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PREFACE

‘Tue author is indebted to the Royal Society and to the Development
Commissioners for grants which have enabled this book to be published.
Her. best thanks are due to Dr. E. J. Allen, F.R.S., Director of the
Plymouth Laboratory, and all the Members of the Staff for their unfailing
interest and help, especially to Mr. F. 8. Russell, who has seen the work
" through the press, and also to all those outside workers who by

their readiness in sending specimens and literature and allowing their
~ individust observations to be used have faoﬂltated in no small degree the
_task of putting together a large mass of facts. Lastly, she wishes to
.. ‘acknowledge the help of all those authors quoted whose works a,nd figures-
~ have been 80 freelv used throughout the book -



INTRODUCTION

~ Muc has been added to our knowledge of the dinoflagellates or peri-
+ dinians since the publication of that part of “ Nordisches Plankton ™
o (Paulsen, 1908) which deals with these organisms; it is therefore the
“aim of this work to make as complete a survey as poss1ble of all the
marine members of the group which are known to occur in the Northern
‘Seas up to the present time. The area covered is not strictly defined,
but is mainly that of the International Investigations for the Exploration
of the Sea. More northerly forms.are, however, included, such as those
from the Easfg»(}reen]and Sea and the Barents Sea ; the southerly records
“stop at the north-west coast of France and do not include the Mediter-
. ranean. Westerly records go as far as Iceland and the Eastern Atlantic,
~ . and easterly records as far as Finland and the White Sea.

. A short description is given of each species and, when possible, a figure
drawn from nature : when these drawings could not be obtained, figures
copied from those of other workers are used. All the illustrations, except

- when otherwise stated, are by the author. These original figures are
drawn as nearly as possible to scale and accupy the plates. Other figures
taken from different authors are placed in the text and are of various

‘magnifications.

For the sake of brevity all literature referring to synonymy in-

- cluded in ¢ Nordisches Plankton” is omitted and reference given .
to that work under. every species mentioned in it. Similarly for

" the naked forms reference is made to the monogra.ph by Kofoid °
and Swezy (1921). '

It is hoped that this survey may be useful to the beglnner as well as
to the trained worker. For this reason a brief summary of the group is

~ given, and, as far as possible, every technical term is explained the first

time it is used.

 The author is indebted for general information to many - well-known

" works from which much has been taken, especially Paulsén’s © Nordisches

Plankton,” West’s ““ Algae,” Schiitt’s ¢ Peridiniales of the Plankton

Expedition,” and Kofoid and Swezy ““ A Monograph on the Unarmoured

Dinoflagellates ” and many works by Jorgensen, Kofoid, Paulsen, Osten-

feld, Gran, Pavillard, Mangln and others, reference to which is glven
below. -

B -
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THE DINOFLAGELLATA

1. GENERAL MORPHOLOGY

The dinoflagellates form a large group occurring in the sea, in brackish
and in fresh water. It is only those from the sea and in certain cases
from brackish water that concern us in the present work. All are micro-
scopic, the largest appearing to the naked eye as a minute globule the
smallest only being apparent with the ]ngh power of a microscope. In
size they range from 7y (u=2 micron, or 44 of a millimetre}to 2 mm.,
which is the size only occasionally reached by Noctiluca, the largest
known' dinoflagellate.

Each individual is composed of a single cell prov1ded with two whip-
like hairs or flagella, one more or less longitudinal, the other more or less
transverse. The nucleus has a definite specialised structure, its chro-
matin being distributed in the forni of bead-like strands. . The cell may
be naked and only bounded by the thinnest pellicle, or it may have an
outer covering of cellulose or some closely related substance, the theca.
The naked forms at certain times may be enclosed -in a thin-walled,
usually structureless, case, and similar cases may enclose the armoured
or thecate forms (i.e. those. with an outer covering). ;

The group is divided into two orders.  One is entirely without a trans-
verse groove, and here the two flagella are probably anterior : this order
is known as the Adiniferidea. The majority of forms, however, are
-included in the second Order, the Diniferidea. ) :

The Adiniferidea may be naked or may have a coverlng or theca com-
. posed of two plates. The Diniferidea may be naked or provided with a
_theca of more than two plates. These latter are the typical dinoflagel-
"lates. In shape they may be more or less heart-shaped, pear-shaped,
spherical, oval, bi-conical, spindle-shaped or lens-shaped, but by means
of flattening of the cells and spine-like projections or membranes all sorts
of grotesque shapes may be’ produced which are in many cases adapted
for flotation.

The cell (Text-figure 1, p. 3)is d1V1ded by the transverse groove, the
‘girdle (g.) or transverse furrow which lodges the transverse flagellum (t.£.)
into an anterior and a posterior portion, the epicone (e.) and the hiypocone
(h.). The tip of the epicone is the apex, and that of the hypocone the ant-
~apex. A longitudinal groove or furrow for the lodgment of the longitudinal
flagellum (1.1.) lies ventrally, dividing the cell into right and left-halves ;
this groove is known as the sulcus (s.). The flagella: emerge from two
ventral pores, one anterior for the transverse flagellum (a.f.p.); the othet -
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behind it for the longitudinal flagellum (p.f.p.). These may be close
together or far apart, or they may be fused. The transverse flagellum
is a strong thread, usually provided with a thin membrane, which is
lodged in the girdle groove and runs from the left side dorsally and
vibrates continually. The longitudinal flagellum is lodged in the sulcus
and usually projects behind, having a whip-like motion, or it may trail.
By means of the combined activities of the two flagella the typical spiral
forward movement is produced, which is primarily due to the asymmetry
of the cell, for the cell is nearly always asymmetrical, either slightly or
to a large extent, and this is typical of the group. The girdle may be

Fic. 1. Diagram of typical naked dinoflagellate.

e. =epicone. t.f. =transverse flagellum.

h. =hypocone. I.f. =longitudinal flagellum.
=girdle. a.f.p. =anterior flagellar pore.

s. =sulecus. p.f.p. =posterior flagellar pore.

completely equatorial with its ends meeting ventrally, or it may be
displaced so that one end lies below the other. If the right end is below
the left, the girdle is said to be a descending spiral (or left-handed) ; if
above the left, it is said to be an ascending spiral (or right-handed). All
the naked forms so far known have the girdle, if displaced, a descending
spiral, and so do most of the thecate forms; such a condition being
presumably primitive. The section Metaperidinium of the genus Peri-
dinium has the girdle an ascending spiral.

The thecate forms may have a covering composed of three parts
epitheca (covering the epicone), girdle plate (covering the girdle) and
hypotheca (covering the hypocone); or these may be severally divided
up into many plates, those of the epi- and hypotheca being arranged in
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.a variety of patterns. By the number and arrangement of these plates
the theoate forms are classified. Thé girdle plate usually has projécting
edges and is often provided with thin membranes, one on each edge, the -
transverse lists. The sulcus may also be provided with lists.  Either or.
both transverse and longitudinal lists may be strengthened by spines.
Between the plates there are often widely striated areas known as the
intercalary areas or intercalary strige.” These are really the edges of the
plates themstlves and are regarded by some authorities as areas of
growth, thus allowing enlargement of the theca. The theca is usually
sculptured with a pattern- consisting of small depressions known as
poroids ; when these are surrounded by thickened margins so that a
network is formed they are sometimes called areoles, or the theca is said.
t0 be reticuldted. Besides these the theca is often pierced by pores which
are scattered over the surface and are not necessarily in connexion with

“the poroids. Spines or knobs may also decorate the theca.

II. NUTRITION

The food is varied. Some dinoflagellates contain colour bodies or
chromatophores, green, brown or yellow, and these, like typical plants
feed holophytically, by means of the colouring matter (chlorophyll, or an
allied substance), fixing the carbon dioxide in the water in the presence
of sunlight and manufacturing complex organic food substances from
this together with inorganic salts. Others teed holozoically, that is to
say like typical animals, taking into their bodies other organisms, which
“have already manufactured- the essential elementary food materials,
digesting these, and getting rid of any portion not used. Among the
organisms thus eaten are diatoms, flagellates and other dinoflagellates,
besides, in cértain cases, some of the smaller metazoa or many-celled
animals. Such holozoic forms are most of the naked dinoflagellates, some
of which have reached to a very high state of complexity, even possessing
beautifully formed stinging cells or nematocysts and well-developed eyes
with lenses. Others have long tentacles and amoeboid processes pre-
sumably for catching food. The area for ingesting the food is almost .
certainly the sulcus, which is often very mobile and greatly extensible.
Many organisms have been seen inside these naked forms, especially in
Noctiluca, any one cell of which may contain a large collection of small
prey. Larval copepods have been seen inside Noctiluca by the author.
. Both naked and thecate forms may contain chromatophores and live
" holophytically, but only the non-thecate forms are known to live holo-
zoically. : :

The thecate forms without chromatophores are numerous and may be
colourless, pale yellow or pale pink. Tt is not certain how these feed,
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although most or all of them contain leucoplasts, which are small bodies -
lated to chromatophores but éolourless. It is probable that they are
sprophytic, that is to say they live on decaying organic matter. All of
hem are provided with fluid reservoirs known as pusules; which open
o the flagella pores and take fluid-into the cell from outside. These
tisules are not the sane as contractile vacuoles, which discharge their
tents to the outside and which are not present-in dinoflagellates.

Dangeard (1923) ha,s recently shown n Ceratlum and Peridinium, by

Fie. 2. The food of various dinoflagellates. ~ -

Polykmkos Schwmzm containing Peridiniopsis; f=food, n =nematocyst.
Gymnodmwm sp. containing Cochlodinium, f.

... Gymmodindum rhomboides containing a diatom, f. :
‘d. Peridinium pellucidum, probably saprophytie, showing large pusule, p.

- ;.- Typical holophytic form, Amphzdmmm Klebsiz, with: yellow chromato-
phores.

means of inira vitam stains, that marine Peridinians have a system of
small vacuoles all over the body, distinct from the pusules, and which
do not open to the exterior. These are similar to the vacuoles of certain
plants and probably frequent in animal cells. They correspond to the
‘normal vacuoles of Kofoid. It is possible that these thecate forms with-
‘out chromatophores live on minute bacteria. Pusules-also occur in the
theeate forms with chromatophores and in many of the naked forms
‘which are either.holophytie or holozoic, but they are usually much
smaller. (Text-figure 2.) ' :
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“There are also parasitic dinoflagellates which live on or in living -
orga,msms Since the investigations of Chatton these are known to be
very numerous. They may have an internal phase-in the form of a large.
sac inside the body of some animal (often a copepod) in which a large
number of small bodies multiply ; these finally burst from the infested..
animal, or host, in the typlca,l fotm of & naked dinoflagellate. The:
parasﬂ:lo species are omitted in this work except for one representa,tlve
species. For further reference to them see Chatton: (1920) and Kofoid
and Swezy (1921). = The yellow cells of the Radiolaria are now known
to be true Dinoflagellates. (Hovasse, 1923.) - o ‘ !

It is not intended here to go into the complicated matter of. food

" products, which are Well descrlbed by many authors espema,lly Schiitt
(1895). : .= .

IIL REfI‘é,ODUOTION'v
Much has ‘yet‘vto be learnt about the reproduction of dinoﬂagellates
The usual method is by cell division, either longitudinal or oblique, often

asymmetrical. Some multlply by form_lng chains of individuals, others -
“encyst and form spores, or spores may be formed within the ordinary

' ~ theca. There are some complicated life histories known in ‘which'two

or more forms occur in the same species (demorphism or polymorpkfasm) '
Mitotic division of the nucleus has been described in several species. -
[Entz (1921), Jollos (1910) and others. ] More detail is given under the
various genera. and species.

1V. Haspirs, Ere. . -, ) -

‘

The snmplest forms so far known oceur in fresh water or bracklsh water.
Haplodinium in fresh water leads up to those without a'girdle; Pro- -
noctiluca and-Oxyrrhis in brackish water and in the sea, which with -
~ Hemidinium have incomplete girdles, lead up to the girdled species

Amphidinium and Gymnodinium, typical naked dinoflagellates Wlth
complete girdle and sulcus.

In brackish water there are many holophytic species with yellow,
_brown or green chromatophores These are prln@lpally thecate, although
the simpler naked genera also occur. “The species of Peridinium usually
belong to the Ortheperidinium type (see under Perldlnlum) which ig
probably more primitive than Metaperidinium, and it is to be noted that
all the true fresh-water specles of this genus belong to Orthoperidinium.
Goniaulax is often common in brackish water, as are Prorocentrum and
Exuviella. :

Large masses of one specles may ocour in estuaries, such as Krypto-
pemdmwm folmoeum which glves the water a greenish tint. - There is
only one common fresh- water species of Ceratium in this region, Oeratium
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hirundinella, which may also ocour in ‘brackish water : nearly all the

- -species of this genus belong to the open sea.

. Aspecially adapted group live on sandy beaches uncovered periodically
- by the tide.. These are known as arenaciphilous or  sand loving.” Miss
. C. Herdman, who has worked specially on these, has kindly shown me
their haunts at Port Erin, Isle of Man. - Another good locality for these-
forms is Cullercoats, Northumberland, and Mr. B. Storrow and Miss.
Jorgensen have investigated them here. Kofoid and:Swezy have also
- described similar forms from Ca]ifor\nia.. All these are very much flattened
either dorso-ventrally or laterally and. are usually very mobile, and

*. although some colourless .forms are found, most of them are a deep

~ yellow, being full of chromatophores. The most usual species belong to
the genus Amphidinium, but Gymnodinium also occurs, and even Poly-
krikos; which in this case possesses chromatophores and no nematocysts
and is flattened laterally. These species occur as brownish yellow patches
~ on the beach between tidemarks, often covering a large area, and are
~ subject to periods of appearance .and disappearance. [Herdman (1911),
‘C. Herdman (1921, *22, 23 and °24), Storrow (1913), Whitehead (1914),
Jorgensen (1918).] - L ; ' ‘
- Near the coast in the sea are the neritic forms, or those that have their
~ original habitat in coastal waters. These are very varied, consisting of
. the simpler naked forms, chiefly Gymnodinium and Gyrodinium, and
many thecate forms, Prorocentr‘um,‘ExuvieHa, ,Brdtoceratium, Goniaulax,
Diplopeltopsis, Peridiniopsis, Diplopsalis, many Peridinium, Phalacroma,
- Dinophysis, and an occasional Ceratium. At Plymouth the commonest
neritic species are Peridinium Leonis, P. pellucidum, P. Faerdense, Proro-
ceintrum mocans, Gymmodinium rhomboides and Gyrodinium glaucum.

The neritic species are chiefly thecate ; they may be holophytic with -
chromatophores; or colourless to pale pink or yellow and probably sapro-
phytic. Most of them belong to the latter category, although there are
many ‘which have brownish yellow chromatophores, notably Goniaulax,
Protoceratium and Peridinium Faerdonse. On the whole the truly neritic
forms are simple in shape without conspicuous wings or horns. '

Oceanic . species which have their origin in the open sea often
mix much. with the neritic forms, and.it is sometimes difficult to dis-
tinguish those which are truly oceanic. The oceanic species include most
of the naked forms, particularly those that have eyes or are brightly

coloured, most of the species of Ceratium, many Peridinium species and

~ a large number of the Dinophysidae, especially those which have con-
- spicuous-wings and spines and which are peculiarly shaped for adapting
themselves to various depths of water and for keeping themselves afloat.
The elongated and often thread-like- Amphisolenia which are rare in the
north, and Ornithocercus with enormously developed wings characteristic
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“of warni seas, which-are here entirely absent, are oceanic. Oxytoxum
18 also oceanic. . : ‘ / 2

Péridiniopsis asymmetrica ~and Peridinium . depressum are fypical,
commonly occurring open-water species. Most of the larger naked forms
are oceanic, Amphidinium, Gymnodinium and Gyrodinium, reaching to
a great size, and Cochlodinium, with its enormously twisted girdle, being

‘abundsnt. Here occur the eyed species, Pouchetia, Nematodinium and
others, culminating in Erythropsis with its prod, which apparently does
not occur in the Northern'regions. 'Many of the holozoic species are
brightly coloured, but this does not apply so much to the Northern
forms as to those in warmer seas. However, in our area there are some
very brightly coloured forms, notably Gyrodinium britannia, known so’
far only from the waters round Plymouth. The oceanic species of
Peridinium are chiefly destitute of chromatophores and are probably
saprophytic. All the Ceratium species are holophytic and have yellow
chromatophores. Most of the naked oceanic species are holozoic. On
the whole the oceanic species are more highly organised than the neritic
species are and frequently supplied with special adaptations for flotation
and adjustment to various depths. In them.are found the most wonder-
fully grotesque shapes with huge wings, horns and lists. .
 Dinoflagellates are lovers of warmth, although many are to be found
in Arctic waters, but very few are to be found in winter in the area under
investigation.:. With the coming of the longer days and more sunlight,
usually about February, the diatoms begin to increase largely until a
maximumn is reached in the early spring. Directly after this maximum
the dinoflagellates are to be found in quantities in the sea and are numer-
ous throughout the summer, generally lessening in numbers in the early -
. aubumn until only a few stray specimens can be found. T

The holophytic: species must live in regions where the suiilight can
penetrate, and most of them are found near the surface. This is appa-
rently not so necessary for the colourless forms, although these aTe more
often to be found near the surface also. However, many dinoflagellates
of all kinds may be found at a depth of several metres.

Dinoflagellates come ‘next to the diatoms in importance as food for
the larger animals. ‘They sometimes occur in enormous numbers and are
the common cause 6f luminescence in the sea. Huge masses in tropical
seas may colour the water, ‘and are the cause of “red”’ or “yellow”
_water, which is usually due to a species of Goniaulax, although naked
forms sometimes have the same effect. (Hirasaka, 1922.)

Some dinoflagellates are themselves parasitised by protozoa. . These
parasites are members of the Suctoria, of the genus Amoebophrya, which
spend part of their life cycle in other unicellular organisms. Specimens
of different species of ‘Peridinium, Diplopsalis, Dinophysis and Gyro-
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dinium have been seen thus infested (Text-figure 3). For deécription of
Amoebophrya, see Koppen (1894) and Borgert (1897). -

The study of dinoflagellates is still in its infancy and we have yet to-
lear‘g much gbout their life histories, methods. of life and methods of
feeding. Tn a work of this kind there is no room for discussion, but we
shall probably find before many years have passed that a large propor-
- tion of those now regarded as species are merely phases in the life history

a

" F1e. 3. Dinoflagellates presumably parasitised by Amoebophrya.

a. Gymnodinium sp. b. Diplopsalis lenticula. ¢. Peridinium sp.
® . .

of others. Especially does thisapply to the small naked forms of Gymno-

dinium. Kofoid and Swezy (1921) believe that encystment and spore
~ formation occur in all, and that the phases such as we get in Gymmodinium
lunula are typical for the whole group. It is with the belief that the
more our present knowledge is brought together the quicker shall
we advance, that the present very inadequate survey is presented. In
many instances in the following account of the naked forms the diagnoses
of Kofoid and Swezy have been hardly altered, and acknowledgment is
here made for all that has been used from that work.
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'CLASSIFICATION OF THE DINOFLAGELLATES

The cla351ﬁcat10n adopted here for the naked forms is ohleﬂy that of
Kofoid and Swezy (1921 For the thecate forms much help has been
galned from the various works of Paulsen, Jorgensen and Kofoid, Whlls‘b '
part is new,

(lass FLAGELLATA
Sub-Class DINOFLAGELLATA

Order ADINIFERIDEA Kofoid and, Swezy. ’ p i
Tribe ATI—IECATOIDAE Kofoid and Swezy.
‘ (No marine forms.)

Tribe THECATOIDAE Kofoid and Swezy.

~ Family PROROCENTRIDAE Kofoid.

Genera EXUVIELLA Cienkowski.
‘ProrocENTRUM Ehrenberg. -

Order DINIFERIDEA Kofoid and swez§

Tribe GYMNODINIOIDAE Poche (emended by Kof01d. a,nd
: Swezy).

Famlly PRONOGTILUGIDAE nom. nev..

Genera ProNocrinuca Fabre-Domergue.
" OxyrruIs Dujardin.

»

_Family GYMNODINIIDAE Kofoid.
Genera. HemipINToM Stein.
Awmpripiniom Claparéde and La.chma,nn
GYMNODINIUM Stein (emended by Kofoid and
Swezy).,
- T ~ Gyropviom Kofoid and Swezy.
" CocHLODINTUM Schiitt.
Toronintum Kofoid and Swezy. -

Family POLYKRIKIDAE Kofoid and, Swezy (emended).
~ Genus Porvkrikos Biitschli. =~

Famlly NOCTILUCIDAE Savﬂle Kent
- Genus NocriLvca Suriray.
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Famlly POUCHETIIDAE Kofoid and Swezy

Genera Protorsis Kofoid and Swezy.,
NemaTtopintom Kofoid and Swezy.
PoucrEgta Schiitt (emended by Kofoid and Swezy.)
ProroeryTHROPSTS Kofoid and Swezy.

Family BLASTODINII‘DAE Kofoid and Swezy.
- (Parasitic forms.)
Typlcal Genus BLASTODINIUM Chatton.

Trlbe PERIDINIOIDAE Kofoid and Swezy

~ Family DINOPHYSIDAE Kofoid and Michener.

Genera PSEUDOPHALACROMA Jo orgensen
PHALACROMA Stein.
- Divoprysis Ehrenbeig.
-AMPHISOLENIA Stein.

Family GLENODINIIDAE n.fam.
~ Family PERIDINIIDAE Kofoid.
Genus Grexopixtom (Ehrenberg) Stein.

Genera ProrgeEraTIUM Bergh.
Goxtopoma Stein.
GoNIAULAX Diesing.
DrpropsaLIs Bergh. - -
PERIDINIOPSIS Lemmermann. ‘
DrpropreLTOPSIS Pavillard.
EnTtzIA Lebour.
DrproPsaLopsis Meunier. -

- KRYPTOPERIDINIUM Lindemann,
PeripintuM Ehrenberg.
‘MINUSCULA gen. nov.

- Cooria Meunier:

PyroruAcUS Stein.
~ OXYTOXUM Stein,
CeraTIUM Schrank.

' PODOLAMPAS Stein. ,

BrepEAROCYSTA Ehrenberg.
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* Sub-Class DINOFLAGELLATA Biitschli

Flagellata. with two flagella ; one ‘longitudinal, thread-liké,’ usually’ ‘

trailing, and posterior ; the other usually ribbon-like and held trans-
versely. Girdle and sulcus more or less well developed (except in the
Adiniferidea). No contractile vacuole. Nucleus with bead-like chromatin
strands. Body naked or covered with a theca. In the life cycle poly-
morphism may oceur. ‘

Order ADINIFERIDEA Kofoid and Swezy

Without a girdle. Body either naked or with a theca of two parts.
Nutrition probably entirely holophytlc Yellow chromatophores. No
~ naked marine forms of this order are known.

Tribe ATHECATOIDAE Kofoid and Swezy

Without a theca.
This is only represented by the fresh-water genus Haplodlmum and not
described here.
Tribe THECATOIDAE Kofoid and Swezy. *

With a theca composed of two ‘parts or valves.

Family PROROCENTRIDAE Kofoid.

"Cell roundish, oval or heart-shaped, almost bilaterally symmetrical,
flattened from side to side. Theca usually with poroids, sometimes with
spines. There is some disagreement as to the orientation of these forms.
The flagella end is here regarded as anterior and the valves right and left,
following Klebs (1912). Biitschli (1885), Schiitt (1896) and others how-

- ever regard the valves as homologous with the epi- and hypotheca of the
Peridiniidae, the seam representing the girdle. The theca as interpreted
by Klebs is composed of two valves, rlght‘ and left, joined by a simple
seam. The flagella pass out by a slit in the front made by the hollowing
out of the right ‘valve, or may come from two pores (e.g. in Ezuviello
perforata). Near the exit of the flagella there may be teeth or processes.
Progression is by. means of the flagella which, are anterior in position, the
cell béing dragged behind; the transverse flagellum usually vibrates
more or less against the edge of the cell wall. - Chromatophores, yellow or
golden brown, plate-like, usually two, placed laterally, sometimes with a
pyrenoid (a specialised round mass of reserve food) in the centre.

Multlphcatlon by longitudinal cell division, each daughter cell having
one old and one new valve. Megacytic forms, that is to say those with the .
edges of the valves enlarged for reproductlon, may occur, in which there
is a wide border to ‘the valves with a different surface structure, making
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the cell much thicker. When division takes place this border overlaps
the new valve and gradually disintegrates, having served its purpose in
enlarging the cell.
The two genera recognised in this family are Exuviella and Proro-
centrum.
Genus Exuviella Cienkowski.

Cell usually roundish or oval ; without or with only very inconspicuous
spines near the exit of the flagella which emerge from a slit or from two
pores at the anterior end. The species are truly marine, or may live in
estuaries. A resting stage attached to weeds has been observed in one
species.

Species :—Ezuviella maring Cienkowski, E. compressa (Bailey), E. per-
Sorata Gran, E. apora Schiller, and E. baltice Lohmann.

Exuviella marina Cienkowski (1881).
Plate I, figures la~1d.
Exuwiella lima (Ehrenberg) Biitschli.
Paulsen, 1908 ; Nordisches Plankton, P. 5.

Cell oval, broadest behind the centre, much compressed laterally.
Front end indented in both valves, without spines. Flagella emerge
from a slit in front between the valves. Theca with fine scattered poroids.
Two large yellow plate-like chromatophores with, a pyrenoid in the centre
of each. Nucleus posterior. Length 36-50x. May have a fixed resting
stage attached to algae by a stalk. Division may take place in a thin cyst.
Neritic near the coast or may live in sand between tidemarks. This
latter habitat is probably its natural one as it occurs there in numbers far
. exceeding those caught at the surface of the sea. The sand-living forms

are usually broader and less pointed anteriorly.

Widely distributed—in plankton from the White Sea, Brittany coast,
North Sea, Irish Sea, English-Channel ; in sand from Port Erin, Isle of
Man ; the Lancashire coast and Cullercoats, Northumberland ; also Woods
Hole, Massachusetts, U.S.A. :

Klebs (1912) regards Exuviella lima Ehrenberg as a different species,

~ having only one valve indented anteriorly.

Exuviella compressa (Bailey) Ostenfeld (1903).
Plate I, figure 2.

Paulsen, 1908 ; Nordisches Plankton, pp. 6, 7.

Cell oval, not much compressed. . Each valve with a very small tooth
near the exit of the flagella. Theca covered with conspicuous poroids.
Two plate-like yellow chromatophores. Length 34—46p.
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Atlantlc, Medlterranean, English Channel (only one empty theca found 7
: ab Plvmouth) -
Exuviella perforata Gran ( 1915) >

Plate I, figures 3a.—30
Lebour, 1922, b.

Cell & round oval, flattened la,terally In the centre of each valve is a
cone-like indentation facing inwards (PL I, fig. 3b). A row of poroids
round the margin. One valve (the left?) with two pores, presumably
for the exit of the flagella, borne on a small projection which fits into an
excavation in the corresponding valve (P1- I, fig. 3c). Two yellow-brown
irregular plate-like chromatophores. Nucleus posterlor Length 22-274, -
breadth 18-21u. In the older specimens the margins of the valves are
. striated. Very minute tooth-like processes may occur at the anterior
end. ‘In coastal waters and far out to sea. Occurs abundantly, but is so
minute that it is easily overlooked.- ‘ ‘

North Sea, Skaggerak, Adriatic, English Channel ; occurred at Ply-
mouth from the surface to 20 fathoms, chiefly in spring and summer.
Schiller (1918) found his E. b@szmpressa, which is presumably this spe01es, ‘
as far down as 150 metres in the Adnatlc

' Exuviella apora Schiller (1918).
~ ~ Plate I, figures 4a—4c.

Like E. perforata in shape but without the conical indentations in the
centres of the valves. The two pores are present anteriorly as in that
* species; striated margins in the older Plymouth specimens. No poroids .
round the margin. Two yellow-brown chromatophores, sometimes break-
ing up into small ‘spheres. Length 16-22 in the Plymouth specimens,
30-32p in those from the Adriatic.

Occurs in deep water in the open sea in the Adriatic, ~close to shore
near Plymouth, and in the Yealm estuary, near Plymouth in summer.
Tt is possible that there are here two separate species, but the Plymouth
- specimens are SO llke Schiller’s figures that it is difficult to separate them.

o

Exuviella baltica Lohmann (1908).
Text-figure 4a.

Paulsen, 1908 Nordlsches Plankton, p 108

A minute species, roundish oval, somewhat flattened from side to 31de
One to several chromatophores, golden yellow, branched, often covering
the inner wall of the theca. Plasma or cell contents mllky, contammg
numerous refractive bodies. Length 9-14p.-

Trom the Baltic at Kiel. where Lohmann (1908) found it with a
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maximum in May of four million individuals to a litre ; also from the
White Sea (Wulff, 1916).

Fic. 4.

a. Exuviella baltica Lohmann.
14y long, White Sea. After Wulff,- 1916.

b. Prorocentrum scutellum Schroeder.
45u long, Adriatic. After Schiller, 1918,

Genus Prorocentrum Ehrenberg.

Cell oval or somewhat heart-shaped, compressed laterally. Flagella
emerge from a slit between the valves by the side of which is a strong
tooth-like process, which may be solid or hollow and occur in both valves,
or in one only. Valves with poroids on the surface of the theca.

Species :—Prorocentrum dentatum Stein, P. micons Ehrenberg, and
P. soutellum Schroeder. '

Prorocentrum dentatum Stein.
_ Text-figure 5.
Paulsen, 1908 ; Nordisches Plankton, p. 7.

Cell an oval, pointed at the posterior end, broadest in front of the

Fia, 5. Prorocentrum dentatum Stein,
Loecality (?). Length (7). After Stein, 1883.
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centre, Both valves similar, each bearing a three-cornered tooth-like -
hollow. process which together form the dorsal horn. Length (?).
Rare in the Northern area.
- o ' Prorocentrum mi_c’:a.ﬂs Ehrenberg.
Plate I, figures 5a—be.

Paulsen, 1908 ; Nordisches Plankton, p 8.

Cell strongly compressed laterally, broadest about the middle, some-
what heart-shaped. Dorsal side more convex than the ventral and bear-
ing a solid tooth only developed on the left valve and provided with a
wing-like membrane.. Surface of valves with minute poroids all over and
scattered spines from near the centre to the posterlor end. Length 36—-48u -
(Wlthout spine).. Neritic and estuarine.’

Very widely distributed and often also occurring in the open sea.
Forms an important part of the food of shell-fish such as the oyster and
mussel also of plankton-feeding fishes such as the pilchard. Dr. Orton, -
of the Plymouth Laboratory, has often found it inside sponges. Mega-
cytic forms oceur. - ‘ :

Widely distributed throughout the northern area. In the Channel and-
also in the Baltic and Danish seas its maximum is-in the late summer;
in the Mediterranean it is in the spring. Has been recorded from the
Black Sea, Bosphorus, Gulf of Siam and J. apan, and Woods Hole, Massa-
chusetts, U.S.A.

Prorocentrum scutellum Schroeder (1901).
Text-figure 4b. -

Paulsen, 1908 Nordisches Plankton, p. 8.

Cell broadly heart-shaped slightly indented in front, with a distinet
spine on the left valve with an extremely thin wing. Poroids, large and
. small, together with small spines, scattered all over the valves. Length
40-b7u. -

* Atlantic, south of Iceland, Kattegat, Medlterra,nean, Adriatic and
Woods Hole, Massachusetts, U.S.A.
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Order DINIFERIDEA Kofoid and Swezy.

With a girdle. Body naked or with a theca composed of three or more
parts.

Tribe GYMNODINIOIDAE Poche (emended by Kofoid and Swezy).

- Cell naked or covered with a thin pellicle, with longitudinal and trans-
verse flagella located respectively in sulcus and girdle. Sometimes en-
closed temporarily or permanently in a gelatinous or cellulose cyst usually
without a girdle. Freshwater and marine. Holophytic, saprophytic,
holozoic and parasitic,

Thanks to the magnificent monograph by Kofoid and Swezy (1921) on
the unarmoured dinoflagellates, a very great deal has been added to our
knowledge of these forms which include some of the most interesting and
most beautiful in the whole group. The simplest of these are very near
the cryptomonad flagellates from which they are probably derived ; the
most highly developed are so near the Metazoa that they seem to be the
climax in the evolution of the dinoflagellates. - In Kofoid and Swezy’s

“work they are placed at the base of the group, arising through forms such
as Pronoctiluca (the Protodinifer of Kofoid and Swezy) and Oxyrrhis
from some snnple flagellate, and running up to the very top of a branched
tree, which, giving off laterally all the other forms, finishes at the top
in Erythropsis, with its complicated system of lenses and enormous
“prod.” Erythropsis itself has not yet been found in the present area.
Paulsen (1908) places all the naked forms last in his classification.
Kofoid and Swezy place them first in the Diniferidea, and this arrange-
ment is followed here.

The Gymnodinioidae as a rule do not form so large a part of the °
plankton of northern waters as they do in the warmer seas, although in
certain cases large swarms of them are to be found. Enormous masses
occur living in sand, especially the genus Amphidinium. The more highly
organised genera are usually found singly or only a few in a sample.
They are not so highly coloured as the southern forms and are usually
smaller. Much depends on the individual observer as to the colour
described. The hyaline species may be colourless, or have a greenish
yellowish or bluish tinge. On the whole, Northern forms seem to be
more often colourless, although a few are brightly coloured.

Family PRONOCTILUCIDAE nom. nov.
ProropiNiFERIDAE Kofoid and Swezy.

Cell with rudimentary girdle and sulcus. Flagella anterior or ventral.
c



ST | ¢ UDINOFLAGBLLATA. '~

: {'Téntacle'more or less developed. Marine. Neritic ; from warm ‘tem-
- perate waters. . The family Protodiniferidae was founded by Kofoid and
Swezy to include their Protodinifer (here. called Pronoctiluca). and
Oxyrrhis. These are regarded by the above authors as the most primitive
~ of the Gymnodinioidae, forming a connecting link between the Dini-
feridea and the Adiniferidea. . ‘ ~ : :

" Genus Pronoctiluca »FaBreV-Domergue (1‘889). '
Protodinifer Kofoid and Swezy (1921). ' :
Pelagorhynchus Pavillard (1917).

nfortunately the genus Protodinifer of Kofoid and Swezy must give
place to Pronoctiluca of Fabre-Domergue. In 1917, Pavillard pointed
out that Lohmann’s Rhynchomonas marina belonged to- a new genus
fwhich he named Pelagorhynchus. Later, however (1922), he showed that
Fabre-Domergue had already described it (1889) as Pronoctiluca pelagica.
In the first paper (1917) Pavillard shows that the species has two flagella,
a tentacle, a punctuated pellicle, and a nucleus the structure of which is
like a dinoflagellate. He was therefore the first to point out its dino-
flagellate affinities. The genus may be described thus :— Lo

_Cell with a ventral :anteri(;r.tenta"cle and sulcus, anterior gl;'rdlrei.feebly
developed. TLong thread-like transverse flagellum, short or long longi-
tudinal flagellum. ,

Pronoctiluca pelagica Fabre-Domergue (1889).
L Text-figure 6.

Peldgorhynchué ATING ’Pa}vﬂla'rd (1917). - :
Protodinifer marinum Kofoid and Swezy (1921). '

-

Céll spindle-shaped or pear-shaped ; length about 2} transdiameters.
Tentacle slender, terminal. - Girdle and sulcus anterior.” Both flagella
long, one anterior, one posterior. Punctuated membrane covering cell.
Nucleus “with large bead-like chromatin granules; large yellow mass
posterially. * Encystment occurs in a thin closely adherent membrane
from which the tentacle protrudes. Later the cyst expands into 4 sphere
and the body assumes a pear-shape within it. ~Length 12-45u. ‘Marine., -

Coast of Brittany,‘ Gulf of Lions, Cette, Bay of Kiel; found inside
appendicularians from-the Baltic. . :

. Genus Oxyrrhis Dujardin (1841).

 Body somewhat oval, asymmetrically contracted posteriorly to the
left. Girdle behind the centre, incomplete dorsally and lacking a posterior
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Fie. 6. Pmnoctiluqa pelagica Fabre-Domergue.
X 1000. Gulf of Lions, (_Jette. After Pavillard, 1917.

margin. Sulcus spreading ventrally and posteriorly, divided in front by
a lobe, the tentacular lobe. The transverse flagellum, not like a ribbon
“but simple, springs from the left of this lobe, the longitudinal flagellum
_from the right. Nucleus with beaded chromatin. Marine. Reproduc-
tion by oblique fission, almost transverse, with subsequent chain forma-
tion of two individuals. The tentacular lobe is regarded by Kofoid and
Swezy as perhaps homologous with the tentacle of Protodinifer.

Oxyrrhis marina Dujardin (1841).
Plate I, figures 6a—6e.
Kofoid and Swezy, 1921 ; pp. 117-119.

f‘.‘, “Body elongate-oval ; flagella mid-ventral, stout tentacular lobe hang-
‘ing between the two flagella, dividing the undeveloped sulcus. Colourless,

%holozoio. Length 10-37u (usually 22-33p).

White Sea, harbours of Genoa and Marseilles, Kiel harbour, Plymouth
und, Jersey ; also salt lakes of Kharkoff, Russia, North and South
mérica. Common in laboratory cultures. In the Plymouth culture it
s often feeding on Nitzschia closterium, the diatom usually used to
ake cultures for food in the rearing of marine animals ; on one occasion
was feeding on a cryptomonad. ,

The movement is a forward jerky one, somewhat rolling. The longi-
fudinal flagellum is easily cast off if in unnatural surroundings. For a

tailed account of this species and its division, see Hall (1924).
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Family GYMNODINIIDAE Kofoid (1907¢).
Gymnodinioidae with girdle varying from 3 to 4 turns round the
body. Sulcus usually extending from near the apex to near the antapex
and may be twisted also, ‘No tentacle, no ocellus. Pusules ‘may be
present opening into the flagellar pores. Plasma may contain chromato-
" phores, coldured pigment or be itself coloured. The plasma may be
- Jiferentiated into an outer layer (ectoplasm) and an inner layer (endo-
plasm), or the former may be only a thin covering. Longitudinal striae _
on the body surface are frequent. Cyst formation often eccurs.either as
4 consequence of ingestion of large food bodies or as a preliminary to,
“division. The cyst is secreted by the cell and, at first closely adherent, -
often gradually becomes distended by fluid. ‘
Fresh, brackish and salt. water . oceanic, neritic and littoral (occurring -
‘on the shore) ; cold and warm waters. ’ -

Genus Hemidinium Stein (1883).

Cell with incomplete girdle of half a turn. Fresh water; rarely in
brackis_h ‘water. : o _ - ’
Hemidinium nasutum Stein (1883). .~ -

Text-figure 7. - R ;
Paulsen, 1908 ; Nordisches Plankton, pp. 94-95. '
Kofoid and Swezy, 1921 ; pp. 122-123.

o ‘Body.asymmetrically oval. Girdle median, a descending left spiral of
“half a turn. Sulcus confined to the hypocone, reaching to the posterior
‘margin. Chromatophores yellow or brown. Nucleus posterior. Length
24-28u. ' / \ : '
Fresh water in Europe from the Tyrol to Finland ; Prague, salt lakes -
near Odessa; Bosphorus. Rare in brackish water in Finland.

Fie. 7. H emidinium nasutum Stein.
Size (7). ~Near Prague. -After Stein, 1883
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Genus Amphidinium Claparéde and Lachmann (1858-61).

Body usually compressed dorso-ventrally, sometimes laterally, or it
may be round in section. Girdle far anterior with little or no displace-
ment. Sulcus extending either from the girdle to the hypocone, or in-
vading the epicone, usually not twisted. Epicone relatively minute,
usually asymmetrical. Pusules may be present. Plasma colourless with
or without chromatophores, or coloured without chromatophores.
Surface smooth or with fine striae, furrows or ridges. Outer pellicle may
be thick, especially in those forms which are flattened laterally. The lips
of the sulcus, or more usually one of them, often form flaps, or a flap,
making the sulcal area extremely mobile. Encystment in thin-walled
membrane may occur. Nutrition chiefly holophytic, sometimes holozoic.
Marine, freshwater and brackish ; oceanic, neritic or littoral ; warm or
cold waters. '

The species of this genus are mostly shore forms, but a few, and these
the largest, are pelagic. Many live in sand between tide marks, and these
are specially adapted to their habitat in being much flattened and usually
with a deep sulcal groove, often with flaps by means of which they cling
to the sand grains. Most of these have yellow chromatophores, causing
them, when massed together, to appear brown.

In these sand-loving forms, many species of which come to the surface
when the sand is uncovered at low tide, there is found by Miss Herdman
to be a daily rhythm depending on light and tide, a dim light, such as
occurs in the morning and evening when the sky is overcast, producing
the largest masses of these organisms. Besides this daily rhythm she
finds a lunar rhythm, where the largest number occur at Spring, the
fewest at Neap tides.

Kofoid and Swezy suggest the subdivision of the genus into two sub-
genera, Amphidinium proper with the body compressed dorso-ventrally,
and Rotundinium with the body not compressed. They are of the
opinion that a third sub-genus might be necessary for laterally flattened
forms. Without using these sub-generic names the species are here
divided into these three groups, dorso-ventrally flattened, round in
section, and laterally flattened.

These laterally flattened forms have been found abundantly at Port
Erin by Miss Herdman, the covering pellicle being very thick. On exami-
nation of these the variety petasatum of Amphidinium Kofoidi C. Herdman
was seen to be so closely related to the Dinophysidae, in that it can be
separated by reagents into two halves bound together by a marginal
plece which can be separated, and in having the girdle also detachable,
that it is probably a dinophysid. At any rate, it has affinities with both
Amphidinium and Phalacroma or Dinophysis and seems to corroborate,
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‘ :,».as Miss Hérdm‘an states (1924‘), what Kofoid :;Jl_d Swézy (1921) hévé'
 suggested, namely, that  Amphidinium is closely related to the Dino- -
physidae. : SR ‘ ' '
Species : 1. Dorso-ventrally ﬂa;ttened‘forms.‘ ‘
Amphidinium operculatum Claparéde and Lachmann, A. Steini Kofoid -
and Swezy, 4. Klebsi Kofoid and Swezy, 4. ovoidenm Lemmermann,

A. Herdmanni Kofoid and Swezy, 4. latum n.sp., 4. scissum Kofoid and
‘Bwezy, A. britannicum C. Herdman, 4. flexum C. Herdman, 4. pellucidum

C. Herdman, 4. testudo C. Herdman, A, bipes C. Herdman, 4. ovum :

C. Herdman, 4. discoidalis Diesing, A. emarginatum Diesing.

2.' Non-flattened forms. ’ .' R B

- 4. scissm}des n.sp., 4. crassum Lohmann, A. phaeocysticola n.sp.;
A longum Lohmann, 4. pelagioum n.sp., 4. extensum Wulff, A. sphenotdes
Wulft. o _ L ‘
3. Laterally flattened forms. v

A. eudens C. Herdman, A. Kofoidi C. Herdmaﬁ, 4. semilumm'm
C. Herdman, 4. manamniini C. Herdman, 4. vitrewm C. Herdman. a

1. DoRrso-VENTRALLY FraTTeENED FoRMS

Amphidinium operculatum Claparéde and Lachmann (1858-61)..
' Text-figure 8a (see p. 24). -~ :
Kofoid and Swezy, 1921, p. 147. ‘ - ; _

Cell. oval, its length 1.5 transdiameters. = Girdle running down pos-
teriorly on the ventral surface for about a third the length of the cell.
Sulcus extending from ‘girdle to antapex. Epicone minute, triangular,
asymmetrical, turning to the left. Hypocone broadly rounded. The two -
flagella arise near one another at the point of junction of girdle and sulcus.
Nucleus not known. Chromatophores yellow-brown, radiating from a
central body. Length 40-504. B S R

Coast of Norway, Sweden, Hungary in salt pools, Belgium, in cultures -
of sea~water at Roscofl, Brittany ; W oods Hole, Massachusetts.. ,

Kofoid and Swezy regard this as a separate species from 4. Klebsi and. .,

~ A. Steins : out of deference to these authors they are here kept apart.
I feel, however, very doubtful as to these being separate species. A. Klebsi,
the only one of the three seen by the writer, occurs very commonly and -
certainly is more like the figure of A. Klebsi than the others. At the
‘same time specimens have been seen which closely resemble Stein’s figure
of the so-called A. Steini and also of Calkin’s 4. operculatum. "Furt}‘ler_
research may bring all three together as A. operculatum. S
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Amphidinium Steini Kofoid and Swezy ( 1921).

f o Text-figure 8b. ’

Amphidinium operculatum var. Steins Lemmermann (1902).

This.,\i’s the Amphidinium operculatum of Stein, who figured it from
brackish water near Wismar, Germany. Body oval, somewhat pointed
posteriorly. Girdle running on to hypocone for nearly half its length.
Sulcus extending from girdle to apex. Epicone small, cap-like, asym-
metrical, turning to left. Nucleus posterior. Chromatophores brown,

diating from a central body. Length ca. 454 (calculated).
- Brackish water near Wismar, Germany. g

Amphidinium Klebsi Kofoid and Swezy (1921).

