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The Microplanktonof Plymouth Sound from the Region
beyond the Breakwater.

By
MarieV. Lebour,M.Sc.,

Assistant Leetlire?' in Zoology, Leeds University.
Ternpomry Natttmlist at the Plymouth Labomtory.

With Figures 1-9 in the text, and Tab]es I and II at the end.

THROUGHOUTa 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, 2t 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 ofthis 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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Winchest:r for Peridiniales and Protozo~, which perhaps include the taken at the same time of day, between 11 a.m. and 1 p.m., and the
most. delIcate of all the ~lankt?n. orga~sms. ~he samples were all state of tide, wind, and weather noted.
exammed fresh when posslb.le; If ImpossIble,. WhIChwas only seldom, I ' A great many species get through the meshes of e:e~ ~he finest ~ets.
they were preserv~d by addmg strong Flemmmg's solution at the time Those which are nearly always lost are the smaller PerIdin~ales, espeCla~ly
of capture ~s advIsed by Gran (1~12a). For most species this method the Gymnodiniace03,the small Infusoria, with the exceptIOn of th~ Ttn-
of preservatIOn was found very satIsfactory. t' idea small flagellates (very few of which, however, appeared m 'our

For quantitative es~imationa certai~ amount ~usually50 cc.) of the 4. s:;;leS): Protoz~a of various kinds and ~any of.the .smaller ~iat~ms.
sample water was put m tubes and centrIfuged. FIve, tubes each holding On looking through the Plymouth records m the FIsherIes InvestIgatIOns
10 cc. were examined,the tubes pointed at the end after Lohmann's I

J

' we find an almost complete absence of all the very small Peridiniales,
patter~, so tha.t the .contentsmay be emptiedout and leave the residuein .' and with one exception (that of Gymnodiniumlunula, which owing to
the pomt; thIS resIdue was removed carefully with a fine pipette, put I " its large size is conspicuous) an absolutely complete absence of Gymno-
on a ~uled glass slide and the contents counted. The water was then re- :, diniace03which confirms Lohmann's statement that all were lost. Proro-

centrIfuged and, the process gone through again. It was found that t centrum micans is almost absent from the tow nettings, here again in
although re~centrifuging ~nswe~ed very well for diatoms, Peridinium I , agreement with Lohmann, who found a large loss. Infus?ria, except the
and the more sturdy orgamsms, It was no use for the fragile forms such .,

J
Tintinnoidea are practically absent, and among the dIatoms we find

as the naked Peridiniales and small Infusoria, many of which are most , records of species such as Oh03tocerascurvisetum, which we have found
probably destroyed ,even before they are brought in." the commonest species of this genus in the plankton, only represented at

It was found by experiment that centrifuging for ten minutes gave the most by the sign +, usually r or rr. At times it has appeared with
th~ best result~, ~he largest number of gymnodinians being secured in us in quantity in the tow nets, but not nearly as frequently as in the
thIS ~vay. ThIs IS longer than the time taken by Lohmann, but his water samples. Paralia sulcata is seldom to be found in the nets but
centnfuge made many more revolutions than ours, the number of ours is abundant in the water samples, and present nearly all the year round.
not beingexactl~ estimated. In Gough's lists it is usually marked r or rr, never by either Bygrave or

The tow nettmgs were not exhaustively examined, but the most Gough is it marked cc.
iJIlportant organisms were noted and their relative abundance. The Skeletonema costatum is another good example and one specially
nets used were of silk with meshes 26, 50 and 150 to the inch respectively, J marked by Lohmann. Although sometimes recorded as cc for Plymouth,
mouth 56 inches in circumference (inside), and bottom 15 inches in cir- ,

j

the few times it is thus marked bear no comparison with the numbers

(cumference. Length of silk clear of the calico to which it is attached i ' really contained in the water. This is a particularly abundant spe~ies
;at;the ends, 39 inches. Area of silk, 1382inches. Duration of haul, 10 to here, and at Kiel it is shown to be in enormous numbers, most of whICh
15 minutes, or in exceptional cases a few minutes longer. escape the net. The species of Nitzschia are also good examples, N.

The following quick method was adopted: anything large first noted !: closterium and N. delicatissima particularly nearly always being lost by

with the naked eye, then a certain amount of each sample taken, and when ~ the net. '

30 or more of any organism was present it was marked cc; if 20 but '

\

On the other hand, a good many of the larger species do not get into
under 30, c; if 6 but under 20, -+; if more than one but under 6, r; if ~ the water samples in anything like a representative number. For instance,
only a single specimen rr. In this way a rough estimate of what is common . the genus Biddulphia only appears very occasionally, when really it
in the tow nets is made. In the case of the very fine samples after stirring ,{ forms a most important part of the plankton at a certain season of the
two separate drops with a pipette are examined and the above method 1 year. Str~ptothecathamensis is another case; this species being very
applied. . abundant at times in the tow nettings and only occurring in small num.

On the few days when it was impossible to gc beyond the Breakwater " bers in the water samples. The genus Rhizosolenia, although the relative
the samples and tow nettings were taken from the west channel at the abundance of the species is usually well shown in the water samples, is
side of the Breakwater. For a fortnight in April it was impossible yet sometimes very ineffectually represented. For instance, in June
owing to the storms to go out at all. After this, about the 25th, the I Rhizosolenia Shrubsolei appeared in all the tow nets for two or three

in""," in planktoni, la'g', Th. "'mpl", wore.. n"dy .. poosiblo i... days, pa,tiouJady on Juno 191b, ""pooially in lb. mod,om nol, .
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I

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 tho 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. Skeletonerna costaturn is most

frequent at the surface, also Chcetocerasspecies 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.
Skeletonerna, 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 delicatissirna,
and Asterionella japonica also show largest numbers at 5 and 7 fathoms.

The state of the tide affects tbe 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.

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
costaturn, which he regards as one of the most important diatoms of the

plankton, has a curve which is wonderfully in accordance with ours,

Fig. 1 having a large spring and a small summer maximum (Lohmann,
1908, table XII).

Of his numerical results the Peridiniales are relatively in much larger
numbers than in the present records. Although here 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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season of maximum number agrees. As Lohmann observed at Kiel, so
here, there are several amoobreto be found in the plankton. Ours are of
three kinds, onE\.of which is fairly common. With him Flagellata are
much more numerous than with us, exceptPhceocystis, which is so abundant
here in May and June that it interferes with everything, clogging up all
the nets. Infusoria Lohmann finds numerous, and there are numerous
species of them here, but they are not found in large numbers with the
€xception 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 lusus 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 species,
instead of their showing a marked seasonal distribution. This we find
to be the case with Thalassiothrix nitzschioides, 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 whicl).
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.

'l

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.

l~
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species which do not agree; for instance, Coscinodiscus Granii has a
maximum at Kiel in August, whereas I found it confined to the period
from November to April, when it is fairly evenly distributed. The
maximum of Prorocentrurn micans in August or September seems to be
well established. Ostenfeld (1913) is here also in agreement. Ceratiurn

lusus also has its maximum at this time, and Pyrocystis lunula, which
at Plymouth is only recorded in these months. However; I find that in
many cases species having a spring maximum at Kiel have it here in
the summer.

A comparison of the present results, with those of Gran (1912)is difficult
as his are only for the month of May and from so many stations 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 fat 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 usually
took 50 cc. of the sample and calculated from it the number of individuals
in a litre. Except in certain cases mentioned below, the numbers are
not extremely different. Thus we find the species of Biddulphia present
in very small numbers (only B. sinensis at Plymouth), a large number
of several Chcetocerasspecies in both (12 species with him, 8 with us).
However, whereas there C. decipiens and debileare the prevailing forms
(maximum numbers 11,500and 6,500 per litre respectively) the prevailing
forms here are C. curvisetum (maximum number 39,900 per litJ;e) and
C. pseudocrinitum (maximum number 30,000 per litre). A large-number
of resting spores of Chcetocerasspecies 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
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 a..bundant :-

R. alata .

R. semispina .
R. Shrubsolei .

R. Stolterfothii .

Dutch records.

300 (15 m.)
160 (20 m.)
480 (10 m.)

.8,360 (50 m.)

Plymouthrecords.
120 surface
500 5 f.

1,600 5 f.
760 surface

Thalassiosira gram'da(Gran's maximum 1,7eo per litre, Plymouth 6,320
per litre). NitzscMa delicatissima much more abundant at Plymouth,
Nitzschia closterium more abundant in the Dutch records. Of the Silico-

Species. Kiel. Month
Plymouth. Month

of max. of max.
Paralia sulcata . 77,000 Nov. 1,000,000 Nov.
Skeletonema costaturn . 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 (iaponica)
Prorocentrum micans. 5,100,000 Aug. 128,000 Sept.
Glenodinium bipes 2,100,000 May 12,000 Aug.
Ceratium lusus. 300,000 Sept. 12,000 Aug.

P. armata
Pouchetia parva. 50,000 Sept. 30,000 - June .I-

Tiarina fusus 11,000 Oct. 14,000 Aug.
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flagellata Dictyochafibula 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. It 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,
~specially 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; Chcetoceras,Thalassiosira and Lauderia in April and May;
Chcetocerasand 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-
siosira 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 Chcetoceras.
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
f!maller Peridiniales are not taken into account ill 'the Port Erin reports,
:and' the Gymnodiniacece,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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THE DIATOMS.

In estiInating the diatoms, we find they fall naturally into two groups;
the first and most important includes the species beginning about April
and usually ending about September, the second including th'ose having
their maximum in the winter or spring and extending from September
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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 Chcetoceras
species are mainly responsible, together with Nitzschia delicatissima,
Thalassiosira gravida and helped by Rhizosolenia' species and Lauderia
borealis. For the August maximum Chcetocerasagain is to the fore with
Asterionella}aponica, Mastigloia at times in numbers, Rhizosolenia species
and Nitzschia species. The rise in October, 1915, is due to Mastigloia,
Chcetoceras,Lithodesmium undulatum and Skeletonema costatum.

The diatoms of the first or spring and summer group include the genera
Asterionella, Chcetoceras,Lauderia, Nitzschia, Rhizosolenia and Thalassio-

sira; those of the autumn and winter group include Biddulphia, Coscino-
discus, Paralia, Streptothecaand Thalassiothrix. 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 smp,llnumbers 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 Thalassiothrix 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 }aponica (July),
Rhizosolen'ia 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, Mayor
June, usually very much exceeding the second iri August or September:
Skeletonema costatum (April and September), Chcetocerascurvisetum (May
and September), Lauderia borealis (April and August), Thalassiosira
grav.ida (May and September). These results agree roughly very well
with the previous records for Plymouth by Gough and Bygrave.
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Large masses of a species of Mastigloia in a gelatinous sheath some-
times occur at intervals and swell the number of diatoms largely. In
these cases they are usually so numerous that I have estimated them in
10 cc. instead of 50; I have also done this with other species when very
numerous.

Table II shows the average number of diatoms in 1 ce. for each month.
In the following details of the species the classification of " Nordisches
Plankton, " Vol. III, Gran (1905) is used.

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

(2) Paralia sulcata (Ehr.). Occurs almost all the year round in small
numbers, but is essentially 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 December and
part of January, June and July. Maximum of 250.per cc. iriApril,
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 smaller one.
Lohmann considers Skeletonema costatumthe most important diatom
at Kiel, where in June it reached a maximum of 780,000,000 per
100litres. He findsit prefers water of 10m. 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 months
given by Herdman for the maximum of the genus at Port Erin,
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.

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

(7) T. subtilis (Ostenf.). This little species with its surrounding matrix
occurred only rarely in 1916, although it was frequently noticed
in 1915.

(8) T. condensata (Oleve). 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 Oleve. Fairly common from May throughout
the summer, at other times very rare.

l ~<1i%V 1 ~az> l

FLU. 3.-Leptocylindl'lls sp. x 700.

(11) L:sp. (Fig. 3). A small species which is like L. rninirnus Gran (1912),
but never twisted as he describes; occurs fairly commonly in the
summer plankton: There are seldom more than two cells in a

, .chain and these are always quite straight. The two chroma-
tophores,size and form agree with Gran's species.

(12) Guinardia flaccida (Oastr.). Oommon at intervals from April to
September, with a maximum in July. More common in the very
fine tow nettings than in the water samples. The large numbers
occurring at Port Erin in May and June (maximum in June) are
noticeable.

(13) Hyalodiscus stelligerBail. Fairly common from October to February;
a winter species. At other times rare.

Genus ,OOSCINODISCUSEhr.

All the species of Goscinodiscuswe 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.

.

j
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Oommon from September to(14) Coscinodiscus excentricus Ehr.
May.

(15) C. radiatus Ehr. Oommon from September to May. C. excentricus
and G. radiatus are the most abundant species.

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

(17) C. Gmnii Gough. Begins in November and remains till April.
Sometimes common in December, January and February.

(18) Actinocyclus Ehrenberg1:Ralfs. In tow nettings only. Rare. Sep-
tember.

(19) Actinoptychus undulatus (BaiL). From the middle of September
to the end of April, never very abundant, more frequent in
tow nettings than in the water samples. Not seen at all in the
summer.

Genus RHIZOSOLENIA (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. Stolterfothii as much the most abundant with a big
maximum in June. As mentioned above, however, R. Shrubsolei
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. I 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 April. Its
absence being very striking, R. alata follows R. Stolterfothii closely,
although it is not so common. R. hebetata form sernispina, has
its maximum in May. R. setigem is later, beginning in June and
ending in September, with a maximum in August; thus it is
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 Stolterfothii H. Perag. Perhaps the commonest of the
Rhizosolenia species. Very common from May to September,
with a maximum in June; disappears entirely in December.
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alata, setigem, and hebetatal. semispina in 1000 cc. for each month.

L
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 July and August, when it
seems to take the place of R. Shrubsolei; rare in spring and autumn
and almost absent in winter.

(24) R. hebetata (Bail.) f. semispin a (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) Oorethron criophilum Castr. Most frequent in October but never
common. Absent for nearly the whole summer.

Genus CHlETOCERASEhr.

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 O.
densum, the maximum number of that species in the water
samples. This species, however, is large and, like O. boreale,does
not get much into the water samples. Ohcetocerascurvisetum,
which is much the commonest species found, shows two well-
markE:'dmaxima, a large spring and a small autumn maximum,
these agreeing with the Port Erin records for the genus. The fact
that on several days in early autumn no Ohcetocerasspecies were
seen in the water samples brings the average for the month down.

(27) Ohcetocerasdensum 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) O. convolutum Castr. From spring to autumn, sometimes abundant

(29) O. danicum Cleve. Rare, at intervals through the year,
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(30) C. borealeBail. 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 Schlitt. Occasionally in July, August and September.

(34) C. didymum Ehr. Begins in February and continues through the
spring and summer until October. Very common in August.
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FIG. 5.-Curve showing the average number of Chcetocerasin 50 cc. for each monLh.

(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 Schlitt. Rare in August. This is recorded often by Gough.
(38) C. lClciniosumSchiitt. Occasionally from June to October.

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

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

(41) C. curvisetum Cleve. The commonest species of Chcetoceras: begin-
ning in March it continues throughout thc summer till the middle

of September. Maximum of 37 per cc. at the end of May. This
is certainly the most important species of Chcetocerashere and

helps greatly to swell the diatom maximum both in May and
August. Largest number at the surface, although it occurs at
all depths. .
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(42) C. debileCleve. Not very common, May and June.

(43) Chcetocerasspp. Sp~cieswhichcouldnot be identifiedwerecommon
in July and August.

(44) Eucampia zoodiactlSEhr. Occasionallyfrom May to October.

(45) StreptothecatlzamensisShrubs. Commonfrom September to April,
otherwise rarely seen. More frequent in tow nettings than in
water samples.

(46) Cerat(wlina Bergoni H. Perag. Fairly common in May and June.

i

Genus BIDDULPHIA Gray.

The Biddulplzia 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 distinct forms of B. mobiliensis. There seems to be
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 Plymollth 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.-VOL. XI. NO.2. MAY, 1917. I.



150 1IIARIE V. LEBOUR.

in 1897 I searched through samples of various datee, particularly
autumn, winter and spring, without finding any tracc of
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 ver~'
distinct and easily recognised and I find it hard to believe it iG
not a true species distinct from rnobiliensis and regia. It occurs
with them and is easily distinguished from them, and this year
continues to stay longer than the others. The fact also, quoted
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 of their being separate species. In some samples taken
by Dr. Garstang in 1897 P. rnobiliensis and regia were commOll,

~u

OA

B

FlU. 6.-VaJ.ietiC's of Biddulphict TC[Jia. x 60.

and amongst these I found an occasional specimen which showed
an approach to 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 Erin in
November of the same year. The difficulty as to its origin is still

a puzzle.

(i17) Biddulphia rnobiliensis (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. rcgia M. Schulze; Much the same as B. nwbiI1'ens1'sbut 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.

(51) B~ alternans (BaiL) v. Heurck. Rare, October and early spring.

(52) Bellerochiarnallcus (Brightw.) v. Heurek. Rare, September.

(53) Lithodesrniurn undulaturn Ehr. Common from August to October,
rare at other times.

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

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

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

(57) Asterionella japonica Cleve. Important in the late summer. Occurs
in single groups rarely at intervals from October to the end of
June, then suddenly becomes very common in July, rising to
over 478 per ce. 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 C;3.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) Lycrnophora Lynbergi (Klitz) Grun. Rare, at intervals through the

year. ;,

(60) GrarnrnatophoTaserpentina Ehr. A littoral species, rare.

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

(62) Navicularnernbranacea Cleve. Fairly common from July to
November.

(63) N. sp. Many species of Navicula occurred through th~ year which
were not identified.

(64) Pleurosigrna 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 maxima Greg. Rare, chiefly in autumn and winter.

(67) Amphora ostracaria Breb. Rare, only in autumn.

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

Genus NITZSCHIAHassaJ.

The species of Nitzschia occur throughout the year and, unless
entangled in larger organisms, get through the nets in numbers.
In .Phceocystis, Nitzsc7u'a species entangle themselves to a large
extent, chiefly N. closterium and a needle-like species which I
believe to be N. delicat£ssima. 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.

~

I
I

II

- --'\\j)~ ~>

Fu;. 7.-Nitz8chia ciostCl'ill11l\r. Sill. Long and short fol'lus. X 350.

if

(G9)Nitzschia closteriumW. Sm. Occursthroughout 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 aJi
depths.

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

II
1/

II

1/
(71) 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. pandur~fo1'misGrev. Very rare, September and October.

(73) Bacillaria paradoxa GmeJ. 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 foul' species of Campylodiscus occur in
the tow nettings occasionally. Also Surrirella fastuosa Ehr. is
fairly common. All these are bottom forms and do ~ot stl'ictly
belong to the plankton.

1
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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 Gymnodiniaceceare lost. Former tow-net records show hardly
any of these. Ceratium and the larger Peridinium species have been
shown to be plentiful, b1;ltthere is a-very marked absence of the smaller
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FIG. 8,-Cul'I'e showing the average numuer of Peridiniales in 1000 cc~ for each month.

forms. This is perhaps the group which shows the loss from the lIet to
the greatest degree. Because of the number of new species and new
records of this group I have given the systematic details in a separate
paper of this journal (p. 183). Lohmann has described many new
forms from the microplankton, and several of these are found to occur
here. In most cases his numbers are much greater than mine; also the
numbers given in Prof. Herdman's records fOJ;Port Erin 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
relati ve seasonal abundance is \Yell 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 5 fathoms, but the species all occur in all the depths. It is well known
that the Peridiniales form a large portion of the food of many of the
plankton animals. Actinotrocha which sometimes occurs in the tow nets

is a good in~tance 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 :-

Speeil!len.

Peridinium ovatum

pallidum
pellucidum .
sp.

" sp. Juv.
Pouchetia armata

Dinophysis acuminata
Other organisms

2 5

1
3

D
3

1 1

1 2

22
2
1

FLAGELLATA.

" Nordisches Plankton, " VoL 2.

Phceocystis 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 asfood for many of the plankton. II

!
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organisms. I have recorded this species by colonies instead of cells, as it
was practically impossible to count the latter.

Halosphceraviridis 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.

Oxyrrhis marina I have placed with the Peridiniales; 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 Phceocyst'is, are much
smaller than Lohmann's.

(1) Phceocystis Pouchetii (Hariot) Lagerheim. Begins to be common in
the middle of May and continues till the middle of June, interfering
with all the tow nettings. Rare at other times. Not many colonies
get into the water samples. The unidentified flageJlates are chiefly
swarm spores, probably of Phceocystis.

(2) Dinobryon sp. (d. balticurn (Schlitt) Lemm.). Rare in August in the
water samples in small colonies. A minute species.

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

(4) TrochisciaCle'veiLemm. Rare, September and May.

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

COCOSPHAERALES.

"Nordisches Plankton," Vol. 2.

Pontosphcera H~txleyi Lohmann. This is the only species found. It
occurs occasionally 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 Septt)mber. CO]llmonest in SeptemQ,er..

(2) Distephanus specultan (Ehr.) Haecke1. Throughout. the year, except
in mid-winter, rather more abundant than.Dictyocha. Commonest
in September and October.

3 4

1 2

2 9

1

1)
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RHIZOPODA.

'"

AmlBbre, 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 usuaUy much less. He found July and August were the
months in which they occur, and they were only found in depths of
5 and 10 m. I 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 reaUy free-Jiving 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. B is very common,
A and C only occurred once each. A prominent feature of aU 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, ], 2 and 3), a very minute species, pale greenish
brown with very long and exceedingly slender spine-like pseudopodia.
Greenish 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, C,l, 2 and 3). A very clear and also perfectly colom-
less form with a conspicuous central nucleus. At one end only is a small
friU of spiky pseudopodia. These are usually in the same position, but
are capable of being changed and appearing in another place.

All these AmCBbreare entirely lost by the nets.

