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Studies in the Floral Morphology of Opuntia
Dillenii Haworth.

1. Development of the Ovule and Gametophytes.

By Y. D. TiaGr

Department of Botany, Agra College, Agra, India.

Introduction.

There has been a considerable divergence of opinion as to the syste-
matic position of the family Cactaceae. It has been assigned different
places by different authors (WETTSTEIN 1944, ENGLER and DIELS 1936,
WARMING 1904, HuTcHINSON 1926, LAWRENCE 1951, GUNDERSON 1950).
A historic résumé of the various positions assigned to Cactaceae in the
natural systems of classifications from the time of JusSSIEU to ENGLER
has been given by HUBER (1929). In 1950 Prof. MAHESHWARI (Delhi)
suggested to Prof. B. Tiacr (Ajmer) that he work out the embryology
of Opuntia Dillenii. Since the latter was preoccupied with his studies
on Cuscutaceae and Orobanchaceae in the summer of 1952, Prof.
MaHESHWARI asked me to undertake this work with a view of further
elucidating the morphology, affinities and systematic posilion of Cacta-
ceae. This family is, moreover, characterized by an inferior ovary. As
is well known, the nature of the inferior ovary has been one of the most
bitterly debated topics of floral morphology. In view of this Prof.
V. Purt (Meerut) also approved of my working out the vascular ana-
tomy of the flower of Cactaceae along with other aspects of floral
morphology so that our knowledge regarding the nature of the inferior
ovary, especially in this family, might be increased. The present work
which is the first of its series was started at Delhi and continued at
Agra.

23 Botaniska Notiser 1954.
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Material and Methods.

Opuntia Dillenii is naturalized in several parts of Northern India. At
one time it was a very serious. and troublesome pest but has recently
been brought under control by the cochineal insect. At Ajmer it is very
commonly used as an effective hedge plant, flowering twice a year, in
the months of March——April and September—October. In the beginning
several hundred slides, already prepared by Prof. TiAGl were passed
on to me. Subsequently, more material was collected. The outer tissues
of the ovarian wall were trimmed off and the malterial fixed on the
spot. in LA A. In the case of some older buds and flowers the ovules
were removed.

Previous Work.

Literature on the embryology of Cactaceae, especially the gameto-
phytes prior to 1931 has been carefully summarized by SCHNARF (1931).
The following is a brief summary of the work done on the embryology
of this family after 1931.

MAURITZON (1934) studied the development of the embryo sac in
three species of Rhipsalis. The second meiotic division in the micro-
pylar dyad cell is said to be never completed, so that the tetrad consists
of an upper dyad cell with a resting or dividing nucleus and two lower
megaspores. The mature embryo sac conforms to the ‘Polygonum’ type
of development (MAaHESHWARI 1950). A few stages in the development
of the embryo are also figured from which the type of embryonomy
cannot be definitely made out. On the basis of his embryological studies
the author strongly supports the inclusion of the Cactaceae in the order
Centrospermales (WETTSTEIN 1944).

The following year NEUMANN (1935) studied the development of
pollen, ovule and embryo sac of Pereskia amapola var. argentina. The
mature pollen grain is trinucleate. The embryo sac conforms to the
‘Polygonum’ type of development. On the basis of remarkable simi-
larities in the development of Pereskia with other Centrospermalean
families she decidedly favours the position taken by WETTSTEIN (1944)
regarding the systematic position of the family.

It may be mentioned here that none of these authors studied the
morphology of Passifloraceae. Cactaceae also shows significant features
of resemblance with Passifloracede and may possibly be also related
to Passiflorales. Work in this direction is in progress in this laboratory.

ARCHIBALD (1939) investigated the development of the ovule and
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seed of Opuntia aurantiaca. Her account of the development of the
ovule is praiseworthy since it has removed all previous anomalies
regarding its designation. The mature ovule is rightly termed ‘Circino-
tropous’ and the third ‘integument’ has been shown to be formed by
the funicle. Development of the embryo sac is described as conforming
to the ‘Allium’ type (MAHESHWARI 1950). She reports frequent un-
development and disorganization of the embryo sac and the production
of adventive embryos from the nucellar cells resulting in polyembryony.
The endosperm is reported to be absent and consequently the adventive
embryos develop wilhout it — an observation recorded for the first
time, constituting a new and third type of adventive embryony.

Recenlly Tiacl (1954) has reported the salient features of the life
history of Opuntia Dillenii. Since then MABESHWARI and CHOPRA (1954)
have reported polyembryony due to the presence of adventive embryos
of nucellar origin in Opuntia Dillenii. This was abundantly present in
my material.

Microsporogenesis.

The young anther consisls of a homogeneous mass of parenchyma-
tous cells and it is nearly ellipsoidal in cross section but soon becomes
fourlobed. The single archesporial cell is hypodermal and not very
conspicuous in early stages (Fig. 1). As seen in longitudinal sections,
the number of archesporial cells varies from six to ten. The arche-
sporial cell divides periclinally to form a small outer parietal cell and
a large inner sporogenous cell with denser cytoplasm, conspicuous
nucleus and nucleolus. The primary parietal cell by periclinal and
anticlinal divisions forms a wall of three layers surrounding the single
primary sporogenous cell (Fig. 2). The tapetum is ‘glandular’ in nature.
Its cells become enlarged with denser cytoplasm and more prominent
nuclei. The tapetal cells remain in situ till they are completely ab-
sorbed. The nuclei of the tapetal cells divide just before the initiation
of the reduction division in the microspore mother cells. The divisions
are typically mitotic (Figs. 6—11) but cytokinesis does not take place
with the result that most of the lapetal cells become binucleate (Fig. 12).
In the majority of cases the tapetal cells remain binucleate throughout;
sometimes the divisions may proceed further resulting in the forma-
tion of a tri- to polynucleate cell. In such cases the nuclei may show
fusions (Fig. 12). The cells of the single middle layer become flattened
and crushed at maturity. At the shedding stage of the pollen the endo-
thecial cells become enlarged and develop fibrous thickenings (Fig. 19),
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while the anther epidermis becomes f{lattened and slightly lignified;
some of ‘its cells grow as papillae as the anther approaches maturity
(I'ig. 19).

In mosl cases the primary sporogenous cells divide transversely so
that there is a single row of microspore mother cells as seen in a longi-
tudinal seclion of the anther (Fig. 5). However sometimes one or two
vertical divisions may also occur resulting in the formation of two or
more microspore mother cells, seen in a cross section of the anther
{Figs. 3, 4). The stages of reduction division were not present in my
material. Cytokinesis seems to occur by furrowing; the resulting micro-
spores are arranged in a tetrahedral manner (Fig. 13). In addition to
the original wall of the microspore mother cell, a mucilaginous wall is
secreled by the protoplasi which surrounds the young tetrad. Micro-
spores are liberated in the loculus by the dissolution of this mueci-
laginous envelope, the original wall disappearing somewhat later with
the tapetal cells.

Male Gametophyte.

The young microspore (Fig. 14) enters upon a growth period during
which its cytoplasm first becomes uniformly vacuolale; later the
vacuoles unite to form a single large central vacuole. Consequently the
nucleus becomes displaced towards the periphery in the thin peripheral
layer of cytoplasm (Fig. 15). At maturity the cytoplasrh increases and
the vacuole disappears. The next stage observed is the binucleate con-
dition in which the pollen grain contains the spindle-shaped generative
cell lying free in the cytoplasm of the larger tube cell (Fig. 16). The
generative cell divides to form two spindle-shaped male gametes which

I'igs. 1-—20. Microsporogenesis and the male gametophyte. — 1: c.s. anther showing
the single hypodermal archesporial cell. — 2: same, showing the microspore mother
cell surrounded by three wall layers. — 3, 4: same, but with two and three micro-
spore mother cells respectively. — 5: 1.s. of a portion of anther showing the single
row of microspore mother cells. — 6-—11: Various stages in the mitotic divisions
of the nuclei of tapetal cells. — 12: c.s. anther showing binucleaie lapetal cells,
crushed middle layer; one tapetal cell shows four nuclei in the process of fusion. —
13: A tetrad of microspores enveloped in mucilage. — 14: A young microspore. ——
15: A uni-nucleate vacuolate pollen grain. — 16: A two-celled pollen grain, the
generative cell is spindle-shaped. — 17: A mature pollen grain showing the spindle-
shaped male gametes, tube nucleus degenerating. -— 18: Surface view of a mature
pollen grain showing the ornamentation and the germ pores. — 19: Fibrous thickenings
in the endothecium; note a papillate epidermal cell. — 20: A double pollen grain
showing two tube nuclei and two generative cells, each binucleate. — c.s.=cross
section; l.s.=longitudinal section.
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Figs. 1—20.
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are definite cells, the cytoplasmic sheaths around the nuclei being very
conspicuous (Fig. 17). In the mature pollen grain the tube nucleus
shows signs of degeneration and is reduced lo a lump of chromatin
(Fig. 17). The pollen grain at the shedding stage is trinucleate; ihe
intine is thin and smooth, the exine is coarsely reticulate and shows
about twelve germ pores (Fig. 18).

An interesting case of a double pollen grain containing two lube
nuclei and two generative cells each having two nuclei of the male
gametes, there being no cytokinesis, was also observed (Fig. 20).

Ovule.

The development of the ovule (Figs. 21--26) largely follows the
same course, as outlined by ArcHIBALD (1939) for Opuntia aurantiaca.
The ovule arises as a small protuberance on the placenta, which
elongates and forms the funicle. The tip of the funicle then bends on
account of vigorous growth on the outer side, the two rows of the
ovules on a placenta bending in opposite directions. By the time the
rudiments of the inner integument followed by those of the outer
appear on it, the ovule becomes erect again (Figs. 23, 24). The curva-
ture of the funicle does not stop here; by the time the embryo sac is
fully mature the ovule lies once more in an anatropous position (Fig.
26). The term ‘Circinotropous’ was coined by ARCHIBALD (1939) for this
type of ovule. Both the integuments are two-layered (Fig. 41) though
the inner integument becomes multilayered at the apex and alone forms
the micropyle by its protruding, swollen apex. Al maturity there is a
conspicuous air space between the two integuments in the chalazal
region (Figs. 40, 46). ARCHIBALD (1939) has also reported a similar
space in her material of Opuntia. NEUMANN (1935) also records the
presence of a similar air space in Pereskia and regards il as an important
point of resemblance with Centrospermales where it is a frequent
occurrence.

Transverse sections of the ovule (Figs. 27--30) at different levels
show the way in which the margins of the funicle grow out, uitimately
fusing with the part of lhe funicle on the opposite side and encasing
the ovule in a third ‘integument’. In early stages the line of fusion is
distinct but al maturity all traces of fusion disappear. In longitudinal
section of the ovule the spiral canal leading to the micropyle is dis-
tinctly seen on the inner surface of the funicle, lined by glanular
papillae (Ifig. 26). GUuIGNARD (1886) thinks that the papillae help the
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Figs. 21—30. Development of the Ovule. — 21: c.s. of young ovary showing ovular

primordia, outer tissues trimmed. -—— 22: An ovular primordium. - 23—26: Ls. ovule

showing origin of integuments and curvature of funicle. — 25: Two ovules borne

on a single funicle. — 27—30: c.s. of ovule at various levels showing the funicular

integument. - o.s.c.=opening of the spiral canal; p.=glandular papillae; s.c.=
spiral-canal; v.s.=vascular strand.

pollen tube in their journey to the micropyle. The opening of the spiral
canal is a small pore just near the base of the funicle (Fig. 26, o.s.c.).

Sometimes two ovule initials arise side by side and their funicles
begin to grow all together (Figs. 24, 25) giving the impression that the
two ovules arise by branching of a single funicle. This condition is
similar to that of Cereus ftortuosus where GUIGNARD (1886) reports
that the main trunk of the funicle gives rise to about thirty branches
or ‘secondary funicles’ each tipped by an ovule. A single vascular
strand enters the funicle from the placental bundle and travels up to
the chalazal region (Iig. 26, v.s.).

The cells of the nucellar epidermis in the apical region become highly
elongated radially and sometimes may even simulate pollen tubes. The
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nucellus increases rapidly on account of anticlines and periclines in the
parietal cell and later in the nucellar epidermis, ultimately resulting in
the formation of a characteristic beaked nucellar cap. NEUMANN (1935)
thinks that the nucellar cap facilitates the passage of the pollen tubes
to the embryo sac; this she regards as another important point of
resemblance wilh the Cenfrospermales where a nucellar cap occurs
frequently.

Megasporogenesis.

Usually there is a single large hypodermal archesporial cell (Figs.
31, 32); sometimes there are two, both hypodermal or one hypodermal
and the other beneath it (Figs. 33, 34). The archesporial cell or cells
by periclinal division form a small outer primary parietal cell and a
large inner megaspore mother cell which becomes deep-seated on
account of divisions in the parietal cell and the nucellar epidermis
(Figs. 35—38), The megaspore mother cell elongates and its nucleus
moves to a central position (Figs. 39—41). The bivalent chromosomes
then arrange themselves on the equator (Fig. 42) and a wall is formed
at the conclusion of the first meiotic division, resulting in the formation
of two dyad cells (Fig. 43). At the conclusion of the second meiotic
division a linear tetrad of four megaspores is produced (Figs. 45—47).
In many cases the upper dyad cell fails to divide and a row of three
cells is produced (Fig. 44). The walls separating the lwo lower from
the two upper megaspores or the undivided micropylar dyad cell is
markedly oblique (Figs. 44, 49) in most cases. In Rhipsalis (MAURITZON
1934) the second meiotic division in the micropylar dyad cell was never
completed. Usually the chalazal megaspore functions (Fig. 49), but
occasionally the micropylar megaspore may also enlarge simultane-
ously with the chalazal one (IFig. 45).

Figs. 31—48. Megasporogenesis. — 31, 32: Single hypodermal archesporial cell. —
33, 34: two archesporial cells. — 35, 36: Megaspore mother cell associated with two
parietal cells. -—— 37, 38: Two megaspore mother cells, each with a parietal cell. —
39—41: Megaspore mother cells. — 42: Megaspore mother cell showing the first
reduction division. — 43: Two dyad cells, upper one degeneraling. — 44: A row
of three cells, the uppermost is a dyad cell the two lower megaspores; note the
oblique transverse walls. — Tig. 45: A linear lelrad of four megaspores, the micro-
pylar and chalazal have enlarged. — 46, 47: A completely mature ovule showing a
linear tetrad of megaspores. -— 48: Two dyad cells, upper probably converted into
a bisporic binucleate embryo sac.



STUDIES IN THE FLCRAL MORPHOLOGY GF GPUNTIA DILLENH 351

48,

I'igs. 31



352 Y. D. TIAGI

Embryo Sac.

The bi-, tetra- and octonucleate stages (IFigs. 50—52) are rapidly
passed. Mature embryo sac conforms to the ‘Polygonum’ type of
development. The prominently hooked synergids (cf. DAHLGREN 1938)
are pyriform in shape and show a large prominent basal vacuole
(Figs. b4, 55). The two prominent polar nuclei seem to fuse sufficienily
late in the development of the embryo sac. As in other plants of the
family (DAHLGREN 1939) they are surrounded by starch grains (Fig. 56)
which may increase in amount. The antipodal cells are generally
ephemeral and vary in shape and arrangement (Figs. 55—57). In one
case the antipodal cells were prominent and two of them became
binucleate {Fig. 55). Perfectly healthy embryo sacs contain little starch
but embryo sacs showing signs of degeneration accumulate an abund-
ance of starch grains, obscuring its structure.

In one case indications of bisporic development were also seen. Here
after the conclusion of the first meiotic division, the nucleus of the
micropylar dyad. cell had divided giving rise to a prominent bisporic
E.S. while the lower dyad cell was still undivided (Fig. 48). ARCHIBALD
(1939) reported a bisporic embryo sac of the Allium type for Opuntia
aurantiaca. Strong doubls regarding ARCHIBALD’s work were expressed
by MAHESHWARI (1950): “Her figures are not convincing and it seems
probable that the development is really of the Polygonum type as in the
other Cactaceae”. MAHESHWARI (1941) had also questioned the reported
occurrence of a bisporic embryo sac of the Allium type in Cuscuta
reflexa (JoHrRT and NAND 1934) simply because development of the
embryo sac in other species of Cuscuta conforms to the monosporic
‘Polygonum’ type. In a reinvesligation of this species (JOHRI and TIAGI
1952), Tiaal prepared and examined several thousand slides at Ajmer
and it was shown conclusively, to the entire satisfaction of Prof.
MAHESHWARI, that the development of the embryo sac follows the
‘Allium’ type as was reported earlier. In the Angiosperms there is an
evident tendency for megasporogenesis and megegametogenesis to over-
lap. It is in this way that the various types of bisporic and tetrasporic

Figs. 49—57. Embryo sac. — 49: Embryo sac mother cell, capped by three de-
generaling megaspores. — 50, 51: Binucleate embryo sac. — 52: Tetranucleate embryo
sac. — 53, 54: Mature embryo sac, without antipodals which have degenerated; the
vacuolate synergid has overgrown the other synergid. — 55: Mature embryo sac,
antipodal cells conspicuous, two of them binucleate. — 56: Mature embryo sac,
synergids degenerated. — 57: Octonucleate embryo sac, the egg apparatus and the

antipodals degenerating.
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embryo sacs are presumed to have evolved from the monosporic type
(SCHNARF 1936). A few more cases may be cited from the literature
where development of the embryo sac follows different types in the
same genus, sometimes even in the same species. Scilla indica and
S. hyacinthina are monosporic (GOVINDAPPA and SHERIFF 1951, SULBIA
1954) while all olher species investigated so far (IIOARE 1934) conform
to the ‘Allium’ type. Zizyphus jujuba is monosporic (SRINIVASACHAR
1940) and is also reported to be bisporic (KAJALE 1944); Zizyphus
oenoplia is monosporic (SRINIVASACHAR 1940); Zizyphus rotundifolia
is bisporic (ARORA 1953). Many more instances of a similar nature may
be added to this list.

Frequently the embryo sac disorganizes (IFig. 57), the general sequence
although mnot always constant being, egg, antipodals, synergids and
lastly the secondary nucleus. The lacuna thus formed in the nucellus
usually enlarges. In most of these cases the integuments and perisperm
develop normally resulting ordinarily in non-embryonate seeds. Due to
adventive embryony from nucellar cells some embryonate seeds are also
formed. This behaviour is more usual for the Opuntia specimens under
cultivation. It is suspected that in the case of Opuntia Dillenii, plants
raised from seeds develop embryonate seeds while plants propagated
by vegelative means may ultimately lose the capacity of producing
embryonate seeds. Occasionally the embryo sac fails to develop; this
occurs after the formation of the megaspore mother cell. Completely
mature ovules in which the development of the embryo sac had been
arrested at the tetrad stage were present in my material (Figs. 46, 47).

The embryogeny and endosperm of Opuntia Dillenii will be deall
with separately.

Summary.

1. There is a single row of microspore mother cells in each of the four
loculi of the anther. Divisions of the tapetal nuclei are typically mitotic.

2. The mature pollen grain is three-celled. A double pollen grain is reported.
The exine is coarsely reticulate, shows about a dozen germ pores.

3. The mature ovule is of the “Circinotropous” type, crassinucellate, with
a beaked nucellar cap, bitegmic, micropyle formed by the inner integument.
The third “integument” is formed by the funicle.

4. The single, sometimes two hypodermal archesporial cells cut off primary
parietal cells which by their divisions along with divisions in the nucellar
epidermis form a nucellar cap and add to the nucellus.

5. The four megaspores show a linear arrangement; sometimes there are
three, the uppermost being an undivided dyad cell.

6. The mature embryo sac has the usual eight-nucleate appearance.
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True or Apparent Sub-chromatid Breakage and the
Induction of Labile States in Cytological
Chromosome Loci.

By GUNNAR OSTERGREN and THERESIA WAKONIG.

Institute of Genetics, University of Lund, Lund, Sweden.

Many of the phenomena of chromosome breakage that result from
treatments of the most various kinds occur in essentially the same
manner irrespective of what special kind of treatment that was used.
A thorough knowledge of the characteristic ways of reaction of the
chromosomes will consequenily be a necessary basis for a detailed
analysis of the action of any individual chromosome-breaking agency.

One type of effect which has been produced by many different kinds
of treatment is the so-called “sub-chromatid” breakage. It was reported
from treatments with ultra-violet light and with x-rays by SWANSON
(1947) working on pollen-tube mitosis of Tradescantia. Recent studies
using x-rays are those of LA COUR and RUTISHAUSER (1953) on endo-
sperm of Scilla sibirica, and CROUSE (1954) on meiosis in Lilium. The
effect, which these authors interpret as the consequence of half-chro-
matid or sub-chromatid interchanges, has also been reported by various
investigators using treatments with chromosome breaking chemicals
(DARLINGTON and KOLLER 1947, LEVAN and Tito 1948, OSTERGREN
1948, D’AMATO 1950 a and b, 1952 a and b, Avanzr 1950, KIHLMAN
1952 a). It is not necessary to review here all the various interpretations
presented in connection with these observations.

These possible sub-chromatid interchange figures were called “pseudo-
chiasmata” by LEVAN and Tyie (1948), a term which unfortunately had
earlier been used by various authors for another effect, viz. for chro-
matid interchanges of the ordinary type. In the absence of a better term
we are still going to use it here (in the sense of LEvaAN and TJ10).
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Two different phenomena are characteristic of this effect which, at
least superficially, looks like sub-chromatid breakage: -

(A) The occurrence of constrictions in the chromatids, induced by
the treatment. These are the so-called “erosions” of LEvAN and Tiro.
We suggest that they may be called break-constrictions. The region
distal to such a constriction is an “attached fragment”. These constric-
tions have been interpreted as sub-chromatid or half-chromatid breaks
by various authors (SWaNsSON 1947, D’AMATO 1952b, MARQUARDT
1950), i.e. due to a breakage of some but not all the strands of a chro-
monema which is conceived as a multi-strand or, at least, as a double-
strand structure.

(B} The second effect consists in the phenomenon that the anaphase
chromosomes remain attached to one another in strictly localized points;
thus a phenomenon quite distinct from a general stickiness of the whole
chromosome body. These points of attachment are the pseudochias-
mata of LEVAN and Tiro (1948). The effect looks very much like what
would be expected in the case of a sub-chromatid (or half-chromatid)
interchange and it has sometimes been interpreted so, as already men-
tioned above. In favourable cases this effect may be recognized also in
metaphase-type chromosomes.

It is a characteristic feature of these two effects that they are pro-
duced by x-ray treatment of prophase (and perhaps also metaphase)
chromosomes (SwWaANSON 1947, La Cour and RUTISHAUSER 1953, CROUSE
1954). Thus it would appear that these effects result from breakage of
the chromosomes when Lhey are in the contracted and spiralized state.
The effect is different from that obtained in the resting nucleus, where
“full breaks” of the ordinary type are obtained. Thus, if the effects
were due to sub-chromatid breakage, then it appears to be an important
fealure of the chromosomes to respond towards x-ray treatment in this
way only during a special period of the cell cycle.

Another interpretation of these effects was suggested by the present
writers at the Genetics Congress, 1953, in Bellagio. This interpretation
will be described and discussed a little more in detail in the present
paper. According to our theory these effects are due to the induction
of ordinary “full” breaks in chromosomes that are spiralized and
covered with matrix. The matrix prevents the pieces resulting from the
breakage to separate from one another. If the breaks induced in a
chromonema under these circumstances are able to rejoin in new com-
binations, the expected result will be in complete agreement with the
observed so-called “sub-chromatid interchanges” or pseudochiasmata.
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In these interchange figures four chromatid segments will be united.
They are connected in the directions of the old combinations by that
part of the matrix which had been formed before the chromosomes
were broken, and they are connected in the directions of the new com-
binations by the rejoined chromonemata which are covered by that
part of the matrix which was formed after the reunion had taken place.

The induced constrictions are supposed by us to be due to simple
breaks (of ordinary “full” type) where the pieces remain connected by
the matrix. It is supposed that the continued development of the matrix
is inhibited at the break, with the consequence that there results a
constriction. In accordance with this idea one will expect that the break-
constrictions will have a different appearance at metaphase depending
upon what stage has been treated. The earlier that the break occurs
during prophase, the higher will be the degree of constriction at meta-
phase and a treatment of the very earliest stages of matrix formation
will give rise to various transilion slages between attached and free
fragments. These expectations are in good agreement with what we have
found in x-ray experiments with root tip mitoses of Allium Cepa, a
result which strongly supports our theory.

An advantage of our theory is thal it easily explains why breakage
during the division stages gives another result than breakage during
the resting stage. The reason is simply the presence of the matrix which
keeps the fragments together. If we assume sub-chromatid breakage
we have to face the difficulty of explaining why x-rays produce this
type of change only during the division stages and not in the resting
nuclei. On the basis of our interpretation, on the other hand, it is
possible to assume that the chromonemata react in principle in the same
way, by “full breaks”, during all stages of the nuclear cycle, which
appears to be a simple and natural assumplion.

Our interpretation is also in good agreement with the observations
of SPARROW (1944, 1948, 1951), SPARROW and MALDAWER (1950),
SPARROW, MosES and STEELE (1952), and HAQUE (1953), who found
that the spiralized stages of the chromosome cycle are much more
sensitive to x-ray treatment than the resting nucleus; the induced
breaks, however, are nol to be seen in the treated mitoses, only in the
next division are the results of the fragmentation directly visible as
full breaks. This is easy to understand if the fragments remain con-
nected by the matrix when induced during mitosis, as suggested here.
DArRLINGTON and L.a COUR (1953) have also realized that it might be the
matrix (or “nucleic acid charge”) which holds the parts together at

24 Bolaniska Notiser 1954.
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meta- and anaphase (lLc., p. 54). With regard to the type of breakage
found at the next division in such cases, see further below.

The envelope or “matrix’” of the mitotic chromosomes may consist
of layers of rather different constitution. Thus, there is probably often
a rather fluid surface layer. Changes in this layer may be the cause of
such an effect as chromosome stickiness. Obviously, however, this
material cannot be responsible for the effects considered here. The
appearance of the chromosomes when subjected to mechanical defor-
mation by the mitotic forces (bivalents of first metaphase; dicentric
bridges) suggests, however, that the main carrier of the mechanical
properties of the meta- and anaphase chromosomes is not something
like a spiral spring (chromonema) but rather like a continuous body
having properties more or less intermediate between India rubber and
chewing gum. This material would be a kind of “matrix” of another
nature than the rather fluid surface layer. It is this very tough material
which we assume to be responsible for the present effects.