: : . Plate IT, figure 1. ’
- Amphidinium -operculapum Paulsen, 1908 ; Nordisches- Plankton,

. p.9. ‘ : 7 o
¢ Cell oval, rounded posteriorly, girdle running down the hypocone for
: nearly half its length, sulcus extending from girdle obliquely to the right,
nding on the right side. Epicone tongue-shaped, deflected to the left.
lagella pores close together near the junction of girdle and sulcus.
ucleus large, oval, posterior. Yellow chromatophores radiating from 4
. central mass sometimes behind the centre. Surface of cell sometimes
 faintly striate. At the anterior part of the epicone is an orange spot.
- Holophytic. Living in sand uncovered by the tide or near the coast.
Length 30-36.. This is the commonest species in the sand at Cullercoats,
l and-also oecurs at Port Erin, where Miss C. Herdman finds it almost
- merging into 4. Herdmanns. « o _ '
- Port Erin, Isle of Man ; Cullercoats, Northumberland ; Bay of Naples. '

Amphidinium ovoideum Lemmermann (1896b).
, , - - Text-figure Sc.
- Kofoid'and Swezy, 1921, p. 148.
* A minute species. ,B‘ody broadly oval. ~Girdle anterior, not defined.
Suleus'(?).  Epicone tongue-shaped, deflected to left (2). -Hypocone

“rounded. Cell filled with minute brown chromatophores. Nucleus pos- -
“terior.” Length 17-23u. - ‘

rackish water along the border of the Baltic, near Plon, Germany.

~ Amphidinium Herdmanni Kofoid and Swezy (1921),
Plate I, figures 2a—2¢. -
Kofoid and Swezy, 1921, p--143.

- Cell broadly ellipsoidal, much. compressed -dorso-ventrally, Girdle
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FIG 8
mphidinium operculatum Clap and Lach,

4541 long, Woods Hole Mass: After Calkin, from Kofoid and Swezy,
1921.

,A'mpindmmm Steini Lemmermann. E g
45y (eale.), Wismar, ~ After Stein, 1883,

VAmphidinium ovoideum Lemmermann,
23, Plon, Germany After Lemmermann, 1896.

Amphidinium pelluczdum C.-Herdman.
ca. 60y, Port Erin, Isle of Man. After C. Herdma.nn,_ 1922,

Amphidinium testudo C. Herdman,
- 30p long, sand at Port Erin, Isle of Man., After C. Herdman, 1924.

. Amphidinium bipes C. Herdman.
30u long, sand at Port Erin, Isle of Man Atter C. Herdman, 1924,

Ampkzdmmm ovum C. Herdman.
30y long, sand at Port Erin, Isle of Man. After C. I—Ierdma,n, 1924.

Amfpkfadmm'm longum Lohmann.
35u long, Barents Sea. After Wulff 1916. -

Amphidinium discoidalis Diesing.
47;;, long, North Sea, Norway coast. -After Claparéde and Lachmann,

) Amphzdmmm emmgmatum Diesing. .
24;1, long, North Sea., Norway coast. After Cla,parede and La,ehmann,
858: .

! Amphidinium sphenozdes Wulff
40 to 50,u, long. Barents ‘Sea. After ‘Whulft, 1916.

W Amphwhmum vitreum C. Herdman.
20u long, sand at Port Erin; Isle of Man. ~After C. Herdman, 1924

Amphidinium extensum Wulft.
30 to 50u long, Barents Sea. After ‘Wulff, 1916.

Amphidinium manannini C. Herdman," .
20p long, sand at Port Erin, Isle of Man. - After C. Herdman, 1924.
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running ventrally on to hypocone for rather more than a third of its
length. Sulcus extending from girdle to apex, the left side sometimes
slightly longer than the right, or vice versa. Hypocone rounded pos-
teriorly and slightly notched by the sulcus. Epicone small and flattened
anteriorly, triangular ventrally, deflected slightly to left. Flagella pores
close together near the junction of girdle and sulous. Nucleus crescent-
‘shaped, large, posterior.  Bright ‘yellow chromatophores radiating from
a central mass. In some specimens from Cullercoats two red spots were
present one on each side of the centre and the plasma was full of starch.
grains. Holophytic. . Length 28-50u. \ L
_ This is a typically sand-loving species. It ‘was originally found by the
late Sir William Herdman (1911) on the sands at Port Erin and described
by him as Amphidinium operculatum. Miss C. Herdman has continued
to investigate and describe its habits, which are very interesting (1921~
1922-1923). "1t occurs also on the Cullercoats beach, but is not so common
there as A. Klebst. ‘ o -

Amphidinium latuni n.sp.
Plate II, figure 3. ’

A minute species found in a Petri dish in. which were placed Amphs-
_ dinium Kiebsi in water sent from Cullercoats. Body round in ventral
view, slightly longer than broad, ‘much flattened dorso-ventrally. Very
short and flat epicone, slightly rounded.  Antapex rounded. Plasma clear
and. colourless, smooth. Girdle wide, very slightly left-handed, much
excavatbed, the anterior flagellar pore at the junction of girdle and sulcus. .
Sulcus running up to the apex so asto notch the epicone slightly, and
down to the posterior end of the hypocone, narrowest at the centre.
~ Longitudinal flagellum emerges near the transverse one, longer than the
body. Nucleus anterior, an unusual position in this genus, but green
food cells occurred posteriorly in all the specimens which may have
pushed the pucleus forwards. Holozoic. Length 15-19p. '

Sea ‘water from beach at Cullercoats, Northumberland ; sand at Port .
Erin, Isle of Man. :

. Amphidinium seissum Kofoid and Swezy (1921).
\ Plate TI, figure 4. '
Kofoid and Swezy, 1921, p. 150.

Body elongated ovate, compressed dorso-ventrally, widest near the
centre. Epicone flattened, asymmetrical, turning to the left. Girdle
displaced about two girdle widths, left-handed. Sulcus runs from apex.
 to antapex, notching the apex, and running to the dorsal surface, some-
times to join the girdle, and widens posteriorly to show a rounded excava-
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m. - Transverse flagellum -emerges from anterior pore at junction of
e and sulcus, and runs round the girdle: longitudinal flagellum
nerges about two-thirds of the way down the hypocone Nucleus large,
sterior. - Striations in American form, but none seen in the British form.
o chromatophores Colourless or greemsh with round refractive bodles.
ength 50-60u. o

In-sand from La Jolla; Cahforma ; beach at Port Erln, Isle of Man.
Not very common.

Ambhidinium britannicum C, Herdman (1922).
g Plate II, figures 5 and 6.

Ampk@dmwm asymmemcum var. bmtanmcum C. Herdman.

- Body much flattened dorso-ventrally, asymmetrically oval, longest on
the left. Apex and antapex rounded. Epicone very asymmetrical,
Jlongest on the wight. Girdle a steep spiral. Sulcus confined to the
‘hypocone with a flap, rounded posteriorly, on the left side, overhanging
the right. Nucleus gentral. Yellow chromatophores radiating from the
“centre. Surface smooth. Length 37-60u. Miss Herdman, whilst assign- -
_ing this species to Kofoid’s A. asymmetricum as a vartiety, notes the
 difference ; this is chiefly the dorso-ventral ﬂattemng, and absence of
~striae. The so-called chromatophore appears to me to be a mass of
“several small elongated chromatophores radiating from & centre: this
“seems more probable as the: variety compacte ‘also described by her
ff’f{ from Port: Erin has two centres from which the chromatophores radiate,
“‘one anterior and one posterior, leaving a clear band in the centre where
_the nucleus is situated. The variety compacta, is slightly darker and
. smaller without such. a conspicuous flap to the left of the sulcus, Wh_'lch
is slightly to the right of the.mid-ventral line.

- »Sand. at Port. Enn, Isle of Man :

Amphldlmum ﬂexum C. Herdman (1923)
Text- ﬁgure 9a (see p. 28).

Body flattened dorso-ventrally and slightly twisted, the left posterior
- zegion deflected dorsally, the right deflected ventrally. Length 1.5 trans-
lameters. Epicone at most equal in width to the greatest transdiameter ;

s length in the ventral region about 0.26 of the total length. Apex
rounded: - Hypocone broadly sac- shaped and slightly notched by the
sulcus. -Girdle almobt symmetrical, rising gently to the mid-dorsal region,
its two ends meeting without displacement. Transverse flagellum com-
pletely encircling the body. Sulcus extending almost from the apex to
- the antapex. Longitudinal flagellum extending beyond the antapex for
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a distance neaﬂy as great as the whole leﬁgth ‘of the body. Nucleus
posterior. - Plasnia uncoloured, but full of small yellowish brown: granules. .
Length ca. 60u. ‘ g '

Oceurs from: time to time, but never in numbers, on the beach at Port

Erin. (C. Herdman.) -

. Fie. 9.
a. Amphidindwm flexum C. Herdman., »
ca. 60, Port Brin, Isle of Man. . After C. Herdman, 1923.

b, Amphidinium semilunatum C. Herdman. K :
ca. 50y long, Port Trin, Isle of Man. After C. Herdman, 1923. -

~

Amphidinium pellucidum C. Herdman (1922).
‘ Text-ﬁgﬁre- 8d. :

" Body almost symmetrical, broadly elliptical, flattened dorso-ventrally.
Epicone much smaller than hypocone,’ almost semicircular in ventral
view, sometimes slightly motched by sulcus.. Hypocone broadly sac-
shaped, rounded and notched posteriorly. Girdle deep, rising very little
on the dorsal side, its ends meeting almost without displacement. Trans-
verse flagellum, completely encircling the body. Sulcus extending from
" apex to antapex, very broad just posterior to the girdle; but overhung
by projections from either side. - Longitudinal flagellum usually ly}ng
within the suleus and extending beyond the antapex for a distance nearly
as great as the whole length of the body. Plasma colourless and of glassy
transparency. Nucleus probably situated near the centre of the body
to the left of the middle line. Coloured (usually red) bodies; which
probably consist of food matter, often present in the region of the sulcus.
Length 50-60p. i 4

In scrapings of sand containing coloured dinoflagellates, Port Erin.
(C. Herdman.) ' :
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~~ Amphidinium testudo C. Herdman (1924).-
.. . Text-figure 8e.

Broad, elhpsmdal much ﬂattened ventrally flat ox shghtly concave,
‘dorsally convex. - Epicone very small, not projecting beyond the dorsal
~1im of the hypocone extending ventrally at least one-third of the body
lerigth. Sulcus short, not extending on to the epicone nor reaching the
“antapex. Girdle deeply impressed. - Dorsal rim of hypocone bent out-
wards as a projecting lip below the girdle. Nucleus posterior. Proto-
“plasm colourless with yellow chromatophores and granules radiating from
the centre of the body. Often one or more irregular, dark, highly refractile
- bodies ‘are present. = A colourless pelhcle surrounds the body. Length
120-304.
Sand at Port Erin, Isle of Man; also Wood’s Hole, Massachusetts.
{C. Herdman. )

Amphidinium bipes C. Herdman (1924).
Text- ﬁgure 8f.

Length about 1.4 transdiameters. Epicone roughly trlangula,r very
~ slightly concave anteriorly and highest at the left side. Hypocone large
" and more convex on the right than on the left, very deeply notched
~at the antapex. Sulcus a broad shallow furrow on. the hypocone
and- continued forward as a narrow groove on the epicone. Longi-
tudinal flagellum long, free from its origin and often turned forwards.
“Cell colourless and granular, with dark brownish _green granules in
- the posterior horns. A highly refractile body sometimes present just
" anterior to the antapical notch. Nucleus to the right near the centre
" Length ca. 30pu. e -
In sand at -Port Erin, Isle of Man.. (C. Herdman.)

' Amphidinium‘ovum C. Herdman (1924).
> Text-figure 8g.

‘Cell ellipsoidal. Girdle rising to the deft shoulder and thence running
in a descending spiral to join the sulcus about 0.4 of the body length
" from the apex. Sulcus running from the glrdle to the antapex as a groove
* which is deeply overlapped by its left margin. From the antapex it is
continued as & narrow furrow up the dorsal side almost to the level of
the girdle. Longitudinal flagellum about twice as long as the body.
* Nucleus posterior. Yellowish brown ehromatophores radiating from the

centre, Length ca. 30pu. !

In sand at Port Erin, Isle of Man. (C. Herdma,n;)
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b _'fol‘lowi;‘né?ifnsaﬁﬁciently, known species mebabvty‘iaelangﬁ,f@o this

Amph1dm1um dlscmdahs Dlesmg (1866)
s - Text-figure 8j.
K0f01d and Swezy, 1921 p 139 : ,
A small specles with broadly avoidal body Girdle: far antenor Sulous
" not shown, except at posterior end, from which the lonoutudmal ﬂagellum i

appears. - Colourless. Length 47;/,
North Sea ; Norway coast.

Amphiinium emarginatum Diesing (1866).
' Text—ﬁgure 8k.’
“Kofoid and Swezy, 1921, p. 140.

. Minute, like 4. discoidalis. Length 24;;,. |
North Sea; NorWay coast. .

The two Jf'ollovvmg probably belong to the next group of non-ﬂattened :
forms, but are not sufficiently charactemsed Both ‘are desorlbed by _
Waulff from the Barents Sea — e

Amplndlmum extensum Wulft ( (1916).
, Text -figure 8n. §

Cell elongated with an oblique "girdle. Epicone small, hypocone
long. No sulcus described. Nucleus anterior. Surface striated. Colour-
less. Length 30-50u. This is perhaps identical with: Schiitt’s Gymmno-
dingum vestificii, and thus possﬂoly the-same as Gyrodzmum glancum ( see
below). - : ;

" . Barents Sea.- S . :
Amphidinium sphenoides Wulff (1916)..
~ Text-figure & 8l.

~Cell spmdle—shaped with trlangular small epicone, very much exca,vated
girdle and long hypocone. No sulcus descnbed Hypocone ending in a -
. long drawn-out point. Nucleus sub- central. - Length 40-50p. Possﬂoly
identical w1th Gymnodinvum filum (see below)

2. NON-FLATTENED FORMS

Amphidinium scissoides n.sp.-
» Plate'IIT, figure 1.
This species. was only seen once and unfortunately-collapsed before
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ng: properly worked-out. Body elongated, sub-cylindrical. Seetion
nost round. Epicbne-ﬂattened, very small, asymmetrical,‘turning to
; nptched. at the apex by the sulcus, which reaches the whole length
the body, widening posteriorly to show a rounded swelling. Girdle
placed“about four girdle widths, directed posteriorly on the ventral
ace, far anterior dorsally. Flagella not seen. Very large yellow food
nass inside the body.  Nueleus not seen.  Plasma colourless. Length 70.
Off Eddystone grounds; iti October, 1923.

 This species closely resembles 4. scissum, but is hardly flattened, so
hat it belongs to_those with-a round body section.

Amphidinium crassum Lohmann (1908).
. Plate 11T, figures 2a-2e. ‘
Paulsen, Nordisches Pla:nkton, 1908, p. 96.
- Kofoid and Swezy, 1921, p. 135.

- Body broadly oval, rounded or somewhat pointed posteriorly, pointed
 anteriorly, nearly circular in section ; length 1-5 transdiameters or more |
- at the widest part, which is at about the centre of the body. Epicone
- minute, cap-like, slightly notched by the sulcus at the apex. Girdle wide,
. very. slightly left-handéd,'deep‘ly excavated. -Sulcus running from just
- over the apex to nearly the end of the hypocone, widest in the middle.
Anterior flagellar pore at the junction of _girdle and sulcus with long
‘transverse flagellum encircling the whole girdle. Posterior pore almost
_ in the centre of the body about a girdle width below the girdle. Very
long longitudinal flagellum. Liargenucleus, posterior. Holozoic. Plasma
“clear and colourless, usually green food masses inside. Body covered
with a distinet pellicle which sometimes comes away from the plasia.
Smooth. Length 27-30u. Neritic.
‘Kiel, Plymouth Sound, comamon. Also occurs in the Channel.

Amphidinium phaeocysticola n.sp.
Plate III, figures 3a-3c.

Closely related to A. crassum, but larger and with striated body. and
slightly - twisted antapex. Broadly oval, not so pointed behind as
A. erassum, with irregular protuberances. - Clear and colourless, feeding
on the flagellate Phaeocystis which is nearly alwa-y(s inside it. Body
striated with fine striae, near together on the epicone, far apart on the
‘hypocone, often with roundish masses (food products ?) arranged along
the lines. Girdle far anterior, deeply excavated; slightly. left-handed.
Anterior flagellar pore at.the junction of girdle and sulcus. Suleus tun-
ning up to the top of the epicone and nearly to the end of the hypocone,
‘widest about the centre. Pésterior flagellar pore about a girdle width
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from the girdle. Longitudinal flagellum very long. Nucleus large,
posterior. Length 42u. This species has been seen to encyst in thin-
walled cysts in which it divides. . : S ‘
In spring and early summer, living among Phaeocystis ; Plymouth
Sound. : -
Amphidinium longum Lohmann-(1908).
Text-figure 8h..
Paulsen’s Nordisches Plankton, 1908, p. 96.
Kofoid and Swezy, 1921, p- 146. o :

A minute species, like an elongated A. crassum.” Body sub-ové;te,'

widest anteriorly behind the girdle. Epicone minute, triangular, apex . -

pointed. Girdle broad, deeply excavated. Hypocone broad anteriorly,
tapering posteriorly to a narrow rounded apex. Suleus not known.
Nucleus posterior. Food mass near the girdle. Colourless, Holozoie. -
Length 25-35p. ’ ‘

Kiel, Barents Sea, Adriatic.

Amphidinium pelagicum n.sp.
' Plate III, figures 4a—dc.
7 This species only occurred once and only one individual was seen.
TFairly large species, its length just over two transdiameters at its greatest
breadth behind the centre. Nearly circular in section. Epicone relatively
small, cap-like, asymmetrical. Hypocone about twice as long as the
longest part of the epicone. Girdle anterior, slightly displaced and left-
handed, narrow. Sulous shallow Lanteriorly, deepening “and widening
posteriorly, the left lip forming a flap so that most of the furrow is hidden ;
Tunning half-way up the epicone and 40 the extreme posterior end of the

hypocone, slightly notching it. Surface of body furrowed on the hypo-
cone. Anterior flagellar pore at the front junction of girdle and sulcus, -
posterior pore not seen. Nucleus large, posterior. Plasma colourless,
with bright yellow-green chromatophores radiating from the centre of
the cell, chiefly in the hypocone. Length 84u. '

English Channel, 5 miles 8.W. of Plymouth. June.

3. LATERALLY FLATTENED Forms

Amphidinium eludens C. Herdman (1922).
o Plate I1I, figure 5.
Body nearly symmetrical, flattened laterally. Epicone very small and
imperfectly divided from hypocone. Girdle asymmetrical, passing in an
anterior direction slightly to the left.of the middle line. At the extreme
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apex the girdle crosses the middle line and continues dorsally, now
slightly to the right and gradually fades out, the transverse flagellum
passing round the body to the left side at a distance from the apex of
rather more than a quarter of the body length. Sulcus extending to
within one transdiameter of the antapex and partly overhung by the
projecting left border. Longitudinal flagellum hardly any longer than
the body and often lying free from the anterior end of the sulcus. Body
enclosed in a distinct homogeneous and colourless pellicle, from which,
under adverse conditions, the cytoplasm may be retracted. Two highly
refractive bodies, having the appearance of the amyloid bodies of the
Adiniferidea, occur, one on each side. Protoplasm of a uniform yellow-
ochre colour. Nucleus posterior and slightly dorsal, elongated and often
gently curved to fit the contour of the body. Length 30-32u.
Sand at Port Erin, Isle of Man. (C. Herdman.)

Amphidinium Kofoidi C. Herdman (1922).
Plate I1I, figure 6.

Body slightly asymmetrical and broadly ellipsoidal, the dorso-ventral
axis being about 0-8 of the total length ; flattened laterally and more
convex on the ventral than on the dorsal side. Epicone small and some-
times retracted so as to be hidden in lateral view between the projecting
edges of the hypocone. Hypocone sac-shaped, with its greatest width
(dorso-ventrally) at about 0-4 of the total length from the posterior end.
Left border of the sulcus projecting beyond the right in the anterior
ventral region. Girdle deep, its two ends meeting without displacement.
Sulcus not extending as far as the antapex nor continued upon the epicone.
Transverse flagellum completely encircling the body and usually easily
visible projecting beyond the margins of the girdle. Posterior flagellum
extending beyond the antapex and lying with its proximal part in the
sulecus. Body enclosed in a colourless homogeneous pellicle. Two
amyloid bodies (?), situated one at about the middle of each side. Numer-
ous small refractile granules usually present throughout the cytoplasm,
which is a uniform light brown colour. Nucleus posterior and slightly
dorsal, very slightly elongated and with the side next the surface of the
body more convex than the inner side. Anterior part of the hypocone
usually occupied by a large, rather clear region, which does not take
stains. Lengthca. 25-40u.

Sands at Port Erin, Isle of Man. (C: Herdman.)

Amphidinium semilunatum C. Herdman (1923).
Text-figure 9b.

Body flattened from side to side; length about 1-4 dorso-ventral
D
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transdiameters and 35 lateral transdiameters.. Hypocone sac-shaped,
the ventral surface convex, while the dorsal surface is almost flat. Epicone -
low but conical, with broadly rounded apex ; deeper on theleft side than
on the right. Tts greatest depth is on the ventral surface, and is 0-3 of
the total body-length. The ends of the girdle meet in the mid-ventral
region without displacenient :. it is highest in the right dorsal region.
Sulcus deep, extending from the girdle round the antapex to the dorsal
side, and causing a notch in the antapex. Longitudinal flagellum arising
close to the junction of the sulcus with the- girdle. The nucleus is situated
_ in the postero-ventral region. The cytoplasm is colourless and of glassy
transparency ; usually contains numerous coloured food masses. Length
ca. 50p. . . s -
Occurred several times, but never in great numbers, on the beach at
Port Erin. (C. Herdman.)

»
®

Amphidinium manannini G, Herdman (1924).-
. Text-figure 8o.

Body broadly ellipsoidal. Epicone broad and low, slightly notched
at the apex by the sulcus, which is rather deep and. extends -almost to
the antapex. Protoplasm colourless and hyaline. = Nucleus posterior.
Another colourless refractile body lies in the mid-ventral.region. Length
ca. 20p. o i

In sand at Port Erin, Isle of Man. (C. Herdman.)

Amphidinium vitreum €. Herdman (1924).
L Text-figure 8m.

~ Very thin and slender. Epicone small and rather flattened.- Hypocone .
sac-shaped. Girdle higher on the left shoulder than on the right. Sulcus -
extending from the girdle to the antapex, very deeply impressed. Proto-
plasm clear and colourless. An elorigated refractile body near the dorsal
surface. Nucleus probably just ventral to this. Length ca. 20u. :
In sand at Port Erin, Isle of Man. (C. Herdman.)

Grenus Gymnodinium Stein (emende(i by Kofoid and Swezy, 1921). .

Body without twist. - Girdle may be a complete circle round the body
or a descending left spiral displaced less than a fifth the total length of -
the body ; usually near the centre, further back than in Amphidinium.
Sulcus may extend from apex to antapex or may be very short on either
epicone or -hypocone, or both. Nucleus usually central or posterior?‘
Pusules may be present, and may be fused.. No nematocysts, no ocelli,
Plasma colourless with or without chromatophores, or coloured. Pigment -
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ranules sometimes present. Surface smooth, striate, ridged or furrowed ;

ometimes differentiated into an outer layer, the ectoplasm, and an inner
ayer, the endoplasm. The pellicle is usually very thin, so thin that it
anishes directly the cell collapses.” Sometimes it may be - thicker.
- ‘Woloszynska (1917), Pascher (1923) and others have described freshwater
forms which they relegate to this genus which have a distinct polygonal
‘pattern over the sheath and the girdle clearly marked. None of these
‘have been seen by the writer, but the marine forms are, so far, not known
to possess such - coverings. Encystment in thin-walled membrane
“frequent. :

Marine, brackish and fresh water. Pelagic and littoral, mainly in
emperate waters. B

Kofoid and Swezy divide the genus into three sub-genera according to
the surface structure or thickened pellicle :—(1) Gymnodinium proper,
with the surface free from markings, or these, if present, few and scattered. -
(2) Lineadinium, with thin pellicle and parallel striae on its surface.
(3) Pachydinium, with thickened pellicle having an outer layer with a
knobbed structure.

The genus is here divided into three groups correspondmg with these
sub-genera :—(1) With smooth pelhcle, (2) with striated thin pellicle and
. (3) with thickened pellicle which is knobbed. -

Species :—1. With smooth pellicle.

Gymmodinium lunula Schiitt, G. szmplem (Lohmann) G. minor Lebour,’
. pygmaeum 1. sp., G. grammaticum Pouchet, G. marinum Saville Kent,
G. agile Kofoid and Swezy, G. placidum C. Herdman, G. variabile C. Herd-
man, G. incertum C. Herdman, G. glandula C. Hexdman, G. rubrocinctum
n.sp., G. filum Lebour, G. splendens, n.sp., G- conicum Kofoid and Swezy,
@G. Lebourii Pavillard, Q. pseudonoctiluca Pouchet, G. minutum nom. nov.,
G. arctiocum Wulff, G- pellucidum Wulff.

- 2. With striated thin pellicle.

G. rhomboides Schiitt, G. heterostriatum Kofoid and Swezy, G. hyalinum
n.sp., G. achromaticum Lebour.

3. With thickened pellicle.

G. abbreviatum Kofoid and Swezy, G. gmczle Bergh

. Uncertain species.

G. Wilczeks Pouchet, G. pyrocysms Jo orgensen, “G. Lokmanns Paulsen,
G. punctatum Pouchet, G. tintinnicula Lohmann, G. triangularis Lebour,
G. vestificvs Schiitt. :
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1. Wit SMOOTHE PELLICLE

Gymnodinium lunula Schiitt (1895).
Plate IV, figures la-lg. -
Kofoid and Swezy, 1921, p. 229. ‘
Paulsen, 1908 ; Nordisches Plankton, pp. 110-111.

_This species, referred by Kofoid and Swezy to the present genus, 1s-
one of the most important, as we know very nearly its complete life
history. The crescents and spheres which constitute its various stages
are well known practically all over the world. The free-swimming. form
is small with broadly ellipsoidal body, circular in cross-section, tapering -
slightly or rounded at the apices. Epicone and hypocone sub-équal;
epicone a rounded cone, with convex sides and rather broad apex. -
 Hypocone usually slightly more hemispherical - than the epicone,
with broader antapex. Girdle sub-median, slightly displaced, left-
handed ; furrow deeply impressed. ~Sulcus extends on to the epi- -
cone "and rtuns down to the antapex as a deep - furrow. Anterior
pore at the anterior junction of girdle and sulcus; posterior pore
slightly behind the posterior junction. Nucleus posterior or nearly
central. Plasma clear, greenish yellow. No pusules have been observed.
Length ca. 22pu. ‘ ' :

There is a‘gap in the known life history of this species between the .
free-swimming form and the formation of a large spherical cyst, with a
diameter 80—155p (the smaller cysts from the English Channel). Inside
 the cyst the single individual divides into 2, 4, 8 or 16, so quickly that’
one can observe the division'up to 8 within an hour, and each of these
. products of division becomes enclosed in a crescent-shaped cyst, 104-130p -
long. There are always 8 of these in the Plymouth specimens
enclosed in the spherical cyst, and these break out and are found
free in the water ; the contents dividing into 2, 4;-6 or 8 individuals,
each of which has the typical form of the free-swimming G. lunila.
These emerge from the cyst and swim away. This individual may
divide in & motile condition or in a small cyst. The formation of the -
large cyst, and how the free-swimming form is connected with it, have
not been observed. . ‘

Tt is probable that most of the species of Gymnodinium have similar
life histories, cyst formation in many forms being known. The Plymouth
form may be a different species from that described by Kofoid and Swezy,
as the dimensions differ. They are, however, so mueh alike that one does
not feel justified in separating them without more exact data. Perhaps
several species are confused. Neritic, cosmopolitan.
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' Gymnodinium simplex (Lohmann). v
. Plate IV, figure 2. Text-figure 10.
-~ Protodinium simplez Lohmann, 1908, .
- Gymmodinium simplex Kofoid and Swezy, 1921, p. 256. -

~This minute speciés, found in numbers by Lohmann at Kiel, was dis-
overed by Dr. Allen in a culture at Plymouth, October 22, 1918. With.
were the diatoms Nitzschia closterium and Thalassiosira sp. Lohmann
escribed it without a sulcus and girdle, but it was assumed to have these
y Kofoid and Swezy, who placed it in the genus Gymnodinsum. These

hors are quite right, as a girdle, sulcus and both flagella were seen in
e Plymouth examples, which were very small, ranging from 1-7u—7u.
n the culture the smallest forms were minute roundish masses with four

!

‘ Fie.. 10, 'G'ymnodim'um simplex (Lohmann), -
“Various stages, 1'7 to Tu. From culture in sea water, Plymouth.

ish green chromatophores and a central nucleus, without visible
ves and flagella. As these grew larger the transverse: groove was
ly visible, then the sulcus and flagella. The largest may be described -
Jell oblofig with wide girdle, not deeply impressed and not dis-
- Epicone-shorter than hypocone, rounded, conical ; transverse
- completely encircling ‘the girdle and very active; anterior
lar pore at; the junction of girdle and sulcus. Suleus invading the
ne as a straight narrow groove running up for about half the length,
ng posteriorly -and. notching the hypocone shightly. Hypocone
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rounded. Posterior flagellar pore just below the anterior pore. Longi-
tudinal flagellum two to three times the cell length. Section of cell almost.
circular. Nucleus central. Fout (or more ?) large greenish yellow chroma-.
tophores occupying most of the cell.  Active movements forwards-in a
jerky spiral. Length 1-7-20u. e ' : '
"Kiel ; Plymouth, in culture of sea water from Plymouth Sound.

‘Gymnodinium minor Lebour (1917).-
. Plate IV, figure 3.
Kofoid and Swezy, 1921, p. 233.

Cell roundish oval, the widest part anterior. Epicone larger thaxr
hypocone, sub-hemispherical, asymmetrical. Hypocone slightly narrower .
than the epicone with a truncated antapex. Girdle post-median,‘ the -
furrow deeply impressed, contracted on the right, giving an appearance
of displacement. Sulcus running. from girdle to artapex, widening
posteriorly. Nucleus nearly central. Greenish food ‘masses present.

Holozoic. Plasma clear and colourless. = Length 28. N o
~ Plymouth Sound. Never abundant.

Gymmodinium pygmaeum n.sp.
, Plate IV, figure 4. ’

Minute rotund species. . Epicone shorter than hypoconé. Girdle wide,
impressed.  Sulcus running straight up the epicone and over the apex
80 as to notch it slightly, widening posteriorly, overlapped on’ the left
side by a tongue-ljke process. Flagella and pores not seen. Nucleus
anterior. Several greenish yellow chroméatophores.. Holophytic.. Length.
14p. ‘ o ’ e e S
English”Channel, half-way between Plymouth and the French coast.
- Several specimens in one sample. May, 1923.-

Gymnodinium grammaticam Pouchet (1883).
' ‘Text-figure 11a.
, Kofoid and Swezy, 1921, p. 217. S .
A minute roundish species, its length and transdiamefer sub-equal,
somewhat asymmetrical, rounded anteriorly. Epicone and hypocoﬁg
* sub-equal. Epicone hemispherical, hypocone rounded, with the antapex
broadly notched by the sulcus, the right side slightly longer than the left:
Girdle sub-median, not- displaced. Sulcus not well defined in Pouchet’s’
figures.  Interior of body filled with small spherules.  Plasma yellow,
with a large red pigment spot from girdle to antapex. Nucleus not noted.
Length 25-26p. - : e g
Concarnean, Brittany coast, Gulf of Naples.
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Grymnodmium marinum Saville Kent (1880-82).
‘ Text-figure 11b.
Kof01d and Swezy, 1921, p. 232.

A minute species with broadly oval body, 1in ventral view w1t]1 broad
Apex. and antapex, widest posteriorly, compressed dorso-ventrally, lateral
view kidney-shaped with convex dorsal and concave ventral surface.

Hypocone longer and broader than epicone. Epicone hemispherical with
symmetrically rounded sides. Hypocone hemispherical posteriorly.

Girdle slightly premediar, not displaced, deeply impressed. Sulcus ex-
.- tends from girdle to antapex in a straight line. Longitudinal flagellum
arises from the anterior end of the sulcus. Nucleus not described. Plasma

L g Gymnodinium grammatwum Pouchet ’
©" " 2bu long, Brittany coast. After Pouchet, 1883

... ' Gymnodinium. marinuwm Saville Kent. R

v 30u long, from culture in sea water. After Saville Kent, 1880-82.
Gymnodinium: agile Kofoid and Swezy. . .
ca. 28u long, Port Erin, Isle of Man. A.ftei' C. Herdman.
Gyminodinium placidum C. Herdman.,
50y, long, Port. Erin, Isle-of Man.  After C. Herdman, 1922
- Qymnodinium variabile C. Herdman.
o ed 40y .long, Port Erin, Isle of Man. After C. Herdman, 1924,
;ymnodmmm incertum C.. Herdman.
"ca. 15y long, sand at Port Erin, Isle of Man. After C. Herdma,n 1924. »
Gymmodinium glandula C. Herdman.
" ca, 354 long, sand at Port Erm Isle of Man. After C. Herdman 1924.
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‘clear and transparent containing numerous spherules. Holozoic. Observed
by Saville Kent to devour Heteromita and other monads in the culture,
the organism being taken in at the sulcal region near the girdle. - Length
30u. , . o S

Found by Saville Kent in cultures made from an infusion of hay in
‘sea water from St. Helier, Jersey. S Co
" Qaville Kent considered Ehrenberg’s Peridinium monas (G. monas
" Kofoid and Swezy, p. 235) as possibly identical with this form.

Gymnodinium agile Kofoid and Swezy (1921).
SR Text-figure 11ec. '
,Kpfoid» and Swezy, 1921, pp. 184-185.

Minute. Body rounded in ventral view, flattened dorso-ventrally with
broad apex and antapex ; length 1-07 transdiameters at the widest part. -
Epicone and hypocone sub-equal. Epicone sub-hemispherical with apex
displaced to the left as a minute projection bending downwards. Hypo-
‘cone symmetrically hemispherical in ventral view, with antapex some-
times notched by suleus. -Girdle equatorial, not displaced, with broad
furrow, deep, with overhanging borders. —Anterior flagellar pore at
junction of girdle and sulcus, posterior pore about 1-5 girdle widths
behind the anterior pore. Sulcus from girdle to apex, a rather deep, wide
trough, widening at both ends. Nucleds anterior. Sac-like bright red
pusule opens into each flagellar pore. Plasma, clear and colourless, with
a few large orange-greer: chromatophores in the periphery of both epicone
and hypocone. These were not present in the Port Erin specimens, which
have the borders of the sulcus produced into ridges or spines. A distinct
double-contoured pellicle surrounds the body. Length 15-30u. A sand-
loving form. v : :

Sandy beach at La J olla, California, and Port Erin, Isle of Man.

Gymnodinium placidum C. Herdman (1922).-
Text-figure 11d.

Body ellipsoidal, dorso-ventrally flattened ; length 15 transdiameters,
and dorso-ventral diameter about half its transdiameter. Ventral surface
‘more flattened than dorsal. Epicone slightly longer.than hypocone,
tapering anteriorly and expanding slightly posteriorly so as to form a
thickened anterior rim to the girdle. Hypocone hemispherical. Girdle
very slightly displaced ; transverse flagellum completely encircling the
body. -Sulcus extending from about half-way between the apex and
girdle to the antapex, the left border overlapping the right. Longitudinal
flagellum projecting about the length of the body beyond the antapex.
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* Nucleus in centre of epicone. Plasma full of small refractive bodies, and
‘having a longitudinally streaked appearance. Movements slow and
“deliberate. Yellowish brown. Length 50—60,u A small example was
- also found which is presumably this species, with yellow-brown chzoma-
tophores. Length ca. 32u. A
‘Sands at Port Erin, Isle of Man. Fairly common.

Gymnodinium variabile ¢. Herdman (1924).
Text-figure 11e.

Under this name Miss Herdman brings together a dozen or so small
forms all nearly circular in ventral view and more or less flattened dorso-
ventrally. Girdle approximately equatorial, with little or no displace-
ment. ‘Sulcus varies from a shallow groove reaching from the girdle half-
way to the antapex, to a well-marked furrow extending to the antapex
‘and with a forwaid extension on to the epicone. Spherical nucleus
roughly central. One, two or three orange or reddish bodies usually lie
in the region of the sulcus. Protoplasm usually colourless or pale yellow,
with or without colourless or greenish brown granules. Length from
8-40u. As Miss Herdman suggests, some of these may be spores of some
~otheér dlnoﬂagellate or may represent different stages in a single life-
.- history. :

~ In sand at Port Erin. (C. Herdman.) -

»

Gyﬁmbdinium incertum C. Herdman (1924).
' Text-figure 11£.

A small form somewhat flattened dorso-ventrally. Epicone hemi- -
_spherical in ventral view, larger than the hypocone, which is rather more
~flattened than the epicone and considerably shorter. (irdle with its ends
. displaced about 0-2 of the total body length. Sulcus short, not extending
~on-to the epicone nor reaching the antapex. Protoplasm colourless, with
~several Tather large very pale green chromatophores. Nucleus central (?).
A small reddish body lies near the proxunal end of the girdle. Length 15u.
. In sand at Port Erin, Isle of Man. (C..Herdman.)

Grymnodinium glandula C. Herdman (1924).
Text-figure 11g.

, Body ovoid and ﬂattened somewhat asymmetrlcal Eplcdne helmet-
?shaped with the apex produced into a sharp point which is bent back-
~wards so as to lie closely along the surface. Girdle post-median, deeply
_impressed, its ends meeting without displacement. Hypocone only half
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‘the height of the epicone and not quite so wide.. Sulcus extending forward-
ashort distance on to the epicone (possibly not in-all the larger specimens).
On the hypocone it runs posteriorly and obliquely to the left. Longi- K
 tudipal flagellum nearly twice the length of the body. Nucleus spherical
and situated in the middle of the body. Protoplasm colburless, with pale -

greenish highly refractile granules. In larger specimens a red body is °

often present in the epicone and, in one, a large yellow body to which
the red body is attached. Length 20-35u.
Sand at Port Erin, Isle of Man. (C. Herdman.)

4

Gymnodinium rubrocinetum n.sp.
-Plate IV, figure b.

Cell oval.” Epicone more rounded than hypocone. Girdle equatorial, .
slightly impressed, displaced about one girdle width. Transverse
flagellum short. Sulcus extending up the epicone for about three-
quarters of its length, slightly curved to the left, joining girdle where
~ the anterior pore is situated ; -then running straight down the hypocone -
widening as it goes, posteriorly enclosing a triangular knob, and slightly
notching the hypocone. Posterior flagellar pore and flagellum not seen.
Small pusule opens into the anterior pore. Nucleus’ round, central,
dorsal, with a broad margin and large chromatin masses in strands.
Plasma colourless except for & row of bright red granules below the girdle
running round the dorsal and lateral part of the body. Length 52-56p.

Plymouth Sound, June, 1923. A few specimens.

The nucleus is similar to G. rubrum Kofoid and Swezy, the only other
species in the genus with a differentiated outer nuclear layer.

Gymnodinium filum Lebour (1917).
7 "Plate IV, figure 6.
_ Kofoid and Swezy, 1921, p. 207. » :

Body slender with biconical body, the length more than four times the
transdiameter, tapering to a thread-like antapex. Dorso-ventral diameter
-slightly less than the transdiameter. Hypocone much longer than the
epicone, the latter conical with narrow blunt apex. Girdle far anterior
forming a complete circle round the body without displacement. Furrow
deeply impressed. Sulcus begins about midway between the apex and
girdle and continues as a straight line to -within a short distance of the
~ antapex. Flagella and pores not seen. Nucleus behind the centre.
Holozoic, with solid food remains. Surface smooth.. Plasma clear and
‘colourless. Length 50-65pu. - ‘ PR .

Plymouth Sound. Rare. -
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Gymnodinium splendens n.sp. -

_ " Plate V, figure 1. - _
. " Cell oval, flattened dorso-ventrally, convex dorsally, flat or concave
ventrally. ' Epicone and hypocone nearly equal. Girdle slightly impressed,
displaced about a girdle width, anterior pore at the junction of sulcus
~and girdle. Sulcus not extending on to epicone, expanding posteriorly
~ and deeply notching the antapex. ~Posterior pore about two girdle widths
behind the anterior pore. Longitudinal flagellum longer than the body.
Transverse flagellum nearly encircling the girdle. Nucleus sub-central,
~ slightly anterior. TLarge elongated bright yellow chromatophores radi-
ating from outside the centre. to periphery, leaving the centre clear.
Length 54-56u. Longitudinal oblique fission takes place.

- Near the coast, Plymouth Sound, and also up the estuaries.

' This species was recorded: previously (1917) as Spirodinium fissum.

Gymnodinium conicum Kofoid and Swezy (1921).
- Plate V, figure 2.
qugid and Swezy, 1921,p. 198.
Gymmodinium viridis Lebour, 1917.

- Body sub-oval, its length nearly twice its greatest breadth. 'Somewhat
asymmetrical, conical anteriorly, Transverse and dorso-ventral diameters
nearly equal. . Epicone conical, with a broad, blunt apex and slightly
-concave sides. " Hypocone much longer than epicone with sub-parallel
sides in ventral view, rounded posteriorly. In lateral view the ventral
- side 'is nearly straight, the dorsal side convex. Antapex broad and
- rounded, with a deep trough ventrally. Girdle premedian, displaced
about 15 girdle widths, furrow wide and deeply impressed. Sulcus from
“the left of the apex to the antapex lying in the hypocone at the base of
a déep trough. The sides are widely deflected near the antapex. Flagella
and pores not seen. Nucleus large, nearly central. Plasma with numerous
small greenish yellow chromatophores. Length 60u. -

Plymouth Sound. Once only, in June. '

_ Gymnodinium Lebourii Pavillard (1921),
R Plate V, figure 3.
Gymmnodinium pseudonoctiluca Lebour, 1917,
G fulgens Kofoid and Swezy, 1921, p. 209.
-Body elongated, conical anteriorly, rounded posteriorly ; length more
than twice its breadth. Girdle far ‘anterior, not displaced, shallow.

Epicone conical, with & blunt apex deflected dorsally ; hypocone rounded
at the antapex in ventral view, in lateral view asymmetrical with dorsal
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‘side rounded and ventral flattened. On each side of the sulcus the ‘body
is drawn out into a flap, the left somewhat wider than the right. Sulcus
“begins at the girdle and extendsto the antapex, obscured in the middle
by the flaps, which become widely deflected posteriorly. Nucleus in the
centre of the hypocone. Numerous bright yellow chromatophores radi-
ating into the plasma from within. TLarge masses, probably food,.in the
hypocone. Nutrltlon probably both -holophytic and holozoic. Length
1004. :
Plymouth Sound, one specimen only
Pavillard (1921) first called attention to the fact that this was a new
species and not referable to G. pseudonoctiluca Pouchet. He therefore
gave it the name of G. Lebourii, a fact apparently overlooked by Kofoid -
and Swezy (1921), who, coming to the same conclusion, called it. G. fulgens.

| Gymnodinium pseudonoctiluca Pouchet (1885a).
Text-figures 12a and 12b.

Paulsen, 1908 ;- Nordisches Plankton, pp. 97— 99. .
Kofoid and Swezy, 1921, pp. 243-244, '

Body long, sub-cylindrical, anterior end conical, posterior rounded.
‘Epicone much shorter than hypocone, extending posteriorly on the
ventral side in a slender pomt sub-conical anteriorly. ~According to
Pouchet, the whole epicone is contractile within the body. Hypocone
long, cylindrical, or enlarged posteriorly. Girdle anterior, both ends

Fra. 12. Gymaiodinium pseudonoctiluca Pouchet.

a. 200 long, Brittany coast. After Pouchet, 1883.
b. 200u long, Gulf of Lions. After Pavillard. _ -

turning posteriorly and meeting; furrow narrow and shallow. Sulcus,
from girdle to apex. Nucleus large, nearly central, surrounded by a
greenish mass composed of small bodies which radiate.out into the proto-
plasm. - These are said by Kofoid and Swezy, and also by Pavillard, not
to be chromatophores.  Pouchet calls them leucites and describes them
as fusiform and of a greenish colour; this description was thought by
the present writer to indicate chromatophores as Pouchet’s figures show
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much the same’ arrangement as was found in the Plymouth species
attributed to G. pseudonoctiluca and now called Lebourii. A large tentacle
- may be protruded from the sulcal region. This is noticed again by
Pavillard (1921) from the Gulf of Lions, who says these are not chromato-
phores but small uncoloured plastids. He describes the method of feeding
~on dinoflagellates (a truly holozoic nutrition), but apparently the tentacle
is not used and remains of unknown function. He remarks that Proto-
ceratium reticulatum is its usual food, but it also eats Diplopelia bomba
~and Peridinium divergens, both dinoflagellates of a large size. It divides
longitudinally when its epicone disappears, whilst the hypocone greatly
’ enlarges, becomes-heart-shaped, and divides. Length 110-200pu.
~ Brittany coast, Gulf of Lions, Faroes. C

Gymnodinium pyrocystis Jorgensen (1912).
Kofoid and Swezy, 1921, p. 246. '

Described by Jorgensen without a figure. Large species, with stout
body. Epicone small, sub-conical, with apex blunt or truncate. Hypo-
cone large, broadly rounded, often broader and thicker at the posterior
end, truncate or notched with broadly round lobes. Girdle far anterior
on dorsal side, both ends curving posterlorly ventrally. Sulcus extends’
from the region of the girdle to the antapex or passes around towards the
dorsal side. - Nucleus central. Cytoplasm contains an irregular central
mass from which strands pass outward to the periphery, where they join ;
filled with numerous spherules of varying size. Length 50-200.