Heliozoa indet. Rare, only in November.

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

\

I
J
I!

..\

3

;t
.3

.Jt.
FJG. 9.-AmcelH" from the plankton. A x 500, Band 0 x 350.
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RADIOLARIA.
(4,) lYlesod'inium sp. Common in water samples.

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

(6) Strombi(hurn cctudaturn From. Rare in summer, water samples." N ordisches Plankton," Vols. 3 and 17.

(J) Acanthochiasrna fusiforrne Haeckel. At intervals throughout the
year, sometimes abundant in June and October.

(2) Litlwmelissa setosa .Jorg. Rare, November and December.

(3j' Arnphirnehssa setosct Cleve. Rare, October to May.

SUCTORIA.

Genus LABOEA Lohmann.

The species of this genus, so far as I have seen, a]] have a

ye]]ow coloUI'. They are common in the summer but OCCUI'all
through the year although very rare in winter. Some of
the most delicate of the Infusoria. Never found in the tow

nettings.

(7) Laboea com:ca Lohm. The commonest species of the genus.
OCCUI'Sfairly often through the summer, but never in large
numbers.

(8) L. strobiln Lohm.Occasionally hom July to November and also in
January.

(9) L, cLcwninata Leegaard.
in May.

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

(11) L. sp. A]] through the year several unidentified species occUI'red,
except for part of December and January.

(12) Lohrnanniella oviforrnis Leegaard. Rare, only in August, water
samples.

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

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

(15) Tintinnus subulat1ls Ehr. From July to October, not uncommon,

most frequent in August.

(16) Tint1:nnopsis 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.

(17) T. carnpanula (Ehr.). Occasiona]]y 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.

Occasionally through the year) chiefly

III

"Nordisches Plankton," Vol. 16.

(J) Pciracineta lirnbata Maup. Rare, November to January.

(2) Acenita tuberosa EhI'. v. Fraiponti (Fr.). Only once in October.

(3) Ephelota crustaceorurn Haller, Once in November on the legs of a
Copepod.

INFUSORIA.

" Nordisches Plankton," Vol. 15.

The Tintinnoidea are much the most abundant of the Infusoria, as
Lohmann found. However, a large number of small Infusoria arc lost

completely by the nets, and these are fairly common in the water samples.
Many of them are exceedingly fragile and very easily destroyed. Prob-
ably maily of them are lost. Among those commonly found is a sma]]
species of Mesodim:um allied to M. pule:r, which is very difficult to count

as it jumps about and co]]apses before it can be preserved. Species of
Laboea are also common. Others unidentified are many and varied.

Tintinnopsis 1'entr'icosa 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 litres. However, T. berm'dea 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

OCCUI'here and some of Leegaard's newly described species of Laboea

and its a]]ies. The abundance of these sma]] Infusoria as found by Gran
from the Dutch waters does not agree with OUI'records.

(1) LctChyrnaria sp. Only occUI'red once, water sample", May.

(2) Goleps sp. A sma]] species shaped like a flower-pbtwith square ends,
water samples, rare, August.

(3) l'iarinafusus Cl. and L. Fairly common in August and September,
rare in July and October, chiefly in water samples.



160 MARIE V. LEBOUR. THE MICROPLANKTON OF PLYMOUTH SOUND. 161

(19) Cittarocyclis denticulata Fhr. Occasionally from August to October.
This species is abundant close to the shore.

(20) C. edentata Brendt. Once only in October, water samples.

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

CCELENTERATA.

ANTHOMEDUSJE.

" The Medusffi of the World," Mayer.

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

(2) Ilybocodon prolljer L. Ag. Begins at the end of March, is common
through April, very common in May up to the middle, then
dwindles and disappears in the beginning of June.

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

(4) S. tuberosaLesson. Once only in June.

(5) S. eximl:aAllman. Once only in September.

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

(7) Stomotoca dinema L. Ag. Begins in July, is common through the
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) Bougainvill-ia brittanica Forbes. Once only in June.

(10) Rathkea octopunctata Haeckel. Begins in the middle of February,
one of the first medusffi to appear, becomes very common in April
and the beginning of May, disappears in the middle of June. It,
however, reappears in September as a single specimen.

(ll) Willsia stella'a rorbes. Once only at the end of August.

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.

The medusffi are chiefly confined to the coarse and medium tow nets.

Beginning at the end of January with Phialidiurn hernisphericum 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 .7j,luggiceaatlantica are common
in the summer, although Pleurobrachia W2,ijnot so numel'OUS as lisua! this

year, possibly owing to the April storms and the coldness of May and
.June.

The inedusffi are specially interesting because they carry other animals

parasitically and thus serve as effective transports. Those chiefly so

utilised are Cosrnetira pilosella, Phialidiwn hemisphericwn, Obelia sp.,
Turris pileata and Stornotoca dinerna; perhaps the species most frequently
so used, and necessarily so as they are the commonest, are Phialidium
heln}:sphericurn and Obelia sp. Phialidiurn serves as host for larval
trematodes, larval pycnogonids and larval Peachia. Obelia has not been

noticed as a host for Peachia larvffi, probably because it is too heavy to be
carried by so small a medusa. Cosrnetira serves as host for all three,
Turris pileata and Stomotoca dinema for larval trematodes. Thc 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 mesoglCBa. It is interesting in this con-
nexion that E. T. Browne (P.Z.S., 1896) notes that a species of cercaria
infects the mesoglCBa of Phial'idiurn temporarium (i.e. P. hemisphericum) in
Valencia Harbour, and that Halcampa (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 Anaph1"a petiolata Kroyer
liyesin the larval state tightly folded up in the manu.brium of

Phialidium, Obelia and Cosmetira(Lebour, J,M:B.A., 1915).

LEfTOMEDUSJE.

(12) Obelia sp. Medusffi extremely abundant. Begins at the end of

February, very common from M~y to October, lea yes off at the
end of November and is absent through December, January and
most of Februa.ry.

(18) Cosmetira pilosella Forbes. Begins in May, very common on and

off from June to September.

(14) Clyt'ia volubilis Lamouroux. Once only in April.

(15) Phl:alidiurnhemisphericttJn (Gron.). Perhaps the commonest of the
medusre 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. Rarejn May.. On June 14th
the nets were full of it and it was abundant once in August.
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Iii'

SI~M,1WSTOMEjE.

(17) CftYi!lCtarasp. Once in November.

(18) Aurelia sp. Ephyne. One on January 24th. Contmuc:s fairly
commonly from February to the beginning of April, then stops.
One occurred on Septemher 6th.

(2) Derogenes t'aric'lls(0. F. MUlL). Oecurs in Sagittet bipunctata in the
late cercaria stage in June. In old material of pnwious years it is
quite common.

(=1)'l'urbel1arian indet. Occnrred occasionally in August and November.
IIII

/Iil

,II

1,/

NBMATODA.

1:1,I

IliI

SIPHONOPHORA.

(10) Muggicea atlantica J. T. Cunn. Once at the end of January, rare in
February, but continues tiJI Septemher, when it is very common.

Unidentified trematodes occurred occasionally free in the autumn and
winter; a larval Asca1"is (described in another paper of this
Journal, p. 201) is common in Sagittet bipunctata.

ANNELIDA.

III"

!I'"

CTENOPHORA.

(20) Pleu7'Obrachiapileus Fab. Fairly common, February to July, and
from September to November, chiefly young forms.

(21) Balina infundibulum Fab. On June 14th the nets were full of

it with 8etphenia gradlis. In October, 1915, it was fairlycommon.

{22) BeroY cucU/nis (Fab.). In October and November,]915, and
in May to August, ] 9Hi, rare.

E. J. Allen, " Polychmta of Plymouth and the South Devon Coast, etc.,"
J.M.B.A., 1915.

The annelids with the exception of Tmnopteris a,nd Autolytus are all
larval forms.

ZOANTHARIA.

(:!:~)Arachnetct1'sBournei Fowl. I,arva of .Cerianthus Lloydii Gcsse.
From March to June, common.

(24) Peetchietsp. larva (=Halcmnpet chrysantltellwn (Peach) of Haddon),
common, May and June to the middle of .Tuly,on medllsm.

(1) Autolytus longiJeriens 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. r'Ubropunctat1~s(Grube). Once in September, 1915, twice in
November, once in August and twice in September, 1916, always
with eggs.

(~) A. pt'ctus (Ehlers). Once in September and once in Nover-.:ber,1915.
Once in September, 19]6, always with eggs.

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

(f»)Polynoe sp. juv. Once in December and 'once in the end of March.

(G) Spionid larva, occasionally from Novembe~' to March. Rarely in
May and July.

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

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

, (9) Oirratulus sp. jl1v. 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, increases and is very common in May. The
houses of tbe very young larvm are extremely pretty, the animal
using all sorts of small organisms to cover itse]f, especially

PLATYHEL)1IJ\'THES.

Amongst these are some interesting laryal trematodes which occur
in the free state, having been captured probably in the interval of
changing hosts. Also two parasitic in medusm and in Sag£tta, both of
wbich enmtually enter fish as their final bast.

(1) Pharyn,qorabacilletris(Molin). WhatI believe to be the free-swimming
tailed cercaria of this species occurred once in fail' numbers on

. Januar)' 28th, 1916. It is described in a separate paper (p. 201)
of this Journal. The late cercaria \vithout a tail is found parasitic

in: medusm and in Sagitta, besides being sometimes free in the sea
,at intervals throughout the' year: Commonest in June.
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diatoms, but sometimes the case is entirely of sponge spicules.
As the worm grows the house becomes transparent and hyaline.

(11) Pectin aria sp. larva. Only found rarely in October and December.

(12) Annelid larvrn indet. Occurred occasiona]]y but particularly from
January to the end of March when they were at times abundant
in very young stages.

(13) Tomopteris heligolandicus Greef. Begins in the middle of June and
is very common in July, rare in September and October. Young
forms chiefly from July to September.

(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 LiJlj. Common in September and October, 1915, then
absent until August, when it is verJ common on the 16th.

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

(7) Temora longicornis Mtiller. 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. . From September to the begin-
ning of November; not common.

CHlETOG NA'FHA.

Sagitta b1'punctata(Q. & G.). Present throughout the year, scarce in
most of March, April, May and June. Very common most of the rest of
the year.

Act1'notrocha larva.
common in 1915.

PHORONOIDEA.

Only eeen in July and September, 1916. More

(9) Labidocera Wollcwtoni Lubb. Not common, in July.

(10) Candacicl armata Boeck. Rare through the winter, common 1Il
July and September.

(11) Parapontella brevicornis Lubb. Common in February and March
and occasionally in May, otherwise rare; absent from October
to February.

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

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

(14) L. minor ScoU. Once in water samples and once in the to,\, nets,
June.

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

(16) IdYCl3af1lrcata Baird. Once only in December.

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

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

POL YZOA.

Cyphonautes larva. Fairly common from September to the end of
March, rare from April to August. Commonest at the end of lVIlu'ch.

ROTIFERA.

Synchceta sp. Rare, September, October and March.

CRUSTACEA.

COPEPODA.

Sars, G. 0., "Crustacea of Norway, Copepoda."

(1) Calanus finmarchicus Gunner. Common on and off from the end
of April to the beginning of November, genera]]y present in small
numbers at other times.

(2) Paracalanus parvus Claus. Unusua]]y scarce this year except at
certain times. Very common in May, common parts of August,
September and October. Very common for part of November,
then becomes rare or absent.

(3) Pseudocalanus eZongatusBoeck. Perhaps the commonest copepod
here. Exceedingly common a]] through the year except from
the middle of May to the end of July, when it becomes rarer and
is sometimes absent.

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

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

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

NEW SERIES.-YOL XI. No.2. ]\IAY, 1917.
]\1
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(22) ThaumaleuslongispinosusBrown. Once only in September, 1915,
with eggs.

(23) Oaligus rapax 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. Oalanus 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 larvre
(which is bome out by other Plymouth records) probably means that the
July forms are a different species, as at Port Erin only the spring larvre
occur.

CLADOCERA.

" Nordisches Plankton," VoL 1.

(1) Evadne Nordmanni Loven. 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) Aphert/sa bispinosa (Bate). Occurred once in October and once in
January.

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

(3) Oaprella sp. Once at the end of August.

Amphipoda indet. Rarely in April and September.

I
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ISOPODA.

" Nordisches Plankton, " VoL 14.

(1) Idotea viridis (Slabber). Rale in November and March.

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

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

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

CUMACE1\..

Sars, G. 0., " Crustacea of Norway, Cumacea."

(1) Pseudocnma cercaria (P. G. van Ben). Very rare, September and
February.

SCHIZOPODA.

" Nordisches Plankton." Y01. 12.

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

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

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

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

Euphausicdw larvoo. Not
March to May and August.

October, November,common,

RTOMATOPODA.

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

MACRURA.

These are all larval forms; starting with Oarcinus mamas 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. 0., "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 it dwindles and disappears in September, commonest in March.

(3) Eupagurus 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., etc., 32, 1911).
Common June to September, specially abundant in September,
continues into November, and was found twice in December, rare
in the spring.

(5) Crangon vulga1'is L. larvtB (Sars, "Bidrag til Kundskaben om
Decapodernes Forhandlingar," Arch. Math., etc., 14, 1890). From
February to September, never very common.

(6) JEgeonfasciatus Risso, larva (Gurney, R., "The Metamorphoses of
the Decapod Crustaceans 1Egeon (Crangon) fasciatus, etc.," P.Z.S.,
Vol. II, 1903). One specimen in Jannary. On and oil from May
to September.

(7) Ceraphilus nanus (Kroyer), larva (Sars, 1'bid., No. 14). Rare,
September and October.

CrangonidtB larvtB indet. Occurred occasionally from June to
October.

Other Macruran larvtBindet. chiefly allied to Hippolyte, common
in July and Angust.

(8) Jaxea noctiana,Tmch1'lifer larva (Bouvier, J.M.B.A., X, N.S., 1913).
Occurred once on August 16th, 1916. Unusual to find it so far
inland.

BRACHYURA.

(9) P01'cellanasp. zoea (Sars, ibid., 13). One specimen on March 23rd,
then begins at the end of April and in June and July is very
common, continues till the middle of October.

(10) EU1'ynomeaspera (Penn.) zoea (Cano, G., "Sviluppo ce Morphologia
degli Oxyrhynchi," Mitt. Zool. Stat. Neapel, X, 1893). Rare,
March and July.

(11) CancerpagurtlS L. zoea (Pearson, .I., "Memoir on Cancer the Edible
Crab," 16th Lanes Sea Fish. Lab. Rep. for 1907). From the:
middle of January to March, commo)}.

l
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(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) Carcimls rnaJnas Leach zoea (Williamson, C. H., "On the Larval
and Early Young Stages and Rate of Growth of the Shore Crab"
(Carcinus mcenas Leach) 21st Ann. Rep. of Fish. Board for
Scotland, 1903). The first of the Brachyura larvtB 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.l\1.S., 1903). From
the middle of February to .Tuly,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 (=Pycnogonida) of the Temperate,
Atlantic and Arctic Oceans," J. of the Linn. Soc. Zool., Vol. XXX.

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

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

MaLI- USCA.

Polycera qHadrilineata (Mi.ill.). Once only in September, 1915.

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

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

Limacina balea MUller 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.

I

I

f

I

Holothurian juv. Rare in December and January.

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

EchinoplutCtlS. A few oceurred once in the middle of November, 1913,
begins in May, not common. Very common at intervals in July and
August.

Au,ricularia. Rare, January and February.
Vcry young Echinoderm larvro in March.

TUNICATA.

Oikopleum dioiect Fo1. Common from February 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.
Fish eggs and young fish were occasionally present.

A 8urt'ey of thePlankton in eachmonth bothfrom uXltersamples and tow nets.

1915. September (21st to 30th).

Winds mainly S. and S.E. Weather fairly fine. Shows both groups
of diatoms. Coscinodisct.s species, Biddulphia mobiliensis and 1'egia
beginning, Rhizosolenia which is almost at the end of its season not
common except R. StolterJothii, which is still abundant. Skeletonema,
Chmtocerasconstrictwn and Asterionellclcommon, Paralia fairly common.
Very few Peridiniales except Prorocentm1n 1nieans which is near its
maximum and Ceratiwn fttStls. Of the other unicellular groups LaboeCl
species occur in small numbers, Tintinnops1:s ventricosa is abundant
and Pontosphmm Hucrleyi occurs singly several times.

Of the Crelenterates Plt1:Cllidiumhemisphen'cum and Obel1'amedusro
with young PleU1'obraclt1:Clare common, but no other species. Amongst
the Annelids Autolytus longije1'iensand rubropunctCltusoccur singly with
eggs and a few larvro of various kinds are present. Sag1:ttais very common,
Cyphonautes present but not abundant.

Many copepoda occur, Acartia, Calanus and Pse1.doealanus are the
commonest, also common are Centropages typicus and hamatus and
TemorCland CorycetlS is common at the end of the month. Brachyura
zoero and the larva of Hippolyte are common, Porcellana zoereand Podon
intermed1:usare common in the middle of the month and dwindle or

THE MICROPLANKTON OF PLYMOUTH SOUND. 171

disappear at the end. Limctcina balen f. 1.etroversClwas common ollce
in the middle of the month,

Chief forms--Asterionella jClponiect, Chmtoeems constrictwn, RMzo-
solenia Stolterfothii, Skeletonema costatum, Prorocentrum miCClns,Phia-
lielium hem1:spherienm,Obelia sp., 8Clgittabipunetatn, CalarmsfinmarchictlS,
Pseudocalanu8 elangattlS,Ac((rt1'clClClUS1:i,Centropagestypicus, Brachyura
zoeroand Hippolyte larvre.

October.

S.E. winds prevalent, Chiefly fine weather. AsterionellCl common
until the middle, then dwindles and disappears. Bieldttlphi((species not
yet common. Ohcctocerasspecies common at the beginning and fall off
in numbers towards the end, Litlwdesmium unelulatwn common until
the middle, Mastigloicl sp. very abundant from the middle to the end of
the month.

Nitzschia closterium common. Pamlia on the increase. Rhizosolenia

Stolterfothii common at the beginning but absent at the end, SkeletonemCl
common and Streptotheca thamens1'spresent with it nearly all the month.
Of the Peridiniales Cemtitlm bucephalwn is fairly common, O. fusus
present in small numbers, Proroeentr1on in1:canscontinually present,
Perielinium elivergenssometimes fairly common.

LClboeaspecies still present in small numbers, and .Tintinnopsis ventricosCl,
Pontosphmm more fre(luent, very common at the end of the month. Of
the Crelenterates Stomotoca dinema and Turr'is pileatCloccur although
only Phialielium hemisphericllm and l\.rris pdeala are common. Besides
Pleurobrachia which is sometimes common, Beroe and BoZinClboth occur.
Annelid larvro rare. 8agitta very common, Cyphonnutes continues hut is
rare.

Of the copepods CalCl1wsis still common, but Pseudocalanns, TemorCt
and ACClrtiaare the commonest; Coryceusis also very common and seems
to follow PseudocCllanusclosely in numbers, Centropages typicus and
kamatus fall oft in numbers. All the larval Crustacea are much less
numerous.

Chief forms---Asterionella .japonicCl,Chmtocems constrictum, convolutwn
and densum at the beginning, Mnstt'gloia sp. from the middle of the
month, Nitzschia closterium, SkeZetonernacostatum, Ceratittm bucephalmn,
Prorocentrum micans, PhiCllidium hemisphen'cum, ObeliClsp., Sag1'tlCl
bipunctata, CaZan"usfinmar.chicus, Temom longicornis, Pse'udocalClrp(,S
eZongatus,CoryceusanglictlS and Acartia Clausii.
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November.

N.E. winds prevalent. Mostly cold.
~ Asterionellamuch reduced in numbers. Biddulphia mobiliensisand
regia both come on and are very common from the middle to the end of
the month. Chcetocerasspecies greatly reduced, almost disappearing.
Guinardia common towards the end of the month, also Hyalodiscus
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 ProrocentrU1n
micans much scarcer, the latter absent altogether at the end of the month.
Tintinnopsis beroideavery common at times through the month. Hardly
any coelenterates except Phialidium and Obelia, and these disappear at
the end of the month. Autolytus pictus and rubropunctattlS appear with
eggs. Sagitta very common, copepods abundant, Calanus becoming
scarce, Centropages almost absent, Paracalanus common, Acartia,
Pseudocalanus and Coryceus very common. Crustacea larvre practically
absent.

Chief forms-Biddulphia species, Guinardia flaccida, Hyalodiscus
stelliger, Mastigloia sp., Paralia sttlcata, Skeletonema costatum, Streptotheca
thamensis, Tintinnopsis beroidea, Sagitta bipunctata, Paracalanus parVtls.
Pseudocalanus elongatus, Acartia 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

rare. Chcetoceras 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
rare. Tintinnopsis beroidea common till the middle of the month.
Copepods scarce except Pseudocalanus and Acartia, Calanus rare and
absent for a large part of the month.

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

1916. January.

Nearly all S. and S.W. winds. Weather mostly fine.
Biddulphia mobiliensis and regia common. Coscinodiscus excentricus

common, Paralia common, Skeletonema rare until the end of the month
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when it becomes common aga,in. Streptotheca following it in much the
same abundance, Thalassiothrix common at the end of the month.
Peridiniales practically absent. One specimen of Muggicea atlantica at
the end of the month, one Aurelia ephyra on the 24th. Sagitta very
common. Copepods rare except Pseudocalclnus, nauplius stages increase
and are very common at the end of the month, zoea stage of Carcinus
mmnas and Cancerpagurus begins in the middle of the month. Galathea
larva begins at the end. Young fish and fish eggs present. .

Chief forms-Biddulphia mobiliensis and regia, CoscinodisCtISexcentri-
cus,. Paralia sulcata, Sagitta bipunctata, Psetldocalanus elongatus, cope-
pod nauplii, Brachyura zoere and Galathealarvre in the second half of the
month.

t
f

February.

