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CONTRIBUTIONS TO OUR KNOWLEDGE OE
BRITISH CHRYSOPHYCEAE*
BY J. W. G. LUND, M.Sc, PH.D.
(With 11 figures in the text)
In the course of an investigation of the algal flora of the bottom sediments in a number
of ponds in Richmond Park, Surrey, a number of new and interesting Chrysophyceae
were studied, and it is with these that the present communication deals. The Apistonema,
however, came from a different locality. Ecological relations of the forms here described
are dealt with elsewhere (Lund, 1942).
The preservation and fixation of many Flagellates is a matter of considerable difficulty
and most cannot be studied satisfactorily in formalin material, while many Chrysophyceae
disintegrate more or less completely in this preservative. I have found osmic acid
satisfactory as afixative,but it is essential to remove the acid after fixation, since it almost
invariably causes more or less marked blackening after a time. Such blackening sets in
very rapidly in algae storing oil (Chrysophyceae) or having a protoplast rich in oil
(Euglenineae). It can be obviated by immediate treatment with 4% formalin followed
by washing in water on a Whatman no. 50 filter paper for not less than 6 hr. The method
may be summarized as follows:
(1) Fix in i-o or 0-5 % osmic acid (acid and material in the ratio of i : i or 0-5 : i).
(2) Remove within 2 min. to a filter paper and add 4% formalin until the filter is
nearly full.
(3) Wash with water for not less than 6 hr.
(4) Preserve in 4% formalin.
Staining was not necessary to study the salient features of the cells.
CHROMULINA

Owing to the high degree of metaboly common to many species, and since the motile
stages afford relatively few useful specific characteristics, the taxonomy of this genus
is fraught with much difficulty. The most valuable characters are those provided by the
cysts, but in many species these are either unknown or rarely formed and when present
persist for a short period only. For a number of species, however, it has been possible
to study all essential stages.
I. Chromulina aerophila n.sp. (Figs, i, 2)
In nature this was only found in a disused brick drain connecting the two Pen Ponds,
but it frequently appeared in cultures of sediments from several of the ponds in distilled
water or a 005 % Benecke solution; this implies that cysts are present in most of the
sediments. The alga occurs in two somewhat different forms. That found in nature and
in distilled water cultures may be described as forma A, while that occurring in cultures
with a Benecke solution is described as forma B.
• From the Department of Botany, Queen Mary College, University of London. The substance of this
paper formed part of a thesis accepted by the University of London for the degree of Ph.D.
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The motile individual (5-9 by 4-5 fj) of the former is usually ellipsoidal to oval in shape
(Fig. I A-E, H) but is somewhat metabolic; the anterior end, though generally rounded,
may be flattened (Fig. i E) or even indented (Fig. i F). Cells moving sluggishly or about
to cease movement are more or less spherical (Fig. i H). The flagellum is approximately
as long as the cell, while two anterior contractile vacuoles, pulsating alternately, are
present, but no stigma. The single rather variable parietal chromatophore lies along one
side of the cell. It generally forms a short and wide band extending about half-way
round the cell (Fig. i A, B, E, F), but the band may be of some length and exhibit diverse
orientation with reference to the long axis of the cell (Fig. i A, B, F). A pyrenoid is
frequently visible, especially in material killed in osmic acid, apposed to the inner
surface of the chromatophore. The food reserves are leucosin and oil, and nutrition
appears to be holophytic (see also below).
When there is a stable surface film, the dominant vegetative phase is non-motile, with
the cells forming a coating of dust-like particles on the surface of the water. This coating
appears greyish or golden, according to the angle from which it is viewed. In its production the cells swim to the surface and press themselves against the surface fllm, after
which there begins a slow spiral movement resulting in the cells pushing through the
film. The part first to project through the latter appears, when viewed from the surface
under the microscope, like a small bubble occupying the middle of the cell. As the individual continues to penetrate the fllm, more and more of it becomes obscured until
only a superficial bubble-like structure is visible. The layer of cells then appears, when
seen from above, as a mass of bubbles on the surface of the water. With dark-ground
illumination this emits a golden light.
The bubbles may be minute and round, but often appear relatively large and oval to
vermiform or altogether irregular in shape. Microscopic observation shows that these
large bubbles consist of a number of cells enclosed in a common envelope. Careful
focusing of parts of the surface fllm, bearing bacteria or other foreign particles, proves by
comparison that the Chromulina cells are actually above the water surface. This is also
evident when material placed on a coverslip, inverted over a glass ring, is viewed from
below. A side-view of the bubbles is diflicult to obtain because of the refraction at the
air/water surface, but a thin glass rod, gently dipped into the water film and fixed to a
micro-dissection apparatus, admits of examination of the cells from the side and shows
that they are raised above the water surface by means of a short stalk (Fig. i G, I-K, s).
This stalk is simply the modified posterior end of the cell as indicated by the position of
the contractile vacuoles; it is often ill-defined and only clearly marked in cells lacking
a flagellum.
Since the cells swim freely as soon as submerged, they must be capable of being wetted.
On the other hand, if the stalks could be wetted, it would be impossible for these small
bodies to withstand the surface tension of the water fllm still enveloping the cell as a
result of capillarity; its surface tension would again depress the cell beneath the surface.
It is, therefore, clear that some part of the cell must be unwettable. Photographs,* show
that this is true of at least a portion of the stalk above the surface film, so that water is not
in connexion with the cell above the stalk. The nature of the substance responsible for
the unwettable character of the stalk has not been ascertained. Tests for fat and cellulose
gave negative results.
* Fig. 31 in the author's Ph.D. thesis referred to in the footnote to p. 274.
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By shaking the dish, by blowing, by dropping water on to the surface, by covering the ,v|
surface with a coverslip or otherwise disturbing it, the cells are immediately submerged. ;
Such treatment results in bringing the exposed part of the cell into contact with the water •
by causing the stalks to lose their vertical position. This also proves that the cells can be
wetted, but not the stalk. After submergence the cells, forthwith or shortly afterwards,
resume motility, and investigation of fixed material from an undisturbed film shows that
the majority of the cells retain their flagella during the non-motile stage. In the majority
of such fixed cells the stalk is ill-defined and merely composed of the prolonged posterior
end.

