work will form the subject of a report on gimilar lines to
those followed by Mr. Clark in his account in the Journal of the young-
fish collections of 1913.

In connection with a scheme drawn up by the Board of Agriculture and
TFisheries for the study of the different races of herrings found around
the British coasts, Dr. Orton, with the help of a number of other workers,
has examined two large samples of the Plymouth winter herrings, each
containing over 500 fishes. This investigation involved the measurement
and enumeration of some eighteen characters on each fish. The figures
have been sent to the Board of Agriculture and Fisheries for comparison
with those obtained from other localities, and in order to make them
generally available they are also being published in the J ournal of the
Association.

A series of experiments has been com menced by Mr. D. W. Cutler, with
a view to studying the growth of the scales of fishes kept in the Laboratory
tanks under different conditions, especially as regards temperature. Tt
is hoped that these experiments may throw some light upon the causes
which produce the differences in the lines or markings on the scales
now generally used in determining the age of fishes. Mrs. Matthews has
taken charge of an investigation on the nutrition and growth-rate of
fishes living under Aquarium conditions.

Mr. Matthews has been making determinations of the phosphates in
samples of sea-water collected at about intervals of one week outside
Plymouth Breakwater, in order to study seasonal changes. A consider-
able number of analyses have been made, and the results will be pub-
lished in the next number of the Journal. The hydrographic work he
was previously doing for the Tisheries Branch of the Department of
Agriculture, ete. (Ireland), is in abeyance for the present, and since the
latter part of October last he has been assisting in the chemical side of the
investigations into cerebro-spinal meningitis which are being carried out
at the Military Hospital at Stonehouse. The chemical work has been
done in the Laboratory of the Association. ;

Miss M. V. Lebour has taken up the study of Plankton, especially that
of the most minute organisms which escape from the ordinary silk tow-
NEW SERIES.—VOL, XL N0, 2. MAY, 1917, 8
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nets, but can be obtained by centrifuging samples of sea-water. The
samples examined have been taken at frequent and regular intervals
during the year by means of a water-bottle, which has been worked at
several different depths, generally near the surface, about mid-water
and near the hottom, at the entrance to Plymouth Sound. A numerical
estimate has been made of the number of organisms of each kind in
the individual samples. Miss Lebour has also undertaken the examina-
tion of a series of samples obtained by means of tow-nets during the
last few years, at fortnightly intervals, at the Seven Stones Light Vessel,
midway between Land’s End and the Scilly Islands.

Mr. W. O. R. King, assisted by Mrs. King, spent some time at the
Laboratory as Ray Lankester Investigator, and continued his work on the
temperature coefficient of development of Echinus.

Mrs. E. W. Sexton has completed a paper on the Mendelian inheritance
of eye-colour in the Amphipod, Gammarus chevreuxi, which is being
published in the next number of the Journal.

Published Memoirs. :

The following papers, either wholly or in part the outcome of work
done at the Laboratory, have been published elsewhere than in the Journal
of the Association =

Druny, A, N. The Bosinophil Cell of Teleostean Iish. Journ. Physiology, vol.
49, 1915, pp. 349-366.

GRray, J.  Note on the Relation of Spermalozoa to Electrolytes and its bearing on the
Problem of Fertilization.  Quart, Journ. Mier, Sei,, vol. 61, 1915, pp. 119-126.

Orrow, J. H. An Awmerican Knemy of the English Oyster Farmer. Trans.
Plymouth Inst., vol, 15, 1912-13 (1915), pp. 247-261.

_l’IXELL—(}Ol‘)DRIUH, H. T M. On the Life-History of the Sporezoe of Spatangoids,
with Observations on some Allied Forms. Quart. Journ. Mier. Sei., vol. 61, 1915,
pp. 81-104,

Prxprr-Goonrren, H. L. M., Mincldwin : A Heaplosporidian,  Proce. Zool. Soc.,
1915, pp. 445-457.