North Sea, west coast of Norway. :

- Gymnodinium minutum nom:. nov.

' Plate V, figure 4.
AWVpkzdmmm rotundatum Lohmann, 1908.
' ) s VVquf 1916. ] i -
» e Paulsen, 1908; Nordisches Plankton,
- pp. 95-96.
» » Kofoid and Swezy, 1921, p. 150

This minute species has hitherto been described as an Amphidinium.
At first sight its form is similar, but its outer pellicle is hardly apparent
at all, and, what is more important, the longitudinal flagellum is carried
trailing behind the shorter portion of the body, which must be regarded
as the hypocone. I have therefore transferred it to the present genus,
and propose for it the name of Gymnodinium minutum. '

- Body somewhat top-shaped. Epicone conical, nearly twice as long as
the hypocone, which is broadly rounded and very short. Girdle broad,
hardly displaced ; transverse flagellum very long and much more apparent
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than the Iongltudmal ﬂagellum, Whlch is nearly twice. as long as the.
“body. Sulcus very. inconspicuous. Yellow-green leaf-like chromato-
phores ‘Nucleus posterior or central. -Length 12-14p. : '
o Kiel,: Whlte Sea,: Yealm estuary near Plymouth Abundant where it
oceurs. :
Gymuodlmum arctlcum Walft (1916)

Text-figure ]3a

Minute species. Glrdle equatorial, eploone comcal hypocone rounded
Suleus not determined and only dorsal views given.  Small bright yellow
chromatophores and. refra,ctlve bodies scattered throughout the cell:
Length 20-25u. :

- Barents Sea.

Fia, 13. S

Gymmnodinium arcticum Wulff, ’
, 25u long, Barents Sea. After Wulff, iog16.
b, Gymnodiniwm pellucidum Wulff.

25u long, Barents Sea. After Wulft, 1916. -,
Qymnodinium Wilczeki Pouchet. -

80u long, Arctic Ocean, near Spitzbergen. After Pouchet, 1884,
Gymnodmmm gracile Bergh. : :

90 long, Cattegat. After Bergh, 1881.

8

&

&

Grymnodlmum pellucidum Wulff ( 1916)
Text-figure 13b.

Minute species. Ovate, pointed at both ends Wlth shghtly rounded
eplcone Girdle dJQplaced about two widths. Sulcus running up the
epicone nearly to the apex and reaching postetiorly nearly to the antapex.
No chromatophores, pellucld Length 25—30,u ~

Barents Sea.
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2 'WrtH STRIATED. THIN. PELLICLE .

~ Gymnodinium rhomboides Schiitt (1895). -
4 Plate VI, figures la-le. *

Paulsen, 1908 ; Nordisches Plankton, pp. 97-99. ,

Kofoid and Swezy, 1921, pp. 249 and 250. ,
. Body symmetrically biconical, widest in the middle. Epicone and
hypocone both conical, with rounded apices. Hypocone rather longer
than epicone. Girdle deeply impressed displaced twice its own width
‘or rather less. Sulcus runs up the epicone for a little more than half its
?Iength and extends nearly to the antapex. Anterior pore at the anterior
unction of girdle and sulcus, posterior pore near the posterior end of the
cus. Nucleus central or anterior. Cytoplasm colourless, with minute
pherules or sometimes food masses. Surface ribbed on both epicone and
ypocone, giving the girdle a scolloped. appearance ; fewer ribs on hypo-
igone. Length 30-46x. Sometimes individuals are seen in thin oval cysts
zz;much laxger than the cell itself.
é Bay of Naples, Atlantic, Skaggerak, Plymouth Sound. Usually from
gnear the shore and often very abundant in spring and summer.

Gymnodmmm heterostriatum Kofoid and Swezy (1921).
Plate V1, figure 2.
Kofoid-Swezy, 1921, p. 221.
- A medium-sized species with symmetrical ellipsoidal body, its length
1-5 transdiameters ; the apex and antapex may be broadly rounded or
broadly pointed. Nearly circular in cross-section. Epicone and hypo-
f,one sub-equal typlcally, but in some of Dogiel’s figures and in most of
ithe Plymouth specimens the eplcone is shorter than the hypocone. (As
fhe other characters agree, it is thought best to keep the two forms

lcus narrow, extending from apex to a,ntapex, fading away near the
tapex. Anterior pore at the anterior junction of girdle and sulcus,
sterior pore a short distance behind the posterior junction. Nucleus
bmterior. A small sac-like pusule is described by Kofoid and Swezy.
[ urface covered with longitudinal striae, fewer on the epicone than on
the hypocone ;. between the striae the ends of a peripheral layer of
idlets may be seen. Kofoid and Swezy give the colour as generally a
iale chalcedony yellow and plnklsh cinnamon diffused through the
f_-oplasm The Plymouth specimens were all colourless with much
mains of food. Length 40-85u from La Jolla, the smaller measure-
fient from Plymouth. Often in hyaline cysts.
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~ Bay of Naples, Plymouth Sound, La Jolla, California. Common, often
close inshore. , o »

In the anthor’s paper (1917) the figures C and E of G. rhomboides
represent this species. The true G. rhomboides must be closely related.

Gymnodinium hyalinum n.sp. : :
Plate VI, figures 3 and 4. :

Medium sized, ovate. Length about 175 transdiametets. Epicone
about half the length of hypocone, conical. Hypocone pointed or rounded.
Girdle hardly displaced, impressed. Sulcus running up to the apex and
sometimes just over it so as to notch it slightly, turning to-the left, and
reaching néarly to the antapex. Anterior flagellar pore ab junction of .-
suleus and girdle; posterior pore half-way down hypocone. Nucleus sub-
central. Surface striated, about 10 striae ventrally. Colourless and
hyaline. Length 39u. o - ' '

English Channel, off Polperro and Plymouth Sound.

Some specimens occurred with the sulcus widening posteriorly, slightly
notching the antapex, and these had a broad square hypocone. Pre-
sumably, however, they belong to the same species (fig. 3). -

Gymnodinium achromaticum Lebour (1917). ‘
‘ \ Plate VI, figure 5.
Kofoid and Swezy, 1921, p. 181.

A medium-sized species, body asymmetrical and broadly ellipsoidal ;
narrowing posteriorly. Epicone much shorter than hypocone, broadly
conical ; apex broadly rounded, excentric, situated ventrally and to the
left. Hypocone long with sub-parallel sides in ventral view, tapering
posteriorly in lateral view. Antapex broadly rounded and truncate,
‘notched by sulcus. Girdle premedian, displaced about twice its width ;
furrow wide, deeply excavated. Sulcus extending up the epicone for a
short distance and to the antapex, narrow. Flagella and pores not seen.
Body covered with longitudinal striae somewhat far apart. Pellucid and
colourless.  Nucleus posterior. Length 78p.

Plyinouth Sound. One specimen only, July, 1915. .

3. Wire THICKENED PELLICLE

- Gymnodinium abbreviatum Kofoid and Swezy (1921).
Plate VI, figure 6.
Kofoid and Swezy, 1921, p. 180."

A medium-sized species with elongate ovoidal body, its length pearly
twice the diameter, slightly asymmetrical, widest at the girdle. Epicone
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uch shorter than hypocone, sub-conical, rounded “at apex, which is
slightly excentric. Hypocone long, with rounded antapex, slightly asym-
metrical, notched by the sulcus, left side longer than right.  Girdle pre-
ian, displaced father more than a quarter of the transdiameter;
row fairly wide, not deeply excavated; anterior pore at anterior
netion of girdle and sulcus ; transverse flagellum not surrounding the
dy. - Sulcus from apex to antapex, the left side on the epicone notched ;
posterior flagellum at posterior Junction of sulcus and girdle. Nucleus
large, posterior. Pusules, according to Kofoid, may open into both pores,
but were not. seen by us. Surface of body mammillated and striated.
Colour bluish pink; often with pink vacuoles. Remains of food often seen
side. In the figure a Cochlodinium has been eaten. Length 84-120u.
LaJolla, California; miouth of English Channel (10 metres). Probably an
oceanic species. _ o ' ‘
Gymnodinium gracile Bergh (1881).

Text-figure 13d. -

Paulsen, 1908, p. 98. S
- Kofoid and-Swezy, 1921, p. 98.

A large species with long sub-ovoidal or ‘ellipsoidal body, its length
ghtly more than twice its breadth, circular in cross-section. Epicone
ort, dome-shaped, apex broadly rounded. Hypocone sub-cylindrical
oadly rounded at the antapex, which is sometimes notched by the
cus. - Girdle premedian, displaced about twice its width. Sulcus
gins somewhat below the apex and extends in a straight line to the
tapex, lying in a trough, narrow anteriorly and widening posteriorly.
terior pore at the anterior junction of girdle and sulcus, posterior pore
dway between the posterior junction and antapex. Nucleus sub-
an or'posterior. - Small sac-like pusules usually present opening into
th pores. Ectoplasm - differentiated, but not inté a distinct layer.
lour pale yellowish grey or pinkish, pink in Bergh’s original specimen.
loured food masses inside. Length 90-130p.
Baltic, Cattegat off the coasts of Denmark, Nova Scotia, La Jolla,
lifornia. Setets ' :
Var. eviguum Pouchet. A roundish form with girdle-and sulgus incom-
tely shown. It is doubtful whether this is a Gymnodinium. :

UNCERTAIN SPECIES

Gymnodinium Wilezeki Pouchet, (1894)
Text-figure 13c.

Paulsen, 1908, p. 108.
: Kofoid and Swezy, 1921, pp. 270-271.
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girdle ; epicone slightly larger than hypocone. Both rounded, the
hypocone notched by the sulcus. Girdle not fully shown, slightly post-
median. Sulcus extends from girdle to antapex forming a deep and wide
excavation, making the hypocone appear bilobed. Surface marked by
ridges. Green. Length 80u. : ’

Arctic Ocean near Spitzbergen. o

" The following species are not sufficiently- characterised, and are not
figured :— V ' . ,
 Gymnodinium Lohmanni Kofoid and Swezy (1921).
"Kofoid and Swezy, 1921, p. 229. o
Paulsen, 1908, pp. 99-100.

Ts not sufficiently characterised, and we do.not know with any certainty
where to place it. It is a large species with reddish vacuoles, and stout
rod-like bodies in the cytoplasm.

.Found by Lohmann at Kiel. -

Gymnodinium punctatum Pouchet (1887).
Paulsen, 1908, p. 108. S
Kofoid and Swezy, 1921, p. 244.

A minute form not sufficiently characterised. Possibly a swarm-spore,
as Paulsen suggests. :

Gymnodinium tintinnicula Lohmann (1908).

Kofoid and Swezy, 1921, p. 261. o -

Found by Lohmann at Kiel emerging from a Tintinnid.
Probably a swarm-spore. Not sufficiently defined.

Gymnodinium triangularis Lebour (1917).
Kofoid and Swezy, 1921, p. 263. : ‘

A triangular species supposed by Kofoid and Swezy to be malformed.
Not sufficiently defined. ‘ : : ‘
Plymouth. , :
: ~ Gymnodinium vestifici Schiitt (1895).
Paulsen, 1908, p. 97.
Kofoid and Swezy, 1921, p. 266.

This species is not sufficiently defined, but bears so strong a‘resemblance
to Gyrodinium glaucum if turned upside down that one does not feel
justified in regarding it as a Giymnodinium until the flagella have been
described. : ’ : o -
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Genus Gyrodinium Kofoid and Swezy (1921).
*“Spirodinium Paulsen, 1908 ; Nordisches Plankton.

~ Gymnodiniidae with girdle a descending left spiral displaced more
than one-fifth of the total length.of the body. Sulcus longitudinal or
twisted, with a torsion of less than half a transdiameter in the region
between the girdle ends (intercingular area) ; extending from apex to
antapex, rarely curving round on the antapex beyond its posterior
junction with the girdle, forming an antapical loop. Nucleus usually
near the centre. Pusules may be present. No nematocysts. Surface
striate or smooth ; chromatophores rarely present. Nutrition often .
holozoic. Encystment in a. thin-walled membrane frequent. Length
23-155u. f B ]

‘Marine and freshwater, littoral and oceanic. Arctic, temperate and
tropical seas. .

. Kofoid and Swezy recognise two sub-genera, (1) without striations,
Laevigella, and (2) with striations, Gyrodinium proper. These are kept
here as two groups, with and without striations.

- Species :—1. Without striations.

- Gyrodinium falcatum Kofoid and Swezy, G. lingulifera n.sp., G. calypto-
fyphe nisp., G prunu$ (Wulfl), G. glaucum (Lebour), G. Lebourae
. Herdman. : o '
2. With striations. »
- G. fissum (Levander), G. bepo (Schiitt), @. britannia Kofoid and Swezy,

spirale (Bergh), G. opimum: (Schiitt), G. obtusum (Schiitt), G. pingue
Schiitt), . Fassum (Pouchet), G. cochlea n.sp., G. cuneatum Kofoid and
wezy, G. lachryma (Meunier), G. grave (Meunier).

Uncertain species.

.

- concentricum (Lebour), G. cornutum (Pouchet), G. Jucorum (Kiister),
usiforme Kofoid and Swezy, G longum (Lohmann), @. ovatum (Gourret)

1. WITHOUT STRIATIONS

Gyrodinium faleatum Kofoid and Swezy (1921).
' Plate VII, figure 1.
“Kofoid and Swezy, 1921, p. 299.
‘:Gymnod’émuﬁm Jusus Schiitt, 1895, PL. 25, fig. 81.
. large species with irregular spindle-shaped body, convex dorsally,
ly straight ventrally, its dorso-ventral and transdiameters sub-equal.

gth ca. 2 transdiameters at the widest part or rather more. Epicone
htly larger than the hypocone ; apex and antapex ending in a rounded .




52 DINOFLAGELLATA

point; Sligh“oly asymmetrical. Girdle ‘sdbrmedian, displaced ca. 0-4
transdiameters or more ; furrow deeply impressed. Sulcus running &
short way up the epicone and down the hypocone. Flagetla and pores

not seen. * Plasma full of stout rod-like yellow ochre chromatophores, .- . ’

closely crowded together. Nucleus central. Length 84-121p. Plymouth
- specimen smallest. Schiitt figured it in a cyst the same shape as the cell.
" The Plymouth specimen was without a cyst. : '
Schiitt’s species ‘were obtained cither from the Atlantic or Bay of
Naples ; English Channel from between the Eddystone Lighthouse and
the Breakwater, Plymouth (7.12.21). R o

‘Gyrodinium lingulifera n.sp. = -
, - Plate VII, figure 2.

A small'species which seems to be allied to G- capsulatum Kofoid and
Swezy, but quite colourless and smaller. - Body rotund, length about
equal to the breadth. Apices rounded, the apex rather less broad than -
the antapex. Epicone and hypocone sub-equal. Girdle sub-median, dis- .
placed % of the transdiameter ; the right end extended in a tongue-like
process which slightly overlaps the suleus, both epicone and hypocene
helping to form the tongue. Sulcus not extending on to epicone, Narrow
at first, broadening behind into a wide furrow. Pores and flagella not
seen. Colourless without striae. Nucleus oval, posterior. Food massin
the centre of the body. Length 39u. ’
* Qutside Plymouth Sound in open water.

Gyrodinium calyptoglyphe n.sp. -
Plate VII, figures 3a and 3b.

Small, pellucid, colourless species, irregularly ovate ; girdle making .
- about 1:25 turns, deeply impressed, wide, displaced about two girdle -
widths. Sulcus running over the apex as a very thin groove, joining the
girdle and the right margin, then overlapping at first in one small tongue- -
like process at _the junction of sulcus and girdle, then in a large bilobed
process in the intercingular area, and below the posterior end of the
girdle i§ another tongue-like process. Thus the sulcus is hidden for most
of its length, and finally ends in a broad antapical noteh. Nucleus
posterior. Plasma colourless, with refractive bodies and food Temains.
Flagella pores and flagella not seen. Length 28-30pu.
Plymouth Sound, fairly common in sumimer.

Gyrodinium prunus Wulff (1916).
o Text-figure 14a. - ,
The shape of a plum. Epicone smaller than hypocone, both-rounded,
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. the hypocone more pomted Girdle 1mpressed rather narrow, dlsplaced
" ca. § transdiameters.” Sulcus straight, running a little way up the epicorié
- and terminating near the antapex. . Nucleus anterior. Cytoplasm smooth,
several vacuoles and numerous refractive bodies. Many yellow—brown
ehromato_phores Length 40-50. :

Barents Sea.

- a.. Gyrodinium prum},s Wulft.
: (2) 40p long, Barents Sea. After Wulff 1916.

b Qyrodiwiuin. fissum {(Levander). .
(?) 30y long, Finnish coast.” From Pa.ulsen 1908. After Levander,

o Gyrodinium cuneatum Kofoid and Swezy.
90u long, coast of Brittany. From Kofoid a,nd Swezy, 1921 after
Pouchet. .

d.. Gyrodinium grawe (Meunier). -
57u long, Nova Zembla. After Meunier, 1910

e.  Qyrodinsum lachryma (Metnier).
105 long, Kara Sea.  After Meunier, 1910,

f.  GQyrodingum Lebowrae C. Herdman; ;
ca. 15‘u, long, sand at Port Erin, Isle of Man. After C. Herdman, 1924.

Gryrodlmum Lebourae C. Herdman (1924)
Text-figure 14f. -

A small and very active form. Body e]llpsmdal hardly flattened dorso-
ventrally. Girdle s descending left spiral, its ends displaced about one-
third of the total body length. Sulcus extending to the antapex. A small
red body lies near the posterior end of the girdle. Length ca. 15}“
' Sand at. Port El‘lll Isle of Man. (C. Herdman)
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2. WITH StRIATIONS . - Y

. Gyrodinium fissum (Levander) (1894)
Text-figure 14b.

Paulsen, 1908 ; Nordisches Plankton, pp. 101-102.
Kofoid and Swezy, 1921, pp. 300-301.

Body sub-ovoidal, its length nearly two tfansdlameters at the gu‘dle
* Nearly circular in transverse section, rounded at apex and antapex, the
latter cleft by the sulcus. Epicone longer than hypocone Girdle dis-
placed about 0-3 transdiameters, furrow narrow and deeply impressed.
Sulcus begins near the right side of the apex and extends to the antapex.
Anterior flagella pore at the anterior junction of girdle and sulcus, posterior
- pore about one girdle width below. Nucleus near the céntre, sometimes
- anterior. Small pusule opens into each pore, but may be absent. Plasma
coarsely gra,nula,r with a few long greenish rodlets radially arranged.
Peripheral zone with a layer of much smaller rodlets. Surface striate -
longitudinally. - Colour pale green ; a tinge of coral occurs rarely in the
epicone. Length 30-57pu.
La Jolla, Qalifornia ; Brlttany coast, Gulf-of leand Aral Sea.

Gyrodinium glaucum (Lebour) (1917).
Plate VII, figure 4. Text-figure 15.

~ Kofoid and Swezy,"1921, pp. 308-309.
. Spirodinium glaucum Lebour, 1917,

" Body broadly spindle-shaped, tapering at both ends. Length about
2-5 transdiameters. Nearly circular in cross-section. Widest about the
centre, girdle very far back. Epicone occupying most of the body. Apex
* pointed, sometimes slightly twisted. Hypocone short, pointed. Antapex
excentric, notched by sulcus. Girdle very broad, deeply impressed, dis-
placed about three to four girdle widths. Sulcus running a short way up. .
~ the apex, widening into a wedge-shaped furrow posteriorly.- (This does not

agree with Kofotd and Swezy, who describe it as narrow near the antapex.)

Anterior pore at the anterior junction of sulcus and girdle, posterior pore

at the posterior junction. Transverse flagellum runs right round the

body. Longitudinal flagellum much longer than the body. Nucleus
' posterior to the centre, usually anterior to the girdle. Plasma clear and
colourless, with a few greenish rodlets extending from the apex nearly
to the girdle and sometimes in the hypocone. Usually a large bright
. yellow oval body in the extreme anterior end : this i is probably some
“product of food formation; and not merely ingested food. Longitudinal
striae indistinct. Length 40-56u. Division in the free state frequently



'GENUS GYRODINIUM, 55

seen (text-figure 15). Kofoid and Swezy’s solitary specimen referred to
this species differs in colour, in the suleus being narrow posteriorly and
the nucleus anterior, oceupying the exact position of the yellow oval body
inthe Plymouth form. Itis possibly a different but closely related species,
the girdle being unusually far back in both.

Plymouth Sound and outside—one of the commonest species ; La Jolla,
California (%). ‘ '

-

Fra. 15. - Gyrodinium glaucum (Lebour), 1917,
Dividing ;- Plymouth Sound.

Gyrodinium bepo (Schiitt) (1895).
Plate VII, figure 5.
Kofoid and Swezy, 1921, pp. 326-327.
Gymmodinium spirale var. bepo (Schiitt), 1895.

Body flask-shaped with curved apex ; length about 1% transdiameters,
greatest width at the middle of the hypocone. Wide roundly pointed
epicone. Girdle displaced about 0-5 transdiameters. Sulcus straight
from apex (or near it) to antapex. Anterior flagellar pore at junction of
girdle and sulcus, posterior pore slightly below. Nucleus anterior.

- Plasma colourless, in Schiitt’s specimens filled with large vacuoles.

Length 56-84p. o ‘ -



56 R DINOFLAGELLATA

Atlantic or Bay of Naples (?) (Schiitt), Plymouthv-Sdund, not Véry
common. : : ’
.. Gyrodinium brlta.nnia Kofoid and Swezy (1921).

Plate VII, figure 6.

of01d and Swezy, 1921 p- 287.
Sprrodinaum sp'omle var. acuta Lebour, 1917.

This species was given spemﬁc rank by Kofoid and Swezy, mainly on
account of its colour; it is, however, sometimes colourless. Having
found further specimens and on making further careful examinations,
the conclusion is that it is-truly a separate species. -Cell large with long
spindle-shaped body, its length about 33 transdiameters, widest in the
middle. Hypocone longer than epicone. Eplcone sub-conical, with
slightly convex sides and blunt apex. Hypoconé more slender with a
more. pointed antapex. Girdle beginning far anteriorly, is displaced
nearly 1-5 transdiameters ; furrow wide and deeply impressed. Sulcus
from apex to antapex; shghtly twisted. Nucleus nearly central. Pellicle
with longitudinal striae, about 15 on the ventral face; brilliant carmine
granules in bead-like threads followed these striae, congregating chiefly
at the apex and antapex and in the neighbourhood of the girdle. Length
© 140-168p.

Plymouth Sound and outside.

This species- differs from G. spirale in its larger size; less glrdle dis-
placement, the girdle also begmmng nearer the anterior end ; less twist
of the sulcus and blunter apices. The red colour is also characteristic
and not found in G. spirale.

Gyrodinium spirale (Bergh) (1881).
Plate VIII, figure 1.
Kofoid and Swezy, 1921, pp. 232-233.
Gymmodinium spirale Bergh, 1881.

Sperodinium nasutum Wulff, 1916. .
Spirodinium mazimum Wulff, 1916,

This is the most widely distributed species and the type of the genus. -
Cell variable, spindle-shaped, with spiral sulcus ; length of body 2-5 trans--
diameters ; mnearly circular in section; widest posteriorly. Dorsal side
convex, ventral sub-concave, the whole body slightly asymmetrical.
Epicone rather larger than hypocone, conical, convex on left and dorsally,
concave on right and ventrally. Apex blunt. Sides of hypocone sub-
parallel anteriorly, rounded posteriorly, deeply notched on the left side
of the antapex by the sulcus. Girdle a steep descending spiral, displaced.
nearly two transdiameters ; furrow deeply impressed. Sulcus from apex
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- to antapex with a torsion of nearly 0-2 transdiameters, narrow antenorly,
~'widening- somewhat, posteriorly. Anterior flagellar pore at the anterior
. junction of girdle and suleus, posterior pore about one girdle width below.
:Nucleus antero- central. Small sac-like pusules which may be united open
L into the pores, or Inay be absent. Plasma finely granular, clear and

'~ transparent in the Plymouth specimens. Kofoid and Swezy describe it
“as pale glaucous green to ivory yellow. About 15 surface striae across

_ the ventral face. Length 40-1504. (Plymouth specimens 40-98.)

: World wide. La Jolla, California; Australia, Indian Ocean, Adriatic,
Mediterranean, Baltic, Norway ; Port Erm, Isle of Man; Plymouth
~Sound and outSIde

Gyrodininm opimum (Schiitt) (1895).
Plate VIII, figure 2.

Gymdmmm contortum Kofoid and Swezy, 1921 (in part), p. 291.
- Gymmodunium: opimum Schiitt, 1895 (fig. 686).

A species very. like Schiitt’s figure of G. opimum occurs in Plymouth
Sound, but smaller. These are, however, not at all like G. contortum with
which Kofoid and Swezy have joined the above species of Schiitt. I have’
herefore separated them again. Cell asymmetrically ovoid, curving at
“the apex to the lef with a bluntly conical epicone. Girdle forming a
- ‘spiral displaced about three-quarters of the transdiameter ; furrow wide,
deeply impressed. Sulcus strongly deflected to the left, havmg a twist
of about 0-5 transdiameters, running from apex to antapex in a thin line
ot widening postenorly Nucleus central. No rodlets perceptible in the
plasma, which is colourless and transparent. One pusule usually present
ening into the posterior pore at the posterlor junction of girdle and.
lcus. Length 50p from Plymouth, 111y in Schiitt’s specimens.
~Atlantic or Bay of Naples (?) (Schiitt), Plymouth Sound. Not very
“common. _ .
" Gyrodinium obtusum (Schiitt) (1895).

"Plate VIII, figure 3. -

. Kofoid and Swezy, 1921, pp. 319-320.
Gymmodinium spirale var. obtusa Schiitt, 1895.

Cell symmetrically ellipsoidal with broad rounded apices, widest in the
middle, its length 175 transdiameters. - Cross-section nearly circular.
Epicone usually less broad than hypocone and smaller. .- Girdle forms a
teep descending spiral displaced about one transdiameter ; furrow rather
broad, deeply impressed. Sulcus from apex to antapex in a nearly straight
narrow line, widening at the apex. Anterior flagellar pore at anterior
unction of girdle and sulcus, posterior pore about one width of the girdle
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~ below the posterior junction. Nucleus central or postero—central - Sac- -
like pusules opening into each pore may be connected or may be absent.
Surface striae broken or complete. A peripheral zone of short redlets
sometimes present. Colour amber -yellow. Length 50—70,u Plymouth -
specimens the smallest. : ’
La Jolla, California ; Bay of Naples or Atlantlc (%) (Schutt), Plymouth
Sound.
Gyrodinium' pingue (Sc_hutt) (1895).-
7 Plate VIII, figure 4.
Kofoid and Swezy, 1921, p. 327.

Gymmnodinium spwale var. pingwis Schiitt, 1895

(%) Spirodinium varians Wulff; 1916.

(%) 8. Schitts Wulff, 1916.

Body elongated ovoidal, circular in cross-section, rounded or roundly
pointed posteriorly and anteriorly ; length nearly two. transdiameters.
Girdle displaced 0-74 transdiameters ; furrow deeply impressed. Sulcus
from near the apex to the antapex in a slightly sinuous line, rather :
shallow, fading out near the antapex. Nucleus anterior or neafly central.
Sac-like pusule may be present opening into one pore, or one at each
pore. Plasma often dense with many inclusions ; “peripheral layer of .
rodlets sometimes present. Surface striae close together or far apart.
Length 45-60p. ‘

La Jolla, California ; Barents Sea, Bay of Naples or Atlantic (2)
(Schiitt), Plymouth Sound.

Gyrodinium crassum (Pouchet) (1885a).
Plate VIIL, figure 5.
Kofoid and Swezy, 1921, pp. 294-295.

Spirodinium crassum Paulsen, 1908; Nordisches Plankton, Pp- 102—
103.

Cell large, with long ellipsoidal body, its length 2-b4 transdlameters
apices irregularly rounded, the.epicone more. pointed, the hypocone
bluntly rounded and slightly notched by the sulcus. Girdle displaced
0-92 transdiameters, or rather less ; furrow narrow, Suleus runs a short
way up the epicone and continues as an almost straight line to the
antapex as & narrow groove. Pores not seen. Longitudinal flagellum not
quite so long as the body. Surface striae inconspicuous, wide apart.
Plasma filled with large round bodies. Colour a diffuse brown concen-

. trated in masses at the apex and in the glrdle reglon Length 75-200p.
Plymouth specimens small.

Arctic Ocean near Spitzbergen, Medlterranean, coast of Bnttany,,

Plymouth Sound. . :
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Gyrodinium cochlea n.sp.
Plate VIII, figure 6.

Allied to G. spirale but with a twisted sulcus invading the apex and
forming an apical loop. Cell long, oval with broad flat epicone and
pointed hypocone. Girdle beginning very far forward making about
1-25 turns, displaced one transdiameter. Sulcus beginning on the left of
the epicone behind the apex, twisting round and making about 0-75 turns
before joining the girdle, then sweeping round for about 0:25 turns-and
running down beyond its posterior junction with the girdle in a straight
line. "Anterior flagellar pore hidden by the right sulcal margin, but.
apparently at the anterior junction of girdle and sulcus ; posterior pore
at the posterior junction. Plasma hyaline and colourless, surface striae
fo]lowmg the line of twist of the sulcus. Colourless rods and masses of
fat inside the cell. Nucleus behind the centre. Length 55.

‘Plymouth Sound. Fairly frequent in summer.

Gryrodlmum cuneatum Kofoid and Swezy (1921)
Text-figure 14c.

Kofoid and Swezy, 1921, p. 297.
‘Gymmodanium gracile Pouchet, 1885.

A large species with sub-ovate or wedge-shaped body ; length 1-72
transdiameters, widest at the girdle. Hypecone nearly twice the length
of the epicone. Epicone a broad low cone with the apex slightly notched,
and drawn out on the right into a long slender point. - Hypocone rounded
posteriorly. Girdle premedian for most of its length, displaced about
0-6 transdiameters ; furrow deeply ifnpressed. Sulcus probably running
from the apical notch to the hind end, where it becomes an obscure
‘trough. Longitudinal flagellum arises a short distance behind the pos-
terior junction of girdle and sulcus. Epicone striated. Nucleus post-
‘central. Central part of plasma full of yellow-orange granules ; general
colour a transparent rose. Length 90-1004. ‘

Coast of Brittany.

Gyrodinium grave (Meunier) (1910).
_ ‘ Text-figure 14d.
Kofoid and Swezy, 1921, pp. 309-310.
Spirodinium grave (Meunier) 1910. ‘
Cell stout, ellipsoidal ; 1ength about 1-30 transdiameters ; epicone and

%’-hy'pocone sub-equal, epicone sub-hemispherical, hypocone broadly
“rounded. Girdle displaced about 06 transdiameters, forming a descend-
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ing spiral, w1de deeply impressed. Sulcus as ﬁgured runs between the

- girdle ends, but is probably longer. Flagella not figured. Nucleus -

-central. Surface covered with 1ong1tud1nal striations, about 30 on the

ventral face. Length 57u. -
Arctlc Ocean, near Nova Zembla!

The next species is not well defined :—

” Gyrodinium lachryma (Meunier) (1910).
Textfigure 14e. '
Kofoid and Swezy, 1921 p- 314.
Spwodmmm lachryma, Meunier, 1910.

-Cell ovoid; broadly rounded posteriorly, gradually tapering to a point
anteriorly ; length 2-83 transdiameters. = Girdle forms a spiral displaced
1-4 transdiameters ; furrow narrow, shallow. No flagella figured. Sulcus
from anterior end of girdle to antapex. Nucleus central. Peripheral zone
of plasma filled with small rodlets. = Colour unknown. No stmatlons \
Length 105u. - ‘ '

Arctic, Kara Sea, Nova Zembla. .

The f(‘)llowing;are‘ not properly known and not figured here :-—

Gyrodinium concentricum (Lebour), 1917.
Kofoid and Swezy, 1921, p. 290.
- Spirodintum concentricum Lebour, 1917,

This, as Kofoid and Swezy suggest, was probably parasitised by Amoebo-
phrya (see above, pp. 8, 9). Tt is therefore no longer regarded as a va.lld :

species: ,
Gyrodinium cornutum (Pouchet) (1883). .

Kofoid and Swezy, 1921, p. 293. ‘
Not characterised sufficiently to warrant its being recognised as a

species.
Gyrodinium fucorum (Kuster) (1908).

Kofoid and Swezy, 1921, p. 305.
Not cha},macterised sufficiently.

Gyrodmlum fusiforme Kofoid and Swezy (1921).
Kofoid and Swezy, 1921, p. 307. :
Spirodinium fusus Meunier, 1910.
From the Arctic. Not characterised sufficiently.
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Gyrodinium longum (Echmann) (1908).
Kofoid and Swezy, 1921, p. 314. '
Kiél. Not: sufﬁci‘entiy characterised.

Grerdiniut;l ovatum (Gourret) (1883).
~ Kofoid and Swezy, 1921, p. 329, '

* Not sufficiently characterised.

Genus Cochlodinium Schiitt (1895).

_Gymnodiniidae, with twist of the bedy of at least.1-5 turns. Girdle
a descepding left spiral of 1-5 or more turns, widely displaced. Sulcus
with or without apical and antapical loops, and with a twist of 05 or
more turns. Nucleus usual central or posterior. Pusules usually present,
opening into the flagellar pores, often united. No nematocysts. Plasma

“colourless to highly coloured. - Usually holozoic. Pigment granules some-
times present. Surface usually smooth, rarely striated. Encystment in
thin-walled membrane frequent. Rarely a tendency to colonial forma-
tion. All known species are marine from temperate seas. The number

“of northern forms being so small, the sub-genera suggested by Kofoid
and Swezy are omitted. o :

Species :—Cochlodinium Schuetti Kofoid and Swezy, C. helicoides nom.
nov., . heliz (Pouchet), C. pups n.sp., C. venctum Kofoid and Swezy,
C. achromaticum n.sp., C. Archimedes (Pouchet), C. pulchelliom Lebour,
C. Brandts Wulff. ’

Cochlodinium Schuetti Kofoid and Swezy (1921).
b - Plate IX, figure 1. ‘

Kofoid and Swezy, 1921, p. 380. B
- Gymnodinium helix Schiitt (in part) 1895. Plate XXIV, fig. 77 (6).

Body a rounded oval; length about 1-5 transdiameters. Girdle a
descending left spiral of 1-5 turns, displaced about 0-52 transdiameters ;
furrow deep. Epicone more rounded than hypocone ; sulcus may invade

“the epicone ina curve for a short way, with twist of 0-5 turns ; deeply
constricted in the centre with a shallow sulcal netch. Pusules sometimes
present. Plasma yellow, with gréenish droplets scattered all over the
cell. Nucleus postero-central or central. Usually enclosed in a thin-
walled cyst loosely covering the cell. Length 52-T4p. - , '

Atlantic or Bay of Naples (Schiitt), La Jolla, California ; Plquuth
Sound.  Never common. ' :
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" Cochlodinium - helicoides nom. nov.
Plate IX, figure 2.

Cocklodmmm heliz Schiitt, 1895. Plate XXII, fig. 77 (5).
Kofoid and Swezy, 1922, pp. 370 and 371.

- Kofoid and Swezy have divided the Cochlodinsum heliz figured by
Schiitt into two, one of which they name Cocklodinium Schuetti, the other
retaining Pouchet’s original name of Cochlodinium heliz. There is, how-
ever, another species in the English Channel which is almost certainly the’
species described by Pouchet as Gymnodinium heliz (1887), and which -
agrees with Schiitt’s figures 77 (1-4). Schiitt’s figure ¥7 (5) agrees with
Kofoid and Swezy’s C. helixz, which also occurs in the Channel, and the
third, C. Schuetts, is also to be found there. Another name must there-
fore be given to the C. heliz of Kofoid and Swezy, and this I have called
O. helicoides. Tt differs from the original C. heliz in the coils of both
girdle and sulcus which do not extend so far; and particularly in the
absence of the outstanding posterior process, over which runs the girdle
and which is the special feature of G. heliz.” Cell sub-oval asymmetric ;
length about 1-4 transdiameters ; left side drawn out into a process which
does not project on the right, so that ne appearance of uncoiling is shown.
Girdle making 1-5 turns, dlsplaced about 0-65 transdiameters, deeply
impressed. Sulcus invades the epicone and may partly encircle the apex,
joins the girdle and below it turns about 0-6 times. Flagellar pores at
the anterior and posterior junctions of girdle and sulcus. Antapex slightly
notched. Nucleus central. Pusules sometimes present. Colour yellow ;
usually with chromatophores Sometimes.enclosed in a thin hyahne cyst.
Length 36-54p.

Atlantic or Bay of Naples ( ) (Schiitt), La Jolla, California ; Plymouth

Sound. Never commeon. ' :

Cochlodinium helix (Pouchet) (1887).
Plate IX, figures 3a~3c.

Paulsen, 1908 ; Nordisches Plankton, pp. 103-104 (in part)
Schiitt, 1895. Plate XXII, figure 77 (1-4).

Cell distinetly coiled, the outline oval, with both girdle and sulcus
much impressed. Transverse section round. Epicone round to sub-
conical. Girdle beginning far anteriorly and making two turns, the last
part running round a posterior process which is part of the hypocone and
looks like part of the coil uncurled. The girdle is displaced about one
transdiameter. Sulcus narrower than girdle, invading the epicone in a
slight curve, and ]omlng the girdle where the anterior flagellar pore is
situated, then sweeping round, making one complete turn from its anterior
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junction with the girdle, and, joining the girdle posteriorly, runs straight
. down to the antapex. Posterior flagellar pore at the posterior ]unctlon
of girdle and sulcus. Nucleus central: Colour yellow, diffuse or in
masses. Flagella rarely seen, both short. Sometimes contained in a thin-
. walled case, tight or loose. Length 32-45u.
‘Brittany coast, Atlantic or Bay of Naples (?) (Schiitt), Plymouth Sound.
Never common. :
o . Cochlodinium pupa n.sp.
Plate IX, figures 4a—4ec.

A perfectly pellucid and colourless species, allied to C. clarissimum
Kofoid and Swezy, but more barrel-shaped and with fewer sulcal turns.
- Epicone and ¢hypocone flattened. Girdle making 1-75 turns, deeply
impressed. Suleus running half-way up the epicone, joining the girdle
and then making 0-75 turns, ending in a posterior depression shghtly
notching the antapex. Nucleus posterior. Flagella and pores not seen.
Refractive colourless bodies in plasma. Length 39u.

Outside Plymouth Sound, one specimen only, July.

Cochlodinium vinetum Kofoid and Swezy (1921).
Plate IX, figures Ha-bb. '
Kofoid and Swezy, 1921, p. 384.

Body a roundish oval, irregular, arched dorsally. Length 1-4 trans-
" diameters. Girdle a descending spiral of 1-5-1-65 turns, displaced about
0-6 of the total length, deeply impressed. Sulcus invading the epicone
in an aplcal loop which may completely encircle the apex or merely form
a curve, joining the girdle and curving round the body makmg 0-6-0-6
turns, meeting the girdle again and turning posteriorly in a widening .
~ trough which sometimes slightly notches the apex.  Anterior flagellar
pore at the anterior junction of girdle and sulcus; posterior pore at pos-
terior junction. Clear and colourless or pale bluish ; Plymouth specimens
colourless. Small refractive bodies scattered in plasma. Often large food
inclusions, probably dinoﬂagellatés Pusules may be present. Length
42-75u, smallest from Plymouth. - ’

La Jolla, California ; outside Plymouth Sound, fairly frequent, singly,
in summer. S

* Cochlodinium achromaticum n.sp.
Plate IX, figure 6.

This specles is closely related to Kofoid and Swezy’s two species,
C. clarissimum and C. faures, but it is smaller, with smaller anterior
sulcal loop than C. clartsstmum, whilst the sulcus below the loop curves
much more to the rlght than in C. faurei, so that a tongue-like process
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: hangs over the'sulcus to the rlght below the junction of sulcus and glrdle
Cell roundish oval ; length about 14 transdiameters. Girdle a descend-
ing spiral of two turns, displaced about 0-8. transdiameters, deeply ir-

~pressed. Wide anterior flagellar pore at junction of girdle and sulcus,
posterior pore at the posterlor junction. - Sulcus begins at the apex,
making half a turn before joining the girdle, then making one complete

. turn notching the antapex. About half the width of the girdle, impressed.
Nucleus posterior. No pusulesseen ; flagella short. Food masses present.
Plasma hyaline and colourless, with refractive globules 1rregularly
scattered. Length 43pu.

Outside Plymouth Sound. - Rare. May.

Cochlodinium Archimedes (Pouchet) (1883).
Text-figure 16a.

Paulsen, 1908 ; Nordisches Plankton, p. 103.
Kofoid and Swezy, 1921, p. 351.

Body ellipsoidal, asymmetrical ; length 9- 05 transdiameters. - Girdle
a descending spiral of 2-5 turns, deeply impressed. Sulcus followmg the
course of the girdle for 1-5 turns, shallow, Nucleus anterlor Near the

Fic. 16.

“a. Cochlodinium Archimedes (Pouchet). '
75 long, Brittany coast After Pouchet, 1883 ; emended by Kofoid
and Swezy. . . . :
b.  Torodinium teredo (Pouchet).
?) lOOy, long. From Kofoid and Swezy, after Schiitt.
¢.  Nematocyst of Polykmkos ‘Schwarzi..
19u long, Plymouth Sound.
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centre of the body is a sphere formed by short rodlets, radially arranged.

Anteriorly is a large red pigment mass, possibly food remains. Length 75p.
Brlttany coast.

Gochlodmlum pulchellum Lebour (1917 )
" Plate IX figure 7.

Kofoid and Swezy, 1921, p. 376.

Thls species, which was incorrectly drawn in the first descrlptlon, is
accurately described by ‘Kofoid and Swezy. Body asymmetrically
spindle-shaped, deeply constricted by girdle and sulcus; length nearly
3 transdiameters. Girdle making just over-3 turns, displaced 0-76 of
the total length. Sulcus running up the epicone for a short: distance,
‘making 2-5 turns below its junction with the girdle. Fla,gella, not seen.
Nucleus posterior. ~Colourless in the Plymouth- specimens, clear and
h’yaline, pale green or blue according to Kofoid and Swezy. Enclosed
in a loose thin structureless cyst. Length 35-50u. ,

English Channel, Plymouth La Jolla, California. Very rare.

Cochlodinium Brandti Wulff (1916). -
Plate IX, figure 8.

C’ochlodmwm ‘augustum Kofoid and Swezy, 1921, p. 354.

This species was discovered by Wulff in.the Barents Sea. It is so
similar to . augustum that thereseems little doubt that they are identical.
One specimen was found at Plymouth which is smaller than either the
Barents Sea form or those from California. Wulff gives two figures
measuring 98y and 67u respectively, so there is a wide range in size.
Body spindle shaped with rounded ends; length rather more than
twice the breadth. Girdle making 4 turns or just over 4, displaced
about 0-75 of the total length, deeply 1mpressed anterior flagella pore
at the anterior junction of sulcus and glrdle Sulcus running a short way
up the epicone, making 3 turns or just over 3, deeply impressed, but
much narrower than the girdle. Posterior flagellar pore at the posterior
" junction of sulcus and girdle. Flagella short. ,Club-shaped pusule
_opening into each pore. Nucleus central or posterior. Clear hyaline,
colourless in the Plymouth specimen ; in the Californian form a mixture

of grey, blue, green or pink. Length 56-108y ; smallest from Plymouth.

La Jolla, California ; Barents Sea ; outsidé Plymouth.

Genus Torodinium Kofoid and Swezy (1921).

~Body elongate; Epiconé several times the length of the hypocone.
Hypocone conical, (irdle forming a descending left spiral, slightly dis-
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placed. Sulcus with a very long apical loop with a twist of ‘about 05
turns' ‘posteriorly, - straight anteriorly ; running most of the length
of the body, mnearly to the apex. Nucleus very long. Linear,
longitudinal yellow masses (chromatophores or rod-like bodies known
s rthabdosomes) on the left side and usually massed in a star near )
the apex: . ‘ , . S

Species :—Torodinsum robustum Kofoid and Swezy, T teredo (Pouchet). .

Torodinium robustum Kofoid and Swezy (1921).
N " Plate X, figure 1.
Kofoid and Swezy, 1921, p. 391. ]
Gymmnodinium teredo Paulsen, 1908 ; Nordisches Plankton, p. 97
' (in part). , ‘
Elongated shaped body: length of body 2-8-3-2 transdiameters.
Epicone 0-83-0-85 of the total length. - Hypocone minute. Girdle a
descending left spiral, displaced about twice the width of its furrow,
deeply impressed. Suleus runs almost from apex to antapex, with a
twist of about 0-4 turns; it twists at the apex for about. 0-75. turns,
running dorsally, and finally joining the girdle ventrally on the right side..
Nucleus very long. Long pusule opening into the anterior flagellar pore:
On the left are four rows of yellow bodies, sometimes continuous, some- -
times separate, their function not known. Anteriorly is a yellow star of
these same bodies radiating from a centre. Large bodies, probably- -
_ remains of food, are found inside, and nutrition is probably holozoic.
Length 36-75u. ) ‘ : , ‘
La Jolla, California; Atlantic or Bay of Naples (?) (Schiitt), Plymouth
Sound. Common. : ' ‘ S
Torodinium teredo (Pouchet) (1885).