Experimental work bearing on the present question has been carried
out by us with coumarin.! When onion root tips are treated with
coumarin practically no breakage of the chromosomes occurs in the
resting nuclei. The treatment has, however, a very effective chromo-
some-breaking action during mitosis (OSTERGREN and WAKONIG, Pro-
ceed. 9th Internat. Congress of Genetics, in the press). The result of this
breakage becomes fully visible only in the next mitosis (in a similar
way as in SPARROW’s work on x-irradiation of metaphase chromosomes).
The treatment used by us was 1 mM per litre for 12 hrs at 13° C or,
in some cases, at room temperature. Some experiments were made with
coumarin alone and some with colchicine applied simultaneously with
and after the coumarin. By the use of colchicine it is possible to dis-
tinguish the cells which divide during the coumarin treatment from
those that remain in the resting condition; the former become tetraploid
while the lalter remain diploid.

In the mitoses passing under direct influence of the coumarin treat-
ment (the X, miloses) the effect consists practically only of pseudo-
chiasmata and induced constrictions (attached fragments). “Full”
chromatid breaks occur only rarely. These X; mitoses are found during
the period of treatment and shortly afterwards (e.g. 12 hrs. after treat-
ment at 13° C in combined experiments with colchicine). These facts

! The chromosome breaking activity of coumarin was discovered by OSTERGREN
(1948).
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suggesl that the lreatment breaks the chromosomes during a period of
the mitotic cycle when the chromosomes have a matrix. Possibly the
sensitive period begins just before the start of the matrix formation,
an idea which might explain the few “full” breaks occurring besides
the many changes of “partial” type. Now, if these changes had been
real half-chromatid or sub-chromatid ones, then they would have
appeared at the next {(tetraploid) mitosis as chromatid (or sometimes
even sub-chromalid) changes. The tetraploid mitoses (the X, mitoses)
show, however, a high frequency of chromosome-type changes (i.e.
changes affecting both chromatids), a fact supporting Lhe idea that
the changes in the previous division were of chromatid type, as assumed
in our interpretation of the nature of these pseudochiasmata and induced
constrictions.

The influenced tetraploid cells show an average of something like
40 breaks per cell. (Many of the fragments are of the “minute” type.
As these probably are interstitial deletions they were counted as two
breaks.) In a sample of 37 cells conlaining more than a hundred
recognizable chromosome-type interchanges (dicentrics and polycen-
trics) there was found a single quadriradial (possible chromatid inter-
change) and 4 triradials. An important feature of the quadriradial and
at least three of the triradials was the occurrence of constrictions in
some of the chromatids al the loci of breakage and reunion or their
sister loci. This suggests that these figures might derive from delayed
breakage (in the X, prophase) of labile loci induced at the treatment
{c¢f. below).

The quadriradial and the 4 triradials were found in 5 different cells,
one of these changes in each cell. Besides these changes the cells in
question also contained numerous other changes which all were of
chromosome type. The quadriradial might possibly be derived from
a pseudochiasma of the previous division, if the half-chromatid inter-
change idea were valid, but the triradials are not easily explained on
such an interpretation. We cannot expect a half-chromatid-interchange
pseudochiasma of the X, cell to appear as a triradial in the X, divi-
sion. In order to explain our triradials we have to assume that some
other mechanism has been working and under these circumstances, this
other mechanism is very likely to produce quadriradials also. Conse-
quently the occurrence of the triradials may give more evidence against
than in favour of the half-chromatid-interchange interpretation of the
pseudochiasmata. (An explanation of the origin of the quadri- and tri-
radials is given below.)
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Thus, the quadriradials expected from the pseudochiasmata of the
previous division on the basis of the sub-chromatid interchange idea
were on the whole absent; the single observed case has a dubious
character because of the constrictions present in il. Unfortunately the
evidence may not be considered as quite conclusive, however, as it may
be suggested that the strongly influenced cells showing pseudochias-
mata in the X, mitoses did not survive to give a tetraploid X, division.
The X, mitoses studied may derive from X, cells showing no or only
very few pseudochiasmata and the changes of chromosome type seen in
the tetraploid cells might derive from fragmentation at a stage other
than that first supposed (e.g. at telophase of the X, mitoses). On the
other hand, it seems very probable, however, that the strongly frag-
mented X, cells derive directly from the strongly influenced X, cells,
and that we are studying the same fragmentation effect at two dif-
ferent developmental stages.

An interesting feature of the formation of the pseudochiasmata in the
X, cells is that, in some types of treatment at least, they are more often
formed between non-sister chromatids than between sister chromatids.
This fact gives strong evidence against the idea that the pseudochias-
mata might be simply a consequence of some kind of stickiness.! The
result is in agreement with the idea that they result from breakage,
however, in so far as breaks distributed at random should only rarely
occur in about the same position in both the two sister chromatids. In
the X, mitoses it is also found that the induced conslrictions usually
occur in one only of the two sister chromatids at each influenced locus.
It is difficult to judge if pairs of constrictions occur more often than
expected from randomness, if so, this effect might suggest a non-
random distribution of breaks, some loci being especially sensitive.
Pairs of constrictions might theoretically be due also to negative hetero-
pycnosis of heterochromatic regions. Negative heteropycnosis can, in
any case, not be a general explanalion of the constrictions, as most of
them occur in one chromatid only.

In the tetraploid X, cells many induced constrictions are found io
occur besides Lthe ordinary breaks. In these cells, however, the constric-
tions usually occur in pairs, i.e. simullaneously in both the two sister
loci of each influenced chromosome. A similar picture is repeated in

! Naturally, this does not exclude the possibility thal there could also exist some
pseudochiasma-like figures resulting from simple stickiness in this as well as in
other experiments. It is quite possible that the pseudochiasmata may have a hetero-
genous crigin, and that stickiness may be the cause of some cases.
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the ocloploid (X,) cells, although here the constriclions may not so
often occur in pairs (a possible difference belween telraploid and octo-
ploid cells in this respect should be subjected to further study in order
to ascertain it). Negative heteropycnosis or “nucleic acid starvation” is
not likely to be the complete explanation of these paired constrictions,
because in an octoploid cell studied we found only 2 out of 8 homo-
logous salellite chromosomes showing paired constrictions of this in-
duced kind. All the 8 homologous heterochromatic regions should have
been starved, as they were under the same physiological conditions (in
the same cell). If the plant were heterozygous with respect to this hypo-
thetical heterochromatin, there should in any case be 4 satellite chro-
mosomes showing the same effect.! Furthermore, there are all inter-
mediates between paired attached fragments and paired free frag-
ments, a fact suggesling that these paired constrictions are a fragmen-
tation effect.

Now, we have seen in the x-ray experiments that the constrictions
originate from irradiation of late stages of the nuclear cycle. i.e. stages
which soon pass into metaphase {presumably these stages belong to the
prophase). Then it seems reasonable to suppose that the paired con-
strictions found in the X, cells of the coumarin experiment might also
represent cases in which the chromosome breakage has occurred during
the prophase of the studied mitosis. Our interpretation is as follows:
During the treatment some loci in the treated X, cells may change or
“mutate” to a labile state. In the following resting stage each of these
may reproduce to give two labile sister loci, one in each chromalid.
These may remain relatively stable during the resting stage, but the
prophase (and probably the other mitotic stages) represents a critical
period during which breaks easily arise in these labile loci. When
breakage occurs during the X, pfophase in such a pair of labile loci
the result will be a pair of induced constrictions in the following meta-
phase. The critical period of the division cycle in the X, cells may
correspond to the coumarin-sensitive period in the X, cells. It may
begin just before the onset of the matrix formation and thus also
explain the occurrence of a few “full” breaks of ordinary kind. A
delayed breakage of this kind may explain the origin of the single
quadriradial and the four triradials found. The constrictions observed
at the interchange points in these are presumed to be due to prophase

1 It would be valuable to collect more evidence of this kind, but it is nolt so
easy to get il, as the chromosome complement of the onion contains one chromo-
some pair only, which is easy to recognize: the main satellite chromosome pair.



364 GUNNAR OSTERGREN AND THERESIA WAKONIG

breakage of a sister locus to the locus that a little earlier went through
“ordinary”’ chromatid breakage.

Pairs of constrictions occurring at X, might, however, also be sug-
gested to be due to another mechanism, viz. a more or less identical
reproduction of a chromosome showing a sub-chromatid break. In this
way we would get two chromatids each showing a partial break of the
same kind as the mother chromosome. This interpretalion was sug-
gested by D’AMATO in the discussion at the Eighth International Con-
gress of Botany, Paris 1954. We have no definite evidence bearing on
this question but we have, for the time being, adopted the labile-locus
idea as our working hypothesis feeling that it may be more probable.
In any case we are still considering the other idea as an alternative
possibility. It is naturally even possible that both these effects may
occur in the same material.

It should be mentioned that the tetraploid cells also contain many
cases where the induced constriction is found in one only of the two
sister chromatids. The majority of these constrictions occur in a paired
condition, however. On the basis of the labile-locus idea the single con-
strictions would represent cases where only one of the two sister loci
has broken. The unbroken one may survive for some time and break
at a later mitosis. Perhaps some “healing” or back-mutation to stability
might also occur and perhaps be involved in some of these cases. The
induced constrictions seen in the octoploid mitoses might be due to
labile loci that have been able to survive the tetraploid division.

A changed chromatid in an X, cell will naturally appear as a changed
chromosome (two changed sister chromatids) in the tetraploid X, cell
generation. In the next mitosis (the octoploid X; generation) the same
change will be represented by a pair of sister chromosomes of identical
appearance. This is also the rule in the X, cells. These octoploid cells
are very difficult to analyze, but still our observations are sufficient to
demonstrate that besides these changed chromosomes occurring in
pairs there are also many changed chromosomes that are represented
by a single specimen only in each cell. The shape of these exceptional
chromosomes suggests an origin from sister reunion in the tetraploid
cells. Perhaps they may, some of them at least, originate from the
paired constrictions of the tetraploid cells, these being breaks which
become more reactive for reunion in the X, telophase, when the matrix
has disappeared. In the tetraploid cells there are, however, also some
cases of sister reunion of ordinary type. These may resull from reunion
following pre-prophase breakage of labile sister loci, thal is a kind of
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“iso-chromatid” breakage, or they may possibly be due to a delayed
reunion of chromosome-type breaks (reproduction followed by reunion).

Besides numerous normal diploid cells a very low number of diploid
cells showing changes was observed in the recovery phase of these
experiments. The frequency of changes in these cells deviated strongly
from randomness (Poisson series), each influenced cell usually showing
many changes. For this reason it is supposed that these cells had been
in a sensitive period when treated. Our interpretation is that they were
in prophase when treated, but instead of completing their division,
they reverted to resting nuclei, a phenomenon not very unusual at
various toxic treatments of mitosis (e.g. D’AMATO 1950 c). We suppose
that during the recovery phase of the experiment they may start mitosis
again, still remaining diploid cells. As expected from this idea all these
cells showed changes of chromatid type. Besides chromatid-type changes
they also showed induced constrictions, usually only in one of the sister
loci. These constrictions may represent delayed breaks corresponding
to the paired constrictions in the tetraploid cells. Then, these cells would
be a kind of “demasked” X, cells, the matrix has been broken down
and later been formed anew. It is interesting to notice the presence of
“full” chromatid interchanges in these cells, as expected from our
interpretation of the nature of the pseudochiasmata. Our idea was that
the pseudochiasmata were full chromatid interchanges that were
masked by the presence of matrix.

Inspired by KIHLMAN's results (1951, 1952 a and b) we also made a
similar experiment with caffein. In our study we used 10 mM per litre
for 12 hrs. Colchicine was applied two hours before the caffein in order
to start the c-mitosis, during the caffein treatment, and afterwards.
The experiment was performed at 13° C. The result was fairly similar
Lo that of the coumarin experiments. In this case, however, the frequency
of changed diploid cells found during the recovery phase was much
higher. In this case, too, the relatively few changed diploid cells showed
many changes each. They presumably represent reverted prophases
that have entered mitosis again (demasked X, cells). The tetraploid cells
resemble those of the coumarin experiments. They show besides ordi-
nary chromosome changes very many attached fragments present in a
paired condition. Chromatid interchanges were more common in these
tetraploid cells than in the tetraploid coumarin cells. Pelhaps they are
due to delayed breakage as suggested above.

Our observations are in agreement with KIHLMAN’s conclusion that
caffein breaks the chromosomes only during mitosis. The occurrence
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of diploid cells with changes (presumably reverted prophases) demon-
strates, however, that caffein is capable of penetrating into the nucleus
even though the nuclear membrane is present. It is quite possible that
the Iimitation of the caffein action to the mitotic slages may be a matter
of differences in sensitivity of different siages, rather than a matter of
penetration power as suggestied by KiaLmaN. His interpretation was
that the purine derivatives which were found to induce chromosome
breakage in the resting nuclei could do so because they were able to
penetrate into the resting nuclei through a lipoid layer surrounding
these, while the other purine derivatives which induced fragmentation
only during mitosis were unable to penetrate through this lipoid layer.
These ideas are supported by his observations on the solubility pro-
perties of the purines in question; the partition coefficient lipoid/water
being much higher for the substances inducing breakage in the resting
nucleus. It is, however, a characteristic feature of his data that the
substances which combine the two properties: (1) ability to cause
breakage in the resting nucleus, and (2) high relative lipoid solubility,
also have a third property in common, viz. a special chemical structure
(they are, all of them, alkyl ethers or thioethers at carbon atom nr. 8).
It is quite possible that the two mentioned properties may both be
conditioned by this characteristic structure, instead of the one being
caused by the other. It is interesting to notice that coumarin which
has a much higher solubility in solvents of lipoid type than in water?
still acts according to the same scheme as the TMU-type of KIHLMAN,
thus in disagreement with his interprelations. KIHLMAN could observe
the presence of lipoids around the nuclei by means of staining with
Sudan black. But, of course, there could be an accumulation of lipoids

1 A rough test that we have made demonstrated that the solubility of coumarin
in ethyl ether is somewhat more than ten per cent; its solubility in water, on the
other hand, is, according to HopGMaN’s Handbook of Chemistry and Physics,
0.01 per cent. Our personal impression is that the water solubility of coumarin is
somewhat higher than that, but in any case the partition coefficient ether/water
will have a value of several hundred. — Another substance of interest in the present
connection is maleic hydrazide. According to McLEISH, this substance influences the
chromosomes in the resting nuclei (1953, p. 143). We have not seen much about its
solubility properties, bul the statement in the Merck Index (6th ed.) that it is
slightly soluble in hot alcohol and more soluble in hot water does raise the suspicion
that its partition between lipoid and water will be largely in the direction of the
water phase. It is quite possible that here we may have an exception to KIHLMAN'S
rule of the opposite kind, viz. a substance of low relative lipoid solubility causing
breakage inside the resting nucleus.
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there even without their influencing the permeability; they might form
a porous envelope.

The critical remarks presented here naturally do not disprove KIHL-
MAN’s permeability theory. This interpretalion might still be valid, if
we make the assumptions that: (1) caffein penetrates into the prophase
nuclei because the lipoid envelope may be dissolved at an earlier stage
than the ordinary nuclear membrane, and (2) it is possible that cou-
marin itself may not be acting directly on the chromosomes, but in the
cytoplasm it is transformed into or induces the formation of another
substance of chromosome-breaking activity, which is unable to pene-
trate through the lipoid envelope of the nucleus. Assumptions of this
kind are certainly not improbable at all, but it must remain for further
work to test if they also apply to the actual situation.

The fact that in certain treatments the effect is restricted to the divi-
sion stages was given an alternative interpretation here, viz. that the
different stages vary very strongly in their sensitivity to the treatments.
Such a variation in sensitivity is known from x-ray experiments (e.g.
SPARROW 1944, 1948, 1951, HAQUE 1953). These experiments demonstrate
that the division stages are much more sensitive to x-rays than the
resting stage. If effects of this kind shall be able to explain the dif-
ferences belween different substances it will naturally be necessary to
assume that the different substances do not act in the same way on the
various mitotic stages; the increase in sensitivity of the mitotic stages
relative to the resting stage is much higher in some substances than in
others. This is not an improbable assumption; we know already that
there are differences in the mode of action between different substances
and other treatments, thus KOLMARK (1953) reports that different gene
loci respond rather differently towards different mutagenic trealments,
one locus may give more mutations with one treatment and another
locus more mutations with another treatment. It is also known that
different chemicals differ from one another with respect to their chro-
mosome breaking action on specific chromosome regions, some sub-
stances give more breaks in one region and others give more in other
regions. (LEVAN 1952, McLE1sH 1953).

The nature of the changes in the chromosomes which make them
much more sensitive towards x-rays during the mitolic stages are
unknown. It seems a reasonable working hypothesis, however, to
assume that these same chromosome physiological changes also cause
the difference in response of the chromosomes towards coumarin treat-
ment which is found between resting nuclei and mitotic chromosomes,



368 GUNNAR OSTERGREN AND THERESIA WAKONIG

although in this case the effect of the changes is much bigger. Further-
more, our ohservations of the X, cells suggest that there occurs in them
a breakage in the prophase of loci that have turned labile during
the trealment. We have assumed that these labile loci remain relatively
stable during the resting stage but that they break during a sensitive
period in the prophase. It seems very probable that this sensitive period
is identical with the period of increased x-ray sensitivity and with the
period of coumarin sensitivity of the chromosomes. It is probable that
this period may extend all through the contraction stages of the chro-
mosome cycle (from prophase until telophase). A breakage of labile loci
occurring in fully contracted chromosomes would, however, not be
recognizable in the same mitotic cycle; only by indirect evidence from
the next mitosis might it be possible to test its existence and even then
only with greal difficulty. (We have at present but little hope that it
will ever be possible to test this special question.)

The interpretation presented here involving the idea of a delayed
breakage of labile loci induced during the treatment is in good agree-
ment with the observations by AUERBACH (1951, 1952) and AUERBACH
and MoOSER (1953) that chemical treatments (nitrogen mustard, form-
aldehyde) often cause a mutation of genes to a labile state. Such labile
genes often mutate at later stages to give rise to various stable muta-
tion-types. Our observations may well concern the cytological aspect
of the same effect; chromosome breakage and gene mutations being
closely related phenomena.

Some of the effects suggested in our interpretations of the coumarin
experiments may also occur in the experiments by REVELL (1953) on
chromosome breakage in Vicia Faba by means of di-(2:3-epoxypropyl)
ether. He reports that the cell is sensitive to this substance during early
resting stage, but that the real breaks originate only at a later period.
He has found a constant ratio of chromalid to chromosome type of
breaks, with variable dosages and intensities of treatment. Furthermore,
some of his structural changes are of the “partial” type, such as is
characterislic of chromosome breakage during the mitotic stages. These
observations suggesl to us that his treatment may induce a labile state
in some chromosome loci during the sensitive period in early resting
stage. After that, these labile loci reproduce, each of them giving two
daughter Joci, when the chromosome is passing over into the post-split
condition. Later on follows a critical period in the chromosome cycle,
when a great number of these labile loci break. Sometimes both the two
sister loci break, simulating a break of chromosome type, and some-
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times only one of them breaks to give a chromatid break. The propor-
tion of these two events will, of course, be constant irrespective of the
dosage and intensity of the previous treatment. This critical period of
breakage probably starts somewhat before the formation of the matrix
and continues into the matrix period, a fact which would explain the
occurrence of both full and partial breaks. The observations by
McLEisH (1953) on the effect of maleic hydrazide on Vicia suggest
similar phenomena. He thinks that in this case, too, there may be a
sensitive period in early resting stage (l.c., p. 139). He also gets many
altached fragmenis and partial changes in his experiments, a fact
suggesting to us that the real breakage often takes place when the
matrix formation has already started. An interesting observation made
by him is that the “quadriradials and triradials often show a constric-
tion at the same locus of breakage but in the undamaged chromatid”
(Lc., p. 142). This is a result in good agreement with our ohservations
and interpretations concerning the triradials and the single quadri-
radial found by us in the tetraploid X, cells of the coumarin experiment.

Chromosome breakage at meiosis should be able to give important
~ evidence concerning the nature of the apparent sub-chromatid inter-
changes (or pseudochiasmata). Irradiation of first prophase and meta-
phase should give changes of this kind. When these occur between
sister chromatids and are located between the first and the second
chiasma (or between the third and the fourth efc.) they should be
visible as bridges of the characteristic “pseudochiasma’” type at first
anaphase. When such sister-chromatid effects are located proximally
of the first chiasma or between the second and the third (or the fourth
and the fifth), then they will connect chromosome regions that are due
to separate only at the second division. If they were true half-chromatid
interchanges, then we should find them again as “pseudochiasmaia”
in the second anaphase. If a half-chromatid interchange occurred be-
tween non-homologous chromatids that bolh became included in the
same telrad nucleus (an event thal sometimes should take place), then
we should find it again in the first pollen mitosis as a chromatid inter-
change. But if the pseudochiasmata were due to full-chromatid inter-
changes that are masked by the presence of the matrix, as assumed in
our working hypothesis, then they should be found as full-chromatid
changes in the second division and as chromosome-type changes in the
first pollen mitosis.

Now, CROUSE (1954) is of the opinion that she has found “half-
chromatid” interchanges at the second anaphase in Lilium after
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x-irradiation of first metaphase. Her fixation was made 8 hrs after
irradiation. We believe it possible that her timing of the stages was
faulty and that, in reality, she may have irradiated second prophase.
According to CROUSE, cells irradiated at first metaphase may be found
in first anaphase two hours later. If we subtract these 2 hrs from her
8 hrs, there will be 6 hrs left for Ty, interkinesis, Py, My and part of
Ay, which seems too short a time, as telophases and especially pro-
phases are usually much slower than meta- and anaphases, judging
from their relative frequency in root tips. The synchronization of stages
between different anthers is often somewhat incomplete, and the timing
of stages in such an experiment as the presenl one by means of this
phenomenon is rather difficult. It is of interest to notice that REES
(1953) found pseudochiasmala in root tip anaphases of Scilla cam-
panulata in the period from 2 to 8 hrs after the irradiation. Obviously
the cells have, in this case, been in a slage 8 hrs before fixation which
responds with pseudochiasmata and which belongs to the same mitotic
cycle as the observed anaphases. It seems reasonable to assume that
these cells were irradiated in the prophase of the same mitosis as was
later fixed in anaphase. .

HAQUE (1953), on the other hand, carried oul an experiment on
Tradescantia in which he x-irradiated diakinesis and studied second
anaphase. He got a great deal of chromatid-type changes and “a num-
ber of cells” (no indication of the frequency is given) showing pseudo-
chiasmata; some attached fragments were also seen. The fixation was
made 24—30 hours after irradiation, so the cells are not likely to have
been in second prophase. More information concerning various details
of the results would be needed in order to judge if these second division
changes of “partial” type might be due to a real survival of half-
chromatid changes from the first division or if they might result from
a delayed breakage of loci that had turned labile as a consequence of
the treatment.

Also, the possibility is not excluded that some pseudochiasma-like
figures might arise from stickiness in cells physiologically disturbed by
the genotypical changes caused by the radiation. (Physiological changes
resulting directly from the irradiation may also be considered, but seem
less likely, as the x-ray dosage used was very low, 18 r, and a relatively
long time had passed before the fixation.)

FFurthermore, HAQUE studied the first pollen mitosis after x-irradia-
tion of various earlier stages. He found that irradiations given at about
the time of the meiotic divisions produced a great quantity of breaks
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of chromosome type; no breaks of chromatid type are reported. Some
control of the interprelation that the cells irradiated were in the meiolic
division stages is given by the fact that they show a strongly increased
sensitivity towards the treatment. SPArRrROW has demonstrated that
such an increased sensitivity towards breakage is characteristic of the
chromosomes, when they are in the division stages.

As the general conclusion of our own observations, as well as of the
other results discussed here, we think it may be stated that there is
some evidence supporting the view that some effects appearing like
sub-chromatid breakage may instead be due to ordinary chromatid
breakage which is masked by the presence of a matrix. Such chromo-
some changes may either originate directly, when the chromosome-
breaking treatment is applied to a stage when the chromosomes have
a matrix, or indirectly if the treatment is capable of changing certain
loci in the chromosomes to a labile state, which makes them liable to
become broken, later on, at a stage when the chromosomes have a
matrix.

We do not consider the evidence on this question to be conclusive,
as yelt. Sub-chromatid breakage can also, with a higher or lower
probability, be suggested to account for such observations as those
discussed here. Naturally, many of the various interpretations sug-
gested here do not mutually exclude one another. Thus, the “pseudo-
chiasmata” might, as far as we know, be due bolh to masked full-
chromatid interchanges and to sub-chromatid interchanges, which
might even occur in the same cell.

The fact that we are favouring an interpretation which does not
assume half-chromatid structural changes does not mean that we are
doubting the existence of a subdivision of the chromatids in half chro-
matids. Such a subdivision has been reported by many authors and we
feel that it is very probable. Our interpretation simply means that
we are assuming that the two halves of a chromatid or of an early
resting-stage chromosome actually form a funclional unit with respect
to chromosome breakage and reunion. This would explain why x-radia-
tion of early resting stage usually gives the chromosome type of change.
We suppose that there may be a biological adaptation for this kind of
chromosome to function as a single unit of breakage. There is one
stage in the life cycle when breakage is a normal event, i.e. at the
crossing-over in the meiotic prophase. When the chromatids break and
rejoin in the crossing-over process, each chromatid acts as a single
unit; it may be adapted to do so because sub-chromatid crossing-over
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would prevent the first meiotic anaphase disjunction of the paired
chromosomes. It is quite possible that the same biological adaptation
may be involved, when the two half-chromatids or the iwo halves of
an early resting stage chromosome are functioning as unit of breakage
together.

Breakage may be considered as a normal way of reaction of the chro-
mosomes, a type of behaviour which they are adapted to show as
a normal phenomenon during the meiotic prophase. You have just to
pull the right “switch” in order to make them do so at other stages
of the life cycle, too. When the appropriate kind of “stimulus™ is
applied to a chromosome region, it responds by putting the meiolic
breakage mechanism into work, and this mechanism gives as the result
a breakage all across the chromatid: all its sub-units are broken. During
the meiotic prophase this mechanism extends its action even beyond
an individual chromatid: another chromatid intimately paired with
the first one is also broken all across its width at the same locus where
the first chromatid was broken. This isolocus breakage of two paired
chromatids makes it possible for the crossing-over to take place.