Fig. I. Chromulina aerophila n.sp., forma A. A-F, H, motile cells; G, I, J, resting stages on surface film;
K-N, cysts, c.v. contractile vacuole; /. leucosin; 0. oil; p. pyrenoid; s. stalk. (A, B, I, X24S0; C-H,
J-N, X2250.)

The envelope surrounding the cells (but not the stalks) in the non-motile stage is lost
as soon as they are submerged (cf. p. 279), nor is it recognizable in the killed and stained
cells; its rapid disappearance is also implied by the customary immediate resumption
of motility. If a quantity of water bearing this characteristic stage of the alga is allowed
to dry, the 'bubbles' representing the algal cells only dry up when the water itself has
evaporated, as can be seen if the drying film on a thin glass rod attached to a microdissection apparatus is watched. When evaporation is complete the envelopes disappear,
the algal cells disintegrate and the free water dries up, all at the same moment. If the
envelope around the alga consisted of a substance other than water, it would almost
certainly dry at a different rate than the free water and should be capable of being
rendered visible after immersion in water or by staining. In bubbles containing several
individuals some of them are occasionally seen swimhiing freely inside-; the latter have
become free from their stalks, the whole bubble being held above the surface by the
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stalks of the remaining individuals. AH the cells of such a group are never motile. It is,
therefore, concluded that the envelope surrounding the alga is merely water (cf. also
p. 279).
Since the water surrounding the exposed cell will gradually evaporate, it must be
replenished from the cell; but the latter cannot possess enough reserves of water continuously to replace that lost by evaporation and the loss must be made good via the
stalk. It remains doubtful whether the latter is actually hollow, but its surface differs
from the central region, which is perhaps occupied by mucilage. The conduction of
water into the exposed cell via the stalk has been demonstrated by the passage of dilute
intra-vitam dyes (methylene blue or neutral red), added to the water, into the cell. A
miniature transpiration system is thus established from the water through the stalk into
the exposed cell, where it exudes to form the envelope and finally evaporates into the air.
The process is probably relatively slow, since the air close to the water surface will be
humid, and the non-motile stage can occur only in quiet weather.
The iridescence of the cells, when viewed from a certain angle, is due to the same cause
as in C. Rosanoffii (Molisch, 1901), C. smaragdina (Gicklhorn, 1922), Schistostega
osmundacea and certain other shade plants. When the coating of Chroniulina cells is
observed from the same direction as the source of light, it shows a golden iridescence;
when viewed from the opposite direction, it appears grey. Orientation to a change in the
direction of the light is rapid. If the dish with the alga is turned through 180°, the golden
iridescence appears on the side facing the source of light within 2 min. Microscopic
observation shows that the chromatophores of all the cells are located on the side away
from the source of light. The cell thus acts as a biconvex lens concentrating the light on
the chromatophore from which it is reflected.
Gicklhorn (1922) states that in C. smaragdina the change is due to the aggregation of
the chromatophores on the side away from the light, but gives no proof that this is a
result of movement of the chromatophores. It is extremely difficult to establish whether
there is a movement of the chromatophores or of the whole protoplast. Although the
change is rapid, the actual distance moved in a reorientation through 180°, even in a cell
iO|Lt in diameter, is only about 15'7/^. I have, however, gained the impression that the
protoplast moves as a whole, though the means by which this is accomplished is difficult
to understand, nor has it been possible to observe any free movement when single cells
constitute a bubble. When submerged by superposing a cover-glass, the cells swim
actively towards the light, but if a free surface is available they at once accumulate above
it, though the part nearest the source of light generally bears the greatest number of
cells.
The capacity of the cell to take up a definite orientation towards the light is clearly of
advantage in the natural habitat, which is comparable to the rabbit burrows and other
shaded positions commonly occupied by Schistostega. When viewed from the opening,
the surface of the water and the adjacent sides of the drain presented a beautiful golden
sheen. The absence of the alga from other habitats in the Pen Ponds may be attributed
to its shade-loving habit and the necessity of perfectly quiet conditions for the maintenance of the non-motile stage.
Division is restricted to this stage, two cells often possessing a common (Fig. i I) or
branched stalk (Fig. i J). The cysts arise from the non-motile stage and retain the stalk
which is not included in the cyst (Fig. i K). They are spherical or subspherical (68-8-5 fi)
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(Fig. I K-N) with a smooth silicified wall and a plug which is almost flush with the surface
and difficult to distinguish (Fig. i L-N). They usually contain two chromatophores
(Fig. I K, L, N), although only one may be present (Fig. i M), as well as large quantities
of oil and often a big leucosin globule.
The other form (forma B) occurred only in cultures of certain marginal sediments,
being often so abundant in those treated with a 0-05 % Benecke solution that the nonmotile stage formed a thick brown, oft€n wrinkled, pellicle which could be easily lifted
with a pair of forceps. Forma B was present only when the water was highly acid, usually
with n pH of 3-6-5-O but occasionally with one between 5-0 and 6-o. Forma A, on the
contrary, never occurs when the pH is below 5-0 and is usually found at apH of 6-5-7-5.
The motile cells (8-5-I2-O by 3-5-7-o/x) resemble those of forma A, but the single
chromatophore is generally more definitely band-shaped (Fig. 2 A, B, E). The oval to

Fig. 2. Chromulina aerophila n.sp., forma B. A-F, motile cells; G—H, non-motile stages from surface film;
I-L, division stages; M, four cells with a common stalk; N, formation of false palmelloid colony by fusion
of the stalks; O, flattening of cell outlines due to crowding; P, empty cells as in O; Q, R, cysts, c.v. contractile vacuoles; /. leucosin; s. stalk; c.s. confluent stalks. (A^-I, K—Q, x iooo; J, X 1300; R, X 2400.)