. Text-figure 16b.
Kofoid and Swezy, 1921, p. 393. .

~ Gymmodinium teredo Paulsen, 1908 ; qudiéches Plankton, pp.;97—98
' (in part).

' Body very elongate; length 4-3-5 transdiameters. Epicone forms
© 0-88-0-91 of the total length. Girdle forms a descending left spiral with-"
out overlap, displaced less than 1-5 furrow’s width. Sulcus with twist
of 0-5 turns near the girdle and runs up straight nearly to the apex:
without & loop. Length 100-113x. o

Atlantic, Pacific and Indian Oceans,. Mediterranean, Brittany
coast. : : ’ ' ‘ o

The specimens formerly recorded from Plymouth (1917) were probably

ol T waharctorm
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Famﬂy POLYKRIKIDAE Kofoid and Swezy (emended)

Gymnodmloldae with a permanent colonial organisation, 2, 4 or 8
individuals (zooids) in chains, each having a Gymnodinium type of
structure. Girdle & descending left spiral of one turn. Sulcus extending
from apex to antapex. Plasma coloured or colourless, without pigment.
Nematocysts present or absent. Marine, neritic, from warm and tem-
- perate watbers. ‘

Genus Polykrikos Biitschli (1873).

With the characters of the family. Number of nuclei usually less than
that of the zooids, generally in a ratio of 1 to 2, sometimes 1 to 4. Surface
of hypocone ribbed or smooth (smooth in the Northern forms). Holozoic
nutrition usual. Colour greenish to rose. P. Lebourae has probably
yellow chromatophores which apparently may be absent. Division by
~ the formation of a new girdle between those already existing, followed
by a division of the nuclei.

Widely distributed.

Species :—Polykrikos Schwarzi Butschh P. Lebourae C. Herdman

~ Polykrikos Schwarzi Biitschli (1873).
Plate X, figures 2a and 2b.. Text-figure 16c.

| Paulsen, 1908 ; Nordisches Plankton, Pp. 106 107.
‘Kofoid and Swezy, 1921, p. 400.

Colonial body composed of 2, 4 or 8 zooids, or up to 16 when dividing ;
length about 0-44 transdiameters. Diameter from side to side rather
longer than dorso-ventral. - Girdle median, only very slightly displaced.
Sulcus extending for the whole length of the body. Epicone nearly twice
as wide as the hypocone. All the flagella feebly developed. Plasma
usually pinkish, sometimes colourless, containing nematocysts, variable
in number, usually about 6 or 8 and 10~20u in length. Each nematocyst
consists of a flask-shaped body with short neck containing a pointed
dart with its point towards the neck connected at its base with
a long coiled thread. When discharging, the dart is first thrown
out, and - the thread, which is presumably hollow, follows, probably
being everted like the inturned finger of a glove (Text-figure 16c).
Four nuclei in the colony of eight zooids.” Length of chain of eight
zooids 100-140p.

La Jolla, California ; Arctic near Iceland, Skaggerak, Cattegat Norway,
Baltic, North Sea, Mediterranean, English Chiannel.

Fairly common in Plymouth Sound in summer.
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Polykrikos Lebourae C. Herdman (1924).
Plate X, figure 3.’

Polykmkos Sehwarzi C. Herdman, 1922. a o

- Colony broadly ovate, consisting of eight zooids flattened laterally with
a slight twist. Epicone and hypocone nearly equal: Body broadest in
the middle. Girdle slightly displaced, longitudinal flagella long and con-
- spicuous. Sulcus slightly notching. the antapex and reaching the centre
of the hypocone. Plasma colourless, usually with numerous yellow
chromatophores, which appear to radiate outwards from the centre. Miss
Herdman has also seen forms in which there appear only to be food
masses. - It may be that the chromatophores described here come from
ingested food, but from the appearance they seem to belong to the
organism itself. Possibly we have two methods of feeding in the:same
species. There are.no nematocysts. Nuclei two. A sand-loving species,
very much flattened laterally as an adaptation to its surroundmgs
Length 56pu.

Found on the beach at Port Erln Isle of Man, with other sand-loving
dmoﬁagellates b :

Family NOCTILUCIDAE Saville Kent.

Gymnodinioidae characterised by the presence of a tentacle, more or
less mobile ; without ocellus. The tentacle arises in the sulcal area and
extends posterlorly In Noctiluca this is obscured in the adult form, but
is apparent in the small Gymnodlmum—hke stages. The genus Pa,v:lllardlay
Kofoid and Swezy only occurs in California, and the well-known Noctiluca
is the only Northern representative of this family. It was only recently
that the dinoflagellate affinities of Noctiluca were established by Kofoid
{1919), although many. suggestions of the kind have been made ; even
now its position here is not vniversally accepted. :

N

Genus Noctiluca Surlray

Body inflated, somewhat kldney-shaped to spheroidal. Distinction
between epicone and hypocone obliterated in the adult by the loss' of
girdle resultmg from the formation of Iarge vacuoles. - Sulous very deep,
the mouth region extended anteriorly in the depression known as the
apical trough. Girdle probably represented only by a small ventral
portion. Longitudinal flagellum short, transverse flagellum reduced to a
projecting mobile membrane or tooth. Tentacle at posterior end of sulcus.
Plasma much vacuolated, the strands of protoplasm running from the
periphery to the central mass containing the nucleus ; colourless or bluish
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green sometimmes tmged with yellow in the centre.  When many are
‘stranded togethér on the shore they look pinkish. Multiple fission pro-
- duces zoospores. with glrdle one.-flagellum. and tentacle Dlameter
© 200-2000p. Neritic, marine, cosmopolitan.

One spemes AL octzluca scvntillans Macar‘oney

_Noctlluca scmtlllans Macartney (1836').
Text- ﬁgures 17a-17d. '

Kofoid and Swezy, 1921, pp. 407-413.

With the characters of the genus. Well known for its large size and
‘luminescent qualities. Abundant at times; world wide.

Fre. 17. Noctiluca scintillans Macartney.

.a.” Dorsal view, 350,u, across, Plymouth Drawing by MISS G. E. Webb.
b.' Lateral view. From Kofoid and Swezy, after Allman.
S Postero-lateral view. - From Kofoid and Swezy, modified after Robin.
“l.=longitudinal flagellum. g =girdle. '¢=tranverse flagellum.
d. Zoospore. From Kofoid and Swezy, after Cienkowski.

Family POUCHETIIDAE Kofoid and Swezy

\ Gymnodlmmdae with ocellus on the left side of the: intercingular sulcus,
consisting of lens and pigment mass, melanosome. Epicone and hypocone
sub-equal. Girdle and sulcus with more or less twist. Pusules usually
present. . Plasma usually coloured. Pelagic and marine.

Prln@lpally from warm temperate waters and tropical seas, rarely in
purely neritic waters. Very few in the Northern area, the most }ughly
developed of all, Erythrops1s, being apparently absent..

»vGenus Protopsis Kofoid and Swezy (1921).

With girdle and sulcus like Gymnodinium or. Gjrrodihium. Simple or
- compound ocellus. No tentacle.. No apical loop to the sulcus. No twist
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of the body. Girdle does not make more than one tarn round the body.
Posterior flagellar pore not far back. Pelagic and marine.
- Species :—Protopsis nigra (Pouchet), P. S@mplex n. sp

Protopsis nigra (Pouchet) (1887). -
" Text-figure 184.
Kof01d and Swezy, 1921, pp. 418-420

Body asymmetrically ovoid ; length 1- 5 transdlameters Girdle equa-
torial, displaced 0-3 transdiameters. Sulcus straight, mid-ventral.
Ocellus dlspersed with 5-8 spherical lenses, amoeboid black melanosome
and red core. Plasma yellow ochre, with scattered black granules in
periphery. Length T4p.

-Coast of France.

Fia. 18.

a. Protopsis nigra (Pouchet). »
T long, French coast.  From Kof01d and Swezy, after Pouchet

b, Poucketia rosea (Pouchét). :
- .. (?) 44u long, Brittany coast. From Kofoid and Swezy, after Pouchet.
¢.. Pouchetia fusus Schiitt. ’
94y long. After Schiitt, 1895, from Kofoid and Swezy.

d. Protoerythropsis vigilans Marshall. i S
ca. 58u long, Millport on the Clyde After K. Maxwell (from - S.
Marshall’s paper, 1925) : :

Protopsis simplex n.sp.
Plate X, figure 4..

This form closely resembles' P. nigra, but has & sunple lens ‘and no
black pigment.  The girdle is displaced more. Body in shape and size
like P. nigra. Girdle displaced about 0+4 transdiameters.  Sulets slighitly
curved, invadipg the epicone. . Ocellus dispersed, black ; simple spherical
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lens. Plasma yellow Wlthout plgment ‘Nucleus anterlor ‘Enclosed in
& loose cyst. Length T4y : )
Plymouth Sound Rare

Genus Nematodmmm Kofoid and Swezy.

With nernatocysts ‘Girdle with more than,one turn, dlsplaced more
“than 05 transdiameters. Sulcus W1th twist of 0-75 turns or more, with
“a posterior turn on the dorsal side of the antapex: - Ocellus dispersed or

concentrated, located far posteriorly.: Marine, -pelagic, holozoic or
,possﬂoly both- holozoic and holophytic. .
One species :~—Nematodinium armatum (Dogiel).

 Nematodinium atmatum (Dogiel) (1906).
- Plate X, ﬁgures 5aand 5b.-
Kof01d and Swezy, 1921, pp. 422442 (in part) o -

Kofoid and Swezy unite a larger species (95—100;1,) from Cahforma, Wlth

- Dogiel’s Pouchetia armata from Naples, which is about half the size.
* There arealso other differences, .e. g.in the larger form, smoother outline
“due to the more shallow girdle and sulcus, smaller nematocysts in pro-
~portion to the bodlyz and colour. These may justify the sepa,ratlon of
~the two. A species similar to Dogiel’s is found fairly commonly in the
- neighbourhood of Plymouth It is, however, smaller, usually measuring

28-44u, Dogiel’s species being about 50p Iong. This species and Dogiel’s
thus.bear the name Nematodinium (Mmatum, and the Californian form is

: very likely a distinet species. N. armatum may be described thus :— -

Small species with girdle and sulcus deeply 1mpressed length 1-5 trans-
(diameters, ovoidal ; girdle a descending left spiral making 1-5 turns,
- displaced about 0- 7 5 transdiameters. Suleus extending on to epicone
making 1-25 turns, joining the girdle posteriorly some way before the
end of its course.  Ocellus far back, black, simple; lens spherical.
‘Nucleus anterior. Nematocysts about 14;1, long, grouped usually in the
neighbourhood of the nucleus. Yellow chromatophores or diffuse yellow
‘plasma. Length 28-50u. Often in closely ﬁttmg cyst in which division
takes place.

Naples Plymouth and nelghbourhood % La Jolla, Cahfornla

Genus Pouchetia Schiitt (emended by Kofoid and Swezy, 1921).

- No Jposterior prod Girdle a descending left spiral of 1-15-2 turns.
~Bulcus with a twist of 0:25-1-75 turns of a descending left spiral, its
- apical loop with from 0-1'5 turns, and its antapical loop sometimes
: attalmng one turn.  No paracingular lines (i.e. lines running parallel with
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the girdle). Ocellus with red or black pigment mass with red; brown,
yellow or colourless core. Lens hyaline, laminate (i.e. in plate-like layers)
or in segments.  Nucleus usually anterior to ocellus. No nematocysts.
Plasma generally highly coloured, scattered pigment granules, black or
coloured, sometimes present. Holozoic nutrition. Encystment in thin-
walled membrane frequent. Pelagic in warm and temperate seas.

Species :—Pouchetia fusts Schiitt, P. polyphemus (Pouchet), P. parva
Lohmann, P. rosea (Pouchet). '

_ Pouchetia fusus Schiitt (1895).
Text-figure 18c.
Kofoid and Swezy, 1921, pp. 443-444.

Body spindle-shaped ; length 2-33 transdiameters.  Girdle a descend-
ing left spiral of two turns, displaced 1-33 transdiameters. Sulcus with.
one turn, without apical and antapical loops. Ocellus premedian, with
lens of two.parts and pigment mass encircling. them equatorially.
Length 94pu. .

Bay of Naples or Atlantic (%) (Schiitt), Plymouth Sound.

Unfortunately, although this species ocourred at Plymouth a few times,
no drawing was secured. R ‘ : '

Pouchetia polyphemus (Pouchet) (enfended), :
Plate X, figure 6.
Kofoid and Swezy, 1921, pp. 453-455.

~Body elongated, ellipsoidal ; length 2-2 transdiameters. Girdle with
two turns. Sulcus with 0-5 tuins after its anterior junction with the
girdle, and running on to the antapex, but not so far as in Kofoid and
Swezy’s emended drawing. Ocellus premedian, simple, with elongated
hemispherical lens and large pigment mass. Plasma colourless. Length
- 75-104p. S ’
Atlantic, Brittany coast, Iceland, outside Plymouﬂl Sound (one
specimen only, T5u). . .
Kofoid and Swezy have given a drawing of the supposed structure of
“this species. Our own specimen appears to agree with Pouchet’s descrip- -
tion and is not unlike the reconstruction of Kofoid and Swezy, but the
sulcus is not so winding. ' R '

Pouchetia parva Lohmann (1908).
Paulsen, 1908 ;. Nordisches Plankton, p. 106.
Kofoid and Swezy, 1921, pp. 451-453.
~ This minute species is not sufficiently described. Those previously
recarded fram Plvmonth were afterwards found to be encysted Nemato-
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dmwm armatum, Whlch are sometimes very small Wlth ‘the nematocysts
very.indistinct. It is possﬂole that this is the true 1nterpreta,t10n of
Lohmann § spe01es

Pouchetla. rosea (Pouchet) (emended by Kofoid and Swezy)
: Text-figure 18b.

Pa,ulsen, 1908 ; Nordisches Plankton, pp. 105-106.
~ Kofoid and Swezy, 1921, pp. 460-463.

A small species with irregularly ellipsoidal body; length 1-3-1-66
transdiameters. Glirdle a descending left spiral of at least 1-25 turns,
displaced ‘about 0-5 the total body length. Suleus with less than 0-5
turns.’ Ocellus with elongated lens and red pigment mass. Length
44-58y. ;

-Atlantic-at Concarneau; Mediterranean at Cette.

Gehus Protoerythropsis Kofoid and Swezy, 1921.

- Like Pouchetia but with a posterior prod. Plgment granules inclined
to a linear a,rrangement
.Oné Northern species :—Protoerythropsis vigilans Marshall.

‘Protoerythropsis vigilans Marshall (1925).
Text-figure 18d.

Small ovoidal body ; length 14 times the greatest Wldth Girdle a
descending left spiral of 1} turns with a continuation on to the tentacle
(prod). Sulcus describing nqarly half a turn. Ocellus compact, posterior ;
lens pear-shaped with concentric rings; red pigment mass with yellow
core.  Slender tentacular process (prod) carrying continuation of girdle.
Elongated capsules present in the cell, each containing six smaller cap-
sules. Pinkish red pigment. Large anterior nucleus. Transverse flagellum
short; arising well behind girdle. Longi%udmal flagellum long. Division -
almost transverse. Length 38-58. Greatest breadth 30-444.

Millport and elsewhere in the Clyde area.

- This interesting form has been recently discovered by Miss 8. Marshall.
It is the nearest approach to Erythropsis so far discovered in our area.

' Family BLASTODINIIDAE Kofoid and Swezy (1921).

This family includes all the parasitic forms which are described by
Chatton (1920) in detail. These are found externally on animals and
plants (on the tails of appendlculanans and on the setae of diatoms);
internally, in animals either in the allmentary canal or coelom ; or in
eggs, very often inside copepods and in their eggs.

As an example we may take one of the intestinal forms inhabiting
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copepods, which is the only one so far found at Plymouth—Blastodinium
hyalinum Chatton (Text-figures 19a-19¢). This species inhabits the
“alimentary canal of Calanoid Copepods, Clausocalanus, Paracalanus and
Pseudocalanus. The large spindle-shaped mass ocoupies the alimentary
canal and contains small spores (microspores) and large spores (macro--
spores). The microspores emerge as small naked dinoflagellates with

typical transverse and longitudinal flagella. The specimens (spore cases
in Pseudocalanus elongatus) from Plymouth measured 480w in length.

F1e. 19, ' Blastodinium, hyalinum Chatton.

Q.. Spo;'e case in Pdi‘acalanus parvus,” X 150.. b. Resting stage
dividing X 260. - . ¢. Spore, X 1200. . After Chatton, 1920,
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Trlbe PERIDINIOIDAE Kof01d and Swezy.

, Dlmfendea with theca composed of more than two pieces, d1v1ded into

epitheca, girdle and hypotheca; each of these may be divided into -
numerous plates: . Variously shaped. Flagellar _pore plerces the. theca
and the two ﬂagella emerge from if. .

‘Famlly DINOPHY SIDAE Kofoid and Michener (1912).

. Body flattened laterally Theca divided by a seam (or suture) into two
“lateral halves. Transverse furrow situated far forward. Epitheca small.
Membranes attached to the girdle (transverse or girdle lists), usually con-
‘spicuous, often broad and directed forwards, in which case the front one
“is often funnel-shaped. Membranes of ‘the longitudiné,l furrow (longi-
tudinal lists) usually very broad and supported by spines. No apical
pore (i.e. a pore piercing the apex of the epitheca). Theca, usually
provided with pores and p0r01ds , v

Genus Pseudophalacroma 75 drgensen (1923).

Epltheca conspicuous. - Sulcus prolonged on to epltheea. up to about -
“two-thirds the distance from girdle to apex, showing a dilated rounded
~end. Left longltudmal list “very shghtly developed and presumably ,
_ destltute of ribs or-spines.

Spemes ~—Pseuclopkalacroma nasutum (Stein).

Pseudophalacroma nasutum (Stem) (1883)
Text- ﬁgu.res 20a and 20b (see p 76).

Body in side view oval or roundish. Epltheea low and small. Narrow
girdle lists and inconspicuous left longitudinal list. In ventral view
- elliptical with-rounded ends. ~ Theca with coarse por01ds all over. Mega-
" cytic stages common. Length-ca. 45-49u.
Mediterranean, Adrlatlc, Tortugas between Iceland and Nova Scotla,
Norwegian coast near Bergen. (J orgensen) : oo

Genus Phalacroma Stein (1883)

Body usua]ly not so much compressed laterally as in the next genus
(Dlnophyms) - Epitheca rising above the transverse lists, which are not
conspicuous and are uniformly developed. Chromatophores - usually

- absent.- - - \

Whilst 1nvest1gat1ng the sand—lnhabltmg dmoﬂagellates at Port Erin,

Isle of Man, it was found, as has already been stated by Miss Herdman
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. Fia. 20.
a and b. -Pseudophalacroma nasutum (Stein). .
a. (?)Length. . After Stein. Anteéro-ventral - view. (b) ~45u long.
o After Jorgensen. Lateral view. : ) SNRET
Phalacromd. ébriolum €. Herdman. - . e
ca. 40p long, Port Erin, Tsle of Man, After C. Herdman, 1924. .
d. Phalacroma miinutum Cleve. : ’ )
. '50u, W. Atlantic. ~After Cleve.
. ¢. - Pholagroma Rudgei Murray and Whitting.
“After Murray and Whitting.
f.- Dinophysis arctica Mereschkowsky. ‘ ~
36u long, Arctic waters.’ After Cleve, from Paulgen; 1908.
Dinophysis uracantha Stein. - = -
x 400, Cadiz Bay. After Jorgensen.

-

(ST

(1924), that the variety of Amphidinium Kgfoidi, called by her var.
petasatum, was so closely related to Phalacroma that it could be divided, -
by suitable reagents, into two halves, which were held together by a °
finely striated narrow band possibly homologous with the band in the
megacytic forms of the dinophysids. This form has the appearance.of
- one of the laterally flattened Amphidinium species, but its epicone, which
- is slightly asymmetrical, is raised above the girdle and the girdle distinct,
whilst there is also an indication of a left longitudinal list. Thus it looks -
like & simple and badly developed Phalacroma. There are, however, no
poroids t6 be made out in the outer covering, and there appear to be -
true chromatophores in the plasma. It thus seems that we have a form
intermediate between Amphidinium (those in the laterally flattened *
« group) and Phalacroma, and this, as Has already been pointed out by
Miss Herdman (1924), bears out the suggestion of Kofoid and Swezy on



GENUS . PHALACROMA C 77

the origin of the Dinophysidae from Amphidinium.. Although it is unlike
' a\y’fknovm species of Phalacroms or Dinophysis in having no apparent
_ sculpture on the theca, yet it seems that the covering is to be regarded
as a true theca which can be divided into two halves and the girdle dis-
articulated. - Tt has therefore been removed from Amphidinium and
~ -placed as the lowest member of the genus Phalacroma. To this. must
~be added a new species also discovered by Miss Herdman, P. ebriolurm.

Species :—Phalacroma Kofoidi 0. Herdman, P. ebriolum C. Herdman,
 P. pulchellum Lebour, P. rotundatum (Claparéde and Lachmann), P.arregu-
lare n.sp., P. minutum Cleve. o ' :

‘Phalacroma Kofoidi C. Herdman (1924).
Plate XI, figures la-lg.
Amphidinium Kofoidi var. petasatum C. Herdfnafn, 1922.

Body much flattened laterally, in side view somewhat oval. Epitheca

~_asymmetrical, low, but standing well out from the girdle which is deeply

~ impressed, especially dorsally, and higher dorsally than ventrally. - Sulcus

* - oblique, vety much hidden with incipient lists. Flagella distinct. Theca

“much like the pellicle of an Amphidinium, but separable into two halves

‘with epitheca, girdle and hypotheca. Hypotheca bound round the seam

" by a striated band. Epitheca sometimes striated, otherwise the theca

is apparently devoid of sculpture. Plasma yellowish with distinct yellow

~ chromatophores radiating from the centre. Nucleus posterior #d dorsal.

TLength 30-33u. A colourless variety is described by Miss Herdman
+(1924). S -~ , - ‘

Port Erin, Isle of Man, in sand on the beach. (C. Herdman.)

’ " Phalacroma ebriolum C. Herdman (1924).
Text-figure 20¢.

Body roughly ellipsoidal, flattened laterally. Epicone small and tilted
~ back to the dorsal side. Body seems to be covered by a very thin hyaline
. shell, which is produced as a slight list on the left border of the sulcus:
Protoplasm clear and colourless, but usually containing coloured food
" bodies. Two large refractile bodies (? vacuoles) are situated in the
* - anterior region of the hypocone. Nucleus posterior.  Length ca. 40pu.
~ Sand at Port Erin, Tsle of Man. (C. Herdman.) ’

* - Phalacroma pulchellum Lebour (1922).

Plate X1, figures 2a—2e.

-Body rotund, very siightly flattened. Epitheca conspicuous. Girdle
broad, deeply impressed with narrow lists. Sulous extending on to the
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epitheca, the left longltudmal hst extendmg about ha,lf-way down the
hypotheca with conspicuous spines. Theca covered with .small poroids,
pores not apparent. Plasma pinkish to colourless. Megacytic forms with

large. fat globules and sculptureless medlan ‘band frequent Length 7

21-334.
Plymouth Sound. Falrly commen in summer,

/

Phalacroma rotundatum (Clap. and Lach:) (1889)
Plate XI, figures 3a-3c.

Dmopkyszs rotundata Paulsen, 1908 ; Nordisches Plankton, p-17,
Jorgensen (1923) has transferred Dmophyszs rotundatd and its related

forms to Phalacroma in which he is followed here. Body nearly circular -
in lateral view. Much flattened. Girdle lists narrow but directed slightly .-

forwards, sometimes finely striated. Left longltudlnal list rather narrow,

often widening posteriorly with conspicuous spines. Theca covered with -

poroids and pores ; the latter irregularly scattered. Epitheca sometimes

coarsely areolated. Plasma colourless to pinkish. Length 36-56u.

Megacytic forms frequent the cell being filled with fatty globules.

Widely distributed in the Northern area, Atlantic, Baltic, Mediter- .

ranean, Bay of Biscay to Southern Levant Golden Horn, Bosphorus
Common at Plymouth.

A smooth variety, var. laevis (Clap. and La,ch) J orgensen, is thought .
by Jérgensen to be possibly identical with the Pkalacroma Rudge@ of

Murray and Whlttlng (Text-figure 20e.)

T
™ >

Phalacroma irregulare 1. sp.
Plate XTI, figures 4a—4c.

lee P, mtundatum but with an elongated, somewhat Wedge-shaped o

hypotheca. Epitheca low, not covered by the girdle lists. Left longi-

tudinal list reaching about half-way down the hypotheca with con- -

spicuous spines. Theca with poroids each containing a pore, thus
differing from those of P. rotundatum. Length 55-56u. Megacytic forms
always seen, or those which have just divided with part of the border,
which has a structure of fine poroids, attached “Plasma colourless to
pinkish with large fat globules.

Plymouth Sound Not common.

) Phalacroma minutum Cleve (1900).
Text-figure 20d.
Paulsen, 1908 ; Nordisches Plankton, p 19.

Cell compressed. Epitheca rounded in side view. Hypotheca rounded

e
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oval Wrth blunt point. Girdle lists fiarrow. Left longrtudmal list "short
with inconspicuous spines (perhaps 1mperfect) Theca. W1tl1 scattered
_poroids. ’ Length-50p.. : L N
. West Atlantic. - o - .

~Considered - by- Jorgensen (1923) to be an 1mperfect specimen of
~P." acutum Schiitt. ‘ :

"Genus DinophySis Ehrenberg :

v Cell compressed laterally, never wedge-shaped. Epitheca small or
< almost rudimentary with obliquely set girdle lists, the upper list being
“more or less funnel-shaped and often strengthened by radial ribs. * Usually
_yellow. chromatophorés.

“ Species :—Dinophysis acuia Ehrb 'D. norvegwa “Clap. and Lach
D. acuminata. Clap. and Lach., D. arctica -Mereschkowsky, D. ovum
Schiitt, D. lenticula Pavillard, D. pundiata Jo orgensen, D. sphaerica Stein,
D. coutlata Ketit, D tripos Gourret, D. hastata Stem, D. Schuettm Murray
ahd Whlttmg, D. umcamtka Stein.

Dmophys1s_ acuta Ehrenberg {1839).
Plate XII, figure 1.
" Paulsen; 1908; Nord1sches Plankton, p. 13.

. Cell oval with-a bliint point posteriorly and ventrally, greatest breadth
rather far behind the middle. - Left longltudlnal list running for about
_ two-thirds along the hypotheca with long spines.. Front girdle list form-
—.ing a not very deep funnel. Theca with numerous small poroids, most
- or all of which enclose pores. Yellow chromatophores. Open sea form,
~ widely distributed. Length 54-94p.
“Atlantic, Arctic seas, North Sea, Skaggerak, Cattegat, Baltic, Mediter-
ranean, Golden Horn, Bosphorus, English- Channel Brlttany coast.
.. Fairly common outs1de Plymouﬁh Sound. \

DmophySIS norveglca Claparede and Lachmann (1859)
- Texi-figure 21a (see p. 80).
_ Palﬂsen, 1908 Nordlsehes Plankton, p. 14.

Cell more pomted than'the last, with the pomt of the hypotheea more
. central, the greatest breadth about the middle. Theca thick with coarse
- poroids and pores arranged as in D. acuta. . Epithec /a hldden by the rather
“flat funnel.* Longitudinal left list narrower than'in'D. acuta, strongly
areolated. Yellow chromatophores.. Length ca. 56-64p.
Neritic. Wldely distributed, often confused with the last species.
+ Paulsen recogmses two' varieties, var. crassior, thicker with a. broad
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“margin, a.Northern form, and var. debilior, thinner a,iid miore ‘pointed -
with a narrow margin, a Southern form, Baltic, etc. Meunier’s D. sphen-
ovdes (1910) probably belongs to the first variety. ‘ '

a. Dinophysis norvegica Clap. and Lach.
(?) 56w long. From Paulsen, 1908, after Clap. and Lach..
b. Dinophysis sphaerica Stein. )
(?) ca. 60u. After Stein. - ,
¢. - Dinophysis caudata Kent. . .
_(?) ca. 100y long, -outside Plymouth Sound. Drawing by\'Miss G. E.
- Webb., B ] i
e. Dinophysis hastata Stein.
(?) Size, After Stein.
f.  Dinophysis Schuettis Murray and Whitting.
ca. 80y long. After Murray and Whitting.

Dinophysis acuminata Claparéde and} Lachmann (1859).
. Plate XTI, figures 2a-2c.
Paulsen, 1908 ; Nordischesl Plankton, p. 15.

. Cell oval, strongly compressed, rounded behind with three or four small
protuberances. - Epitheca very small, hidden by the rather flat and low-
funnel. Left longitudinal list narrow. Theca with fine poroids and pores
arranged as'in D. acuta.. Yellow chromatophores. . Length 38-51p. =

& Widely distributed, chiefly in the north; Bosphorus, Common at

- Plymouth. AR o S
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’ ‘Dmophysns arctica Meresehkowsky (1879). -
' Text-figure 20f,

Paulsen, 1908 Nordlsches Plankton, P- 15.:

‘protuberan(:es belnnd Funnel and lett longltudmal 11st very small.
‘Poroids small or strongly marked. - Length 36-42y. ’

" “Arctic species. Numerous in Polar stream.
P0551bly Meumer s-D. vertex (1910) belongs to this spemes

Dinophysis ovum Schiitt (1895).
: : Plate XII, figure 3.
Pa,ulsen, 1908 Nordisches Plankton, p. 16.

Cell egg-shaped broadest behind the middle, rounded beh1nd without
protuberances: * Epitheca very small.. Funnel rathér deep Left longi-
‘tudinal list broad, supported by strong, usually thin spines.. Theca with
strong. péroids- and« pores arranged as in D acuta. Yellow chromagto-
phores TLiength 44-544.

’ Open seafform, Atlant1c Med1terra.nean, Adrlatlc, Enghsh Channel

 var: baltica Paulsen, with the ep1theca, produced beyond the funnel and -
'smaller, 18 probably another specles

Dinophysis Ienticula Pavillard (1916).
Plate XTI, figure 4.

Rather like D. acuminata, but smaller and ‘without protuberances.
Left long1tud1nal list short and fairly bioad, often bent over to the right, -
reaching lower down the hypotheca than in D. acuminata. Yellow
chromatophores. Structure of theca coarse as in D. acuta. Length ca.

- «40-43p. |
Mediterranean, Adrlatlc Plymouth Sound This occurs closer inshore
than D. acuminate. :

'Dinophysis punctata J orgensen (1923). -
Plate XTI, figuze 5.

-Like D. Zentwula but smaller, with a_ longer left longitudinal Iist,
smaller epltheca, and fine poroids. arranged ‘as in D. acula. Yell
chromatophores. Length 28-33u. - ‘ Ca

From salps in the Tonian Sea (Jorgensen). Commion at Plymouth

J6 orgensen suggests that thls may be a small form of D. lentwula

G
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Dmophysxs sphaerica Stein” (1883)
Text-figure 21b.
* Paulsen, 1908 ;. Nardisches Plankton, p. 16. _
Cell regularly oval. Epitheca very small, hidden in the deep funnel
Left long1tud1nal list broad, strengthened by long spines. Conspictious -
funnel, strongly ribbed. ‘Pormds with pores in ‘the. centre of each.
_Length 57—60[1, ' ’
Warm seas. Once found in the Skaggerak

" Dinophysis caudata Kent (1882).
Text-figure 21c.

~ Dinophysis hommwulus Paulsen 1908 Nordlsches Plankton, p-19 .

(in part). - ‘

Epltheca almost absent, hidden in the deep funnel. Hypotheca long, -

narrowing behind into a drawn-out point which is often toothed. Left

- longitudinal list broad, often reticulated. A small dorsal fin often present.

Theca strongly areolated. Length ca. 100u. A very variable species.
Open sea forms.

Warm water, Atlantic, Indian Ocean, Medlterranean, Admatm, English

Channel Bnttany coast North Sea, Norwegian seas, Golden Horn, :

Bosphorus.  Occasionally caught near Plymou‘oh

Dmophysxs tripos Gourret (1883)
Text figure 22.

Dmopkyszs homum:ulus var. tripos Paulsen, 1908 Nordischee
‘Plankton, p. 19.

This was for someé time regarded as a variety of D. caidata (= —D. homun-
culus) Iti is sumlar to that : specles but with two points to the hypotheca

Fic. 22. Dinophysis tripos Gourret i
R 100;1, long; English Channel. From drawing by Mrs. Sexton:
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1nstead of one, the dorsal process being the shorter. Twin forms,” with
two individuals joined, are common. Lengt;h ca. 100u. o

_ Open sea form, warm seas. ~ Frequent in the Channel; found from .
~ Scotland to Greenland ; coast of Norway; .S. Africa to Australia’;
- .perennial in the Mediterranean.

Dinophysis hastata Stein (1883).
k - Text-figure 21e.
Paulsen 1908; Nordisches Plankton, p. 13

Cell egg-sha,ped broadest behind the middle. Epitheca very small,
flattened, quite hidden in the rather deep striated funnel. Spines on the
left }ongitudinal list long, the hind one longest. Hypotheca bears a strong
‘winged spine posteriorly. Sculpture strong, partly on the longltudlnal
list.  Length (?).

‘Warm seas, Mediterranean, Atlantic ; rarely in the north Scotland,
‘Cattegat, Bosphorus. - :

_ Dmophys1s Schuettii Murray and. Wh1tt1ng (1899).
. " Text-figure 211.

Paulsen, 1908 Nordisches Plankton, p-18.

~ Cell in side view somewhat circular, ecrowned by the striated funnel so

that the epitheca has almost vanished. Left Iongitudinal list very broad,
supported by long strong spines which project outside the membrane.
Another long winged spine dorsally. Theca -with scattered poroids.
Length (with spines) ca. 80u.

Tropical Atlantic species. Rare in the Gulf Stream, Medlterranean
Jorgensen (1923) suggests that Ostenfeld’s record from 59° 47’ N
25° 53" W. (about midway between the northern point of Scotland and
the southern point of Greenland) really refers to some other species,

possibly D. uracantha. .

Dinophysis uracantha Stein (1883).
' Text-figure 20g.

Cell in side view more or less asymmetrically roundlsh oval. Funnel

ribbed, well developed. Left longitudinal list very large, funning nearly

to the hypotheca, the lower part twice as broad as the upper,and pro-
longed into a long downward curving acute tongue supported by a long
curved spine. Terminal spine long and strongly developed, with narrow
 lists, or these may be absent. Theca with small or thick-walled areoles.
‘Length (?).
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Medlterranean, Gulf of Gumea, Southern Atlantlc Once on the:
N orwegian coast at Bergen. (J& drgensen. )] B

Genus Amphlsolema Stein (1883)

Epitheca a small flat plate. Hypotheca much drawn-out longltudmally
Shape varied. Transverse lists like Dinophysis. Sulcus only running for
a short distance behind the girdle, weakly developed accompamed by a
membranous list.” Sculpture very weak; almost absent in some species.
Chromatopheres not known. Tropical genus. Very few Northern forms.

Species —Ampkzsolema globifera Stein (1883), A. inflate Murray a,nd

- Whitting.
Amphisolenia globlfera Stein (1883).

Text-figure 23a.
Paulsen, 1908 ; Nordlsches Plankton, p. 20

Epitheca almost absent. Hypotheca long; spmdle—shaped swollen
behind into a round mass. Length 200u. -
Warm seas, Atlantic, Medlterranean, seldom in the North.

Amphlsolema mﬂata, Murray and Whlttlng ( 1889)
Text—ﬁgure 23b.

Paulsen, 1908 ;. Nordisches Plankton, p. 21

Epitheca almost absent,. Hypotheea oval, swollen in the middle, st
both ends suddenly narrowing into long drawn-out ends. - Pomted behind.
Length (2). -

Tropical specles, Atlantlc, seldom in the North

Family GLENODINIIDAE fam. nov..

With theca composed of epitheca, girdle and hypotheca, not dnnded
up into plates and not divided by a seam. Frequently, if not always,
the theca, on treatthent with reagents, shows a pattern of numerous small -
platelets, which apparently cannot be disassociated: These are chiefly
fresh-water species. The marine forms are insufficiently. known; and it
is quite conceivable that further research will show that they belong to
different genera. Already three formerly included here have been re-
‘moved to other genera. These are G. Joliaceum Stein to the new genus -
Kryptoperidinium Lindemann, G. trochoideum to Peridinium and G. bipes
to a new genus closely related to Peridinium and na,med by the writer
_Minuscula.
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Fic. 23.

a. Amphisolenia globifera Stein.
' *200u Tong. - After Stein. ' oL
b Amphisolenia dniflata Murray and Whitting. :
. (?) Si'ze,; Atla.ntic. After Murray and Whiﬁting. .

'There remain in or area G’ danicum Paulsen G. gymmodinivum Penard, \
6. obhguum Pouchet, and 'G. Warmingii Bergh. The three last are
- very little kiown.  @. ‘danioum appears to have no plates, although it

has not been exhaustively treated with stains and reagents: Miss -

Herdman has lately added one more ¢, monenszs, from Port Erin, in which
she ﬁnds no plaia"es - :

’

Genus Glenod1mum (Ehrenberg) Steug

* 'With the- characters of the famﬂy No aplcal pore. Mostly fresh-
- 'water-and brackish.

Species —Glenodzmwn gymnodmwm Penard G Warmmgm Bergh, .
G’ obl@quum Pouchet, G. damcum Pouchet G’ monenszs C. Herdman.
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" Glenodinium gymnodinium Penard (1891).' - ,
_ Text-figure 24a. : o
Paulsen, 1908 ; Nordisches Plankton, pp. 22-23. . _ ;

" Cell roundish oval, convex -dorsally, ﬂattened"ventrally. Epi- and

hypothecae sub-equal. “Girdle slightly left-handed.” Sulcus reaching to
" the antapex. Chromatophores green or yellow. Length 40u.

Fresh-water species, found in brackish water on the coast of Finland.

Glenodimum Warmmgii Bergh (1881).
Text-figure 24b.
Paulsen, 1908 ‘Nordisches Plankton, p. 24.

Cell flattened from apex to antapex. Epitheca, shorter than the
hypotheca. Hypotheca flattened. Girdle shghtly left-handed. Sulcus -
narrow. Length 22-28p.

Little Belt.

Glenodinium obliguum Pouchet (1883)

Text-figure 24c..
Paulsen, 1908 Nordisches Plankton, p- 2b.

Cell dome-shaped, soméwhat flattened from apex to antapex. Epi- and
hypothecae rounded, epitheca the larger; girdle apparently not dis-
placed. Sulcus very short. Brown chromatophores. Red stigma some-
times present. Size (?). : ‘

Coasts of Brittany and Mediterranean.

Glenodinium danicum Paulsen (1907).
Plate XTI, figure 6.

“Paulsén,;1908; Nordisches Plankton, p. 23.

Cell nearly round, with a small point at the apex. Girdle left-handed,
displaced about a girdle width. Sulcus narrow, broadening slightly
posteriorly, sometimes with a small spiné on the left. Length 28-36u,

Skaggerak, Barents Sea, Plymouth Sound. '

Meunier (1910) has found this species with a large cyst inside, Whlch
~ emerges by the girdle comlng away from the centre. This cyst has two

spines-antapically.  The specimens from Plymouth were not exhaustlvely
examined. :
Glenodlmum monéensis C. Herdman (1923)

Text-figure 24d.

‘Body rotund or broadly bizconical, with bluntly rounded -apices and
flattened dorso- -véntrally to about half its transverse dlameter Total -
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Fic. 24.

a. @lenodinium gymnodinium Penard.

" (1) 40p long. - Ventral and side views. After Penard.
b, @lenodinium Warmingii Bergh.

22p, Little Belt. = After Bergh:
¢ Qlenodinium obliguum Pouchet.
: (?) Size, coast of Brittany. After Pouchet.
d. Qlenodiniuni, monensis C. Herdman.
ca, 251 long, Port Erin, “Drawing by C. Herdma.n, 1923

length slightly less than the greatest transdiameter. Epicone and hypo-
cone a,pprommately equal in size, but not set squarely one on the other,
the epicone projecting slightly to the right and the hypocone to the left.
The girdle runs round the body equatorlally, its ends meeting with very
slight d_lsplacement The suleus is extremely §hort and pro]ects about-
equally on epi- and hypacones while the longitudinal flagellum is about -
three times the length of the body. Two red pusules (?) open into it at
either end ; the large ovoid nucleusis nearly centrali in position.  Another’
colourless, hlghly refractive body is. also present . The._cytoplasm. .is:
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yellowish green. The whole body is enclosed in a clear and a,pparently
structureless pellicle, which is shed from time to time, sphttmg in two
at the glrdle Length about-25u. :
This species occurred at Port Erin, Tsle of Man, in large numbers from'
time to time durlng the summer of 1922, in the inner harbour close to the
concrete steps. It appears to live equally well in salt or fresh water.
(0. Herdman.) :
Meunier’s Glenodmmm mﬂatum from the Barents Sea.is not suffieiently

" characterised.

Family PERIDINIIDAE Kofoid.

With theéca composed of epltheca, ‘girdle and hypotheca,, d1v1ded up
into plates. Apical pore usually present.: ;
~ There have been many ways suggested of numberlng ‘the plates. The
system of Kofoid (1909) is used here, as it seems the simplest and most
useful. The most important of the other suggestions are by Stein (1883), .
Biitschli (1885), Schiitt (1896), Paulsen (1908) and Fauré-Fremiet (1908).

Kofoid uses the girdle as a basis and numbers the plates with reference
to 1t in transverse series running from the left dorsally to the right. The

‘plates round the apex are called the apicals and designated by one acute

accent mark ' ; those round the girdle and anterior to it are called the
precingulars and designated by two marks ”; -whilst in between the
apicals and precingulars there may be one or more plates which never

- form a completé ring and are known -as the anterior intercalaries and

designated by a. The girdle itself may be of one piece only or divided,
the plates designated by g. These are often omitted in writing the -
formula of plates, as the girdle plates are Very often unknown.

The plates of the hypotheca are also in series and indicated in.the same "
way : those below the girdle, called the postcingulars, designated by three
marks ”"; those at the antapex, the amiapicals, designated by four
marks ”"; and there may be posterior intercalaries between antapicals
and postelngulars designated by p. Thus the plate formula for a typical
species of Peridinium would be apicals 4, anterior intercalaries 3, pre-
cingulars 7, postcingulars 8, no posterior intercalaries, antapicals 2, or
shortly 4 3a 77 5" 2" (Text-figure 25). Tn addition there are small
plates in the sulcal region, forming what is known as the ventral area.
These also are usually insufficiently known and do not come into the
general plate formula

Genus Protoceranum Bergh (‘1881)

Cell a somewhat angular oval or sphere.’ Girdle equatorial or shghtly
in front of the centre. - Theca strongly reticulated so as to obscure the
plates, sometimes with spines at the intersection of the meshes. Inter- .
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Fic. 25, Dia“.g'ram of numbering of Plates of Peﬁdinium.

calary bands sometimes very broad. Plate formula 2" 6” 6" Ip 1",
or it is possible that there are 3 antapicals, which may merge into the
ventral area, but the first formula seems to be the more probable. There
is no apparent apical pore. o ‘ .

One species :—Protoceratium. reticulatum (Clapardde and Lachmann).

‘Protoceratium reticulatum (Olaparéde'aﬁd Lachmann).
Plate XTI, figures Ta-Tec.

Paulsen, 1908 ; Nordisches Plankton, p. 27.

- Epi- and hypothecae sub-equal or hypotheca slightly the longer.
Rounded angular. Girdle left-handed, displaced about a girdle width,
‘with narrow lists supported by spines. Ventral area reaching not quite -
to the antapex, with very inconspicuous lists to the sulus. Theca
strongly reticulated and often with spicules. Interealary bands present
or absent. First apical very narrow, the second polygonal and occupying
the anterior end. Sixlarge precingulars. Girdle apparently not divided.
‘Hypotheca with 6 posteingulars, the first shorter, with a small posterior
‘intercalary plate behind it. Two long plates occupying most of the
ventral area and indenting the antapical : these possibly to be regarded
as antapicals. - Plates very difficult to see on.account of the reticulations.
- Length 28-56y. Neritic. : - i '
Very common Northern species, Bosphorus, Adriatic. - Abundant at
Plymouth, ’ L : :
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‘ . Genus Goniodoma Stein.

Cell polygonal or rounded: ~Girdle equatorial, with conspicuous lists
supported by spine. Ventral area short and broad, made up of several
platelets. Theca composed of 3 or 4 (?) apicals with an apical closing
platelet over the apical pore; no anterior intercalaries; 7 precingulars,
6 girdle plates, 5 postcingulars and 3 antapicals. = Plate formula 3" or 4’ (%)
7”69 5" 3", Lindemann (1923) describes G. lacustris n.sp. with 9 pre-
cingulars. As this was only seen once, he-is not sure of its position in
this genus. - e .