This interpretation involves the idea that the breakage follows upon
the transmission of a kind of impulse across the chromatid and that
this breakage impulse may even be transmitted over to another chro-
matid intimately paired with the first one. The production of iso-
chromatid breaks by x-radiation of mitotic chromosomes is usually
considered to be due to the fact that the ionization track (of the electron
liberated at the absorption of the x-ray quantum) is so broad that it is
sometimes capable of hitting the two chromatids of a single chromo-
some. We do not intend to criticize or to shed doubt on this interpreta-
tion, but only to suggest that conceivably an alternative mechanism
might work in some cases, viz. that a breakage impulse might be trans-
ferred from one chromatid to another one in contact with it.

Ideas of this kind would be able to explain how a chemical change
due to a chromosome breaking substance may be able to break a
chromatid all through. The chemical change at the point of attack may
have been very small, perhaps only a bimolecular reaction between a
molecular group in the chromatid and a single molecule of the attacking
substance. The chromatid is very likely to consist of numerous parallel
strands. The primary change in one of them may act as a “stimulus”
which starts a mechanism resulting in breakage of all of these parallel
sub-units.

Naturally, the meiotic crossing-over process is different in very
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important respects from the events of induced chromosome breakage.
Thus: (1) the meiotic breaks always rejoin in new combinations (or
maybe restitute into the old combinations), they never remain open as
induced breaks sometimes do; and (2) the exchanges at meiosis always
give two monocentric chromatids, never a dicentric and an acentric
one (except of course in cases of abnormal gene seriation as in inver-
sions). This difference may be due to subsidiary factors present in the
meiolic prophase, especially the very close and intimate pairing belween
homologous regions, factors absent in other cells. Thus, this difference
need not be an argument against the idea presenled here of a close
relationship between crossing-over and induced breakage.

The idea of a close relationship between the induced breakage and
the natural breakage of the crossing-over process is not a new one.
Such a relationship was earlier suggested by MARQUARDT (1950) and
REVELL (1953). Their ideas are, however, in many respects different
from the hypotheses presented above.
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Summary,

In the present paper the nature of what has been considered as sub-chro-
matid breakage is discussed. The effect consists of two different phenomena:
(1) the occurrence of induced constrictions, separating “attached fragments”
from the main part of the chromosome, and (2] the occurrence of what looks
like sub-chromatid interchanges between two chromatids.

The interpretation is presented that these two effects are in reality due to
a full-chromatid breakage which has taken place in a chromatid that is
spiralized and covered by matrix. The matrix maintains in continued connection
the pieces that were associated before the breakage and the result looks like
part-chromatid changes.

The material used in our investigation was Allium Cepa. X-ray experiments
show that changes of this “sub-chromatid” type are found in cells fixed a
short time after the treatment, i.e. presumably treated in prophase. Chromo-
some breakage experiments by means of coumarin support our interpretation.
In order to make it more easy to recognize the different cell generations
colchicine was also applied in some of the coumarin experiments. Coumarin
breaks the chromosomes practically only during mitosis, the resting stage being
insensitive 1o the treatment. In the X, cells which are under direct influence
of the coumarin a very large majority of the changes are of the “sub-chro-
matid” type. In the next cell generation (X,) there are, however, nearly
exclusively changes of chromosome type (i.e. affecting both the two chroma-
tids}. This suggests that the changes in the previous mitosis were in reality of
chromatid type, although they were masked by the presence of a matrix.
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The occurrence of induced constrictions in pairs in the X, cells (i.e. affecting
both chromatids at the same locus) suggests that the treatment has caused
a change to a labile state in some loci during the treated X; mitosis. These
labile loci have reproduced during the resting stage to give two labile sister
loci and these have, both of them, broken during a critical period in the X,
prophase.

Our evidence is not considered, at present, to prove our interpretations
conclusively. It is still possible to suggest the alternative interprelation, from
many of our observations, that the effects are due to a real sub-chromatid
breakage.

Other results on chromosome breakage are discussed in connection with our
ideas and some suggestions are made to explain why the chromatids, although
multiple in their composition, may still behave as units in breakage and
reunion. These suggestions imply the idea of a close relationship between the
induced breakage and the natural process of crossing-over.

References.
1. AuersacH, C. 1951. Some recent results with chemical mutagens. —- Hereditas
XXXVIIL: 1--16.
2. — 1952. Problems in chemical mutagenesis. — Cold Spring Harbor Sympos.

on Quant. Biol. XVI: 199—213.
3. AUERBACH, C. and MOSER, H. 1953. Analysis of the mutagenic action of formalde-
hyde food. II. The mutagenic potentialities of the treatment. -— Zeitschr.
fiir Indukt. Abstamm. und Vererb.-lehre 85: 547—563.
4. Avanzi, M. G. 1950. Frequenza e tipi di aberrazioni cromosomiche indoite da
alcuni derivati dell’a-naftalene. — Caryologia I1I: 165—180.
CROUSE, H. V. 1954. X-ray breakage of lily chromosomes at first meiotic mela-
phase. — Science 119: 485—487.
6. D’AmaTO, F. 1950 a. The chromosome breaking activity of chemicals as studied
by the Allium Cepa test. — Pubbl. Staz. Zool., Napoli 22, Suppl.: 158--170.
—— 1950 b. Studio statistico dell’attivita mutagena dell’ acridina e derivati, -—
Caryologia II:229—297.

(541

~1

8. -— 1950 ¢. The quantitative study of mitotic poisons by the Allium Cepa test:
Data and problems. — Protoplasma 39: 423—433.

9. — 1952 a: TFurther investigations on the mutagenic aclivity of acridines
(XXXMI—-LI). — Caryologia IV:388—413.

10. — 1952b. The cytological study of chemical mutagens. — Genetica Iberica
IV: 3--20.

11. DArrLingTON, C. D. and KOLLER, P. C. 1947. The chemical breakage of chromo-
somes. — Heredity 1:187—221.

12. DARLINGTON, C. D. and LACOUR, L. F. 1953, The classification of radialion effecls
at meiosis. — Heredity, Suppl. to Vol. 6: 41—55.

13. HAQUE, A. 19563. The irradiation of meiosis in Tradescantia. — Heredity, Suppl.
to Vol 6: 57—75.

14. KigLMAN, B. 1951. The permeability of the nuclear envelope and the mode of
action of purine derivalives on chromosomes. — Symbol. Botan. Upsalien-
ses XI (2): 1—40.



[
=1

31.

25

SUB-CHHROMATID BREAKAGE 375

— 1952 a. Induction of chromosome changes with purine derivatives. —
Symbol. Botan. Upsalienses X1 (4):1—96.

~— 1952 b. A study of purine derivatives as inducers of chromosome changes.
— Hereditas XXXVIII: 115—127.

KOLMARK, G. 1953. Differential response to mutagens as studied by the Neuro-

spora reverse mutation test. — Hereditas XXXIX: 270—276.
LACoUR, L. F. and RUTISHAUSER, A. 1953. Chromosome breakage experiments
with endosperm: sub-chromatid breakage. — Nature 172: 501—502.

LEVAN, A. 1952. Chemically induced chromosome reactions in Allium Cepa and
Vicia Faba. -—— Cold Spring Harbor Sympos. on Quant. Biol. XVI:233—
243.

LEVAN, A. and Tso, J. H. 1948. Induction of chromosome fragmentation by
phenols. — Hereditas XXXIV: 453—484.

McLEISH, J. 1953. The action of maleic hydrazide in Vicia. — Heredity, Suppl.
lo Vol. 6: 125-—147.

MARQUARDT, H. 1950. Neuere Auffassungen aus der Pathologie der Kernteilung.
— Naturwiss. 37: 416—424 and 433—438.

OSTERGREN, G. 1948. Chromosome bridges and breaks by coumarin. — Bota-
niska Notiser 1948: 376—380.

OSTERGREN, G. and WAKONIG, T. (in the press). A sensitive period at the chromo-
some breaking activily of coumarin. — Proceed. IX Internat. Congr. of
Genet. (Bellagio, 1953).

REES, H. 1953. Centromere control of chromosome splitting and breakage. —
Heredity, Suppl. to Vol. 6: 235—245.

REVELL, S. H. 1953. Chromosome breakage by x-rays and radiomimetic sub-
stances ‘in Vicia. -— Heredity, Suppl. to Vol. 6:107—124.

SparrOw, A. H. 1944. X.-ray sensitivity changes in meiotic chromosomes and
the nucleic acid cycle. — Proceed. Nat. Acad. Scienc. 30: 147—155.

— 1948. Relative x-ray sensitivily of metaphase and interphase chromosomes.
— Nature 162: 651.

— 1951, Radiation sensilivity of cells during mitotic and meiotic cycles. —
Ann. N.Y. Acad. Sci. 51: 1508-—1540.

Sparrow, A. H. and MALDAWER, M. 1950. Differential rejoining as a factor in
apparent sensitivity of chromosomes to x-ray breakage. — Proceed. Nat.
Acad. Sci. 36: 636—643.

SrAarrOow, A. H., Moses, M. J., and STEELE, R. 1952. A cytological and cyto-
chemical approach to an understanding of radiation damage in living cells.
— Brit. Journ. of Radiol. 25: 182—189.

Swanson, C. P. 1947. X-ray and ultraviolet studies on pollen tube chromosomes.
I1. The quadripartile structure of the prophase chromosomes of T'radescan-
tia. — Proceed. Nat. Acad. Sci. 33: 229—232.

Botaniska Noliser 1954.



Boraniska NOTISER 1954, HAFTE 4. LUND

Actinotaenium

genus Desmidiacearum resuscitatum.

By EINAR TEILING.

L.imnological Institution of the University of Lund.

Already the earlier desmidiologists have paid particular attention to
the elongate, baculiform desmids: Closterium NiTtzscH 1817, Cylindro-
cystis MENEGHINI 1838, Penium, Docidium and Spirotaenia BREBISSON
1844, Tetmemorus RALFS 1844, Mesotaenium, Pleurotaenium and Net-
rium NAGELI 1849 and Triploceras BAILEY 1851. Later discoveries are
Roya WEST 1896, Ichiyocercus WEST 1897 and Triplastrum IYENGAR
et RAMANATHAN 1942. In the past century a large number of baculiform
species have been distinguished which because of, the straight cells and
lack of sculpture have generally been assigned to Penium and also
Cylindrocystis.

LUTKEMULLER’s epoch-making research (1902) on the structure of
the desmid cell wall opened up a new and safe ground for the taxonomy
of the baculiform desmids. As to their biosystematy, LUTKEMULLER
(1905) made a revision of the species assigned to Penium. He approved
only twelve species as true Penia, the remaining were transferred to
Cylindrocystis, Netrium, Closterium, and no fewer than fourteen species
to Dysphinctium, a genus that he earlier (1902) had included in Cos-
marium. Later on (1910, p. 479) he rejected Dysphinctium and used
the name Cosmarium for these species. His revision of Cylindrocystis
(1913) comprised seven true species, and seven doubtful whereas five
were excluded and assigned to Cosmarium. This system of classifying
has, to a certain degree, been continued by KRIEGER (1937).

Most of the species, excluded from Penium and Cylindrocystis and
included in Cosmarium, possess a fusiform - shape wilh rounded apex,
a shallow isthmus furrow, no wall sculpture, and a stelloid chloroplast.
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Their placoderm nature is evident by the dense pores over all the wall
except the isthmus zone.

The present author (1952, p. 292) has united this group under the
interimistic name of the Clevei-section and emphasized that this group
represents a taxonomic unity that must be kept quite separate from the
collective name Cosmarium as well as from any real diagnosed desmid
genus. In the following the author, on the basis of the principles sub-
mitted in his papers 1950 and 1952, intends to rise this section to the
rank of a new genus: Actinotaenium.

Cosmarium and Dysphinctium.

In order to elucidate the taxonomical position of Actinotaenium it is
necessary lo disentangle the concepts Cosmarium and Dysphinctium.

Cosmarium appears at the first time as a generic name invented by
CorpA (1835) and used on some species, later assigned to Cosmarium,
Micrasterias, and Euastrum. Out of this diffuse concept it has de-
veloped into a generic name reserved for biradiate desmids without
spines, insertions and processes. The biradiate character “inflato-com-
pressed segments” (RALFS 1848, p. 92) is emphasized also by MENEGHINI
and EHRENBERG, while RALFS admils that “some species with globular
or cylindrical segments can by no means be separated from the com-
pressed ones”. When comparing these species with Penium, he says:
“In Cosmarium the fronds are never elongated, are always constricted
in the middle, and the starch vesicles are scattered”. RALFS list of
species contains 33 species. The WESTS, in Monograph II, p. 126, says:
“One of the distinguishing features of a Cosmarium is the entire outline
of the cells, which are likewise destitute of spines.” At present negative
characters exceed in the definition of Cosmarium.

During the century that has elapsed since RALFs’ declaration, Cos-
marium has been used as a storage-box for species which have not
conveniently been placed in more definite genera. By this, the concept
of Cosmarium has got a very promiscuous content and, actually, to an
extent which itself proves the character of a provisory, PRINTZ (1929)
rates the number of species at 809! In spite of this hodgepodge, obvious
to every desmidiologist, Cosmarium seems to be comprehended as a
genus sensu stricto and the desmidiologists have eagerly been at work
in enlarging it with new species instead of finding out new points of
view in order to discern the genetic, or at least, the typological lines
into which Cosmarium must be disintegrated.
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Dysphinctium was instituted by NAGELI in 1849 as a genus with the
following subgenera and species:

Actinotaenium: Dys. Regelianum (= curtum), fusiform, omni-radiate
cell and stelloid chloroplast.

Calocylindrus: Dys. annulatum, cylindrical with series of small no-
dules, chloroplast with 1—2 pyrenoids. Dys. cylindrus (=Penium).

Dysphinctium: Dys. Meneghinianum (=connatum), pseudo-omni-
radiate, chloroplast furcoid, dicentiric. Dys. striolatum (=tesselatum),
pseudo-omniradiate, chloroplast furcoid, limbo-parietal.

NAGELI! gives (p. 109) the following diagnosis: “Zellen einzeln oder
getrennt, an den Polen abgerundet, in der mitte einer leichten ringfér-
migen Furche, Querprofil kreisférmig oder oval, in jeder Héilfte ein
cenirales oder zwei neben dem Mittelpunkt liegenden Chlorophyll-
blischen”. And he comments: “Diese Gattung ist eine kiinstliche, sie
vereinigt mehrere Typen, welche aus Mangel an vollstindigen Unter-
suchungen noch nicht als selbstindige Gattungen aufgestellt werden
kénnen, und hier als Untergattungen folgen”.

In spite of this obvious and critical declaration, NAGELI's genus was
taken up by several taxonomists, probably in order to have a genus for
the increasing number of species that otherwise could not be placed
anywhere but under the diffuse name of Cosmarium. This trend has
especially been forwarded by DE Bary (1858), ReINscH (1867), DEL-
PONTE (1873), KIRCHNER (1876), HaNSGIRG (1888), DE Toni (1889),
and TurRNER (1896). DE BaRry incorporated Dysphinctium in Cosma-
rium. Of his four subgenera Dysphinctium contains the globoid species,
e.g. moniliforme and connatum, and Calocylindrus (including Actino-
taenium!) embraced baculiform species, e.g. Cucurbita, Palangula, and
curtum. REINscH enlarged Dysphinctium with Tefmemorus as a sub-
genus. KIRCHNER raised Calocylindrus to a separate genus containing
ten species and placed it between Closterium and Docidium but rejected
the rest of Dysphinctium. HANSGIRG maintained Dysphinctium with the
subgenera Actinotaenium and Calocylindrus, and added a new one:
Tetmemoridium. This basis of division was accepted by pE TONI who
gave Actinotaenium 24, Calocylindrus 12, and Tetmemoridium 3 species.
By this the artificial composition of Dysphinctium was accentuated in
absurdum. TURNER divided Dysphinctium into Cylindrosphinctium and
Sphaerosphinctium the character of which is indicated by the names.
No further efforts of consolidating the genus were made and in this

L It seems very unlikely that NAGELI was aware of RALFS’ book, at least, RALFS’
name is not mentioned in NAGELI's treatment of these desmids.
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century it has been quite omitted, its species bear the name of
Cosmarium. RABENHORST (1865) abandoned it and at recent time also
the WESTs who justify their rejection by finding it “based upon in-
definite characters and the limitation of which could not be clearly
defined” (Monograph II, p. 127). Actually, the latter failing is valid
also for a good deal of the desmid genera, especially in regard to Cos-
marium, and is impossible to avoid: there are only few limits in Nature,
limils are made by Man, artificial and conventional.

The taxonomic problem of the former Dysphinctium species has not
been solved by placing them in Cosmarium, it has been put in an out-
of-the-way corner. Nevertheless, NAGELI’s idea was a good one, it was
wrecked by the contemporaneous lack of taxonomic principles except
the one of similar shape in quite general terms. At present, it is possible
to distinguish between primary and secondary cylindrical shape of the
cell and we know different kinds and degrees of the evolution of the
chloroplast. Several characters of potential taxonomic value are not
clear, for instance the structure of the zygospore and of the surface
of the cell wall. There is, at least at present, not found any genetic
connection between a smooth and a granulated or verrucate surface.
In my opinion, the desmids with these two kinds of surface must be
kept separate as regards their taxonomic position. On the contrary, we
know that the baculiform shape is attained by desmids of quite dif-
ferent origin and that the convergency phenomenon is rather common.

Certain features of this historical genus Dysphinctium are incom-
patible with the general concept of Cosmarium. This implies that they
represent diverse lines of evolution, for instance the Actinotaenium
type, the connatum type, the fesselatum type, the Debaryi type etc.
In order to show the generic position of Actinotaenium 1 shall develop
my comprehension of the taxonomic differences between it and the
other placoderm desmids. According to Camp (1951) the term taxonomy
is used in the sense of distinguishing genera and higher taxa, the bio-
systematy dealing with species and lower taxa. Hitherto but little used
terms are defined in TEILING 1950 and 1952.
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Taxonomic discussiomn.

The starting point is LUTKEMULLER’s epoch-making research on the
structure of the cell wall on the basis of which he could assign the des-
mids into the main groups Saccoderms and Placoderms, the latter
divided into three tribus: Penieae, Closterieae and Cosmarieae according
to the manner of cell division and growth which depends on the
structure of the cell wall.

As mentioned above, LUTKEMULLER, by the aid of this new taxonomic
principles, was able to revise and emend some desmid genera. Especially
in Penium and Cylindrocystis he found a lot of species which, owing
to their cell wall pores and the manner of division and formation of
the zygospore were separated from these genera and placed in Cos-
marium.

Other principles are founded on the vertical symmetry of the semi-
cell, the so called desmid radiation and, in intimate connection with
this feature, the morphology of the chloroplast. In his paper 1952 the
present author has drawn up the probable evolution of the desmid
chloroplast on the basis of ils comparative morphology and increasing
efficiency from lower to higher forms. In this way it has been possible
to derive the diverse types of parietal chloroplasts from primitive
axile ones.

The general irend to a better light ecology that favours the mutations
resulting in a more effective photosynthesis, has gone along the path
of increasing the surface of the chloroplast and consequently the sur-
face of the cell. The most primitive type of desmids now existing may
be represented by a desmid in structure and dimensions something
like Cylindrocystis, having a shorl cylindrical cell with an unsegmented
cell-wall without pores, a central nucleus and a stelloid chloroplast.
The cell division is of normal vegetative type. In the saccoderm desmids
the enlargement of the cell and chloroplasl occurs in apical direction,
a faint lateral enlargement is known but in a few cases (Netrium). In
the lower placoderms (Penieae and Closterieae) evolution has gone the
same paths, viz. apical extension, in Closterium also combined with a
lateral inflation. By this, Penium possesses a typical baculiform shape.
Its generic characters, compared with other similar genera, are the lack
of pores and isthmus furrow, the peculiar manner of division and,
combined with this, the intercalary growth. Thus, the porous cell wall
of Penium-like desmids at once (often after staining) decides their



ACTINOTAENIUM 381

taxonomic position. Most of the species of Actinotaenium have been
separated from Penium, some of them also from Cylindrocystis, by the
aid of this character. The chloroplast of Penium and the small Closte-
riumn species is typical stelloid.

All higher placoderm desmids, i.e. LUTKEMULLER’s tribus Cosmarieae,
possess a compound porous cell wall with a constant oblique fissure
lying in a plan that exactly divides the cell in two symmelrical semi-
cells. This group consists of two quile different parts: Actinotaenieae
and Anguloradiateae, demonstrated on p. 385. For the actual problem
of Actinotaenium il is convenient to summarize the occurrence of the
types of the chloroplast in those genera from which most of the species
have been distinguished:

Penium: typical stelloid with entire lamellae.

Cylindrocystis: lobo-stelloid, i.e. a central core with one pyrenoid
and radiating laciniate or dissected lamellae, the lobes of which often
being thickened in their parietal ends.

The main part of the placoderm desmids, i.e. all of them except the
Actinotaeniece, show an angulo-radiate structure. The lamellae of
the starlike chloroplast are grown out radially and the cell wall is
grown out in corresponding bulges, the radii, that gives the semicell,
when seen in end-view, a regular poly-bigonal shape. The primitive
bulges are short angles but they are mostly developed into an immense
richness of forms, especially in Staurastrum. It must be emphasized
that the fundamental structure of a desmid is either omniradiate or
anguloradiate.

The radial extension of the semicell has not affected the isthmus
zone, except in a small number of cases. In this way, these desmids
have got their characteristic shape: a cell, by a false “conslriction” in
the middle, forming two symmetrical semi-cells (“segments” according
to RALFs and earlier desmidiologists).

The lateral expansion of the lamellae in the bulges itself implies an
increase in photosynthesis. This is made even more effective by the
longitudinal division of the edges of the lamellae, a feature characleristic
of the tribus Anguloradiatece mihi, see p. 385. In primilive désmids of
this tribus e.g. Desmidiuin and Staurastrum, this furcoid chloroplast
is very evident when seen in end view. The furcoid chloroplast is
capable of a most elaborale metamorphosis in a great number of forms
according lo the size and shape of the semicell. The furcoid nature of
the most evolved derivations are discernible only by means of the
transitions analyzed by comparative morphology.
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The present author has (1950) emphasized lhat the primitive angular
desmids were multiradiate and that their evolution to the present state
has proceeded by means of successive reduction of the number of the
radii; i.e. from perhaps 10-radiate through decreasing number to the at
present common quadri-, and triradiate stages up to the biradiate end
stage. This process is clearly visible in the variability of certain species,
that exhibit 6-, 5-, 4-, and 3-radiate facies, e.g. Staurastrum zonatum.
The Janus-forms consisting of semi-cells of different radiation, e.g.
5+3, 443, 4--2, 3+2 are demonstrative transitions. The selecting
factor of the reduction is light; the chloroplasts of the “compressed
biradiate desmid exhibit a greater surface in relation to the volume than
pluriradiate desmids and, actually, the biradiale show a richness in
forms, superior to the pluriradiate ones. The vasl majority of the
Anguloradiatae are biradiate, especially considering the genera. This
evolution is quite analogous to the flattened shape of all green organs:
leaves, cladophylls, phyllodia, flat thalli and similar forms occurring
in the whole vegetable kingdom.

The biradiate desmids are the most advanced and their evolution has
proceeded in several diverse paths. Some of these are morphologically
very distinct, e.g. Micrasterias and the long Euastra, some other are
conventionally assorted in small genera by the aid of morphological
peculiarities, e.g. Qocardium, Cosmocladium, Onychonema, and the vast
majority are brought together under the name of Cosmarium. In Cos-
marium, however, a number of desmids circular in end view, have been
inmixed and their position has been codified, mainly by the authority
of RALFs. Staurastrum is the name of a collection of several other
evolutionary branches, still on their way to the end stage and, conse-

“quently, showing diverse slages of radiation. Staurodesmus is one of
these lines recently distinguished, its biradiate stage has since long
been known under the name of Arthrodesmus. Several of the normally
biradiate great genera, Cosmarium, Micrasterias, Fuastrum, and Xan-
thidium, contain species that sometimes occur as tri-, and even quadri-
radiate specimens. They must be interpreted as examples of occasional
reversion back to stages that have been passed during the phylogenetic
evolution of the actual species.

Dysphinctium in the light of modern
taxonomic principles.

Dysphinctium was erected in order to unite the rounded desmids,
uncombinable with the omniradiate genera then known, e.g. Cylindro-
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cystis and Penium. As this concept was formed out, it was quite as
artificial as Cosmarium, it contained two morphological groups: baculi-
form and globular desmids, the latter comprising bi-globular and mono-
globular forms. Disregarding the ommni-radiate species, belonging to
Actinotaenium, the other lypes will be dealt with from evolutionary
points of view.

Especially in biradiate desmids evolution has proceeded in regressive
direction, forming desmids more or less rounded in cross-section in
which the biradiate character in some cases is difficult to discern. As
a rule, this inflation has affected but the semicells, not the isthmus,
significant examples are shown by the bigloboid Cosmaria, e.g. monili-
forme, praegrande, and the excavatum-group. Cosmarium Welwitschi
is inleresting since ils ornamenlation has conserved the biradiate pattern.
An inflation of the isthmus zone is very rare, in Cosmarium it is found
e.g. in connatum and pseudoconnatum, australe, and alpestre. In other
anguloradiate desmids an extreme degree of isthmal enlargement is found
in Hyalotheca, Desmidium spp., and Bambusina, in the latter the isth-
mus is even wider than the semicells. Two or three small granules,
regularly dispersed on the surface of the semicells of Hyalotheca and
Bambusina must be interpreted as rudiments of the earlier angles
(TEmING 1950, p. 306). This secondary circular structure is termed
pseudo-omniradiate. Some genera have conserved their angulo-radiate
origin more evidently in their apices, viz. Tetmemorus, Ichtyocercus
and Triploceras. Their baculiform structure is a matler of convergency
towards the primitive baculiform structure in Actinotaenieae, Closte-
rium, Penium, and certain saccoderm genera.