Porrs, F. A, Polycheeta from the Novth-EBast Pacific : The Chetopteride.  1With an
Account of the Phenomenon of Asexual Reproduction in Phyllocheatopterus and the
Deseription of Two New Species of Chetopteride from the Atlantic.  Proe. Zool. Soe.,
1914, pp. 955-994.

S\"EDELIFS, N, Zytologisch-Entwicklungsgeschichtliche Studien #ber Scinaia fur-
cllata.  Ein Beitrag zur Frage der Redultionsteiuny der wicht Tetrasporenbildenden
Florideen, Nova Acta Reg, Soe. Se, Ups,, Ser, iv,, vol. 4, no. 4, 1915,

The Library.

The thanks of the Association are due to numerous Government
Departments, Universities and other institutions at home and abroad
for copies of books and current numbers of periodicals presented to the
Library. The list is similar to that published in the Reports of Council
of former years. A number of authors have been good enough to send
reprints of their papers for the Library and to these also thanks are due.
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Donations and Receipts.

The receipts for the year include a grant from H.M. Treasury of £500,
being on account of the war one-half of the sum granted in recent years,
a grant from the Board of Agriculture and Tisheries, Development
Fund (£500), and one from the Fishmongers’ Company (£600). In
addition to these grants there have been received Annual Subscriptions
(£136), Composition Fee (£15), Rent of Tables in the Laboratory, in-
cluding £25 from the University of London and £20 from the Trustees of
the Ray Lankester Fund (£49) ; Sale of Specimens (£324) and Admission
to Tank Room (£99).

Vice-Presidents, Officers, and Council.
The following is the list of gentlemen proposed by the Couneil for
election for the year 1916-17 :—
President.
Sir E. Ray LAFKESTER, K.C.I., LL.D., F.R.5.
Vice-Presidents,

The Duke of Brprorp, K. The Right HMon. AusTiN CHAMBER-

The Earl of Ducie, rRs. LAIN, M.P.
The Earl of STRADBROKL, C.V.0., C.I. W. Asrtor, Esq., M.P.

Lord Moxrtagu oF BEAULIEU. G. A, Bouruscer, Esg., s,
Lord WALSINGHAM, TS, A, R, SreEL-Marrnano, Ksq., s,
The Right Hon. A, J. Batrour, yor., llev, Canon NORMAN, D.C. L., FLR.S.

F.R.S. Epwin WarerHouse, ks,
Members of Council.
E. T. Browxg, Esq. H. G. Mavricr, lsq., o
L. W. BxrxE, Esq, Dr., P, (flb\lal‘»ll".l{i‘i‘l\| ITCHELL, FR.S,
Prof, H. J. FLeuke, b.sc C. C. MoRLEY, Esq.
E. 8. GoopricH, Esq., Dsc, w1 s, F. A. Porrs, B,

), Tare Rucan, Ksq.

Sir Kusrace GURNEY. 4
Prof, 1Arey W, THoMPSON, C.B.

Prof. J. P, Hiny, D.se, TS,
E. W. L. Hovr, Esq.
Chairman of Counetl,
A, B, Sareiry, HEsq., Dsce, FRS
Hon. Treasuwrer,
Grorar Evaxs, Esq, 1| Wood Street, London, 1.0,
Hon. Secretary.
E. J. Aviexn, Esq., p.sc, rRrs., The Laboratory, Citadel Hill, Plymouth.

; g &
The following Governors are also members of the Council :—

G. P. Bipper, Esq., se.D. Guoras BEvaxs, Esq. (Fishmongers

W. P. Haskgrr Swrrd, Esq. (Prime Company).
Warden of the Fish;nm)gel's’ Co.). Prof. G. C. BOURNE, D.8c., F.R.8. (Ox-

,. = e et
The Earl of Porrsyours (Fishmongers ford University).
Company ). : i A. I, Sureey, Bsq., D.se., BR.S. (Cam-

Sir RicHarp Manriy, Bart (Fish- Lridge University).
. mongers’ Cn;mpany)’. Prof. W. A. HERDMAN, D.Sc. F.R.8.