S. 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.
Chcetocerasbegins again at the end of the month, C. curvisetum, con-
volutU1nand teres common. Coscinodiscus excentricus common, radiatus
fairly common. Paralia common, Skeletonema and Streptotheca very
common. Thalassiothrix common at the end of the month. Practically
no Peridiniales. Single specimens of Phialidium and Obelia. Rathkea
octopttnctata becomes common at the end of the month. Ephyrre of
Aurelia present on the lOth and increase at the end of the month.
Pleurobrachia and Muggicea present. Sagitta not so common, Terebellid,
larvre fairly common, Cyphonautes larvre 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 similis very
common on the 17th, Pseudocalanus common all the month. Para-
pontella brevicornis at the latter end, Carcinus mmnas zoea very common.
Galathea larva common, Crangon vulgaris larva fairly frequent. Corystes
zoea begins and Levander. Copepod nauplii fairly common and Balanus
nauplii very common, beginning on the 5th. Oikopleura dioica fairly
common. ~-.,...

Chief forms--Biddulphia mobiliensis and regia, Coscinodiscusexcentricus
and radiatus, Paralia sulcata, Skeletonenia costatum, Streptotheca
thamensis, Temora longicornis, Oithona similis, Carcinus mmnas zoea,
Galathea larva, Balanus nauplius and Oikopleura dioica.

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

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

Biddulphia nwb£liensis very common, regia not so common, sinensis
increasing. Chcetocerascunisetum very common, teres and convolutum
common. Coscinodiscus excentricus common, radiatus not so common.

Dityli~lm Brightwelli common at times, RMzosolenia Shrubsolei begins to
be abundant in the middle and is very common in the end, Paralia fairly

- common through the month, Slceletonemaand Streptotheca very common,
Thalass1:osiragravida begins to be fairly common in the middle and
becomes very common at the end, the same with Thalassiothrix. Tintin-
nopsis beroidea is very common at the end of the month. A few Phia-
lidium and Obelia medusffi present. Rathlcea octopunctata occurs the
whole month, getting common towards the end. Hybocodon prolifer
begins in the middle and gets common towards the end. Terebellid larvffi
are common through the month. Poecilochcetuslarva rare, Sagitta occurs
all through the month but is not COllmon. CyphOna1ltesvery common
at the end of the month.

Oopepods not very abundant except Pseudocalanus, which is very
common, Calanus rare but present throughout the month, Acartia,
Temora and Parapontella fairly common, Carcinus mcenas zoea common
at the beginning but absent towards the end, Portumls 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. Oopepod nauplii increase

at the end of the month. Balanus nauplii~b, the
month. Larval Gasteropoda 'aIrtE:rou:gIl'f1lemonth, common at the end.
L'arvaI Lamellibranchiata not so common. Ophiopluteus larvffi through
the month, common at the end, Auricularia larva present once at the
beginning. Oilcopleurafairly common through the month. Young fish
rare, fish eggs fairly common.

Ohief forms-Biddulphia mobiliensis, Chcetocerascurvisetum, teres and
convolutum, Coscinod1:scUSexcentricus, Slceletonema costatum, Streptotheca
thamensis, Rathkea octopunctata,Terebellid larvffi,Pseudocalanus elongatus,
Balanu~ nauplius, Ophiopluteus larvffi and Oilwpleura dioica.

April.

Winds N., E. and S. 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 rare, sinensis more
common, La~lderia common, Nitzschia delicatissirna common at the end,
Skeletonema very common, Streptotheca very common at the beginning,
rare at the end, Thalassiosira gravida common. Ceratium fusus, Peri.
diniumspp. and Prorocentrum not very common but occur throughout
the month. Phceocystis very common at the end. Phialidium and
Obelia become common at the end of the month, Steenstrupia rubra and
Clytia volubilis occur rarely, Rathlcea octopunctata very common,
Arachnactis, Muggicea and Hybocodon occur through the month but not
commonly except Hybocodon at the end of the month. Terebellid larvffi
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 nauplius
and Balanus nauplius very common. Oypris stage of Balanus begins at the
end of the month. Young fish and fish eggs rare.

Ohief fOrms-Chcetoceras curviset1lm, Lauderia borealis, Skeletonema
constatum, Thalassiosira gravida, Rathkea octopunctata, 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 S. and S.W. winds.

Chcetoceras species common, especially C. curviseturn :,j,nd pse~ldo-
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. Shrubsolei very common, R. Stolterfothii gradually
increasing so that it is very common at the end of the month, R. hebetata
and sernispina very common from the middle to the end of the month.
R. alata occurs through the whole month but is not common. Skele-
tonema very common. Thalassiosira gravida common. Various
Peridiniales occur but not in large numbers. Infusoria too in small
numbers abound. Phceocystis Pouchetii is very common through the
whole month. AmCBbffifairly common. Phialidiurn and Obelia are very
common and various other medusffi are present. Sagitta is not common
and disappears at the end of the month. Calanus, Ternora, Acartia and
Pseudocalanus are abundant, Paracalanus very common early in the
month, several other copepods present in smaller numbers. Portumls sp.
zoea is common, Megalopa stages appear'in the middle of the month.
Various other Orustacea larvffi are present, of these Eupagurus, Porcellana
and Corystes are common. Evadne N ordmanni 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.

Ohief forms-Skeletonema costatum, Rhizosolani Shrubsolei, Stolterfothii
andhebetata f. semispina, Mastigloia sp., Thalassiosira gravida, Lauderia
borealis, Ohmtocerascurvisetum, Phmocystis Pouchetii, Phialidium hemi-
sphericum, Obelia sp., Oalanus finmarchicus, Temora longicornis, Acartia
Olausii, Pseudocalanus elongatus, Portunus sp., zoere and Balamts nauplii
and cypris stages.

June.

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

Oerataulina Bergoni fairly common at the beginning, Ohmtoceras
dwindles but O. curvisetum and pseudocrinitum are still common at the
beginning and an undetermined species is common through the month
particularly in the tow nets. Leptocylindnts danictts is fairly common and
Mastigloia is occasionally present in large numbers. Nitzschia deli-
catissima is very common till the middle of the month and falls off
towards the end. Paralia is rare, Rhizosolenia species very common,
R. Shrubsolei 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. Amphidini7Vtn crassum begins, Ceratiurn
{usus fairly common, Dinophysis species, Diplopsalis pillula, Gleno-
d1:niumbipes, Gymnodinium dwrnboides, Pouchet'ia armata, 8pirodinium
spirale andglaucum all at a maximum. Various species of Perid'iniumfairly
abundant. Various Infusoria occur, although never in large numbers.
Phmocystis very common till the middle of the month when it disappears.
Medusre 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 Spirodinium gla7tCmnand Dinophysis acmninata were at a
maximum. The larva of Peachia sp. (Halcampa) was very common on
medusre. Sagitta rare.

Oopepods not very abundant, Oalanus, Temora and Acartia common.
Pseudocalanus very rare, Portunus sp. zoea very common, Megalopa stages
fairly common, larvre of Hippolyte and Porcellana very cOn;lmonon the
21st. Oopepod nauplii not so common, Balanus cypris stage disappears
after the beginning of the month. Anaphia petiolata and larval Gastera-
poda common at the end of the month.

,.
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.. Ohief forms-Guinardia flaccida, Rhizosolenia species, Glenodiniurn
bipes, Gymnodinium rhomboides, Pouchetia armata, Spirodinium spirale
:andglaucum, Phialidi1~mhemisphericum, Obelia sp., Oalanus finmarchicus,
Temora longicornis, Acartia Olausii, Portunus sp. zoea, Hippolyte and
Porcellana larvre.

.htly.

S. and S.W. winds prevail. Fairly fine most of the month.
Asterionella very common all the month. Ohmtocerasconstrictum very

common, O. curvisetum, 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. Stolterfothii very common all the month, R. Shrubsolei not so common,
R. setigera begins and gradually gets common, being very common at the
end of the month. Peridiniales not so numerous. Oeratimnfusus 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 medusre
scarce. Oalanus, l'emora, Acartia and Pseudocalanus very common.
Portunus sp. zoea and Porcellana zoea very common. Copepod nauplii
common. Echinopluteus common at the end of the month.

Chief forms-Asterionella ,japonica, Ohmtocerasconstrictum, Rhizosolenia
species, Oeratiwnfusus, Tintinnops1:s berm'dea,Phialidium hemisphericum,
Obelia sp., Portunus and Porcellctnazoere.

\
.~

t

August.

Prevailing winds S., some E. and some W. Mostly fine weather.
Second diatom maximum at the beginning of the month caused

()hiefly by Mastigloia, Asterionella, Ohmtoceras, Lauderia, Rhizosolenia
and Skeletonema which are all very common. Ohmtocerasconstrictum the
commonest. O. didymun7 very common on the 10th. Lithodesmium
scarce at the beginning but very common at the end of the month.
RMzosolenia 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. Stolterfothii 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 s1~bu.latl~sand Tintinnopsis beroidea.
Dictyoch.aand Distephamts begin in the middle of the month, Phialidium
and Obelia very common. Muggima atlantica becomes common at the
end of the month. Oopepods abundant. Oalanus, Oentropagcs typiCU8
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and hamatus fairly common, Acartia and Pseudocalanus very common,
Candacia armetta, Coryce~ts and Paracalanus common at times.
Brachyura zoere and other crustacea larvre rare. Evadne N ordmanni
and Podon intermedius common. Balantls nauplii very common at times.
Echinoplutei very common on the 10th, Ophioplutei fairly common
through the month. Oikopleura fairly common.

Ohief forms-Asterionella japonica, Chcetocerasconstrictum, Rhizosolenia
Stolterfothi7',Ceratium .rusus, Prorocentrum micans, Tintinntls subulatus,
Tintinnopsis beroidea, Phialidium hemisphericum, Obelia sp., Acartia and
Pseudocalanus, Evadne Nordmanni and Podon intermedius.

September (till the 18th).

Prevalent winds W. and N.W. Usually fine weather.
Asterionella much scarcer, Chcetocerascurm'setum very common again,

other Chcetocerasspecies not so common. Lithodesmium and Lauderia
fairly common. Rhizosolenia species rare except R. Stolterfoth7:i,Skde-
tonema still very common. Peridiniales scarce except Ceratium lusus
and Prorocentrum micans which is at its maximum. Infusoria fairly
abundant, especially Tintinnopsis specie&. Dictyocha and. Distephanus at
their maximum. Few medusre except Ph-ialidium and Obelia. Muggicea
very common. Sagitta common.

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

Chief forms-Chcetoceras curvisetum, Rhi~osolenia Stolterfothii, Skele-
tonema costatwn, Prorocentrum micans, Tintinnopsis beroidea, Muggicea
atlantica, Acartia, Claush:, 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.

l

1915. Wcather. Wind. Greenwich Morning
time. tide.

September 21 P fine E. 11.30 a.m. 4.7
*23 P drizzling S. abt. 11 a.m. 5.38
*25 P fine S. 12 noon 6.49

27 P fine N.W. 12 noon 7.45

29 P. showery N. 11.30 a.m. 8.40

Weather. Wind. Greenwich Morning
time. tide.

October 1 P. cloudy S.S.W. 11 a.m. 9.41
*4 P overcast S.S.E. 12 noon 1.10
6 fine S.S.W. abt. 11 a.m. 3.37

11 very fine S. 12 noon 7.5
13 fine S.S.W. abt. 11 a.m. 8.25
15 unsettled N.E. abt. 11 a.m. 9.58

*18 very fine W.N.W. abt. 12 noon 1.28
*21 heavy showers S.S.W. abt. 11 a.m. 4.28
27 calm E.N.E. 11.30 a.m. 7.44
29 fine, dry E.N.E. 12.20 p.m. 8.25

November 1 dull, gusty E.S.E. 11 a.m. 11.45
3 fine, clear E.N.E. 11.45 a.m. 1.49
5 fine, cold N.N.E. 11.45 a.m. 3.44
8 cloudy, rain S.W. 11 a.m. 5.59

*11 rough, rain S. 11 a.m. 8.18
15 calm, cold E. 12 noon 12 noon
17 fine, cold E. 12.45 p.m. 2.8
19 cold, clear E. 11.10 a.m. 3.52
22 cold, dull N.E. 11.15 a.m. 5.52
.24 fine, cold E.N.E. 11.40 a.m. 6.58
26 misty, smooth N.E. 11.45 a.m. 8.2
29 wet, rough' S.S.E. 11.40 a.m. 9.15

December 2 wet, rough E. 12.15 p.m. 0.27
9 wet, rough S.S.W. 11.30 a.m. 7.23

13 fine, cold N.N.W. 11.30 a.m. 10.38
16 fine, cold, showery E.N.E. 12.25 p.m. 1.8

*20 misty, calm N. 11.30 a.m. 4.53
22 misty, warm, smooth S.W. 11.30 a.m. 6.13

*29 P strong wind, rain S. 11.30 a.m. 10.23

1916.

January 3P sunny, heavy swell S.W. 11.30 a.m. 3.36

* 5 P ,sunny, sea mod. - 11.30a.m. 5.34
8P fair N.W. 11.30a.m. 8.5

lIP dull, warm - 11.30 a.m. 10.45
*14 fair W. 2.5 p.m. noon

18 swell S.W. 2.45 p.m. 4.3
24 fine W. 11.25 a.m. 8.12

*26 nasty sea S.W. 11.20 a.m. 9.38
28 fine S. 11.15 a.m. 10.39
31 dull N.E. 11.40 a.m. 1.35
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I
Greenwich Morning

I Greenwich Morning
Weather. Wind. I Weather. Wind.

time. tide.
I

time. tide.

February 5 heavy sea S. 11.35 a.m. 7.7 21 dull, cold S. 11 a.m. 9.50

*8 cold, clear S.W. 11.40 a.m. 8.59 I 27 cold, fine S. 11.45 a.m. 3.13

10 dull, cold S.W. 11.20 a.m. 10 j 29 stormy, shovyery S. 10.40 a.m. 5.3

17 cold, sunny, nasty sea S.W. 11.30 a.m. 4.54
.

Jnly 4P S. 10.30 a.m. 5.3

*2la stormy N.E. 10.45 a.m. 7.22 7P heavy swell S.S.W. 10.40 a.m. 9.38

25 snow showers N.E. 11.10 a.m. 9.32 lIP fair S.W. 10.45 a.m. noon

28 fine N.E. 11 a.m. noon I 13 P heavy sea S.W. 12 noon 3.28

March 1 fine, smooth E. 11.15 a.m. 3.55
I 18 P fine N. 10.50 a.m. 8.5

I8 snow showers N. 11.5 a.m. 8.22 21 P very fine S. 3 p.m. 10.2

*10 cold, rough N.E. 11 a.m. 9.21 25 P very fine S.W. 10.50 p.m. 1.13

14 stormy E. 10.50 a.m. 0.31 27 very fine N.W. 11.15 a.m. 3.46

16 fine S.W. noon 3.21 I
August 1 misty S.E. & S.W. 1.30 p.m. 7.12

21 misty, calm N. 6.52
I

3 very fine S. 11.5 a.m. 8.9noon I
I

23 cold, calm N. 11.10 a.m. 8.1 I 8a fine E. 11 a.m. 11.32

27 cold, wet S.E. 11.10 a.m. 11.4

I.

10 very fine W. 10.55 a.m. 1.40

29 cold, sunny S.W. 11.30 a.m. 1.21 16 windy, rough S. 11.35 a.m. 7.43

31 calm, dull S. 12.20 p.m. 4.1 18 fine S. 11.15 a.m. 8.57

April 4 calm, sunny N. 11 a.m. 6.49 22 fine E. 11 a.m. 11.42

6 calm, sunny E. 11.50 a.m. 7.50 28 fine S. 11.40 a.m. 5.39
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I
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I .
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\
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5 showery, gusty E. 11 a.m. 7.25 I 13 fine W. 10.40 a.m. 6.38

9 showery, gusty S.W. 11.50 a.m. 9.43
I

15 fine W. 7.49noon

12 rain, smooth S. 12.45 p.m. 0.29 I 18 fine N.W. 10.30 a.m. 9.24

15 rather rough, dull W. 11.20 a.m. 3.40
I [a These samples were taken at 4 and 6 fathoms.]
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17 showery,dull - 11.25 a.m. 0
5.15
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The Peridiniales of Plymouth Sound from the Region
beyond the Breakwater.

By

MarieV. Lebour,M.Sc.,
Assistant Lechwel' in Zoology, Leeds Univel'sity.

Temporary Naturalist at the Plymo!dh LabomtoJ"Y.

With Figures 1-14 in the text.

THE 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
the same journal (p. 133). Also from the plankton in the tow nets in the
same year and a portion of the summer 1915. As is shown in the above-
mentioned paper, the summer is the time for nearly all the Peridiniales,
June being the maximum month. After October very few are seen in
the water samples, although in the tow nettings the larger and stronger
forms, such as Oeratium and Peridinium, are still present.

The new and least-known forms belong to the Gymnodiniacew, which
have no cellulose sheath. Perfec.tly transparent and extremely thin
cases, however, are often seen which may be close fitting or many times
larger than the gymnodinian. Pouchetia and various species of Oochlo-
dinium are instances of this (see Plate II, Fig. 14). The Gymnodiniacew
are perhaps the most interesting of the Peridiniales, as many of them
obtain nourishment holozoically and often the food can be determined.
Throughout June the flagellate Phwocystis pouchetii was excessively
abundant, and this furnished food for many gymnodinians (e.g. Gymno-
dinium rhomboidesand G. triangularis, see Plate I, Figs. 6 and 7).

Division stages in this group are often seen which in the genera Gymno-
dinium and Spirodinium take place usually, if not always, in the free
state and not in capsules as in Pouchetia and others (Pouchet, 1885;
Dogiel, 1906). .

Although no special investigation has been made closer inshore, the
examination of a few samples of water show that many of the species
occur near the land, such as Gymnodinium and Spirodinium species
and Dinophysis, besides several species of Peridinium.

LIBRA. ('
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In the following list 60 species are recorded. Of these 5 of Gymno-
dinium, 2 of Spirodinium, and one of Cochlodinium are new. Twenty-one
species are, I 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 Gymnodiniacece.

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.

PROROCENTRACElE.

Genus EXUVIELLACienk.

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

Genus PROROCENTRUMEhrenberg.

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

PERIDINIACElE.

Genus DINOPHYSISEhrenberg.

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

(4) D. acuminata C1.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 Schlitt. Occasionally in water samples.

(6) D. rotttndatum C1.and L. Common in water samples.

(7) D. homunculus Stein v. trip os Gourr. Occurred once only in tow
nettings, August, 1916.

L

Genus GLENODINIUM(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
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net. It is exceedingly active and lives many hours in a
bottle of sea-water.

Genus PROTOCERATIUl\'IBergh.

(9) * Protoceratium reticulatwrn (C1.and L.). Occurs fairly commonly
in water samples from May to September, commonest in August.

Genus GONIAULAXDiesing.

(10) * Goniaulax triacantha Jorgensen. Rare, in water samples, May to
September.

(11) G. polygramma Stein.
tember.

(12) G. spinifera (C1.and L.). This is the commonest species of Goniaulax.
May to September.

(13) N.R. G. scrippsce Kofoid. Occasionally in the water samples,
July to September.

(14) G. polyedra Stein. Occasionally in water samples, May to Sep-
tember.

Rare, in water samples, May to Sep-

Genus AMYLAXMeunier.

(15) N.R. Amylax lata Meunier. Occurred a few times singly. Slightly
smaller than the type.

Genus DIPLOPSALISBergh.

(16) Diplopsalis lenticula Bergh. Fairly common in very fine tow
nettings and in water samples. May to September.

(17) N.R. D. piUula Ostf. This minute species is abundant in June in
the water samples, very often with Glenodinium bipes.

Genus PERIDINIUM Ehrenberg.

Sub-genus PitOTOPERIDINIUM Bergh.

orbiculare Paulsen. Occurs rarely in
the water

(18) Peridinium
samples.

(19) * P. cerasus Paulsen. This little species is one of the commonest
and easily recognised. Occurs fairly frequently but never in
large quantities in the water samples.

(20) * P. roseum Paulsen. Very like the last species but larger and
flatter. Occurs rarely in the water samples.
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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 Schutt. Very rare, in water samples only.

(23) P. pallidwn 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 EUPERIDINIUMGran.

(25) P. oceanicum Vanh. Rare in tow nettings.

(26) P. divergens EhrI. 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. crctssipes Kofoid. Not very common in the tow nettings in
August and September.

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

(29) N.R. P. Thoriamtm Paulsen. Rare in water samples in 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 PYROPHACUS.

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

Genus OXYTOXUMStein.

1-

l.

(31) N.R. Oxytoxum 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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Genus CERATIUMSchrank.

(32) N.R. Ceratium platycorne V. Duday. Rare, occurred singly two
or three times in the tow nettings.

,(33) C. bt~cephalum(Cleve). Occurred sparingly in tow nettings in early
summer, more frequently in the late summer months.

(34) C. tripos (0. F. Mull.). Occasionally in water samples and tow
. nettings. A variety which approaches the form lineata (Ehrb.) and

which I have referred to this variety occurs more frequently

(Fig. 1). This has a short and straight apical horn, the
hind horn nearly straight and the right horn about one-third as

long as the left. The usual markings are longitudinal striations
from the apex to the girdle, sometimes also with reticulations.

FIG. l.-Geratiun~ trip08 (0. F. MiiIL) f. lineata (Ehrb.). x 466.

Although apparently nearest to the form lineata, the apical horn
is very much shorter-less than half the length from its apex
to the girdle.

(35) * C. arcticum (Ehrb. ). Very rare, in tow nettings, 1915.

(36) C. macrocercts(Ehrb.) Cleve. Rare in tow nettings.