The baculiform species of Dysphinctium, except the species here
assigned to Actinotaenium, are such secondarily rounded and elongate
desmids although their baculiform character is less pronounced com-
pared with Tetmemorus etc. They are characterized by the deep sinus
and the transverse section of the semicells that generally is not quite
circular but broad-oval, conveniently termed quasi-omniradiate, show-
ing the origin from biradiate desmids of Cosmarium-type. Al any rate,
the narrow sinus and the broad-oval cross-section (very seldom circular
in certain specimens) are features that at once distinguish these des-
mids from the Actinotaenieae,

In many cases the biradiate origin of the pseudo-omniradiate and
quasi-omniradiate desmids of the former Dysphinctium with smooth
cell wall is visible in their chioroplasts. Cosmarium connatum, Printzii,
and Thwaitesii possess a dicentric and pseudoconnatum a tetracentric
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chloroplast; both types are normal derivations in large cells of a
biradiate furcoid chloroplast. Cosmarium pseudarctoum occurs also in
a triradiate facies (BORGE 1923), thus proving thatl the circular shape
is a secondary one. Intricate cases are found in some rounded desmids
in which the inflation of the semicell has given rise lo frontal secondary
ridges of the chloroplast, thus forming a pseudo-stelloid chloroplast
very similar to the primitive stelloid one where all radiate ribbons are
primitive lamellae (see TEILING 1952, p. 282). Unmistakable examples
are e.g. Tetmemorus and Triploceras.

A little revision of Lutkemiiller’s
desmid system.

The principles of desmid taxonomy that have appeared from my
studies of the desmid radiation and the comparative morphology of the
desmid chloroplast have necessitated a revision of LUTKEMULLER’s
system (1902, p. 408). The change affects only the highest placoderms,
the tribus Cosmarieae. This tribus is characterized by a three layered
cell wall with pore-apparatus and a constant fissure joining the semi-
cells where the division takes place.

It consisls of two quite different parts. The first, Actaeniotaenieae,
embrasing four genera, is characterized by a) the primitive omniradiate
baculiform shape with the apical growth common to the lower placo-
derms (i.e. Penieae and Closterieae) and b) the primilive stelloid chloro-
plast that in Actinotaenium and Docidium is typical in the smaller
species and in the larger species is transformed, more or less, into the
taenio-parietal type; in Pleurotaenium it is mainly taenio-parietal and
in Groenbladia is reduced to the laminate type. The second part, Angulo-
radiateae, embrasing the main part of LUTKEMULLER's Cosmarieae, is
characterized by a) the angulo-radiate shape and b) the furcoid
chloroplast which has developed into the very many kinds of forms,
neglected or unexplained by the desmidiologists. The ability of angular
expansion and lateral enlargement of the cell wall in connection with
the exceplional abilily of the furcoid chloroplast in developing new
and effective forms of parietal chloroplasts has given rise to an immense
evolution of desmid species and also genera, a circumstance that ne-
cessitates a taxonomic expansion of LUTKEMULLER’s lribus.

A survey of the present system of the placoderm desmids according
to the author’s results is presented in the next page.



B.

ACTINOTAENIUM 385

Non-constant fissure of division. Omniradiate cells.

3.

4.

Tribus Penieae. Cell wall without pore-apparatus, chloroplast
stelloid.

Tribus Closterieae. Cell wall with pore-apparatus, chloroplast
stelloid = holo-parietal.

Constant fissure of division. Cell wall with pore-apparatus. Cells
always composed of two quite symmetrical semicells.

5,

Tribus Actinotaenieae. Omniradiate cells. Chloroplast stelloid
or developed into taenio-parietal or laminate ones.

Genera:
Cell wall without sculpture:
Actinotaenium. Chloroplast stelloid or developed into a taenio-
parietal one.
Groenbladia. Chloroplast laminate,
Cell wall with sculpture:
Docidium. Chloroplast stelloid — taenio-parietal.
Pleurotaenium. Chloroplast stelloid, or mostly, taenio-parietal.
Tribus Anguloradiateae. Cells angulo-radiate or developed into
pseudo-omniradiate. Chloroplast furcoid, often developed into
pseudo-stelloid, limbo-parietal, sector-parietal, and discoid.

Genera:

plari— — - — — — — — biradiate:

Staurastrum Fudstridium  Cosmarium Oocardinm
Xanthidium

Staurodesmus Euastrum Cosmocladium
Micrasterias

filiform:
Phymatodocis  Streptonemea  Spondylosium Onychonema

Desmidium Sphaerozosma
Hyalotheca
Bambusina
baculiform:
Triploceras Tetmemorus
Triplastrum Ichtyocercus

Actinotaenium (NAGELI) TEIL. — genus novum, olim

subgenus Dysphinctii.

Cellulae singulae, omniradiatae, a fronte visae, fusiformes, crassiores

aut magis tenues, vel etiam cylindricae sulco isthmiali inconspicuo
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praeditae, extremitatibus cellularum rotundalis aut obtuso-planatis.
Membrana levis, in speciebus nonullis infra apicem incrassata; poris
praedita nisi in sulco isthmiali; pori, precipue regionis apicalis, in
quibusdam speciebus satis magni; in his poris interdum organa poro-
rum, velut granula membranae olim interpretata. Massa chlorophylla-
cea stelloidea vel lobo-stelloidea, vel etiam in speciebus quibusdam
majoribus taenio-parietalis.

Omniradiate cells, in front view thicker or slender, fusiform or
cylindrical; with a faint isthmus furrow; the ends of the cells rounded
or obtuse-planned. Cell-wall smooth, in some species thickened on the
inside of the apex; with pores except the isthmus furrow, in certain
species also fairly great pores, especially in the apical part; in these
pores there are often pore-organels that have been interpreted as
granules of the wall. Chloroplast stelloid or lobo-stelloid, in larger
species even taenio-parietal.

It seems as if the desmidiologists have been too bound by tradition to
react against the unnatural mixture of omniradiate and biradiate species
in Cosmarium. Thus, it is of great interest that SCHELLENBERG (1897).
in an account of a lecture delivered in the Botanical Society of Ziirich,
proposed Actinotaenium as a separate genus, though vaguely and on
unsufficient premises. He had examined a subaerial desmid that he
considered belonging to Actinofaenium and had also in NAGELI’s literary
remains found five anonymous species evidently belonging to Actino-
taenium. He considered this little group as intermediale between Cos-
marium. and Penium. If Actinotaenium could not be approved as a
separate genus, it would, as a section, be alotted quite as well to Cos-
marium as to Penium. A foreshadowed later description of these species
has not appeared.

Morphological survey.

The cell-wall is smooth. The granules mentioned in the dia-
gnoses of several species, are the protruding pore-organels (=Poren-
organe sensu LUTKEMULLER) of the greal apical pores, e.g. in A. trachy-
polum, rufescens, Clevei, and Taylori. On the contrary, a zone of
greater pores are situaled on the basal part of the semi-cell of A. syd-
neyense. Scattered great pores among the small ones are recorded in
several species, a feature that probably has been overlooked in many
cases. All species have dense pores arranged irregularly or in oblique-
crossing rows. A. subpalangula shows transverse rows of greater pores
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visible by the prominent pore-organels, ils forma depauperatum is
created on the basis of specimens from which the protruding parts are
lost, because of the action of chemical factors, stated by KLEBS.

An apical interior thickening of the cell-wall is stated in several
species. This is a rather common feature in desmids with rounded ends.

The cell is always omni-radiate, the form a fronte is fusiform
— cylindrical guitar-shaped with a faint isthmus-furrow. The apex
is rounded or obluse, never tapering to a point. In a few species of the
curtum group a faint constriction of the apical part is noted. Slightly
inflated semi-cells are also noted.

The chloroplast is stelloid, lobo-stelloid, or taenio-parietal. In
the vast majority of the species, having less than about 50 p diameter,
the chloroplast is regular with entire or parietally thickened edges of
the lamellae and one pyrenoid. In elongate species, A. angulatum, elon-
gatum, diadematum and Clevei two or three pyrenoids are stated. In
subpalangula, subtile, perminutum, pyramidatum, viride, and diplo-
sporum the chloroplast with one pyrenoid is lobo-stelloid. In the fairly
large Taylori 45-—50 u thick, the edges of the lamellae are intensively
plicate and the chloroplast has a corresponding augmented number of
dispersed pyrenoids.

The large species A. turgidum, capax, and probably grande with a
diameter of 60 u and more have taenio-parietal chloroplasts with many
pyrenoids. Cosm. hibernicum, possibly a large form of diplosporum, is
recorded having parietal band-like chloroplast with several pyrenoids.
It seems very unlikely that a taenio-parietal chloroplast sensu stricto
has been formed in a desmid only 45 w in diameter. Probably a mis-
interpretation of badly conserved malerial.

The formation of spores is known in a few species. The
spores recorded show a puzzling diversity. Azygospores are found in
diplosporum by SKuJA (1949, Tab. 27:11) as well as true zygospores
(Fig. 12). In this species several scientists have found double spores
interpreted as zygospores, viz. LUNDELL, EICHLER, DUCELLIER, HOM-
FELD, and ALLORGE. These are meant to be formed in that manner that
the protoplasts of the two cells divide, thus forming four gametes, a
process reconstructed by OLTMANNS (1922, p. 122, Fig. 88: 1) in regard
to Closterium lineatum. However, to judge from HOMFELD’s picture of
the initial stage of the sporeformalion (1929, Tab. 5:58), it is not
unlikely that these spores are azygospores when considering the limits
of the protoplasts. In pictures of corresponding cases in Closterium the
position of the double spores of Cl. lineatum and lunula gives the im-
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pression that they are real zygospores, whereas the double spores of
rostratum seem to be azygo-spores according to LAGERHEIMs piclure
(1886, p. 48, Fig. 3).

LUTREMULLER has, in letters to NORDSTEDT (1911) an to G. S. WEST
(1912} sent drawings of double-zygospores of cucurbitinum at the for-
mation of which four cells are participants (eight semicells!), Fig.
nostr. 78. Consequently they must be regarded as true zygospores.
From an initial sphaerial form they become more square-shaped as the
definite shape. LUTKEMULLER, in his letter to NORDSTEDT, brings up the
question, if not NORDSTEDT's find of a spore of cucurbitinum var. poly-
morphum (1888, p. 71, Tab. 7: 20 ¢) may be an isolated half of a mature
double zygospore.

Angular mono-zygots are known in A. minutissimum, crassiusculum,
pseudocucurbita, and Mooreanum, the latter with one papilla in each
of the four corners. A. pyramidatum has oval somewhat angular zygo-
spores. Globular, smooth zygospores are found in A. sydneyense and
truncatum and sphaerial zygospores with conical papillae are recorded
in cucurbita and subglobosum. A similar spore is assigned to Clevei by
CUSHMAN (1905, Tab. 7:8) but the determination seems questionable.

Remarks of methodics.

The generic difference between Penium and Actinotaenium contains
several elements.

Penium: cell wall without pores, ornamented with punctuations,
granulations, or striations, the fissure of division is variable, a circum-
stance sometimes marked by intercalary segments.

Actinotaenium: cell wall always with small pores, in certain species
also greal pores (scrobiculations) with protruding pore organels, the
fissure of division is constant, situated in a faint isthmus furrow.

The consequences of these distinguishing characters, (valid also if
the name Actinotaenium is substituted by the name Cosmoarium) de-
veloped by LUTKEMULLER, have not been exploited and in many cases
quile neglected. Thus, there are still some desmids of uncertain position,
for instance Penium rufescens, gelidum. In measure, this depends on
doubts about the absence of pores in the membrane of Penium. In
Penium polymorphum, LUTKEMULLER was unable to find any pores
(1902, p. 382, Tab. 18: 44, 45) while KRIEGER (1935, p. 225) emphasized
that apical pores have been stated by him. Both may be right; the
possibility exists that the specimens examined by KRIEGER may belong
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to-a form of Actinotaenium, in shape and dimensions agreeing to
Penium polymorphum. On the other side, pores probably may occur
in Penium quite as well as in the near related Closterium. That is why
the wall ornamentation and the manner of division signify the deciding
characters.

By a compilation like this it is not expedient and even not possible
to try to make a revision of certain polymorphic species, e.g. A. curtum,
rufescens, cucurbitinum, cucurbita, inconspicuum. The shorl forms of
Pleurotaenium minutum, a very heterogeneous species, may quite as
well be alotted to Actinotaenium as to the more specialized genus
Pleurotaenium. The changes of the nomenclature undertaken by the
author, are based on the exlensive survey obtained from studies during
several years, but they are, as all biosystematic work, a matter of taste
and, consequently, very easy to be critisized by every desmidiologist.

By the formation of Actinotaenium the nomenclature makes justice
to the original names given by the authors. When a lot of Penia and
Cylindrocystides were transferred to Cosmarium, several of their names
were already attached to species of the latter genus. Thus, several of
these names must be rejected and new ones were created, especially by
LUTKEMULLER. These new names must now, in their turn, be rejected
and the old names are restored. To each species there is added a list
of literary references containing directions to pictures and nomencla-
ture of the actual species, varieties and formae.

The selection of the species is made on the basis of the descriptions
and pictures from the literature available to me. Of course, the incom-
pleteness of the sources, oflen mel with, has not permitted a definite
decision in several cases, especially the chloroplast is very often quite
neglected. Some species have been revised as to their biosystematy and
nomenclature. No diagnoses are communicated but in many cases com-
ments of similiarities and differences are given. The chorological dis-
tribution is not considered. These limitations depend on my opinion
that it seems reasonable not to anticipate the thorough revision of the
parl of Cosmarium, corresponding to Actinotaenium, probably under-
taken by KRIEGER for the new edition of RABENHORST's Kryptogamen-
flora before his sudden and regrettable death.

Abbreviations. As a rule, no abbreviations beyond the traditional ones are used,
only Actinotaenium and Cosmarium are abbreviated in combination with species
names. The often used double name W. and G. S. WEST ist written WEST. Dim:
(followed by figures) means dimensions, the figures before the cross indicate the

length and those after the cross indicate the breadth of the cell in microns. The
thickness of the isthmus is insignificant and omilted.
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The species now assigned to Actinotaenium, are dealt with in the
order of the following list, in which they are arranged typologically
according to the chloroplast and the shape.

A. Species with stelloid chloroplast.

The curtum group:

curlum,
lagenarioides,
elongatum,
Clevei,
rufescens,
turgidum,
grande,
capax.

S

el A

The cucurbitinum
group:
9. cruciferum,
10. subglobosum,

11. Wollei,
12. trachypoliun,
13. cucurbitinum.

The adelochondrum
group:

14. adelochondrum,

15. obcuneatum,

16. tumidum,

17. sydneyense.

The cucurbita group:

18. palangula,
19. inconspicuum,

B. Species with lobo-stelloid chloroplast.

The pyramidatum
group:

27. pyramidatum.

The subpalangula
group:

28. subpalangula,

. truncatum,

. crassiusculum,

. T'aylori,
cucurbita,
pseudocucurbita.

[N N NI
[N )

o
= w

The Mooreanum
group:
25. minutissimuimn,
26. Mooreanum.

The viride group:

31. viride,
32. diplosporum.

29. subtile,
30. perminutum.

1. Actinotaenium curtum (BREB.) comb. nov. Dim: 22—60< 10—
32. Fig. 1.

Cosm. curtum: RALFS 1848, p. 109, Tab. 32: 9. N. CARTER 1920, p. 271, Fig. 1 A, B.
WEST and CARTER 1923, p. 267. InsaM und KRIEGER 1936, p. 99, Tab. 1:25, 26. —
Penium curtum: KUTZING 1849, p. 167. WILLE 1885, p. 87, Tab. 13: 3. TURNER 1886, Tab.
1: 3. WEST 1904, p. 97, Tab. 10: 21, 22. Boree 1911, p. 8, Fig. 1, 2. SAMpa1o 1944,
Tab. 2:29--31. — Dysphinctium Regelianum: NAGELI 1849, p. 110, Tab. 6: E. —
Penium Regelianum: WILLE 1879, p. 55, Tab. 13: 7. -— Dysphinctium curtum: DE TONI
1889, p. 877. — Calocylindrus curtus: KIRCHNER 1878, p. 143. COOKE 1886, p. 126,
Tab. 43:11. WoLLE 1887, p. 54, Tab. 12:15, 16. — Cosm. Thwaitesii var. curtum:
KLEBS 1879, p. 27. — Penium phymatosporum: WILLE 1885, p. 87, Tab. 13: 4.

{. majus. Dim: 41-—48 X 21—25. WILLE 1879, p. 56, Tab. 14: 73. WEST 1904, p. 98,
Tab. 10: 24, 25. BOoRGE 1899 a, p. 762, Fig. 5. InsaM und KRIEGER 1936, p. 99, Tab.
1:28. MESSIKOMMER 1942, p. 142, Tab. 4: 7, and 1945, Tab. 2: 39.

f. minus. Dim: 30—32X15—16. WILLE 1879, p. 56, Tab. 13: 75. WEST 1904, p. 142,
Tab. 10: 23. MESSIKOMMER 1942, p. 142, Tab. 4: 8. .

f. intermedium. Dim: 36—38x15—17. WILLE 1879, p. 56, Tab. 13: 74.
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var. obtusum. Dim: 41—45x20—23. Fig. 9. WEsT 1900, p. 289. Tab. 412:1, 2.
WesT 1904, p. 99, Tab. 10: 26.

var. globosum. Dim: 31—38x24—28. WILLE 1879, p. 56, Tab. 13: 72,

A. curtum, under the name of Regelianum, is thé type specimen of
Actinotaenium being the species for which NAGELI created the sub-
genus Actinotaenium of the collective genus Dysphinctium in 1849.
NiGELL's picture of Regelianum is clear and also complete, (even divi-
sion stage) showing the fusiform shape with apical internal papilla
and the stelloid chloroplast with six lamellae. This form has been
refound and depicted by several authors, often without the apical
papilla, but the name curfum has also been applied to desmids of
varying forms of which especially the rounded ones seem to be foreign
to the type, e.g. by N. CARTER, WOLLE, COMERE and MESSIKOMMER.
WILLE ({1879) however, found several forms, viz. majus, and medium
which, in his opinion, form a continuous series between f. {ypicum and
his var. globosum.

PEVALEK (1924, p. 62, Fig. 6) has described a var. velebitinum, the
semicells of which have inflated bases and slightly excavated apices.
It makes the impression neither belonging to curtum nor to Actino-
taenium.

var. aftenuatum (INSAM et KRIEGER) comb. nov. Dim: 62—87x20—30. Fig. 2. —
Cosm. attenuatum: RALFS 1848, p. 110, Tab. 17:9. WesT 1908, p. 118, Tab. 74: 24, 25.
— Cosm. curtum var. majus: RABENHORST 1868, p. 177. — Calocylindrus attenuatus:
COOKE 1886, p. 127, Tab. 43: 1, 2. — Dysphinctium attenuatum: TTRNER 1892, p. 44.
~ Cosm. Thwuaitesii: KLEBS 1879, p. 27. — Calocylindrus Thwaitesii: WOLLE 1884,
p- 56, Tabh. 12:19. - Cosm. curtum var. aftenuatum: INSAM und KRIEGER 1936,
p. 99, Tab. 1:27. — Not MASKELL 1888, p. 15, Tab. 2: 16! )

Already RALFs (p. 110) confessed that he in certain cases had been
doubtful about specific difference between A. curtum and atfenuatum.
MASKELL (1888) used the name Cosm. curtum var. attenuatum for a
desmid of exactly the same front view as attenuatum. This name must
be rejected because of the clearly biradiate strucltur in apical view.

var. Bourrellyi nom. nov. Dim: 34x17. Fig. 3. — Cosm. conicum: BOURRELLY
1949, p. 186, Tab. 4: 50.

BOURRELLY’s desmid differs so much from the WEST's insufficiently
known Cosm. conicum that it is here proposed as a scrobiculate variety
of curtum.

It is impossible to maintain a specific difference between A. lagena-
rioides, pseudotinecense, elongatum, and lanceolatum; the differences
being vague concerning only proportions and dimensions. Probably

26 Bolaniska Notiser 1954.
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earlier desmidiologists have been standing in awe of the generic names,
for instance on the one side Penium lanceolatum and on the other side
Cosmarium elongatum. The present author has compromised by joining
the broader lagenarioides—pseudotinecense and the more slender elon-
gatum—lanceolatum.

The typical Clevei falls, in my opinion, somewhat outside this group
and is in itself rather differentiated in direction to a more cylindrical
shape, such as rufescens. As mentioned earlier the scrobiculations of
the vertex, when observed, possess not deciding but only secondary
rank as a specific character.

2. Actinotaenium lagenarioides (Roy) comb. nov. Dim: 92—95 X

45. Fig. 4.
Penium lagenarioides: BISSET 1884, p. 197, Tab. 5:6. WEST 1904, p. 93, Tab.
9:12. — Dysphinctium lagenarioides: LUTKEMULLER 1905, p. 337. — Cosm. lage-

narioides: LUTKEMULLER 1910, p. 479.

BisSET’s picture seems to be unique, WEST’s is a copy of it. In a
written comment BISSET has corrected the arrangement of the pores:
they should be scattered, not in rows.

var. pseudotinecense (GRONBL.) comb. nov. Dim: 122—157x45—57. TIig. 5. —

Cosm. pseudotinecense: GRONBLAD 1921, p. 42, Tab. 7:61. — Cosm. lagenarioides:
GRONBLAD 1920, p. 43, Tab. 5:24. — Cosm. elongatum: IRENEE-MARIE 1952, p. 112,
Tab. 11: 1. — Cosm. Faakense: BECK-MANNAGETTA 1929, p. 3, Fig. 2.

GRONBLAD’s distinguishing of his species depended on the stelloid
chloroplast in contrast to the very similar Cosm. turgidum var. tine-
cense RACIB. This author had not mentioned anything about the chloro-
plast but turgidum has a taenio-parietal one. Like tinecense also pseudo-
tinecense has a constricted vertex but GRONBLAD has sent me a picture
of pseudotinecense without this constriction and he is inclined to con-
sider lagenarioides as belonging to the normal, unconstricted pseudo-
tinecense.

3. Actinotaenium elongatum (RaciB.) comb. nov. Dim: 128186 X
34—59. Fig. 6.

Cosm. elongatum: RACIBORSKI 1885, p. 68, Tab. 11: 1. BorGE 1923, p. 8, Tab. 1: 3.
SKUJA 1928, p. 156, Tab. 4: 1. GRONBLAD 1936, p. 2, Tab. 1:4. — Calocylindrus elon-
gatus: RACIBORSKI 1884, p. 9.

f. brevius. Dim: 106X 36. BORGE 1923, p. 8 Tab. 1:4. — Cosm. elongalum: CEDER-
GREN 1932, p. 45, I"ig. 14.

The typical form of this species quite agrees with 4. curtum var.
attenuatum and could be regarded as a f. maximum of it.
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var. lanceolatumn (TURN.) comb. nov. Dim: 81—98 x26—36. Fig. 8.
Penium lanceolatum: TURNER 1892, p. 17, Tab. 1:7. BorGE 1903, p. 74, Tab. 1: 3.

-~ Dysphinctium lanceolatum: LUTKEMULLER 1905, p. 337. — Cosm. lanceolatun:
I.UTKEMULLER 1910, p. 479.

f. subcylindricum (W. et G. S. WEST) comb. nov. Dim: 134x35. — Penium lan-
ceolatum var. subcylindricum WEST 1902, p. 134, Tab. 18:5.

var. africanum (SCHMIDLE) comb. nov. Dim: 96—128 x27—35. Fig. 7. — Penium
Clevel var. africanum: SCHMIDLE 1898, p. 20, Tab. 1:12. — Penium Clevei . ¢lon-

gatum: WEST 1907, p. 140, Tab. 13: 2.

4. Actinotaenium Clevet (LUND.) comb. nov. Dim: 85116 X 35—
42. Fig. 10, 13.
Penium Clevei: LUNDELL 1871, p. 86, Tab. 5: 11. WEST 1904, p. 87, Tabh. 8: 36, 37.

-~ Penium Thwaitesii: CLEVE 1864, p. 492. — Cadlocylindrus Clevei: WOLLE 1884,
p- 56, Tab. 50:27. — Calocylindrus Thwaitesii: WOLLE 1884, p. 56, Tab. 50:28. —
Dysphinctium Clevei: DeE Toni 1889, p. 892. - Cosm. Clevei: LUTKEMULLER 1910,

p. 479. WEeST and CARTER 1923, p. 267. GRONBLAD 1920, p. 40, Tab. 5:23. TAFT
1937, Tab. 2: 37. IRENEE-MARIE 1949, p. 253, Tah. 1:5. — Penium breve var. arcti-
cum: WILLE 1879, p. 57, Tab. 14: 76, — Penium diadematum: GUTWINSKI 1902, p. 585,
Tab. 37: 20 (Fig. nostr. 13).

var. delicatulum (JOSH.) comb. nov. Dim: 83 26. Fig. 80 (in Fig. 23!). — Penium
delicatulum JosHuA 1885, p. 6563, Tab. 25: 9.

f. minus. Dim: 37} 15. — Penium delicatulum var. minus WEST 1895, p. 47, Tab.
5:26.

var., crassum (W. et G. S, WEST) comb. nov. Dim: 80—98x42—45. Fig. 11. -—
Penium Clevei var. crassum: WEST 1894, p. 4, Tab. 1:5. WEST 1904, p. 88, Tab.
8:38. CusuMAN 1905, p. 225, Tab. 7: 8 (zygospore).

var. gelidum (WITTR.) comb. nov. Dim: 36—62x14—49. Fig. 14. — Penium geli-
dum: WITTROCK 1883, p. 122, Tab. 3:24. CEDERGREN 1932, p. 25, Tab. 1:3. —
Penium rufescens: GUTWINSKI 1909, p. 445, Tab. 7:8. ?MESSIKOMMER 1942, p. 136,
Tab. 2:5. — ?Peniella sudetica: BECK-MANNAGETTA 1926, p. 6, FFig. 9—12.

KRIEGER (1935, p. 240) united gelidum with his Penium rufescens in
spite of the apical scrobiculations. The same objection must be raised
to his placing of Peniella sudetica in Penium polymorphum (p. 229);
BECK-MANNAGETTA emphasizes the porous cell wall. On the other side,
the absence of an isthmus furrow speaks against its position in Actino-
taenium.