spherical, well-marked stalk (Fig. 2 H-L) of the non-motile cells (6-8-IO-2 by 8-5-i2-o/x)
is wider than in the other form, and the cells are devoid of flagella so that motility is
not immediately regained on submergence. Their chromatophore (Fig. 2 I-L) is generally
cup-shaped, owing to the rounded shape of the cell. The confluence of the envelopes
described for forma A is more marked in the crowded cultures enriched with Benecke's
solution, even the stalks of adjacent cells being confluent (Fig. 2 N) and becoming
angular as a result of mutual pressure (Fig. 2 O, P). The whole pellicle thus appears as a
palmelloid colony. Division, as in forma A, is restricted to these non-motile stages, and
one finds two (Fig. 2 J-L; very rarely four. Fig. 2 M) cells with a common stalk.
The abundant growth of this form in cultures enriched with inorganic salts supports
the view that it is truly holophytic (see C. Rosanoffii, p. 279). When the cells are loosely
aggregated, it shows a similar iridescence and has the same capacity for orientation to the
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light as forma A, but these features are lost when the cells are crowded. This lends
support to the view that reorientation is due to movement of the protoplast as a whole.
Cysts like those of forma A are very rare.
Although the motile cells are altogether like a Chromulina, the non-motile stage is
dominant under certain conditions. In view of its unstable nature (especially in forma A),
however, the alga is best regarded as a species of Chromulina. This point of view is
supported by the life-history of C. ferrea (pp. 280-1), as well as by that of the three
species, C. Rosanoffii Biitschli, C. smaragdina Gicklhorn, and C. Woroniniana Fisch, the
first and last of which have much in common with C. aerophila. Certain differences and
the absence of transitional forms stand in the way of referring all three to C. Rosanoffii.
A critical consideration of the life-histories of these algae shows that the descriptions of
them are in part incorrect.
C. Rosanoffii Biitschli [Chromophyton Rosanoffii Woron.), first discovered in Finland
and in the St Petersburg Botanic Gardens (Woronin, 1880; Gaidukov, 1900), was subsequently recorded from tanks and aquaria in Germany (Wille, 1882, 1887; Ulehla,
1911), Czechoslovakia (Molisch, 1901) and this country (Fritsch & West 1927); Pascher
(1913) states that it is very widespread. Its evident preference for small, artificial bodies
of water is no doubt related to the existence of an undisturbed surface film allowing of the
occurrence of the non-motile stage, which is essentially similar to that of C. aerophila.
Woronin (1880) found it in summer as a yellow or brown dust which consisted of a
number of bubbles, spherical when small, vermiform when large, on the surface of the
water of moorland pools. This coating disappeared during rainfall, but reappeared in
fine weather. The bubbles included one or more spherical Chromulina cells which became
motile when submerged; the motile cells (8-9 by 4-6/x) contained a single parietal
chromatophore, one or two anterior contractile vacuoles and were devoid of a stigma.
Under a coverslip they showed strong positive phototaxis, but when the drop was uncovered they bored their way through the surface film just as if it were a solid membrane.
In passing through the film a mucilaginous envelope and a basal mucilaginous stalk are
excreted, the former dissolving instantaneously on contact with water. The larger
'bubbles' are formed by the confluence of the mucilage envelopes around neighbouring
cells.
If the surface film remained stable for some time, each cell divided into eight daughter
cells within the mucilage envelope. The supposed winter stage of C. Rosanoffii, described
by Woronin as living in the leaves of aquatic mosses (especially Sphagnum), may well
belong to another species; nothing comparable to it has been observed in C. aerophila.
Gaidukov (1900) grew the alga in a o-i % Knop solution and thus showed that it could
lead a purely holophytic. existence, while Molisch (1901) studied its iridescence.
It is obvious that this alga is very like C. aerophila, and there can be little doubt that
the envelope around the non-motile cells is again water. Woronin was altogether unable
to observe the ' mucilage' when the cell was in contact with water and the statement that
the stalk consists of mucilage cannot be altogether correct, since a portion of it must be
incapable of being wetted (p. 275) if the cell is to remain above the surface film. The only
clear difference between C. Rosanoffii and C. aerophila is thus the existence of eight-celled
division stages in the former. Woronin's semi-diagrammatic figures of these stages are
not wholly convincing, but C. ferrea n.sp. (pp. 280-1) shows that they may occur.
A misreading of Woronin's account has resulted in his figures of the naked stalked cells
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and the eight-celled division stages being described as cysts and as products of germmation respectively (Pascher, 1913, and all subsequent publications), but it is clear from
Woronin's summary that these cells are not cysts, but division stages. He records
(pp. 644-6) undoubted Chrysophycean cysts which are submerged and devoid of a stalk,
in the questionable winter-form.
C. Woroniniana Fisch (1885), discovered in an aquarium at Erlangen, has a motile
stage (6-8 ^i) very similar to that of C. Rosanoffii, while the coating formed by the nonmotile stage shows a similar iridescence and is composed of rounded cells surrounded by
a zone of hyaline mucilage and delimited from one another by fine lines. According to
Fisch there is no stalk, and division of the cells was not observed. When Sphagnum was
added, cysts were found in the hyaline cells. This species is very similar to the form of
C. aerophila inhabiting acid water (forma B). The absence of a stalk is doubtful, since
Fisch does not describe the cells in side-view. The surrounding 'mucilage' is probably
the material of the stalk, which is short and wide as commonly in the form of C. aerophila
just referred to (Fig. 2 I, J), while the fine boundary lines between the cells probably
mark the points of juncture of the stalks (cf. Fig. 2 P).
In C. smaragdina Gicklhorn (1922)* the non-motile cells are provided with a 'mucilage'
stalk, which may sometimes be nothing more than a slight bulge on the cell membrane.
The basal parts of the cells are surrounded by brown mucilage encrusted with ferric
oxide (cf. C. ferrea). The cells divide repeatedly, therein resembling C. Rosanoffia. The
daughter cells are either motile or non-motile; the former possess two green chromatophores, while the latter contain from four to ten green chromatophores and show an
emerald iridescence. The green colour may be due to the abundant humus present, since
accompanying individuals of Mallomonas acaroides were also green; transference to pure
water, however, produced no change in colour. Gicklhorn refers to the non-motile
stages as 'cysts', but they have none of the characteristics of Chrysophycean cysts.
2. Chromulina ferrea n.sp. (Fig. 3)
The motile cells (4-3-5-1 by 6-8-11 -9/^) (Fig. 3 A-G) are markedly metabolic, especially
in the posterior region which may taper to a fine point (Fig. 3 D, E). The fiagellum
reaches i\ times the length of the cell, but its relative length depends on the shape of the
cell. The two anterior contractile vacuoles pulsate alternately and one can occasionally
distinguish smaller ones which fuse to form the principal ones. There is no stigma. The
single parietal chromatophore is either a small curved disk (Fig. 3 C, G) or a band(Fig. 3 A) or cup-shaped structure (Fig. 3 B, D).
The non-motile stage arises, as in C. aerophila, at the surface of the water, where it
forms a brown scum. The cells develop a cup-shaped stalk which encloses them and
their division products (Fig. 3 H-X) and generally consists of two parts, joined to one
another; the basal submerged part is capable of being wetted, but not the part above.
At the level of the surface film the stalk expands horizontally into a hoop-like structure •
(Fig. 3 J-O), which in surface view often appears surrounded by a wider layer of indefinite shape and rests on or in the surrounding water film (Fig. 3 J-L, 0-R,/.); this layer
occasionally bears small algal epiphytes on its under side (Fig. 3 K). The expansion of the
stalk at the water surface may well help in maintaining the cells in an upright position.
* Since writing this, in August 1940, I observed an alga agreeing \Vith Gicklhorn's description of this
species in the drain where, in previous years, Chromulina aerophila occurred.
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Above the surface film the stalk continues for some way round the cell, immediately
contiguous to the surface of the protoplast. Sometimes it seems to extend over almost the
whole surface, leaving only a narrow apical pore. When such cells are submerged, the
protoplast escapes by creeping through the pore (Fig. 3 X). The stalks are coloured brown
through impregnation with ferric oxide, and when present in quantity render the community
clearly visible to the naked eye. The non-motile stages of this species have not been
exammed in detail, but there appears to be complete similarity with C. aerophila and water
is doubtless drawn up through the stalk in the same manner. There is, however, no
iridescence. In the iron incrustation, the alga shows some resemblance to Chrysotilos
ferrea Pascher (19316).