(37) C. furca (Ehrb.). Occasionally, in tow nettings and water samples
In summer.

(38) C. fusus (Ehrb.). The commonest Ceratium here. Occurs both in
tow nettings and water samples and is often the only peridinian
present in the winter. Maximum in October.

GYMNODINIACElE.

By far the greater portion of the Peridiniales of this area belong to
this group. and are missed almost entirely by the tow nets, only a few
of the larger forms being retained by them.
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(42) G. viridis n. sp. (Fig. 4). Closely related to the last species is
one also found only singly and which is less than half the size.
In shape it is much like G. pseudonoctilucawith a cap-like anterior

188 MARIE V. LEBOUR.

Genus AMPHIDINIUMCl. and L.

(39) N.R. Arnphidiniwn crassurn Lohmann. I have referred to this

species, a form between A. crasswn 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 A. longum
but not so broadly rounded as in A. 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

(;)
" ."

.'~.:~

~..N

c..-.

FIG. 2.-Amphidiniurn craS8nm Lohmann. X 466. N =nucleus.

of body 0.030 mm. The only record so far of this species is by
Lohmann from Kiel.

FIG. 3.-Gymnodinium pse1tdonoctiluca pouchet. x 466.
a side view, b ventral view. N = nucleus. C=chromatophores.

Genus GYMNODINlUyI Stein.

(40) H.R. Gymnodinium teredo Pouchet. Fairly common in July and
August in the wa~er samples in 1915, less common in 1916. This
is the only gymnodinian 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. pseudonoctiluca Pouchet (Fig. 3). To this species
I refer one which agrees well with one condition of the above
species, but which I never saw with the long contractile tentacle
described by Pouchet (1885). It only occurred 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'sfigures. The nucleus is in the centre of the body.
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FIG. 4.-Gymnodinium viridis n. sp. X 466.
a side view,b ventral view. C=chroffi'ttophores.

end; tile longitudinal groove, however, reaches back slightly o:er
the dorsal surface posteriorly so that the hind end is divided.

The chromatophores are of a greenish yellow colour, not bright

yellow as in P. pseudonoctiluca. Length 0.06 mm. Occurred
once in June.
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(43) G. achromaticum n. sp. (Fig. 5). Related to G. viridis
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 strire. Nucleus
posterior. One specimen only in July, 1915.

(44) N.R. G. rhomboides Schlitt (Fig. 6). One of the commonest
in this area appears to be the species figured by Schlitt (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 Schlitt's figures, and I have therefore'
taken the name given by him rather than create a new one.

FIG. 5.-Gymnodinium achromaticum n. sp. X 466.
a ventral view, b side view. N =nucleus.

L___-

The species referred to by Dogiel (1906) as Gymnodinium spirale
v. obtusum is 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 Schutt's figure of v. obtusum 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. SchUtt'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 Gymnodinium
rhomboides. The body is elongated; oval or rhomboidal, the
transverse groove is only slightly displaced and left-handed,
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the longitudinal groove is inconspicuous. The whole surface is
covered with longitudinal strire, those on the anterior portion
being further apart than those posteriorly. Remains of food in
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FIG. 6.-Gymnodinium rhomboidesSchlitt. X 466
(I. side view, b dorsal view, c ventral and dorsal views of older forms

containing food masses of Phceoc1fstis,d young form containing a
1'halassiosira; e division. N = nuoleus. F =food.

a ball is often seen in the hind portion of the body. Nucleus

anterior. The body colourless with no chromatophores. Its food

consists very often of PhaJocystis pouchetii when that flagellate
is abundant, at other times of diatoms; remains of Thalassiosira
and Coscinodiscus were also found inside the body. Division

takes place in- the free state as described and figured by Dogie!.
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This is perhaps the commonest gymnodinian and OCcursc10se to

the shore as wel1 as beyond the Breakwater. Length of body0,040 mm. to 0.050 mm

H
F

I

FIG. 7.-Gymnodinium triangularis n. sp. X 4661

a ventral view showing contained P!treoc.'/stis,b sidc view. F=food.

(45) Gymnodinium triangularis n. sp. (Fig. 7). Olosely related to G.

rlwmboides, but triangular in outline (the base of the triangle
posterior) and without longitudinal strire on the body. Rare in

water samples in May. This species had also been feeding on
Phceocystis pouchetii. remains of which were recognisable insideit. Length 0.045 mm.

~
.

'~~'

\:fI
FIG. S.-Gym .odinium mt'nor n. ,sp. X 466.
a dorsa] view, b ventral view. N =nucleus.

(46) Gymnodinium minor n. sp. (Fig. 8). This little species is
transparent and destitute of any sculpture. It is nearly spherical
but with the posterior end slightly narrower than the anterior.

Transverse groove left-handed and only slightly displaced, longi-
tudinal groove reaching to the posterior end. Nucleus nearly
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central; green masses, probably food material, at the anterior
end. Length 0.028 mm. Occasionally in water samples May to
July.

(47) Gymnodinium filwin n. sp. (Fig. 9). Body long and narrow,
tapering to a thread-like point posteriorly. Anterior end conical.
'['ransverse groove almost straight, longitudinal groove reaching
about three-quarters of the way to the posterior end. Nucleus
behind the centre. A dark brown mass (probably food remains)
in front of and at the side of the nucleus. One specimen was
found with no coloured body. Body clear and colourless with
no strire. Length 0.065 mm. Rare in water samples July, 1915.
Very fragile and easily collapses.

9

FIG. 'J.-Gymwdim:um filltm n. sp. X 466
a side view, b ventral view.

Genus SPIRODINIUMSchlitt.

(48) N.R. Spirodiniumfissum (Levander) Lemmermann. Occurs occa-
sionally in August and September in water samples. Oonspicuous
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
is exceedingly common in the water samples in many varieties.
The typical form which agrees with Pouchet's description and
figure (1885, p. 67, Plate IV, Fig. 30) is usually much smaller
than his specimens and generally colourless, although bright
yellow examples are sometimes seen, such as Pouchet himself
observed occasionally. The yellow examples are always blunter
at the apex than the type which is pronouncedly acuminate.
My specimens, including the yellow forms, measure generally
0.04 mm. to 0.06 mm., whereas Pouchet (1883-85) gives 0.10 mm.
as the typical size. The longitudinal striations are characteristic,



194 :UARIE V. tEBOUR.

and green remains of food are sometimes to be found inside the
body, also small roundish masses of fat.

The variety acutum Schlitt (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 ranning along

CL fr

FIG. lO.-Spirodinium sp,:rale(Bergh). x 466.
a typical form, band c V. obtuslim Sohutt, d v. awturn Schutt.

the lines of the strife in droplets. Other specimens are quite colour~
less.

The variety obtusurn Schlitt is also common but of small size.
Length 0.06 mm. usually. Characterised by its blunt apex.

(50) Spirodiniurn concentricurn n. sp. (Fig. II). This species is
characterised by the scnlpture of concentric strife on the body,
the longitudinal strife 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 obtusurn
of the preceding species. A large and a small form exist, the
larger form being several times the siz.eof the smaller. Both rare,
only in the summer of 1915.

ii
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(51) N.R. Spirodiniurn crasStlrn (Pouchet) (Fig. 12). I have referred
to this species a somewhat rare form which is definitely
smaller than the type, length 0.075 mm. (type 0,12-0.2 mm.

fr

FIG. ll.-Sp-irodinium concentr,:wm n. sp. X 466.
a large form, b small form.

Pouchet). In shape and contour of the furrows it corresponds
and has a diffuse colouring of brownish red beginning at the apex
and following the transverse furrow. Faint longitudinal strife

r

FIG. 12.-8pirodinium crassum (Pouchet). x 466.
a ventral view, b dorsal view.

are present; transverse furrow with its ends widely separated,
longitudinal furrow weakly developed. Nucleus posterior.
Interior of body full of large granules. Occurs occasionally
in June.
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(52) Spirodini~tm glaucum n. sp. (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

Q

FIG. 13.-Spirodinium glaucum n. sp. X 466.

a ventral view, b dorsal view, c-f division stages. N =nucleus.

cl

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 strire. Transverse furrow with the ends wide
apart; lo~gitudinal 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

.

FIG. 14.-Gochlodini1tm 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.

Genus COCHLODINIUMSchlitt.

(53) N.R. Cochlodinium helix (Pouchet). Occurs occasionally in the
water samples in August, sometimes free, sometimes enclosed
in a spacious perfectly transparent covering.

(54) N.R. Cochlodinium pellucidum 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. MAY, 1917.
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parent case in vvhich 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 lusus Schli.tt, but without. the conspicuous
lens and stigma of that form.

stages of Gymnodinium and Spirodinium being closely related to
those of Oxyrrhis. Oxyrrhis 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.

Genus POUOHETIASchutt.

(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. It 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. PouchetiaparvaLohmann. This is fairlyfrequent in summer,
especially in June. The case fits very close to the body, much
closer than in P. Clrmata. 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. Pouchetia lusus Schlitt (1895). Occurs rarely in September.
Conspicuous from its elongated body and large lens with dark
red pigment. In one' d~se ithe pigment mass was breaking up
into small red spots. Th~,specimens seen were always free.
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Some Parasites of Sagitta bipunotata.
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With text Figures 1-6.

----

Sagitta has been several 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-
parently 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-
venient intermediate host for many worms, and as Sagitta itself is an
important 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
several larval trematodes and a nematode from Sagitta, Ulianin (1871)
a nematode, and Pierantoni (1913) a nematode. The latter nematode is.
probably the same worm found in Sagitta in Plymouth Sound. Busch's
description of a nematode in Sagitta is too vague to recognise it, and
unfortunately Ulianin's paper has not been available for reference.
Leuckart and Pagenstecher mention two larval trematodes from Sagitta
.qermanica (=Sagitta bipunc(ata Q. and G.), one a monostome and the
other a distome. Although these are figured, they are neither described
nor named. The distome (Plate XXI, Fig. 9) is probably the larval
Derogenesvaricus which occurs in Sagitta bipunctata in Plymouth Sound.
Busch's trematode larvffi found in Sagitta cephaloptera (=Spadella
cephaloptera) were identified by him as Distomum papillosum Diesing
(=Distomum beroe Will (1844)) and two new species, one of which he
names Distomum .fimbriatum and' the other D~'stomum crassicaudatum.
Distomum papillorum appears to be a larval Hemiurus, D. fimbriatum
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is not described sufficiently to recognise, and D. cmssicaudatum seems
also to be a species of Hemiurus. As Derogenesis a genus closely related
to Hemiurus it is interesting to find that both inhabit Sagitta as an inter-
mediate host.

In Plymouth Sound the only species of Sagitta isB. bipunctcttaQ. 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
Sagitta. It 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 Molidce.
The final host of the nematode from the Plymouth Sagitta is quite un-
known, but one would expect it to be something common judging hom
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 <::esophagus
is long and prolonged behind by the side of the intestine into a blind
<::esophagealsac: 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 <::esophagus. 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 cap be traced the thin excretory duct. A large proportion
of the Sagittffi brought in by the tow nets is infected with this nematode.

Two trematode larvffi are also common in the local Sagitta, the larva
of Derogenesvaricus (0. F. Muller) and the larva of Pharyngorct bacillaris
(Molin). Both of these inhabit common fish in their adult state.

Derogenes varimts is one of the commoDest trematodes with a wide
distribution, and occurs in a number of different fish. Odhner (1906)
states that about a dozen and a half northern fisb are recorded as its

hosts. Nicoll (1914) quotes twenty-eight different fish as its hosts from
the Ohannel, Gottus, various Gadidce and a few Plemonectids are the
common hosts. It occupies the stomach of these fish.

Levinsen (1881) records the larval form of this trematode from Har"
mothoe imlyricata, and finds the remains of this annelid in the stomach

of Gottus. It is v~ry interesting to find the larva in the Sound inhabiting

Sagitta, which looks as if Derogenes varicus had a different intermediate
host in the open sea than it does near the shore.

The larger larvffi of Derogenes varicus which are found in Sagitta have
nearly all the adult characters (Plate I, Fig. 2), and the smaller ones are
found in intermediate stages and are easily recognised. That we have
to do with the true Derogenes varicus is placed beyond a doubt by the
occurrence of a mature specimen in Sagitta which bears eggs (Plate I,
Fig. 4). A parallel case is found in Echittrus pallasii (Greef, 1879) which
contained a mature Distomum, D. echiuri Greef, and other cases of
trematode larvffi producing eggs have been recorded, although they are
rare. The present specimen bas only a few eggs, whereas in the ordinary
adult stage in a fish they are very numerous.

A curious fact noticed is that all these larval Derogenes varicus are
beset with small spines, whereas it is a characteristic of the adult that
although it has sometimes a wrinkling of the skin it is unarmed and
usually smooth. It is possible that these wrinkles may be the remains
of the spines fused together. The spines are specially distinct in the
younger speCImens.

These larval Derogenes varicus are nearly always found in the region
of the ovary of Sagitta, and there is rarely 1)1orethan one present in each
individual, although one may be present at the same time as the larval
Ascaris described above.

Pharyngom bacillaris (Molin), the second larval trematode found in
Sagitta, is a common parasite of the mackerel in its 'adult state, and has
been found in the whiting and also a few other fish, except in the whiting,
in an immature state. Nicoll (1914) found many thousand of the im-
mature form in Gyclopterus lumpus. These had probably got in with
the food and would not come to maturity. The late cercaria stage of
this worm was found frequently in. medusffi (Lebour, 1916) and free in
the plankton (Nicoll, 1910). It was also found in ctenophores, so it is
evidently not particular as to its intermediate host. Oercariffi of all
ages were found in Sagitta occupying usually the region of the ovary,
as is the case with Derogenes varicus, but sometimes it is inside the
alimentary canal, which looks as if Sagitta swallows it and afterwards it
migrates through the intestinal wall into the region of the ovary. What
I have no doubt is the free-swimming cercaria of this trematode was
found once in tow nettings on January 28th, 1916. Sagitta from the
same samples contained these cercariffi without their tails, and it could
be traced up to the ordinary Pharyngom late cercaria stage, such as was
found in the medusffi and free in the plankton. The free-swimming
cercaria is extremely interesting (Fig. 6). It is provided with a large
tail several times the length of the body and armed with bunches of
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EXPLANATION OF FIGURES.

FIG. I.-Larval Ascaris from Sagitta X60. A anus, ill <:esophagus, ill,S" blind sac
from <:esophagus,B brain, 1 intestine, 1.S blind sac from intestine, H boring hook.

FIGs. 2-3.-Derogenes varicus from Sagitta X 60.
FIG. 4.-Ditto containing eggs X50.
FIG. 5.-Free-swimming cercaria of Pharyngora bacillaris X 60.

FIG. 5.-Cercaria of Plwryngora bacillaris from Sagitta X 60. 0 oral sucker, V ventral
sucker, E excretory duct, E.P excretory pore, 1 intestine, P pharynx, VT vitellaria,OVova.
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long bristles placed at regular intervals and giving it the appearance of
an annelid. The tail is an efficient swimming organ, and the bristles no
doubt serve for keeping the whole animal floating. Two large kidney-
shaped black eyes are conspicuous, the oral sucker has the typical Pharyn-
gora form which is more like a pharynx in shape, the true pharynx
leading from it to a short (.e3ophagus and intestinal cceca reaching to the
end of the body. The whole body is covered with small spines. In the

'specimens inside Sagitta the eyes have begun to show diffuse pigment as
in the older specimens instead of its being in a thick black mass as in
the free-swimming form.

Neither Derogenes varicus nor Pharyngo1'a bacillaris have been
found encysted, and it is presumed that the encysted stage is
omitted as the cercariffi develop in Sagitta and the other hosts
into a late form which is ready to enter its final host. The first
host which presumably is a mollusk is yet to be discovered for both
of these trematodes.

Two larval cestocles were also found in Sagitta from the Sonnd, one
with four suckers and one with none. These were not identified. It is

evident that we have in Sagitta an exceptionally good host for many
parasites, and probably further investigation would be amply repaid:
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post-Larval Teleosteans collected near Plymouth
during the summer of 1914.

By
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With 8 Figures in the Text.

IN Volume X, No.2, of this Journal issued in June, 1914, lVIr.R. S.
Clark published an account of the post-larval fishes collected during
the years 1906 to 1913 with the Petersen Young-fish TmIYIin the neigh-
bourhood of Plymouth. Similar collections were continued regularly
under lVIr.Clark's supervision, with the assistance of lVIr.E. Ford and
Mr. F. lVI.Gossen, from April to July, 1914, and two or three hauls were
made in August and September of that year. At the beginning of August
Mr. Clark joined Sir Ernest Shackleton's expedition to the Antarctic and
left Plymouth in the" Endurance." The young fishes had for the most
part been picked out from the general material collected by the young-
fish trawl by Messrs. Ford and Gossen, and it is this collection of young
fishes which forms the subject of the present report.

In drawing up the report I have followed closely the arrangement.
adopted by Mr. Clark for the earlier material, and it should be regarded
throughout as being supplementary to his paper (1914). For most
of the important fishes I have given a monthly summary of the number
of specimens captured during the whole period 1906 to 1914, which
includes both the figures given by Clark and those now added. The
average 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
a general idea of the relative frequency in the different months. The
fOllowingsources of error must be borne in mind when drawing conclu-
sions from the averages. The duration of the hauls has been in most
cases 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-
duced by regarding all the hauls as of equal dLlration will be so small
that it will hardly show in the average figures given.



208 E. J. ALLEN.

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 vanes considerably, but
from lVIayto September the totals are fairly large (T\\ble 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 size 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 diminished. All these circumstances make the numerical results
approximate only.

Table I 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 Olark's Report (1914).
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TABLE 1. LIST OF STATIONS. t-:J>-'
0

Explanation of abbreviations. S.=surface. M. =midwater. B.= bottom. M.H. = midnight haul (between 10 p.m. & 2 a.m.).
No. of haul. Depth Duration of

Total depth Chart
Date. of haul in Locality.

in fathoms. area.capture. minutes.
XXIII. 11.vi.14 B. 20 Rame E. 7 miles. NLH. . 27 M.XXIV. 16.vi.14 B. 20 Between Penlee and Rame Head . ca. 15 T.XXV. " B. 20 Rame E. 1t miles 22 T.XXVI. " B. 20 Rame E. 3 miles 23 T.XXVII. " M. 20 Rame E. 5 miles 27 M.XXVIII. " B. 15

Eddystone S.S.W. 3 miles (Mosquito net YFT.) 29 S:XXIX. 17.vi.14 B. 20 Off Rame Head 2 miles 15 T.XXX. " M. 20 Off Rame Head 2 miles 11 T. :-<XXXI. " M. 20
Rame Head N. by E. 4t miles. 28 S. >

I:'"<
XXXII. S. 20 Eddystone S.W. 2 miles. 29 S. I:'"<

"

i:'j
XXXIII. 19.vi.14 M. 20 Looe Island N.N.E. 5 miles 28 1\1.XXXIV. " M. 20 Looe Island N. by E. 5 miles 29 M.XXXV. " M. 20

Eddystone S.S.E. 4t miles 28 N.XXXVI. 24.vi.14 B. 20 Eddystone W. by N. t mile 23 S.XXXVII. " B. 20 Eddystone N.N.W. 1 mile 32 S.XXXVIII. " M. 20 Eddystone N. 2t miles 35 R.XXXIX. " S. 20 Eddystone N. by E. 3t miles 37 R.XLI. 26.vi.14 B. 20
Eddystone N.E. by E. 3t miles 36 R.XLII. 29.vi.14 B. 20 Stoke Point N.E. 4 miles 24 X.XLIII. " B. 20 Stoke Point N.E. by N. 5 miles 27 X.XLIV. " M. 20 Bolt Tail E. by N. 5 miles 25 Z.XLV. " S. 20 Bolt Tail E.N.E. 6 miles. 31 Z.

TABLE I. LIST OF STATIONS.

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

Depth Duration of Chart
'"tI

No. of haul. D.te,
Total depth 0of haul in Locality. in fathoms. area. w

..,
capture. minutes.

t<
XLVI. 2. vii.14 S. 20 Prawle Point N.E. 2 miles. M:H. 31 - >

XLVII. Prawle Point N.E. by N. 2 miles. M.H." S. 20 31 - <1
>

XLVIII. M. 20 Start Point N.E. 2 miles. 27 - I:'"<"
XLIX. M.-B. 20 Start Point N.N.E. 2 miles. M.H. 32 - ..," i:'j

L. 6.vii.14 B. 20 Rame N.N.W'. 1 mile 20 T.
I:'"<
i:'j

LI. B. Rame N.N.W. It miles T.
0

20 25 w" ..,
LII. M. 20 Rame N.W. by N. 2t miles 24 T. i:'j" >

LIlI. B. 20 Cawsand Bay. L10 T.D. Z" w
LIV. 9.vii.14 S. 20 Looe Is. W.N.W. t mile. 5 L. 0

0
LV. M. 20 Looe Is. N.W. 1 mile 10 M. I:'"<" t"'

LVI. B. 20 Looe Is. N.N.W. 2 miles. 23 M. i:'j" 0
LVII. B. 20 Looe Is. N. 2 miles 23 M. ..,

" i:'j
LVIII. NL 20 Rame Hd. E. by S. 2 miles 21 T. tj

" zLIX. 15.vii.14 M. 20 Rame E. 4 miles. M.H. . 26 T. i:'j
>

LX. M. 20 Rame E. 4 miles. M.H. 26 T. >
" ..

LXI. 16.vii.14 B. . 20 Rame E. 6 miles 26 M. "dH

LXII. B. 20 Rame E. 7 miles 27 M." !?H
LXIII. 22.vii.14 B. 20 Cawsand Bay LlO T.D. 0

q
LXIV. B. 20 Between Penlee and Rame Bottom. 10-12 T. ..,

"
LXV. " B. 20 Whitsands E. LlO T.D.