5. Actinotaenium rufescens (CLEVE) comb. nov. Dim: 50—94 <
20—32. Fig. 19, 20.

Penium rufescens: CLEVE 1864, p. 493, Tab. 4:5. BORGE 1903, p. 75, Tab. 1:6.
WEST 1904, p. 99, Tab. 6: 12, 13. MESSIKOMMER 1943, Tab. 6: 3. IRENEE-MARIE 1939,
p- 88, Tab. 9:13. KRIEGER 1935, p. 240, Tab. 10:13, 14. TArr 1937, Tab. 2:36.
LHOTSKY 1949, p. 4, Tab. 1: 8. MESSIKOMMER 1927, p. 95, Tab. 2: 7, and 1935, p. 39,



394 EINAR TEILING

Iigs. 1—20. — 1: curtum — 2: var. aftenuatum — 3: var. Bourrellyi — 4: lagenarioides
— b: var. pseudotinecense — 6: elongatum — 7: var. africanum — 8: var. lanceolatum —
9: curtum var. obtusum — 10: Clevei — 11: var. crassum — 12: subpalangula —
13: Clevei — 14: var. gelidum — 16: cruciferum —— 15: f. minus — 17: var. plari-

radiatum — 18: turgidum var. ovatum — 19—20: rufescens.
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Tab. 1: 7 (f. achroa). — Penium chrysoderma: BORGE 1906, p. 15, Tab. 1: 7. DUCEL-
LIER 1916, p. 54, Fig. 30, 31. Dick 1923, p. 215, Tab. 4:12 (Fig. nostr. 19j. — Do-
cidium breve var. arcticum: GUTWINSKI 1896, Tab. 6:24. — Penium didymocarpum
var. alpinum: SCHMIDLE 1895, p. 346, Tab. 14: 17.

This species is by KRIEGER (1932, p. 240) placed in Penium in spite
of the greal apical scrobiculations of chrysoderma which, in KRIEGER's
(and HOMFELD’s 1929, p. 15) opinion belongs to rufescens. LUTKE-
MULLER has (in litt. 12/IT 1912) communicated to G. S. WEsT, thal he
had studied a rich material of rufescens and discerned a dense pore-
apparatus. As distinguished from the rest of the curtum group, this
desmid is almost cylindrical with rounded ends, transilional forms occur
in Clevei. A. rufescens also shows an apparent similiarity to cucur-
bitinum and certain pictures assigned to this species could quite as
well be called rufescens.

6. Actinotaenium turgidum (BrEB.) comb. nov. Dim: 138—207 X
73—100. Fig. 21.

Cosm. turgidum: RALFs 1848, p. 110, Tab. 32:8. PETKOFF 1960, p. 10, Tab. 1:4.
BorGE 1961, p. 23, Tab. 2:12. WEST 1908, p. 115, Tab. 75: 1-—3. MESSIKOMMER 1943,
Tab. 10:4 (Fig. sinistr.). KRIEGER 1932, Tab. 8:10. — Pleurotaenium turgidum:
De BAry 1858, p. 75, Tab. 5:31. — Pleurotaeniopsis turgida: LUNDELL 1871, p. 51.
LUTKkEMULLER 1893, p. 43, Tab. 3:26. Calocylindrus turgidus: KIRCHNER 1878, p. 142.
COOKE 1886, p. 127, Tab. 44:1. — Disphinctium turgidum: DELPONTE 1877, p. 133,
Tab. 21: 1—6. — Cosmaridium turgidum: HANSGIRG 1888, p. 145. —— Cosm. DeBaryi
var. turgidum: KLEBS 1879, p. 28.

var. subrotundatum. Dim: 140X 77. Fig. 28. WEST 1908, p. 116, Tab. 75: 4.

var. ligatum. Dim: 116-—153 X 50—68. Fig. 24. WEST 1907, p. 204, Tab. 13: 7. BORGE
1918, p. 32, Tab. 2:27, 28. MESSIKOMMER 1943, Tab. 10: 4 (Fig. dexlr.).

var. ornatum. Dim: 200X 84. SCHMIDLE 1895 a, p. 72, Tab. 1: 16.

var. ovatum. Dim: 164—240x83-—97. Fig. 18. NORDSTEDT 1888, p. 63, Tab. 7:30.
INsAM und KRIEGER 1936, p. 110, Tab. 2: 6.

var. tinecense. Dim: 160—167 < 69. RACIBORSKI 1885, p. 69, Tab. 10: 2.

This large species of obtuse curtum type differs from the proceeding
species of this group by its taenio-parietal chloroplasts, carefully studied
by LUTREMULLER (1893). To it some interesting varieties have been
assigned, viz. ligatum with an isthmal constriction, extremely scarse
in Actinotaenium, further subrotundatum with almost globular semi-
cells, and tinecense with a slightly constricted apical part.

7. Actinotaenium grande (DELP.) comb. nov. Dim: 216 100.
Fig. 26.

Disphyntium (!) grande: DELPONTE 1877, p. 231, Tab. 21: 9.
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This desmid differs from A. turgidum by its larger size and cylindri-
cal shape. DELPONTE has not seen the chloroplast but according to the
size there is no doubt that it has taenio-parietal chloroplasts.

var. cuneatum (W. B. TURNER) comb. nov. Dim: 195—220x95—100. Fig. 23. —
Dysphinctium grande var. cuneatum. TURNER 1892, p. 40, Tab. 7: 5.

This desmid agrees with grande in the size, the small constriction of
the apical part also occurs in turgidum var. tinecense, lagenarioides
var. pseudotinecense, and curtum var. obtusum.

8. Actinotaenium capax (Josnua) comb. nov. Dim: 140—165X
66—90. Fig. 29.

Cosm. capax: JOSHUA 1885, p. 645, Tab. 8: 25. — Dysphinctium subturgidum: TUR-
NER 1892, p. 80, Tab. 7: 4. — Cosm. subturgidum (TURN.} SCHMIDLE in WEST 1908,
p. 116, Tab. 75: 5.

There is no difference in shape nor dimensions between capax and
subturgidum: they are identical and the name capax possesses the
priority. The chloroplast is taenio-parietal.

The forma minus must more correctly be considered a variety:

var. minus (SCHMIDLE] comb. nov. Dim: 60— 120X37—64. Fig. 25. — SCHMIDLE
1895 b, p. 300, Tab. 4:2. WEsT 1908, p. 116, Tab. 116: 22, 23. KrRIEGER 1932, p. 188,
Tab. 8:7. CEDERGREN 1932, p. 45, Fig. 15. SKUJA 1949, p. 143, Tab. 26: 8, 9. vAN OYE
1953, p. 284, Fig. 74. — Pleurotaeniopsis subturgida var. minor: SCHMIDLE 1896,
p. 305.

9. Actinotaenium cruciferum (DE BARry) comb. nov. Dim: 15—
30X10—15. Fig. 16, 17.

Cosm. cruciferum: DE BARY 1858, p. 72, Tab. 7: 3—6. vaN OYE 1933, p. 281, Fig. 64.
SAMPATO 1944, Tab. 2:16, 17. — Dysphinctium cruciferum: HANSGIRG 1888, p. 185
and 243. GUTWINSKI 1896, p. 43, Tab. 6:25. — Penium cruciferum: NORDSTEDT 1888,
p. 71, Tab. 7:19. WEST 1904, p. 100, Tab. 10: 18—20. var. pluriradians: WITTROCK
1889, p. 48. WoLLE 1887, Tab. 61:9—-11. TAYLOR 1834, p. 242, Tab. 45:16. Tarr
1837, p. 398, Tab. 2:35. ?SCHMIDLE 1898 a, p. 17, Tab. 1:12, 13. Lowe 1923, Tab.
3:7. — Cosm. subarctoum: MANGUIN 1936, p. 8, Tab. 1:12, and 1940, Tab. 1:12. —
Cosm. globosum f. minus: BOURRELLY 1952, p. 495, Tab. 8: 75. WEST 1909, Tab. 68: 5.

f. latius. Dim: 2124 X 16—19. MESSIKOMMER 1942, p. 143, Tab. 4:12, 13. GRON-
BLAD 1935, p. 4, Fig. 15, 16. TArT 1937, p. 198, Tab. 2: 10.

f. minus, f. nov. Dim: 12X 7—-8. Fig. 15. — Cosm. pseudarctoum var. perminutum:
MANGUIN 1937, Tab. 2. BOURRELLY 1952, p. 222, Tab. 28:513, 514.

A. cruciferum has a stelloid chloroplast while the similar species
perminutum and subtile have lobo-stelloid chloroplast. The cell in front
view is guitar-shaped. Several circular forms of Cosm. pseudarctoum



ACTINOTAENIUM 397

and Cosm. globosum of a similar frontal shape are noted and also
carefully depicted. It seems correct to assign some of these to cruci-
ferum. In the part containing probable and doubtful species the separa-
tion of circular forms, previously assigned to biradiate Cosmaria is
discussed.

DE Bary founded his species on a fairly slender form with a chloro-
plast having four lamellae (observe the name), larger forms have five
or more lamellae which has given rise to the superfluous name pluri-
radiatum, Fig. 17.

The statements given by BORGE and SKUJA of cruciferum, cannot,
on the basis of the structure of the chloroplast, be referred to cruci-
ferum. A further discussion is given in connection to subtile.

10. Actinotaenium subglobosum (NORDST.) comb. nov. Dim: 32—
48 X 15—30. Fig. 33.

Cosm. subglobosum: NORDSTEDT 1878, p. 14, Tab. 1:13. JounsonN 1894, p. 287,
Tab. 1:13. The following pictures, only outline drawings in front view, may possibly
belong to this species: KRIEGER 1932, p. 187, Tab. 8:12, INsAM und KRIEGER 1936,
p. 109, Tab. 1:8, BOURRELLY 1952, p. 224, Tab. 29:531, ScHMIDLE 1895 b, p. 300,
Tab. 4:3, and Cosm. curtum f. MESSIKOMMER 1942, p. 142, Tab. 4: 9, 10.

This desmid has a ratio of length : breath of only 1.5, semi-globular
ends and a fainl constriction at the isthmus. The chloroplast is stelloid
with 6—10 lamellae, the edges of which are slightly laciniate.

The zygospore is globular with mamillate verrucae.

11. Actinotaenium Wollei (GRONBL.) comb. nov. Dim: 35—51 %
35. Fig. 40.

Cosm. Wollei: GRONBLAD 1924, p. 14, Tab. 2: 66, 67. IRENEE-MARIE 1952, p. 138,
Tab. 12:10. — Cosm. globosum: WOLLE 1884, p. 60, Tab. 49: 14—17. IYENGAR 1951,
Fig. 3: D. — Cosm. globosum var. Wollei: WEST 1906, p. 151, Tab. 15: 17. KRIEGER
1932, p. 177, Tab. 7:8, 9. G. S. WEST 1907, p. 118, Tab. 7: 10. WEST 1902, Tab. 20:
42. — Dysphinctium subellipticum: SCHMIDLE 1898 a, p. 21, Tab. 1:15.

28

The shape is in most cases almost globoid with a fainl isthmus-
furrow. The stelloid chloroplast has 6—9 lamellae.

The zygospore is smooth and globoid (WEST 1896).

PLAYFAIR’S Cosm. globosum var. Wollei (1914, Tab. 3:3) can not
belong to this species because of its dicentric chloroplast; it is pseudo-
omniradiate from a biradiate origin.



398 EINAR TEILING

Figs. 21-—35, 80. — 21: turgidum — 22: trachypolum var. Messikommeri — 23: grande

var. cuneatum — 24: turgidum var. ligalum — 25: capax var. minus — 26: grande
— 27: minutissimum var. octangulare — 28: turgidum var. rofundatum — 29: capax
- 30: trachypolum — 31: pseudocucurbita — 32: trachypolum var. elongatum —

33: subglobosum — 34—35: minutissimum — 80: Clevei var. delicatulum.
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12. Actinotaenium trachypolum (W. et G. S. WEST) comb. nov.
Dim: 22--30xX11—17. Fig. 30.

Cosm. trachypolum WEST 1897 ¢, p. 166, Tab. 8: 14, 15. SKuJA 1949, p. 144, Tab.
26: 4. — Penium cuticulare: COSANDEY 1934, p. 44, Tab. 2:15, 16.

var. elongatum. Dim: 32—44 X 16—18. Fig. 32. WEST 1902, p. 168. Tab. 20: 39, 40.
KRIEGER 1932, p. 189, Tab. 9:11.

var. Messikommeri nom. nov. Dim: 33x20—22, Fig. 22. LOUTKEMULLER 1900, p. 12,
Tab. 1:31, 32. MESSIKOMMER 1935, p. 50, Tab. 4: 36.

The type form has apical great pores and the protruding parts of
their pore-organels have been taken for granula; the form described
by MESSIKOMMER shows a homogeneous pore-apparatus of mixed small
and great pores.

13. Actinotaenium cucurbitinum (Biss.) comb. nov. Dim: 51—
90 X 23—35. Fig. 36.

Penium cucurbitinum: BI1sSET 1884, p. 197, Tab. 5: 7. STROM 1919, p. 21, Tab. 4: 4.
WEST 1904, p. 94, Tab. 9:13, 14. G. S. WEsT 1904, p. 139, Fig. 51 D. GisTL 1914,
p. 15, Tab. 1:8. — Dysphinctium cucurbitinum: LUTKEMULLER 1905, p. 337. —
Cosm. cucurbitinum: LUTKEMULLER 191¢, p. 479. TAYLOR 1934, p. 252, Tab. 45: 15.
MANGUIN 1937, Tab. 2:29 (Fig. dextr.). PRESCOTT and ScoTT 1952, p. 8, Tab. 4:11.
InsaM und KRIEGER 1936, p. 99, Tab. 1:3. — Calocylindrus cucurbitinus: KIRCHNER
1878, p. 143. — Cosm. palangula: VAN OYE 1953, p. 178, Fig. 35. — Penium deli-
catulum var. perforatum: GUTWINSKI 1902, p. 584, Tab. 37: 19.

f. minus. Dim: 43—58 X 17--24. WEST 1904, p. 95, Tab. 9:16. GRONBLAD 1934,
p. 267, Tab. 4:4, 5. PREsScOTT 1936, Tab. 16: 8. BOURRELLY 1948, p. 494, Tab. 8:70,
and 1952, p. 219, Tab. 19:535. MANGUIN 1937, Tab. 2:30. Rosa 1951, p. 215, Tab.
12: 14.

f. majus. Dim: 97100 X 35—43. WEST 1904, p. 95, Tab. 9: 17.

f. minutissimum. MANGUIN 1937, Tab. 2: 31.

var. angustum. Dim: 7419. Fig. 37. GRONBLAD 1945, p. 17, Tab. 5:97.

var. grande. Dim: 89-—118x36—48. GRONBLAD 1921, p. 43, Tab. 7:62. BORGE
1930, p. 33, Tab. 2: 25, and 1936, p. 32, Tab. 1:20. INsaM und KRIEGER 1936, p. 99,
Tab. 1:1, 2. Hiry 1903, p. 17, Tab. 2: 27.

var. magellanicum (BORGE) comb. nov. Dim: 47—57 X 19—20. Fig. 42. — Penium
magellanicum: BORGE 1906, p. 29, Tab. 2: 7. Compare A. palangula var. Wolleil

var. Manguini var. nov. Dim: 57—58x24. FFig. 44. — Cosm. cucurbitinum forma.
MaNGUIN 1937, p. 24, Tabh. 2:29 (Fig. sinistr.).

This variety is characterized by the quite cylindrical shape with
semi-globoid ends. It had an internal apical papilla, only found in one
other picture of cucurbitinum, viz. PRESCOTT and ScorT 1952. Probably
not belonging to cucurbitinum.
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var., minutum PRESCOTT. Fig. 39. MESSIKOMMER 1945, Tab. 2:38.

var. subpolymorphum. Dim: 71—86 < 29—38. Fig. 41. NORDSTEDT 1888, p. 71, Tab.
7:20. WEsT 1904, p. 95, Tab. 9:19, 26, and 1907, p. 189, Tab. 13: 14. MASKELL 1889,
p- 27, Tab. 5:50. KRIEGER 1932, p. 174, Tab. 9: 14.

var. subrefusum. Dim: 47x30. Fig. 38. MESSIKOMMER 1954, p. 33, Tab. 1:5.
?BORGE 1894, p. 22, Tab. 2: 17.

var. truncatum. Dim: 53: 70 X15—29. Fig. 43. KRIEGER 1932, p. 174, Tab. 9:15.

— Cosm. cucurbitinum: IRENEE-MARIE 1939, p. 182, Tab. 26:12. — ?Penium lage-
narioides var. intermedium: GUTWINSKI 1962, p. 584, Tab. 37:18. — Cosm. cucur-
bitinum f. minus: BOURRELLY 1946, p. 93, Tab. 4:49.

var. scoticum. Dim: 95—97x42—44. WesT 1904, p. 96, Tab. 9:18. — Cosm.

Thwaitesii var. scoticum: WEST 1894, p. 8, Tab. 1:15.

As seen from the list above this desmid has been depicted by many
desmidiologists who have found it very rich in forms. That all of these
belong to the real A. cucurbitinum is dubious, the author has only
brought most of the literary finds together and also added some des-
mids published under other names.

The name hints a similiarity to cucurbita. The reason why BISSET
assigned his desmid to Penium instead of Cosmarium is unknown; his
diagnosis is very laconic: “Frond shaped as figured. Endochrome in
fillets, three of which are usually seen in frontview, Membrane sparsely
punctate. Length 85—90 u breath 32—35 n.”” I have examined a slide
with BISSET’s own type specimen in NORDSTEDT’s collection and can
confirm BISSET’s picture, except the distribution of the pores: they are
scattered, not in rows, a lithographer’s error that BisseT has noted in
the reprints.

Most of the desmids cited above, show a narrow oval-—slightly fusi-
form shape with rounded ends, but also forms with retuse ends WEST
1904, Tab. 9:13, 17, STROM 1919, Tab. 4: 4, and IRENEE-MARIE 1939
p. 182, Tab. 26: 12 are assigned lo this species. The latter are to be com-
pared with the retuse forms of A. cucurbitfa and would probably more
correctly be assigned to this species; agreement in shape is more im-
portant than difference in size, at leasl on the present stage of our
knowledge.

An almost square zygospore (of var. subpolymorphum) was firstly
described by NorbpsTEDT. Later, LUTKEMULLER found double zygo-
spores. His pictures are not published but he sent drawings to NORD-
STEDT and G. S. WEsT. His spores (Fig. 78) are immature, globoid
with a beginning square-form, LUTKEMULLER thought that NCRDSTEDT’s
find was one isolated part of the mature double-spores.
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14. Actinotaenium adelochondrum (LEvpv.) comb. nov. Dim: 32—
52 X 15—20. Fig. 45.

Penium adelochondrum: ELvVING 1881, p. 17, Tab. 1:13. WEST 1892, p. 128, Tab.
19: 19, 1904, p. 93, Tab. 8:30, 31, and 1907, p. 190, Tab. 13:15. SCHMIDLE 1893 a,
p. 547, Tab. 28: 2. — Dysphinctium Palangula: HEIMERL 1891, p. 594, Tab. 5: 7. —
Dysphinctium adelochondrum: LUTKEMULLER 1905, p. 337. — Cosm. adelochondrum:
LUTKEMULLER 1910, p. 479. BorGe 1936, p. 30, Tab. 1:19. -— Penium cylindrus
var. attenuatum. RACIBORSKL 1890, p. 74, Tab. 7:21. — Penium minutum var. cras-
sum: BORGE 1903, p. 75, Tab. 1:4. — Penium jfusiforme: Gay 1884, p. 69, Tab. 2: 11.

var. Kriegeri. Dim: 26—3612—13. Fig. 46. MESSIKOMMER 1942, p. 143, Tab. 4: 20.
KRIEGER 1938, p. 60, Tah. 1:29.

This desmid, fusiform with retuse (or rounded) ends, has great pores
the pore-organels of which ELFVING interpreted as granula, corrected
by BorGE (1936, p. 30). Probably it is these “granula” that RACIBORSKI
has depicted on his Penium cylindrus var. attenuatum, both the con-
stricted cell and the size agree with adelochondrum. KRIEGER (1932,
p. 241) has considered Penium fusiforme GAY as a synonym of Closte-
rium navicula. It may, however, more correctly be assigned to adelo-
chondrum; shape and size agree and GAy did not find any vacuoles
or crystals. Possibly other finds of Closterium or Penium navicula will
be assigned to Actinotaenium, in specimens without end-vacuole, the
structure of the isthmus or the division-stages are decisive.

A spiny and globoid zygospore, found by W. WEgsT (1892, Tab. 21:
18) and at first assigned to obcuneatum, is suspected to belong to
adelochondrum (WEsT 1908, p. 111).

15. Actinotaenium obcuneatum (W. WEST) comb. nov. Dim: 28—
42<15-—18. Fig. 59.

Cosm. obcuneatum: W. WgsT 1892, p. 162, Tab. 21: 18. - Cosm. parvulum: WEST
1908, p. 110. KRIEGER 1933, Fig. 9: J, K. BOURRELLY 1946 a, p. 495, Tab. 7: 69 “par-
faitement circulaire”. ALLORGE 1931, p. 358, Tab. 8:6. Samparo 1944, Tab. 13:
42—44.

Cosm. parvulum is a dimorphous species. BREBISSON’s diagnose con-
tains no statement as to the cross-section but of the pictures of later
authors some show an ovale, others a circular cross-section, sometimes
confirmed in the description. Even if quasi-omniradiate forms of par-
vulum theoretically may develop circular specimens, it is probable that
the forms depicted by KRIEGER, ALLORGE, and BOURRELLY represent a
separate species. This is one of the cases in which, because of the sim-
plicity of the form, a convergency of omniradiate and biradiate des-
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mids may occur. WHELDEN (1947, p. 84, Tab. 5: 1) and MESSIKOMMER
(1945, p. 101, Tab. 2: 45) have given pictures of the biradiate parvulum
and also have shown that a small apical excavation occurs on biradiate
specimens. This excavation, previously observed by BorGE (1911, p. 13,
Fig. 8) and HANsGIrRG ({1888, p. 187, TI'ig. 109, under the name of
ysphinctium pusillum, incorrect end-view!) may be a character of the
biradiate parvulum in contrast to obcuneatum.

16. Actinotaenium tumidum (WGLLE) comb. nov. Dim: 65—70 X
28--31. Fig. 51.

Cylindrocystis tumida: WOLLE 1887, p. 23, Tab. 56: 7, 8. — Cylindrocystis angu-

lata: WEST 1896, p. 237, Tab. 13:25, 26. — Cosm. floridanum: LUTKEMULLER 1913,
p. 228.
var. brasiliense {GRONBLAD). Dim: 65—84x21—27. Fig. 52. — Cosm. floridanum

var. brasiliense: GRONBLAD 1945, p. 135, Tab. 6: 108. KRIEGER 1950, p. 40, Fig. 34.

This species was depicted by WoLLE under the name of Cylindrocys-
tis tumida GAY. WOLLE’s picture has a distinct isthmus-furrow, while
GAY’s picture is devoid of it and shows a lobo-stelloid chloroplast, that
is why WOLLE must be regarded as the author. The WESTS described
it as Cyl. angulata and LUTKEMULLER changed the name to floridanum
since the names angulatum and tumidum already were occupied in
Cosmarium.

. 17. Actinotaenium sydneyense (RAcIB.) comb. nov. Dim: 69—73 X
256—29. Fig. 50.

Penium lagenarioides var. sydneyense: RACIBORSKI 1892, p. 368, Tab. 6:3. —
Penium heterotaphridium: WEST 1902, p. 135, Tab. 18: 3, 4. — Dysphinctium hetero-

taphridium: LUTKEMULLER 1905, p. 357. — Cosm. heterotaphridium: LUTKEMULLER
1910, p. 479.

RAcCIBORSKI's desmid was overlooked when the WESTS named their
desmid. The two desmids agree exactly in form, dimensions, and the
arrangement of pores and scrobiculations. RACIBORSKI described a
stelloid chloroplast with eight lamellae and one pyrenoid. The WESTS
found a smooth (immature?) globoid zygospore.

18. Actinotaenium palangula (Bris.) comb. nov. Dim: 32—48 X
14— 17. Fig. 49.
Cosm. Palangula: RALFS 1848, p. 212. BREBISSON 1856, p. 132, Tab. 1:21. NOTARIS

1867, Tab. 3: 24. WEsT 1908, p. 108, Tab. 74: 4—6. GRONBLAD 1947, p. 25, Fig. 17. —
Calocylindrus Palangula: KIRCHNER 1878, p. 143. — Dysphinctium Palangula: HANs-
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GIRG 1888, p. 184. — Cosm. Cordanum f. minus: MASKELL 1888, p. 16, Tab. 2: 20
(Fig. dextr.). — Cosm. Cucurbita var. Palungula: KLEBS 1879, p. 28, Tab. 3: 8 b—d.

var. Wollei. Dim: 51—75x21--25. Tig. 47. — Calocylindrus Cucurbita: WOLLE
1884, p. 64, Tab. 12:14. — idem f. Wollei: EIcHLER 1894, p. 126, Tab. 2:14. —
Penium Cucurbitinum: GisTrn 1914, p. 15, Tab. 1:8. — Cosm. cucurbitinum: TAYLOR
1933, p. 252, Tab. 45: 14.

var. silesiacum. (KIRCHNER) comb. nov. Dim: 42-—51Xx12—14. Fig. 48. — Calo-
cylindrus Cylindrus var. silesiacus: KIRCHNER 1878, p. 143, — Penium cylindrus var.
silesiacum: SCHMIDLE 1893, p. 20, Tab. 3:6. Jounso~ 1895, p. 291, Tab. 239: 2.

BrEBISSON’s picture (lithographed by himself) shows a baculiform
cylindrical cell with obtuse or slightly rounded ends. In the short
diagnosis he emphasized that the pores are arranged in transverse rows
and persisted in it against RALFS’ critique (1848, p. 212). RALFS and
also DE NOTARIS have found the pores arranged as a system of two
oblique-crossing series of pores, a pattern that implies the vertical rows.
Except for the pore arrangement palangula differs from cucurbita only
by a greater ratio of length : breadth, thus, it could be regarded as a
long variety of cucurbita, as KLEBS hos proposed.

KIrRCHNER (1878) created var. silesiacus of Calocylindrus (Penium)
Cylindrus and characterized it by its dense and irregular punctae, i.e.
granules. SCHMIDLE (1893) and JOHNSON (1895) have used this name
for a desmid with an evident isthmus-furrow. JOHNSON has depicted
the pores and SCHMIDLE the granules, i.e. in this case the protruding
pore-organels. Though KRIEGER has taken up these two pictures as
belonging to Penium cylindrus, it seems inevitable to reject them as
Penium and assign them to Actinotaenium, most probably to A. pa-
langula.