The Hon. Naraanien CHares RorHs- (British Association).
caiLp (Fishmongers' Company).
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Dr. Statement of Receipts and Payments for

To Balance from Last Year:—
Cash at Bankers ..........coovvins P
Cash in'band uamamaaaan L 7;2 ig 1? 734 5 2

,» Current Receipts :—
H.M. Treasury for the year ending 31st March, 1916 500 0 0

The Worshipful Company of Fishmongers ............ 600 0 0
Annual Subseriptions ..., 135 8 0
Ren.t of Tables (including Ray Lankester’s Trustees

£20; University of London, ;L%) ’ 48 15 0

Interest on Investments ............ 1411 0 1,208 14 O

,» Extraordinary Receipts :—
Donation, G H. Fox s e

Composition Fee ......... i 12 }E g
Board of Agriculture and If‘lshuu.a., E.umt flum '
Devulupuu.ut TFrund for year uuims Slst March,
1016., 500 0 0 516 5 6
4, Laboratory Boats aud Sundry Receipts : —
Balos oFATDEIAENR. . covvipmimmmmmmmsriessimasaiis 7190
5 » Specimens s ey, 98 1
;1 Boats, Nets, (‘car etc ........................... 55 7 2
Rebate of Insumncc, 8.Y. “Oithona™ ... 2013 1
Other Ttems 110 408 14 4

The Association’s Bankers hold on its behall £410 14s. 8d
New Zealand 47 Stock, 1943-63. o

£ 5ok £ & d.

O THE UNITED KINGDOM.

the Year ending 31st December, 1915. Cr.
£ s d £ s d
By Salaries and Wages—
Dbl , e SR s A s R 300 0 0
Hydrographier ..o 150 0 0
Senior Naturalist ...oooviinmi: S 91 9 4
Additional ,, o 188 14 2
Temporary ,, et ereeeenesneneasy snsarasesersasiet = 97 11 9
ASSISTANE 4, ceeeereseerresnenaennsianeanes . 61 0 10
- (temporary) i 52 9 6
Sa]arles and Wages ....cooeereeerinnnes cpnnriasiid o O 2 '7 1,370 8 2
5o Travelling EXDERSES ..o.ovoormmimimmmnmiiensnseeeees 14 0 3
,, Library... 84 1 2
Less Duphcates sold 019 0 83 5 2
U (11111 (U NP ERIRISTER L CEC L 107 8 9
L ARLRE . S R e e SRR Ry 16 1 89 10 8
., Buildings and Public Tank Room—
Gas, Water, and Coal ..o 147 16 4
Stockmcr’l‘anks and Feeding ..o.ovveeeecrmmmmes 33 211
Maintenance and Renewals ... 156 8 11
Rent, Rates, Taxes, and Insurance...... 46 14 0
384 2 2

Less Admission to Tank Room, efe. ..o o 107 13 1 278 b ol

Laboratory, Boats, and Sundry Expenses—

¥

Glass, Apparatus, and Chemicals .o veneen 7% 0.2
Purchase of Specimens .. 31 16 10
Maintenance and Renewals of Boats, Nets, etc 41 5 8
Boat Hire and Collecting ExPedltmns 10 16 &
Insurance of 8.Y, ¢ Oithona ™. e 519 11
Coal and Water for Steamer ........ . 116 0
717 8 254 12 8

Stationery, Office Expenses, Czunage Pnntmg, eti..

,, Balance:—

Cash at Bankers ............ RN T e Ty S e R 852 0 2
Cash in hand 5 17 12 10 869 13 0

C£2,957 19 0

——————

Examined and found correct,
28th Janwary, 1916.

(Signed) N. E. WATERHOUSE.
Epwarp T. BROWNE,
J. 0. BORLEY.
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* Member of Council. + Vice-President, ¥ President.