LXVI. " M. 20 Whitsands W. L10 L. t-:J
LXVII. M. 20 Eddystone E. 1 miles 32 S. >-'.. >-'
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TABLE 1. LIST OF STATIONS. .....

Explanation of abbreviations. S.= surface. M=midwater. B.= bottom. M.H.=midnight haul (between 10p.m. & 2 a.m.).
Depth Durationof Total depth ChartNo. of haul. Date. of haul in Locality. in fathoms. area.
capture. millutes.

LXVIII. 22.vii.14 B. 20 Eddystone N.E. 4 miles. 37 R.
LXIX. " S. 20 Eddystone N.E. by N. 6 miles. 38 Q.
LXX. " M 20 Eddystone N.E. by N. 6 miles. 38 Q.

LXXI. " B. 20 Eddystone N. by E. 6 miles (Mosquito net) 38 Q.
LXXII. " B. 20 Eddystone N. by E. 6 miles (Mosquito net) 38 Q.

LXXIII. 29.vii.14 M. 20 Eddystone S. i mile 20 S.
LXXIV. " M. 20 Eddystone S.E. by E. i mile 20 S.
LXXV. " B. 20 Eddystone N.E. by N. ! mile. 25 S. :-<

LXXVI. " M. 20 Eddystone N. 2 miles 35 R. i>-t<
LXXVII. B. 20 Eddystone N. by W. 2 miles 35 R. t<" t':j

LXXVIII. M. 20 Eddystone S.W. 4! miles. 28 S. z"
LXXX. " M. 20 Whitsand Bay E. LlO T.V.

LXXXI. " M. 20 Whitsand Bay E. LlO T.V.
LXXXII. " M. 20 Whitsand Bay W. . LlO L.

LXXXIII. " B. 20 Rame E. by S. 3! miles. 23 T.
LXXXIV. " B. 20 Rame E. by S. 4 miles (Mosquito net) 23 T.
LXXXV. 12.viii.14 M. 20 Rame E. by N. 5 miles 27 1\'1.

LXXXVI. " B.-M. 20 Rame E. by N. 4 miles 26 T.
LXXXVII. 4.ix.14 M. 30 Off Penlee . ca. 12 T.
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Table II, showing the Number of Hauls made with the Young-fish
Trawl in each month for each of the years from 1906 to 1914 in which
investigations were carried on.

As in the previous years the Clupeidre show a very marked maximum
frequency in May and the first half of June. A considerable number of
specimens have been stained and the vertebrrecounted. In all cases
these have proved to be sprats, and there seems no doubt that the sprat
constitutes by far the greater proportion of the specimens taken during
the months in which the 1914 material was collected. This is rendered

more probable by the fact that the abundance of black pigment in the
neighbourhood of the anus, which Ehrenbaum considers to be one of
the distinguishing characters of post-larval sprats, was observed in
nearly all the specimens examined. Unfortunately in the present state
of our knowledge of the early stages of the different species of Clupea,
the detection of a few specimens of O. harengus or O. pilchardus amongst
the large quantities of O. sprattus which are caught in the young-fish
trawl is from a practical point of view impossible, the labour involved
in staining and counting the vertebrre of so many specimens being
altogether out of proportion to the value of the information which would
be gained.

J\EW SEHlEs.-VOL. XI. NO.2. MAY, 1917. J'

MONTHLY NUMBER OF HAULS.

1906. 1907. 1908. 1909. 1913. 1914. Total.

March - 2 - - 2

April 2 2 3 7

May 8 4 5 13 30

June 10 2 31 12 23 28 106

July 4 4 10 9 29 38 94

August 9 10 54 2 75

September 7 - - - 77 1 85
October 1 - 13 - 14
November -- 9 9

CLUPEIDlE.
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I TABLE III. TABLE III. (continued).

I RECORD OF CLUPEA SP. No. of haul. Date. Depth. No. Size iUll1ll1.

II No. of haul.
L. 6.vii.14 B. 6 13-28 ca.

Date. Depth. No. Size ill Ullll.

V. 29.iv.14 B. 74 7-16.5 LI. " B. 9 11'5-19

VI. M. 13 5.6-11,5 LII. ., M. 3 12-21
"

VII. S. 62 6-22 LIII. " B. 1 19
"

VIII. (1) 8.v.14 M. Very many 9.5-25 LIV. 9.vii.14 S. 7 13'5-24

VIII. (2) M. 220 9.5-24 LV. " M. 3 15-16.5
"

IX. (1) 15.v.14 M. 54 9-22.5 LVI. " B. 2 17-19

IX. (3) S. 5 12-16.5 LVII. " B. 1 20
"

IX. (5) B. 80 6-24 LVIII. " M. 2 19.5-22
"

XI. 19.v.14 S. 1 16 LIX. 15.vii.14 M. 30 13-26

XII. S. 460 6.2-20 LX. " M. 35 13-29
"

XIII. M. 406 5'5-20 LXI. 16.vii.14 B. 89 11-26
"

XlV. 25.v.14 lVI. Very many 8-25 LXII. " B. 4 12.5-17

XV. S. Many thousands
LXVII. 22.vii.14 M. 7 5.7-15.5

"
XVI. S. 9-25 LXVIII. " B. 30 10-17

" " "
XVII. 3.vi.14 B. 218 6.7-18,5 LXIX. " S. 7 13-21

XVIII. B. 415 6.1-18.5 LXX. " M. 2' 9.5-14
"

XIX. M. 195 6-19.5 LXXIII. 29.vii.14 M. 1 17
"

XX. 10.vi.J4 S.-M. Very many 10.5-28 LXXV. " B. 11 9.5-17

XXII. 11.vi.14 M.-B. LXXVII. " B. 2 10-10.5
" " LXXVIII. M. 1 21XXIII. " B. 80 14-27 "

XXIV. 16.vi.14 B. 7 14.5-19,5 LXXXIII. " B. J 19

XXV. B. 9 12.3-18 ca. LXXXIV. " B. 2 21-23
"

XXVI. B. 7 9-17
LXXXVII. 4.ix.14 M. 2 20.5-22.3

"
:XXVII. " M. 34 11.6-20

SYNGNATHIDJE.
XXIX. 17.vi.]tJ, B. 5 14-24
XXXI. " 1\1. [) 11.5-23.5 Only six specimens belonging to this family are present in the material,

XXXII. " S. 65 11.5-25 the small number being due to the fact that most of the hauls were
XXXIV. 19.vi.14 M. 3 8'2-13 made at considerable distances from the shore. The four hauls in which

XXXV. " M. 10 7.2-20.5 they occurred were made between Pen lee and Rame Head and in Whit-

XXXVI. 24.vi.14 B. 10 7.7-14.5 sand Bay, the total depth of water being in all caseD'not greater than
XXXVII. B. 11 7.5-19 15 fathoms."

XXXVIII. " M. 26 7-16 TABLE IV.

XXXIX. " S. 10 7'5-20 RECORD OF SYNGNATHUSROSTELLATUS.
XLII. 29.vi.14 B. 2 10-13

No. of ImuJ. Date. Depth.
B.

No. Sizein mm.
XLIII. " 6 9-13 XXIX. 17.vi.14 B. 1 26.5
XLIV. " M. 4 9.5-11.5 LXIV. 22.vii.14 B. 1 17.5
XLV. " S. J 9.5 LXXX. 29.vii.14 M. 2 23-30.5

XLIX. 2.vii.14 lVI.-B. 71 11.5-35.5 LXXXI. M. 2 35-52"
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AlvIMODYTID1E.

All the specimens of Ammodytes appear to belong to the same species,
which is probably A. lanceolatus, though as Clark (1914) points out, it
is difficult to distinguish between the young stages of A. lanceolatus and
A. tobianus. Table V. gives the records for 1914, whilst Table VI. gives
the monthly totals and averages per haul for all the years 1906-1914 for
which records exist. The average shows a gradual rise to a maximum
in August and then a sudden drop (d. Clark (1914), p. 340).

Gadus pollachius L. G. merlangus L. G. minutus O. F. IVhi.ller.
G. luscus L.

Table VII. gives the records of the above species for 1914, whilst
Tables VIII. to XI. show the monthly totals and averages of all the records
from 1906-1914. The few specimens of G. pollachius taken in 1914 were
nearly all taken in April and the first half of May. The maximum
frequency for the ,,;hole period is in March and April. For the whiting

TABLE V.

RECORD OF AMMODYTESSP.

No. of haul. Date. Depth. No. Sizein mm.
V. 29.iv.14 B. 5 10.5-29

VI. " M. 1 20
VII. " S. 1 22.6
IX. 15.v.14 B. 2 7,17

XII. 19.v.14 S. 2 12.6, 19
XIII. " M. 1 7
XIII. a 22.v.14 1 14
XIV. 25.v.14 M. 2 7'5,8
XVI. " S. 3 6-11.5

XVII. 3.vi.14 B. 10 9-18
XVIII. " B. 14 5.6, 12'3-18

XXI. 11.vi.14 M. 1 10.6
XXII. Il.vi.14 1\1.-B. 1 7.5

XXVI. 16.vi.14 B. 4 8.5-10.5
XXVII. " M. 1 8 ca.

XXX. 17.vi.14 M. 3 9-23
XXXI. " M. 1 8 ca.

XXXII. " S. 1 12.5

XXXIII. 19.vi.14 M. 1 20.5

XXXIV. " M. 1 13

XXXV. " M. 7 7.6-12.6

XXXVII. 24.vi.14 B. 4 6-15'5

XXXVIII. " M. 5 5.5-15

XXXIX. " S. 1 10
XLVI. 2.vii.14 S. 1 12.5

XL VIII. " M. 2 9-13
L. 6.vii.14 B. 9 11-24
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No. of haul. Date. Deptb. No. Sizein mm.
LI. 6.vii.14 B. 3 12.5-18.5

LII. " IVI. :3 23 ca.
LIV. 9.vii.14 S. 1 18.5
LVI. " B. 2 12-17'5

LVII. " B. 1 12 ca.
LIX. 15.vii.14 1\1. 7 10-16
LX. " M. 8 12-23.5

LXI. 16.vii.14 B. 5 13.7-30
LXII. " B. 5 15-19'5

LXVI. 22.vii.14 M. 1 12
LXVII. " l\I. 8 8-12'5

LXVIII. " B. 16 7-14.8
LXIX. " S. 3 9-13

LXXIII. 29.vii.14 IVI. 2 13-15
LXXIV. " IVI. 1 12
LXXV. " B. 13 6.5-15'8

TABLE VI.

AMi\iODYTESSP.

Nnmberof
Totaluumher hauls in Number Average

Mont1l. of hauls which the of Size in mill. numher
1906-1914. species specimens. per haul.

occurs.
March 2 1 1 8.5 0.5

April 7 6 14 6'5-29 2

May 30 11 32 6-29 1.07
June 106 49 247 5.5-104 2.3

July 94 52 420 5-30 4.5

August 75 46 506 4'5-25 6.7

September 85 12 14 5'5-24 0.16
October 14 0 0
November 9 0 0

GADIDlE.
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(G. 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 distinct maximum for G. luscus and G. minutus. Specimens
of all these gadoids are very infrequent in hauls taken after June.

TABLE VII.

RECORD OF GADUS SP.

G. pollachius. G. medangus. U. luscu.. G. miuutus.
Ko. Sizeinmm. Ko. Sizeinmm. ;\0. Sileinmm. No. SizeinmDl.

'.14

L.

5.5-9
9.(i-13

1
1

n.3
9.5

7
3
8

6.5-17.7
7.(i-1O
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Month.

March

April
May
June

July

Month.

March

April
May
June

July
August

Mouth.

March
April
May
June

July
August
September
October
November

Ko. of haul. Date. DepLh.
V. 29.iv.]4 R.

VI. " M.
VII. ,. S.

VIII. (2) 8. v.14 ilL

IX.(]) 15.v.14 III.

IX.(3) " S.

IX.(5) " B.

II
X. 19.'

il

XI. " S. 3
XII. " S. 3

XIII. " )1.
XIV. 25. v.]4 ilL
XV. " S

XVI. " S.
XVII. 3.vi.l4 B.

XVIII. " H.
XIX. " lII.
XX. 10.vi.14 S.-lVI.

XXI. Il.vi.l4 M.
XXII. " lII.-B.-

XXIII. " B.
XXV. 16.vi.l4 B.

XXVI. " B.
XXVIII. " B.

XXX. 17.vi.l4 1\].
XXXII. " S.
XXXVI. 24.vi.l4 B.
XXXVII. " B.

XXXVIII. " M.
XLI. 26.vi.l4 B.

XLIV. 29.vi.14 III.

XLVI. 2.vii.]4 S.
LV. 9.vii.14 :If.

LXVII. 22.vii.14 M.
LXVIII. " B.

LXXVII. 29.vii.14 B.

2 6-(i.5 6 7-14
2 7'5-10'5
- -

1 7 _. 1 8.5
103 5.5..11.5 -

5 8.5-10.2 -

211 (i.5-15 4 6-8 1 7-5
10 6.-1(i - - -

1 (i.5 - 2 7-9
4 7-12 5 (i-9'8 16 5.4-]2.3
8 5,5-8.3 7 5'0-6.2 158 5'5-15

21 7'214' 11 (i.5-16 34 (i.5-](j
4 8-13 2 8-8.5 23 (j'7-14

14 5.5-18 6 7.8-]2.7 89 (i-17
31 (i.3-9.5 - 4 5.3-8,5
24 (i.5-11
(i 7-13

2 (i-16.5
-

7 5'5-13
-

4 8-10
(i 7.5-9.5

3 8.5-9.5
1 8.5
- -
1 (i
4 6.2-](j
1 11

5.(j 2 8-13.5
4 9-18
1 14
- -
2 11-11'5
- --
1 19
2 23-31
1 7.5

7.2

18
2 5,3-5.5 - -

25 U-28
- - -

lC.2 - -
- - -

-. -
1 8.6
1 12.4

T ABLE VIII.

GADUS POLLACHIUS.

Numberof
Total number hauls in Number Average

of hauls which the of Size in l1lm. umY!oer
1906-1914. species specimens. per haul.

occurs.
2 2 23 3-5 11.5
7 4 46 3,5-16.5 6.6

30 8 21 5-22 0.7
L06 5 20 5.6-42 0.2
94 2 2 6-7.2 0.01

TABLE IX.

GADUS MERLANGUS.

Numberof
Total number hauls in Number Average

of hauls whichthe of Sizein nnn. number
1906..1914. species specimcns. per haul.

oceul's.
2 1 2 3-4 1

7 5 51 3.5-10 7.3
30 24 1009 4-18 33.6

106 66 584 3-40 5.5
94 10 22 6-52'5 0.2
75 1 1 62 0.01

TABLE X.

GADUS LUSCUS.

Numberof
Totalnumbel' hauls in Number Average

of hauls which the of Sizeiu l1un. I1UlUbel'
190(i-1914. species specimens. per haul.

occurs.
2 a - - -
7 3 3 5.5-7.5 0.4

30 8 44 5-16 1.5
106 13 15 4-9.5 0.]4
94 1 1 10.2 0.01
75 - - -

85 5 5 4-8 0.06
14 4 5 3,4-4.9 0.36
9 1 1 3.L 0.1
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TABLE Xl.

GADUS J\IINUTUS.

Month.

March

April
May
June

July

GADID~.

Molva molva L.

During the period 1906-13, eight post-larval specimens of Molva
molva were taken in May and twenty-two in June.

Raniceps raninus L.

The single specimen of the lesser forkbeard taken in 1914 was obtained
at the end of July. Previous records of post-Iarvre of the species at

Plymouth are all due to Clark who obtained eight specimens in August
cand September, 1913.
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TABLE XIII.

RECORD OF RANICEPS RANINUS L.

No. of haul.
LXXIII.

Depth.
M.

No.
1

Size in mlll.
8

Date.
29.vii.14

GADID~.

Onos mustelus L.

All the post-larval rocklings have been identified as O. mustelus.
The differences between the species are not, however, very we]] defined,
and it is possible that a few of the specimens may belong to O. tl'icirmtus
Bl. or to O. cimbriu8 L.

Numberof
Total number hauls in Number Average

of hauls which the of Size in mill. number

1906-1914. species specimens. per haul.
occurs.

2 2 14 4.5-7 7

7 3 11 7-18 1.6

30 16 405 4-17 13'0

106 16 116 5-48 1-1

94 5 0 8.6-M 0.05

TABLE XII.

RECORD OF MOLVA MaLVA L.

No. of haul. Date. Depth. No. Sizein mm.

XII. 19.v.14 S. 1 10.3

XVI. 25.v.14 S. 2 8.6-11

XVII. 3.vi.14 B. 1 8

XXII. 11.vi.14 M. 2 8'0-10.5

XXVIII. 16.vi.14 B. 1 8.6

XXXVIII. 24.vi.14 M. 1 12.5

XLIV. 29.vi.14 M. 1 10 ca.

L. 6.vii.14 B. 1 20 ca.

GADID.

TABLE XIV.

RECORD OF ONOS MUSTELUSL.

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

V. 29.iv.14 B. 2 4.8-8.5

VII. ., S. 6 4.5-6.5

IX. (1) 15.v.14 M. 3 6.6-7.3

IX. (3) " S. 1 6.5

IX. (5) " B. 1 6
X. 19.v.14 M. 5 5.4-10

XII. " R. 3 6.1-11
XIII. " M. 5 5-8'0
XIV. 25;v.14 1\1. 7 5-16
XV. " S. [) 6-15'6

XVI. ,. S. 14 6.5-15.5
XVIII. 3.vi.14 B. 2 7-7.5

XIX. " M. 1 6.8
XXI. 11.vi.14 M. 1 31

XXII. " M.-B. 1 28.5
XXIV. 16.vi.14 B. 3 7-25
XXXI. 17.vi.14 M. 2 5.2

XXXII. " S. 2 5.5
XXXVIII. 24.vi.14 M. 3 5.3-6.[)

XXXIX. " S. 1 6.5
XLVI. 2.vii.l4 S. 2 6.3-8.5

XLVIII. " M. 1 7
XLIX. " M.-B. 1 9.8

LIX. 15.vii.14 M. 2 8.8-31
LX. " M. 4 12-32

LXXIII. 29.vii.14 M. 1 7.5



222 E. J. ALLEN.

'fABI,E XV.

Month.

ONOS l\fUSTELUS.

Number of
Total number hau]s in Number Average

of hau]s which the of Size in mm. number
1906-1914. species specimens. pel' haul.

occurs.

April
May.
.June
July.
August
September -

SERRANIDlE.

f!,OCC~lSlabrax L. (=Labrax lupus Ouv.)
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 No'rdisches Plankton (1905) as
Fig.7.d.

LABRIDlE.

. Labrus bergyltaAsc. Labrus mixtus L. Ctenolabrusr1lpestrisL.

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 (1913, p. 155) and there seems no
reason to doubt that he has identified it correctly as L. bergylta. Holt's
figure (1899, PI. V. Fig. 49) is probably the same species, Ehrenbaum
(1905, p.7) having already pointed out that it certainly is not Ctenolabrus
1'upest'fis-as Holt has named it. The just hatched larva of L. bergylta
was described by Matthews (1887), and it is not improbable that the
larva described by Hefford (1910, PI. 1. Figs. 8 and 8a) as L. mixtus
also belongs here. In the present records, as well as.in those by Olark
(1914), all the specimens in which the body is deeply pigmented, but
the hinder portion of the tail is quite free from pigment, have been
regarded as Labr1~sbergylta.

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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post-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.
I see no reason to question Ehrenbaum's identification, which is also-
aCQeptedby Clark.

The third' form, of which I give an illustration in Fig. 1, kindly made
for me by Mr. E. Ford, has occurred not infrequently in the 1914material.
'1'hedistribution 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
each side five large black chromatophores which remain in specimens
preserved in formalin. One -of these, the smallest, lies beneath the
anterior end of the dorsal fin, followed by two large ones near the middle
of the fin, and finally a pair close together near its hinder end. On the
post-anal, ventral edge of the body there is a large chromatophore a
little way behind the anus, and two more near the posterior end of the
anal fin. A single black chromatophore can generally be seen at the

FIG. 1.-Lab1'118 m£xt1is L. Length 10 mm. July 2nd, 1914.

base of the caudal fin. In the anterior part of the fish there are two or
three large chromatophores on the top of the head, a row of small ones
on the mandible, two or three on the ventral edge of the abdomen, and
one fairly large one immediately in front of the anus. A line of pigment
extends along the dorsal side of the abdominal cavity, extending nearly
to the anus. The number of vertebne is 38 or 39, rays of dorsal fin 30
or 31, of anal fin 14 or 15. These numerical characters agree completely
with those given by Day for Labrus mixtus, and amongst the British
Labridre the only other species in which the number of vertebrre is so

high is Labrus bergylta,the young stage of which seems to be satisfactorily
known. I have little hesitation therefore in regarding Labrus mixtus as
the proper name to give to the form we are considering. If that be so
the larva described by Hefford (1910) is probably L. bergylta and not L.
mixtus as he was inclined to think. .

Post-larval stages of Labrus bergylta are most numerous in June-
and July, a few were taken in May and-August, whilst in September they
practically disappear from the young-fish trawl material. Otenolabrus
n~pestris was most abundant in July. In 1914, the only year for which
the species is recorded, Labrus mixtus was distinctly earlier in appearance-
than C. rupestris and was most abundan t in June.

7 3 9 4.5-8.5 1.3
30 10 45 5-16 1.5

106 29 46 2.7-31 0,4
94 14 19 4'2-32 0.2
75 ] 1 4.9 0.01
85 1 1 8 0.01
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TABLE XVI.
TABLE XVII.

RECORD OF LABRUS SP.
LABRUS BERGYLTA.

Labrlls bergy Itn. LaIJl'usmixtus. et<jnolabrus Number of

No.ofhaul. Date. Depth. No. Sizein mno. Size in IlIIlI
rupestl'i.. Total number hauls in Number Average

No. No. Sizeinmm.