19. Actinotaentium inconspicuum (W. WEST) comb. nov. Dim: 13-—
19(—30) X5 8. Fig. 57, 58.

Pentum inconspicunm: W. WEST 1894, p. 4, Tab. 1: 6, 7. WesT 1896, p. 237, Tab.
12: 34, and 1904, p. 101, Tab. 10: 15—17. — Dysphinctium inconspicuum: LUTKE-
MULLER 1905, p. 337, — Cosm. bacillare: LUTKEMULLER 1910, p. 484, ALLORGE et
MANGUIN 1941, p. 166, IFig. 17.

A. inconspicuum f. bacillare (ad interim): GRONBLAD 1921, p. 37, Tab. 1:38.
ALLORGE 1931, p. 353, Tab. 10:19, 20. MESSIKOMMER 1928, p. 206, Tab. 8:4, and
1943, Tab. 9: 18, KrRIEGER 1932, p. 170, Tab. 9:12. HuzerL 1936, p. 76, Tab. 9:12.
BOURRELLY 1952, p. 219, Tab. 28:507 (f. majus).

W. WesT’s species has a double-ovale shape but an other somewhat
deviating form with the same dimensions has been published by several
authors. This desmid has straight-sided, slightly conical semicells and,
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in certain cases, an internal apical papilla. It is recorded from different
parts of the world and is uniform also in the dimensions. It makes the
impression of a small form of Pleurotaenium minutum and may con-
veniently be called f. bacillare until its relations are quite known. It
agrees with IRENEE-MARIE’s picture (1952, Tab. 2: 11, 12), labelled as
Penium crassum var. inflatum but this author has in a letter told
me that it should correctly be called Pleurotaenium minutum var.
crassum.

LUTKEMULLER (1910, p. 484) recorded a dwarf form of only 7 4.5 u.

20. Actinotaenium truncatum (BREB.) comb. nov. Dim: 22—47 X
10—14. Fig. 62, 63.

Penium truncatum: RALFS 1848, p. 152, Tab. 25:5 {c. zyg.). DELPONTE 1877,
p. 181; Tab. 15:37--39. NoTARIs 1867, p. 69, Tab. 8:78. WoLLE 1884, p. 35, Tab.
5:9, 10, and Tab. 5:21, 22 (variety). COOKE 1886, p. 14, Tab. 17:4. WEST 1904,
p- 82, Tab. 8:24—26. — Pleurotaenium truncatum: CLEVE 1863, p. 494. — Cosm.
abscissum LUTKEMULLER in manuscr.: KRIEGER 1935, p. 342.

Already RALFS described Penium truncatum to be “minutely dotted”
and LUTREMULLER reported to G. S. WEST (in litt. 1911) that he had
examined this desmid and had found its membrane to be porous,
consequently belonging to Cosmarium. In KRIEGER (1935, p. 242)
Cosm. truncatum is taken up as a synonym to Cosmarium abscissum
LiTk. LUTREMULLER had invenied this name for Penium truncatum
and in his manuscript he gives the diagnose: “Chloroplast axil mit 6
ganzrandigen Lingsleisten. Von Cosmarium Palangula durch die paral-
lelen nach oben nicht convergierenden Seiten, den abgestutzten Scheitel,
durch die diinnere Zellhaut und die abweichende Verteilung der Poren
unterschieden”, (communicated by Dr. GRONBLAD). GRONBLAD has
(1921, p. 29) described a Cosm. abscissum. As Cosm. abscissum LUTK.
is a nomen nudum, there may not be any confusion.

The zygospore is smooth and sphaerial (RALFS, WOLLE).

Tigs. 36-—64. -— 36: cucurbitinum — 37: var. angustatum — 38: var. subretusum —
39: var. minutum — 40: Wollei — 41: cucurbitinum var. subpolymorphum — 42: var.
magellanicum — 43: var. truncatum — 44: var. Manguini — 45: adelochondrum —
46: var. Kriegeri — 49: palangula — 47: var. Wollei — 48: var. silesiacum — 50: syd-
neyense —— 51: tumidum —— 52: var. brasiliense — 53: Mooreanum — 54: f. con-
strictum — b5: zygospore — 56: viride — 58: inconspicuum — 57: f. bacillare —
59: obcuneatum — 60: perminutum — 61: subtile — 62—63: truncatum -— 64: cucur-
bita, zygospore.
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21. Actinotaenium crassiusculum (DE BARY) comb. nov. Dim: 56—
70X 11-—23. Fig. 77.

Penium crassiusculum: DE BARY 1858, p. 73, Tab. 5: 5—7. BORGESEN 1890, p. 931,
Tab. 2: 1. LUTKEMULLER 1900, p. 116, Tab. 6:2. BorGE 1906, p. 15, Tab. 1: 6. WEST
1904, p. 96, Tab. 8:4, 5. DUCELLIER 1916, p. 56, TFig. 33—35. IRENEE-MARIE 1952,
p. 30, Tab. 4:1. CookEt 1886, p. 44, Tab. 17:17. — Penium Brebissonii var. cras-
siusculum: KLEBS 1879, p. 23, Tab. 3: 1. — Cosm. crassiusculum: INSAM und KRIEGER
1936, p. 98, Tab. 1:5. ALLORGE et MANGUIN 1941, p. 168, Fig. 22.

This desmid was not transferred from Penium by LUTKEMULLER in
his revision of 1905, but he has later (in a letter to G. S. WEST) slated it
a Cosmarium (the pores have been noted already by BORGESEN).
Evidently the pores are more ditficult to discern than on palangula
and this circumstance may have caused these two so similar species
to be assigned to different genera. The difference seems to lie mainly
in the size; crassiusculum is, as a rule, longer, more than 50 u compared
with palangula that scarsely exceeds 50 .

DE BARyY depicted a lateral nucleus, (repeated in WEsTS” Monograph),
a position that has not been verified by DuceLLIER. The chloroplast
has 6—7 lamellae. Roy and BISSET (1894) have found the zygospore
“similiar to that of phymatosporum but with angles less prominent and
more round”.

22.  Actinotaenium Taylori (N. CARTER) comb. nov. Dim: 160—
230 X 45—50. Fig. 65.

Cosm. Taylori: N. CARTER 1935, p. 169, Figs. 27, 28.

This interesting species has a scrobiculate cell wall, the upper third
of the semicell bears pores in transversal and longitudinal rows with
protruding pore-organels. In connection with the largeness of the cell
the chloroplast has developed in a parietal direction; the edges of the
lamellae are curled and laciniate. It conlains several axile pyrenoids.

23. Actinotaenium cucurbita (BREB.) comb. nov. Dim: 29—51X
15—24. Fig. 66.

Cosm. cucurbita: RALFS 1844, p. 395, Tab. 11:10, and 1848, p. 108, Tab. 17:7.
KLEBs 1879, p. 28, Tab. 3:8b, ¢, g. ScHMIDLE 1894, p. 89, Tab. 6:3. WEST 1908,
p. 106, Tab. 73:31—33. KRIEGER 1932, p. 174, Tab. 9:16. TaYLORr 1934, p. 252,
Tab. 51: 6. IRENEE-MARIE 1939, p. 181, Tab. 22: 11. INSAM und KRIEGER 1936, p. 99,
Tab. 1:14. LHOTSKY 1948, p. 3, Tab. 2:46. HuzeL 1936, p. 91, Tab. 11:2, 3. BOur-

RELLY 1952, p. 219, Tab. 29: 532 (forma). SampAIO 1944, p. 350, Tab. 13:37--39. —
Cosm. Palangula: DE BARrY 1838, p. 72, Tab. 6:51. — Dysphinctium Cucurbita:
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GRUNOW 1858, p. 500. GUTWINSKI 1909, p. 448, Tab. 7:11a (var. inflatum). —
Calocylindrus Cucurbita: KIRCHNER 1878, p. 143. COOKE 1886, p. 125, Tab. 44:7.
W. WEST 1889, p. 18, Tab. 3: 15. — Penium adelochondrum: KUFFERATH 1914, p. 297,
Fig. 8 (var. punctafum), and p. 298, Fig. 9 (var. constrictum).

f. majus. Dim: 60x30. W. WEST 1892, p. 162, Tab. 24:25. WEsT 1908, p. 107,
Tab. 74: 2.

f. minus. Dim: 2412, BOURRELLY 1946, p. 93, Tab. 4:52.

f. minimum. WEST 1895, p. 176.

f. rotundatum. Dim: 28 X 16. KRIEGER 1932, p. 174, Tab. 8: 13. vAN OYE 1953, p. 281,
Fig. 65, and 1949, p. 295, IFig. 21. N. CARTER 1920 a, p. 217, Tab. 10: 14, 15.

f. latius. Dim: 37—40X23—27. WEST 1908, p. 108, Tab. 74: 1. INSAM und KRIEGER
1936, p. 99, Tab. 1: 6. DUCELLIER 1918, p. 123, Fig. 106. — Calocylindrus Palangula
var. rotundatus: ISTVANFFI 1888, p. 288, Tab. 1:21, 22. — Cosm. Palangula: KLEBS
1886, p. 357, Tab. 2:15. — Cosm. conicum: GUTWINSKI 1909, p. 492, Tab. 7:16.

var. atfenuatum. Dim: 24-—46>15—23. Fig. 67—69. G. S. WEsT 1904 b, p. 286,
Tab. 464: 18. WEST 1938, p. 108, Tab. 73: 34—36. Lowr 1923, Tab. 3: 8. ALLORGE et
MANGUIN 1941, p. 168, Tab. 26: 1—23. GRONBLAD 1938, p. 3, Fig. 8. KRIEGER 1944,
p- 269, Tig. 45. SKuUJA 1949, p. 120, Tab. 26:1, 2. IRENEE-MARIE 1952, p. 109, Tab.
10: 17. Sampalo 1944, p. 351, Tab. 13:40, 41. — Cosm. curtum: BORGE 1894, p. 22,
Tab. 2:17. — Dysphinctium cucurbita f.: SCHMIDLE 1895, p. 347, Tab. 14:16. GuT-
WINSKI 1909, p. 448, Tab. 7:11 (var. inflatum). — Cosm. Cucurbita: KLEBS 1879,
p. 28, Tab. 3: 8 d. MANGUIN 1937, Tab. 2: 28. MESSIKOMMER 1943, Tab. 10: 5. KOSSIN-
SKAJA 1938, Tab. 2: 11. Cesm. Palangula: vaN OYE 1952, p. 178, Fig. 35. — Cosm.
coriicum: WEST 1895, p. 71, Tab. 8:12. RousaL 1947, p. 50, Tab. 5: 10 (var. brevius).

var. robustum. Dim: 63—65x30—33. Fig. 70. KRIEGER 1950, p. 40, Fig. 8.

Zygospores: WEST 1908, p. 166, Tab. 74:3. HoMreELD 1929, p. 41, Tab. 5:54.
GRONBLAD 1921, p. 53, Tab. 7:63. Frirscn and Ricu 1937, p. 184, Fig. 13:1, Fig.
nostr. 64. SKUJA 1949, p. 120, Tab. 26: 3.

Judging from the many varieties and forms this species is very vari-
able; next to A. cucurbitinum the most depicted species of Actinotue-
nium. BREBISSON’s main type is cylindrical with abruptly retuse ends
but the attenuate type with more conical semi-cells and slightly rounded
ends may be quite as prominent. Within these two types there is a greal
variation in the proportions and the size.

The WgsTs (1908, Tab. 73: 32) have depicted the chloroplast, showing
lappets of the lamellae radiating from the pyrenoid. Already DE BARrY
(1858, Tab. 6:51), however, has depicted a typical stelloid chloroplast,
a structure confirmed by N. CARTER, BOURRELLY, KLEBS, and HUZEL,
the latter has described a parietal extension of the edges.

Mature zygospore have a globoid shape with conical verrucae, Fig. 64.

It is of interest that KRIEGER (1944) and BOURRELLY (1952) have
seen an internal apical papilla.
Cosm. conicum WEST seems to fall into one of the many forms of

27 Botaniska Notiser 195%.
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cucurbita. There is another desmid, Dysphinctium conicum TURNER,
that may be assigned to Actinotaenium, see species inquirendae, p. 415.

24.  Actinotaenium pseudocucurbita (Bourr.) comb. nov. Dim:
24 % 16. Fig. 31.

Cosm. pseudocucurbita BOURRELLY 1946, p. 96, Tab. 4: 50, 51.

It differs from cucurbita in the rectangular zygospore. The cells show
a striking similiarity lo Calocylindrus Palangula var. rotundatus
ISTWANFFY (1888, Fig. 21) but this one is twice the size of pseudo-
cucurbita.

25. Actinotaenium minutissimum (NORDST.) comb. nov. Dim: 12—
19X 9—11. Fig. 34, 35.

Penium minutissimum: NORDSTEDT 1873, p. 46, Tab. 1:21. COOKE 1886, p. 95,
Tab. 17:10. WEsT 1904, p. 81, Tab. 8:20—23. N. CARTER 1922, p. 63, Tab. 4:15.
KRIEGER 1932, Tab. 7: 9. — Cosm. nanum LUTKEMULLER (in manuscr.; GRONBLAD
1934, p. 269, Fig. 5: C. Tart 1937, p. 402, Tab. 2:15. — Cosm. Luetkemuelleri:
GRONBLAD 1935, p. 4.

f. majus. Dim: 13—27Xx10—18. WILLE 1884, p. 48, Tab. 3:9. BORGE 1903, p. 94,
Tab. 1:2.

Cell broad-ovale, without isthmal constriction, chloroplast with four
lamellae (GRONBLAD, TAFT). BORGE has found a questionable forma
major with a faint isthmus-furrow; it may be a small form of A. cucur-
bitinum.

The zygospore is lens-shaped with four rounded angles (NORDSTEDT,
WILLE, KRIEGER, N. CARTER).

Var. subectangulare (W. WEST) comb. nov. Dim: 14—16x10. Fig. 27.

Penium suboctangulare: W. WEST 1892, p. 128, Tab. 224:20. WEsT 1904, p. 81,
Tab. 8:14—19.

KRIEGER (1932, p. 242) has proposed that this desmid be assigned
to Mooreanum, the latter, however, has the angles of the zygospore
ending in a distinct papilla while the zygospore of suboctangulare has
the angles cut off, giving it the shape of an octagon.

26. Actinotaenium Mooreanum (Arcn.) comb. nov. Dim: 17—26 X
11—15. Fig. 53, 55.

Penium Mooreanum: ARCHER 1864, p. 50, Tab. 1:34-—44. COOKE 1886, p. 44, Tab.
17:5. SCHMIDLE 1893, p. 21, Tab. 3: 8, 9. WEST 1904, p. 80, Tab. 8: 8—10. GUTWINSKI
1907, p. 444, Tab. 7: 9 (zygospore). STROM 1923, p. 464, Tab. 12: 6. — Penium pusil-

lum: DELPONTE 1877, p. 185, Tab. 15: 34--36. — Dysphinctium cruciferum var. tatri-
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cum: GUTWINSKI 1909, p. 447, Tab. 7: 10. — Dysphinctium Mooreanum: LUTREMULLER

1905, p. 837. — Cosm. Mooreanum: LUTKEMULLER 1910, p. 179. BORGE 1936, p. 35,
Tab. 1:21.

f. constrictum. TFig. 54. SCHMIDLE 1893, p. 21, Tab. 3:10, 11, and 1897, p. 22,
Fig. 3 (zygosp.). — Penium sp. BORGE 1930, p. 26, Tab. 1:12, 13.

Penium sp. BGRGE agrees well in the shape with slightly constricted
shape, the size and the chloroplast.

Cell broad-oval or cylindrical with rounded ends. Chloroplast stelloid
with six lamellae. Zygospore quadrangular with slightly constricted
sides and one papilla on each angle.

27. Actinotaenium pyramidatum (W. et G. S. WEST) comb. nov.
Dim: 34—49 X 22—26. Fig. 71, 72.

Cylindrocystis pyramidata: WEST 1902, p. 134, Tab. 18:1, 2. WEsT 1907, Tab.
13:4, 5. — Cosmarium cylindrocystiforme: G. S. WEST 1912, p. 85. BOURRELLY
1952, p. 219, Tab. 29:536. — Penium pyramidatum KRIEGER 1932, Tab. 7: 13.

This desmid is similar to a broad curtum but has a lobo-stelloid
chloroplast. The zygospore is ellipsoidal and smooth.

Cosm. subpyramidatum (WEST) LUTK. (WEST 1901, p. 78, Tab. 2:
8—11 and LUTKEMULLER 1913, p. 228, Tab. 2: 28) isno doubt an Actino-
taenium but as yel insufficiently known. The shape is of curtum type
and very similar to that of pyramidatum. However, the diagnose does
not mention anything about the chloroplast and WESTS’ picture gives
no information of it but a greal pyrenoid. LUTKEMULLER has examined
WESTS’ material and has slated the porous cell wall and the oval zygo-
spore. In a picture, sent to G. S. WEST in 1912, he has depicted the
contracted chloroplasts and they agree more with a lobo-stelloid chloro-
plast than with a stelloid one.

In spite of the somewhat smaller size and the still obscure chloro-
plast but according to the similiarity in shape and the identity of the
zygospore, this desmid is likely to be united with pyramidatum. In this
case the name subpyramidatum possesses priority.

28. Actinotaenium subpalangula (ELFv.) comb. nov. Dim: 25—34 X
20—25. Fig. 12.

Cosm. subpalangula: ELFVING 1881, p. 14, Tab. 1:11. BorGE 1906, p. 29, Tab.
2:20. BORGE 1936, p. 37, Tab. 1:18. WesT 1908, p. 109, Tab. 74: 7. — Dysphinctium
subpalangula: DE ToNI 1889, p. 882.

f. depauperatum: LAGERHEIM 1886, p. 47.
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The barrel-shaped cell is very characteristic, compare A. cucurbita
f. latius. The large pores are arranged in iransverse rows, bearing
protruding pore-organels. These may be lacking or overlooked; f. de-
pauperatum. The chloroplast is lobo-stelloid.

Dick’s subpalangula (1930, p. 41, Tab. 7:12) differs in shape so
much that BCRGE (1936, p. 37) found it dubious. Probably these gra-
nules are true ones and nol pore-organels. The circular form in end-
view caused Dick lo deny a conneclion with Cosm. ammoenum, perhaps
it may be a small form of Cosm. elegantissimum var. simplicius, com-
pare IRENEE-MARIE 1939, Tab. 30: 12.

29. Actinotaenium subtile (W. et G. S. WEST) comb. nov. Dim:
14-—18X10—12. Fig. 61.

Penium subtile: WEST 1897 a, p. 479, Tab. 6: 8, 9. WEST 1904, p. 92, Tab. 8: 27—
29. — Dysphinctium subtile: LOTKEMULLER 1903, p. 336. -— Cosm. subtile: LUTKE-
MULLER 1910, p. 494. BEYERINCK 1926, p. 50, Tab. 8:165. BORGE 1936, p. 38, Tab.
1:26. ALLORGE 1931, p. 361, Tab. 10:27, 28. Cosm. cruciferum: BORGE 1930, p. 32,
Tab. 1:21-—23. BORGE 1936, p. 32, Tab. 1: 22, Skuja 1934, p. 69, Fig. 97.

var. subsparsepunctatum: GRONBLAD 1921, p. 38, Tab. 7: 34—37.

This desmid has a very simple shape, broad-oval with obtuse ends
and a faint isthmus-furrow. It is distinguished from similar desmids
by the lobo-stelloid chloroplast with 5--7 lobes, carefully depicted by
GRONBLAD. On stained specimens BORGE has observed the pore-organels.

Desmids published as Cosm. cruciferum by SKuJA and BORGE are
probably to be assigned to subtile because of the lobo-stelloid chloro-
plast. SKuJA, however, has (p. 69) mentioned that the cell-division is
performed in the simple manner, characteristic of the saccoderms,
Penium and Closterium. If this observation is confirmed, his desmid
must be placed with the saccoderms, nearest to Cylindrocystis.

30. Actinotaenium perminutum (TURNER, G. S. WEST) comb. nov.
Dim: 10—14 X5—8. Fig. 60.

Cylindrocystis minutissima: TURNER 1892, p. 16, Tab. 1:24. WEST 1904, p. 62,
Tab. 5:9. HuzeL 1936, p. 75, Tab. 19: 18. TArT 1937, p. 402, Tab. 2:24. — Cosmn.
perminutum: G. S. WEST 1914, p. 1641. GrONBLAD 1921, p. 37, Tab. 7:39—41. —
Cosm. pseudarctoides: STROM 1920, p. 31, Tab. 3:7, 8. -— Cosm. pseudarctoum var.
perminutum: BOURRELLY 1946, p. 496, Tab. 8: 71.

Cell guitar-shaped in front view, chloroplast lobo-stelloid with 47
lobes.
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31. Actinotaenium viride (CORDA) comb. nov. Dim: 4065 X 20—
36. Fig. 56, 73.

Colpopelta viridis: COrbaA 1835, p. 206, Tab. 2: 28, —- Cosm. Colpopelta: BREBISSON
1861, p. 734. — Cosm. Cordanum: RABENHORST 1858, p. 177. TurNER 1885, p. 954,
Tab. 4:15. BorGE 1906, p. 36, Tab. 2: 21. WoLLE 1887, Tab. 40: 28. — Cosm. viride:
JosuuAa 1885, p. 34, Tab. 254:3. WEsT 1895, p. 71, Tab. 9:27, and 1908, p. 113,
Tab. 74:16—18. BorGE 1928, p. 101, Tab. 1:15. KrRIEGER 1932, p. 190, Tab. 8:11.
TAYLOR 1934, p. 272, Tab. 53: 14, and Tabh. 55: 8. INsAM und KRIEGER 1936, p. 111,
Tab. 1:9. Sampaio 1944, Tab. 13:45-—48. — Dysphinctium Cordanum: HANSGIRG
1888, p. 186. — Dysphinctium viride: DE ToNI 1884, p. 885. — Cylindrocystis (?)
depressa: TURNER 1892, p. 16, Tab. 7:11. — Calocylindrus diplosporus: WILLE
1884, p. 56, Tab. 12: 8. — Dysphinctium globosum var. subviride: SCHMIDLE 1893,
p. 24, Tab. 6:13, and 1894, p. 51, Tab. 7: 7 (Cosm. moniliforme f{. subviride).

f. minus. Dim: 31—33 x18—19. W. WEsST 1892, p. 161. MASKELL 1888, p. 15,
Tab. 2: 20 (Fig. sinistr.j. WEST 1907, p. 205, Tab. 13:12 (var. truncatum), and 1908,
p. 113, Tab. 74:19.

This desmid is one of the first distinguished as a picture (IFig. 56)
given by CorpA (1835, p. 206, Tab. 2:25) with explanation, under the
name of Colpopelta viridis. There may be little doubt that CORDA’s
“animalcule” is a desmid, though he has seen both “bouche” and “tube
alimentaire”. He mentioned the content as green and the skin as rough.
Since then it has been found and depicted by several botanists, all of
them showing the guitar-shape with rounded or retuse ends in front
view and (sometimes) also the circular end view. As regards the chloro-
plast nothing was mentioned, but Sxkuisa (1934, p. 76) has given a de-
scription: a central core with a large pyrenoid and numerous radiating
lappets with somewhat thickened ends, i.e. a lobo-stelloid chloroplast.

The Var. truncatum and f. glabrum WEST are omitled; the separating
characters are of no biosystematical interest. Perhaps Dysphinctium
inferum TURNER (1892, p. 40, Tab. 1: 21) and Penium sp. FRITSCH (1912,
p. 20, Tab. 3: 45, 46) belong to f. minus.

It is impossible to distinguish outline pictures of viride from certain
desmids described as Cosm. moniliferum var. panduriforme and Cosm.
globosum, which, however, have a furcoid chloroplast, the lamellae
having entire edges.

Cosm. viride var. compressum TArT (1945, p. 200, Tab. 3: 37, 38) is
not viride because of the biradiate shape and the granulate cell wall.

32. Actinotaenium diplosporum (Lunp.) comb. nov. Dim: 60—72 X
2829, Fig. 74.

Cylindrocystis diplospora: LLUNDELL 1871, p. 83, Tab. 5:7 (c. zyg.). NORDSTEDT
1888, p. 72, Tab. 7:25. BORGE 1891, p. 13, Fig. 11. TuRNER 1892, p. 16, Tab. 7:8.
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Figs. 66—79. — 65: Taylori — 66: cucurbita — 67—69: var. aftenuatum — 70: var.
robustum — 71--72: pyramidatum — 73: viride — 74: diplosporum -— 75: var.
americanum — 76: {. minus — 77: crassiusculum — 78: cucurbitinum, zygospore —

79: diplosporum var. americanum f. minus, zygospores.

WEST 1904, p. 61, Tab. 4:40, 41 (c. zyg). G. S. West 1916, p. 306, Fig. 230 L
DuceLLIER 1916, p. 50, Fig. 27 (zyg.). TAYLOR 1934, p. 240, Tab. 45:8. — Penium
diplosporum: JACOBSEN 1874, p. 161. — Cosm. cordanum: W. WEST 1889, p. 18,
Tab. 3:23. -— Cosm. diplosporum: LUTREMULLER 1913, p. 227, Tab. 2: 27. N. CARTER
1920, p. 271, Tab. 10: 21. ALLORGE 1841, p. 355, Tab. 8:9 (c. zyg.). — Cosm. pseudo-
hibernicum: LUTREMULLER 1910, p. 492, Tab. 2:27. — Cosm. hibernicum: GRONBLAD
1920, p. 42, Tab. 5: 21, 22. — Cosm. viride: IRENEE-MARIE 1939, p. 182, Tab. 21: 16,
and Tab. 24: 14, and 1948, p. 173, Tab. 3: 7. — ?Schizospora pachyderma: REINSCH
1875, p. 87, Tab. 17: 1.

f. minus. Dim: 31—43 X 15—17. — Cylindrocystis americana var. minor: IRENEE-
MARIE 1839, p. 377, Tab. 66:1, 2. Cosm. quadratum f. cylindricum: EICHLER 1894,
p- 126, Tah. 2:15.
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{. majus. Dim: 102--150X 47—55. — Cylindrocystis diplospora ssp. major f. con-
stricta: WEST 1894, p. 4, Tab. 1:9a. Cylindrocystis diplospora var. major: WEST
1904, p. 61, Tab. 4:43. — Cosm. diplosporum var. majus: ALLORGE 1931, p. 355,

Tab. 8:10 ({c. zyg.). IRENEE-MARIE 1949, p. 255, Tab. 1:7. Skuvsa 1949, p. 122,
Tab. 26: 11 {var. majus!).