Ann, sign?f}’eg that the Member is liable to an Annual Subseription of One Guinea.
C. signifies that he has paid a Composition Fee of Fifteen Guineas in lien of Annual

Subscription,
I—Governors,
TheHBritisl; Association for the Advancement of Science, Burlington
L /
- i B e S00
The University of Oxford ... ;500
The University of Cambridge.......cocoooeo T £500

%:Ihc ::;OI'S:li piul Company of Clothworkers, 41, Mineing Lane, B, £500
te Worshipful Company of Fishmongers, London Bridue. E C 2,505
Bayly, Robert (the late) o e

......................................................... £1000
Bayly, John (the late) ..............ccooooiiii 1E;E:GOO
Thomasson, J. P. (the late) ... " £970
G. P. Bidder, Exq., Se.D., Cavendish Corner, Cumbridye .&5[500

II.—Founders.
1884 The Corporation of the City of London ......................__ £210
1884 The Worshipful Company of Mercers, Mercers Hall, Cheapside £&41 s
1884 The Worshipful Company of Goldsmiths, Goldsmiths Hall, E.C....... £10(;

1884 The Royal Microscopical Society, 20, Hanover Square, W................ £100
1884 The Royal Society, Burlington H ouse, Piccadelly, W. ...iccoooviiiiiaiin £350
1884 The Zoological Society, Regents I Yark, London, NJW. . .......cccooovii £100

1884 Bulteel, Thos, (the late)

1884 Daubeny, Captain Gilés A. ..ovveciviirienreeiunsseoensoon £100
1884 Eddy, J. Ray, The Grange, Carleton, Skipton ... ..............ocv.... £100
1888 Clismati sdohn B, (hhe Tate) 1. oo ) o S T N £100
11884 ..Lankeat‘_ar, Sir E. Ray, K.C.B, F.R.S, 29, Thwrloe Place, South
o SIS e : £100

1898 Bowles, Col. Henry, Forty Hall, Enfield .....ocooviveeniiniinnininniiiinniid
. 1910 Bradford, Sir J. Rose, K.C.M.Gi.,, M.D., D.Se., F.R.S., 8, Manchester
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1884 The Rt. Hon. Lord Masham (the late) ......ccoieirrieiiiiiiiiiiiiniiinnnnns £100
1884 Moseley, Prof. H. N, F.R.8. (the Jate) ......cccoviiiiiiiiiiiiiinivnnniinine, £100
1884 The Rt. Hon. Lord Avebury, F.R.S. (the late) .oooiiiiiiiiiinn, £100
1884 Poulton, Prof, Edward B., M.A., F.R.S.,, Wylkeham House, Oxford ...... £100
1884 Romanes; ‘G J;, LD FR5: (thedate)nianinnsnnanaiigs £100
1884 Worthington, James (the late) v unmansimenvmimmmiivinemiie £100
1885 Derby, the late Earl of ........ccoovviiinnns R A R A S S £100
1887 Weldon, Prof. W, F. R., F.R.8. (the late) ...oooooiiiiiiiiiiiiiinnnnes . £100
1888 Bury, Henrvy, M.A., Mayfield House, Farnham, Swrrey....o..cooeeueiiin... £100
1888 The Worshipful Company of Drapers, Drapers’ Hall, E.C ..o, £315
1889 The Worshipful Company of Groeers, Pouwltry, K.C. .......ocooooeiniiin £120
1889 Thompson, Sir Henry, Bart. (the late) ......coovviiiiiiiiiinn, £110
1889 Revelatoke; The late Lord.cocannnnamamsusnmnimanineg £100
1890 Riches, T. H., B.A., Kitwells, Shenley, Herts .....cocciirniriiiiiennnniiinne £230
1902 Glurney, Robert, Ingham Old Hall, Stalham, Novfoll: ..o £105
1909 Harding, Colonel W., The Hall, Madingley, Cambridge .................. £100

1910 Murray, Siv John, K.C.B,, F.R.S. (the late) ..covvvvveeniiiiiiiiininnennn, £100
1912 Swithinbank, H., F.R.8.E., F.R.G.S,, Denham Cowrt, Denham, Bucks, £100
1913 Sheaver, Dr, Cresswell, 30, Thompson’s Lane, Cambridge .....oouvovionnn. £100

III.—Members.