IX.(l) 15.v.14 1\'1. ! 5.8-7.3 - - :Montho of hauls which the of Size in mm. number
- - 1906-1914. species specimens. pel' haul.

X. 19.v.14 M. 1 6.5 - - occurs.

XII. " S. - - I 6.6 - -
May.

30 8 26 4.5-7.5 0.87

XIII. " 1\'1. 1 6 - - -

XIV. 25.v.14 M. a 5.6-6.3 2 7,7,2 - .Tune 106 42 240 3.25-24 2.2

XV. " S. 4 5.2-0,5 - - - - .Tuly . 94 49 348 3-20 3.7

XVI. " S. - - 1 8.3 -
August 75 19 29 3-10 0.38

XVII. 3.vi.14 B. la 5.3-7'5 1 0,5 -

XVIII. B. (; 0-7 - September. 85 1 1 4.5 0.01
"

XIX. .. M. 1 0.5
XX. 10.vi.14 S.-M. -- - 2 8-8'5 - TABLE XVIII.

XXII. 11.vi.l4 M.-B. - - 1 9.2 -

XXIII. " B. - 1 8.5 LABRUS MIXTUS.

XXIV. 16.vi.14 B. 1 5'5 -

XXV. " B. 1 5.5 1 6 (1914 only.)

XXVI. " B. 1 6 :2 6.7-8 - Numherof

XXVII. " 1\'1. 2 6--7.5 - TotalnUJll bel' hauls iu Number Average

XXIX. 17.vL14 B. 3 6'3--7 - -- Month. of hauls which the of Size in mm. uumber

XXX. " 1\'1. 1 6.5 1 6.5 - 1914 only. species specimens. pel' haul.

XXXIV. 19.vi.l4 1\'1. 1 7.4
occurs.

- - -
May. 13 3 4 6.6-8.3 0.31

XXXVI. 24. vi.l4 B. - - 1 7 -

XXXVII. " B. - - I 6 .Tune. 28 8 10 6.5-9.2 0.36

XXXVIII. " 1\1. - - 2 7.3-8 .Tuly . 38 3 7 7-10 0.18

XLIII. 29.vi.l4 B. - - - - 1 8,5

XLVI. 2.vii.14 S. 1 8-a 2 9-10 I 9 .
XLVII. " S. - - 2 (;-2-10 T ABLE XIX.

XLVIII. " 1\'1. 1 5.7 - -

XLIX. " M.-B. 2 4.5-5.7 1 8.5 - - CTENOLABRUSRUPESTRJS.

L. 6.vii.!! B. 2 5-5-6.5 - - - Numberof
L1. " B. 11 4.2-5.(; - - - Total number hauls in Number Average

LII. " 1\1. 1 5.3 - - - Mouth. of hauls which the of Sizein mill. uumber

LI\'. 9.vii.14 S. 10 5,7-6'5 - - 1906-1914. species specimens. pel' haul.

LV. " M. 12 4-5'7 - - - - occurs.

LVI. B. 1 5 ca. - - - June. 106 14 39 3.8-9.8 0.37
"

LIX. 15.viL14 M. 2 7-8 - - - July. 94 30 131 4-10 1.4

LXI. 16.vii.l4 B. 1 7 - - -
August 75 8 13 5.5-9

LXII. B. 1 7
0.17

"
LXIII. 22.vii.14 B. 1 6.6
LXIV. " B. 1 8 - - - - . CARANGIDiE.

LXVIII. " B. - - 2 7-7.7
LXIX. " S. - - - - 1 8 Oaranx trachurus L.

LXXIII. 29.vii.14 M. 1 6 - - 1 8.6
Only one specimen of the scad or horse mackerel is recorded amongst

LXXIV. " M. - - - - 1 9.5

LXXV. " B. - - - - 1 9,(\ the 1914 material. This was 23.5 mm. long, with most of the adult

LXXX. " M. 1 8 - - 1 8.5 characters developed, and was taken in Haul LXXXVII. at midwater
LXXXV. 12.viii.l4 M. 1 7.5 - - - -

off Penlee Point on September 4th. The previous records giyen by
LXXXVI. " B.-M. 3 9'5-10 - - 1 9

Clark (1914, p. 348) are all for July, August, and September.
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Scomber scomberL.

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 previ,~us
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,

llwme.".
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Flm 2.-Frequency curve of young mackerelfrom Hauls XIV.-XIX., caught on May 25th

and June 3rd, 1914.
Jo'IG.3.-Frequency curve of young mackerel from Hauls XX.-XLV., caught June lOth

to 29th, 1914.
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1908. These young stages were first taken on May 25th, when 22, 29
and 32 specimens were captured respectively in three successive hauls.
The numlers were still considerable in the hauls on June 3rd. After

that date they became 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

l
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.5 rom..are recorded in Table XX. Figs. 2 and 3 show in graphic form
the length frequencies at each successive half-millimetre for two groups
of hauls, the first group comprising XIV.-XIX., taken on May 25th
and June3rd, the second group comprising' 16 hauls in which specimens
occurred from Haul XX. to Haul XLV., taken between June 10th and
29th. The first group (Fig. 2) shows a definite mode at 6.5 mm. and the

FIG. 4.-Scomber 8combe,'L. Length 6 mm. May 25th, 1914.

FIG. 5.-Scomber 8comberL. Lcngth 9 mm. May 25th, 1914.

]<'IG. 6.-Scombe,' 8comber L. Length 11.5 mm. May 25th, 1914.

."',
wi
J

FH1. 7.-Scombe,' 8combo' L. Length 16 mm. ca. July 22nd. 1914.

arithmetic mean is 7.15 mm. The second group (Fig. 3) has two modes,
one at 6.5 mm. and another at 9.5 mm., whilst the arithmetic mean is

8,8 mm. It is probable that the mode at 9.5 in the second group (Fig. 3)
is due:to the group of fish found in the earlier hauls and represented in
Fig. 2, which then showed a mode at 6.5 mm. This would indicate a
growth of 3 mm. in three weeks. If this interpretation be correct then
the other mode in Fig. 3, that at 6.5 mm., would be most easily explained

,

I

J IV
"""'" ".
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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 offspring 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.-XXXVIII., (5) XLIII.,
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. 4-7 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.

I
,

[

II
II

I,

I

I

(

ZEIDJE.

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.

PLEURONECTIDJE.

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 Eddystone 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. -'

Pleuronectesmicrocephalus Donov.

Although no young merry-soles were taken until May 15tl1the captures
reaclied a maximum before the end of. that month, falling off during
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TABLE XX.

RECORD OF 8COMBER SCOIBER. *

No. of hauL Date. Depth. No. Sizes in mm.
XIV. 25.v.14 M. 22 2 at 5, 1 at 5.5, 7 at 6, 6 at 6.5,

3 at 7, 1 at 7'5, 1 at 8, 1 at 8.5.
XV. 25.v.14 8. 29 1 at 5.5, 2 at 6, 8 at 6.5, 5 at 7,

4 at 7'5, 2 at 8, 4 at 8,5, 2 at 9,
1 at 10.

XVI. 25.v.14 8. 32 1 at 5, 7 at 6, 8 at 6.5, 5 at 7,
3 at 7'5, 1 at 8, 4 at 8.5, 1 at 9,
1 at 10, 1 at 11.5.

XVII. 3.vi.14 B. 21 1 at 5,5, 1 at 6, 8 at 6,5, 6 at 7,
3 at 7'5, 2 at 8.

XVIII. 3.vi.14 B. 10 1 at 6,3 at 6'5,3 at 7,2 at 7,5,
1 at 9.5.

XIX. 3.vi.14 M. 3 1 at 7,1 at 7.5,1 at 8.5.
XX. 1O.vi.14 8.-M. 3 1 at 7, 1 at 8, 1 at 12.5.

XXI. l1.vi.14 M. 3 1 at 8.5, 1 at 9, 1 at 10.5.
XXII. 1l.vi.14 M.-B. 4 1 at 7'5,2 at 11,1 at 12.

XXIII. l1.vi.14 B. 4 1 at 9, 2 at 10,5, 1 at 11.
XXIV. 16.vi.14 B. 1 1 at 6.5.
XXVI. 16.vi.14 B. 2 1 at 8,5, 1 at 9.5.

XXVII. 16.vi.14 M. 7 1 at 5, 1 at 6, 2 at 9, 2 at 9.5,
1 at 10.

XXXI. 17.vi.14 M. 2 1 at 5, 1 at 8.5.
XXXII. 17.vi.14 8. 2 1 at 8, 1 at 9.

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

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

XXXIII. 19.vi.14 1\'1:. 1 1 at 12.5.

XXXIV. 19.vi.14 1\1. 1 1 at 6.5.

XXXVI. 24.vi.14 B. 1 1 at 7.

XXXVII. 24.vi.14 B. 1 1 at 7.

XXXVIII. 24.vi.14 M. 11 1 at 6, 4 at 6.5, 2 at 7, 1 at 7.5,
1 at 8, 1 at 8.5, 1 at 9.5.

XLIII. 29.vi.14 B. 2 1 at 8.5, 1 at 9.5.
XLIV. 29.vi.14 M. 3 1 at 6.5, 2 at 9.5.
XLV. 29.vi.14 8. 12 1 at 8.5, 2 at 9, 2 at 9.5, 4 at 10,

2 at 10.5, 1 at 12.
LX. 15.vii.14 lV1. 1 1 at 9.5.

LXVIII. 22.vii.14 B. 1 1 at 16.
LXIX. 22.vii.14 8. 1 1 at 8,5.
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TABLE XXI. (continued).

Ple-uronectesflesus L. occurred in the following hauls :-V. 1 spec.
7 mm., VII. 3 specs. 6'5-8'5 mm., VIII. (1) 2 specs. 8-8'5 mm., VIII.
(2) 2 specs. 8-8'5 mm., IX. (1) 1 spec. 9 mm., IX. (2) 33 specs,
5'5-10'5 mm.

TABLE XXII.

PLEURONECTES LIMANDA.

Month.

Number of
Total number hau]sin Number Average

of haul~ which the of Size in mm. numbcl'
1906-1914. species specimens. per haul.

occurs.

April
May.
June.

July.

86
1371
199
17

4.5-11.5
4-15

1'59-17
6.5-42

,.,
I 5

20
28
5

12.3
45.7

1.9
0.18

30
106
94

TABLE XXIII.

PLEURONECTES MICROCEPHALUS.

Month.

Number of
Total number hauls in Number Average

of hauJs which the of Size in mm. numher
1906-1914. species specimens. per haul.

occurs.
March

April
May.
i1[av*
.June.

.July .

* Hauls where total depth of water is 2) fathoms and over.

I!

III1 [
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June and July, when chiefly the larger sizes were taken. 'rhe figures

for 1914 are given in Table XXI., and the monthly summaries for 1906-14
in Table XXIII.

! ! The species is more abundant in hauls taken beyond the 20-fathom

I II

line. In Table XXIII. this is shown by the figures given for the month of
May. The average number of individuals per haul for all the hauls is

Ii!I 6.6, whilst the average for the hauls at and beyond the 20-fathom line

II
is 12.2.

11'1 TABLE XXI.
II

III RECORD OF PLEURONECTES SP.
1111

I[I No. of P.limanda. P. microcephalus.

II Haul. Date. Depth. No. Sizein mm. No. Sizeinmm.

V. 29.iv.14 B. 36 5.5-11.5 - -

II VI. " M. 29 4.5-9.2

II VII. " S. 6 5.5-10.5
II

VIII.(2) M. 3 6.2-8.5
IIII

"

II I IX.(5) 15.v.14 B. 23 5-12'6 3 9.5-11.2

X. 19.v.14 M. 5 8.5-14.3 37 5-11

XI. " S. 8 9-13'8 22 6.5-10.5
I XII. S. 35 4-14'8 21 6.8-10.6"

II XIII. M. 70 4.7-12.0 55 6-15
Ii

"

'[ XIII. a 22.v.14 46 6.5-13 - --

XIV. 25.v.14 M. 290 5'7-15 25 7-14.7

XV. " S. 276 5.5-12.5 7 9.6-13.5

XVI. " S. 508 5-12'6 12 7.5-14.5

,XVII. 3.vi.14 B. 45 6.5-11.5 5 7-9

XVIII. " B. 9 6-8 8 5.2-7.5

XIX. " M. 4 6.7-8 1 6

XX. 10.vi.14 S.-M. 22 8.2-14.5 3 9,5-16

XXI. 11.vi.14 M. 14 8-14.2 3 10.6-14

XXII. " M.-B. 31 8.5-17 11 10-15.6

XXIII. " B. 32 9-15'6 22 9-14

XXVI. 16.vi.14 B. 3 10.5-11.6

XXVII. " M. 1 10.5

XXVIII. " B. 1 12.5

XXXI. 17.vi.14 M. 2 8.7-11

XXXII. " S. - - 1 7

XXXVII. 24.vi.14 B. 1 10.2 3 8-12

XLIII. 29.vi.14 B. 1 10.5 - -

XLVI. 2.vii.14 S. 8 6.5-17.3 2 12.4-12.7

XLVII. " S. 1 8.5 3 11,5-15.2

No of P. limanda. P. microcephalus.
Haul. Date. Dept.h. No. Sizein mm. No. Sizein mm.

XLVIII. 2.vii.14 M. 3 15.5-16 <) 9-18'5i.)

XLIX. " M.-B. 2 15.5-16.6 - -
LVI. 9.vii.14 B. - - 2 9.2-1Hj

INII. " B. - - 2 9-9.5
LXVIII. 22.vii.14 B. - - 1 8

LXXVIII. 29.vii.14 M. - - 1 8

2 1 1 6 0.5
7 0 0 - -

30 10 199 5-15 6.6
16 9 196 5-15 1'

106 30 129 5-16 1.2
94 10 18 7-18'5 0.19
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PLEURONECTIDlE.

8ub.-fam. BOTHINlE.

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 I 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 Tabl,:
XXV. show a maximum frequency in September with an average of
8.3 per haul. The average for August 6.8 is also high. It 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.
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TABLE XXIV. (continued).

TABLE XXIV.

RECORD OF ARNOGLOSSUSSP.

No. of haul. Date. Depth. No. Sizein mm.
XI. 19.v.14 S. 1 5.5 ca.

XIII. " M. 1 5.6
XIV. 25.v.14 M. 5 5-8.3
XV. " S. 7 6.5-8.3

XVI. e" S. 12 5.6-7.6
XVII. 3.vi.14 B. 11 5.5-7.5

XVIII. " B. 18 4-8
XIX. " M. 1 5.2
XX. 10.vi.14 S.-M. 17 9.5-11.7

XXI. 11.vi.14 M. 28 6.5-11,2
XXII. " IVI.-B. 27 7-;--11

XXIII. " B. 47 7 5-12'3
XXV. 16.vi.14 B. 1 7

XXVI. " B. 10 3.5,--7.3
XXVII. " M. .3 0'3-9

XXX.' 17.vi.14 M. .2 6:5
XXXI. i,' 1\1. 18 5'5-10

XXXII. " S. 3 6-10 ca.
XXXIV. 19.vi.14 M. 5 6.4-10.8

No, of halll. Date. Depth. No. Sizein mm.XXXV. 19.vi.14 M. 3 6.5-12,3
XXXVI. 24.vi.14 B. 6 6'5-14

XXXVII. " B. 1 10.5
XXXVIII. " M. 10

XLII. 29.vi.14 B. 2 9-14,5
XLIII. " B. 14 8.5-18.5
XLIV. " M. 5 5-17'5
XLV. " S. 3 6.5-9

XLVI. 2.vii.14 S. 4 8'2-13
XLVII. " S. 1 15.5

XLVIII. ,. M. 4 11-18
XLIX. " M.-B. 3 6'5-15

L. 6.vii.14 B. 1 18.3
1.1. " B. 4 4.5-18.5

LII. " 1\1. 1 17
LV. 9.vii.14 M. 2 12.5-16.5

LVI. " B. 6 11-17'5
LVII. " B. 1 13

LVIII. " M. 1 19.5
LIX. 15.vii.14 IVI. 29 13'5-22
LX. " M. 11 13.4-20,3

LXI. 16.vii.14 B. 2 13-16
LXII. " .B. 6. 15-21 ca.

LXIII. 22.vii.14 B. 1 7.2
LXVII. " M. 7 7,2-19,5

LXVIII. " B. 5 7-20,5
LXX. " IVI. 2 18,7-21,2

LXXIII. '29.vii.14 M. 10 6'320'5
LXXV. " B. 4 8,2-20,5

LXXVI. " M. 5 17-20,5
LXXVII. " B. 1 20

LXXVIII. " M. 14 ' 10-23'5
, I,XXXIII. " B. 3 9.5-20.5

LXXXV. 12.viii.14 M. 2 24.5-25.6
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TABLE XXV.

Month.

ARNOGLOSSUS SP.

Number of
Total numbel' hauls in Number

of hauls which the of Size in nnn.
1906-1914. species specimens.

occurs.

Average
number

per hau1.

May.
June.

[June, 1914
July.
August
September.
October

0.87
2.3

8'4]
2.5
6.8
8,3
0.14

Sub}am. RHOMBINJE.
Rhombus maximus Will. R. laevis Rond.

Seven specimens of R. laevis were taken in 1914 between May and
August, and one specimen of R. maximus in July. These records support
the conclusion reached by Clark that the spawning season of the briIl
is earlier than that of the turbot.

TABLE XXVI.

RECORD OF RHOMBUS SP.

Scophthalmus norvegicus Gthr.
The records for 1914 (Table XXVII.) 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, and of
5.4 for June (T~ble XXVIII.).
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Zeugopterus unimaculatus Bnp.

Fourteen specimens of post-larvre one-spotted topknots were taken
in 1914. The only previous records are those of Clark, who found three

Specimens in June and July, 1913. The 1914 records are of specimens
taken in May and the earlj piut of June. The species is easily distin-
guished from the other topknots..

1

30 5 26 5-8.3
106 30 249 3.5-18.5
;&S :82 285 8'5-1S'5
94 41 232 3.5-23.5
75 47 507 3-28'5
85 62 708 4-31
14 2 2 7

R. maximus. R. laevis..
No. ofhau1. Date. Depth. No. Sizein mm. No. Sizein mm.

XIV. 25.v.14 M. - - 2 9.8-11.5
XV. 25.v.14 S. - - 2 6.8,6.8

IXX. 22.vii.14 M. - 1 6.2
LXXVI. 29.vii.14 M. 2 7.7-8.5 - --

LXXVIII. 29.vii.14 M. - - 1 7
LXXXV. 12.viii.14 M. -- - 1 13

TABLE XXVII.

RECORD OF SCOPHTHALMUSNORVEGICUS.
No. of haul. Date. Depth. No. Sizein mm.

X. 19.v.14 M. 69 4'2-11
XI. " S. 44 4-12

XII. " S. 68 4.5-12
XIII. " M. 84 4-11,7
XIII.a 22.v.14 - 2 6-6,6
XIV. 25.v.14 M. 5 5,5-10
XV. " S. 1 9,5
XVI. " S. 6 6,5-10.5

XVII. 3.vi.14 B. 45 4.0-8.0
XVIII. " B. 31 4'5-8

XIX. " M. 1 7
XX. 1O.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
XXVI. 16.vi.14 B. 1 5.5
XXX. 17.vi.14 M. 1 6
XLVI. 2.vii.14 S. 1 9.7

LVI. 9.vii.14 B. 1 7,3
LIX. 15.vii.14 M. 1 6

LXVIII. 22.vii.14 B. 1 7.2

TABLE XXVIII.

SCOPHTHALMUSNORVEGICUS.

Numberof
Totalnumber hauls in Number AverageMonth. of hauls which the of Sizein mm. number
1906-1914. species specimens. per hauLoccurs.

May. 30 14 438 4-12 14.6
June. 106 39 576 3.5-12,2 5.4
July. 94 16 33 4-11 0.35
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Zeugopterus punctatus Blainv.

In 1914 the post-Iarvre 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.

POSTcLARVAL TELECSTEANS COLLECTED NEAR PLYMOUTH. 237

TABLE XXXI.

ZEUGOPTERUS PUNCTATUS.

Month.

Number of
Totalnumher hauls in Number Average

of hauls which the of Size in mm. number
1906-1914. species specimens. per haul.occurs.

April
May.
June.

7
30

106

3
13
14

16
44
27

3-6
5-10'2
5.5-11.69

2.3
1.5
0.25

Subjam. SOLEINJE.

Sole a v~llgaris Quens.

The majority of the specimens of post-larvlB of the common sole

were taken in May. The number captured was, however, not large and
was below that of the thickback sole (S. variegata).

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
occurred 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 Olark in 1913 are in July, August,
and September.

Solea lutea Risso.

Not a single specimen of S. lutea was recognised in the 1914 material,
although in 1913 Olark found a fair number in June, a month which is
well represented in the 1914 hauls.

TABLE XXIX.

RECORD OF ZEUGOPTERUSUNIMACULATUSGthr.

No. of haul. Date. Depth. No. Sizein mm.
XI. 19.v.14 S. 1 8

XIII. 19.v.14 M. 1 5.5
XIV. 25.v.14 M. 1 6.5
XV. 25.v.14 S. 1 8.7

XVI. 25.v.14 S. 1 8
XVII. 3.vi.14 B. 3 6-6.5

XVIII. 3.vi.14 B. 2 6-6.2
XXI. 11.vi.14 M. 1 8.6

XXII. 11.vi.14 M. 1 9,3
XXIII. 11.vi.14 B. 2 8-9.4

TABLE XXX.

RECORD OF ZEUGOPTERUSPUNCTATUSBI.

No. of hau1. Date. Depth. No. Size in mill.