Fig. 3. Chromulina ferrea n.sp. A-G, motile cells; H-W, non-motile stages; L-N show the structure of
the stalk; O-W, division of the protoplast; U, in side-, R in partial side-view; X shows escape of a single
cell from the envelope formed hy the upper part of the stalk, ch. Chamaesiphon incrustans; c.v. contractile
vacuole; e. ring-like expansion of stalk (s.);f. irregular outer part of expansion of stalk on the surface film;
0. oil. (All X 830.)

A light breeze or rainfall are sufficient to cause submergence, followed by resumption
of motility. Division will, however, frequently not have reached completion, and when
this is so motility is not immediately resumed on submergence, since the fiagella are still
absent. In laboratory cultures, in which a stable surface film may persist for indefinite
periods, all stages in division were invariably found and motile cells were also frequently
present. It seenis probable that, when division stages reach a certain size, they become
top-heavy and fall over, thus becoming submerged. Cysts were not observed.
C. ferrea occurs during summer and early autumn in the shallow upper-littoral areas
of the Pen Ponds, rich in humus derived from decaying leaves. It is never found, however, until the latter have become converted into a fine brown silt; at this stage the
surface film is frequently partially covered with ferric oxide. The^H is usually 6-5-7-5,
and, owing to the shallow water, the day temperature is often high (up to 31° C). In the
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laboratory the alga appeared in distilled water cultures of the same deposits, but not until
the vegetable detritus is converted into a brown mud. If the deposit becomes acid
{pK 4-O-6-O), C. aerophila takes the place of this species. The fact that C. ferrea is not a
shade form perhaps accounts for the lack of a capacity for orientation to the direction of
the light. .
3. Chromidina sporangifera n.sp. (Fig. 4)
'
•
This alga, present in the Leg-of-Mutton Pond from February to April, has ellipsoid
motile cells (6-8-io-2 by 2-5-3-4;u,) showing little metaboly; the anterior end is rounded
or slightly flattened and often oblique (Fig. 4 A, B). The flagellum is i - i j times the
length of the cell (io-2-i3-6/x) and there is no stigma. The band-shaped chromatophore
has a slightly spiral trend (Fig. 4 A, B). The motile cells, like those of C ovalis Klebs
(also pccurring in this pond), often colour the water brown.
When division is to take place, the movements become sluggish and the individual
comes to rest among the detritus surrounding the stems and leaves of the aquatic macro-

Fig. 4. Chromulina sporangifera n.sp. A, B, motile and C-E non-motile cells; E-I, sporangium-formation;
J, K, cells and sporangia attached to vegetable detritus; L, cyst; M, young stage of same. c.v. contractile
vacuoles; /. leucosin; o. oil. (A, B, x 1600; C, F, G, I, X1300; D, E, H, x8oo; J, X480; K, X400;
L, X2650; M, X 1750.)