1913 Adams, Alfred, M.B., B.Ch., Oxon., Looe, Cornwall ..............c..oonvis Ann.
1897 Adams, W. R., 11, Windsor Road, Denmark Hill, Camberiwell,
London, S.E. .. iieeeiiiieitieiiiniiiraeiresteiressransansae aesernsneenses AL
1900 Aders, Dr. W, M., Zanzibar, Bast Africd  ...ovvieiriicieinniinniniiienna.. AN
#1895 Allen, E. J,, D.Se., F.R.S., The Laboratory, Plymowth .................oo. Ann,
1889 Alward, G. L., Enfield Villa, Humberstone Avenwe, Waltheon, Grimsby  Ann.
1910 Ashworth, J. H., D.Sc., The University, Kdinburgh oo, Ann
11911 Astor, W., M.P., 4, St. Jumes's Squere, London, W, .ocooverireieneannen. C.
1910 Atkinson, G. T., 43, Parlicment Street, London, 8.V, (i Ann.
1902 Baker, R. J., 89, Alexandre Road, Plymouth «..... .ccocoviiiiviiaasinninns ADNL
- 1884 Balfour, Prof. Bayley, F.R.S., Royal Dotanie Gardens, Ldinburgh ... C.
%1884 Bayliss, Prof. W. Maddock, D.Sc., F.R.S., St. Cuthberts, West Heath
Road, Hompslead voasanunnaaisamnnilnasam Ann,
1884 Bayly, Miss Anna, Seven T'rees, Plymouth ....covovvivirieiiiiiiiienniiinnnns £50
1885 Beck, Conrad, 68, Cornhiill, B0\ ooviiiiiiiiiii e eeeaannes C.
1884 Beddington, Alfved H., 8, Cornwall Tervace, Regent's Pavk, NV, ..., (.
1907 Bedford, His Grace the Duke of, K.G., Endsleiyh, Tavistock ............ .

1903 Bidder, Major H. F., Ravensbury Manor, Mitcham
1910 Bidder, Mrs, M. G., Cavendish Corner, Cambridye
1912 Bles, K. J., D.Sc., Elterholn, Madingley Road, Cambridye

..1910 Bloomer, H. H.,, 40, Bennett's Hill, Birmingham .........ccccccceiiniiiins Ann-

1910 Borley, J. 0., M.A,, 43, Parliament Street, London, S W. .. ... ¥R, Anu-
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1902 Brighton Public Library (Henry D. Roberts, Chief Librarian) ......... Ann,
1886 Brooksbank, Mrs. M., Leigh Pluce, Godstone, SUFTEY i o
1884 Brown, Arthur W, \\' ,62, Carlisle Mansions, Carlisle Place, London, S.1V. (.
*1893. Browne, Edward T, BA Anglefield, Berkhamsted ... .. RN Ann,
1892 Browne, Mrs, E. T, Am,rlr»ﬁeﬁ(f Berkhamsted ... A B A N A S Ann,
*1897 Byrne, L. W, B.A., 7, New Square, Lincoln’s Inn, London, IV C.iviaeens Ann,