IX.(5) 15.v.14 B. 1 7
X. 19.v.14 M. 7 5-8

XI. 19.v.14 S. 1 6.5
XII. 19.v.14 S. 2 8.5,,8.5

XIII. 19.v.14 M. 4 6.5-;-8.5
XIII.a 22.v.14 - 10 5.5-;-7
XIV. 25.v.14 M. 1 7.5
XV. 25.v.14 S. 1 8

XVI. 25.v.14 S. 7 8.5-10,2

XVII. 3.vi.14 B. 2 . 6.5-6.7
XVIII. 3.vi.14 B. 1 7.3

XIX. 3.vi.14 M.' 1 6
XXII. Il.vi.14 M. 1 7.6
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Month.

April
May.
June.

Month.

I
I.

May.
June.

July.
August

E. J. ALLEN.

TABLE XXXII.

RECORD OF SOLEA.

TABLE XXXIII.

SOLEA VULGARIS.

Numuerof
Total number hauls in Number Average

of hauls which the of Size in mm. number
1906-1914. species specimens. per haul.

occurs.
7

30
106

5.7-7.5
4-10'5
5-8.7

0.3
0.63
0.05

2
11
5

2
19
5

TABLE XXXIV.

SOLEA VARIEGATA.

T I Number of
ota numuer hauls in Number ,.. Average

of hauls which it .of SIze III mm. number
1906-1914. occurs. speClmens. per haul.

30
106
94
75

11
26

3
4

9.6
1.6
0.04
0.09

288
170

4
7

4-12.3
3-11
4.5-10
4-8.5
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GOBIIDJE.

Gobius Sp. Crystallogobius nilssoni Diib. and Kor.
Aphya pellucida Nardo.

Table XXXV. gives the record of all the gobies which have not been

specifically determined, and the list probably includes many young
stages of both Crystallogobius nilssoni and Aphya pellucida. The larger
specimens, probably chiefly belong to Gobius minutus Pall., though other
species may be included.

Tables XXXVI. and XXXVII. give the records of those specimens,
chiefly the larger ones, of Crystallogobius and Aphya which co'uld be
determined with some certainty. The separation of the different species
has been too incomplete to make it advisable to draw conclusions as to
seasonal distribution.

No. of haul. Date.
V. 29.iv.14

VI. "
IX.(5) 15.v.14
X. 19.v.14

XI.
XII.

XIII.
XIII.(a) 22.v.14
XIV. 25.v.14
XV.

XVI.
XVII. 3.vi.14

XVIII. "
XXII. 11.vi.14

XXIII. "
XXXVII. 24.vi.14

LXIV. 22.vii.14
LXV.

S. vulgaris. S. variegata. S. lascaris.
Depth. No. Sizein mm. No. Sizein mm. No. Sizein mm.

B. 1 5.7
lVI. 1 7.5
B. 1 7
M. 1 6.9 33 4-8.2
S. - - 41 4-9.5
S. - - 21 5.5-9.2
lVI. - - 48 4.5-10.2
- 1 6.4 11 4.5-8.5
lVI. 1 6.6 43 4.2-12.3
S. 2 6.6,7.7 3 9.2-9.8
S. 4 6.2-8.7 9 5-9.8
B. - - 5 5.3-7.5
B. 1 5 - -
lVI. - - 2 6.4-7
B. - - 6 6.5-8.5
B. - - 2 3.6-5.6
B. - I 10.3
B. - - - I 9.6

TABLE XXXV.

RECORD OF GOBIUS SP.
No. of haul. Date. Depth. No. Size in mllJ.

XI. 19.v.14 S. 1 13
XII. " S. 2 9.5-12.5

XIII. " M. 5 10-12.5
XIII. a 22.v.14 63 8-14, 24
XIV. 25.v.14 M. 13 9,6-13.3
XV. " S. 3 7-11,5

XVI. " S. 18 6'5-15
XX. 10.vi.14 S.-M. 1 14.5

XXII. l1.vi.14 M.-B. 6 12'6-14
XXIII. " B. 5 12'5-15

XXV. 16.vi.14 B. 1 7
XXVIII. " B. 1 7

XLIV. 29.vi.14 M. 3 10-14
XLVI. 2.vii.14 S. 73 7-22'6

XLVII. " S. 87 6-19.5
XLVIII. '.' M. 59 7-18

XLIX. " M.-B. 17 10-16
LI. 6.vii.14 B. 3 6-7.5

LIII. 6.vii.14 B. 1 10.2
LIV. 9.vii.14 S. 3 5-7

LV. " M. 1 5
LVI. " B. 1 5
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Oycloptertts lumpus L.

One specimen of the lump sucker was obtained in the young-fish
trawl in 1914. It was found in Haul XLI., 3k miles S.W. by W. of the
Eddystone, a bottom haul made on June 26th, 1914. The length Jf the
.specimen was 16.5 mm. Olarkrecords one specimen 18 mm. long in 1913.

TRIGLID~.

Trigla gurnardus L. T. hirundo Bl.

The characters by means of which post-larval stages of T. gurnardus
and T. hirundo may be distinguished have been pointed out by Olark
(1914) in his report on the post-larval teleosteans of Plymouth. The
specimens which were most numerous in the 1914 material belong to
the T. ,qurnardus type, with long pectoral fins which are pigmented
chiefly on the posterior half of the fin. From specimens of this type young
T. hitrundowith short, broad pec.torals pigmented over the whole surface,
are easily and definitely distinguishable. .
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I

I TABLE XXXV. (continued.).
I

No. of hau], Date. Depth. No. Sizein mm.

i
LVII. 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
LXII. " B. 11 5.7-27
LXV. 22.vii.14 B. 3 10-11'5

LXVII. " M. 1 6.6
LXVIII. " B. 7 3.2-8.5

LXXI. " B. 6 7.5-12
LXXIII. 29.vii.14 M. 1 10
LXXVII. ... B. 6 7-10

LXXVIII. " M. 1 6
LXXXI. " M. 3 10-11.6

LXXXIII. ,. B. 1 12
LXXXVII. 4.ix.14 M. 1 14

TABLE XXXVI.

RECORD OF ORYSTALLOGOBIUSNILSSONI.

No. of haul. Date. Depth. No. Sizein mm.

IX.(5) 15.v.14 B. 2 9-11'5
XII. 19.v.14 S. 6 24-27

. XIII. " M. 150 17-36
XIV. 25.v.14 M. 40 18-31 ca.
XV. " S. 11 10-27

XVI. " S. 3 11.5-28
XXII. Il.vi.14 M.-B. 4 26.5-37

XXXII. 17.vi.14 S. 1 Fragment of large
one.

XLIII. 29.vi.14 B. 3 25 ca.-30
LVI. 9.vii.14 B. 1 27

LVII. " B. 2 22-28
LIX. 15.vii.14 M. 12 27-37.5
LX. 15.vii.14 M. 20 8-29'5

LXI. 16.vii.14 B. 18 26-29
LXXI. 22.vii.14 B. 8 22-38

LXXIII. 29.vii.14 M. 1 12

L-

TABLE XXXVII.

RECORD OF ApHYA PELLUCIDA.

No. of haul. Date. Depth. No. Sizein mm.
XIV. 25.v.14 M. 2 8, 13
XV. " S. 3 6'6-13

XVI. " S. 1 11.5
XVIII. 3.vi.14 B. 2 6-6.2

XX. 10.vi.14 S.-M. 3 13.5-15
XXI. Il.vi.14 1\'1. 3 11,5-16.5

XXII. Il.vi.14 lVI.-B. 3 13,2-15,3
XXIII. Il.vi.14 B. 4 7.6-16

XXXVII. 24.vi.14 B. 3 6.5-8.5
XLIII. 29.vi.14 B. 2 10 ca.-12
LXIII. 22.vii.14 B. 50 7.5-11
LXIV. 22.vii.14 B. 1 10
LXV. " B. 6 10.5-12.5

LXVI. " M. 1 10
LXXV. 29.vii.14 B. 1 11

LXXXII. " M. 1 11 ca.
LXXXVI. 12.viii.14 B.-M. 1 11

OYOLOPTERID.
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II:

Clark refers to specimens appearing in August and September which
he thinks are quite distinct from T. gurnardus and T. hirunM, 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 T. linectta, 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 it 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 T. GUculus,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 T. gurnardus.
A fourth species, T. lym, 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 vertebrffi, of these gurnards are all so similar that they cannot be
used for discriminating the species in these young stages.
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TABLE XXXVIII. (continued.).

Triglasp. T. hirundo.
No. of haul. Date. Depth. No. Size in 111m. No. Sizein mm.

XX. 10.vi.14 S.-M. 4 9-10.8
XXI. l1.vi.14 M. 9 8.7 -10,5

XXII. " M.-B. 12 8'2-15
XXIII. " B. 24 7-11'5
XXIV. 16.vi.14 B. 2 8,8'5
XXV. " B. 1 10 ca.

XXVI. " B. 19 5.6-16.5
XXVII. " M. 5 7-9

XXX. 17.vi.14 M. 2 7.7-8.5
XXXI. " lVI. 2 7.5-8.4
XXXV. 19.vi.14 M. 2 12-13

XXXVI. 24.vi.14 B. 1 7.7 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. " B. 7 6.5-12
XLIV. " M. 2 9-13'5
XLV. " - - 1 12 ca.

XLVI. 2.vii.14 S. 5 9.5-10.5
XL VII. 2.vii.14 S. 1. 10.8
LVIII. 9.vii.14 M. 2 13-16

LX. 15.vii.14 M. 1 12
LXVIII. 22.vii.14 B. - - 2 8-10

LXIX. " S. - - 1 9,5
LXXIII. 29.vii.14 M. 1 11 - -
LXXIV. " M. - - 1 11 ca
LXXV. " B. 1 10 - -

II

LXXVI. " M. 1 11.7 - -
.11

LXXVIII. " M. 2 9-19 - -

II

LXXXV. 12.viii.14 M. 5 13'5-19 -

I

TABLE XXXVIII.

RECORD OF TRIGLA SP.

Tl'iglasp. T. hil'undo.
No. of haul. Date. Depth. No. Sizein mm. No. Sizein mm.

IX.(5) 15.v.14 B. 3 7.5-9.5
X. 19.v.14 M. 53 4.5-11.7

XI. " S. 39 6-9.5
XII. " S. 8 5'1-10

XIII. " M. 13 6-8.2
XIII. a 22.v.14 - 9 7'5-10
XIV. 25.v.14 M. 45 5'5-13
XV. 25.v.14 S. 33 7,2-12.5

XVI. " S. 41 5.5-12.7
XVII. 3.vi.14 B. 77 5-11,5

XVIII. " B. 63 5'5-18 1 18
XIX. ." M. 15 6-11'5 - - .
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TRACHINID.<E. TABLE XL.
l'raeh£nus vipera Cuv.

The 1914 records are given in Table XXXIX. and monthly summaries
for the period 1906-14 in Table XL. In 1914no 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
August than in July. In September there is a rapid disappearance of
specimens in the hauls.

No specimens of l'raehinus draeo were recognised in the 1914 material.
Clark obtained four specimens cf this species in August and September,
1913.

TRACHINUS VIPERA.

Totalnu b . Numberof N b Averagem el hauls in um erMonth. of hauls which it ?f Size in mm. number

1906-1914. occurs. specImens. pel' haul.

April 7 1 1 3.5 0.1

May. 30 1 1 3.5 0.03
June. 106 22 80 2.5-9 0.75

July. 94 45 335 3-11' 6 3.6

August 75 52 292 2'7-18 3.9

September. 85 26 42 3.5-18 0.5

TABLE XXXIX. CALLIONYMID.<E.
RECORD OF TRACHINUS VIPERA.

No. of haul. Date. Depth. No. Sizein nun.
Callionymus lyra L.

XXV. 16.vi.14 B. 3 5.2-7 Post-larval dragonets are more constantly met with in the hauls and
XXVI. " B. 2 5.6-8.2 Qccur in greater numbers than any other species of teleostean, being

XXXIV. 19.vi.l-1 M. 3 6.6-8.5 specially abundant in May and June. The 1914 records are given in

II

XXXV. " M. 3 6.5-7.5 Table XLI., and the monthly summaries in Table XLII.
XXXVI. 24.vi.14 B. 1 7

. XXXVII. " B. 1 7.5 TABLE XLI.
XXXVIII. " M. 2 5.6-6.5

II XXXIX. S. 1 9
RECORD OF CALLIONYMUSLYRA.

"
L. 6.vii.14 B. 4 aU 5 mm. No.of haul. Date. Depth. No. Sizein mm.

LI. B. 9 4.5-7.5
V. 29.iv.14 B. 5 4-7

"
LII. M. 7 5-6

VI. " M. 4 5-7
"

LV. 9.vii.14 1\1. 2 6-7
VII. " S. 5 3-6

LIX. 15.vii.14 M. 8 5.5-7.8 VIII. (1) 8.v.14 M. 1 6.3

LXI. 16.vii.14 B. 1 5,5 IX. (1) 15.v.14 M. 67 5-7.5

LXII. B. 2 5-7 IX. (5) " B. 108 4-7
"

LXVII. 22.vii.14 M. 5 6.5-8 i XII. 19.v.14 S. 5 5-10.5

LXVIII. B. 6 5.2-9.3
XIII. " M. 20 4.5-11

"
LXIX. S. 7 4.3-8.3 I XIII.a 22.v.14 - 34 5-9

" I
LXX. M. 1 5.5

XIV. 25.v.14 M. 4 5.5-7
"

LXXIII. 29.vii.14 M. 1 11.6
XV. " S. 4 8-10.5

LXXIV. M. 3 6.5-7.5
XVI " S. 3 5.5-6

"
LXXV. B. 1 8,5

XVII. 3.vi.14 B. 105 4-7
"

LXXVI. M. 1 11.5
XVIII. " B. 59 3.5-7

"
LXXVIII. M. 4 6.2-10.7

I

XIX. " M. 15 4.5-8
"

LXXXIII. B. 2 5.5-8.7
XX. 10.vi.14 S.-M. 2 5.5-6.3

" XXI. 11.vi.14
LXXXVI. 12.viii.14 B.-M. 1 7

: M. 9 5.2-11

.1
XXII. " M.-B. 16 6-12

NEW SERIES.-VOL. XI. No.2. MAY, 1917. R
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Month.

March

April
May.
June.

July.
August
September.
October

GOBIESOOIDJE.

Lepadogaster.

Eighteen post-larval specimens were obtained in 1914, thirteen of
which occurred in July. According to Olark's records (1914) specimens
may occur from June to September.

Probably two species at least are represented in the material, Blennius
pholis L. and Blennius ocellaris I.., but I have not succeeded in separating
them with certainty. The records are shown in Table XLIV.

* m. (=many) has been counted as 50, and v.m. (=very many) as 100. The figures
for Ma.y and June are therefore approximations only

I
46 E. J. ALLEN.

TABLE XLI. (continued).

No. of haul. Date. Depth. No. Sizein mm.

XXIII. 11.vi.14 B. 41 5-13'5

XXIV. 16.vi.14 B. 2 6.7-10,2

XXV. " B. 27 3.8-8

XXVII. " M. 1 7

XXIX. 17.vi.14 B. 1 7.3

XXX. " M. 14 3.7-8.3

XXXI. " M. 30 3-9

XXXII. " S. 17 4-6

XXXIII. 19.vi.14 M. 1 7.7

XXXIV. " M. 1 7

XXXV. " M. 10 5.5-8.7

XXXVI. 24.vi.14 B. 2 3.2-6.6

XXXVII. " B. 54 4.5-8

XLII. 29.vi.14 B. 11 7-8.5

XLIII. " B. 37 5.5-8.7

XLIV. " M. 13 5.5-8

XLV. " S. 1 6

XLVI. 2.vii.14 S. 165 6-12

XLVII. " S. 98 5.5-12.2

XLVIII. " M. 94 4-12.2

XLIX. " M.-B. 47 5.5-11.5

L. 6.vii.14 B. 2 10-13.5

1.1. " B. 2 7.5-9

LIV. 9.vii.14 S. 2 6-6.5

LV. " M. 1 5.3

LVI. " B. 1 6

LVII. " B. 3 6.7-7.1

LIX. 15.vii.14 M. 6 6.5-8.5

LXI. 16.vii.14 B. 4 7.5-11

LXII. " B. 2 5-6

LXVII. 22.vii.14 M. 1 6.5

LXVIII. " B. 10 4.5-7.3

LXIX. " S. 1 6.5

LXX. " M. 1 6

LXXIII. 29.vii.14 M. 8 6.5-8

LXXIV. " M. 3 6.5-7.5

LXXVI. " M. 2 9.2

\

LXXVII. " B. 4 6.5-8.5

LXXXIV.. " B. 1 8

TABLE XLII.

OALLIONYlIWS LYRA..
T 1 Numberof Averageota number hauls in NlInber

of hauls 1.. 01 Sizein mm. number
1906 1914 W11ehIt . per haul.- . ocelli's. speClmens.

2 2 36 2.5-6 18

7 6 46 2,5-12 6.6

30 21 654* 2.5-11 21.8

106 77 1890* 2-14 17.8

94 57 933 2.5-13.5 10

75 43 279 2'75-13 3.7

85 20 56 4--10 0.7

14 1 1 5 0.07

TABLE XLIII.

RECORD OF LEPADOGASTERSP.

No. of haul. Date. Depth. No. Sizein mm.

XXIII. 11.vi.14 B. 1 10.5

XLVI. 2.vii.14 S. 5 10-12

XLVII. " S. 1 11.2

XLVIII. " M. 3 8.6-11.7

LV. 9.vii.14 M. 1 6.5

LVII. " B. 2 7.5

LIX. 15.vii.14 M. 1 10

LXXXVI. 12.viii.14 B.-M. 4 10-11'2

BLENNIIDJE.



LFIG. 8.-Lophius piscatorius L. Length 6-2mlll. July 16th, 1914.
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PEDICULATI.

Lophius piscctlor1:usL.

One specimen of an early stage, 6.2 mm. long was found in Haul LXII.,
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 'Ehrenbaum in N ordisches Plankton, p. 303, Fig. 108, b, and
ascribed by both authQrs 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
j3eenthat after June the number of species present as well as the average
number per haul are both very much reduced.

TABLE XLV.

AVERAGES PER HAUL IN DIFFERENT GROUPS OF HAULS.

Clupea

Ammodytes
Gadus pollachius .

merlangus .
minutus

" luscus
Malva molva

Raniceps raninus .
Onos mustelus

Labrus bergylta
Labrus mixtus

XVII.- LXXIII. LXXXV.
X.-XIII. XIV.-XVI. XXIII. XXXV. LXVII. to and

S. of S. of W. of to XLI. to LXX. LXXVIII. I,XXXVI.
Eddystone Eddystone Rame EdLlystone E(!dystolJeEddystone W. of
May 19,'14.IIIay 25,'14. Jnne 3-11, June 19-26, .Jnly 22,'14 July 29,'14. Rame
27-39 fms. 30-37 fms. 1914. 1914. 32-38 fms. 20-35 fms. Aug. 12,'14

2o-n fms. 28-39 fms. 26-27 fms.

v.m. 11 11 2

4 3 7 3
0.2

. 217
0,7
2
6

44
3
0.2

v.m.

3
0.5
0.2
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TARLE XLIV.

RECORD OF BLENNIUS SP.

No. of haul. Date. Depth. No. Size in mIll.
XXV. 16.vi.14 B. 1 6.5

XXVII. " M. 1 7
XXXVII. 24.vi.14 B. 1 5.5
XXXIX. " S. 1 9

XLVI. 2.vii.14 S. 2 8-9
XLVII. " S. 2 8.5-9.5

XLVIII. " M. 1 12.5
L. 6.vii.14 B. 1 6.4

LI. " B. 1 7.5
LIV. 9.vii.14 S. 1 17

" " " 6 6-8.5
LV. " M. 1 6

LVIII. " M. 2 12-13'5
LXIV. 22.vii.14 B. 2 17.5
LXV. " B. 1 17

LXVIII. " B. 3 7-9.8
LXXIII. 29.vii.14 lVI. 1 12

LXXV. " B. 1 7
LXXV. " B. 1 8.5

LXXXIII. " B. 1 8
I,XXXVII. 4.ix.14 M. 4 8.3-11.5

13 9 0.5
47 2 4 0.2 0.2

6 0.4 0,3
0.7 0.4 0.2

- - - - 0.2
9 0,7 0.7 - 0.2
2 3 - 0.2 2
1 0.7 0.2 0.5

'.m.=very many.



XVII.- LXXIII. LXXXV.
X.-XIII.XIV.-XVI.XXIII. XXXV. LXVII. to and
S,of S.of W. of toXLI. toLXX. LXXVIII.LXXXVI.

EddystoneEddystoneRame EddystoneEddystoneEddystoneW. of
May HJ,'14.~lay25, '14,June 3-11,June 19-26,July22,'14.July29, '14. Rame
27-39fms. 35-37fms. HJ14, 1914. 32-38fms.20-35fms.Aug. 12,'14

26-27fms. 23-39fms. 2G-27fms.

0.5 0.2 0-5 0,5
2 0.5

0.2

0.5

3

MATTHEWS, J.DUNCAN.-Note on the Ova, Fry and Nest of the
Ballan Wrasse. 5th Ann. Rep. Fish. Bd. Scotland.

RAFFAELE,F.-JYIitteil. Zool. Sta. Neapel. VIII.

HOLT, E. W. L.-Recherches sur la reproduction des pois,:)')llS
osseux. Ann. Mus. d'Hist. Nat. Marseille. Zoologie. T. V.

EHRENBAUM,E.-Eier und Larven von Fischen. Nordisches
Plankton. IV. and X.
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Ctenolabrus rupestris
Scomber scomber .
Pleuronectes limanda

" microcephalus
Arnoglossus laterna
Rhombus maximus

" laevis

Scophthalmus norvegicus
Zeugopterus punetatus .