The pictures of this desmid show in front view 2 types: oneis slightly
guitar-shaped and the other almost cylindrical. The former is LUNDELL’S
type form. It somewhat resembles 4. viride but has a broader isthmal
part, more obtuse ends and, in most pictures, the internal apical papilla.
I have used this papilla as a distinguishing character against viride
and also against var. americanum. In the list above only IRENEE-MARIE’S
picture in 1939, Tab. 21: 16 has the shape and size of viride, while his
f. typicum is typical diplosporum.

A. diplosporum has, as viride, a lobo-stelloid chloroplast, described
by LUTKEMULLER and N. CARTER and unmistakeably depicted already
by LUNDELL.

The double zygospore, depicted by several authors, consists of two
squares with rounded, somewhat bulged angles. Skusa (1949) found
azygospores and zygospores of normal type, both formed by the
cylindrical type without apical papilla. The cylindrical type agrees
very well with:

var. americanum (W. et G. S. WEST) comb. nov. Dim: 52—064x22--26. Fig. 75.
-— Cylindrocystis americana: WEST 1898, p. 281, Tab. 18: 5, 6. CusHMaN 1904, p. 161,
Tab. 7:3. TAYLor 1934, p. 239, Tab. 45: 9. IRENEE-MARIE 1948, p. 47, Tab. 2: 17, —
Cylindrocystis diplospora: EICHLER 1893, p. 163, Tab. 10:32. Skuya 1949, p. 122,
Tab. 25:16, and Tab. 27:11, 12 (spor.). HOMFELD 1927, p. 43, Tab. 6:57 (spor.).
KRIEGER 1933, p. 70, Fig. 25 F.

f. minus nob. Dim: 31—40x14—18. I'ig. 76. — Cylindrocystis americana var.
minor: CUSHMAN 1905, p. 582, Tab. 26: 1. IRENEE-MARIE 1939, p. 37, Tab. 9:6, 7.
Cylindrocystis diplospora f. intermedia: SCAMIDLE 1894, p. 50, Tab. 7:9. Cosm.
illudens LUTKEMULLER mscr.,

f. majus. Dim: 88—103X43—48. — Cylindrocystis diplospora var. major:
W. WEsT 1892, p. 131, Tab. 20: 5. WEST 1904, p. 61, Tab. 4:42, and 1907, p. 190,
Tab. 13:1. —— Cosm. diplosporum var. majus: HOMFELD 1927, p. 43, Tab. 6: 58, 59.

The structure of the cell wall is not known well enough to establish
the placoderm character, but points of agreement with other desmids
transferred from Cylindrocystis to the Placodermae are enough to
assign it to Actinotaenium. Several scientists have depicted the porous
cell wall, e.g. WEST 1907, ALLORGE, SKUJA.

According to WEST, this variety is cylindrical with rounded ends
and has no apical papilla. The few statements of the dimensions hint
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a size somewhat smaller than A. diplosporum. The chloroplast is lobo-
stelloid.

LUTKEMULLER has (according to letters to NORDSTEDT in 1911 and to
G. S. WEST in 1912) studied a desmid of somewhat smaller size and
the same shape, although without isthmus-furrow, and laciniate stelloid
chloroplast, which he considered a new species: Cosm. illudens Fig. 79.
It forms double zygospores of exactly the same type as diplosporum
formed by four mother-cells. In his picture the apical papilla is lacking.
This desmid is here ranged in var. americanum f{. minus.

Of the pictures of A. diplosporum var. majus and f. intermedium,
some show the apical papilla, others do not. According to the proposed
division of this species they are assigned to diplosporum and var.
americanum.

Note about Penium didymocarpum LUND.

KRIEGER has (1934, p. 241) recommanded Penium didymocarpum to
be a synonym of Cosm. diplosporum. Didymocarpum, however, is a
true Penium according to LUTKEMULLER (1905, p. 337). After extended
studies on this genus, .. communicated (in a letter to G. S. WEST in
1911), that the cell wall of Penium didymocarpum has no pores but
longitudinal rows of small granula, visible after staining, quite as other
Penia. He also sent a picture of the microstructure of Penium poly-
morphum, didymocarpum, phymatosporum and his incurvum n.sp.
mscr. Thus, the uniting of didymocarpum with diplosporum must be
considered incorrect.

Unsufficiently known desmids probably belonging
to Actinotaenium.

cell wall, depicted by RACIBORSKI, G. S. WEST (1907, p. 108, Tab. 6: 3, 4),
WEST (1897 ¢, Tab. 8:6) confirms the placodermn character. No infor-
mation of the chloroplast is given, but PLayraImr (1907, p. 168, Tab.
2:5) recorded, under this name, a similar with slighily attenuate semi-
cells that has 6—8 lamellae and one great pyrenoid. On the other side,
PLAYFAIR (1914, p. 98, Tab. 3:2) found a dicentric f. crassius.

Penium bisporum TURNER (1892, p. 17, Tab. 1:10). This is only a
peculiar double spore with four adhering semicells and belongs to Cos-
marium according to KRIEGER (1933, p. 24).

Penium australe RACIBORSKI (1892, p. 7, Tab. 6:11). The porous
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Dysphinctium conicum TURNER (1892, p. 43, Tab. 1: 26) not identical
with Cosm. conicum WEST, here assigned to cucurbita var. attenuatun.

Dysphinctium dubium TURNER (1892, p. 40, Tab. 1. 2). The diagnose
is incomplete, nothing about the end-view or the chloroplast. SKuja
(1949, p. 122, Tab. 26: 15) has depicted it with a lobo-stelloid chloro-
plast. BErNARD (1908, p. 91, Tab. 6:121) has, with a ?, submitted a
Cosm. dubium n.sp. of a quile different kind. Diagnosis unsufficient.

Dysphinctium exile TURNER (1892, p. 40, Tab. 1:21%). The shape
suggests a small curtum.

Penium granulatum (BENNETT) WEST (1904, p. 87, Tab. 8:39) re-
miniscent in shape and size of SCHMIDLE’s Penium cylindrus var. sile-
siacum, here labelled as palangula var. silesiacum.

Dysphinctium inferum TURNER (1892, p. 40, Tab. 1:21) reminiscent
in shape of cruciferum, nothing about the chloroplast.

Cosmarium globosum BULN. p.p. This desmid was originally described
as biradiate and even triradiate (WILLE 1879, Tab. 13:41), but there
are also desmids of the shape of globosum in front-view, that modern
desmidiologists have described as quite circular in end-view. In the
cases where the chloroplast is described as stelloid or lobo-stelloid,
these desmids must be taken into consideration as belonging to Actino-
taenium. The desmids described by WEsT (1909, p. 29, Tab. 68: 1, 2),
IRENEE-MARIE (1939, p. 174, Tab. 21: 14}, BOURRELLY (1952, p. 220, Tab.
29: 533, 534), BorRGE (1894, p. 23, Tab. 12:20), INsaM und KRIEGER
(1936, p. 100, Tab. 5:10), SCHMIDLE (1893, p. 24, Tab. 6: 13) are examples
of this category. This point of view is also applicable to Cosm. sub-
arctoum, from which some forms have been transferred to cruciferum.

Cosm. hibernicum W. WEST (1892, p. 163, Tab. 21: 19). This desmid
is similar to viride in the shape but is twice the size. Most striking are
the irregularly disposed taenio-parietal chloroplasts. In WEsT 1909,
Tab. 74:21, W. WEST’s picture is retoushed with regularly disposed
chloroplasts. Probably the chloroplast is stelloid and erroneously inter-
preted. The desmid is found only in one locality. GRONBLAD’s supposed
hibernicum (1920, p. 42, Tab. 5: 21, 22) is in shape and dimensions
diplosporum.

Pleurotaenium minutum var. crassum W. WEST may contain transi-
tional forms to Actinotaenium, e.g. IRENEE-MARIE (1952 a, p. 21, Tab.
1:2) and (1952, Tab. 2: 11, 12) under the name of Penium crassum.

Cylindrocystis roseola TURNER (1893, p. 436, Fig. 18).

Penium pachydermum PLAYFAIR (1907, p. 166, Tab. 2: 6), Dysphinc-
tium Thwaitesii var. incrassatum f. tatricum GUTWINSKI (1909, p. 444,
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Tab. 7:12), Cylindrocystis diplospora (?) CEDERGREN (1932, p. 224,
Tab. 1:1). — The two latter are very similar in shape with their thick
walls (teratological?), they are reminiscent of cucurbita.

Cosm. Schomburgkii BORGE (1800, p. 21, Tab. 1:24) is a large des-
mid with semicells circular in fronl-view as in end-view and open
acute sinus. Nothing about the chloroplast. It seems to agree well with
turgidum var. subrotundatum.

Penium (?) sibiricum BoLDT (1885, p. 120, Tab. 6:43). Only the
tetraedrical zygospore with each angle ending in a short spine and
adherent semicells of the mother cells are found. It is very similar to
the zygospore and also to the semicells of Closterium navicula, compare
FrirscH and Ricu (1937, p. 165, Fig. 3 A). These authors state that
many of the specimens had broader and more truncate ends than usual,
a circumstance agreeing with BOLDT’s picture. KRIEGER (1933, p. 242)
declared it to be a Cosmarium.

Cylindrocystis diplospora var. stenocarpa SCHMIDLE (1898 a, p. 16,
Tab. 1:10). LUTKEMULLER (1913, p. 228) considered it a separate
species.

Penium subrufescens BORGE (1918, p. 13, Tab. 1:6).

Cosm. subpyramidatum (WEST) LUTK., see p. 409.

Cosm. subtilissimum G. S. WEST (1914, p. 1041, Tab. 22:45) is an
Actinotaenium of cucurbita-type but only 15 u long. The chloroplast is
single with an isthmal pyrenoid. Such a reduction occurs in small des-
mids, e.g. subtile.

Cosm. Thwaitesii (BORGE 1899 a, p. 762, Fig. 6) is a double-oval
desmid, circular in end-view, by BORGE'compared with cucurbitinum
var. scoticum W. WEST.

Rejected species.

There are also many species of the Dysphinctium-type that are similar
lo certain species of Actinotaenium. They can be ranged in three groups:

A. Those that have a deep or narrow sinus. They are dealt with in
the introduction.

B. Desmids of globoid shape and a faint, open sinus. In this group
there are several desmids with circular cross-section. Their pseudo-
omniradiate nature is reveiled by the chloroplast, dealt with in the
introduction and TEILING 1952.

Dicentric chloroplast occur for instance in Cosm. Rehmanii GUT-
WINSKI (1909, p. 449, Tab. 7:13), Cosm. Westii BERNARD (1908, p. 91,
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Tab. 6:120) and SkuJa (1949, p. 145, Tab. 26: 6, 7), Cosm. connatum
BREB. (in most figures broad ovale), Cosm. Printzii BORGE (1921, p. 16,
Tab. 1: 7).

Tetracentric: Cosm. pseudoconnatum NORDST., Cosm. alpestre ROy
et Biss. according to COSANDEY (1934, p. 453), Cosm. zonarium WEST,
it BERNARD's var. latius (1909, p. 40, Tab. 3: 56) belongs to zonarium.

C. Desmids of baculiform shape.

Cosm. Thuwaitesii RALFS has been the incorrect name of several des-
mids, now in Actinotaenium. 1t has a broadly oval end-view and is
dicentric (KLEBs 1879, Tab. 3, 5). Cosm. Debaryi ArciH. contains some
quasi-omniradiate forms with a small, open sinus. Cosm. gonioides
WEST is sometimes depicted as almost circular in end-view. Cosm.
anceps LLUND. has a front-view, almost exactly like 4ct. obcuneatum, il
has, however, a very characteristic biradiate end-view. Cosm. variabile
MASKELL (1888, Tab. 2: 15) is clearly biradiate.

D. Dysphinctium sparsepunctatum SCHMIDLE (1895, p. 348, Tab. 15:
1—6) is very similar to subtile but is according to the diagnosis elliptical
in end-view.

The figures are drawn after pictures from papers of the following authors:

BISSET: 4, 36. KRIEGER: 2, 20, 21, 32, 41, 43, 52,
BoRrGE: 8, 42. 59, 70.
BourreLLy: 3, 15, 31, 57, 71. LLUNDELL: 10.
CARTER: 65. LUTKEMULLER: 74, 76 (orig.), 78, 79.
CEDERGREN: 14, MANGUIN: 44.
CORDA: 56. MESSIKOMMER: 22, 38, 39, 46.
DELPONTE: 26. NORDSTEDT: 18, 35.
Dick: 19. NAGELI: 1.
ELFVING: 12, 45. RACIBORSKI: 50.
Frrrsce and RicH: 64. SCHMIDLE: 7, 48, 53, 54, 67.
GRONBLAD: b, 17, 37, 40, 60, 61, 77 SKUJA: 6, 25, 36.

(orig.). TAYLOR: 16, 34, 47.
GUTWINSKI: 13, 55. TURNER: 23, 73.
HuzgeL: 66. WEsT: 9, 11, 24, 27, 28, 49, 58, 62,
JOHNSON: 33. 63, 68, 69, 72, 75.
JosHUA: 29, 80. WoLLE: 51.

I owe Miss HANNAH CROASDALE and Dr. ROLF GRONBLAD my sincere thanks,
the former for the Latin diagnose and correcting the manuscript, the latter
for valuable informations.
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A new Species of Lepidozia from South Africa.

By SIGFRID ARNELL.

Giévle, Sweden.

Lepidozia spinosa -— nov. spec.

S. Africa: Cape Prov.: Table Mountain, Disa Gorge, ARNELL, n. 1078,
1097 etc. — Knysna, Deepwall forest, ARNELL, n. 1515, 1925 etc. Type specimen
n. 1515 (Riksmuseum, Stockholm).

Dioica, viridis, in solo humido vel in cortice repens. Caulis usque
25 mm longus, remote pinnatus, pinnis attenuatis. Folia caulina con-
tigua, recte patula, asymmetrica, breviler tri—quadrilobata; lobis tri-
angularibus, basi 3—4 cellulas latis, cellula apicali longa, hyalina, in
angulo 90° divergente; disco brevi. Cellulae 10—12(—18) u, cellulae
basales majores. Amphigastria parva, tri——quadrilobata, lobis uniseria-
tis; cellula apicali longa, hyalina. Perianthia in ramo brevi postico
terminali posita, fusiformia, profunde quadrilobata; cellula apicali
longa, hyalina. Capsula oblonga. Sporae 10 u, brunneae, laeves. ILlateres
bispiri, 5—6 <200 u.

Dioicous, dark-—pale green. on wet soil rich in humus or on decaying
bark. Stem up to 256 mm long, about 60 w in diameter, pinnale, branches
projecting at 45—90° to the stem, wilh long leafless or microphyllous
stolons. Leaves approximate, somewhat concave, asymmetrical, 5——7
lobed. Ventral (upper) lobes triangular, short, base 3—4 cells wide,
dorsal lobes 2—4, 2—3 cells long and one cell wide, all lobes with a
long hyaline apical cell, generally at right angles to the axis of the lobe
and directed towards the apex of the shoot. Discus broad, at the base
of the upper lobe usually an obtuse tooth or shoulder. Insertion trans-
versal in the dorsal portion, in the lateral portion oblique at about 30°
to the axis of the stem. The leaf nearest below the exit of the branches
smaller and consists usually of the 3—4 short dorsal lobes, occasionally
also 4—5 lobed with one or two larger lateral (ventral) lobes. Cells
10—12(—18) u, basal cells larger. Amphigastria small * patent, 3-—4-
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Iig. 1. Lepidozia spinosa S. ARN. — a Fragments of shoots in dorsal (left) and
ventral view (right). — d Amphigastria. — f Bracts.
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I'ig. 2. Lepidozia spinosa S. ARN. — b Lateral lobes of a leaf from a branch. —
¢ Ditto from the stem. — e Female organ with perianth. — g Spores.

lobed, lobes uniseriate and frequently with a hyaline apical cell. Female
organs on short ventral branches. Bracts in 1-—2 pairs, inner bracts
deeply 4-lobed, lobes dentate, with a long apical cell. Perianth longly
ovate, pluriplicate almost to the base, mouth dentate with ciliate teeth.
Calyptra thin. Sporogonium ellipsoid. Spores 10 p, brown, smooth, with
1-—2 large chloroplasts. Elaters bispirate, 5—6 p wide and up to 200 u
long. Male organs not observed.

This species holds an isolated position in the genus and I propose a
new subgenus for it, Apiculo-Lepidozia, characlerized by long apical
cells of the leaves and amphigastria, and by the shape of the insertion
line of the leaves as described above.
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Smérre uppsatser och meddelanden.

Nagra anmirkningsvdrda grasfynd.

Under en exkursion lings stranden sdderut fran Timmernabben i Alems
socken av Kalmar lin den 3 juli 1954 fann jag i Alsteran Leersia oryzoides
{L.) Sw. Den vixte invid Ostra stranden nira dmynningen. Nigon klar upp-
fattning av: bestindets storlek var svir att &, eftersom endast bladen av de
nirmast stranden viixande exemplaren nadde Over vattenytan. Da artens ut-
bredning nyligen varit féremdl for utforlig behandling i denna tidskrift (av
AsTA LUNDH 1942 och av HELGE RickmaN 1947) dro kommentarer till fyndet
overflodiga.

Ammophila arenaria (L.) LINE patriffades av mig den 2 september 1945
vid Sandviken pa Jirflotta i Osmo socken, Sédermanland, och den 26 augusti
1951 pa Natard i Uté socken, déir den vixer vid bide Stora och Lilla Sand.
Fynden dro omnimnda av HYLANDER i Nordisk Karlviixtflora (Stockholm 1953,
s. 311) och ay ALMQUIST i Natur i Sédermanland (Géteborg 1952, s. 825 och
skulle alltsd kunna anses tillriickligt offentliggjorda och ej behdva ytterligare
omnamnas.

Emellertid dro fyndomstindigheterna sidana, att niagra kommentarer torde
vara lampliga. Arten ir sannolikt en nyinvandrare i Stockholmstrakten. Fran-
sett ett adventivfynd vid Sandhamn omkring 1890 och ett vid Djupe 1 Bergsjo
socken, Hilsingland, var den ej kind fran ostkusten norr om Blekinge forrin
pd 1930-talet, di den pitriffades pd Ald i Utd socken (Stockholmstraktens
Vixter, 2. uppl. s. 19), dir den viixer pd stranden av viken pa ons syddstsida.
Vikens strand ar av utskjutande berguddar uppdelad i flera bigformade san-
diga partier. P4 det yttersta pA nordostra sidan funnos vid mitt férsta besok
den b aug. 1934 nigot 10-tal tuvor av Ammophila; {6r dvrigt eftersokties den
forgdves langs stranden. Ett par ar senare var situationen oférdndrad, men
vid ett besok den 26 september 1954 befanns den ha spritt sig hogst betydligt
och bildade nu ett 150 m lingt och 5—10 m brett bestind lidngs stranden.
Elymus arenarius var sa gott som fullstindigt undantringd. P4 de 6vriga
sandiga strandpartierna lings viken funnos enstaka tuvor.

De bada Nataro-lokalerna besokte jag 16 aug. 1934 utan att antriffa Ammo-
phila. Till mitt forfogande hade jag di, som ofta vid exkursioner i skirgarden,
endast en knappt utmétt tid mellan landstigning p& en brvgga och avfird fran
en annan, varfér den floristiska inventeringen ej kunde bli si grundlig som
onskvirt. Emellertid saknas Ammophila dven i en forteckning pa sillsynta
ixter, som docent STEN SELANDER ar 1923 antriaffade pa Natard. Denna lista
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Fig. 1. Ammophila arenaria {I..) LINK i Stockholmstrakten.

Utom pé de 4 pd kartan markerade lokalerna funnen en ging vid Sandhamn, till-
falligt inkommen med barlast omkring 1890. — Kartan fig. 1 godkénd fér publicering
i rikets allménna kartverk den 14 december 1954

stilldes av finnaren godhetsfullt till mitt férfogande, di Stockholmstraktens
Vixter redigerades. Det dr mycket osannolikt, att ingen av oss skulle ha sett
Ammophila, om den funnits déir vid tiden for vara besok, i synnerhet som vi
bada funnit den vida mindre ibgonenfallande Elyirigia juncea vid Stora Sand
(sdkerligen =SELANDER’s Ostra Sand enl. ex. i Riksmuseets herbarium). Endast
nagra fi men kraftiga Ammophila-tuvor sigos 19561 pa vardera av de bida
Natard-lokalerna.

P& Jarflotta fann jag 1945 en ej sirdeles stor men rikt vippbéirande tuva av
Ammophila arenaria. Ar 1929 hade jag gjort en mycket ingdende inventering
av Ons flora, framfor allt av sandstrindernas, utan att finna arten, varfér den
hir méste ha vandrat in under mellantiden. Vid senare besok har jag dtersett
den ursprungliga tuvan och dessutom funnit ett par mindre, helt sterila. Vid
det senaste (1949) befunno sig alla tuvorna i ett mycket daligt skick, och det
ir tvivelaktigt, om de alltjimt finnas kvar.

Av den rika flora, som jag fann 1929 (Selaginella, Salsola, Cakile, Lathyrus
maritimus etc.) fanns 1949 ej mycket kvar. Alla de 4 nimnda arterna hade
férsvannit, och Carex arenaria ochi Atriplex litoralis ha helt tagit 6verhand.
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(Den sistndmnda fanns dér redan 1929, liksom dven pa sandstrinderna pa
Tord. Att endast Stockbonéis udde ndmnes under Sodertérnsomradet i Stock-
holmstraktens Vixter, beror pa ett férbiseende.)

Den nidrmast de nimnda lokalerna beligna plats, dir Ammophila férekom-
mer, ir s vitt kdnt Gotska Sanddn. Det ligger niira till hands att antaga, att
den invandrat darifran. Avstindet dit @r 80 km, bade Alo-lokalen och Nétard-
lokalerna vetta mot sydost eller 6ster och Oppna havet, och sydostliga vindar
iiro ej sillsynta. Sannolikast 4r kanske, atl rhizombitar drivit 6ver och givit
upphov till de forsta tuvorna. Artens rika férekomst pa Gotska Sanddén &r
betingad av inplantering, jfr ARWIDSSON i K.V.A. Avh. i Naturskyddsidrenden
N:o 1 (1938) s. 36. Nagon anledning att antaga, att Ammophila skulle vara
inplanterad pa Alé och Nataré finnes cj. Sandviken pa Jirflotta ligger mera
skyddad for vindar fran 6ppna havet, men éir dock 6ppen mot soéder. Naturligt-
vis kan en rhizombit av en tillfdllighet ha drivit dit.

Elytrigia juncea (L.) NEVSKI ssp. boreoatlantica (SiM. & GuiN.) HyL. finnes
pa AlG invid det stora Ammophila-bestandet. Den sigs ej alls 1934 och ar 1954
endast i sterila exemplar. Aven pd Nitard och vid Drumbudd pi Uts har jag
endast sett den steril, SELANDER’s ovan nimnda Nataro-exemplar ha dédremot
ax, och vid Sandhamn ér den flera ginger sedd axbédrande och tycks alltsa
trivas dér. Det forefaller egendomligt, att Ammophila ej lyckats sétta sig fast
pa Sandédn.

Vid Stenshuvud (Sédra Mellby socken, Skane) patriffade jag den 7 julii ar
ett bestind av Hordelymus europaeus (L.) HARZ i en Carpinus-dunge invid
den vig, som fran den sydostligaste garden i Svinaberga by leder ned mot
sandfiltet soder om berget. Ett tjugotal fertila stran funnos pa en yvta av nagra
kvadratmeter. Lokalen ligger utanfér det fridlysta omradet.

Arten i fraga édr i Skane tidigare kéind endast fran Réddingedalens nordsida,
dir den forekommer inom Roddinge och Sovde socknar i bestind, av vilka
dtminstone ett par fro ojamforligt rikare dn det vid Stenshuvud. For 6vrigt
ar den i Sverige kind frin ett litet omrade pa Gotland (se HYLANDER, Nordisk
Kirlvaxtflora s. 382; 9 lokaler uppges i litteratur och pa herbarieetiketter, flera
av dem ligga emellertid mycket néira varandra eller dro majligen delvis iden-
tiska), vidare 6 lokaler pa Oland (5 pa mellersta Oland, dirav 2 vid Borgholm
mindre én 1 km fran varandra, och 1 i Béda nira 6ns nordspets), 1 i Smalands-
delen av Kalmar lin, 2 i Sédermanland och ej mindre in 9 1 Uppland, dirav
5 i Mdja inom ett litet omrade, vilket dock ir storre fin det, som rymmer 5 av
de gotlindska lokalerna.

Hordelymus har alltsi en anméirkningsvirt stor frekvens i den nordligaste
delen av sitt utbredningsomride. I Danmark finns den pa manga lokaler, rik-
ligast pa sodra delen av Jyllands 6stkust (se HYLANDER’s Flora och ITULTEN’s
Atlas, karta 274), i Norge och Finland saknas den. Utanfor vart floraomrade
ir den utbredd mot vister till Skottland och Irland, franska Atlant-kusten,
Pyrenéerna, mellersta Spanien, 4t soder till Algeriet och Mindre Asien och at
oster till Kaspiska Havet och 6vre Volga. Utbredningen &r ojiamn och har
manga luckor.

ERIK ASPLUND.
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Potentilla anglica XP. erecta i Vidstergditland.

Sensommaren 1952 upptickte undertecknad hybriden mellan Potentillu ang-
lica och P. erecta pi tva lokaler i Bjorketorps socken i sydviistra Vister-
gétland.

Pa den ena lokalen, som var skuggig och relativt fuktig, viixte gles granskog
med en undervegetation av bl.a. mossor, Potentilla erecta (rikligt), Melam-
pyrum silvaticum, Goodyera repens och Listera cordata (sparsamt).

Denna hybrid var storvuxen med revor pd upp till 8 dm:s langd. Stjilk-
bladen, av vilka endast ett var 5-fingrat, voro grovt och vasst sfigade. Spets-
tanden pa de flesta uddbladen var langt framskjuten, paminnande om stora
P. erecta-blad. Det 5-fingrade bladets skaft var 2,5 em, medan de 6vrigas holl
sig mellan 0,5 och 1 em.

Den andra lokalen, ett par km fran féregdende, utgjordes av en starkt sol-
exponerad griskant, beligen mellan en landsvig och en girdesgird. Férutom
hybriden insamlade jag didr ocksa Potentilla anglica, som forekom i ett flertal
individ tillsammans med P. erecta.