1908 Calman, Dr. W. T., British Museum (Nr;éum:! History), Cromuell

ROBA) BT icvrevinierirenieisressiiiisirieesaseessresseesssestoassesssans Yo Ann,
1912 Cavers, Dr. 1., Goldsmiths' Cullcge New Cross, London, S.E................ Ann,
1913 Childs, Oh:mtopher, M.D., Boscarne, Looe ........cocuueeisiccrenaneannn. Ann,
1911 Chlltun Prof. C.; Ocmteabmy College, Chaistehureh, wa /udzwui . Ann,
1884 Christy, Thmuas Howardil oo b v e e 3
1911 Clark, Dr. J., Technical School, Kilmarnock, N.B. ..... . Amn
1910 Ua:ke @ 8. R Kitson, Meanwoodside, Leeds . Ann.
1887 (‘l'uke, Rt. Hon. Sir E., K.C., 5, Essex Court, Temple, L G ........... e £25
1886 Coates and Clo,, Soutksade Sme.': T NG N T C.
1885 Collier Bros. Gearje Street, PIYmouth ......cco..ovoiieveeiinnist cennns o o
1912 Cotton, A. D y The Herbarium, Royal Gardens, Kew ........................ Ann.
1909 meaha), L. R, M.A., The Laboratory, Plymouth .............cvoocvven . Ann,

1916 Delphy, J., Laboratoire Maritime de Tatihou, par St Vaast-la-Hougue
(Ilffmche), France ............ Ann,

1885 Darwin, Sir Francis, F.R.S., 10, Madingley Road, Cambridge .. C.
¥1906 De Morgan, W, (., ¢/o Nat:mud Provincial Bank, Plymouth. ... . Ann,
1908 Dendy, Prof. A., F.R.S., Vale Lodge, Hampstead Heath, N.W," . Ann.

1884 D(,wmk Rev. E. 8, M. A F.G.8., 26, Oxford Square, Hyde Par?s IV : Gl
1915 Dick, G. W., J.P,, ¢/o P. O Box 28 The Point, Durban, Natal | i
1915 Dl[‘et,f:ol‘ of Agrlcultme and Fisheries, Travancore, Quilon, S. Indm . Anm,
1885 Dixey, F. A, M.A. Oxon,, F.R.S., Wadham College, Oxford  £26 5s. and Ann,
1910 Dobell, C, 0 M.A, Impemd Ouﬂsye of Seience and Technology, South

Kmsmytwi, B o 0 s nonn s s e e et Ann.
1890 Driesch, Hans, Ph.D., Philosophenweq 5, Heidelberg, Germany ............ C.
11889 Ducle,The Rt. Hon. I;ln.Fa:lof F.R.S., Tortworth Court, Falfield, R.S.0, £5015s,
1910 Duncan, F, Martin, 71, St. Leonard’s Road East Sheen, 8. W. ............ Ann,
1884 Dumllng, J W, 4, T albmf Square, London, W........................ pa— £26 bs,
1884 Dyer,Sir W, T, I'hlsdbon M.A., K.C.M.G., F.R.8., The Ferns, Witcombe,
GUOUCESEET ..ot C.

1908 Elwes, Maj. Ernest V., ¢/o Hou. Secretary, Torquay Natural History
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1885 Ewart, Prof. J. Cossar, M.D. y F.R.S., Undversity, Edinburgh............... £35

1894 Ferrier, Sir David, M.A., M.D., F.R.8,, 34, Cavendish Square, W. ...... Ann,
1884 Fison, Sir Freder'u.k W., Bart., Boarch st.-: Green, Sussex | e

¥1913 Fleure, Prof. H. J., D.Se., Umwrmty College of Wales, Aberysiwyth . Ann,
1897 Foster, Richard, Wmdswm th, Looe, R.8.0. . . Ann,

1885 Fowle: G. Herbert, B.A., Ph.D., The Oid Hause Aspley Gmsa,
Bedfordshire .......... it .. Ann,
1884 Fry, George, F.L.S., (,aﬂm Bme Berwwk-an Tweed S e P A |
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1885 Gordon, Rev. J. M., 7, Moreton Gardens, London, SV, .. Ann.
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1916 Guitel, Prof. ¥., Laboratoirve de Zoologie, Rennes, France ... Ann.
1900 Gurney, Sir ltusw.t,t, Sprowston Hall, Norwich ... AR e Anu.
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#1884 Herdman, Prof, W, A, F.R.S., The Zooloyy Department, The University,
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