phytes. The protoplast assumes a spherical shape (Fig. 4 C) and increases in size, while a
wide and firm mucilaginous membrane is secreted around it. The chromatophore extends
over most of the periphery (Fig. 4 C-E) and may divide into two to four portions. Within
this sporangium repeated division takes place (Fig. 4 F-I), so that forty or more closely
packed daughter cells are formed. When liberated they are spherical, but they soon
become actively motile and assume the ellipsoid shape. Contractile vacuoles are often
observable in the non-motile stages (Fig. 4 D) as well as in the motile cells.
The production of cysts has not been observed, but huge numbers of them occur
among the sporangia and on the bottom during the later stages of the period of abundance
of this alga. The absence of other cyst-producing Chrysophyceaen algae and the constant
appearance of the cysts at a definite time leave, in my opinion, no doubt that they belong
to C. sporangifera. They are commonly spherical [lo-z-iyjy)
(see, however. Fig. 4 L)
and have a smooth wall, the plug being often almost flush with the surface. They contain two chromatophores, as well as oil and leucosin.
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The motile stages of this alga differ from those of C. nebulosa Cienk only in size, but
the probable cysts are quite different. The production of sporangia, moreover, clearly
differentiates the species from C. netyutosa and other members of the genus. C. sporangifera is found during the highly acid phase (pU usually 4-4-4-8) above the marginal
sediments in the Leg-of-Mutton Pond, though completely lacking in the open surface
waters (plankton). C. nebutosa, which occurs in moorlands, probably also inhabits acid
waters (Pascher, 1913).
4. Kephyrion littorate n.sp. (Fig. 5 A-I)
The frequently brown-coloured envelope (6-O-6-8 by 4-8-5-I JK.) is generally somewhat
narrowed posteriorly and anteriorly (cf. however, Fig. 5 F), while it is more or less
• prominently thickened near the anterior end. The fiagellum is approximately the same
length as the naked protoplast and is inserted laterally, usually close to the stigma
(Fig. 5 D, E). The two (rarely three. Fig. 5 F) parietal discoid chromatophores lie on the

Fig. s. A-F Kephyrion littorale n.sp.;,G-I, K. littorale var. constricta n.var.; J-M, Stenocalyx monilifera
Schmid; J, original, K-M, after Schmid. b. collar; s. stigma. (A-C, G, J, X2400; D, E, x 1400; F, H,
I, x8oo; K-M, magnification not given {circa 800?).)

same side of the cell, commonly so closely applied to one another that they appear as a
single V-shaped structure (Fig. 5 E); the stigma usually lies at the tip of the anterior
chromatophore. Oil is present, but leucosin has not been observed. The protoplasts can
escape from the envelope as free-swimming individuals, but no other stages have been
observed. Cysts are unknown in this genus.
In' certain individuals (var. constricta n.var.. Fig. 5 G-I) the envelope (5-1-60 by
5-1 fi) has a rounded and generally slightly flattened base (Fig. 5 H), while the almost
parallel sides are constricted in the middle (Fig. 5 G). The thickened anterior edges
taper to a sharp point. Both the type and the variety occurred in the littoral plankton of
the Pen Ponds, especially during the low temperatures of winter when the water was
somewhat acid (^H 6-3-6-9).
Kephyrion tittorate differs from other species of the genus in possessing more than one
chromatophore; it is also distinguished by its well-marked stigma, with its characteristic
position. A stigma is recorded in K. mastigophorum Schmid (1934), while Conrad's
figures of K. cupuUforme (Conrad, 1930) suggest the presence of a small stigma. These
two species appear to be those most nearly related to K. tittorate.
One species {Pseudokephyrion depressum Schmid (1934)) of the closely related genus
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Pseudokephyrion (Pascher, 1913), which only differs in the presence of two unequal flagella,
shows a constricted envelope similar to that of Kephyrion littorale. Further, Kephyriopsis
ovum Pascher & Ruttner (Pascher, 1913), which lacks such a constriction, shows a
similar anterior thickening of the envelope tapering at its tip. Even after staining and
careful observation under high powers, the cells of K. littorale, however, display only one
flagellum. There seems little doubt that the three genera mentioned are closely related,
and the discovery of Ochromallomonas (p. 286), the presence of unequal flagella in Synura
uvella (p. 288) and the marked similarity of many forms of Chromulina and Ochromonas
(Fritsch, 1935) render it more than likely that the presence of one or of two unequal
flagella is not a very fundamental difl'erence in this class.
5. Stenocalyx monilifera Schmid (Fig. 5 J-M)
This was of very rare occurrence in the plankton of the Upper Pen Pond in December
and January 1937-8, and only one individual could be drawn; the remaining flgures are
taken from Schmid's original account (1934). The envelope (8-5-9-5 by 6-5 fi), which has
the shape of an inverted h^t, is provided with a broad but thin collar a little above the
middle (Fig. 5 J); in the Richmond material it has a slightly undulating course, as also
in some of Schmid's specimens (Fig. 5 K, L). According to him (1934, p. 169) the collar
is interrupted at one to three points, but this does not appear to be so in the Richmond
material. There is a single parietal chromatophore and the flagellum is somewhat longer
than fhe cell.
MALLOMONAS

1. Mallomonas heterospina n.sp. (Fig. 6 A-D)
The oval cells (12-15 by 7-8ja) possess a flagellum of about the length of the cell.
There is no stigma. The two parietal chromatophores are separated from one another by
only a narrow area, and a large mass of leucosin lies in the posterior half of the cell
(Fig. 6 B). The species is distinctive, in that the silicifled scales bear spines of two
different types, simple and needle-shaped ones at and around the front end and such as
are provided with a C-shaped hook, inserted just below the apex, on the posterior half or
two-thirds of the body (Fig. 6 D). This species was present in small numbers in the Clay
Pit between January and March.
2. Mallomonas intermedia Kisselew (Fig. 7)
This species occurred in the plankton of the Clay Pit and the Pen Ponds during the
winter. The cells (20-5-28 9 by 8-5-15-3/A) are generally widely oval, often rounded
posteriorly and more pointed anteriorly (Fig. 7 A). The flagellum is approximately the
length of the cell. There are several small anterior contractile vacuoles which unite to
form two or three larger ones. The large spherical nucleus is usually situated in the
posterior half of the cell, while there are two parietal chromatophores. Oil and leucosin
occur. Kisselew (1931) describes M. intermedia as having only one chromatophore, but
his flgure is not convincing; when the two chromatophores overlap markedly, there may
appear to be only one on superficial observation.
The oval scales (6-0-6-8 by 3-4fi) are arranged in oblique transverse series (Fig. 7 C)
and exhibit a circular depression in front and a V-shaped thickening behind (Fig. 7 F, G).
The long needles (28-9-34-O/LI), which are sometimes slightly curved, have a flattened tip
(Fig. 7 D, E), while the base is slightly thicker than the rest and sharply curved at its
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point of insertion on the scale. This basal piece lies in the anterior depression of the
scale (Fig. 7 D). The spines are orientated more or less radially (Fig. 7 A), although
sometimes all of them are directed backwards (Fig. 7 B). The almost spherical cysts
(i7-o-i87 by i5-3-i7-o/x) are smooth and possess a small pore (Fig. 7 H, I) occupied by
a rounded plug.