Hos denna hybrid voro kronorna 5-taliga. Fér ovrigt var vixten liten, endast
omkring 28 c¢m hog. Samtliga stjilkblad voro 3-fingrade och Overensstimde
nirmast med blad hes P. anglica.

ELoF CARLSSON.

Amscottia Gronbl. — Nom. nov.

A correction to the article “A new Genus and a new Species among the Des-
mids” by R. GRONBLAD and P. KaLro. — Botaniska Notiser 1954, Hiifte 2.

Since it has come to our knowledge that the name “Scottia” of a new genus
of the Desmidiaceae, published by the author, is a homonym, another genus
bearing the same name — Scottia R. Br. 1812 (Papilionaceae) —- and having
been previcusly published, the name created by us is not valid and must be
rejected. (Internat. Rules of Botan. Nomencl., Art. 60).

Thus the name Amscottia GRONBL., nom. nov. — derived from A, M. ScorT —
has to replace “Scottia GRONBL. 1954” with the diagnosis unchanged. Accord-
ingly the new species “Scottia mira GRONBL.” is to be called Amscottia mira
GRONBL., nov. comb. with the diagnosis unchanged.

RoLF GRONBLAD.
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partier av tetraploid rag (Dubbelstalrag). KLT 92, 417—427. Summary
426.

— Kérnansatsen hos Dubbelstalrag vid odling i grannskap av diploid rag.
SUT 63, 63—69. Summary 69.

HAGsAND, E., Den kemiska ogriasbekimpningen i spénadslin. Lin. Dansk-
svensk Hertidsskrift 7, 17--24. Summary 23-—24.

HepIN, L., Recherches sur I’écologie des prairies francaises: Un essai de classi-
fication. PBC, 165—167.

vON HorsTEN, C. G., . Ogrisbekimpning. Utgiven av LTK och Radiotjinst.
Kristianstad. 122 s.

JACOBSON, G., Bekdmpning av ogris, buskvegetation och birris med hédnsyn
till risken fér skada pd bin och humlor. SV Vixtskyddsnot., 28--30.

-— QOgrésbekdmpning i oljelin. Skdnes oljevixtodlareférening 1943—1953,
Kristianstad, 64-—97.

JosEFssON, A., Forddlingsarbeten med gummimaskros. SUT 63, 283-—385.
English summary 380-—384.

—  Tetraploida rovor, féridling och forsék vid Sveriges Utsiddesforening.
SUT 63, 1656—180. Summary 179—180.

JuLeN, G., Forsék rorande spridningstidens inverkan pa kvivegddslingens
effekt pa avkastning och raproteinhalt hos timotej. SUT 63, 440—468.
Summary 466—467.

Kirrian, C., Nouvelles observations sur les conditions édaphiques et les réac-
tions des plantes indicatrices dans les reserves de paturages de la région
alfatiére algérienne. PBC, 172.

Larson, C., Kvavegddslingsforsék i sockerbetor. Stat. Jordbruksfors. Medd.
nr 45, 43 s., summary 40—43.

NicHoras, D. J. D., The use of Aspergillus niger (Mulder's M strain} for the
determination of mineral nutrients in soils and plants. PBC, 196—198.

NiLssoN, R., EMiLsson, B., och LirtLieroTH, C. G., Behandling av matpotatis
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med groningshdmmande medel. Nya foérsok 1952—1953. Forsék och
forskning 10, 77—79.

NILSSON-LEISSNER, G., Baljvixternas betydelse for markens bordighet. Grund-
forbattring 6, 177—188.

— Introduktion av vaxtmaterial fran frammande linder. Fragan belyst
med baljvéxtarterna som exempel. KLT 92, 379-393. Summary 393.

NYGREN, A., Nya végar i groeforidlingen. Sv. Jordbruksforskn., 50--56.

OprPENHEIMER, H. R., Plant reactions as indicators of irrigation requirement.
PBC, 172—173.

OsvaLp, H., On antagonism between plants. PBC, 167—171.

PAATELA, J., Inventering av finska slattervallar. Nord. Jordbrugsforskn. 35,
100-—107.

PHiLipson, T., Boron in plant and soil, with special regard to Swedish agri-
culture. Acta Agricult. Scand. 3, 121—242. (Aven diss. Uppsala, Lant-
brukshogsk.)

Prauvr, M. Die Anwendung von Aethylendibromid als Schutzmittel fiir die
Aufbewahrung von Saat und Getreide. PCB, 205—206.

- Die Einfiihrung von Sommerroggen als landwirtschaftliche Kultur in
Israel. PBC, 154—155.

PoeHLMAN, J. M., Breeding winter barleys for hardiness and disease resistance.
PBC, 202—203.

Rarpg, G., Nitrification in eight farm soils. Oikos 4(: 1), 28—43.

-— Seasonal variations in some properties of arable soil. I. Variations in oat
plant-producing capacity. Plant and Soil 4, 197222,

REGEL, C., Pflanzenrohstoffe als botanisches und landwirtschaftliches Problem.
PBC, 151—152.

SELERUD, A., VAarfrostens skadegérelse pA héstoljevixterna. Sv. Frétidn. 22,
33—37.

St. Jonn, H., Origin of the sustenance plants of the Polynesians. PBC, 152
154.

SVANBERG, O., Minor elements in pastures and their relation to animal nutri-
tion in Sweden. PBC, 196.

TorssSELL, B., Nagra studier 6ver genotypisk och fenotypisk variation hos
dkerbruksvixterna och dess betydelse for odlingsvirdet. SUT 63, 416—
439. English summary 438--439.

TorsseLL, R., ARERBERG, E. och TORSSELL, B., Nigra resultat fran for-
ddlingen av lusern vid Sveriges Utsddesforenings Ultunafilial. KLT 92,
164—184. Summary 182—183.

WaHLEN, F. T., Plant sciences and world husbandry. PBC, 34—42.

WEXELSEN, H., och JULEN, G., Nyare erfarenheter om polyploida kloverstam-
mar. Nord. Jordbrugsforskn. 35, 95—97.

WayTte, R. O., The physiclogical nature of a herbage plant. PBC, 162—165.

WIKLANDER, L., Kalkproblemet — Né&gra tillrattaligganden. Grundférbéattring,
235—246.

Wooprorp, E. K., The assessment of relative toxicity and the evaluation of
selective herbicides. PBC, 186—190.

ABERG, E., Biology of weeds and hormone weed killers. PBC, 182—184,

— Ogriaskampen inom jordbruket. Sv. Jordbruksforskn., 5H7-63.
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5. ARERBERG, E., Satidsforsok med héostoljevixter. Sv. Jordbruksforskn., 66—74.
. ASLANDER, A., Lime and agricultural plants. A discussion of the problem in its

bearing on plant ecology. PBC, 264—265.

Se dven nr 160, 170, 250, 254, 265, 299, 314, 334, 381, 386, 392, 393, 398, 404,
405, 421, 545, 595, 596, 607, 608, 610, 613, 619, 631, 641, 648, 840, 874,
974.

2. Skogsbotanik.

AICHINGER, E., Vegetationsentwicklungstypen als Grundlage unserer land- und
forstwirtschaftlichen Arbeit. PBC, 312-—-313.

. AMINOFF, F., Naturvird i statens skogar i Skane. Skanes Natur 40, 119—156.

ANDERSSON, S.-O., Om tidpunkten fo6r den arliga diametertillvixtens avslu-
tande hos tall och gran. SS Medd. 43:5, 1—27. Summary 26.

ARNBORG, T., Det nordsvenska skogstypsschemat. 3:e omarb. uppl. Stockholm,
20 s., 4 pl.

— Tallen. VT, 40—73.

. BJORKMAN, E., Om orsakerna till granens tillvixtsvarigheter efter plantering i

nordsvensk skogsmark. NST, 285—316. Summary 313—315.

. BorneBusch, C. H. (1), Boken. VT, 145-—162.

BURGER, H., Der Einfluss teilweiser Entnadelung auf den Zuwachs von jungen
Schwarzféhren und Fichten. PBC, 311—312.

5. BACESTROM, H., och WELANDER, E., En undersékning av remissionsférmagan

hos blad och barr av olika tradslag. NST, 141—169. Summary 166—168.
CARBONNIER, C., Kontinentgranen. Diskussionsinldagg. SST 51, 148—150.
CHApMAN, V. J., and Mirams, R. V., Natural regeneration in the Kauri. PBC,

309.

DAHLBECK, N., Almarna. VT, 206—217.

. Davip, R., L’utilisation des »Hormones de Synthése» pour la protection de la

ferét landaise contre I'incendie. PBC, 310-—311.

. ENECRANTZ, G., Skogstriden kring Kalmar. Det gronskande Kalmar, 137—151.

ERrRLANDsSON, U., Bidrag till kinnedom om heddegenerationen i 6vre Dalarnas
tallskogar. SST 51, 275—295.

FALL, E., Skogstridens fruktsiatining ar 1953. SS Flygbl. 68, 12 s.

GAUSSEN, H., Les foréts des Pyrénées francaises. PBG, 290.

HAGBERG, E., Malmohus lidns skogar enligt de béda riksskogstaxeringarna.
Medd. fr. Malmdhus lins skogs- o. betesvardsfor. 2, 7—13.

HEIBERG, S. O., and WHITE, D. P., Potassium deficiency of reforested pine
and spruce stands in northern New York. PBC, 250—251.

HEIMBURGER, C., The breeding of white pine (Pinus Strobus L.) in Canada.
PBC, 307.

Huss, E., Om behandling av barrtridens kott och fré. SST 51, 230-—241.

— Tall- och granfréets grobarhet 1952. Skogen 40, 9¥—10%.

HusticH, I, Hur méinga trédarter finns det i Norden? VT, 244-—-248.

HYLANDER, N., Targranar. Nigra ord till en bild. Lustgarden 33—34, 119—122.

JACOBSON, G., Buskbekdmpning med kemiska medel. NST, 191-—241. Summary
228—231.

JoHNnssoN, H., Development of triploid and diploid Populus iremula during the
juvenile period. Zeitschr. f. Forstgen. u. Forstpflanzenziicht. 2, 73—77.
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Jounsson, H., Hybridaspens ungdomsutveckling och ett forsok till framtids-
prognos. SST 51, 73—96.

— Species hybrids in forest tree breeding. PBC, 302—303.

Jonnsson, H., KIELLANDER, C. L., och STEFANSSON, E., Kottutveckling och
frobeskaffenhet hos ymptriad av tall. SST 51, 358—389.

KARLBERG, S., Om behandling av tall- och granfré i groningsstimulerande syfte.
K. Skogshogsk. Skrifter 11, 42 s. Summary 39.

KIELLANDER, C. L., Induced and natural polyploidy in Picea Abies (L.) Karst.
PBC, 303--304.

— Kontinentgran. Skogen 40, 46¥—48%,

— Kontinentgranen. SST 51, 130—147.

—  Om kontinentgranen. Hiardighet, rasforddling och fréférsorjning. Sv.
papperstidn. 56, 900-—919, 941—954. Zusammenfass. 950—953.

Kurara, V., On the geographical dislribution of forest types. PBC, 292--293.

L.AGERBERG, T., Alarna. VT, 135—144.

— En och idgran. VT, 218—225.

LanGrLET, O., Die praktische Verwertung der Provenienzversuche in Schweden.
PBC, 306—306.

-— Nagra data fran det internationella granproveniensférsoket av 1938 i
Sverige. Skogen 40, 238—239, 244--245.

Leyron, L., The growth and mineral nutrient relationships of trees growing
on Calluna dominated sites. PBC, 251—252.

Linpouist, B, Bjorkarna. VT, 108—125.

—  Loénn och lind. VT, 196—205.

LinprotH, S., Tallens froproduktion i Norrbotten. SST 51, 29%—42* (Fran
skogsvardsstyrelsernas arbetsfdlt 1953: 3.)

MATHIESEN, A., Some observations on the defoliation of trees. AHB 16(: 8),
241—255.

MOLLER, C. MAR., Tyndingens indflydelse pd massetilveeksten. 1I. SST 51, 1—14.

NizLsgN, P. C., Experiments with controlled pollinations within the genus
IFagus. PBC, 301-—302.

NORBORG, F. v., Skogarna pa Dal. Nat. i Dls., 80—90.

NORDSTROM, L., A method of stimulating the germination of pine seed (Pinus
silvestris). Skogshégskolan 125 ar. K. Skogshogsk. Skrifter 12-—19, 91—
108. Sammanfattn. 107.

— Klangning av svarklingd tallkott. NST, 1—19.

~—  Var forsorjning med tallfré med sdrskild héansyn tagen till Norrlands
hojdldgen. NST, 20—84.

NYLINDER, P., Volymviktsvariationer hos planterad gran. SS Medd. 43:3, 1—
44, Summary 40—42.

OLoFsoN, A., Om de svenska bjérkarternas morfologiska variation och skog-
liga vérde. Del 1. Sv. papperstidn. 56, 785798, 818--839. Summary
837—839.

PATERSON, S. S., Trans skogstillgdngar. SST 51, 4056—413. Summary 413.

PAULEY, S. S., Work of the Cabot Foundation. PBC, 304.

PETRINI, S., Intérét simple ou intéréts composés dans le calcul de la crois-
sance. Skogshogskolan 125 ér. K. Skogshogsk. Skrifter  12—19, 356—42.
Sammanfattn. 42,
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. PLym FORSHELL, CHRISTINA, Koltens och [rbets utbildning efter sjalv- och

korsbefruktning hos tall (Pinus silvestris L.). SS Medd. 43:10, 1-—42.
Summary 24—27.

. RANCKEN, T., Asken. VT, 179—195.

REGEL, C., Ist der Wald eine Landschaft oder ein Pflanzenverein? PBC, 293-—
294,

. RoBAxk, H., Growth check in young spruce on heath in western Norway. PBC,

252--253.

VON DER SCHULENBURG, A. F., Islands skogliga problem. SST 51, 296—301.

— Provenienzfragen bei Zellstoffhélzern. PBC, 306-—307.

SIMAR, M., Beziehungen zwischen Samengrésse und Samenanzahl in verschie-
den grossen Zapfen eines Baumes (Pinus silvestris 1..). SS Medd. 43:8,
1—15. Summary 15. Sammanfattning 15.

—- Uber die Samenmorphologie der gemeinen Kiefer (Pinus silvestris L.j.
SS Medd. 43:2, 1—32. Summary 29. Sammanfattning 29—30.

SIMAK, M., och GUsTAFssON, A., Ronigenfotografering av skogstridsfro. Skogen
40, 58*—61%.

SIREN, G., Granen. VT, 74—107.

SIOSTROM, H., Hamra revir och kronopark. NST, 595--613.

STEFANSSON, E., Nigot om problem vid insamling och klingning av tallkott.
I—1I1. Skogen 40, 12—15, 6*—8%*.

— Prelimindra resultat av proveniensférsék med gran utlagda av Kram-
fors AB. NST, 335—366.

— Skogarna i Angermanland och Medelpad. Nat. i Ang., 102—115.

STRIDSBERG, E., Sammansatt rénta vid tillvixtprocentberikning i flerdriga
perioder. Skogshoégskolan 125 ar. K. Skogshogsk. Skrifter 12—19, 43—52.
Zusammenfassung 50-—52.

STAAL, E., Nigra synpunkter pa ekens utvecklingsméjligheter i blandbestand.
SST 51, 1*—6*. (Fran skogsvardsstyrelsernas arbetsfilt 1953: 1.)

SYLVEN, N., Aspen. VT, 126—134.

——  VAara smatrad. VT, 226—243.

SYRACH-LARSEN, C., Tree displays. PBC, 300—301.

TamM, O., Hamra revir. Naturbeskrivning. Skogstyper. NST, 579-—593.

TIREN, L., Jamforelser mellan olika sidddmetoder. SS Medd. 43:9, 1—83.
Summary 73—383.

TUXEN, R., Uber den Stand der forstlich-soziologischen Kartierung in Deutsch-
land. PBC, 291—292.

WEeImMARck, H., Ekarna. VT, 163—-178.

v. WETTSTEIN, W., Uber die Bliitenbiologie unserer Waldbiume. PBC, 309—

310.
VoOGEL, K., Forsok att uppritia en skogsodlingsfacit fér norra Sverige. NST,
411—425.

AKEBRAND, V., Redogorelse for 1952 Ars frotiktsinventering m.m. inom delar
av Géavleborgs lin, Kopparbergs ldn och Jimtlands lin. Medd. nr 58 till
Sillsk. f. prakt. skogsfériddl. ledam. Stenc. Uppsala.

Se dven nr 99, 155, 248, 267, 583, 592—904, 638, 661, 663, 664, 832, 834, 871,
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3. Hortikulturell botanik.

AnJou, K., Vinterskador pa édpple- och pérontrid vid Balsgard 1953. PFA 54,
139—147. Summary 146—147.

— Varfrostskador hos dpple och piron vid Balsgard 1953. PFA 54, 66—78.
Summary 77—78.

BAvENDAMM, W., Uber die Méglichkeiten einer kiinstlichen Zucht von holz-
und humusbewohnenden Speisepilzen zur Gewinnung von Eiweiss und
Heilmitteln. PBC, 314—315.

BERGGREN, SonJA, Flickskolans triadgard. Det gronskande Kalmar, utg. av
Kalmar naturvet. sallsk., 61—68.

BERGSTEN, K., Naturaliserade vixter i Stadsparkens viaxthus. Det gronskande
Kalmar, 36—45.

BOUILLENNE, R., La sexualisation du Fraisier des qualre saisons a fruits
rouges. PBC, 200—201.

ENGSTEDT, G., Pomologiska strovtag i Kalmarbygder. Det gronskande Kalmar,
46—D55.

ERLANDSON, M., Stadsparken — en botanisk framlingslegion. Det gronskande
Kalmar, 1335, 1 karta.

ErLANDSSON, N., Vinodling pa friland. Det gronskande Kalmar, 88—96.

FERNQVIST, 1., Frostskador p& frukttrid i ovre Norrland. PFA 54, 153—157.

FoGgeLqQvist, N., Liljor i gamla Kalmar-triddgardar. Det gronskande Kalmar,
79—87.

GELIN, O., och MaATTssON, H., Fortsatta fors6k med belysning. Weibulls Alle-
handa 1953: 1, 4—5.

GRANHALL, L., Frost resistance problems in fruit tree breeding. PBC, 201-—202.

— Kan d#ppelskorven bemistras genom vixiforadling? PFA 54, 17—28.
Summary 27.

HENRIKSSON, L. E., och SVENSSON, E., En Laelio-Cattleya uppdragen ur fro i
Uppsala. SBT 47, 119—122.

Jouansson, E., Kaligodslingsfors6k med appletrid vid Alnarp 1937—52. Medd.
fr. Stat. Tradg.-férs. 82, 11 s., summary 10, resumo 11.

JOHANSSON, E., LuNDSTEDT, H., och BERGELIN, E., G6édslingsforsok med dpple
vid Ekerum och Ugerup 1941-—1951. Medd. fr. Stat. Tridg.-f6rs. 78, 20 s,
summary 18—20, resumo 20.

MEuURMAN, O., Trials with »Spindelbusch» apple trees in Finland. Acta Agri-
cult. Scand. 3, 292—306.

MULDER, D., The distribution and causes of nutritional diseases of fruit lrees
in the Netherlands. PBC, 193—194.

NILSSON, R., Gaslagringsfors6k med applen och péron. Fruktodlaren, 159—160.

OLDEN, E. J,, Frostskador hos korsbarstradens blommor. Fruktodlaren, 108—110.

—  Frysningsforsok med dpplegrundstammar. PFA 54, 122—131. Summary
130—131.

~—  Hur drver Amaryllis? Tridgardstidningen 1953: 11, 14—15 o. 24.

— Vixtforadlingsarbeten med #pplegrundstammar. PFA 54, 40—57. Sum-
mary 55—56.

REUTERSWARD, G., Vildflor och triadgirdsblommor. Stockholm. 230 s.

SYLVEN, N., Arboretum Ekebyhof. Lustgarden 33—34, 53—60.
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SYLVEN, N., Nagra dendrologiska anteckningar fran Hollandsresan 1951. Lust-
garden 33--34, 101—118.

Vipver, E., Virkningen av 24D og 2M—4 K pa 25 lignoseslag. Nord. Jord-
brugsforskn. 35, 3--17. Summary 16.

WikeSIO, K., Mullbér, fikon och ruiner. PFA 54, 58—65.

OsTLIND, N., Kemisk kartgallring. PFA 54, 110—121.

Se @ven nr 160, 255, 312, 332, 403, 437, 634, 666, 770, 1051, 1038, 1043.

4, Medicinsk och farmaceutisk botanik.

DANIELSON, U., Medicinalviixter i vara trakter. Det gronskande Kalmar, 152—158.

EmMoNs, C. W., The natural occurrence in animals and soil of fungi which
cause disease in man. PBC, 416—421.

Frisk, A., and HEDENIUS, P., The histoplasmin test as a diagnostic aid in
obscure pulmonary affections. PBC, 421—422.

MAURIZIO, ANNA, Bienenvergiftungen mit pflanzlichen Wirkstoffen. PBC, 190—
192,

Se dven nr 284.

Vixtgeografi (med floristik), ekologi.

Accorsyt, W. R., Biology and ecology of the Podostemonaceae of the Piraci-
caba Fall. PBC, 681—682.

AHLNER, S., Om Angermanlands lavflora. Nat. i Ang., 191—196.

ALEEM, A. A, Ecology of marine littoral diatoms. PBC, 831.

ALLAN, H. H., Classifying vegetation for the geographer. PBC, 653.

ALLEGARD, T., Glimtar fran Haverd. Nat. i Ang., 378—390.

ALMBORN, O., Some aspects of the sociology of epiphytic lichen communities.
PBC, 815—816.

ArmqQuist, E., och HAMRIN, A., Gagea spathacea i Vistmanland. SBT 47,
388-—389.

ANDERSSON, L., och SJOGREN, J., Héstefjorden, ett sjosankningsforetag. Nat. i
Dls., 277—285.

ATKINS, W. R. (., Chemical evidence on the abundance and botanical com-
position of the marine phytoplankton. PBC, 262—263.

. BArkMAN, J. J, Some proposals for a phytosociological nomenclature. PBC,

662—666.

BARTLER, E., Ulvbarna och Gniiggen. Nat. i Ang., 263—271.

BarTRAM, E. B., New Caledonian mosses collected by Dr. O. H. Selling. BN,
197—2063.

BENSON, L., Relationships of the Ranunculi of the Continental Divide and of
the Pacific and Eastern Forests of North America. PBC, 862—863.

BERGGREN, SONJA, Mitt bidsta svampstille. Det gronskande Kalmar, 132—136.

. BERGVALL, F., Orkidéiingarna i Gidedberg. Nal. i Ang., 209—215.

BrARUCHA, F. R., and DuBasH, P. J., The problem of nitrophily. PBC, 681.

Boyko, H., Regeneration problems of the vegetation in arid zones. PBC, 678.

BRAUN-BLANQUET, J., Le classement des unités végétables. PBC, 651—653.

Brian, P. W., Curtis, P. J.,, and JErrerys, E. G., Antibiotics produced by
fungi isolated from acid heath soils. PBC, 254-—255.
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BRINDELAND, A., Strovtdg i Amalstrakten. Nat. i Dls. 206--215.

BrowN, (€. A, Studies on the isolated prairies of Louisiana, PBC, 682—683.

BRUNEL, J., Etude historique et phylogéographique de la phycologie cana- -
dienne. PBC, 842—843.

BOcHER, T. W., The steppe vegetation in continental West Greenland. PBC,
612—613.

CANTOR-LUND, HiLDA M., Planctonic Phycomycetes. PBC, 413.

CEDERCREUTZ, C., Felsenalgen in Fennoskandien. PBC, 830—831.
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136—185, 3 pl.
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CoNwAy, ELSIE, Studies in the spread of bracken. PBC, 238-—239.
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America. PBC, 415.
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Mountains. PBC, 618—619.

Dawsoy, E. Y., On the correlalion of marine vegetalion with upwelling along
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DELOFFRE, G., L’inondation a l'eau de mer de la région de Dunkerque en
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Drar, M., The problem of the Sudd in relation to stabilizing and smothering
plants. PBC, 668670,

DtraNnGoO, S., Besok pa Faré. Stockholm, 94 s.

EGLer, F. E., A commentary on American plant ecology, based on the text-
books of 1947—1949. PBC, 620—621.

ELOFsoN, O., Medelpads kustland. Nat. i Ang., 321-—343.
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Litteratur.

JOHUN RAMSBOTTOM: Mushrooms and Toadstools., — Collins. London. 1953. Pris
30 s.

I den engelska serien The New Naturalist har utkommit manga bocker, som ar
utmirkta till sitt pris. Fragan &r emellertid om inte toppunkten nas av RAMSBOTTOMs
svampbok. Den bygger pa traditioner fran Isaac WALTONs dagar och ir en riktig
bibel fér svampélskaren. Bokens sidregna karaktir kommer tydligast till ultryck i
kapitlen om itliga och giftiga svampar, svampodling, alvringar, tryffeljakt, réta och
mykologiens historia. Har &r fakta och fabler sammanflitade till fantasieggande
och tjusande monster pa ett helt enkelt mésterligt satt.

Materialet ar icke systematiskt behandlat, ehuru sirskilda kapitel finnas om rok-
svampar, jordstjirnor, stinksvampar, brodkorgssvampar och tryfflar. Fangslande
som en dventyrsroman ir kapitlen om sporkaraktirer, sjilvlysande svampar, mykor-
rhiza och penicillin. Déarjimte finnas flera tyvirr alltfér korta kapitel om ekologien
i olika véaxtsamhéillen.

De stralande bilderna i fiarg och svart-vitt bidraga fértjanstfullt till att ge boken
en kvalitet, som man inte dr bortskdmd med.

BENGT ARESSON.

Notiser.

Goteborgs botaniska tridgéard. Till intendent vid Gdteborgs botaniska triadgard
har uinidmnts docent GUNNAR DEGELIUS.
Tryckningsbidrag tili Botaniska Notiser och Opera Botanica. Av Statens natur-

vetenckapliga forskningsrad har Lunds Botaniska forening erhillit ett anslag a
12.000 kr. for utgivande av Botaniska Notiser under 1955 och 6.000 kr. for utgivande

under 1955 av Opera Botanica,

Réattelse: hifte 3, p. 342. fil. lic. H. RUNEMARK 9.000 kr. fér undersékningar
av cellulosabildningen hos vissa slemsvampar (enl. tidningsuppgift) — lis: foér
undersokningar inom lavsldktel Rhizocarpon.
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