‘Species :—Goniodoma polyedricum (Pouchet), (2) G. Ostenfeldss Paulsen.

~ ' Goniodoma polyedricum (Pouchet) (1883).
B Text-figure 26. '
Paulsen, 1908 ; Nordisches Plankton, pp. 33<34,
Cell polyhedral, seven-sided in ventral view ; epitheca with 3, hypo-
theca with 2 angles. Transverse section nearly circular. Girdle equa-
torial, left-handed, with strong lists supported by spines. Theca strongly

VFI(-S‘;.:26. Goniodoma g‘oozyedrz:cum\('Pbu;(ﬁhet )
(?) 80y long. . After Paulsen, from Stein, 1908, °

sculptured, with poroids (or pores ?). Intercalary bands narrow or broad.
Schiitt (1887) has seen swarm spores. Cell contents. brown. Length
48-60p. | ‘ | R
Sub-tropical, rare in the north in the region of the Gulf Stream, Red
Sea, Adriatic, Indian Seas, English Channel. R 5

Goniodoma Ostenteldii Paulsen (1904). -
: Text-figure 27. o
_ ‘Paulsgen; 1908; Nordisches Plankton, p. 34. ; . _
. This species had not had its plates worked out sufficiently to charac- -
terise it. Possibly it is a species of Goniaulax and very like the small |
- species- described helow as Goniaulax orientalis. Tt is rounded with a
conical epitheca’; left-handed, theca very thin. - There are apparently
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 Fic. 27. Goniodoma Ostenfeldii Pavlsen, -
\ (?) 48p long, Tceland. After Paulsen.

4 apicals; the first very oblique, ‘and 3 antapicals. It looks as though
these latter might be interpreted as one posterior intercalary and part of
“the ventral a}rea..“ Length 48-60p. Neritic. : .
B ‘Arctiqéﬁpécie‘s‘; - very plentiful in Iceland; rare in the Baltic and the
North Sea. -~ ‘ S ‘ :

o o - . “Genus Goniaulax Diesing (1866)."

Variable . in shape., Gird_le about equatorial, left-handed, displaced
from one-half to seven times its own width, sometimes with a slight
overhang. Plates: apicals 3-5, anterior intercalaries 0-2, precingulars 6,

- gardle plates'6, posteingulars 6, posterior indercalary 1, antapical 1, or 3-8,
0-2a, 6", 69, 6", 1'""". Longitudinal furrow occupying the whole of the
ventral area, which slightly indents the épitheca and consists of 1 anterior,

~about 4.intermediate and 1 posterior plate. The first apical is usually -
narrow, éxtending posteriorly to the anterior plate of the veritral ares,
thus parting plates 17 and 6". It bears at. its apex-a platelet covering’
the apical pore, ~Plates with pores. A large ventral pore occurs on the
right near the junction of the first apical and the plate to its right. Theca
divides obliquely in fission. Chain formation may occur. Chromato- -
.phor'e‘s' yellow to dark brown, Fresh-water, brackish and marine. '
" For a detailed description and general account of this genus see Kofoid
(1911), from which the above is adapted.  He divides it into four sub-

_genera, all of which are not noted here, as two of them do not occut in
this area. We therefore divide them into (1) Goniaulax proper and (2} the
sub-genus_Steiniella Kofoid, the latter including only Steiniella fradilis,

~ which Kofoid has discovered to be a Goniaulax. B
. All synonymy is referred to the above paper by Kofoid. -

" Lindemann (1923) finds a good deal of variation in the plates.

Species :—1. Goniaulax proper : - Gonioulaz spinifera (Claparéde and
Lachmann). G. digitale (Pouchet), G. unicornis n.sp., G. orientalts Linde-

~mann, G- polygramma Stein, G. scrippsae Kofoid, G. turbynei Murray and

-Whitting, G. Diegensis Kofoid, G. tamarensis 0.8p., G. apiculata (Penard),
-G. trigcomtha Jorgensen, G. polyedra Stein, G longispina n.sp., G. catenata

(Levander). o

2. Steiniella : Gomaulax fragilis (Schiitt).



92 . ‘DINOFLAGELLATA

1. Sub-genus Goniaulax_ proper.

N i30dy spheroidal or polyhedral, not greatly elongated, apical closing
platelet not carried over upon the dorsal side.

., Goniaulax spinifera (Claparéde and Lachmann) (1866).
g -~ Plate XTII, figures 1a and 1b, - ‘ '

Kofoid, 1911, pp. 209-214. :
- Gondaulax Levander. Paulsen, 1908 ; Nordisches Plankton, pp. 30~-31.
Goniaular Mangini Fauré-Fremiet (1908). .

Cell more or less rotund, somewhat elongated anteriorly. Epitheca-
with convex sides, with or without two or more gntapical spines. Girdle
wide, oblique, displaced twice its width or more, with an overhang of
- 1-2 girdle widths, deeply excavated, without lists. Longitudinal furrow,
not expanding much posteriorly, but expanding to the left opposite the
right end of the girdle. Plate formula 3’ Oa 6" 6 1p 1. Surface
with ‘a. few large pores, sometimes reticulated. . Chromatophores dark
yellowish brown. = Length 24-50u, usually 35-40u. Neritic. S
Distribution insufficiently known, as it is frequently confounded with:
G. digitale. Known records are from San Diego, Alaska, Norway, Finland,
Zuider Zee, Eastern Baltic, Iceland; Aral Sea, Adriatic, Golden Horn,
Brittany coast, Plymouth. ‘ , , : o
At Plymouth this is quite the commonest Goniaulax. o
- Peridinium vexans Murray and Whitting (Paulsen, 1908, p.-63) is
probably this species. o o o ,;’ ,
o ' Goniaulax digitale (Pouchet). -
s Text-figure 28a.
Kofoid, 1911, pp. 214-217. ~ .
Gonialan spiniferg Paulsen, 1908 ; Nordisches Plankton, pp. 28-29. -

Larger than 6. spimifera, less rotund, with less overila‘ng. Epitheca
sub-conical, often slightly angled. Generally two stout antapical spines.
Tongitudinal furrow not abruptly widened opposite the right end of the
girdle.  Surface of theca usudlly heavily reticulated. Stout apical horn.
Girdle displaced 2-2-5 girdle widths, with an overhang of 1-1-25 widths ;
furrow deeply impressed with narrow lists supported by spines. - Plate
formula 3" 0a 6" 6" Ip 1. Length 50-75p, AR

Alaska, California, Faroes, Iceland, North Sea, English Channel,

Brittany coast, Naples, Adria,tic,"Caspian Sea..
- - g k .

Goniaulax unicornis n.sp,
Plate X1IT, figures 2a and 2b.
A minute brown species looking very much like Peridinium, trocho'idgum,
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IR

. FIG. 28.‘7
a. - Gonioulax digitale (Pouchet). ‘ : ‘
(D 504 long, San Diego, California. After Kofoid. |
b, . Goniaulax scrippsae Kofoid. - - . . E
. 35 long, San Pedro Harbour, California. . After Kofoid.
¢. GQoniaulazx turbynei Murrsy and Whitting,.
) 47@ long, San Diego, California. After Kofoid.

but with a conspicuous hollow horn on the left side of the antapex. Cell

with & rounded conical epitheca and hemispherical hypotheca interrupted

by the horn, which is short and thick; and sometimes wigh a fine point.

Epitheca nearly twice as long as the hypotheca. Girdle very slightly dis-

placed without - overhang, very much excavated with narrow lists.

Longitudinal furrow short, not regching the .antapex. Plate formula’
3' 0a 6" 6" 1p 1""”.  Theca smooth. The first. apical rather broad and

more like -Peridinium than Goniaulax. Chromatophores dark brown.

Length 28-30u. ’ B

Plymouth Sound, frequent, but so‘s\mall that it gets through the nets.

Goniaulax orientalis Lindemann (1923).

: Plate XIII, figures 3a~3d. '
- Oell round, with roundish-conical ape, the sides of both epi- and hypo-
thecae convex, the antapex slightly flattened. Girdle displaced from.
1—1 girdle width, excavated without or with hardly pgrceptible lists.
Longitudinal furrow running up the epitheca for a short Wway, or not at
all, broadening slightly posteriorly with a finute spine each side, which’
may be absent. Plate formula 3’ 0a 6” 6" Ip 1'"". - The first apical is
very oblique, 4-sided. First postcingular very small. Theca smooth in
the-Plymouth forms, areolated strongly in those from the Bosphorus.
Brown chromatophores. Length 28-45u. : '

‘Bosphorus, English Channel, Plymouth. ‘ L

The Plymouth specimens agree #o closely in plate structure, that they.
are almost certainly this species. - - ot '

G. orientalis is very like Goniodoma. Ostenfeldii (see above mider that
species). oo S
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Goniaulax polygrammia, Sfein’ (1883).
‘ Plate XIII, figures 4a—4c.

Paulsen 1908 ; Nordisches Plankton, pp 28-29.
Kofoid, 1911, pp 229-233.

Cell elongated, epitheca pomted hypotheca rounded. ﬁudle displaced
a little more than its width. Longitudinal furrow widening posteriorly,
with 2 or more short unequal antspical spines, rarely only 1, or none.
Plate formula 3’ 0a 6” 6" Ip I, Narrow first apical. Theca with con-
spicuous longitudinal ridges; reticulate with distinct pores. Length
42-T5p. (

San Diego, Atlantic, Indian’ Ocean, Gulf of Siam, Japa,nese waters,-
8. Pacific, Red Sea, Naples, Adriatic, Enghsh Channel (Plymouth),
Brittany coast. Paulsen says it often occurs damaged in the Northern
waters. : :

Goniaulax scrippsae Kofoid (1911).
 Text- -figure 28b.

Kof01d 1911 Pp- 228-229,

A-very sma]l rotund specles with small aplcal horn, much displaced -
girdle, surface with fine striations, prineipally in the longitudiral direc-
tion. No antapical spines. Girdle displaced 2-3 girdle widths. =Longi-
tudinal fyrrow deeply indented with marginal ridges, but no lists. Plate
formula 3% 0a 6” 6" Ip 1. Surface characterlstlcally marked with
fine sub-parallel lines, malnly longitudinal, but in some places parallel
‘with the intercalary bands. Length 29-39u.

Saw Diego, Plymouth Sound

Goniaulax turbynei Murray and Whitting (1889).
Text-figure 28c.

"Kofoid, 1911, pp. 225-227.
(?) Glenodinium ovatum Fauré-Fremiet, 1908.

This is a warm-water species first recorded by Murray and Whlttmg
from the tropical Atlantic: Kofoid thinks it possible that Fauré-
Fremiet’s Glenodinium ovatum from the coast of Brittany may be this
species, for which reason it is included here. ; »

A small ovoid species. Girdle displaced 1-1:5 girdle widths, without
marked overhang. Linear markings more or less well developed. Plate
formula 3%0a 6*6"" 1p 1'". Length 47u. - No apical horn nor antapical
spines. - Differs from G. scrippsae in the absence of overhang of the girdle.

‘Tropical Atlantlc, San Dlego (?) coast of Brittany.
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Goniaulax Diegensis Kofoid (1911).
: _ Plate-X1III, figures 5a-5d.
Kofoid, 1911, p. 217. o
" A species oceasionally found at Plymouth appears to be identical
 with this one described by Kofoid from California. . Cell nearly spherical,
with an undulating outline, slightly longer than broad ; stout short
apical horn, 2-4 antapical spines. . Girdle very slightly overhanging, dis-
placed from 34 girdle widths, strongly excavated, without lists. Plate
formula 4" 0a 6" 6" Ip 1"""’". First apical Tong, slender and irregular ;
fourth apical very small ; 2-4 spines, usually with fins, are borne by the
antapical plate, but these are very inconspicuous. . Theca strongly
" reticulate, the broad intercalary bands sparsely dotted. Plasma pale
yellow or yellowish brown. . Length 56-64p. '
“San Diego, California; English Channel (Plymouth_Sound).

Goniaulax Tamarensis n.sp.
- Plate XIY, figures la-1d.

This little species was found up the River Tamar in estuarine water.
Cell roundish, rather longer than broad. No apical horn; 2 very small
antapical spines. Girdle hardly displaced a girdle width, with no-over-
hang, with no lists. Longitudinal furrow much expanded posteriorly.
Plate formula 4’ Oa 6” 6’ -1p 1"""'. TFirst apical rather broad. Theca
smooth. Length 36p. ‘

Found only in the River Tamar estuary, near Plymouth.

_ Goniaulax apiculata (Penard) (1891).
. Text-figure 29.

Paulsen, 1908 ; Nordisches Plankton, p. 31.

Cell oval, epitheca with a small apical horn. Girdle displaced 1-2
“girdle widths without overhang. Hypotheca rounded. Longitudinal

D AR
D).

Fia. 29, Goniaiclaoé apiculata (Penard).
(7) Size. From Paulsen, 1908 ; after. Entz, 1904.
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' ‘1furrow broad, with lists suppdrted'by,,spines,” ‘Theca reticulatéd, ‘Plafe
formula 4’ Oa (or 3’ 1a) 6" 6’ Ip 1'""". Length 34—62u. . '
Fresh water ; rare in brackish water. Aral Sea. , :

Goniaulax triaca.n'fha J orgensen (1899).

_ Plate XIV, figure 2 and Text-figure 30.

Paulsen, 1908 ; Nordisches Plankton, pp. 28-29. , ‘
. Kofoid, 1911, pp. 221-225.
Amylox lata Meunier, 1910. _ .

A small species flattened dorso-ventrally ; hypotheca rotund ; epitheca
with concave sides, obliquely truncated apex. -Girdle slightly displaced ;
longitudinal furrow spreading posteriorly to the right; 5-7 antapical

[

Fr. 30. Gondaulaz tricantha Jorgensen.
Plate structure. After Kofoid.

spines. Surface finely reticulate, sometimes with linear markings. Girdle

- displaced 1 gizdle width, deeply excavated, without lists. Plate formula
3 20 6"6" 1p 1", Length 42-60p (without spines). - ’

. Alaska, Norway, -Spitzbergen, Iceland, Shetland and the Faroes,

_ Skaggerak, Cattegat, North Sea, North Atlantic, Baltic, Gulfs of Bothnia
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and leand English Channel (Plymouth) As well as occurring in
Plymouth Sound it was found in the Yealm estuary, near Plymouth.

Gomaulax polyedra Stein (1883).
Plate XTIV, figures 3a-3d.

Paulsen, 1908 ; Nordisches Plankton, pp- 31-32.
‘Keofoid, 1911, p. 238.

Small -angular, polyhedral ; with ridges along the sutures, some e
enlarged into bands. Girdle displaced 1-2 girdle widths, Surkisg
regularly pitted. Plate formula 4’ 2a 6" 6" 1p 1", the fourth” apl
minute and the anterior intercalaries ventral. Length 42-54p. Cell
contents deep brown. Neritic. :

Widely distributed in temperate and sub- tropical waters. Denmark
Norway, Faroes, N. Scotland; N. Atlantic, Baltic, Mediterranean,
Adriatic, Bosphorus, coast of California, Australia, English Channel
(‘Plyrnouth), Brltta,ny coast.

This species is one of the chief causes of “red Water the water in
certain areas (Kofoid, 1911, p. 242) being coloured a deep red by it. It
is also highly_ phosphorescent

Gomaulax longispina n.sp.
. Plate XIV, figures 4a—4c. .

This species appeared in numbers once in Plymouth Sound (7.7.21).
Cell elongated, rather suggesting Peridinium Steinis. Epitheca with
convex sides, longer than the hypotheca, tapermg to an aplca.l horn.
Hypotheca, hernlspherlcal with two very conspicuous winged spines on
the antapical plate, curving towards each other. Girdle displaced hardly
more than a girdle width, excavated. Longitudinal furrow not very
"broad. Plate formula 4’ 22 6" 6" Ip 1'""". Tirst apical long and narrow,
the others very small. -Anterior intercalaries ventral. Theca with con-
sprcuous reticulations, the intercalary bands sometimes very broad with
mosaic-like sculpture of squares. Cell cortents dark yellow. Length
56u with spines, o
Plymouth Sound.

Goniaulax catenata (Levander) (1894).
Text- ﬁgure 31a (see p. 98)
* Kofoid, 1911, pp. 287-293. )
Peridinium cateriatum Paulsen, 1908 Nordlsches Plankton, pp.63-65. -

his gpecies, deseribed by Levandér as a Peridinium, has been shown
ofoid to be a Goniaulax related to G. triacantha. It is specially
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interesting becausé of its habit of forming chains. Cell thintte; with the
general form of a Peridinium, but the plates of a Goniaulax. - Plate
formula 4’ 4a 6" 6" 1p 1''"".  Posterior plate of ventral ares exceeding
0-5 transdiameters in width. Several antapical spines present. Ring-
shaped starch grains. Fission with chain formation. Body rounded,
flattened dorso-ventrally. Girdle displaced 1 girdle width, without over-- -
hang; furrow deeply impressed, no lists. Ventral area exceptionally

Fie. 31.
a.  Qonsaulazx catenata (Levander). ’ b, Goniaulax fragilis (Schiitt).

30u long. After Kofoid. -
oo 6 Gondaulax fragilis (Schiitt), living.
Barents Sea. After Wulff, 1916.

84p long. After Kofeid.

PR

open. -Surface faintly marked by lines and a ‘delicat(? tracery ; several
prominent pores in certain places. Length 30pu. T

Baltic, North Sea, North Atlantic, waters round Greenland. A species
looking like this one in chains of two -has been seen in Plymouth Sound,
but the plates were not elucidated. . :

2. Sub-genus Steiniella.

. Laterallz-compressed, apical closing plat'ele’ddarriéd over to the dorsal
face: of epitheca. Large rotund body with very fragile theca, 3 or 4
apicals and no anterior intercalary. . o o
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Goniaulax fragilis (Schititt) (1896).
‘Text-figure 31b and 8le.
K0f01d 1911b ‘
Steiniella fragilis Paulsen 19()8 Pp. 32-33.

" Body roundish oval, no aplcal horn. Girdle displaced” about 3 girdle
widths, without overhang. No spines. Theca extremely thin. ~ Plate
formuls, 3" 0 6" 6" Ip 1", Surface nearly smooth, faint longltudlna.l
markings. Yellow chromatophores Length 82-105p.

California, Gulf Stream, - waters North of- Scotland Barents Sea,,
Atlantic; Adriatic, Naples.

. Wulf’s specimens from the. Barents Sea look very much like some
spemes of Gymnodlmum, the plates being 1nconsp10uous in the hvmg’
organism, . :

Genus Dlplopsahs Bergh (1882)

Thls genusg, has<been the sub]ect of much discussion, as there are
several forms with various arrangements of plates which have been
_attributed to it. For a discussion of these see Lebour (1922), to which
paper all synonymy of these genera leading up to Peridinium has been -
referred.

Cell lens-shaped, with a left longitudinal list fairly conspicuous. Plate.
formula 3’ 1a 6” 5" .1”""". The plate here called the anterior mtercala,ry
may be a dJsplaced apical.. Apical pore present. Marine and in relict seas.

One species :—1I. lenticula Bergh.

v Diplopsalis lenticula Bergh (1882).
" - Plate XV, figures la-1le.
Lebour, 1922. :
Not Paulsen, 1908, except his reference to Stein’s ﬁgure (Plate 1X,
figure 1), and his ﬁgure of the epltheca Whlch is taken from
that figure. .

Epi- and hypothecae nearly ,equa,l. Girdle almost central, not d_is-
placed. The three large apical plates meet in the centre, the anterior:
intercalary nearly pushing out the third and fourth precingulars. Girdle
lists with fine spines. ‘Longitudinal furrow reaching nearly to the centre

~of the hypatheca; the left longitudinal list very large and conspicuous,
serrated at the edge. Plasma pale pink. Large pusule. Probably sapro-
‘phytic. Theca finely punctuated. Reproduction by spores (usually two)
which emerge from- the theca by its openlng at the girdle. Length
29-344 ; breadth 33—40pu. .
Skaggerak (?), Northumberland coast, *Clyde, English Channel
' (Plymouth), coast of Brittany, Lake of.- Thau and Mediterranean.
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 This is presumably the original form of Bergh from the Skaggerak,
but apparently it has never been rediscovered there, and others regard
the original to be Peridiniopsis asymmetrica or’ Diplopelt()psis\ minor.
- Pavillard (1912, 1913 1916) was the first to suggest it was the present |
species.

Ostenfeld’s D ca.spwa (190] 1908) from the Caspian and the Aral -
Seas, is closely related to this. species, but with ‘a more conical apex '
His D. pillula (1908, and Paulsen, 1908) and Mangin’s D. mingma: (1911)
do not agree with the present genus in their plate structure. D. pillula,
from the Aral Sea, plate formula 3’ 0a 5" 5" 2'""', is recorded also from
the Zuider Zee by Paulsen (1908), but he refers to a ﬁgure of Van Breeman
(1905) which is not sufficiently described for oneto be sure of its belong-
ing to this species.

' D. minima Mangin, from the coast of Brlttany, hais the epltheca very
like Diplopsalis, but with only 5 precingulars, 1 anterior intercalary and
2 antapicals.. Plate formula 3’ Za 6" 6" 2"""". It thus appears to belong
to .a new genus.

D. saccularis Murray and Whlttmg (1889 and Paulsen,. 1908 p- 36)
is not sufficiently known as regards plate structure to be assigned to any
definite position. It is almost certainly not a Diplopsalis. '
Genus Peridiniopsis Lemmermann (1904).

- Lebour, 1922. ) . :

Cell with plates. Plate formula 3" 1-2¢ 6” 5"’ 2'"”". Round, conical
“or lenticulaf. - Like Diplopsalis, but with two antapicals, and in the sub-
genus Diplopelta with a second small anterior intercalary plate.  The
Jarge anterior intercalary may, however, be a displaced apical. Marine
and fresh-water. This genus was founded by Lemmermann (1904) for

the fresh water species P. Borgei. Peridinium Penordii Lemm. (Schﬂlmg,
. 1913, p. 41), also a fresh-water species, is a Per1d1n10ps1s -

Sub-genus I. PerldlnlopSls Lebour (1922)

-Plate formula 3’ 1a 6" 5" 2""'.
To this sub-genus belong Pemdzmopszs Borge@, P, Penardm and
P. rotunda Lebour.

Sub-genus II. Diplopelta Jorgensen (i913).

“Plate formula 3’ 2a 6" 5’ 2" i
To thls sub-genus belongs Peridiniopsis asymmetmca Mangm
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Sub-genus Peridiniopsis.
‘Peridiniopsis rotunda Lebour (1922).
~ : Plate XV, ﬁgures dade,

Cell globular, aplcal pore on a small prommenee Girdle central, not
displaced, provided with consplcuous lists strengthened by minute spines. -
First aplca] pentagonal and in shape like that of the section Metaperi- -
dinium in"the genus Peridinium ' (see below) the anterior intercalary

: 'commg round to meet it on the left side. Longitudinal furrow not reach-
" ing to the centre of the hypotheca, prowded with a conspicuous wing-like
list on the left. Plasma pinkish or almost colourless. Conspicuous pusule.
Probably saprophytlc Theca ﬁner punctuated Diameter of cell 22-28.
~ Plymouth Sound.

The-precingular plates of this species were so difficult to see that it
was not quite, although almost, certain that there were 6. It is placed
in this genus on that assymption. ,

Fauré-Fremiet’s Peridinium inaequale (1908) is possibly a Perldlmopms,
but there are antapical spines present which is unusual in this genus.

v Sub- -genus Dlplopelta J drgensen (1913)
~.Lebour, 1922.
Genus D@plopelta Jo orgensen (1913)

"
i b

Peridiniopsis asymmetnca Mangm ( 1913)

Plate XV, ﬁgures Sa—Se
Lebour, 1922.

szlopsahs lenticula Paulsen, 1908 ; Nordisches Plankton (in par‘o)

“ Cell lens- shaped -apical pore on a small prommence Girdle central, -
not displaced, provided with lists without strengthening spines. First
apical of the Orthoperidinium type (see below). Large anterior inter~
calary nearly joining the apex (perhaps an apical), the small one diamond-
shaped and wedged in between this and the precingulars 2 and 3.
Longitudinal furrow not nearly reaching to the centre of the hypotheca,
provided with a conspicuous but short wing-like left list. Plasma pink.
Large pusule. Probably saprophytic. Theca finely punctate. Repro-

- duction by spores as in Diplopsalis. Dlameter 50-89y, usually about
80y or more.

- Very common in Northern Waters as well as elsewhere. North Sea, -
:';;SVSwedlsh and Norweglan Seas, Clyde, Irish Sea; Atlantic Ocean, English .
hannel, -Flemish -and Brittany coasts, Baltic, Medlterranean Boston
raits; Celebes, and Indian Seas. - y

his is the largest and best known of the three species Whlch have been
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called Diplopsalis lenticula Bergh, the other two being the Diplopsalis
lenticuly deseribed above, and Diplopeltopsis minor (Paulsen) Peridini-
opsis asymmetrica and szlopeltopszs minor together are recorded as
Diplopsalis lenticula in the International records. It is not the case,
however, as suggested by Paulsen (1912), that only D. minor oceurs at
Plymouth. Allthree species occur there, the present one, P. asymmemca
being found further out to sea than the others, but also commonly eoming
into the Seund.
Genus D1plopeltops1s Pavﬂ]ard ( 1913)

Cell lens -shaped. Plate formula 3’ 24 7 5" 1 " or the large inter-
calary may be an apical. ‘Like Diplopelta, but Wlth 7 precingulars and
1 antapical. Marine and estuarine. :

One species —Diplopeltopsis minor Lebour.

 Diplopeltopsis minor Lebour (1922);
Plate XV, figures 2a-28.

. Diplopsalis. lentwula, forma minor Paulsen 1908 ; Nordisches
Plankton, p. 36. '

) Epltheca and hypotheca nearly equal. . Girdle central, not displaced,
provided with lists strengthened by fine spines. Longltudmal furrow not
Teaching to the centre of the hypotheca, with a conspicuous but narrow
ng-hke list on the left. Small anterior intercalary dlamond-shaped and
occupying a position similar to that in P. asymmetrice.- There is only
one antapical plate. Plasma pinkish. Large pusule. Probably sapro-
phytic. ‘Theca very finely punctuate. Diameter 28-56, usua,llyovertl()/u,

Zuider Zee, Western Baltic, Skaggerak, Kattegat, Belt Sea, fjord in .
the Faroes, coast of Brlttany, English Channel, Barents and Kara Seas.

- At Plymouth-it-is found in the estuarles as well as the Sound and
outsule

~

Genus Entzia Lebour (1922).

Plate formula 4’ 1-24 7" 5" 1""". Aplcal pore present. Differs from -
Peridinium, sub-genus Archaeperidinium, in havmg only one a,ntaplca]
plate and sometimes only one. anterior intercalary.

' One species i—FEnizia acute (Apstein).

Entzia acuta (Apstein).
Text-figure 32.
Lebour, 1922, :
Peridinium latum Paulsen, 1908 ; Nordisches Plankton, p- 41.
szlopsal@s acute (Apstem) Entz fil., 1906 ; Schilling, 1913.

(‘ell roundlsh epitheca conical, slightly larger than the hypotheca,
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which'is rounded, = Girdle not displdéced, = Liongitudinal furrow reaching
almost to the centre of the hypotheca, with .a wing-like list on the left.
Intercalaty striae broad or narrow. . First apical of the Orthoperidinium
type. Dorsal plates (according to Entz. fil., 1906) either with one large
anterior. intercalary, or Wlth this d1v1ded 1nto two equa.l parts as in

Fic. 32. Entzia acuta (Apstein).

X 350, Balaton Lake, Hungary., From Schﬂhng, 1913; after Eritz fil,
1906.

ventral, dorsal, hypotheca. and epltheca

Archaeperldlmum Plasma chocolate-brown. - Length 29-39u, breadth
96—67;1,

In ponds and lakes. ~ Found by Lemmermaml in brackish water.
Common in Balaton Lake (Plattensee), Hungary. ~

The two following genera have the same number of plates typlcally,
but are so different that it is deemed best to keep them separate.. Both
lead up to Perldlnlum, sub-genus Archaeperidinium. '

Genus D1p10psa10ps1s Meunier (1910).

+ Cell lens-shaped. - Plate formula 3’ 2a 7" 572 or 4 10 7" 5”’ 2””
Like Dlplopeltopms but with 2-antapicals. Marine. X
One species ——pzplopsalopszs orbiculares (Paulsen).

Diplopsalopsis orbicularis (Paulsen).
Plate XVI, figures la-le.

P

, Lebour, 1922, : :
Peridinium.orbiculare Paulsen, 1908 ; Nordisches Pla,nkton, p- 42,
Cell globular or lens-shaped. Apieal horn hardly apparent.’ Girdle

central, not displaced. Lists without spines (%).’ Longitudinal groove
not reaching to the centre of the hynotheca, provided with a large wing-
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like list on theleft. Apical plates asin Orthoperidinium. Plasma pinkish.
Diameter 40—46u. Neritic.

North Sea, Danish waters, Iceland, English Channel. . A specimen with
a very small extra 1ntercalary was found at Plymouth. :

Genus Kryptopendlmum Lindemann (advance reprint, 1923).

This genus is created by Lindemann in a paper to be published shortly
in Botanisches Archiv., an advance reprint of which was kindly sent by
him (1923). Tt mcludes one species which was formerly known as Gleno-
dineum foliaceum Stein, but is now shown to possess plates, although these
are not recognisable at all except by the help of reagents. Cell with a
very thin theca, divided into plates which are only discernible with
reagents: Plate formula 3’ 2¢ 7" 5" 2", but variations may occur in
which it is 4’ 2a 77 5"" 2""”", which makes it the same as the sub-genus
Archaeperidinium of Peridinium. Girdle not displaced.. Apical pore
present. Longitudinal furrow very small.

Harbours and estuaries.

One species :—K. folz'aceum (Stein).

Kryptoperidinium foliaceum (Stem) (1883)
~ Plate XVI, figures 2a-2f.
Lmdemann, 1923 (advance reprint).

Glenodinium foliacewm Paulsen, 1908 ; Nordisches Plankton, p. 22.

~ Cell much flattened dorso-ventrally and twisted on its axis. Convex
dorsally, concave ventrally Epitheca rounded, hypotheca. somewhat
oblong. Girdle excavated, without lists. Sulcus very narrow, to the left,
only reaching about half-way down the hypotheca. Transvérse flagellum
running nearly round the cell, longitudinal flagellum: about the length of
the cell. Red stigma near flagellar pore ; many small plate-like greenish
brown chromatophores. Apical pore small but distinet. Theca smooth,
thin ; plates showing up with reagents. In all those from Plymouth .

' there were 3 apicals and a very large seventh precingular ; but Lindemann

«

has found several variations, one of which has 4 apicals, although the
arrangement in the Plymouth form he also finds the commonest. I have
thus taken this to be the typical arrangement. A small triangular plate
dividing the ends of the girdle apparently belongs to the ventral area.
Length 28-33p.

Baltic ;. harbour of Rostock, Mecklenburg ; Yealm estuary, near Ply-
mouth. Occurs in enormous quant1t1es usually coloumng the water a
brownish green.

It is evident that here we have a species with var1able plates leading
up to Peridinium. :
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; Genus Peridinium Ehreﬁberg (1840).

Cell more or less top-shaped. Apical pore typically present. Often an
-apical horn. Plate formula 4 2-3a 7" 6" 2"""'. Girdle usually in three
. parts. Marine and. fresh-water. ‘

Two sub-genera are here recogmsed —

1. Archaeper1dm1um Je orgensen, 1913 Lebour, 1922 Plate formula
4/ 2“ 7” 5/// 2////

2. Perldlmum proper Lebour, 1922 Plate formula 4 307" 5" 2.

The subdivision of the genus Peridinium into Protoperidinium and
Euperidinium (Paulsen, 1908) was important in that it divided the right-
handed forms from the left-handed forms, but very little prominence
was given to the arrangement of the plates, so that with further
investigation it was found that species closely related in their plate
structure were far apart in this classification. Also the division into
hollow-horned and solid-spined species does not hold good, although
the majority of hollow-horned forms belong to Euperidinium, and
sohd-spmed to Protoperidinium. The girdle also is often almost circular
in both groups. .

A much more satisfactory classification is brought forward by Jorgensen
(1913), who divides Peridinium in the first place according to the arrange- -
ment and form of the first apical plate, and secondly (excluding
Archaeperidinium) accordlng to the arrangement of the dorsal epithecal
plates.

The genus Peridinium is thus divided into two groups, the ﬁrst Ortho-.
peridinium with a more or less diamond-shaped first apical which touches
“‘the 'first and seventh precingulars, and the second and fourth apicals
(Text-figure 33a). :

Frc.33. Dia‘g‘ra;m showing arrangement of first apical plate in P

a. Orthoperidinium: b. Metaperidinium. : c. Paraperidinium.

To this group belongs the sub-genus Archaeperidinium, all the left-
handed species of Peridinium proper and many that have an almost -
circular girdle (mostly belonging to Euperidinium). Diplopsalis and its
relatives are also of the Orthoperidinium type (with the exceptlon of one
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or two aberrant forms, and. these have not the stricture of the Meta-
peridinium group) and all the fresh-water species of Peridinium so far
known. . .~ - - R

The second group, Metaperidinium, has the first apical pentagonal or
hexagonal touching the first, second and seventh precingulars, sometimes -
also the sixth, and the second and fourth apicals. When it touches the
sixth precingular the plate is hexagonal, and the term Paraperidinium
has been given to this type by Jérgensen (Text-figures 33b and 83c) which
is regarded as a section. To Metaperidinium belong all the right-handed
- species of Peridinium and many with almost circular girdles; the majority
having solid spines, a few, however, having hollow horns. This group
eoincides to a great extent, but not entirely, with Gran’s Protoperidinium.

The Orthoperidinium and Metaperidinium groups- are again divided
into sections according to the arrangement of the dorsal epithecal plates.
These are described under the two groups. cl
© Species :— ,

1. Sub-genus Archaeperidinium. .

Peridinium monospinum Paulsen, P. avellana Meunier, P. Thorianwm
Paulsen, P. excentricum Paulsen, P. triqueta (Stein). ‘

2. Sub-genus Peridinium.
Group Orthoperidinium.
‘Section Contca,  *

Peridinvum conicum (Gran), P. pentagonum Gran, P. conicoides Paulsen,
P, Leonis Pavillard, P. Willes Huitfeld-Kaas, P. Faervense Paulsen, -
P. trochoideum Stein (Lemm.), P. achromaticum. Levandet, P. subinerme
- Paulsen, P. Anthony; Fauré-Fremiet, P. fimbriatum Meunier, P, nudum
Meunier, P. divaricatum Meunier, P. tabulatum (Ehr.), P. elongatum -
Meunier, P. Yserense Meunier.

Section OCEANTCA. .

P. depressum Bailey, P. saltans Meunier, P - ocEmnICUm Vanhéffen, ;
P. oblongum (Aurivillius), P. obtusum Karsten, P. bulla Meunier, P, verru-
“cosum Meunier, P. robustum Meunier. ,

-

’ . Section TABULATA.
P. claudicans Paulsen; P, punctulatum Paulsen.  °

Group Metaperidinium,

: Section PYRIFORMTA, C .

- P. Grawiv Ostenfeld, P, mite Pavillard, P. Steinds J orgensen, P. ovatum
(Pouchet), P, pyriforme Paulsen, - BT g

N
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Section DIVERGENS.
_ P: divergens Ehrenberg, P. curtipes Jorgensen.

- Section HumILIA.

P. globulus Stein, P. cerasus Paulsen, (?) P. rosewm Paulsen, P. brevipes
Paulsen, P. varicans Paulsen, P, breve Paulsen; P. deczpzens Jorgensen,
- P.-monacanthus Broch, P. sub-curvipes Lebour.

. “’K/ O i om N B
Section PARAPERIDINIUM.

P, palhdum Ostenfeld, P. pellucidum (Bergh) Schiitt, P. curmpes

‘Ostenfeld, P. islandicum Paulsen, P. diabolus Cleve.
- Incerte ced’s:—P. macrospinum Mangin, P. Balticum (Levander) :
Lemmermann

Sub -genus Archaeperidinium Lebour (1922).
Amkaepemdmmm Jorgensen, 1913, -
Plate formula 4 20 77 5" 27",

] Orthoperldlmum group. The two anterior intercalaries either meet in
the dorsal region (all known marine forms), or are separated by the fourth
preclngular (severa] fresh-water forms).

- Peridinium monospinum Paulsen (1907). -
Plate X VI, figures 3a-3h.
Paulsen, 1908 ; Nordisches Plankton, p. 41.

Arckaepemdmmm moriospinum Jorgensen, 1913,
» » - Pavillard, 1913.

. Peridimium aspinum Meunier, 1919.
Peridinium (Archaeperidinium) monospinum Lebour, 1922.

_ Cell globular, with a conspicuous, but low, apical horn. Girdle not

displaced, with narrow lists not supported by spines. Longitudinal -

furrow reaching nearly to the centre of the hypotheca and expanding
posteriorly, provided on both sides with lists, the left wing-like and con-
‘spicuous with a spine at its broadest part; two other small spines are
- sometimes apparent below. Broad intercalary striae sometimes present.
_ Thecé with fine pores far apart. Colourless. Reproductlon by spore for-
- mation, a single spore being liberated by the theca openmg at the glrdle
~ Diameter of cell 40-56.
~ North Sea, English Channel, Brittany coast common at Plymouth.
- Thisis very like Kofoid’s P. minutum (1907) from San Diego, California.

‘Fauré-Fremiet - (1908) describes. a variety of P. minutum (var. Tahi-

- houensis) from La Hougue which apparently belongs to the’ present species,
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but has an 1rregularly shaped first apical and a small extra precmgular'
at the right. :
Peridinium avellana Meunier (1919).
" Plate XVII, figures 1a-1f. ;
Cell somewhat nut-shaped, irregular. No ‘apical horn. - Girdle con-
spicuously left-handed, excavated, striated, with narrow lists not sup-
ported by spines. Longltudlnal furrow reaching nearly to’the middle
of the hypotheca, expanding posteriorly, without conspicuous. lists.
Broad intercalary striae sometimes present. Theea thickly covered with
pores and striae. First apical not reaching to the apex; the fourth
apical coming over ventrally like a hood. ~Colour greenish' yellow or
colourless. Diameter of cell 30-42p. 4
Plymouth Sound and outside. Flemlsh coast in littoral and brackish
~localities.
: Peridinium Thorlanum Paulsen (1 905)
Plate XVII, figures 2a-2f.

* Paulsen, 1908; Nordlsches Pla,nkton, p- 62.
Meunier, 1910.
Jorgensen, 1913.
Properidinium Thorianum Meunier, 1919,
Peridinium (Archaeperidinium) Thorianum Lebour, 1922.
~ Cell somewhat rhombic in ventral view, with convex sides. Girdle
left-handed, striated, excavated, with inconspicuous lists not supported
by spines. - Longitudinal furrow straight and narrow, with very incon-
splcuous lists, not reaching to the centre of the hypotheca, usually without
spines. Nearly cireular in apical view. Large apical pore on the first and’
third apma]s Theca covered with large papillae more or less running
into one another to form striae. Intercalary bands sometlmes broad.
Colour pale yellow. Diameter of cell 56-70p.
Tceland, Faroes, Skaggerak, Barents Sea, North Sea., English Channel
F]emlsh coast.
Peridinium excenfricum Paulsen (1907).
Plate XVIII, figures 1a-1d.

Paulsen, 19()8 Nordisches Plankton, P 51
Jorgensen, 1913. ) s -
Pavillard, 1916. o '
Meunier, 1919.
Peridiraum Perriers Fauré-Fremiet, 1909. T
Peridinium (Archaeperidiniium) excentricum Lebour, 1922,
Cell depressed, very much obliquely twisted so that the left side of the
hypotheca is larger than the right and the right side Jonger than'the left.
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Apex conical, excentric ; anterior intercalaries. very dissimilar, the first
small, the second very large and reaching beyond the centre of the dorsal
surface. Girdle not displaced, excavated, provided with lists which are
supported by fine spines. Longitudinal furrow deep, oblique, reaching
beyond thie centre of the hypotheca, with narrow lists. Hypotheca pro-
jecting on the left in an antaplcal process. Colour pinkish. Diameter
of cell 45-60p.

Northern Seas, Skaggerak, Enghsh Channel, Flemlsh and Brlt‘oany
coasts, Mediterranean.

Pavillard (1916) was the first to notice there were only two anterior
intercalary plates. On this account it is placed in the sub-genus Archae-
peridinium, ' ‘

Peridinium triqueta (Stein) (1883).
Plate XVIII, figures 2a-2f.

H elerocapsa triquets Paulsen, 1908 ; Nordisches Plankton, p. 26.
Propemdmmm heterocapsa Meunier, 1919,

Cell elongated, 1rregu1ar the hypotheca ending in a somewhat obligue
point. No apical spine. Apical pore only sometimes present (see Linde-
mann, advance reprint, 1923). Girdle left-handed, excavated, with very
inconspicuous lists. Longitudinal furrow not reaching to the end of the
hypotheca and without lists.” First apical separated from the girdle by
the first. and seventh precmgula,rs (the- seventh regarded by Lindemann
and -others as part of the ventral area).” Intercalary striae sometimes
broad. Fourth apical projecting ventrally. Many small greenish brown
chromatophores Length 16-30p. Reproduction by spore formation, -
the theca opening at the girdle to allow one spore to escape which divides
_ into two obliquely, each portion becoming a new individual and forming
a theca before separation. Neritic, often in estuaries. Common.

Atlantic, - Baltfe, Bosphorus, Plymouth Sound and estuaries near,
Brittany coast, Flemish Sea, Nieuport.

- 'We owe to Meunier (1919) the realisation of the true relationship of
this species. Dr. E. J. Allen, of the Plymouth Laboratory of the Marine
‘Biological Association of the United Kingdom, obtained a flourishing
pure culture from water taken from the Sound. From this the repro-
- duction and division were studied. ’ '

The fresh-water forms with two anterior intercalaries either have their
~ plates touching as in the marine forms, e.g. P. apiculata (Ehrbg.), or have
them separated by the fourth precingular, which touches the fourth
. apical, e.g. P. umbonatum Stein, P. inaequale Lemm.,-P. pusillum (Penard),
P. marckwum Lemm., P. nconspicuum Lemin. (see Schﬂhng, 1913).
_These have not been’ seen by the writer. Peridinium achromaticum
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Lemm. (Paulsen, 1908, p. 62), although figured by Levander with only.
- two, has in the marine form three anterior intercalaries,. and belongs to
Peridinium proper. It is possible; however, that here two separate.
species are involved. - S .
4 * " Sub-genus Peridinium.

_ Peridinium proper, with three anterior intercalaries, includes such a
~ large number of species that subdivision is again necessary. Jorgensen
(1913) has helped ‘very~materiallg by dividing them according to the
arrangement of the dorsal plates, taking the second anterior intercalary
and its relations with its neighbours. Thus it may be touching the third,
- fourth and fitth precingulars, or it may only touch two, the third and
fourth or the fourth and fifth, or it may only touch the fourth. These
arrangements occur in both Orthoperidinium and Metaperidinium groups..
Jorgensen has named these sections of Orthoperidinium Conica, Tabulatsa
and Oceanica respectively. In Metaperidinium he has named them Para-
peridinium, Pyriformia and Humilia, with an extra section Divergeris
(Text-figure 34). :

D T ) S, - O
"] 47\s+ -2 4 Y5 o/ & \s" 3 & s
a ke d

v Fia. 34. D'iagra,m showing arrangement of the second -anterior inter-
calary plate in the sections of Orthoperidinium and Metaperidinium.

@ and b. Orthoperidinium Tabulata, Metaperidinium Pyriformia.
¢. Orthoperidinium Conica, Metaperidinium Paraperidiniam.
d. Orthoperidinium Oceanica, Metaperidinium Divergens and Humilia,.

Although tle more recent researches show that the arrangement of
these dorsal plates is not always constant (Barrows, Lindemann and
others), still one arrangement is almost always typical for the species,
and it is only in a few cases that the plates vary so much within ‘the
species that one is in difficulty in which section to place it. The division
into sections according to the dorsal epithecal plates has been found so
useful in classifying the enormous genis Peridinium that, although
acknowledging that the platés are sometimes variable, it has been thought -
advisable to retain it, noting those cases in which variation is known. |
Perhaps the most important, recent observation on the variability of the
plates within a species is one made by Miss 8. Marshall, who kindly allows
me to print it, on Peridinium ovatum from Millport on the Clyde. This
species she found varies enormously in that the majority had the dorsal
plates as in the section Humilia (which agrees with the earlier drawings
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and statements of Broch, Jorgensen and others). 1n many specimens the
median dorsal plate (2a) was asymmetrical, but a certain number were
as in the section Pyriformia, which arrangement was found by myself in .
‘all specimens examined from Plymouth, also from India and other
localities and regarded as: typical (1923). Later I examined some of
Miss Marshall’s specimens and found both forms as she states. - Which,
then, is to be regarded as the typical structure # Since I have found it
to be as in the section Pyriformia in so many specimens from various’
localities, and it is also thus figured by Meunier (1919), it seems to be
advisable to keep it in this section, stating that it is very variable and
may frequently be as in the section Humilia. The classification into these
sections is merely for convenience, and-it is fully realised that the arrange-
* ment is a natural and mechanical effect of a splitting up into plates in a,
more or less globular organism, so many arrangements being possible and
nearly all of these being found to occur in the dinoflagellate theca.
. e
Group Orthoperidinium.