^-\j, lvi. urnracuia II.sp.; Ky, spines ana scales. /.

«. nucleus. (A-C, F, G, x 825; D, E, x 1650.)

Fig. 7. Mallomonas intermedia Kisselew. A, B, motile
individuals, B with backwardly directed spines; C, scales
showing oblique transverse arrangement relative to the
long axis; D, scale with attached needle; E, needle; F, G,
scales; H, I, cysts. (A-C, H, X780; D-G, I, x 1550.)
Fig. 7

The individuals do not agree wholly with Kisselew's (1931) description of M. intermedia and show some likeness to M. acaroides Perty (Krieger, 1930; Conrad, 1933).
Conrad has expressed the opinion that the former species is actually identical with
M. acaroides, but this is improbable, for the reasons given below. The needles of M.
acaroides are recurved, with a lancet-shaped tip, while those of M. intermedia are as
above described. In M. acaroides the V-shaped marking on the scales is caused by
punctae (Conrad, 1933) and finer punctae occur all over their surface, but no such
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structure is described for M. intermedia, nor is it evident in my material, even when
mounted in styrax or a-monobromonaphthalene. The cysts of M. intermedia, here
described for the first time, differ from those of M. acaroides in their smooth wall.
Lastly, M. acaroides is a summer plankton form, while M. intermedia is a winter plankton
form.
3. Mallomonas limnicola n.sp. (Fig. 6 E-G)
The oval cells (ii-9-i7-i by 6-o-6-8(u.),
which are commonly more flattened on one
side than the other (Fig. 6 E), have a rounded
posterior end, while the anterior is drawn out
into a short collar from the base of which the
fiagellum {ca. i\ times the length of the cell)
arises. There is no stigma. The nucleus
(Fig. 6 E, n.) is located posteriorly and
there are two parietal chromatophores placed
opposite one another. Oil is present, but no
leucosin was observed. The scales (3-0 by
i-$jj.) are oval, with the anterior end more
pointed than the posterior (Fig. 6 G). The
two or three needles, which are attached to
the scales of the collar, are slightly thicker at
the base.
This species was found in small numbers
close to the bottom deposit in the marginal
regions of the Pen Ponds during the summer
and autumn.
OcHROMALLOMONAS n.gen.

Ochromallomonas pelophila n.sp. (Fig. 8 A-H)

The motile unicellular individuals are Fig. 8. A-H, Ochromallomonas pelophila n.gen.,
usually oval to ellipsoid in outline, with a ".sp.; A, B E F, motile individuals; C, p , semi•'

^

'

blunt anterior and a more or less pointed
posterior end (Fig. 8 A, B). The shape varies
^
. . ! , . . , ,
m correspondence with the slight metaboly

diagrammatic, to show the form of the chromato-

phores (lobes nearest the upper surface shaded);
f- ^'f^'''^ with scales; H, scales and needles;
I.J. Synura uvella Ehrenb.; J, cell isolated from
colony. I. leucosin. (A, B, E, F, x iooo; C, D,

of the posterior end. The two flagella are of x85o;G-J, xi3so.)
different lengths and inserted a little way behind the anterior end; the longer is about
twice the length of the shorter and always somewhat longer than the body of the cell.
Size of cell and length offfagellavary considerably, but there is a definite relation between
the two; the cells are I7-5-32-O by 8-5-i4-O;u,, the longer flagellum 23-o-38/x, the shorter
io-5-i9/i long. The longer flagellum exhibits an undulatory movement along almost
the whole of its length, while the shorter stands out stiffly (Fig. 8 A, B) with the tip
actively vibrating, like the lash of a whip. The organism swims slowly with a gliding
motion.
The periplast is covered with numerous overlapping oval scales (Fig. 8 G, H), which
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give the cell a serrated contour. The V-shaped posterior end of each scale is thicker than
the anterior portion (Fig. 8 H). The bristle-like needles attached to each scale project
backwards and are extremely delicate, being often visible only under high power; it has
not been possible to decide whether more than one needle is borne on a scale and whether
they are attached at a definite point. The needles are probably largely non-siliceous, since
they become more distinct after staining. They are easily broken off, and are almost
invariably lost in preserved material.
There is no stigma. There are numerous posterior contractile vacuoles which frequently
fuse to form two or three larger ones. The big nucleus with a conspicuous nucleolus
(Fig. 8 A, B, F) lies in the anterior half of the cell. The two lobed chromatophores cover
almost the whole of the periphery and overlap so that their exact limits are not always
easily observed (Fig. 8 A-F). The two lobes of a chromatophore are orientated at an angle
to one another so that they only partially overlap, but the free part covers to a greater or
lesser degree the corresponding lobe of the other chromatophore (Fig. 8 B and C, D,
which are semi-diagrammatic). As a result, the boundary between the two chromatophores appears as a narrow curved line at two different levels. The food reserves are oil
and leucosin. No cysts have been observed.
This alga* occurred in the infra-littoral regions just above the bottom-deposit of both
Pen Ponds during summer and autumn as well as in small pools left in the moist mud
along the edges. I have also found it once in a similar habitat at Roche Abbey, Yorkshire.
It has only been observed where the bottom deposit is rich in humus.
The structure of Ochromattomonas is similar to that of Maltomonas, except for the
presence of two unequal flagella. This places it, on the present classification of the
Chrysomonadales (Pascher, 1913; Fritsch, 1935), in the Ochromonadeae rather than in
the Chromulineae to which Mattomonas is referred, although theflagellaare less markedly
unequal than in most Ochromonadeae. It has already been pointed out by Fritsch (1935)
that the resemblances between certain species of Ochromonas and Chromutina make it
doubtful whether too much stress should be laid on the type offlagellation(see also p. 284).
The discovery of an organism with all the characteristics of a Mallomonas but possessed
of two unequal flagella lends further support to this view.
OCHROMONAS