" unimaculatus
Solea vulgaris

" variegata
Gobius sp.
Crystallogobius nilssoni
Aphya pellucida .
Cyelopterus lumpus
Trigla gurnardus .

" hirundo
Trachinus vipera .
Callionymus lyra.
Lepadogaster
Blennius

1887.

1888.

1899.

1905-9.

1910.

E. J. ALLEN.

TABLE XLV. (cont?'nued).

29
34

0.5

28
358

15
8

7
22

8
21

0.2
3

0-2
6
0.3
0-2 0.50.2

0.2

HEFFORD,A. E Notes on Teleostean Ova and Larvre observed
at Plymouth in Spring and Summer, 1909. Journ. Mar. BioI.
Assoc. IX. p. 1.

DANOIS,E.-Contribution a l'etude syst(~matique et biologique
des poissons dela manche occidentale. Paris. Masson et Cie.

1913.

CLARK,R. S.-General Report on the Larval and Post-Larval
Teleosteans in Plymouth Waters. Journ. Mar. BioI. Assoc. X.
p.327.
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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 0.003mg. of P 205 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 cern. of 2 N solution for 1 ccm.
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 Journal, xi., No.1, p. 122, March, 1916. . .' .

1 0.3
66 4 19
4 3 0.7
0-5 I 1
0.2 2 0.1
36 18 2
2 II 2
39 18 0.6
- 2 2
- - -
28 40 29
- 0.1
- - -
6 4 35

- 0.1
- -

LITERATURE.

0.3
2 I

0-2
0.5 - 0.2 0.5
0.2 - -
1 - 1 2
0.3 1 0.2
I 5 2 0.5

II 3 3 -
- - 2
0.3 I 0.5
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I

to.dissolve offthe 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 cern. 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 ,vas 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 cern. of the
dilute nitric acid, taken up in more nitric acid, using 7 ccm. 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 205' 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 cern. to 400 ccm. of the water were evaporated in
a porcelain basin holding nearly 200 cern. until the bulk of the salts had
separated; then 10 ccm. or 20 ccm. 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 cern. of water and 1 ccm. of strong hydrochloric
acid. Iron was added and 5 cern. of 2 N sodium carbonate solution and

the analysis completed as before. ~here is danger of the porcelain being
attacked unless it is very carefully heated, and unless it is certain that
it gives up no phosphates under this treatment it would probably be
better to use fused silica basins.

The blank on th.e reagents used in the analyses reported in the previous

AMOUNT OF PHOSPHORIC ACID IN THE SEA-WATER.
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paper was 0.0036 mg. of P 205, 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 205 had been added, and also with small amounts of
water, the final solution being made up to 10 ccm. and compared in a
special small colorimeter tube holding only 10 ccm. 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 ccm. 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 205 pel' litre, the final volume being
50 ccm. This gives a strong colour in a depth of 40 mm. and at the same
time avoids the errOTSwhich 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.

'(

\
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Total P
calculated

to l\Os
mg. pel' litre.

0.0323

0.039

0.050
0.045
0.016

0.035
0,046

0.036
0,038
0.024
0.029

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 £thms. 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 ccm. 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. Tile 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 pel' cubic centimetre in May
and only 9 in June. In July there was a rise to 21 and a secondary

* Lebour Marie V.. M.Se., "The 1Ilicroplankton of Plymouth Sound from the Region
beyond the 'Brealnvater." This Journal aml Volume, p. 133. .

Phosphates. 1\°5 llig. pCI'litre.
Date. G.M.T. S'%o' Fouud in duplicates. lI1ran.

Jan. 24 11.20 a.m. 33.42 0,0378, 0.0391 0,0384
Feb. 5 12.30 p.m. 31.58 0,0507,0'0414 0.0460

\

,, 17 10.45 a.m. 0,0190,0'0190 (0.0190)
,, 25 11.0 a.m. 33.30 0.0371, 0.0343 0,0357

r Mar. 1 11.40 a.m. 33.82 - 0,0350I

I 8 11.15 a.m. 34.54 0,0201, 0.0115 0.0158f "
,, 21 11.50 a.m. 34,54 0,0101, 0.0122 0.0111

,, 29 11.45 a.m. 32.18 0,0104,0,0148 0.0126

April 6 11.55 a.m. 34.40 0'0160, 0.0180 0.0170
" 24 11.10 a.m. 34.40 0,0056
" 28 34.40 0,0117,0'0124 0.0120

May 9 10.50 a.m. 34.16 0,0158, 0.0130 0.0144
,, 24 11.45 a.m. 34.60 0.0053, 0.0064 0,0058

June 19 10.45 a.m. 34,90 0.0] 85, 0.0184 0.0184
,, 27 11.45 a.m. - 0,0230, 0.0248 0.0239

Sept. 13 noon - 0,0277,0,0198 0.0238
Oct. 19 10.45 a.m. 33,93 0,0194,0,0155 0.0174

1917
Jan. 10 12.30 p.m. 33.62 0.0435, 0.0448 0.0442

Total P
Phosphates. PoOsmg. pel' litre. calculated

Date. G.M.T. S. %0' Found in duplicates. Mean. to PoOs
mg. pel' 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 -

>,
,, 26 11.45 a.m. 34.43 0.040, 0,034 0,037

,, 29 11.10 a.m. 34.14 0.040, 0.037 0,0385
Dec. 2 12.20 p.m. - 0.0484, 0.0435 0,0460

" 9 10.30 a.m. 31.46 0'049, 0.047 0,048

" 13 11.30 a.m. - 0'044, 0.041 0.0425

" 16 12.10 p.m. 26.20 0.043

,, 20 11.25 a.m. 29.69 0.058, 0.064 0.061
1916

Jan. 3 11.35 a.m. 25.66 0.057, 0.057 0,057
,, 14 1.55 p.m. 33.87 0,0318,0,0316 0.0317
,, 18 2.30.p.m. 33,93 0.0336, 0.0348 0.0342

L
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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 205
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 Phceocystis 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 algre,. 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 algre, 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 algre
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 Phceocystis, 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-Ohannel, 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 2Q5' 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, 19.16, and January 10th, 1917, are probably the most

, ~..
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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 Ohamberland 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 205 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 algre, and later in the
spring by the diatoms and for a short time by Phceocystis. 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.
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Abstract of Memoir
REOORDING WORK DONE AT THE PLYMOUTH LABORATORY.

J U

The Development of Alcyonium Digitatum, with some notes on the Early
Colony Formation. By Annie Matthews, M.Sc.

Q1ulrt.Journ. .~1icr.Sci., Vol. 62, Part 1, New Series,1916.
-~

THE above paper is a record of the successful rearing of Alcyonium
larvro 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 cmlenteron on
the second day of fixation, followed by the appearance of spicules and
eight hollow circumoral tentacles which alternated in position with the
mesenteries. Free entrance of food was permitted on the fourth day,
after the degeneration of the base of the ffisophageal 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 larvro 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.
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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
Oommittee of the Oouncil 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.

rfhe 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
I \ to come. ,

~ ~

A.M.
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The Staff.

Dr. J. H. Orton and Mr. L. R. Orawshay have joined His Majesty's
Forces for the war, making with Mr. E. W. Nelson and Mr. E. Ford, who

joined last year, and Mr. R. S. Olark, who accompanied Sir Ernest
Shackleton's Antarctic Expedition, five members of the staff who have
been absent this year. Of the old staff, in addition to the Director,

Dr. E. J. Allen, only Mr. D. J. Matthews remains, he being employed by
the Association for half his time.

Miss M. V. Lebour, M.Sc., lecturer in Zoology of the University of
Leeds, has been appointed a temporary Naturalist for the period of the
war and the' Oouncil is indebted to the Senate of the University for
granting Miss Lebour the necessary leave of absence. Mrs. D. J. Matthews,

M.Sc., has also been engaged for part of her time in carrying out fishery
researches for the Association.

Mr. D. W. Outler, B.A., now Lecturer in Zoology at Manchester
University, was employed for some months last summer in assisting with

fishery work.
Those members of the staff who have joined His Majesty's Forces are

being paid by the Association the differences between their salaries and

servic(pay.
Occupation of Tables.

The following Naturalists have occupied tables at the Plymouth

Laboratory during the year :-
W. DE MORGAN, Plymouth (Protozoa).
Dr. E. S. GOODRICH,F.R.S.,Oxford (Myxosporidia).
Mrs. GOODRICH,B.SC.,Oxford (Parasitic Protozoa).
:MissM. IRWIN,B.A.,Oambridge (Embryology of Elasmobranchs).
tV. O. R. KING, M.A, Leeds, Ray Lankester Investigator (Temperature

coefficientof development of Echinus miliaris).
Mrs. W. O. R. KING,Leeds (Enzymes of Echinoderm gonads).
D. G. LILLIE,B.A.,Cambridge (Antarctic Plankton). .
J. H. LLOYD,Birmingham (Larvoo of Nematode of the Common Dogfish III

Oarcinus rnamas).
Mrs. MATTHEWS,1>1.sc.,Plymouth (Development of Alcyonium).
Mrs. E. W. SEx'roN,Plymouth (Amphipoda and Polychoota).
Dr. C. SHEAHER,1>1.A.,Cambridge (Dinophilus).

The usual Easter Vacation Oourse in Marine Biology for University
students was not held this year.
General Work at the Plymouth Laboratory.

The number of the Journal issued during the year (Volume X, No.4)
contains a report by Mr. L. R. Orawshay upon his experiments in the
keeping of Plankton animals under artificial conditions. Since this
paper was written Mr. Orawshay has, after a careful study of the different
factors involved, succeeded in rearing Oalanus finmarchicus, one of the
most~typical of the Plankton Oopepods, through all stages from the egg
to the adult form, under critical experimental conditions. 1
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In the same number of the Journal the Director has published a
revised list of the Polychffita of the Plymouth District and of the South
Devon Ooast, with records of the localities in which these annelids have
been found. The list contains many new records for the English Ohannel
and several 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. Olark
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 similar lines to
those followed by Mr. Olark 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
Fisheries 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
nave 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 Journal of the
Association.

A series of experiments has been commenced by Mr. D. W. Outler, with
a view to studying the growth of the scales of fishes kept in the Laboratory
tanks under different conditions, especially as regards temperature. It

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 Fisheries Branch of the Department of
Agriculture, etc. (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. XI. :1"0. 2. MAY, 1917. s
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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 bottom, 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 haD completed a paper on the Mendelian inheritance

of eye-colour in the Amphipod, GarnJnarus 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 :-

DRURY, A. N. The Eosinophil Cell of Teleostean }I~sh. JonI'll. Physiology, vol.
49, 1915, pp. 349-366.

GRAY,J. Note on the Relation of Spennatozoc<to ElectTolytes and its bearing on the
Problem of FertiI1'zation. Qm1l't. Jonrn. Micr. Sci., vol. 61, 1915, 1'p. 119-126.

ORTON, J. H. A n American Enemy of the English Oyste1' FaT7I1el'. Trans.
Plymouth Inst., yol. 15,1912-13 (1915), Pl'. 247-261.

PIXELL-GOODRICH,H. L. M. On the Life-HistoTY of the SpoTOzoaof Spatangm:ds,
'Idth ObseTvntionson some Allied F01'?ns. QnrLrt. Jonrn. l\licl'. Sci., vol. 61, 1915,
1'p.81-104.

PIXELL-GOODRICH,H. L. Nt, NTinch'inia,' A Hc£plosp01"l'dian. Proc. ZooJ. Soc.,
HJl5, Pl'. 445-457.

POTTS,F. A. Polychcetnfrom the North-Enst Paczfic,' The ChcetopteTidw. With an
Acconnt of the Phenomenon of Asexunl RepTOcluction in Phyllochcetoptems nnd the
Description of Two New Species of Chcetopteridcefrom the Atlnntic. Proc. Zool. Soc.,
1914, Pl'. 955-994.

SYEDELIUS, N. Zytvlogisch-Entwic7clungsgeschichtliche Studien iiber Scinain fur-
cellntn. Ein Be-itmg zur Fmge der Recl1£ktionsteil1mg der nicht Tetmspm'enbildenclen
Florideen. NovrLActrL Reg. Soc. Sc. 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.lVLTreasury 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 Fisheries, 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 Council for
election for the year 1916-17 :-

P1'e.sident.
Sir E. RAY LANKES'l'ER, ICC.B., LL.D., F,R.S.

V ice- Presidents.

The Right HOIl. AUSTEN CHAb'IBEl\-
LAIN, M.P.

W. ASTOR, Esq., M.I'.
G. A. BOULEi\Glm, Esq., F.B,S.
A. It. S'l'EEL-J\hl'l'LAN U, 1<:8Ij"M.l',
He\'. Canon 1\ OHMAN, D.C.L., F.H.S.
EDWIN W A'l'ElmOUSI.;, Eo-q.

The Duke of BE:DFORD, K.G.
The Earl of DUCIE, E'.R.S.
The Em'l of STRADBROKE, c.Y.o., C.B.
Lord J\10NTAGU OF BEAUI,IEU.
Lord vVALSINGHAM, F.ILS.
The Right HOIl. A. J. BALFOUR, lVIl'.,

F.R.S.

Mem bers
E. T. B1WIVNI':, Esq.
L. vV. BYl"\J\'E, Esq.
Prof. H. J. FLEUHl', D.Se.
E. S. GOODIUCH, Esq., D.Se., E'.l\ s.
Sir EUSTACE GURNEY.
Prof. J, P. HILI" D.Se., F.ILS.
E. W. L. HOLT, Esq.

of Council.

I

H. G. MAUIUCE, K-q., C.H.
, Dr. P. CHALMEl{SJ\j ITCH ELL, F.](.S.

C. C. 1\1ORLEY, Esq.
F. A. POT'rs, ES(j.
C. TATE REGAN, Esq.
PI'Or. JYAncy ,V. THOMPSON, C.B.

Clminl!wl! of Cm£ucil.

A. E. SHIPLEY, ESlj., D.Se., F.R.S.

Hon. T1'Ca.m1'CT.

GEORGI';EVANS, Esq., 1 vVoocl Street, LOlldon, KC.

Hon. Sec1'etc£1'Y.

E. J. ALL~;N,Esq., D.Se.,F'.R.S.,The Lal.Jomtory,CitrLdelHill, Plymouth.

The following Governors are also members of the Council :-
GEORGE EVANS, Esq. (Fishmongers

Com prLny).
Prof. G. C. BOURNE, D.Se., FR.S. (Ox-

ford University),
A. K SHIPLEY, Esq.,' D.Se.,F.R.S. (CrLlll-

bridge U ni versity).
Prof. ,V. A. HERD~IAN, D.Se. F.R.S.

(British Association).

G. P. BIDDER, Esq., Se.D.
W. P. HASKETT SMITH, Esq. (Prime

Warden of the Fishmongers' Co.).
The Earl of POR'fSMOUTH (Fishmongers'

Company).
Sir RICHARD MARTIN, Bart (Fish-

mongers' Company).
The HOll. NATHANIEL CHARLES ROTHS-

CHILD (Fishmongers' Company).
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!tIr. Statement of Receipts and Payments fO?'

To Balance from Last Year :-

Cash at Bankers """""'"'' ... ... ...
Cash in hand """"""'" .,............................

" CUlTent Reeeipts:-

H. M. Treasury for the year ending 31st March, 1916
The Worshipfnl Company of Fishmongers ............
Annual Subscriptions.......................................
I{ent of Tables (inclnding Ray Lankester's Trustees,

£20; University of London, £25) "" "....
Intercst on Investments """"""""""""""""""

" Extraordinary Rcceipts:~

Donation, G. H. Fox """"""'"''''''''''''''''''''''''

Composition Fee " ........
Board of Agriculture and Fisheries, Grant from

Development Fund for year ending 31st March,
1916 ..." '''''''''''''''''''' ... ......

" Laboratory Boats and Sundry Reeei pts :-
Sales of Appamtns "''''''''''''''''''''''''''''''''''''''''

" "Specimens "'"'''''''''''''''''''''' ..............
" "Boats, Nets, Gear, etc. """"""""""""'"

Rebate of Insurancc, S.Y. "Oithona" ..........
Other Items ............

The Assoeiatioll's Bankers hold on its behalf £410 14s. 8d.

New Zealand 4% Stock, 194:)-63.

0 10 6
15 15 0

500 0 516 50

7 19 I)
323 14 1
55 7 2
20 13 1
1 1 0 408 14

£2,957 19 0
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OF THE UNITED KINGDOM.

the Year ending 31st December, 1915.

By Salaries and Wages-
Director " .. ,....
Hydrographer "",,"'"''''
Senior Naturalist ............................................
Additional" .............................................
Temporary" ........................
Assistant" " .........

" " (temporary) ...........................
Salaries and Wages ..........................................

Travel1illg Expenses "''''''''''

" Library... ". ,. , ". ........................
Less Duplicates sold... .."""'" . .................

" JournaL ". ."'" ","'"''''
Less Sales "...........

" Buildings and Pnblic Tank Room-

Gas, Water, and Coal '................
Stocking 1'anks and Feeding ........................
Maintenance and Renewals ............................
Rent, Rates, Taxes, and Insurance........................

Less Admission to Tank Room, etc. ..."

" Laboratory, Boats, and Sundry Expenses-

Glass, Apparatus, and Chemicals ...........
Purchase of Specimens """''''''''
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" Balance:-

Cash at Bankers
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".......
....................................

£ s. d.

Otr.

£ s. d.
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91 9 4

138 14 2
97 11 9
61 0 10
52 9 6

479 2' 7
- ..-.-_..-

84 4 2
0 19 0

107 6 9
17 16 1

147 16 4
33 2 11

156 8 11

46 14 P
384 2 2
107 13 1

75 0.2
31 16 10
41 5 8
10 16 5

5 19 11
1 16 0

87 17 8

852 0 2
17 12 10

276 9

25.1 12 8

869 13 0

£2,957 19 0

Examined and found correct,

28th.January; 1916.

(Signed) N. E. W ATEHHOUSE.
RDWARD T. BROWNE.
J. O. BORLEY.

s~

£ s. d. £, s. d.

720 14 3
13 10 11 734 5 2

500 0 0
600 0 0
135 8 0

48 15 0
14 11 0 1,298 14 0

1,370 8 2

14 0 3

83 5 2

8!) 10 8
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OBJECTS I

OF THE

marine 1SiologicaIBssociation
OF THE UNITED KINGDO¥.

THE ASSOCIATION was founded at a Meeting called for the purpose in March, 1884,
and held in the Rooms of the Royal Society of London.

The late Professor HUXI,EY,.at that time President of the Royal Society,'took the chair,
and amongst the speakers in support of the project were the late Duke of ARGYLL,the
late Sir LYONPLAYFAIIt,the late Lord AVEBURY,the late Sir JOSEPHHOOKER,the latc Dr.
CARPENTER,thc late Dr. GUNTHElt,the late Lord DAI,HOUSIE,the late Professor MOSELEY,
the late ~Ir. ROMANES,and Sir E. RAYLANKESTER.

The Association owes its existence and its present satisfactory condition to a combina-
tion of scientific naturalists, and of gcntlemen who, from philanthropic or practical reasons,
are specially interested in the great sea fisheries of the United Kingdom. It is universally
admitted that our knowledge of the. habits and conditions of life of sea fishes is very small,
and insufficient to enable either thc practical fisherman or the Legislature to take measures
ca]culated to ensure to the country the greatest return from the" harvest of the sea."
Naturalists are, on the othcr hand, anxious to push further our knowledge of marine life
and its conditions. Hcnce the Association has erected at Plymouth a thoroughly efficient
Laboratory, where naturalists may study the history of marine animals and plants in general,
'and where researches on food -fishes and molluscs may be carried out with the best
appliances.

The Laboratory and its fittings were completed in June, 1888, at a cost of some £12,000.
Since that time investigations, practical and scientific, have been constantly pursued at
Plymouth. Practical investigations upon matters connected with sea-fishing are carried on
under the direction of the Council; in addition, naturalists from England and from abroad
have come to the Laboratory, to carryon their own independent researches, and havc made
;valuable additions to zoological and botanical scicnce, at the expense of a small rent for the
use of a working table in the Laboratory and other appliances. The number of naturalists
who can be employed by the Association in special investigations on fishery questions, and
definitely retained for the purpose of carrying on those researches throughout the year,
must depend on the funds subscribed by private individuals and public bodies for the
purpose. The first charges on the revenue of the Association are the working of the sea-
watcr circulation in thc tanks, stocking thc tanks with fish 'and feeding the latter, thc
payment of servants and fishermen, thc hire and maintenance of fishing-boats, and the
salary of the Resident Director and Staff. At the commencement of this number will be
found the names of the gentlemen on the Staff.

The purpose of the Association is to aid at the same time both science and industry. It
is national in character and constitution, and its affairs are couducted by a representative
Council, by an Honorary Secretary and an Honorary Treasurer, without any'charge upon
its funds, so that the whole of the subscriptions a~d donations received are devoted
absolutely to the support of the Laboratory and the prosecution of researches by aid of
its appliances. Thc reader is referred to 'page 4 of the Cover for information as to
membership of the Association.
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NOTICE.

The Council of the Marine Biological Association wish it to be understood that

they do not accept responsibility for statements published in this J oumal except-

ing when those statements are contained in an officialreport of the Council.

TERMS OF MEMBERSHIP.

Annual Members.
Life Members
Founders

Governors

. per annum

Composition Fee

£ s. d.
I I 0

15 15 0

100 0 O.

. 500 0 0

Members of the Association have the following rights and privileges: they elect

annually the Officers and Council; they receive the Journal of the Association free

by post; they are admitted to view the Laboratory at Plymouth, and may inttoduce

friend~ with them; they have the first claim to rent a place in the Laboratory for

re~earch, with use of tanks, boats, &c.; ahd have access to the books in the Library
at Plymouth.
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All correspondence should be addressed to the Director, The Laboratory,

Plymouth. I
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