R : Section CONICAs

Second anterior intercalary plate touching preeingulars 3, 4 and 5.

Peridinium conicum (Gran) (1900).
- . Plate XIX, figures 1&—1@.
Paulsen, 1908 ; Nordisches Plankton, pp. 58-59.
Peridinium acutangulum (Lemm.) Jorgensen, 1913.

Cell nearly symmetrical, flattened dorso-ventrally. Epitheca triangular
in ventral view, with straight or slightly convex sides. Hypotheca and
epitheca sub-equal.  Hypotheca with two hollow antapical horns full of
protoplasm, without spines. Girdle almost circular, slightly left-handed,
excavated, supported by narrow. lists. Intercalary striae often broad,
especially on the sutures between the second and third apicals and the
second and sixth precingulars ; these form two conspicuous ridges charac-
teristic of this-species and P. pentagonum.: Longitudinal furrow reaching
" to beyond the centre of the hypotheca, with- very inconspicuous lists. |
Theca finely reticulated. Colour pinkish to colourless, probably: sapro-

" phytic. Diameter of cell 70-76u. Neritic.

-Baltic, English Channel, coast of Brittany, Flemish coast, Mediter-,
ranean, Adriatic, Bosphorus, Golden Horn. . Very common at Plymouth
Jboth inside:and outside the Sound. - S

Meunier (1919) includes several species under this name, and this is
probably the same in many other cases.  In 1910 he describes a variety
bilobata with a very deep antapical depression.



112 .~ DINOFLAGELLATA

Peridinium pentagonum Gran (1902).
Plate XX, figures la-le.

Paulsen, 1908 ; Nordlsches Plankton, p- H9.
Peridinium sinuosum (Lemm.) J& orgensen, 1913.

Cell asymmetncal pentagonal, with two solid antaplcal spines. Left
side smaller than right. Girdle left-handed, excavated, with fairly broad
lists. Longitudinal furrow not reaching to the centre of the hypotheca,
with indistinct lists. Intercalary striae often broad, the two ridges as in
the precedlng species distinet but closer together. ~Colour _pinkish.

. Probably saprophytic. Diameter of cell 75-100u. Neritic. -

Northern Seas, English Channel, Brittany and Flemish coasts. Common
at Plymouth.

Peridinium conicoides Paulsen (1905).

, Plate XX, figures 2a~2d.
Paulsen, 1908; Nordisches Plankton, pp. 58— 59

Cell in ventral view somewhat rhombic, with weakly convex sides.
Girdle almost circular, excavated with finely broad lists. Hypotheoa
ending in two short hollow horns. Longitudinal furrow - broadening
posteriorly, on the left making a twist just below the girdle, sometimes
with two small spines near it. - Outline from above and below nearly
circular. Cell contents pale yellow. Diameter of cell 45-60u. Neritic,
Arctic species.

Iceland, Greenland Bkaggerak, Kattegat, English Channel (Plymouth)

Fauré-Fremiet’s Peridintum sp. (1908, p. 215) probably belongs to this
species, although the longitudinal furrow does not quite agree.

Perldnngm Leonis Pavillard (1916).
* Plate XXT, figures 1a-1d.

Peridinium saltans Pavillard, 1915.
Peridinium conicum Meunier, 1919 (in part).

Differs from P. pentagonum in havmg a profound depressmn between
 the posterior horns which bear solid spines.. There is a distinct difference
also in the suturé lines in front and behind the plates, 2’ 2” and 4’ 6”.
The back line in particular makes a very distinct division into dorsal and
ventral portions in P. pentagonum and P. conicum, whilst in P. Leonis
this division' is not apparentﬁ the line being a zigzag. Outline much
rounder in P. Leonss than in the other two. Intercalary striae may be,
broad. ~Girdie left-handed, excavated, with fairly broad lists with fine
supporting spines. Longltudlnal furrow reaching nearly to the centre of
the hypotheca, with faint spines. Theca rethulated usually splny, some-
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times ridged. Colour pinkish, probably saprophytic. .Cell diameter
65-95u. Neritic, very common.

Plymouth, Mediterranean, Adriatic. Probably vecurs abundantly else-
where, but has been confused with P. pentago'num and contcum. Fauré-
Fremiet’s P. typus (1908) may belong to this species, although no spines
are figured.

Peridinium Willei Huitfeld-Kaas (1900).-
Plate XXI, figures 2a-2d..
Paulsen, 1908 ; Nordisches Plankton, p. 66.

Cell flattened dorso- ventrally, strongly armoured. Epltheca. rounded,
longer than hypotheca no aplcal horn. Girdle left-handed, excavated,
with lists supported by spines. Longitudinal furrow invading the
epitheca, with two spines at the hind end. The junction of some
of> the plates form sharp angles. Intercalary striae usually broad.
Theca reticulated. Cell diameter 53—64;/, Fresh-water, sometimes
brackish.

One incomplete specimen from the Channel, midway between Plymouth

- and the coast of France, probably had been carried out from the coast.
Flanders, SWltzerland Norway, Bosphorus, English Channel.

 Peridinium Faervense Paulsen (1905).
_ Plate XIX, figures 2a-2d. -
Paulsen, 1908 ; Nordisches Plankton, pp. 64-65.

Very like P. trochoidewm, but with a ‘much narrower first apical.
Jo brgensen. (1913) remarks that they may be identical, but the present
gpecies is more rotund and without such a conspicuous apex. Otherwise
they are very much alike, with brown chromatophores. , Cell diameter:
16-36p. Neritic.

(Coast of Iceland and Faroes Enghsh Channel (Plymouth) from near
the coast to well outside the Sound. Very common.

This is probably the small round unnamed form figured by Fauré- -
Fremiet (1909, P1. XV, fig. 18) from the coast of Brittany.

Peridinium trochoideum (Stein) Lemm. (1910).
Plate XIX, figures 3a-3d.
J orgensen (1913). o
. _Glenodmmm trochqzdeum Paulsen, 1908 ; 'Nordisches Plank’oon,
Pp- 2425, v :

- Qell pear—shaped with a consplcuous apical horn. Hypotheca nearly
spherlcal Girdle left-handed, excavated, with -very. meonsplcuousiw
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lists. - Longitudinal furrow not reaching to the hind end, enla,rged pos-
teriorly, with narrow lists. No antapical spines or horns. Cell contalmng
numerous brown disc-like chromatophores, placed so close together that
the whole cell appears brown (see figure by Schiitt, 1895, Pl 25).
Diameter of cell 23-28u. Neritic.  Brackish and marine.

Aral Sea, Baltic, west coast of Norway, North Atlantic, Skaggerak,
Mediterranean, English Channel (Plymouth). Common. ’

Lemmermann (1910) first showed that this species was a Peridinium,
but he only figures two anterior intercalary plates, whereas there are
three in all the specimens examined from Plymouth, brmgmg it into the
section Conzca. : :

" Peridinium achromaticum Levander (1902).
Plate XXII, figures 1a-1g.

Paulsen, 1908 ; Nordisches Plankton, p. 62.
Schilling, 1913.

Cell somewhat rhombic in ventral view. Sides of epitheca straight or
weakly convex. Hypotheca with convex sides. Girdle hardly displaced
or slightly left-handed, excavated, provided with narrow lists. Longi-
tudinal furrow broadening behind, sharp at the hind edges so asto appear
like spines. Behind these the border-is excavated. Outline of epi- and
hypothecae roundish. Interca,lary striae usually narrow. Plasma colour-
less and clear. Probably saprophytic. Cell diameter 28-40u. Neritic,
brackish and sea-water. ,

Finland, Aral Sea, English Channel (Plymouth).

Levander figures this species with only two anterior intercalaries, the
fourth precingular dividing them: Schllhng (1913) querles there being a
dorsal plate (third 1ntercalary) but thls 1s well seen in the Plymouth
‘ specunens '
Peridinium subinerme Paulsen ( 1904).

" Plate XXII, ﬁgu.fes 2a-2f.

Paulsen, 1908 ; Nordisches Plankton, pp 60-61.
Jorgensen, 1913.
Meunier, 1919.

Cell bilaterally symmetricﬁl, in girdle view nearly square, excavated at
the hind end. Epitheca with weak convex sides ; hypotheca with nearly
straight sides. Girdle almost circular, excavated, supported by fine
spines. Hind part of the longitudinal furrow lying in a sharp depression
whose bordezs coincide, or neaﬂy s0, with the sutures which lie round the .
furrow and which bear spines. These splnes are often lacking in the

- Arctic specimens, but are usually present in those from the North Sea
and the Channel. The Arctic specimens sometimes have-spines on the
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border of the furrows. Intercalary striae sometimes broad. Theca usually
reticulated and spiny. Diameter of cell 50-60u.

Boreal or Arctic form, but spreads to the Channel and Brittany coast.
South Greenland, Tceland, Skaggerak Barents and Kara Seas, North Sea.
Common at Plymouth.

Peridinium punctulotum Paulsen (1908, p. 61) is considered by
Paulsen and Jérgensen (1913) as closely related to P. subinerme, but
Meunier (1919) describes and figures the dorsal epithecal plates asirregular,
and if they are as he says, the species belongs to the section Tabulata of
‘Orthoperidinium.. Paulsen’s ﬁgure C also seems to show this. Specimens
. presumably belonging to this species, but not specially examined for plate
structure, were found at Plymouth. Pendlng further ewdence, the species .

is placed in the section Tabulata.

Peridinium Anthony1 Fauré- Fremlet (1908).
T Text-figure 35a (see p- 116).

Cell with comcal\pﬁsh&ca, hypotheca rounded, mterrupted by the
longitudinal furrow, which beais-a-conspicuous list at the hind end.
Girdle slightly left-handed, excavated, striated;- with very inconspicuous
lists. Intercalary striae broad between certain plates. Theca teticulated,
- with the nodules accentuated. The third postcmgular is very small.
Diameter 46u.

Known only from the Bay of La Hougue

Peridinium fimbriatum Meunier (1919).
Text-figure 35b.

Céll somewhat rhombic in ventral view. Epitheca conical ; hypotheca
rounded except for the interruption of the longitudinal furrow, which
bears a veil-like list at its hind end near the centre of the hypotheca.
‘From this structure the species takes its name. Girdle not displaced, or
slightly left-handed, excavated; with fairly Wlde lists. Diameter of cell
ca. 30u (calculated).

Known only from the oyster beds at Nleuport and the Yser Canal,
Flanders. (Meunier.)

' Peridinium nudum Meunier (1919).
Text-figure 35c.

Cell globular slightly longer than broad. Girdle shghtly left handed,
~ excavated, with narrow lists, not supported by spines. Longitudinal
" furrow straight, reachmg nearly to the centre of the"hypotheca, which is
- slightly bi-lobed in corsequence. No antaplcal spines. TWirst apical
narrow, with straight sides. Cell diameter. ca. 25u (calculated).

Flemish coast.” (Meunier.) :
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" [Fre, 35."

Pemdmzum Anthonyi Fauré-Fremiet.
46 across; Bay of La Hougue. After Faure-Fremlet 1909. .
Four drawings': ventral, dorsal, aplcal and antaplcal v1ews

b Pemdmmm fimbrigtum Meunier. -
. ca. 30u (calculated), Coast of Flanders. After Meumel 1919,
Five drawings : ventral, dorso-lateral, ventro-lateral aplcal and -
anta,pwail views.
e.” Pertdinium nudwum Meunier,
) ca. 2By across (calculated), coast of Fla.nders After Meumer 1919
Five drawings : dorsal, side, ventral, aplcal and antapleal Vlews

v d Peridinium divaricatum Meunier. ,
= B0u.across (calculated); brackish water, Flanders After Meunier, 1919.
Four dra.wmgs apical, ventral, side and dorsal views. ST

e.  Peridinium tabulamm (Ehrenberg).
43—45;1, across. —After Schilling, 1913.
Four drawings : ventral, dorsal, apical and antaplcal views.

' b Peridinium elongatum Meunier. >
.(7?) Size, Barents Sea. After Meunier, 1910. :
Four. dramngs “Ventral, side, dorsal and antaplcal v1ews

9. -Peridinium, Yserense Meunier,
ca. 36y across (calculated), coast of Flanders. After Meimier, 1919, -
Flve drawmgs ventral, side, dorsal, apical and antapical views.
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Peridinium divaricatum Meurier (1919),
, Text-figure 35d (see p. 116)
( )Pemdmwm sp. A. Mangin- (1913)

o Cell nearly‘ bilaterally symmetrical. ~Girdle slightly left—handed ex-
" cavated, with lists supported by fine spines. Hypotheca deeply divided -
into two divergent hollow horns. Longitudinal furrow with the edges'
appearing belind as two spines. Cell diameter ca. 50u (calculated).
Flanders West Hinder, (Meunier), (2) Brlttany coast, (Mangm) -

E

: Perldmlum tabulatum (Ehr.).
Text-figure 35e.

Paulsen, 1908 ; Nordisches Plankton, p. 66.

Cell egg-shaped flattened dorso- ventrally. Epltheca longer than hypo—
theca. Girdle left-handed, excavated, with narrow lists. Longitudinal
furrow reaching on to the epitheca. ‘No antapical spmes Tntercalary
~ striae usually broad. Theca retlculated and with ﬁne spines. Diameter
“of cell 43-45u. :

. Fresh water. Rarelym bracklsh water »11‘1 rthe Nort]lern reglons and
in Switzerland. SR R : '
' Peridinium elongatum Meunier (1910).
, Text-figure 35£. ‘
Ce]l elongated, with roulded sides and ‘conical apex. Hypotheca
: squarish. .Ventral face flattened ; dorsal rounded. Transverse section
somewhat - tm—lobed . Girdle cn‘cular, excavated; Wlth ‘narrow _lists.
" Longitudinal furrow Very broad, each margin endlng in-a small spine.
" Theca covered with very small spines. Size:(?).
Barents Sea.. '

Peridinium Yserense Meumer (1919)
‘ , : Text-figure 35g

Cell longer tha.n broad ‘somewhat ﬂattened ventrally. - Girdle Teft-
« handed, excayated, with very narrow lsts. Longltudmal furrow reaching -
to the centre of the hypotheca, with a distinct spine on the left and a
' fnnge -like membrane on the right which seems sometimes bo appear as’
a spine. Diameter of cell ca. 36y (calculated). . » Qo

Brackish Water, Flanders, the Yser near Nleuport (Meumer )

p ,

, Peridinium MMlt@punctatum Faure-Fremlet. (1908) is probably an
abnormal forin, as it seems to have eight precingular plates, but other-

wise is like a Peridinium, possibly of the section Conica. :
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Peridinium deficiens Meunier (1919) aleo seem ‘to be abnormal, as it-
5 a.pparently has the first aplcal fused to the fourth. Meunier found it in
. numbers on one occasion only on the Flemlsh coast

Section OCEANICA

Wlth the second anterior intercalary touchmg only the fourth pre-
cingular plate :

. ' Periami'um depressum Bailey (1855).
Plate XXIII, figures'a—f.
Paulsen, 1908 ; Nordisches Pl'ankton, p.-53.

PéﬁdiMum divergens Meurier, 1910, 1919.
Pemdmwm divergens Lebour, 1917.

Cell short and_brdad, flattened obliquely dorso- Ventrally Axis very
.obhque Consplcuous apical horn. ~Girdle slightly left-handed, hardly
~ exoavated, with broad membranous lists: strengthened with fine spine-
like thickenings scattered 1rregular1y Hypotheca with two long hollow
~ antapical horns, each provided on ‘the inside with a tooth, which is con-
tinuous ‘with each side of the furrow. ' Theca reticulated. Intercalary
striae’ large or small. Plasma pmklsh often with large oil globules.
Pusule very large. Probably saprophytlc Diameter of cell 1I—144‘u,.
- Length 116-200p.-

Atlantic boreal specles Very common throughout the whole of the
* Northern area, Atlantic and Indian Oceans, Brittany and Flemish coasts,
- Mediterranean, Adriatic. Very common at Plymouth., -

, This is.oné. of the species which has often been called P. dwergens As
- Ehrenberg’s original was yellow, .. it seems more probable that it was the
species of the Metaperidinium type, now regarded as divergens. The

-outlines may be much alike: Many workers have thrown the two together, .
probably with several others species, without, regarding the plate strueture.
It is now almost universally held that the true P. divergens has the
structure of a Metaperldlmum belonglng to the section Dwergens
‘(Jérgensen).

P, Kofoids Faure—Fremlet (1908) --seems -to be a variety of this
spemes Peridinium parallelum \Broch (Paulsen, 1908, pp. 53-54)
.is probably also a variety with the antaplcal spines: solid instead
of hollow In 1912 however Paulsen regards it as a separate
_species. o
~ Many so-called species. Wlth the same plate structure, but shghtly
different shape, extent of obhqmty, Tlength and form of spmes, ,a,re

probably also varletles of thls spe01es \

-
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Peridinium saltans Meunier (1910).
‘ , ' Téxt-figure 36a. . i
Related to P. depressum, but much smaller (size not given) and with

two very long curved and diverging antapical horns.
. West coast of Nova Zembla. :

Fic. 36.

a. . Peridiniwm saltans Meunier. o ’ S
(?) Length. Woest coast of Nova Zembla. After Meunier, 1910, -
_ b, Peridinium oceonicum Vanhoffen. R - -
- (?) Size. = After Paulsen, 1907-8. .
¢. . Peridinium bulla-Meunier. o
.7 (1) Size. Kara Sea. After Meunier, 1910.

d. . Peridinsum verrucosum Meunier. - )
¢?) Size.. Barents Sea. After Meunier, 1910.

Peridinsum robustum Meunier. ‘ :
{?) Size. Barents Sea. - After Meunier, 1910.

:

&

- Peridinium- oceanicum Van}’ié'ffen' (1897).
Text-figure 36b.
Paulsen, 1908 ; Nordisches Plankton, pp. 54—55.

- Cell much more elongated and oblique than P. depressum, with- all its
processes longer and narrower. Girdle very oblique, left-handed. Plates.
like P. depressum. Length 220-300u. Oceanic. - .

Atlantic Ocean. S
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\_Thisis the P..oceanicum var. typics of Broch, who divided the species
‘into a large elongated oceanic form and a smaller shorter neritic one.
Jo Grgensen (1913) and Ostenfeld (1915) both agree in separating the two,
Whlch in their plate structure are apparently much alike. '
-P. claud@cans, which was regarded by Paulsen as closely related to
“these, and also by others, is really different in its plate structure, the
dorsal plates being arranged as in the section Tabulata (Lebour, 1923)

Peridinium oblongum (Aurivillius).
i _ Plate XXIV, figures la-lc.

Perédmmm oceanicum var. oblongum Paulsen, 1908 ; Nordisches
“Plankton, p. 55. -

- Probably most of Meunier’s ﬁgm'es, 1919.

lee P. oceanicum but smaller, with less attenuated horns. Plasma
pmklsh ‘Probably saprophytic. Typleal length 110-117 5 smaller from
Plymouth (from 75p). - Neritie.
Skaggerak, Belts, Brittany coast, Flermsh coast, Bosphorus, English
Channel. . Never commmon. :
Liddemann (1923) seems to have.confused P. oceamicum var. oblonga
and P. cloudicans. As far as I can make out, the former has the dorsal
- plate arrangement like P. depressum and belongs to the Oceanica section ;
whilst P. claudicans has the oblique dorsal plates of the section Tabulata.
He believes, however, that the arrangement varies in the species, and
figures forms with the arrangement of section Conica, which hitherto has
_not been .found connected with the hollow-horned spec1es of Ortho-
peridinium. .- —

. Peridinium obtusum KarSten (1906).
Plate XXIV, figures 2a-2d.
- Fauré- TFremiet; 1908. '

ES

Cell hkeP -Leonss, but rather smaller and more flattened dorso- Ventrally
Girdle not;dlsplaced or slightly left-handed, hardly excavated, with lists
_ supported by small spines. Longltudmal furrow reaching well on to the
hypotheca, which has two hollow horns with terminal spines. Theca
spiny or, accordmg to Fauré-Fremiet, striated. Plasma pinkish. Prob-
ably saprophytic. Cell diameter ca. 50u.

- Coast - of Brlttany, Enghsh Channel (Plymouth), Indlan Seas )
(Karsten ). -

. This is one of the spe01es Whlch seems to have been confused both with .
P. divergens and P. conicum and apparently with P. leonis. - It differs
from the first in- its. ﬁrs’o apical, which. puts it in- the Orthéperidinium
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group, and. from the other two- by 1ts -dorsal plates, whlch show it to
belong: to the section Oceanica.

Perldlmum bulla Meumer (1910)
Text ﬁgure 36¢.

\

Cell round. Girdle left- handed excavated ; short longltudlnal furrow
not reaching to the centre .of the hypotheca, which is roinded. No
apical horn.” Theca finely reticulated. Size ('3) o _ -

Kara Sea, rare. (Meunier.) '

. Peridinium verrucosuni Meunier (1910). .
Text-figure 36d.. :

~ Cell depressed from above downwards; ﬂattened below No anta,plcal
spines. Theca with large knobs' thmly scattered Very fragile. Size (?).
Barents Sea and Norweglan coast. . -

Perldlmum robustum Meunler (1910).
Text- fwure 36e

Cell slightly longer than broad, roundish Wlth a flattened hypotheca,
Theca thick, solid and strongly sculptured, with a reticulum of sinuous
rounded ridges at the bottom. of which are circular punctures. - Girdle
left-handed, excavated. Size (?). C S

_Barents Sea and in the ice region of Northern Seas. S
There are apparently no fresh-water species belonging to thls sectlon

Section TABULATA

Second anterior mtercalary plate touchmu precmgula.rs 4 and b or
3and 4. -

Jorgensen gives this-name to those species of Orthoperldlmum havmg
the second anterior intercalary irregularly placed so as to touch only two
precmgulars usually 3 and 4. - He refers to it Peridintum tabulatum and
other fresh-water species, but no marine forms. Unfortundately P. tabu-~-
latum itself appears to belong to section Comdcd, but several fresh-water
‘species do belong to Tabulata. Peridinium dlaudicans, however, certainly
should be placed in it, and from the drawings of Meunier and Paulsen it
_ appéars that P. pwnctulatum belongs to this section and not to Conica.
~ If this be correct, it is not such. a close relation of P submerme as was

at first sight supposed. . A
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* Peridinium claudicans Paulsen (1907).
» Plate XXV, figures la-1d.
" Paulsen, 1908 ; Nordisches Plankton, p. 55.

Peﬁdz'nidm sp. Fauré-Fremiet, 1909, fig. 10, p. 224. -
Pemdzmum oceaicum Meunier, 1919,

Shaped like. P. oblongum, but shorter and broader, with the rlght apical
horn longer than the left, the horns more diverging and the cell contents
light yellow to colourless, Girdle left-handed, very slightly excavated,
with fairly conspicuous lists. Ventral plates similar to P. oblongum, dorsal
plates with the second anterior intercalary touching precingulars 3 and 4,
therefore belonging to the section-Tabulata (see Lebour, 1923).

Barrows (1918) gives a figure of this species which he regards as an
abnormal formy of P. claudicans; and this has the arrangement described
above. I have examined many speci_mens from Plymouth and all have

this structure. It seems therefore that it is normal. Lindemann (1923)
figures the same arrangement in what is probably this species, but which
he ealls P. oceanica var. oblongum. Length 51-96u. ~Neritic.

Zuider Zee and Danish coast, Brittany and Flemish coasts, Enghsh
Channel, Golden Horn, Bosphorus coast of Cahforma,

Pendlmum punctulatum Paulsen (1907).
. Text- ﬁgure 37 (see p- 124).

Paulsen, 1908; Nordlsches Plankton p- 61.
Meunier (1919).

Shaped like P. subinerme, but without spines on the hypotheca, and
the longitudinal furrow narrow. Theca finely punctured and not reticu-
lated. Girdle slightly left-handed, excavated, with lists supported by
fine spines. Almost circularin apical view. Cell diameter 40-72p.

_ North Sea, English Channel, Flemish coast.

_Meunier’s and Paulsen’s drawings both show the dorsal pla,tes with the
second anterior intercalary touching the precmgulars 3 and 4. Therefore,
although unfortunately the plates in the specimens from Plymouth which
were believed to be this species, were not elucidated, it seems that the
species belongs to the section Tabulate and not to Conica.

The specimens figured by Lmdemann (1923) as this SPecles seem’ to
bemore probably P. subinerme.

o this section several fresh-water species belong, 1nclud1ng P.tuberosum
Meunier (1919), P. stagnale Meunier (1919) Lemm (Schllhng, 1913)

'Group Metaper1d1mum

Flrst aplcal plate pentagonal or hexagonal, touching the precingulars
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- FIG— 37. Peridinium punctulatum Paulsen.’ ‘ .
" ca, 40y broad (calculated), Flemish coast. After Meunier, 1919,

1 and 7 and 2 (or 2 and 6). Girdde usually right-handed. ..Solid spines
' usually present at the antapex ; rarely hollow horns. © :
Section PYRIFORMIA,

' First apical pentagonal ; second anterior intercalary touching pre-‘
cingulars 3 and 4 or 4 and 5.

‘Peridinium Granii Ostenfeld (1906).
’ Plate XXV, figures 2a-2b.
’ Paiﬂsen, 1908; N oi'disches Plankton, pl 52,

Cell broad. Epitheca with concave or concavo-convex sides. Girdle
right-handed, slightly excavated, with lists supported by fine spines.

-Hypotheca ending in two broad hollow horns, each bearing a spine where -

the longitudinal furrow ends ; the latter is broad with lists. Theca finely
réticulated. - Length 49-80u. Neritic. ‘ -
“Boreal species. Skaggerak, Iceland, Murman coast, Bosphorus, English
Channel,-California. =~ : . s '
‘Barrows (1918) describes a specimen with the dorsal plate reversed, e.g.
the second anterior intercalary touching precingulars 4 and 5, not 3.
The chief diﬂerences between this species and the P. mite of Pavillard
(1916, p. 37) consist in the shape of the cell and the hollow horns of

P. Granii compared with the long, solid spines of P. mite. Both Paulsen .

and Pavillard believe they“havev the original species of Giran (1 902, p. 188;
fig. 13). Certainly the figure given by Gran 1s more like P. mite, and he
desoribes the spines as “stacheln,” which seems to indicate that they
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were sohd P. mite-occurs  at Plymouth and is certamly different
~from the present specles I have, however, left Paulsen’s species as
* P. Gramii until more Is known about it, and kept PaVIHard’ﬁ» species
as P. mite. N

Pemdmwm Finlandicum (Paulsen, 1908, p 51) is probably " related to
P. Grami, also Jorgensen’s P. callosum (1913), which he does not figure
~ but regaf'ds as possibly identical with: P. lecmdwum

S
- Peridinium mite Pavillard (1916).

% . . Plate XXV, figures 3a—3b.

(lell with rounded sides, an elongated apical horn and two- long, slender
aﬁaplcal spines placed - far apart. = Girdle shghtly y*rlght -handed, not.
excavated, with narrow lists supported by spines, é[ntercalary striae

absent or narrow. Length 45-55u. - %
" Mediterranean, Plymouth Sound. **

. Peridinium Steinii Jérgensen (1899).
Plate XXV, figures 4a—4d.

Paulsen, 1908 ; Nordisches Plankton, p: 47.

Pemdmmm Steinww sub- specles Paulsent Kofoid, 1909.
Peridinium Stemm sub-species Paulsens Jorgensen, 1913.

Cell pear—shaped Hypotheca rounded. Elongated aploal horn. Cir-
cular outline from above and below. Girdle right-handed or hardly
displaced (the latter in the small Plymouth form), not excavated with
_ lists supported by fine spines.  Two long solid antapical spines each with
“three fins, the left connected with the left list of the longitudinal furrow.
Intercala,ry striae usually broad ; second anterior intercalary plate touch- -
ing precingulars 3 and 4. Plasma coloutless or pale pinkish, rarely
yellowish. Length 39-52u. Probably an oceanic and a neritic form.

‘Baltic, Bay of Biscay, Skaggerak, English Channel, Brittany coast,
.. Flemish coast, Golden Horn, Bosphorus, Mediterranean. ‘

Kofoid (1909) in his very beautiful account of Peridinsum Stetnit, which
is the model for any detailed work on a Peridinium species, has divided
the species into'a Southern form, sub-species Mediterranea, and the
present Northern form, sub-species Paulsens. Jorgensen (1913) agrees that -
the Northern form is the latter sub-species as defined by Kofoid, but also’
finds a smaller form which he thinks may be identical with a small
Pervdinium sp. recorded by Vanhoffen from Greenland, but not named.
Jorgensen proposes to name this Peridinsum Vanhiffensi. -As this is neritic
- and the other oceanic, it is possible that the Plymouth form figured. here
is this smaller species. Both are regarded here ag P. Steinis.
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Peridinium-ovatum (Pouchet) (1883).
Plate XXVI, figures 1a~1d.

~ Paulsen, 1908 ; Nordisches Plankton, pp. 44-45.
Peridinium lenticulum Fauré-Fremiet, 1908.

Cell flattened from above downwards, lenticular. Girdle right-handed,

" exeavated, with lists supported by spines. Longltudlnal furrow broaden-

ing behind. Hypotheca with two short solid spines with two wings each.

Intercalary striae absentornarrow. Cell contents pink. Breadth 57-84u.
Oceanic, but a smaller and more neritic form is named P. minor by Cleve.

Small and large forms are both found commonly- ﬂ]L@louth Sound and

outside. T

Very Wldely, distributed :—Norway, Sweden, Atlantic, Mediterraﬁé‘a‘fﬁ;

- Adriatic, North Sea, English Channel, Brittany coast, Indian Seas.

" Most, of the specimens examined, including some from Madras, have
the dorsal epithecal plates asymmetrically arranged as in the section
Pyriformia, the second anterior intercalary touching the precingulars
3 and 4. The species varies, however, in plate arrangement (see p. 110) .
and may be like those of the sectlon Humilia.

Peridinium pyriforme Paulsen (1907).
Text-figure 38.
Pa,ulsen 1908 ; Nordisches Plaikton, p. 46.
Paulsen, 1911, ; _
Cell' egg-shaped, thlck-walled; epitheca conical, hypotheca rounded.
Girdle excavated (?), right-handed, with lists supported by spines. -Longi-
tudinal furrow broad, both margins ending in a strong spine with wings,_

Fia. 38.. Peridinium pyriforme Paulsen. ) ) ~
Length 42-43u, Greenland Seas. After Paulsen, 1911.
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the wing of the left spine continuous with the left list. Theca finely
reticulated Intercalary striae broad.. Length 42-70u. Oceanic.
Faroe-Shetland Channel, Cattegat, East Greenland. .
* This species is regarded by Paulsen and others as closely related to.
P. Steinii. Peridinium breve Paulsen (1907), also regarded as closely
related, evidently belongs to the section Humilia.

Sectmn DIVERGENS.

First apical pentagonal ; -second anterior intercalary touching pre-
cingular 4. | -

This section Divergens of Jo Grgenisen (1913) embraces the species called
by«Paulsen P. divérgens Ehrenberg in & restricted sense and its near
neighbours. The plate structure is that of the group Metaperidinium,
with symmetrical dorsal epithecal plates in which the second anterior
intercalary only touches plate 4 of the precingulars. This'is the same
dorsal structure as in the section Ocganica of the group Orthopendlmum
A further character of this section, as defined by Jorgensen, is the presence
of hollow antapical horns and the almost gircular glrdle which, however,
is usually inclined to be right-handed. -

As Jorgensen points out, the  species Paulsen desigriates as P. dwergens
is almost certainly not Ehrenberg’s first original form, which was yellow,
Paulsen’s being pink ; Ehrenberg apparently included several species
under one name, and he gives no pla,te structure, but Miiller’s figure to

which he refers may easily be this species (1840). The first figures show-

ing the tabulation are those by Stein (1885), who gives at least three
species under one name. Of these, fig. 1 (Plate X) is probably P. de-
pressum, fig. 7, P. oceanicum and figs. 2, 3 and 4 P. dwef"gens as now
~ restricted. 'The dorsal epithecal plates are not. quite-accurate, but it is
evidently this species. Thus the name dwergens, if not strictly applic-
able to Ehrenberg s first-mentioned species, may and should be used
for the species called by Stein the typical form of Peridinium divergens
(figs. 2, 3 and 4), which has priority over the name speciosum Jorgensen
(1913) and Adriaticum Broch, if the latter be the same species, which is
very probable. The name Peridinium divergens may thus be rega;@eé
~as the correct name for the species descrlbed below. : \

Peridinium dlvergens Eh.fenberg.
. Plate XXVI, figures 2&-2@. -
Paulsen, 1908 ; Nordisches Plankton, p.56.
- Typical form Stein, 1885 (Plate X, figs. 2, 3 and 4).
= Peridintum Speciosum Jorgensen, 1913. ‘

~Cell longer than broad, with conspicuous aploal horn and two hollow
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antapical horns; Sides of the epitheca concave or convexo-concave, those
of the hypotheca concave. The margins of the longitudinal furrow with
. more or less developed lists ending in inconspicuous prominenees having
 the appearance of spines. Girdle almost circular, but inclined to be right-
handed, excavated slightly, with consplcuous lists supported. by spines.
Theca strongly reticulated with spines at the junction of the reticulations.
Intercalary striae usually broad. Cell contents pinkish. Length 80—84;;, ;
‘breadth ca. 56u.

Neritic : Danish and Norwegian Sea,s, English Channel Medlter—
ranean (%), Adriatic, Golden Horn, Bosphorus, California. Probably very

widely distributed, but hitherto much confused with other: species,
" particularly P.crassipes and P. depressum.

Peridirisum Adriaticism Broch (1910), described from the Adriatic by
Broch, and. recorded by Pavillard (1916) from the Gulf of Lions; is
_ probably a variety of this species. B

Peridinium curtipes Jorgensen (1913).
- Text-figure 39.

Peridinium crassipes, Paulsen, 1908 (in part).
Peridinium cmssipes Broch, 1908.
Pemdmmm crassipes Broch, 1910.

Thls speeles is separated from Kofoid’s P. crasszpes (1907 ) by Jorgensen
chleﬂy on account of its shape in the girdle region and its colour, which
s yellow instead of pink. Cell short and broad. Epitheca conical, with
more or less concave sides ; hypotheca with eonvexo-concave sides ending

~Fra. 39. Pemdmwm curtapes Jorgensen.
‘e 80p. broad Spitzbergen. After Broch, 1910.
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in two thick horns that have conspicuous prominences inside; these
latter seem to end in spines which are the continuations of the longi-
tudinal lists. From certain points of view the horns have several projec-
tions. Girdle nearly circular, excavated, with lists supported by spines,
Longitudinal furrow narrow, with lists. Theca strongly reticulated,
.with spines at the junction of the reticulations. Intercalary striae
- usually broad..- Cell contents yellow. Length 80-90u ; breadth 67-96p.
Oceanic. ‘ ’
Atlantic, Norwegian and Swedish Seas, Spitzbergen, North Sea, Golden
~ Horn, Bosphorus, English Channel, Brittany coast, Mediterranean.
. Fauré-Fremiet’s figure of P. crassipes has the first apical as an Ortho-
peridinium and is left-handed. It seems to be more like P. Leonis, but is
not sufficiently described. ‘ -

Section HumILIA.

Like D@'bergens, but without hollow horns.

PR S

Peridinium globulus Stein (1883).
Text-figure 40.
Paulsen, 1908 ; Nordisches Plankton, pp. 42-43.

Cell globular or lens—shal;éd, with a very short apical horn hardly -
apparent. Girdle strongly right-handed, not excavated, with lists sup-
ported by spines. Longitudinal furrow narrow, running upwards on to

- W &

F1a. 40, Peridinvum globulus Stein.
‘ca. 507 8u broad, Rovigno, Adriatic. After Broch, 1910.

* the epitheca, with inconspicuo,ué lists. No antapical spines. Theca
- punctuated. Intercafary striae usually broad. TLength 50-78y (calcu-
: ~Rare in the North. Spitzbergen, Atlantic, Mediterranean, Adriatic,
Pacific and Indian Oceans, Bosphorus (?), English Channel. :

K. B
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- Peridinium cerasus Paulsen gon. -
' Plate XXVII, figures 1a~1le.

= Paulsen, 1908 ; Nordisches Plankton, pp. 4344,
- Peridindum globulus Meunier; 1919 (in part).

Cell ‘globular, with a very conspicuous apical horn. Girdle right-
handed, not excavated, with narrow lists supported by spines. Longi-
tudinal furrow narrow. Two very fine long antapical spines. Very
transparent species. Plasma colourless. - Diameter of cell 30-404.
Neritic. . o ‘ -
North Sea, Iceland, Greenland, Mediterranean, Flemish and Brittany

coast, English Channel. Very common at Plymouth. JURRE

Peridinium quarnerense ( Schroeder) from the Adriatic is a closely related
.8pecies and thought by Broch (1910) to be identical with P. cerasus. Tt
" differs in having a much lessconspicuous apical horn and shorter antapical
- spines, and in being less globular. Specimens agreeing with this descrip-
" tion occur at Plymouth, but are otherwise indistinguishab\l'e\ from
P. cerasus. ' ' ' ' R

Peridinium roseum Paulsen (1904).
4 Text-figure 41a.
- Paulsen, 1908 ; Nordisches Plankton, p. 44. ..

Cell in ventral view, rounded or somewhat rhombic, tapering gradually

above to ‘a short apical horn. Girdle right-handed. ~ Longitudinal
~furrow broadening below, the left margin * béaring a small wing

which is not connected with the spines. Two spines. without con-
spicuous wings are situated a short way from the end of the longi-
tudinal furrow, the right spine being furthest away. Apical vidw
regulatly kidney-shaped. Theca smooth. Plasma pink. Length 50-58.
(without spines). -

Boreal-neritic species : Norwegian coast, Sweden, Iceland, Skaggerak,
Greenland. : ' oo

In the absence of description of the plate arrangement it is impossible
to place this species. Jorgensen (1913) is followed here, who, without,
figures, places it in this section and describes variety which he names
var. aciculatum. Paulsen (1911) thinks Fauré-Fremiet’s P. ovatum (1908)
may be this species, but this is figured as an Orthoperidinium. It is,
- however, quite likely that the first apical is wrongly drawn, as the species -
is right-handed with solid spines. A small form of the triie P, ovatum
from Plymouth is much like the present species in outline and was regarded
as P. roseum (Lebour, 1917) until the plates were elucidated and shown
to have the same arrangement as P. ‘ovatum,. '
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-~ a. Peridingum roseum Paulsen.
ca. 50-58u long. After Paulsen, 1908,
b.  Peridinium varicans Paulsen.
36u long, B. Greenland Seas. After Paulsen, 1911.
¢. Peridinium breve Paulsen. . ‘ A
ca. 56u long. After Broch, Spitzbergen.
d. Peridinium decipiens Jorgensen.
- .75-90u across. ,After Paulsen, 1907.
e. Peridinium monacanthus Broch, -
66y across (Cale.), Spitzbergen. After Broch, 1909,

Peridinium brevipes Paulsen (1908).
‘ Plate XXVII, figures 2a-2d.
Paulsen, 1908 ; Nordisches Plankton, p. 108.
Paulsen, 1911, p. 13. '
Broch, 1909.

Cell somewhat rhombic in-outline, with rounded sides and a conical
apex. (irdle right-handed, excavated, with very narrow lists. Longi-
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tudinal furrow broadening towards its hind end and ending in two small
spines, which, according to Paulsen, may be absent. Plasma colourless.
Second anterior intercalary- almost square and very small. Length
18-36pn. The Plymouth specimens apparently are always smaller than
the more Northern forms.  Neritic. .

Iceland, Spitzbergen, English Channel. Very common at Plymouth.

Peridinium varicans Paulsen (1911).
Text-figure 41b.

Very like the preceding spe01es but, with the antapical spines diverging
and removed from the margin of the longitudinal furrow. A fairly deep
1mpressmn posteriorly. Tabulation like P. brevipes. - Length 36u.

Known only from the pack ice of the Greenland Seas.

Peridinium breve Paulsen (1907).
Text-ﬁgure 4le.

Paulsen, 1908 ; Nordisches Plankton, p- 46,
Paulsen, 1911.
Broch, 1909.

Cell of a short ovoid shape, thick-walled, sidles somewhat rounded.

' Very short. aplcal horn. Hypotheca semicircular, slightly flattened.
Girdle right-handed, only slightly excavated, with lists supported by
spines. Longitudinal furrow broad,-with i mconsplcuous lists ending in
two slightly winged spines. Rarely the left spine is separate from the

~left list. Theca reticulated. Intercalary striae usually broad. Length -
44-T5p.

Iceland, Faroes, Spltzbergen, Brittany coast.

This is regarded by Paulsen as a near relative of P. Steinis, but if
Broch’s figures be accurate, and Paulsen himself (1911) refers to these,
it certamly belongs to the section Humilia and not to Pymformw, and
this is confirmed by Fauré-Fremiet (1922). '

.L

Peridinium decipiens Joérgensen (1899 .
Text-figure 41d.

Paulsen, 1908 ; Nordisches Plankton, pp. 50-51.

This is again a.species in which the description and figures of the plate
alTangement are lacking. - Jorgensen, however, who first described it,
places it in this section. Cell flat, like & cake, above abruptly formlng a,
- short apical horn. "Girdle right-handed, with lists supported by spines.

Margins of the longltudlnal furrow with inconspicuous hsts no antapical
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~ spines. Aplcal view roundly kidney-shaped, almost symmetrma,l Theca
finely reticulated. Length 44-56y. Greatest diameter 75-90u. Neritic,
West coast of Norway. A 10nger variety from Iceland and Jan-Mayer,
“Broch’s P. curvipes (1909) is regarded by Paulsen (1911) as possibly
identical with this species, but, as shown below, this seems to be a quite
dlstmct species (see P. sub-curvipes), :

' Peridinium monacanthus Broch (1910).
Text-figure 41e. .

Cell cake- shaped rather like P. decipiens, but with one conspicuous
‘ antaplcal spine on the right outside the list of the longitudinal furrow,
which is narrow. Prominent apical horn. Girdle right-handed, with
smooth lists not supported by spines. Apicals 2 and 3 very small. Inter-
calary striae only present in some individuals and only round the junctions
of precingulars 3 vajnd 5 with the intercalaries and with precingulars
2 and 6. Length ca. 66u (calculated)
" Spitzbergen.

Peridinium sub-curvipes Lebour (1923).
. Plate XXVII, figures 3a—3e.

Peridinsum curvipes Broch, 1910, pp. 42—43.

This species, assigned by Broch to P. curvipes Ostenfeld, is qulte dis- -
tinct from Paylsen’s (1908, 1911), to which we must assign the original
name of curvipes. It has. already been pointed out by Paulsen (1911) -

~and Pavillard (1916) that Broch’s was a different specles and Paulsen
suggested that it came very near to P. decipiens. A species identical with
_Broch’s has now been found from the English Channel, near the western
opening about midway between the English and the French coast, also

' 2 nearer inshore outside Plymouth Sound, and it is certainly different from

“P. curvipes as recognised by Paulsen and in the present work (see p. 135).
- Although somewhat like P. decq,]nens n shape, it.differs from it in having
~an antapical spine and a censplcuous left wing ; we do not know the

- plates of P. decipiens for comparison with P. sub-mwmpes

. The present species, which I have named sub-curvipes, is slightly -
, obhque pellucld with a faint pinkish tinge and a large pink pusule. It

© - is roundish in outline and flattened from above downwards sg as to be

~somewhat lens- or cake-shaped. There is a distinct apical horn. The
\glrdle is- distinetly rlght -handed, not excavated, supported by con-
spicuous lists with spines. The longitudinal furrow is slightly obhque,
.~ with a list running down the left side which curves round the hind margin, .
On the rlght not connected with the furrow, is a sharply pointed curved
-antapical spine. The plates show the typical arrangement of the Humalia
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section, but the first apical plate is very oblique, sloping down to near .
the girdle on the left so as to leave the first precingular very small. - The
theca is finely granulated. Breadth 44u. Oceanic. ' '

- Spitzbergen, English Channel. - ' . :
~ Pavillard’s P. curvipes (1916) belongs to the same section as this species
and only differs in its more rotund form and longer left side of the first
apical plate, which touches precingular 2. . Tt is possible that this is a

variety of the species described above.

Section PARAPERIDINTUM.

This section consists of those forms having an hexagonal first apical
_ Plate touching precingulars 1, 7, 2 and 6, and the second anterior
intercalary, as in the section Conica of Orthoperidinium, touching pre-
- cingulars 3, 4 and 5. o ‘ ) ‘

- Peridinium pallidam Ostenfeld (1899).
‘ Plate XXVIII, figures la~1d.

Paulsen, 1908; Nordisches Plankton; pp. 48-49.
‘Broch, 1910. Lo

- Cell flattened dorso-ventrally, somewhat rhombic in ventral view,
longer than broad : conical apex. Girdle slightly right-handed, excavated,
- with lists supported by spines. Margins of longitudinal farrow ending in
conspicuous winged spines, the right in one, the left in two. Theca
finely dotted. Plasma yellowish green, usually with numerous small
. yellowish green chromatophores. Probably holyphytic. Intercalary
striae narrow or broad. Length 70-96 4. ' .
Northern Seas, very common. Mediterranean, English Channel. One.
of the commonest species near Plymouth both near the coast and in the
-open sea. ' )
' Peridinium pellucidum (Bergh) Schiitt (1895).
Plate XXVIII, figures 2a-2d.
Palsen, 1908 ; Nordisches Plankton, p. 49.