A member of this genus occurred in cultures of deposits from the Leg-of-Mutton Pond
enriched with Benecke solution. A few individuals, possibly belonging to the same
species, have been met with in nature. The free-swimming individuals (6-8-io-2 by
5-i-6-8jLt) are usually oval to ellipsoid and rounded at both ends, although the anterior
end may show an emargination (Fig. 9 E). The long flagellum may be shorter than the
cell or slightly longer, while the short one, often invisible in the living individuals, is
from one-third to one-quarter the length of the longer. The pale yellow to greenish
yellow band-shaped chromatophore occupies only part of the cell, with the stigma
situated close to its anterior end. The single contractile vacuole is formed by the fusion
of one or two smaller ones and, before evacuation, is sometimes so large as to distort the
protoplast.
Nutrition, although presumably also holophytic, is \try commonly holozoic, since the
• Prof. Harris has kindly shown me rough drawings of a similar organism from the Reading district.
It is doubtful whether it belongs to the same species.
New Phytol. 41, 4
^°
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majority of individuals contain one or more food vacuoles and ingest both bacteria and
unicellular algae (Fig. 9 C, G-I, M), especially small cells of Chlamydomonas and
Chromulina, some of which are larger than the Ochromonas itself. The frequent amoeboid
stages (Fig. 9 J-L) retain their flagella, but exhibit slow movements with the help of
blunt pseudopodia. Oil occurs as a reserve product. Leucosin has not been observed.
Occasional 'giant' cells (14 by i2/.t) possess large food vacuoles containing several
ingested organisms (Fig. 9 M) and are probably a consequence of excessive holozoic
nutrition. In such forms the small pale chromatophore is sometimes scarcely distinguishable.
These specimens seem to be nearest to the form of O. mutabilis Klebs described by
Doflein (1923) and differing from Klebs's (1893, p. 411) form in the presence of one
instead of two chromatophores. Doflein is of the opinion that Klebs's record of two
chromatophores in O. mutabilis is erroneous.

H
Fig. 9. Ochromonas sp. J-L, amoeboid stages; M, 'giaSt individual', c. ingested Chlamydomonas-celh;
J-. rhizopodium; i. stigma. (All xiioo.)

Synura uvella Ehrenb. (Fig. 8 I, J)
The variation in the structure of the skeleton of this common colonial alga has been
abundantly described and has been used as a basis for distinguishing a number of species
(Korschikoff, 1929). Such variations were observed also in my specimens, but have not
been specially investigated. On the other hand, the difl^erences between the two flagella
were studied. The longer exhibits an undulatory motion, while the shorter is rigid and
shows whip-like lashing movements. In fixed material the long flagellum usually appears
much bent and twisted, while the short one remains straight (Fig. 8 I, J). The flagella
thus resemble those of Ochromallomonas and of the Ochromonadeae generally, though
the diflFerence in size is not nearly so marked as in many of the members of this group.
Synura is generally classed among the Hymenomonadaceae (Pascher, 1913; Fritsch,
1935), a family characterized by the possession of two equal flagella. An examination of
the literature, however, shows that the flagella have been variously described. In one of
BiJtschli's (1878) flgures (T. 12, flg. 13a) both equal and unequal flagella are shown in
the same colony, while another (Fig. 13^) depicts a cell with a long twisted flagellum
and a short straight one, just as in my specimens. Stein (1878) states that there are two
equal flagella (cf. also Pascher, 1910, 1913 ; Conrad, 1926, 1931), but in his figure, which
has been extensively reproduced, certain cells appear to have flagella of slightly different
lengths.
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Petersen (1912) records flagella of unequal length and, using Loffler's stain, shows that
the long flagellum bears two rows of hair-like appendages, a feature later (Petersen, 1929)
demonstrated also in various other members of the Ochromonadeae. Fritsch (1935)
points out that even if the appendages are artifacts resulting from the method of treatment, they clearly indicate a difference in structure between the two flagella. Schiller
(1926, Fig. 10 a, b) shows the fiagella unequal or almost equal, while in 1929 he described
a genus Synuropsis differing from Synura only in the presence of two unequal fiagella
and of red cell contents (cf. also Pseudosynura, Kisselew, 1931). This genus has been
criticized by Conrad (1931) since red droplets of haematochrome are known to occur
in Synura, and it is very doubtful whether it is really distinct from Synura. Korschikoff
(1929), in merging his genus Skadovskietta in Synura, states that the record of two equal
flagella is incorrect.
Despite its frequent occurrence, much uncertainty thus attaches to theflagellaof
Synura. The possibility that there are two forms differing in the flagella cannot be disregarded, but it appears more probable that there is but a single species which has unequal
flagella; if this is so, Synura should be classed among the Ochromonadeae. Examination
of Synura from diverse localities would probably clarify the position. The scales and
vacuolar system of Synura (see Korschikoff, 1929) are comparable to those of Mattomonas and Oehromattomonas. A reinvestigation of Chtorodesmus and Syncrypta from this
point of view seems advisable.
APISTONEMA