Cell very slightly flattened dorso-ventrally, broadly -oval. Girdle
slightly right-handed, excavated, with lists: supported by spines. Right
margin of longitudinal furow ending in one, and the left in two; antapical
‘'spines ; -the median spine is concurrent with the left list, and very con-
spicuous. These spines may be with or without wings ; usually wingless
in those from Plymouth, Spitzbergen and Greenland, described by Broch .
as forma spinosa (1910a). Intercalary striae narrow or broad. Theoca
finely reticulated. Plasma colourless or a very pale pinkish or yellowish,
with pink pusule. Length 40-68y ; -breadth 36-70u. Neritic,
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Spitzbergen and Greenland to the Medlterraneanﬁvery common. One

of the commonest species at Plymouth.
Fauré-Fremiet (1908) describes two varieties, var. crassum and var.
_acutum, from the coast of Brittany. The latter may be a new species.

 Peridinium curvipes Ostenfeld (1906).
. Plate XXIX, figures la-Iec,

Paulsen, 1908 ; Nordisches Plankton, p-45.
Paulsen, 1911, p. 308.

Cell a roundish oval, or shghtly flattened from above downwards
-Epitheca conical, with a short apical horn: I—Iypotheca semicircular.
Girdle right-handed, with lists supported by spines. Margins of longi-
tudinal furrow each endlng in a spine; the left larger and with a very well-
developed curved wing: Plasma ‘pale yellow. Length 48-b2p ; breadth
ca. 4Bu. Neritic.

" Faroes, Iceland and Greenland English Channel (Plymouth)

Neither Broch’s (1910) species nor Pavillard’s (1916) belong to this

- species. Broch’s has already been referred to as P. sub- cwm'pes and .

Pav-ﬂlard gis 80 closely related to this that it may be the same species.

Peridinium islandicum Paulsen (1904).
_Text-figure 42a-(see p. 136).

Paulsen, 1q08 Nordisches Plankton, pp. 49-50.
Paulsen, 1911.
~ Broch, 1910:

Cell broad and short, ﬂattened from. above, somewhat rhombic.
Epltheca with convexo-concave sides. Aplcal horn short. Glrdle right-
handed, excavated, with lists supported by spines. Right Inargm of the
longltudmal furrow ending in one, the left in two, antapical spines. Only

. ‘the spine nearest the left margin is winged. ‘Theca smooth. Intercalary
striae narrow or broad. Chromatophores yellow-brown. Length 53-62u ;
breadth up to 83 (calculated). Neritic. : :
- Teeland, Greenland, Spitzbergen.

© Peridinium diabolus Cleve (1900). -
: . Plate XXIX, figures 2a—2c.
, Pav1llard 1916.

:.Cell with long apmal horn ; the hypotheca roundish, with- two. very
long, solid -antapical spines, W1nged and one accessory spine on the left

= jconnected with the longitudinal furrow. Girdle r1ght—handed not ex- - -
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‘a. Peridintum islandicum Paulsen. . ; e
83u across (Calc.), Spitzbergen After Broch, 1910.
- b Peridinium macrospinum Mangin, i
50 long. After Mangin, 1912,
¢. - Peridinium Balticum (Levander).  Lemmermann,
22y long, Finnish coast. After Levander, 1894,

cavated, with lists supported by spines. Slightly flattened dorso-ventrdllyf
Length 5070 ; breadth 42-45u. Spines 20-224.
Atlantic, Mediterranean, Plymouth Sound.

INQERTE SEDIS. i
Peridinium macrospinum Mangin (1912).
Text-figure 42b. , .

This species appears to be an Orthoperidinium from the figures, but
it has large winged antapical spines and is therefore, as Pavillard (1916)
truly remarks, « a strange figure ” there. Pavillard’s (1916) Peridinium
duabolus Cleve is very like it; except for the first apical, which shows it
'to belong to the section Paraperidinium in' the group. Metaperidinium.
However, in his first description of P. formosum, a closely related species,
Pavillard (1909) figures the first apical as Orthoperidinium, and after
- corrects itin 1916, Thus it is evidently very easy to make such a mistake, -
and it seems highly probable that P. macrospinum will turn out to be a
Metaperididium in"the section Paraperidinium, possibly identical with-
+ P. diabolus, where it would naturally come close to Peridinium- pallidum
and P. pellucidum. Fauré-Fremiet, however (1922), confirms Mangin’s
description. Mangin’s species is described thus :— ‘ )
Apical portion produced into a distinct terminal neck; transverse furrow
equatorial ; the antapical* portion rounded, depressed ‘between twolong

_* Mangin writes apical here, which seems to be a mistalke.
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' antaplcal spines. Accessory left spine with & short apex traversmg the -,
margin of the longitudinal furrew. = Length (without spines) 50p, rarely
70w ; breadth 35-40p, rarely 50u. Spines 20-22u long. Fauré-Fremiet
describes it as- rlght handed . attaining a length of 864 a‘nd -a . breadth
of 62;1, '

Atlantlc, Flemlsh coast, Brlttany coast

Peridinium Baltleum (Levander) Lemmeérmann.
‘ Text figure 42¢. '

o Paulsen, 1908 ; Nordisches Plankton, p. 65.

- This species i said to have six precingulars, and therefore does not

pfoperly belong to Peridinium. " )

e déscription shows it to be somewhat snmla.r to Kryptogoemdmmm.
folimcum, having very weakly developed plates, an enormous plate in.
front of the epitheca (resembling the seventh precingular in that species)
and a red stigma, besides apparently having a very narrow- longitudinal
furrow on the left of the ventral area, the cell is flattened dorso-
ventrally.

Cell eircular, dorso- -ventrally ﬂattened very weakly divided inte
plates.  Epitheca broad and - larger than the hypotheca.  Girdle
weakly left-handed. Longltudmal furrow flat and short. No spines
present.  Epitheca with only. six end-plates. . Chromatophores small,

. golden-brown: - ‘Below. the longltudmal furrow a red stigma. Length
22-30u. (Paulsen.)

- Finnish coast.

Peridinium exiguwm Oleve (Paulsen, 1908, p. 109) is a peculiar form
recorded by Cleve from Plymouth with curlously serrated antaplca,l horns. -
It is, however, impossible to place this species, which is probably abnormal
and has never occurred again.

Genus Minuscula gen. nov.

. This' new generic name is offered to include the peridinian described

by Paulsen (1904) as Glenodmmm bipes, and later (1905) by Pavillard as
-~ Peridingum minusculum. Tt is certainly not a Glenodinium, as its theca
is. divided into distinct plates, and from their arrangement as.given by
Pavillard (1917) and confirmed by myself, it is not a true Peridinium,
the plate formula being 4’ 3a 6” 6" 2" ; that is to say, with one pre-
 cingular plate less than in Peridinium. The sixth precingular is very
. large and occupies the posﬂ',lon of 6 and 7 together ; the first precingular
isalso very 1arge and runs in between postcingulars 2 and 3 and antapical 1.
Only one species known :—M. bipes Paulsen.
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: Minuscula‘y bipes (Paulsen) (1904).
" Plate XXIX, figures 3a and3b. .

Glenodinium bipes Paulsen, 1908, p. 25.
Peridinium minusculum Pavillard, 1905.
Peridinium minusculum Pavillard, 1917.

Cell minute, flattened dorso-ventrally. Epitheca triangular, " with
pointed apex ending in a conspicuous apical horn surrounding a long
apicdl pore. Hypotheca shorter than the epitheca, ending in two long,
solid antapical horns, the two antapical plates with conspicuous pores.
Girdle slightly right-handed, excavated, with very narrow lists.. First
apical of the Metaperidinium type, the second anterior intercalary occupy-

- ing a position between the precingulars 3 and 4. Cell contents colourless.
Length with spines ca. 23-35u (Paulsen); less in the English Charirel
and Mediterranean forms. Neritic. ‘ oo : ,

Greenland, Iceland, Baltic, North Sea, Bosphorus, Flemish coast,

Mediterranean, English Channel. Common at Plymouth. '

Genus Coolia Meunier (1919).-

This genus was created by Meunier for a most peculiar form found
abundantly in the waters round Nieuport, Flanders, especially in' the
oyster beds. It is unlike any known dinoflagellate. Cell very much lens-
shaped in ventral view, with an oblique axis. Girdle equatorial, excavated,
slightly left-handed. Sulcus not reaching antapex. Apex far back,
antapex forward. Theca covered with lines of small dots. Plate arrange-
ment very irregular, composed of 16 plates (according to Meunier, who

- admits that this may not be accurate), of which 11 belong to the epitheca,
5 to the hypotheca. Epitheca apparently has 8 precingulars and 3 apicals,
one of the latter on the left being pierced by a large apical pore. There
seems to be no antapical plate. Interpreted as above, the plate formula
1838”5 0. Tt is possible, however, that the large seventh pre-

~cingular is an apical. o S

Coolia monotis Meunier (1919): .
Text-figure 43.- -

With the characters of the genus. - Length 32 (calculated).
From oyster beds and waters round Nieuport, Flanders.

Genus Pyrophacus Stein (1883).

 Cell flattened from above downwards and of the shapé of a bi-convex
lens. Epitheca and hypotheca equal. Narrow girdle, indented. -Longi-
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F1c. 43. Coolia monotis Meunier. :
32y long (calculated), Nisuport, Flanders. ~After Meunier.

tudinal furrow short. Plate formula 5-7 apicdls, no anterior intercalaries,
9-12 precingulars, 9-12 postcingulars, 3—4 antapicals. Several small plates
in the ventral area. Numerous greenish yellow chromatophores. Repro-
duction by spore formation, two spores being formed within the theca
and set free by the girdle opening. o o
" Only one species known, Pyrophacus horologicum Stein:

Pyrophacus horologicum Stein (1883).
Plate XXIX, figures 4a—4c.
Paulsen, 1903 ; Nordisches Plankton, p. 67.

. Cell lens-shaped. Theca weakly sculptured, with fine poroids. Inter-
calary striae narrow or very broad. Length ca. 40p; breadth ca. 74-90u.
Oceanic, but comes fairly close inshore occasionally.

Warm seas, Bosphorus, English Channel.
- Paulsen regards it as a sub-tropical species seldom brought in by the
Gulf Stream in the North ; but it also occurs in the Baltic, and is quite
common near Plymouth outside the Sound. -

All the specimens, even the smallest from Plymouth, had 9 precingulars,
- b apicals, 3 antapicals and 9 posteingulars, and apparently Lindemann’s
from the Bosphorus (advance reprint, 1923) is the same. These agree
with Stein’s small form, which he believes to be young; but ours are
fully grown, as they have cysts inside. The form with 12 pre- and post-
cingulars and 7 apicals may thus be another species.

Genus Oxytoxum Stein (1883).

Cell elongated, club-shaped to spindle-shaped. Girdle deep and broad,

near to the front end so that the epitheca is shorter than the hypotheca.
Hypotheca often pointed ; sometimes the epitheca also. Ventral area
“short, often much reduced. No apical pore (with the possible exception
‘of 0. Belgicae Meunier). Plate formula & apicals, 5 precingulars, 1 ant-
apical, or 5’ 5" 8" 1""". Theca with longitudinal or transverse ridges,
and oftén poroids. Very few in the Northern area.
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Spec1es —Oxg/toxum spkaermdeum Stem 0. gladwlus Stem, 0. scolopow ’
Stem, 0. Milners Murray and Whlttmg, 0. dzploconus Stem, 0. Belgwae :
‘ Meunler, 0 retwulatum (Stein). - '

Oxytoxum sphaero:deum Stem ( 1883)
© ' Text-figure 44a. g
Paulsen 1908 ; Nordisches Pla.nkton P. 68-69. o

Hypotheca egg—shaped behind pointed or. blunt. Precmgulars sharply'
bent so that the seams lie in furrows. Epltheca rounded or comcal or:

Fic. 44. LR

@, Owytoxum sphaerozdeum Steln
o (?) Size. From Paulsen, 1908 ; after Steln./ T
“ b Quytowum gladiolus Stein..
el (2) Size. From Paulsen, 1908 ; after Stein.

c. Oxytoxum ‘scolopax Stein.
“(?) Size. From Paulsen, 1908 ; ; after Steln. ;

d. Oxytoxum deploconus Stein.
{?) Size. ‘From Paulsen, after Stein.
e. Omytozum Belgicae Meunier, )
?) Size.  Kara Sea, - After Meunier, 1910,
[ Oxytowum reticulatum (Stein), Biitschli.
(?) Size. . From Paulsén, after Stein.
g. Oxytowum Milners Murray and Whitting.
X290. ~ After Murra,y and Wh_lttmg

with a furrow at the;base Theca Wlth dlstmct por01ds (or pores ’3)
rows. Size (2). , :
South Atlantic specles Seldom found in the Gulf Stream reglon
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.Oxytoxum gladiolus Stein (1883). - -
L " Text-figure 44b.
Paulsen, 1908; Nordisches Plankton, p- 69. ‘
Cell shaped like a tusk. Hypotheca deeply conical, acutely or weakly

L pointed. Epitheca yound or pointed in front. Theea smooth. Small

. ,.—yt(‘) 112u."

species. Size (?).. , -
South Atlantic species. Rare in the Gulf Stream region.

Oxytoxum scolopax Stein (1883).
- . Text-figure 44c. ‘
“Paulsen, 1908; Nordisches Plankton, pp. 69-70. o

Cell spindle-shaped, acutely pointed at each end. Hypotheca very
long, ending in a thread-like point, with sometimes a-swelling at the base
of the point. Epitheca bulbous, with a thin pointed apex. Length up
"Tropical At]éntic. Rare in the north in the Grulf Strea,m region ;

Mediterranean, Indian Ocean. :

Oxytoxum Milneri Murray and Whitting (1899).
S Text-figure 44g. ’
“ Paulsen, 1908 Nordisches Plankt(_)n, p. 70,

Cell spindle-shaped, pointed at both ends, the apical point abrupt.
Hypotheca conical, gradually merging into a blunt or acute point. Theca
_ with poroids (or pores %) and longitudinal ribs.. Length up to 1314,
- Sub-tropical Atlantic, Mediterranean. Rare in Northern waters.

Oxytoxum diploconus Stein (1883).
, : Text-figure 44d.
Paulsen, 1908 ; Nordisches Plankton, pp. 70-71.

Cell bi-eonical. Hypotheca long and pointed ; epitheca - short and
pointed, with concave sides. Theca with numerous longitudinal ribs and
_poroids (or pores ?). Length ca. 64u. ' ~
. Southern Atlantic species. Rare in the Gulf Stream region in the North.

Oxytoxum Belgicae Meunier (1910).
o Text-figure 44e. ,

- Cell an elongated oval, with convex sides. Epi- and hypotheca conical.
Epitheca about half as long as the hypotheca. Plates with fine punctures
and striations with smooth borders. Length ().~ '~

- Kara Sea. (Meunier.)
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Oxytoxum reticulatum (Stein) Biitschli (1885).
’ R - Text-figure 441. :
* Paulsen, 1908 ; Nordisches Plankton, p. 72.

Cell a long oval, pointed behind. Epitheca short, conical. ‘ The’cak
longitudinally striated and distinetly reticulated. Length (?)- :
Southern species.- Seldom in the North. :

!

Genus Ceratium Schrank.

Cell usually flattened dorso-ventrally, drawn out into hollow horns
(usually 3). Girdleleft-handed,with lists. Theca,composedof.'pl‘atés; Plate
formula'4’ 575" 2"""", Ventral area, of several plates, taking up the greater -

part of the ventral face; the longitudinal furrow in its left side with
the flagellar pore. Epitheca with a lonig apical horn with an apical pore
at the top. Hypotheca is typically drawn out intoswo hollow side horns;
the left horn formed by the two antapical plates, the right formed by -
the postcingulars 4 ‘and 5. Chromatophores numerous yellow plates.
Nutrition holophytic.. Reproduction by cell division (fission), the theca
splitting obliquely and each half forming new plates. Chain formation
may take place and, rarely, spore-formation. Supposed sexual repro-
duction has_peen described by Zederbauer {(1904) and by Entz, jun.
(1907), in Ceratium hirundinella, and a few other doubtful cases have
also been noted. Division usually takes place at night and in the early -
morning (see p. 147). Heteromorphic chains sometimes occur ; that
is to say, the individuals at one end of the chain are quite different
from those at the other. . e g
Jorgensen (1910) has divided the Ceratia into four sub-genera—
Poroceratium, Biceratium, Amphiceratium and Euceratium. The first
which has no apical horn, does not occur in our area. The species are
referred to his monograph (1911) for synonymy. For details of distribu-
tion of the Northern forms, see J Orgensen (1908), -
Species :—Sub-genus Biceratium. ’ ;
Ceratium hirundinella (0. F. Miiller), O. condelabrum (Ehrenberg),
C. furca (Ehrenberg), C=lineatum (Ehrenberg), C. minutum Jorgensen.
Sub-genus Amphiceratium. - ' : '
Ceratium extensum (Gourret), C. Susus (Ehrenberg).

Sub-genus Euceratium. : ' .
Ceratium tripos (0. F. Miiller), var. Baltica Schiitt, forma subsalsa
Ostenfeld, forma hiemale Paulsen, var. Atlantica Ostenfeld, forma neglecta, -
(Ostenfeld), C. compressum Gran, C. azoricum Cleve, C.- bucephalum .
(Cleve), var. heterocampta Jorgensen, O. gibberum Gourret, forma
-sumstra . Gourret, C. platycorne v. Daday, C. lamellicorne Kofoid,
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C.. macroceros (Bhrenberg), C. horridum Gran, €. longipes (Bailey),
C. arcticum (Bhrenberg) Cleve, O. reticulatum (Pouchet) Cleve.

o B ;Skub;g‘e'n\us Biceratium (Va.nhiiﬁen) Gran.

o Cell Wlth an éﬁpical horn (in all the ‘Northern forms), two hind horns,
" exceptionally three (C. hirundinella), normally shut at. the tips, back-
" wardly directed behind, parallel or diverging, the right smaller, seldom
‘curved, rarely shorter than half ‘the left. Epitheca (including horn),
- mostly much longer than the hypotheca, only in short and broad short
horned forms (C. candelabrum) as long or a little shorter. :

, Geratiﬁm hirundinella (0. F. Miiller) (1‘786)'.

L Plate XXX, figure 1, Text-figure 45a (see p. 144).
"]j e Paulsen, 1908 ; Nordisches Plankton; pp. 87-88. }
.7 Jorgensen, 1911, p. 14. S s
Gl vstrongly flattened dorso-ventrally. Apical horn long and thin
Two or three hind horns, usually three, the extra horn on the left. ‘Theca

spiny and coarsely reticulate. Very variable species. Breadth* 42-80u. -
mg spore triangular, with a spine at each angle (Text-figure 45a).
resh water ; also in brackish water in the Baltic. Common through-

Europe into Asia. ~

Entz, jun. (1924), has observed chain formation in this ‘species, and

Iso describes interesting cases of the sticking together of two individuals
coupling '), " : -

" Ceratium candelabram (Ehrenberg) (1859).
Plate XXX, figire 2, Text-figures 45b and 45c.

Paulsen, 1908 ; Nordisches Plankton, p. 88.

: Jorgensen, 1911, p. 16. , 7

i Qell depressed, thick, broader than high. Epitheca merging rather

- “abruptly into a long apical horn which is sonietimes curved, sometimes

 straight.” Hypotheca much depressed on the right, somewhat triangular.

~ “Hind horns slightly diverging or nearly parallel. Girdle lists strongly
- developed, with spines.” Ridges and pores on the theca. Sometimes wing-
. “like lists. Very variable. Breadth 55-70pu. ' ’

Lo The breadth here énd'througho‘lit the genus is the breadth acros-s‘ the

girdle, ventral view ; the total length, when given is frem the top of the

‘anterior spine to the hind end of the posterior horss, except when otherwise

stated.
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- Widely distributed in-all warm seas. Also rarely from - Denmark,
Skaggerak, Atlantic. TR ISR

-The variety dilatata (Gourret) has the body strongly compressed,
much broader tliax’i high. -~ All the horns usually long and bent (in the.
‘type straight}, the hind horns more or less: diverging. - In warm seas,
more widely distributed than the type. This variety forms chains, the -
individual behind fitting into the one infront by the apical horn, which

F1a. 45,

a. Ceratium Eirundinella (O. F. Miiller).
‘With resting spore.  After West, 1916.
b, c. Ceratium candelabrum ,(Ehrenberg). .

b. Type. Berguelostfom. Afte Jorgensen. . S
‘¢. var~ditotatn, in chain. \3/ ARCA A A e
- - Btraits of Gibraltar. - After drgensen, o T
© 4, e. Ceratium lineatum (Ehrenberg). - -~ . C
Y- d. x 280, Southof New York. After Jorgensen, 1913,
~e. Bergen, Norway, ' After Jorgensen, 1913, el

-

’
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fits into a special groove (Text-figure 45¢). These chains are formed by
cell division, and the individuals hold together in this way with a loose
union.
' Ceratium furca (Ehrenberg).
Plate XXX, figure 3.

Paulsen, 1908 ; Nordisches Plankton, pp. 89-90.
-Jorgensen, 1911, p. 17.

Cell elongated. Epitheca evenly narrowing and drawn out into a
longer or shorter apical horn. Hind horns parallel or somewhat diverging,
the left longer and stronger than the right, which is about half the
length of the left. Both horns more or less sharp, commonly toothed,
the left most §onspicuously. The type is regarded by Jérgensen as the
sub-species Beghii (Lemm.), which is the Northern form, the sub-species
eugrammum (Ehrenberg) occurring only in warm seas. Breadth (in type)
30-501. o

Temperate cold®water form. Northern temperate Atlantic to English
Channel, Baltic, Northern waters. Rate in Polar stream.

Ceratium lineatum (Ehrenberg) (1854).
Text-figures 45d and 45e.

Jorgensen, 1911, p. 22.

Ceratium tripos f. lineate Paulsen, 1908; Nordisches Plankton,
" pp. 88-89.

Small species, much longer than broad, the girdle a little behind the
middle. Epitheca triangular, with nearly straight sides, which usually
make an angle of about 55° with one another. ‘Apical horn produced,
somewhat narrower at the apex, long. Hypotheca trapezoidal. Hind
horns straight, more or less diverging to almost parallel, the right +—2
“the length of the left. Theca with conspicuous lines and pores. Breadth
25-4Tu. . ' ,

Northern form of the temperate and cold Atlantic. Common on the
European coast, especially in the North Sea and Norwegian Seas; also
on the American side north of the Gulf Stream.

The species recorded from Plymouth in 1917 (Lebour) is C. minutum.

_ ' Ceratium minutum Jérgensen (1920).
Plate XXX, figure 4.
Ceratoum eugrammum Kofoid, 1907h. )

Very small species. Epitheca in ventral view, somewhat triangular
and abruptly narrowing to a slender, usually straight apical horn. Hypo-
theca tapering, with almost straight or slightly convex sides. Hind horns

L
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nearly parallel, usually very slightly- diverging, the longer one (the left)
shorter than the hypotheca, the right about half the length of the left :
both acute and slightly denticulated: Breadth 23-35p, usua]ly 25—28,;, '
Theca with ridges and lines and distinet pores. . -

Pacific from Alaska to San Diego, English Channel (Plymouth), coa,st'
of Brittany to Straits of Gibraltar, Meditérranean.

Kofoid’s ﬁgure “from the Pacific has much slenderer horns than the
Plymouth' specimens.. This spemes occurs sometimes in’ numbers at
Plymouth and outside. R

Sub-genus Amphxceratlum (Van.hoﬁen)

Cell long and narrow ; not, or only slightly, flattened derso- Ventrally;.
Right hind horn very small often rudimentary or absent, the left - very: _
long and strongly developed, so that the hypotheca with the horn is
about as long as the epitheca with the apical horn, sometimes still longer.’

' Horns normally closed at the tips. ] -

Ceratium extensum (Gourret)‘;
Text-figure 46a,

Paulsen, 1908 Nordisches Plankton, p. 91.
- Jorgensen, 1911, p. 28.

_Very long. spemes _Epitheca long and narrow, gradually merging into
a ,long straight, narrow apical horn. Right horn ‘absent. Breadth23-30u.
Total length more than a millimetre, -as long as 1-75 mm. or more.
Warm Waters Rarely in the Northern Atlantic.

Geratmm iusus '(Ehrenberg) (1859).
Plate XXXI, figure 1.

Paulsen, 1908 Nordisches Plankton, pp--90-91.
Jorgensen, 1911, p. 29.

. Epitheca long and regularly narrowing into & long apical horn almost
evenly broad or narrowing towards the apex, usually regularly and
weakly: bent towards the dorsal side, sometimes straight.  Hypotheca
narrowed; longer than broad. Left hind horn long, usually bent-dorsally
- distinctly but regularly, seldom quite straight. * Right horn rudimentary
or absent, mostly forming a short point, rarely appearing as a short
narrow pointed horn. " Breadth 15-30p." Total length 300-600u:

Northern .seas, Very common.-. -Also a narrow smaller form in warmer
seas. .
Thls spemes ‘is. one of the commonest orgamsms causmg phosphor-
escence in the sea. '
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Bl aE T : FIG 46.-
a. C’emtmm extensum (Gourret)
: %100, Gibraltar. - After Jorgensen 1913
b, Qeratium tripos (O, F. Miiller), chain formation.
" Baltic. After Lohriann; 1908.
St Oemtmm tripos, var. Baltiea §. hiemale Paulsen,
X 66.6, Kattegat. ' After Patlsen, 1908,
2 d.,,,f Cemtwm tripos, var. Baltica £ subsalsa..
186 6, Bergen. = After Jongensen 1913

atium fusus is ‘widely dlstrlbuted in the Channel. Gough (1905)
me exceedingly lnterestlng observatlons on the division and rate
h.” He took a series of samples 10 miles 8.W. 1 8. of the Eddy-
ston¢; July 1st and 2nd, 1903, at intervals-of two to- three hours.

’ ntil 11 p.m. all the specimens observed had ‘both horns fully‘
yped- and nearly ‘equally long. At 12.55 a.m. one individual in
< 60 had very recently divided ; ‘the others were still unchanged.
~At3:30 a.m. 70% of the specimens’ present had one long and one short-
horn; -in other words, ‘about half the 1nd1v1duals present - at 1 a.m
. (53-8%) ‘must have recently divided.. Afber 7 a.m. no further mew
E d]VlSlOIlS were observed, and the new horns were longer than those seén
. inthe previous sample. ‘At 9.30 a:m. all specimens seen had both horns
~of equal growth. ~The rate of division for each cell would thus be once-
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every two days under favourable circumstances. The 1st of July had
_ been a hot day. It would be interesting to know if the cell division of
C. fusus always takes place at midnight, and how rapid the rate of
growth is at other times of the year.” o X -
Gran (1912), in Murray and Hjort’s « Depth of the Ocean,” p. 374,
makes similar observations with Ceratium tripos, and it appears to be .
fully established that Ceratium divides at night.
In a more recent paper Allen (1922) brings evidence to show that
“ whereas diatoms generally tend to reproductive activity-at night . . .
dinoflagellates are not thus inc]infd.” '

Sub-genus Euceratium Gran.

Cell broad, more. or less flattened. Always two hind horns present, of
which at least one, but almost always both, are bent forward. The right
horn is rarely much reduced, usually about the same length as the left,
sometimes longer. The cell is typically anchor-shaped. Horns may be
(1) normally closed at the tips or (2) normally open at the tips.

(1) HorNs NORMALLY CLOSED AT THE TIps.

Ceratium tripos O. F. Miiller (1777).
Plates XXXI1, a, b-and ¢ ; XXXTII. Text-ﬁguie 46, b; ¢ and d.

' Paulseh, 1958 ; Nordisches Plankton, pp. 77-80.
Jorgensen, 1911, p. 35.°

~ Fairly large species. Body about as broad as it is long. Epitheca
rather flattened, commonly almost twice as broad as it is long, the left -
side contour a little convex, the right strongly so. "Hypotheca as long as
the epitheca or a little longer, the left side contour usually more or less
strongly concave. All the hotns strong, the apical horn usually broader
below than the others, and the right hind horn usually conspicuously .
‘more weakly developed than the left. Hind horns at the apex diverging
somewhat, but the right least. Sometimes the right horn is parallel with .
* the apical horn or, rarely, somewhat converging towards it. The left
horn can also bé parallel with the apical horn or converge slightly towards
it. Plate structure very strong. Usually the theca has strong longi-
tudinal lines, often anastomosing. Pores conspicuous. Lists may also
be Igreseﬁt. Very variable species. The hind horns closed at the tips,
which ‘are pointed. ~Jorgensen divides C. tripos into two common '
varieties :—
o Variety 1. Baltica Schiitt (1892).

“ Hind horns conspicuously unlike, diverging, the right smaller, mostly
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about as long as the body, at the base more or less abruptly bent, especially
“the right, in the distal part almost in a straight line and nearly parallel
with the apical horn. The left hind horn longer and stronger, mostly
' regularly bent, diverging from the apical horn. Hind margin of the cell
*a litile swollen or almost a straight line. Breadth 60-80u or rarely more.
- Very common in the Northern Atlantic, Baltic, Kattegat and Skag-
~gerak, North Sea, Norwegian Seas, English Channel. ‘Also North American
* oast in cold water, east and west of She Florida stream.

e Tde forms are differentiated of this variety :—

'(a) ;Forma, subsalsa Ostenfeld {1903) ; ‘
I (var. subsalsa Paulsen, 1908, p. 79).

~~ Hind horns conspicuously unlike, parallel or a little converging ; the .
right smaller, longer than the body, bent from the base, in the distal part
_a straight line, and often converging somewhat towards the apex or
paralle] with it.- Left hind horn of the same shape, with the apex parallel
with the’ apical horn, slightly converging. ~Hind margin of the cell at
most a straight line, not conspicuously swollen. Breadth 7 2-TAp.
Distribution—as in var. Baltica. o

‘(B‘) Forma hiemale Paulsen (1907) (1908, p. 80).
Jorgensen, 1911, Text-figure 66c. -

Like the preceding form, but with longer hind horns, which are paralle
with each other in front or a little converging, but otherwise can be
differently directed. =The apices of the hind horns.are often somewhat
bent ‘out. T e S :

Distribution like the preceding.form. On the Norwegian coast in
winter and early spring. ' - ‘

Variety 2. Atlantico Ostenfeld (1903).

: . Plate XXXIII.

 Paulsen, 1908, p. 78. o
Jérgensen, 1911.

‘Hind horns usually of the same size, similarly bent as in the preceding
form, more or less diverging ab.the apices. . The right hind horn is dis-
tinctly longer than the body, at the tip parallel with the apical horn or
“usually a little diverging, the left also parallel or diverging. Sometimes,

" but rarely, is the right hind horn longer than the left, but then usually -
distinctly narrower. Hind contour convex and swollen. Many different
forms, partly with long apical horns and short hind horns, partly with
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short apical and relatively long hind horns. Also the width between the
tips of the hind horns varies much, and these forms show a great variation
in the presencé of wing-like lists. B ' ;

The chief form is neglecta (Ostenfeld) Paulsen. ; :

- Hind horns slightly dissimilar, the right somewhat smaller. - Hind
-contour of the cell almost imperceptibly merging into the horns, convex.
- Apical horn very broad at the base and with several large toothed, wing-

like lists. This is possibly to be regarded as an old large form. - Breadth
75-93 4. , ‘ R

Var. Atlantica and- f. meglécta very commonly distributed in the
North Atlantic, Norwegian west coast;: English Channel. Common at.
Plymauth, IR o "

Ohain formation is common in Ceratium tripos, and it-is in this species -
that the heteromorphic chains are most conspicuous: A Ceratium tripos-
of the ordinary form divides up into a chain, gradually forming indi- -
viduals less and less like itself until the end cell is more like a stunted
Ceratium furca. ‘A chain of such individuals shows a typical C. tripos
at the base, gradually merging through forms like C. lineatum and finally
to a form like a stunted C. furca. These latter are apparently distinguish--
able from such true species as C. lineatum, C: furca and their allies (see-
Jorgensen, 1911, p. 38), as they bear the marks of division, are thicker
: inthe body, and the hind horns, especially the right, are strongly directed
~-ventrally. Also the structure of thie plates is different. A

‘These forms are known especially from waters of a low salinity such
as the Baltic (Lohmann, 1908). They are regarded by Jorgensen as prob-
ably degenerate forms. o S B

Geratium compressum Gran (1902). , b
- Text-figure 47a. '

Paulsen, 1908 ; Nordisches Plankton, p. 81.
Joérgensen, 1911, p. 39. . '

Cell strongly flattened ; all the horns in about the same. plane. Epitheca
high, with weakly convex to almost straight sides, which make an un-
usually acute angle with one another (about 60° or less), gradually
merging into a very strongly developed broad apical horn. Hind horns
‘broad, equally bent, narrowing towards the tips, where they are nearly
+“parallel; but the left horn ‘diverges a little from the-apical horn, while -
‘the right usually converges slightly. Right hind horn smaller than the -
Jleft. Theca with numerous strong ridges irregularly -anastomosing’;.
strong spine lists along the apical horn, and. smaller lists on the hind
‘horn and the hind margin.  Breadth 56p. . R

Rare; temperate North Atlantic, Norwegian Seas.



GENUS CERATIOM - " 151

ES : . >

" Fra. 47.

. a. " Ceratvurn compressum Gran. <
. X280, Norweglan Sea.  ~After Jorgerisen. :

b C’emtmm Bbuctphalum (Cléve). N
(2):Size. - West coast of Norwa.v After Jorgenseri, 1899.

c. Ceratiatm bucephalum var. heteroccmmta Jorgensen.,
(") Slze West coast of N orway ‘After Jorgensen 1899.
Geratlum ‘azoricum Cleve @ 900)
Text- figure 48.
Paulsenfr 1908 ; Nordisches Plankton, p 76.
R fo drgensen, . 1911 p- 47.

~Cell short, with short horns: Hind margm rounded and merging
gradually 1nto the hlnd horns which are bent ventrally, the right: smaller

, ‘v Fra. 48, . Cerativim Azomcum Clevae.
X 250 Ventral ‘side view. —After Cleve.

' than the left Total length (from tlp of apical horn to base of hypotheca)

88-130p.
o Sub troplcal seas, occasionally brought into the north

| " Geratium bucephalum (Cleve) (1897 )i A

S Text-figure 47, b and c.
Paulsen, 1908 ; ‘Nordisches Plankton, PP 76—7 7

CoJ8 orgensen, 1911 p. 47

. Rather small specles, body longer than broad Epltheoa ‘rather long,
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‘with convex: sides. Apleal horn Very long, stralght or curved at the base,
- usually narrowing towards.the tip. " Hypotheca not, or a little, shorter
than the epitheca ; hind margln merging into the hind horns, which are
strong and of the same ‘size, or the right usually a little smaller, both.
much bent, nearly straight at the tips, sometimes longer, sometimes
- shorter, but never.reaching to the tip of the apical hor#. All three horns
lie in about the same plane and converge usually distinctly at ‘the apices.
Two of the horns are rarely parallel. Sculpture of the theca usually not
distinet, but there are often low lists along the apical horn, and short
irregularly bent longitudinal lists 6n the body. The sides of the apical
horn and the outside of the hind horns are often. toothed, but never on
the hind margin. Breadth 54—64. Greatest length (from tlp of apical
horn to end of hypotheca) 2404

Northern temperate species. North Sea and Norweglan Seas, Skag— '

gerak and Cattégat, English Channel. * Also in the norfhern and eastern
part of the Florida Stream and coast of America.

Var. heterocampta (Text- ﬁgure 47¢) Jo orgensen, 1899 (C’emt"‘um Tetero-
camptum Paulsen, 1908, pp. 76-77). Like the type, but with the right
hind horn so strongly bent inwards that the length is almost perpen-
dicular to the apical horn. TLength ca. 176p.

Warm seas. Common on the west coast of Norway.

* Ceratium gibberum Gourret (1883). '

Text-figure 49a—49c. B
Paulsen, 1908 ; Nordisches Plankton, p. 75. - :
Jorgensen, 1911 p 49, .

Large but short-horned species  with thick body, little ﬁattened
Epitheca low, left margin almost straight. Apical horn more or less bent
below to the left, then almost stralght rather long, narrower towards the -
. tip, provided below with short wing-like lists, which are often strengthened
by transverse ribs.. Hypotheca much longer than the epitheca, with a
very oblique left margin. Hind margm strongly convex and more or less
swollen out, the swelling not merging into the horns. Left hind horn
strong, regularly bent at the tip, almost parallel with the apical horn.
‘Right hind horn weaker and usually shorter, of very variable form
always strongly bent forwards and ventrally, from the base outwards
then bent dorsally, either almost straight and more or less- gonverging
towards the apical horn, “or strongly and obliquely bent towazds it or
even sometimes behind it. - Structure of theca very variable ; large pores
and irregularly anastomosmg lists, which are either high and form few
large meshes, or more rarely are numerous and form small reticulations.
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“Fic. '49.4 Ceratium gibberum Gourret. |

@, From Florida stream, East, American coast. - _
b var. sinistia, Hast coast of Spain. After Jorgensen 1911.
@?) Size, var, sinistra, Gibraltar Stralts L) .

The form simistra of Gourret has the rlght hind horn first directed
- ventrally, then bent towards the dorsal side and almost at a right angle
to thes aplcal horn, or even behind 11; a,gam bent back at the thin tip.
Breadth 71-105u.
Warm-water species, Wldely dlstrlbuted‘ Seldom in the North and
Enghsh Channel. ‘
Ceratinm platycorne von Daday(1888).

Text- -figures 50a and 50b (see p. 154).

Paulsen, 1908 Nordisches Plankton, pp. 7475
- J6 orgensen, 1911, p. 58.

A

-Body much longer than broaéL Epitheca long and narrow, Wlth not

very convex sides. Hypotheca shorter than the epitheca, with straight.

. or weakly concave sides. Hind margin somewhat convex, on both sides
distinct from the horns: Apical horn rather long, straight or weakly bent,

" narrow towards the tip. Hind horns very strongly developed, alike at
the base and at the body level bent forwards into broad flat plates which
bend inwards on the inner side.” Right hind horn from its origin directed

..a little forward. The similar bases of the hind horns are very short,
_much shorter than the very broad plate-like part. Sculpture usually
inconspicuous, ‘but there are some - .longitudinal  ridges, and on the
* hind border spiny lists which run up the outside of the hind horns as far
" a8 ‘about the middle, like fine seams. Breadth 48-64u.-

Rare warm-water species, sometimes in the North brought by the Gulf
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, Frc. 50,
Ceratium platycorne v. Daday. -
a. % 280, Atlantic Ocean. = After Jorgensen, 1913.
b. (2) Size. From Paulsen, 1908 ; after Daday. ' e
c.  Ceratium longipes (Bailey) Gran, : Lol
X 150. = After Ostenfeld, 1903, = ‘ ‘

Stream. In Paulsen’s figiire '(1908) from v. Daday the"left hind horn
is bifurcate. I e : o
Ceratium lamellicorne Kofoid (1908).

, Plate XXXTV; figure 1. - :

- Jorgensen, 1911, p. 58. - B

Very similar to C. platycorne. -Epithieca not so narrow ; hind horns
narrower, similar at the base for a fairly long way, then broadening, but -
usually only to 132 as broad as at the base. These broad parts of the
hind horns have their, -inner margins rather far away from the ‘body, -

“usually only a little longer to twice as long as the narrow base. Apical .
horn at the base not specially broad. 'The left hind horn is at its origin-
only slightly directed behind. Sometimes the lefthind horn is bifurcate
and then correspondingly broadened. Structure sometimes very strong ;
distinct pores and rather numerous strongly developed bent ridges. Wing-
like lists frequent. Horns usually short. Breadth 42-51p. S
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" South and North Atla.ntlc, Azores, South-west Spam, Mediterranean,
. Indian Ocean, South Africa, California. A rare visitor in the North.
* Found occasionally at Plymouth. ‘ '

(2) HORNS NORMALLY OPEN AT THE TIps.

Ceratium macroceros (Ehrenberg) (1840) Cleve. .-
’ Plate XXXV.

Paulsen, 1908 ; Nordisches Plankton, pp 81—82
Jorgensen, 1911, p. 63.

Medium-sized, long-horned species, the side horns open at the tips.
“Body very thick and concave, longer than broad. Epltheca. not very
deep, broad and depressed, with concave sides. Hypotheca somewhat
“longer than epltheca, with strongly oblique left side. Hind margin almost
' straight, on both sides making an oblique angle with the hind horns.
- Apical horn long, broad at the base, straight or slightly bent. Hind
“horns first diverging behind, then rather suddenly bent forward, diverging
more or less from one another and from the aplcal horni ; later they make
“a broad bow and aregat the tips nearly or quite parallel with the apical
“horn. The right hind horn has its origin somewhat behind the girdle and
s strongly ventrally directed. Theca sculpture strong, rather numerous
- irregularly bent longitudinal rldges and large pores. At the bends the
hind horns are usually heavﬂy toothed: - Breadth 45-57u.
" A temperate Northern species, rather widely distributed i in the North
Atlantic, especially in the North Sea and. nelghbourlng waters (Skaggerak,
- Kattegat), Norwegian Seas, English Channel Also in the colder waters
“on the American side. -
Sub-species Gallicum Kofoid is a sma]ler and slenderer spemes oceurring
in warmer seas.
Ceratium horridum Gran (1902). ,
Plate XXXITV, figure 2.
C'emtmm intermedium Paulsen, 1908 ; Nordisches Plankton, p-83.

“Ceratium intermedium Jorgensen, 1902, 1911, p. 83.
C’emtmm horridum Jorgensen, 1920.

, Rather small: -or medium-sized gpecies, short-horned and robust.
- Epitheca deeply triangular, with weakly convex sides. Hypotheca rather
 longer than the epitheca. Hind margin distinctly indented on the right,
not distinctly onthe left, almost straight or slightly convex, on the right
- maklng a more or less distinct angle with the hind horn. - - Apical horn
in the lower third strongly developed and often slightly bent, usually
straight towards the tip. Left hind horn directed obliquely to.the left
behind, then bent forward and either converging or diverging from the
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apical horn, The right hind horn from its origin slightly directed behind,
then bent forward and running nearly parallel to or slightly diverging.
from the apical horn. Theca sculpture not very apparent, but sometimes - -
there are irregular ridges usually heavily toothed along the bends of the
hind horns and the apical horn. Very variable species. J& drgensen (1911) .
includes several forms hitherto regarded as separate species under the
name O. kormdum which Gran divides into a Northern and a Seuthern
form.  The present- description refers to the Northern form, which
amongst others includes Paulsen’s form fmgzda, and C. batavum. Breadth
42—47;1, :

. A Northern temperate form from the English Channel to the north of
Norway, North Sea,. Skaggerak, Baltic, Norwegian Seas. '

Paulsen (1907) describes a long-horned form fmgzda in spring from the
North Sea and the Kattegat

 Ceratium lonigipes (Bailey) (1854) Gran. ,
Plate XXXI, figure 2, Text-figure 50c. , |

Paulsen, 1908 ; Nordlsches Plankton, pp. 85-86.
- Jorgensen, 1911, p. 84. B

“Mediuin-sized or rather small species, Wlth strongly bént aplcal horn :
‘Epitheca almost triangular, with strongly convex left and less convex
rlght side. Hypotheca longer than epitheca, usually distinetly broadened |
behind, which gives.the whole body a triangular appearance. Hind
margin usually not, or very little, sunk in, the left more distinctly than
the right coming oft at an angle from the hind horn, usually a little
convex. All horns strong, towards the tips very narrow, open. Apical
horn more or less strongly bent. Left hind horn first: obliquely directed
behind; then similarly bent forward. The right hind horn usually a little
longer, at its origin directed almost straight, then quickly bent forward.
The tips of the apical and right horns usually about parallel or con-
verging slightly ; the tips of apical and left horn diverging. The hind
horns are usually shorter than the apical. Theca sculpture usually strong,-
numerous coarse ridges and porey present. - Along the apical horn and
the convex outer parts of the hind horns the lists are more or less toothed.
Very variable species. Breadth 51-57u. .

A North Atlantic form which inhabits the rather cold water mixing
between the Arctic Stream and the temperate water of the Atlantic.
English- Channel northwards: Common at Port Erin, Isle of Man. - ,
- Jorgensen recognises two varieties :—var. Baltica Ostenfeld (1903),
a very large form with thick apical horn with toothed lists, and var.
ventricosa. Ostenfeld (1903), which is more like C. horridum in’some
ways, but has the much bent apical horn. ' '
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Geratmm arcticam (Ehrenberg) Cleve.
Plate XXXIT, figure 3..

Pa,ulsen 1908 ; Nordisches Plankton Pp- 86—87 .
Jorgensen, 1911, p. 85. >

Medium-sized spe01es with horns very far apart, otherwise similar to
C. longipes.. Body as broad as long, or even a little broader. Epitheca
with very convex sides. Hypotheca much longer than the epitheca, left
side almost straight, not obliquely placed, but parallel to the girdle and
about parallel to the lower part of the apical horn. Hind margm some-
what convex, not sunk in. The apical horn strongly bent as in C. longipes.
- Left hind horn at the base obliquely directed behind (but less obliquely

than-in C. longipes), unlformly bow-shaped, but rather slightly bent.