PYRENlGERliM PASCHER

The base of a limestone wall flanking a small stream at Roche Abbey, near Rotherham,
Yorks, was coloured dull brown by the rich growth of two members of Chrysophyceae,
viz. Apistonema pyrenigerum Pascher and a species of Gtoeochrysis which it has not been
possible to study fully. The stratum, though damp, was not saturated with water. It is
noteworthy that the habitat agrees almost exactly with that in which Pascher (1931a)
found the alga. The Gtoeochrysis was also abundant on the walls of the ruined Abbey.
Various filamentous Myxophyceae and small pennate Diatoms were intermingled in the
stratum on the limestone wall.
The Apistonema occurred for the mostjpart in the form of separate spherical cells
(i2-8 to I4-4(U. wide) often showing stages in division, but there were also filamentous
stages (Fig. 11); transitions between the two were observed (Fig. 10 H-L). In samples
kept saturated in the laboratory filamentous stages were dominant, suggesting that the
form assumed by the alga depends largely on the amount of water present.
The cells possess a well-marked wall which, when two or more are connected as a
result of division or in the filametitous stages, is composed of two layers (Fig. 10 D-F).
The outer layer, which holds the cells together, is more gelatinous than the inner and is
especially distinct at the corners between contiguous cells of a filament. The filamentous
stages are very irregular and the component cells are rather loosely joined together.
Frequently a number of the rounded cells, typical of the unicellular state, are present
near the centre (Fig. 11). The branches are short, with elongate end-cells (15-20/x long),
and do not all lie in one plane. Pascher (1931 a) states that the branches sometimes adhere
^laterally, forming pseudoparenchymatous strata.
The cells commonly possess two parietal chromatophores situated opposite to one
another, though sometimes a single one is present (Fig. 10 E, K, L). Apposed mternally
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to each chromatophore is a single naked pyrenoid, though this is frequently not recognizable. A number of leucosin balls and oil droplets of smaller size are generally
present. Pascher (1931 a) describes repeated division of the cell contents with the appearance of stigmata on the daughter protoplasts, though swarmers were not observed. I have
not seen such stages, nor were cysts found. The only species of Apistonema hitherto
recorded for Britain is the marine form described by Anand (1937). Apistonema parallels
Pleurococcus among Chlorophyceae and Monocilia among Xanthophyceae, both in
structure and in the terrestrial habitat.

Fig. 10. Apistonema pyrenigerum Pascher. A, single spherical cell i,coccoid state); B—F, stages in division;
G, three daughter cells within mother-cell wall; H-J, transitions between coccoid and filamentous states;
K, L,>two-ceiled filaments, p. pyrenoid. ^A, C, D-L, x 1050; B, x 850.)

DIAGNOSES OF THE NEW FORMS

Chromulina aerophila n.sp.

Cellulae mobiles ellipsoideae vel ovales, holophyticae, 5-9/x longae, 4-5/^ latae,
flagello circa tam longo quam cellula, vacuolis contractilibus duabus anterioribus, sine
stigmate, chromatophora parietali lata taeniaeformi, plerumque cum pyrenoide: adeps et
leucosin adsunt. Cellulae sedentes in pelliculam aquae superficialem, singulae vel aggregatae, plus minus sphaericae cum stipite posteriori. Divisio vel generatio cystarum per
cellulas sedentes fiunt. Cystae membrana laevi obturamento paene piano chromatophoris
1-2, 6-8 ;u, longae, 8-5/x latae.
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Chromulina ferrea n.sp.
Cellulae mobiles ellipsoideae vel ovales, 4-3-5/x longae, 6-8-11-9/1 latae valde metabolicae,flagellof ad i Jplo longiore quam cellula, vacuolis contractilibus duabus anterioribus, sine stigmate, chromatophora parietali magnitudinis variabilis. Cellulae sedentes
super pelliculam aquae superficialem, stipite fusco brevi cupuliformi. Divisio per cellulas
sedentes fit. Cystae ignotae.
Chromulina sporangifera n.sp.
Cellulae mobiles ellipsoideae, 6-8-10-2/1 longae, 2-5-3-4/1 latae, flagello i-i^plo longiore quam cellula, vacuolis contractilibus duabus anterioribus, sine stigmate, chromatophora taeniaeformi leniter spirali. Cellulae sedentes in materiam vegetabilem aifixae.
Divisio cellularum sedentium in forma sporangii partibus 40 vel pluribus. Cystae (?)
sphaericae vel ovales, 10-2-13-7/1, membrana laevi obturamento paene piano, chromatophoris duabus.

Fig. II. Apistonema pyrenigerum Pascher. Filamentous stages. (A, X 750; B, X 600.)

Kephyrion littorale n.sp.
Cellulae mobiles tegumento cupuliformi fine anteriore aperto inclusae, 6-0-6-8/1
longae, 4-8-5-1/i latae, flagello circa tam longo quam cellula lateraliter prope stigma
affixo, chromatophoris 2 (rare 3) parietalibus discoideis. Cystae ignotae.
var. constricta n.var.
Differt a typo tegumento dissimili, 5-1-6-0/1 longo, 5-1/1 lato.
Mallomonas heterospina n.sp.
Cellulae ovales, 12-15/1 longae, 7-8/1 latae, fiagello circa duplo longiore quam cellula,
chromatophoris duabus parietalibus magnis; adeps et leucosin adsunt; squamae ovales,
aciculis anterioribus simplicibus, posterioribus uncinatis (in forma C). Cystae ignotae.
Mallomonas limnicola n.sp.
Cellulae ovales, 11-9-17-1/1 longae, 6-0-6-8/1 latae, plerumque uno latere plus deplanato quam altero, flagello circa liplo longiore quam cellula; squamae ovales, aciculis
2-3 anterioribus in torque affixis. Cystae ignotae.
Ochromallomonas n.gen.
Cellulae mobiles, ovales vel ellipsoideae, fiagellis 2 anterioribus inaequalibus, uno
20-3
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circa duplo longiore quam altero, chromatophoris duabus magnis leviter lobatis, stigmate nuUo, vacuolis posterioribus pluribus. Periplasta squamis imbricatis postenore
forma V decoratis obtecta, aciculis tenuibus simplicibus setiformibus. Adeps et leucosin
adsunt. Cystae ignotae.
Ochromallomonas pelophila n.sp.
Vide Ochromallomonas n.gen. Cellulae
uno 23-o-38-O;u,, altero io-5-i9-O;a.

I7-5-32-O;LI

longae, 8-5-i4-O/n latae, flagellis

The author's grateful thanks are due to Prof. F. E. Fritsch fbr his help and criticism.
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