Right hind-hora. springing almost straight, but bent forward slightly.

Apical horn strongly bent. The three horns strongly diverging, the
apical and right horn least. Theca sculpture generally very strong,
numerous irfegularly bent ridges present. - Along the apical horn and the
convex sides of the hind horns are usually relatlvely broad, spiny or
strongly toothed ng-hke lists. - On the hind margin are three usually

_ distinet, ridged lists gf which. the left is the largest. Breadth 48-60u.

Cold-water form. #®mmon in the Newfoundland Bank, northern Nor-

‘Wweglan Seas and North Atlantic ; rare onthe west coast of Norway and
North Sea. Occasionally in the English Channel ‘and Irish Seas Also
rarely as far south as Gibraltar and the Azores, Japan.

»Geratium rétic’ulatum (Pouchet) Cleve.- .
Text-figure 51 (see p. 158)

Paulsen, 1908 ; Nordisches Plankton, pp. 82-83.
Jorgensen, 1911 p- 86.

Large and very long-horned form.. Body concave, about as long as
broad, or a little longer. Epitheca not very deep, rather low (short),
with slightly convex sides. Left side of the hypotheca nearly straight.
-All three horns very long, slender, thin-walled and bent in “different
directions, none lying in the body plane. Hind margin convex, on both
sides. of the hind horns indented, but not forming a distinct angle with
them, not, or only slightly, sunk in. Apical horn nearly straight or rather
strongly bent, directed ventrally for the first third, then bent back. - Left
hind horn at the base directed slightly behind, then strongly bent for-
wards, then nearly straight and converging. towards the apical horn and
also ventrally directed. Right hind horns issuing from a little behind
the girdle, only directed at a right angle towards the apical horn, drawn
out to a sléender end, usually directed dorsally and forward, Theca

13
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Fra. 51.. Geratium reticulatum (Pouéhe’o) Cleve.
X 186. . English Channel. From drawing by Mrs. Sexton.

'Y

reticulated by.large crossing ridges. Proximal part of the hind hotns
~ usually with spiny lists and a large spiny list along the hind margin.
Breadth 75-85u. - :
Warm-water species. Atlantic, Indian Ocean, Mediterranean, Florida
Stream, English Channel. : o Sl
Jorgensen recognises two forms: f. contorta Lemmermann (1900)
. and f. spiralis Kofoid-(1907). ‘ ’

Forms wiTH NO APPARENT GIRDLE.

Genus Podolampas AStéin.‘

Cell somewhat pear-shaped. In front drawn out into a more or less
distinct apical horn that ends in an apical pore. Girdle not apparent,
but probably fused with the adjacent precingular plates. In the ventral
area lies the flagellar pore. Two strong antapical spines support trans-
verse wixgs, the left being the continuation of the wing of the ventral
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area. The plates (Text-figure 53), as worked out by Kofoid (1909) for
- P. elegans, are 2 apicals, 1.anterior intercalary, 6 precingulars, 3 post-
cingulars, 4 antapicals, or 2’ 1a 6" 3" 4", The Northern members of
the genus have not been so minutely investigated. Pores highly differ-
entiated and correlated, -with much internal differentiation and dis-
tribution and movements of the plasma.

Species :—Podolampas palmipes Stein, P. bipes Stein. .

Podolampas palmipes Stein (1883).
: Text-figure H2a.
Paulsen, 1908 ; Nordisches Plankton, p. 92. ’
Tell a long pear-shape, narrow, in front gradually narrowing into a
slender horn. Left antapical spine much longer than the right. Wings

~ of the spines fused with one another. Transverse seam (vepresenting the
girdle) often broad. Length ca. 80-100p. ‘

=1
=
5

Fic. 52.-

)

a.  Podolampas palmipes Stein. :
Left; after Stein. = Right, after Schiitt,
b. Podolampas bipes Stein.
After Stein.
¢. Blepharocysta splendor-maris Ehrenberg.
“After Stein. ©
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S'ub troplcal Atlantic species, often brought to the North by thr Gulf
Stream.
Podolampas bipes Stein (1883)
o Text- -figure 52b. -
Paulsen, 1908 ; Nordisches Plankton, pp. 92-93.

Cell broadly pear-shaped, in front slightly drawn out into a short horn.

- F1c. 53. Diagraﬁl of 'Podolampds elegans, showing plates;
After Kofoid 1909.

Antapical spines about equal the wings not fused. Intercalary striae
broad. Length ca. 86-107p. '

Tropical species. Pacific and Indian Oceans, Mediterranean. Seldom
-in the North, as far as the Bay of Biscay.

Genus Blepharocysta Ehrenberg.

Cell circular to ellipsoidal. Girdle apparently absent as in Podolampas, '
but probably fused with the precingulars. No furrow, Ventral area with |
- furrows between which is the flagellar pore. Plate formula : 2 apicals, 1-2-
anterior unlercalaries, 6 precingulars, 3 postcmgulars, 3 (Y) apicals, or
2/ 1 Za 6” 3/// 3/”/ (2)
One spe01es ——Blepharocysta splendor -ATLS Ehrenberg
Blepharocysta splendor-maris Ehrenberg (1873).
. Text-figure 52c. '
Paulsen, 1908 ; Nordisches Plankton, p. 95.

Cell oval. Ventral area narrow. Oar-like processes conspicuous at the
antapex. Theca punctured. Intercalary striae broad. Length ca. 52—
56p. . ,

Warm seas. Stein re_cordé it from Heligoland.
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APPENDIX

 METHODS OF COLLECTING AND EXAMIN".[NGY.
DINOFLAGELLATES

To collect marine dlnoﬂagellates a tow-net is used ma.de of very fine silk
(180 strands to the inch), the catch being rinsed into a glass jar and
examined alive under the microscope. The naked forms do not bear
preservation as a general rule, as they are éxcessively’ delicate ; but those
which possess a theca can be preserved in 5% formalin or in Fleming’s
solution (by adding 10 cc. of strong Fleming solution—15 vols. 1%,
chromic acid; 4 vols 29%, osmic acid, 1 vol. glacial acetic acid—to 250 cc.

of the sample).

A very good way of collecting the smaller specles is to take a dip in
the sea with a glass bottle and centrifuge part of it. A small hand
centrifuge is quite sufficient for this purpose. The een’onfuge tubes should
be pointed at the ends, so that the bulk of the water may be poured away
after centmfuglng, leaving at the base of the tube the solid matter,
including any dinoflagellates, which may then be pipetted off on to a
glass slide. - Each tube should hold about 10 cc., two or four belng used
at.one time, and the sample centrifuged for from 5-10 minutes.

Spe(nal water bottles are used for procurmg specmlens of sea-water
from various depths. :

The water up estuaries may often be green or brown from the presence
of dinoflagellates, which can then be collected in thousands by one dip
Wlth a cup or small jar.

-On sandy beaches green or brown patches left by the tide should be
examined for the sand- lov1ng forms, Whlch may occur in, millions in such
situations. '

A1l material should be examlned first alive whenever possable This
is-the only satisfactory method for the naked forms, and examination of
the samples should be undertaken as soon as possible after capture, as -
they are so delicate that the smallest accident kills them, and very often
4 specimen whilst under observation will collapse altogether.

For examination of the plates of the thecate forms the specimens
should be treated with a suitable reagent to clear away the cell contents
and, if possible, loosen the plates from one another. Eau de Javelle is
good for this ; caustic potash is also used. Stains may be used with the

M
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potash or separately, aniline dyes being best.” P‘e;‘sona;lly I have found
Trypan Blue, used alone, to be excellent, It stains the theca a clear blue -
and shows up the sutures between the plates in.a perfect manner, -
especially in the thin-walled species such as Kryptoperidinium foliaceum,
where no structure can be made out at all without treatment.
Simple cultures of holophytic dinoflagellates can be made in filtered
sea-water, using Petri dishes or small flasks. Oxyrrhis can be cultured
by giving it diatoms, (Nitzschia) to eat. The colourless forms are usually
more. difficult, although small purely saprophytic species will live and
multiply if given a small piece of decaying matter, sich as a piece of
mollusk. * flaah o e
~ Some species can be kept for days in' a drop of water if prevented
from 'drying up, and much of the Tife-history of- such forms as Gymno-
dinsum Tunula can be followed through various phases of division. )
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PLATE I

Fie. 1. Ewvwviells maring Cienk,

~ (& d) 36,1, long, Plymouth Sound. - (c) 42u long; Port Erln,
Isle of "Man. -(d) Port Erin, Isle of Man encysted and
dividing. )

Fie. 2. Exu'viella compressa (Bailey). Osterifeld.’
- 34y long, Plymouth Sound, - » . )

F1¢.8. Exuviella perforata Gran.

22y long, Plymeuth Sound. (a) side view.  (b) ventral
view. ﬁ anterior end, much enlarged.- : .

Fic. 4. Exuviella apora Schiller, ;
Yealm Estuary, near Plymouth. (a) and (b) 16;4, long ; side
and ventral views. (c) 22u long. Alive.

Fia. 5. Prorocentrum micans Ehrenberg. T
37u long, Plymouth Sound. = (a) side view. (b) dividing.
(c) right valve, showing' sculpture. "~ . ]

FIG 6. Ozyrrhis maring Dujardin, -

33u long. From culture in.Plymouth Laboratory (a)
ventral. () side view. “(¢) from below. (d) dividing.
(e) contalmng N1tzsch1a ; S






PLATE 11

 F16. 1. Amphidinium Kilebsi Kofoid and Swezy. .
36y long, Cullercoats Beach, Northumberland.

Fro. 2. Amphidinsum H erdmanni Kofoid and Swezy.

(a)-30u long, Cullercoats Beach, ventral view. (b). Culler-

coats Beach, dorsal view. (¢) 33u long, Port Erin, Isle of
an. - . :

Fia. 3. Amphidipium latum n.sp. R
19y long, Sea wator from Cullercoats, Northumberland,
F16. 4. Amphidinium scissum Kofoid and Bwezy. »
"56u long, Port Erin, Isle of Man. -

Fre. 5. Amphzdmmmbmttmmcum c. Hefdlnan.

5ly long, Port Erin, Isle of Man, - '

Fre. 6. A. britannicum var. compacta. C. Herdman.
37w long, Port Erin, Isle of Man. :
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PLATE 11




PLATE I

Fig. 1. Amhzdmmm scissotdes n.sp.
; 70;;, long, off Eddystone Grounds, English Channel.

; 'FIG 2. Amyphidinium erassum Lohmann, s .
. 28;1, long, Plymouth Sound. (a) v_entlfa,l vie%v. (b) dorsal
- view.: (c) side view. ; s
¢

: FIG 3. Amhzdzmum fphaeocystwola 1n.sp. . )
' 42 long, Plymouth Sound. - (a). ventral view. (b) dorsal
view. (c) s1de view. o

- Fia. 4. Amph@dmmm pelagicum vn,sp. : . e
84y long, 5. miles S.W. Plymouth. (@) ventral  view.
(b} dorsal view, (c) side view. o

kFIG 5. Ampkzd@m’wm eludens ©; Herdman.
; '30,u, Iong, Port Erin; Isle of Man, s1de view.

Fro. 6. Amph/&d@mum Kofozd@ C. Herdman
29 long, qut Erin, Tsle of Man,’ side view.’
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PLATE IV
Fia. 1. Gymnodim'um lunule Schititt,

.. Plymouth Sound: (a~¢) division in round 6Yst : éyst 80;1. :
“across. - (d~f) semilunar cysts 130y from tip to tip, showvivngr

division: " (g) £1}ee-svv1'~mming'form22,u,flong",“ e
" Fie. 2; Gymnodi’nium sz’mplem(Lbhmanri). ;.
1 Tong, eulture froim sea water, Plymouth Sound,

. Fre. 3, Gymmnodinivwm, ENGT Leb‘our'." -
© 28y long, Plymouth Sound, June, 1923.

_’FI'G'r. 4. G‘gjmhod’im’um pygmaeum n.sp. .0
A4y Tong, Station B2 (between English and. French coast);

May, 1923. - S BT R

FIé. 5. G'ymnodmmm rubrocinctum nsp E
52p long, Plymouth Sound, June, 1923.

| Fre. 6. Gymnodinium filum Lebour.
Bl long, Plymowth Sound, June, 1923,
L long, Ply G 1923
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PLATE IV







PLATE V
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PLATE VI )

Fias L. Gymnodinium rhomboides Schiitt.
Plymouth Sound. (a) side . view, 40u long. (b) dorsal
view, 30u long. (c) -ventral view, enclosed in cyst 42u long,

Fia, 2. G’ymnodmmum heterostriatum Kofoid and Swezy.
- ca. 40p long, Plymouth Sound. :

FIGé. 3 (variety) and 4 (normal). Gymhodimum hyalinum
n.sp. o B :
39y long, English Channel, Polperro,- Looe. May, 1923,

~F1e. 5. Gymnodirsum-achromaticwm Lebour. ’
78u long, Plymouth Sound.

F16.:6.” Gymnodinium abbrei;idtum Kofoid and Swezy;- ‘

" 84y long, English Channel, Station NI, at entrance to
English Channel, 10 metres. -May, 1922..
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Sy PLATE VII SR et
;FIG I. Gyrodmmm falcatum Kofold and Swezy. :
o 84/; long, outside Plymouth Sound Dec., 1921, -

" Fre. 2. G‘yrodmmm lmguhfemn sp ‘ s
39;;, long, ‘outside: Plymouth Seund, May, 1923, .-

F1a. 3. Gyrodmmm calyptoglyphe 1:8p. Pl
" “Plymouth: Sound. " - July, 1923. (a) 30;;, long, ventral vleW, .
) 28,;, long side view. ; :

Fic. 4 G’ymd’mwm glomcum (Lebour)
56,u long, off Bddystone Grounds. May, 1923

Fre. 5 Gymdmwm bepo (Schiitt). g R
56y long, @awsa;nd Bay; Plymouth July, 19/20'. S -} 

Fr16. 6. Gymd'mwm britannia KofOId a,nd Swezy{:, R
168,(4 long, off Rame Head Plymouth .



PLATE VII

187 ]




N

L risy

PLATE VIII

Fra. 1. Gyrodinsum spirale (Bergh.). ‘
98y long, Station E.2, half-way between Plymouth and the

CF

< French-coast. May, 1923 surface

" Fre. 2. Gyrodmzum opzmum (Schiitt).

50u Iong, outmde Eddystone grounds, Ma,y, 1923

Fre. 3. Qyrodinium, obtusum (Schiitt).
50u long, Plymouth Sound

>FIG 4. Gyrod@mum pingue (Schiitt). i v
* 45 long, Plymouth Sound. IR St

F1c. 5. Gyrodinium crassum (Pouchet). -
76u long, Plymouth Sound.

Fie. 6: Gyrodfmmm cochlea, n.sp.
55,1, long, oft Penlee Point, Plymouth. June, 1923



' PLATE VIII

e [189 ] R




PLATE IX

" Fia. 1. C’ochlodmmm Schuettz Kofoid and Swezy
52,u, long,. Plymouth Sou.nd

.,/

"FIG 2. Oochlodmmm helicoides nom. noy.
36w long, Eddystone N.W.1 mIIe -Ma,y, 1922

F16. 3, Cochlodinivim helm (Pouehet)

32 long; Plymouth Sound. July, 1923, (a'j ventral.
(b)-dorsal. .(c) side view. i

- Fie. 4. Oochlodmmm PUPE DEP. : .
395 long, Plymouth July, 1923. (a) and (c) side views.
(b) ventral view, - . o

Fi1a, 5 C’ochlodmwm 'vmctum K0f01d and Swezy :
42,ulong, EddystoneW byN 3m11es surface (@) ventral.
(b). dorsal view. . I o

Fra. 6. (Jochlodzmum achmmatwum«n sp -
'43,u, long, outside Plymouth Sound. May, 1923 s

’FIG 7 OOchlodmmm pulchellum Lebour,
35;1, long, Plymouth, Sound,

Fro. 8. Oochlodmwm andt@ (Wulff)
56u Iong, Plymouth Sound.-
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PLATE X

Fie. 1. kTorodinium robustuim Kofoid and Swezy.
57u long, outside Plymouth Sourid.

F1c. 2. Polykrikos Schwarzi Bijtschli.
{@) 100y long, Plymouth Sound. (b) nematocyst 19u long
from larger specimen, Plymouth Sound.

Fie. 3. Polykrikos Lebourae C. Herdman.
56y long, Port Erin, Isle of Man.

" Fe. 4. Protopéis simplex n.sp.
74y long, Plymouth Sound.

““Fia. 5. Nematodinium armatum (Dogiel).
Plymouth Sound. (a) 36w long, free-swimming form,
ventral view. (b) 28y long, encysted, dividing. .

Fia. 6. Péuchetz'a polyphemus (‘Pouchét). £
75u.long, off Eddystone.
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PLAQ?E X1

Fra. 1. Phalacroma Kofoidi C. Herdman Sk
30—33,14, long, Port Erin, Isle of Man. (a) and (e) side views.
(b) ventral view. -(c)-one -half, treated with trypan blue.
(d) showing theca after treatment with eau de Javelle
f) and (g) ventro-latera,l view, shghtly anter1or ’

FIG 2, Phalam'oma pulchellum Lebour.

26u long, Plymouth-Sound. (a) ventral. (b) side view.
-(¢) megacytic form. (d) trea,ted WLth acid. (e) the two
g halves separated.

F1G, 3. Phalacroma, rotundatum (Clap -and Lach). - -

(@) 39 long, Plymouth Sound. . (b) 48,1, long, lately
- divided, Eddystone, S.W. 3 mlles (e) 45y long, Plymouth -
Sound. - . :

Fic. 4. Phalacroma irregulare n. sp

56-56p long, . Plymouth Sound: . All* la,tely d1v1ded with
megacytic border still present. (a) with part of left longi-
tudinal list ‘missing, (b) perfect longltudma.l hst (c)

L anterowent_ra.l view. '

N
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- PLATE XIIL -

: FIG. 1. Gomaulaa: spinifera; Clap and Lach,
36,u long; Plymouth Sound (@) ventra.l (b) dorsal,

~ o Fie. 20 G'om(mlaae umcormsn 8p.

281 long, Plymoui;h Sound. (a) ventra,l (b) doré,a,l. oo

Fr:- 3. Gonmulaw omem’al@s Lmdemann i ST
: 2 long, Plymouth Sound.. - (a) ventral. : (b) dorssl.
& epltheca, {ay hypotheea : L

o

o Free4. Gomaulax polygramma Stem , ; :
" 45 long, Plymouth Sound. (a,) and (c)‘vbehtralg b}
. dorsal. SR : R
F1c. 5, ‘Gbm‘aulax Diegensqisi Kofoid. e

- 56y, long, Plymouth Sound. = (a) ventral, (b) dorsal.

“(c) epitheca. (d) hypotheca. S :






oar '7P1$}1n6

(dy hypotheca.

tral. ~ (b) dorsal

(b) dorsal.

‘\
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‘ : PLATE XV
Fie. 1. Diplopsalis lenticila Bergh,

40p broad, outside Plymouth Sound. May, 1921. (a) apical
view: 7 (b) antapical,  (c) ventral, - (d) dorsal. (e) side." -

F1e. 2. Diplopeltopsis minor Lebous, o
52 broad, Plymouth Sound. Feb.,. 1921. - (a) apical,
(b)..antapical, {¢) ventral.” (dy dorsal. . (e) side view:. .
" Fia. 8. Pem'din.z’bps@g;asyMWtMcd»Mangi@ T
B _Gﬁp;broad, outside Plymouth Sotnd” ‘May, 1921. (o) apical..
“(b) antapical, (c)- ventral, - (d) dorsal, . (e). side view.

“Fie: 4 Peridiniopsis rotunda LebOurl‘ PRTARIE
28u broad, Plymouth Sound. June, 1921, (a) apical;:’
() aﬁta,pical." ) ventral.. (d) dorsal, (e) side view.: -

‘/K“
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PLATE XVI

‘FIG 1. szlopsalopsw arbwulams (Pa.ulsen)

- 424 across,  Plymouth  Sound:
* theea. (¢) ventral, (d) dorsal,

“ Fic. 2. Kryptoperiding

33w long, Yealm

wentral: - (b) side.
theca. R

(a) a.nd (€),
(f ) hypof'

1 Fre: 3.2 Peridiniumy monospmum Paulsen L el
7 40p. across,  Plymouth :Sound. ' (a) ventral. - (b) dorsal.”
- (¢)side. - (d). epitheca: - () hypotheca. - (f) with " spote
‘eseaping. . (g) details of Iongltudlnal wmg and splnes
(h) mterca.lary striae. ‘ ST
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PLATE XVII

"‘_FIG 1. Pemd@mum avellana Mel;ml“ I
A2 leng, Plymouth So nd (ar). Ventra],

T plﬁheea, (d)e hypoth N ] s1de view
_ str1ae e TR

: ey
f ) mteyrcarla,ry

V’i'FIG 2. Pemdm'mm Thomom i Paulsen L
: 57p, fACross, Plymouth Sound. - (a) ventral (b) dorsal

e epltheea, (d) hypotheca, (e) and (f) va,rlous v1ews on
-smaller saale e e : EO T






'Pa}ul‘éfén; e
(@) dorsal. (b)) v
L A =
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PLATE XVIII
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. PLATE XIX .

,F;G.‘l.; Peridinium conicum (Gran). oA RPN
0. sicross, Plymouth Sound: (@) ventral. ".(b) dorsal. .
_ (e} epitheca.  (d) hypotheca. Mg TUTh e s
Fid. 2. Peridinium quib’énse P@ﬁlseﬁ. g S ‘
25y across; 5 miles beyond Eddystone, * (a) ventral.  (b) -
ydorsal. - (¢). epitheca: {(d) hypotheca. . .~ —.7 .
F1e. 3. Perédinium trochoideum. (Stein). e

28y across;  Plymouth Sound. - (a).wentral. = (b) dorsal.
(c) epitheca. -(d) hypotheca. - . LT






v PLATE XX

.;.,1 Pemctmmm pentagqnhm Gran. Re

: 84;1, 80108, Plymouth Sound.
. (d) hypotheca

! km'canwozdes Pa,ulsenk_, o
I»ymouth Sound. (a) ventra,l ".(b) epitheca.
(d) hypothéca. e L

(c)ﬂdorsé.l
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PLATE XXII

F1c. 1. Peridinium achromaticum Levander. )
28y across, Plymouth Sound. (&) ventro-lateral. = (b)
ventral. (c¢) apical. (d) dorsal. (e} ventro-antapical.
(f) epitheca. (g) hypotheca.

Fie. 2. Peridinium subinerme Paulsen,

54y across, Plymouth Sound. (a) ventral.  (b) dorsal.
(¢) epitheca. (d) hypotheca. (e) various views on smaller
scale. (f) plate showing sculpture.
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PLATE XXII
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" PLATE XXIII
Peridinium depressum Bailey. :

(@) 180u long, Atlantic, from the Secotia Expedition.
(b~f) 1164 long, from Plymouth Sound (on a ‘smaller scale).
(b) ventral. (¢) dorsal, (d) apical. (e) antapical,
(f) side view. .
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PLATE XXIII
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PLATE XXIV

Fia. 1. Peridinium oblongum (Aufivi]lius).

(a) 115y long, ventral view. (b) and (b) 84u long, ventral
and dorsal views, Plymouth Sound.

F1c. 2. Peridinium obtusum Karsten.

50y .across, Plymouth Sound. (a) ventral. (b) dorsal.
(¢) apical. (d) antapical view.
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PLATE XXV

Fia. 1. Peridinsum, Olaudicans Paulsen,

Plymouth Sound. (@) and (b) 7 9u long, ventral and dorsal
views. (c) 51y long, ventral view. (d) dorsal, side and
hind views on & different scale.

Fia. 2. Peridinsum, Granzi Ostenfeld.

49y long, 1 mile from Eddystone Lighthouse. (a) ventral.
(b) dorsal view. :

F1a. 3. Peridinium mite Pavillard. . .
55u long, Plymouth Sound. (@) ventral. (b) dorsal view.

F1c. 4. Peridinium Steing; Jérgensen,

39u long, Plymouth Sound. (@) ventral, (b) dorsal.
{c) apical. (d) antapical views.
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PLATE XXVI

Fra. 1. Peridinium ovatum (Pouchet).

64y across, Plymouth Sound. (@) ventral.. (b) dorsal.
(¢) apical. (d) antapical. ’

Fra. 2. Peridinium divergens Ehrb.

56y across, outside Plymouth Sound. (a) ventral. (b)
apical. (c) dorsal. (d) antapical. (e) showing live cell.
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PLATE XXVII1

F16. 1. Peridinium cerasus Paulsen.

30 -across, Plymouth Sound. (@) alive.  (b) ventral.
{¢) dorsal. (d) apical. (e) antapical.

Fie. 2. Peridinium brevipes Paulsen.

18y long, outside Plymouth Sound. (@) ventral. (b)
dorsal. (c) apical. (d) antapical view.

Fia. 3. Peridinium sub-curvipes Lebour.

44 across, Station E.2, half-way between Plymouth and
the French coest. (a) ventral. (b) dorsal.  (c) apical.
(d) antapical. (e) side view.
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PLATE XXVII
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PLATE] XXVIII

Fi1c. 1. Peridinium pallidum Ostenfeld.

96 long, Plymouth Sound. (a) ventral. (b) dorsal.
(¢) apical. (d) side view (smaller scale).

Fia. 2. Peridinium pellucidum (Bergh).

36 broad, Plymouth Sound. (a) ventral.s (b) dorsal.
(¢) apical. (d) antapical view.
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PLATE XXIX

Fic. 1. Peridinium curvipes Ostenfeld.

45u across, Plymouth Sound. (a) ventral. (6) apical.
(c) antapical views.

F1a. 2. Peridinium diabolus Cleve.

441 across, Plymouth Sound. (@) ventral. (b) dorsal.
(¢) apical.

Fie. 3. Minuscula bipés (Paulsen).
23p long, Plymouth Sound. (@) ventral. (b) dorsal view.

¥1c. 4. Pyrophacus horologicum Stein.

Plymouth Sound. (@) 40p long, ventral view, with cyst.
(b) apical. (c) antapical view, 84y by 74u diameter.
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PLATE XXX

F1c. 1. Ceratium hirundinella (O. F. Miiller).

42y broad, Freshwater Pond co. Durham (from sample sent
by Mr. Millard Griffiths), ventral view.

Fia. 2. Ceratium candelabrum (Ehrenberg).
var, dilatata (Gourret).

260u long, including spines. From the stomach of Clupea
aurita, River Nile (sent by Mr. Paget, Alexandria), dorsal
view.

Fic. 3. Ceratium furca (Ehrenberg).
150y long, Plymouth Sound, ‘ventral view.

Fia. 4. Ceratium minutum Jorgensen.

28 across, Stati.on E.1, 14 miles out to sea from Plymouth.
Ventral and dorsal view,
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PLATE XXX
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PLATE XXXI
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PLATE XXXII

Ceratium tripos (O. F. Miiller).
var. Baltica Schiitt.

60u broad, 2104 long, Plymouth Sound. (@) ventral view,
(b) and {c) showing plates (lesser magnification).
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PLATE XXXIII

Ceratium tripos (0. F. Miiller).
var. Atlantica Ostenfeld.
forma neglecta (Ostenfeld)

270u long, Plymouth Sound. Ventral view,
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PLATE XXXIII
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PLATE XXXIV

Fie. 1. Ceratium lamellicorne Kofoid.
45u across, Plymouth Sound. Dorsal view,

F1a. 2. Ceratium horridum Gran.
60y long, Plymouth Sound. Ventral view.
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PLATE XXXIV
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PLATE XXXV

Fra. 1. Ceratium macroceros (Bhrenberg).
45 broad, Prymouth Sound. Ventral view.,
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PLATE XXXV




INDEX

Numerals in ordinary type refer to the description of terms, species,

or

Adiniferidea, 2, 10, 12

Amoebophrya, 8, 9, 60

Amphiceratium, 142, 146

Amphidinium, 6, 7, 8, 10, 17, 21,
76

asymmetricum  var. britannica,

27
bipes, 22, 24, 29
britannicum, 22, 23, 27
britannicum var. compacta, 27
crassum, 22, 31, 32
discoidalis, 22, 24, 30
eludens, 22, 32
emarginatum, 22, 24, 30
extensum, 22, 24, 30
flexum, 22, 27, 28
Herdmanni, 22, 23
Klebsii, 5, 22, 23, 26
Kofoidi, 22, 33, 76 -

Kofoidi var. petasatum, 21, 76 .

latum, 22, 26
longum, 22, 24, 32
manannini, 22, 24, 34,
operculatum, 22, 23, 24, 26
operculatum var..Steini, 23
ovoideum, 22,23, 24
ovum, 22, 24, 29
pelagicum, 22, 32
pellucidum, 22, 24, 28
Phaeocysticola, 22, 31
rotundatum, 45
geissoides, 22, 30
geissum, 22, 26, 31
semilunatum, 22, 24, 28, 33, 34
sphenoides, 22, 24, 30
Steini, 22, 23, 24
testudo, 22, 24, 29
vitreum, 22, 24, 34

Amphisolenia, 7, 11, 84
globifera, 84, 85
inflata, 84, 85

Amylax lata, 96

Antapex, 2

Apex, 2

R¥

toxt figures.

Archaeperidinium, 105, 108, 107
. monospinum, 107
Arenaciphilous, 7

34, | Areole, 4

Athecatoidae, 10

Biceratium, 142, 143
Blastodiniidae, 11, 73
Blastodinium, 11, 74
hyalinum, 74
Blepharocysta, 11, 160
splendor maris, 159, 160

Ceratium, &, 6, 7, 8, 11, 142
arcticum, 143, 157
azoricum, 143, 151
batavum, 156
bucephalum, 143, 151
bucephalum var. heterocampta,

143, 151, 152

candelabrum, 142, 143, 144
candelabrum var. dilatata, 144
compressum, 143, 150, 151
eugrammum, 145
extensum, 142, 146, 147
furca, 142, 145, 150 .
furca sub-sp. eugrammum, 145
fusus, 142, 146, 147
gibberum, 143, 152, 153
gibberum f. sinistra, 143, 153
heterocamptum, 152
hirundinella, 7, 142, 143, 144
horridum, 143, 155
intermedium, 155
intermedium f. frigida, 156
lamellicorne, 143, 154
lineatum, 142, 144, 145, 150
longipes, 143, 154, 156, 157
longipes var. Baltica, 156
longipes var, ventricosa, 156
macroceros, 143, 155
minutum, 142, 145
"platycorne, 143, 153, 154
reticulatum, 143, 157, 158
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Ceratium—continued
reticulatum f. contorta, 158
reticulatum f. spiralis, 158
tripos, 142, 147, 148
tripos var. Atlantlca 142, 149
tripos var. Atlantica f. neglecta,
142, 150
tripos var. Baltica, 142, 148
tripos var. Baltica f. hlema,le 142,
147, 149
tripos var. Baltica f. subsalsa, 742
147, 149
tripos f. lineata, 145, 150
Chain formation, in Cera,tmm 142,
144, 147
s ve in Goniaulax, 91
Chlorophyll, 4 *
Chromatophore, 4
- Classification, 10
Cochlodinium, 8, 10, 61
achromaticum, 61, 63
archimedes, 61, 64
augustum, 65
Brandti, 61, 65
clarissimum, 63
faurei; 63
helicoides, 61, 62
helix, 61, 62, 63
pulchellum, 61, 65
pupa, 61, 63
Schuetti, 61, 62
vinctum, 61, 63
Coloured water, 8
Conica, section, 106, 110, 111, 118
Coolia, 11, 138
monotls 138, 139
Cyst formation, 6, 8

Dimorphism, 6
Diniferidea, 2, 10, 17 ~
Dlnoﬂagellata deﬁmtlon 12
Dinophysidae, 7, 11, 27, 75
Dinophysis, 7, 8, 11, 21, 79
acuminata, 79 80 87
acuta, 79
arctica, 76, 79, 81
caudata, 79, 80, 82
hastata, 79, 80, 83
homunculus, 82
homunculus. var. tripos, 82
lenticula, 79, 81
norvegica, 79 80
norvegica var. crassior, 79 N
norvegica var. debilior, 80
ovum, 79, 81
ovum var. baltica, 81
punctata, 79, 81
rotundata, 78

s

DINOFLAGELLATA

Schuettii, 79, 80, 83
sphenoides, 80
sphaerica, 79, 80, 82
tripos, 79, 82
uracantha, 76, 79, 83
vertex, 81
Diplopelta, 100, 101
bomba, 45, 100 )
Diplopeltopsis, 7,-11, 102
minor, 100, 102
Diplopsalis, 7, 8, 9, 11, 99, 105
acuta, 102
caspica, 100
lenticula, 9, 99, 101, 102
lenticula f. minor, 102
minima, 100
pillula, 100
saecularis, 100 .
Diplopsalopsis, 11, 103
orbiculare, 103
Divergens, section, 107, 110, 127, 129

3

Ectoplasm, 85
Endoplasm, 35
Entzia, 11, 102
acuta, 102, 103
Epicone, 2
Epitheca, 3 :
Erythropsis, 8, 17, 69, 73
Euceratium, 142 148
Euperidinium, 105
Exuviella, 6, 7, 10, 13
apora, 13, 14
baltica, 13, 14, 15
bisimpressa, 14
compressa, 13
lima, 13
marina, 13
perforata 12,13, 14
Eye, 4

Flagellum, 2, 3
Food, 4, 5

Girdle, 2

Girdle plate, 3

Glenodiniidae, 11, 84

Glenodinium, 11, 85
bipes, 84, 137, 138
danicum, 85, 86
foliaceum, 84, 104
gymnodinium, 85, 86, 87
inflatum, 88
monensis, 85, 86, 87
obliquum, 85, 86, 87
ovatum, 94
trochoideum, 84, 113
Warmingii, 85, 86, 87



Goniaulax, 6, 7,8, 11,91
apiculata, 91, 95
catenata, 91, 97, 98
diegensis, 91, 95
digitale, 91, 92, 93
fragilis, 91, 98, 99
Levanderi, 92
longispina, 94, 97
Mangini, 92
orientalis, 90, 91, 93
polyedra, 91, 93, 97
polygramma, 91, 94
serippsae, 91, 93, 94
gpinifera, 91, 92
Tamarensis, 91, 95
triacantha, 91, 96, 97
turbynei, 91, 93, 94
unicornis, 91, 92
vexans, 92

Goniodoma, 11, 90
lacustris, 90
Ostenfeldii, 90, 91, 93
polyedricum, 90

Groove, longitudinal, 2

’s transverse, 2

Gymnodiniidae, 10, 20

Gymnodinioidae, 10, 17

Gymnodinium, 5,6,7,8,9, 10,34, 35,

69
abbreviatium, 35, 48, 49
achromaticum, 35, 48
agile, 35,.39, 40
arcticum, 39, 46
econicum, 35, 43
filum, 30, 35, 42
fulgens, 43, 44, 46, 49, 59
fusus, 51
glandula, 35, 39, 41
gracile, 39, 46, 49, 59
gracile var. exigua, 49
grammaticum, 35, 38, 39
helix, 61, 62
heterostriatum, 35, 47
hyalinum, 35, 48
incertum, 35, 39, 41
Lebourii, 35, 43, 44, 45
Lohmanni, 35, 50
lunula, 9, 35, 36, 162
marinum, 35, 39
minor, 35, 38
minutum, 35, 45
monas, 40
opimum, 57
pellucidum, 35, 46
placidum, 35, 39, 40
pseudonoctiluca, 35, 43, 44
punctatum, 35, 50
pvgmaeum, 35, 38

INDEX

pyrocyetis, 35, 45
rhomboides, &, 7, 35, 47, 48
rubrocinctum, 35, 42
rubrum, 42
simplex, 35, 37
spirale, 56
_spirale var. bepo, 55
spirale var, obtusa, 57
spirale, var. pinguis, 58
splendens, 35, 43
teredo, 66
tintinnicula, 35, 50
triangularis, 35, 50
variabile, 35, 39, 41
vestificii, 30, 35, 50
viridis, 43
Wilczeki, 35, 46, 49
Gryrodinium, 7, &, 9, 10, 51, 69
bepo, 51, 55
britannia, 8, 61, 56
calyptoglyphe, 41, 52
capsulatum, 52
cochlea, 51, 59
concentricum, 41, 60
contortum, 57
cornutum, 51, 60
crassum, 51, 58
cuneatum, 51, 53, 59
falcatum, 51
fissum, 51, 53, 54
fucorum, 51, 60
fusiforme, 51, 60
fusus, 61
glaucum, 7, 30, 50, 51, 54, 55
grave, §1, 53, 59
lachryma, 61, 53, 60
Lebourae, 51, 53
lingulifera, 61, 52
longum, §1, 61
obtusum, 51, 57
opimum, 51, 57
ovatum, 51, 61
pingue, 51, 58
prunus, 51, 52, 53
spirale, 51, 56, 59

Haplodinium, 6, 12

Hemidinium, 6, 10, 20
nasutum, 20
Heterocapsa triqueta, 109
Heteromorphic chains, 142
Holophytic nutrition, 4
Holozoic nutrition, 4

247

Humilia, section, 107, 110, 126, 127.

129, 132
Hypocone, 2
Hypotheca, 3
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Intercalary areas, 4
’s striae, 4

. Kryptoperidinium, 11, 84, 104
foliaceum, 6, 104, 137, 162

Laevigella, 51
Leucoplast, 5
Lineadinium, 35
List, longitudinal, 5

,» transverse, 5
Lobe, tentacular, 19
Luminescence, 8, 69, 147

Megacytic stage, 12
Melanosome, 69 .
Metaperidinium, 3, 6, 105, 106, 110,
123
Micron, 2
Minuscula, 11, 84, 137
bipes, 137, 138

Nematocyst, 4, 64, 67, 71
Nematodinium, 8, 11, 71
armatum, 71, 72
Neritic species, 7
Nitzschia closterium, 19, 37, 39, 162
Nogtiluca, 4, 18, 68
scintillans, 69
Noctilucidae, 10, 68
Nucleus, 2
Nutrition, 4

Oceanic species, 7
Oceanica, section, 106, 110, 119, 121,
127
Ocellus, 69, 70, 71
Ornithocercus, 7
Orthoperidinium, 6, 104, 105, 106,
107, 110, 111
Oxyrrhis, 6, 10, 17, 18, 19
marina, 19
Oxytoxum, 8, 11, 139
- Belgicae, 139, 140, 141
diploconus, 140, 141
gladiolus, 140, 141
Mijneri, 140, 141
reticulatum, 140, 141, 142
scolopax, 140, 141
sphaeroideumn, 140

Pachydinium, 35

Paraperidinium, section, 105, 106,
107, 110, 134

Parasitic dinoflagellates, 6

Parasitised dinoflagellates, 8. 9

Pavillardia, 68

DINOFLAGELLATA

Pelagic species, 7
Pelagorhynchus, 18
marina, 18
Pellicle, 2, 17
Peridiniidae, 11, 12, 88
Peridinioidae, 11, 75
Peridiniopsis, 7, 8, 11, 100
asymmetrica, 8, 100, 101, 102
Borgei, 100 :
Penardii, 100
rotunda, 100, 101
Peridinium, 4, 6, 7, 8, 9, 11, 84, 89,
105, 106, 110
achromaticurn, 106, 109, 114
acutangulum, 111
Adriaticum, 128
Anthonyi, 106, 115, 116
apiculata, 109 :
aspinum, 107
avellana, 106, 108
Balticum, 107, 136, 137
breve, 107, 127, 131, 132
brevipes, 107, 131, 132
bulla, 106, 120, 122
callosum, 125
catenatum, 97
cerasus, 107, 130
claudicans, 106, 121, 122, 123
conicoides, 106, 112
conicum, 106, 111, 112, 713, 121
conicum var. bilobata, 111
crassipes, 128, 129
curvipes, 107, 133, 135
curtipes, 107, 128
decipiens, 107,131, 132, 133
deficiens, 119
depressurn, 8, 106, 119, 120, 127,
128
diabolus, 107, 135, 136
divaricatum, 116, 118
divergens, 44, 107,
127
elongatum, 106, 116, 118
excentricum, 106, 108
exiguum, 137
Faeroense, 7, 106, 113
fimbriatum, 106, 115, 116
Finlandicum, 125
formosum, 136
globulus, 107, 129, 130
Granii, 106, 124, 125
inaequale, 101, 109
ineonspicuum, 109
islandicum, 107, 135, 136
Kofoidi, 119 :
latum, 102
lenticulum, 126
Leonis, 7, 106, 112, 121, 129

119, 121,
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Peridinium-——continued verrucosum, 106, 120, 122
macrospinum, 107, 136 Willei, 106, 113
marchicum, 109 Yserense, 106, 115, 116, 118
minusculum, 137 Phaeocystis, 32
minutum, 107 Phalacroma, 7, 11, 21, 75
minutum var. Tahihouensis, 107 acutum, 79
mite, 106, 124, 125 ebriolum, 76, 77
monacanthus, 107, 131, 133 irregulare, 77, 78
monas, 40 Kofoidi, 77
monospinum, 106, 107 minutum, 76, 77, 78
multipunctatum, 118 pulchellum, 77
nudum, 106, 115, 116 rotundatum, 77, 78
oblongum, 106, 120, 121, 123 rotundatum var. laevis, 77, 78
obtusum, 106, 121 Rudgei, 76, 78
oceanicum, 106, 120, 121, 123, 127 | Plastid, 45
oceanicum var, claudicans, 123 Plates, antapical, 88
oceanicum var. oblonga, 121 ye apical, 88
oceanicum var. typica, 121 .. girdle, 88
orbiculare, 103 ,,» Intercalary, 88
ovatum, 106, 110, 126, 130 ’s Precingular, 88
ovatum var. minor, 126 ,,  Postcingular, 88
pallidum, 107, 134, 136 Podolampas, 11, 158
parallelum, 119 bipes, 159, 160
pellucidum, 8, 7, 107, 134, 136 - elegans, 160
pellucidum var. acuta, 135 palmipes, 159
pellucidum var. crassa, 135 Polykrikidae, 10, 67
pellucidum var. spinosa, 134 Polykrikos, 5, 7, 10, 67
Penardii, 100 Lebourae, 67, 68
pentagonum, 106, 111, 112, 113 Schwarzi, 5, 64, 67
Perrieri, 108 ' Polymorphism, 6
punctulatum, 106, 115, 122, 123, Pore, 4

124 ,, anterior flagellar, 2
pusillum, 109 ,, posterior flagellar, 3
pyriforme, 106, 126 ) Poroceratium, 142
quarnerense, 130 ~ Poroid, 4
robustum, 106, 120, 122 Pouchetia, 8, 11, 71, 72
roseum, 107, 130, 131 armata, 71
roseum var. aciculata, 130 fusus, 10, 70, 72
saltans, 106, 112, 120 parva, 72, 73
sinuosum, 112 polyphemus, 72
speciosum, 127 rosea, 70, 72, 73
stagnale, 123 Pouchetiidae, 11, 69
Steinii, 97, 106, 125, 127, 132 Prod, 8
Steinii sub. species Mediterranea, Pronoctilaca, 6, 10, 17, 18

125 pelagica, 18, 19
Steinii sub. species Paulseni, 125 Pronoctilucidae, 10, 17
gub-curvipes, 107, 133, 135 Properidinium Thorianum, 108
subinerme, 106, 114, 115, 122, heterocapsa, 109 .

123 Prorocentridae, 10, 12, 13
tabulatum, 106, 116, 118, 122 Prorocentrum, 6, 7, 10, 13,15
Thorianum, 106, 108 dentatum, 15, 16
triqueta, 106, 109 micans, 7, 15, 16
trochoideum, 92, 106, 113 scutellum, 15, 16
tuberosum, 123 Protoceratium, 7, 11, 88, 89
typus, 113 reticulatum, 45, 89
umbonatum, 109 Protodinifer, 17, 18
Vanhoffeni, 126 . marinum, 18
varicans, 107, 131, 132 Protodiniferidae, 17
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Protodinium simplex, 37, 70, 73
Protoerythropsis, 11, 73
vigilans, 73
Protoperidinium, 105
Protopsis, 11, 69, 70
nigra, 70
simplex, 70, 71
Pseudophalacroma, 11, 75
nasutum, 75, 76
Pusule, 5
Pyrenoid, 12
Pyriformia, section, 106, 110, 124,
126, 132
Pyrophacus, 11, 138, 139
horologicum, 139

Red water, 8, 97 °

Reproduction, 6

Rhynchomonas marina, 18
Rhythm, in sand-loving forms, 21
Rotundinium, 21

Spirodinium, 51
concentricum, 60
crassum, 58
fissumn, 43, 54
fusus, 60

DINOFLAGELLATA

glaucum, 54
grave, 59
lachryma, 60
maximum, 56
nasutum, 56
Schittii, 58
spirale, 56
spirale var. acuta, 56
varians, 58
Spore, 6
Steiniella, 91, 98
fragilis, 91, 99
Striae, 4 .
Sulcus, 2
Suture, 75

. Tabulata, section, 106, 110, 115, 121,
122

Tentacle, 18
Theca, 2
Thecatoidae, 10, 12
Torodinium, 10, 65
teredo, 64, 66
robustum, 66
Transverse lists, 4

Valve, 12
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