This article was downloaded by: [British Phycological Society BPS ]

On: 15 August 2011, At: 12:20

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

British Phycological Journal
Publication details, including instructions for authors and
Phvcoloey subscription information:

—_— http://www.tandfonline.com/loi/tejp19

".3-

x p ¥ The taxonomy of the Chlorophyta. I
4-_{: ‘ -i"f F.E. Round *
) Q}_ & # Department of Botany, University of Bristol

Available online: 02 Aug 2011

To cite this article: F.E. Round (1971): The taxonomy of the Chlorophyta. II, British
Phycological Journal, 6:2, 235-264

To link to this article: http://dx.doi.org/10.1080/00071617100650261

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-
conditions

This article may be used for research, teaching and private study purposes. Any
substantial or systematic reproduction, re-distribution, re-selling, loan, sub-
licensing, systematic supply or distribution in any form to anyone is expressly
forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to date. The
accuracy of any instructions, formulae and drug doses should be independently
verified with primary sources. The publisher shall not be liable for any loss, actions,
claims, proceedings, demand or costs or damages whatsoever or howsoever caused
arising directly or indirectly in connection with or arising out of the use of this
material.



http://www.tandfonline.com/loi/tejp19
http://dx.doi.org/10.1080/00071617100650261
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions

Downloaded by [British Phycological Society BPS] at 12:20 15 August 2011

Br. phycol. J. (1971) 6 (2) 235-264
October 31, 1971

THE TAXONOMY OF THE CHLOROPHYTA. II

By F. E. Rounp

Department of Botany, University of Bristol

The taxonomy of all the algal groups possessing both chlorophyll a and 4 is discussed for the
levels above that of the family. Much of the discussion is related to previously conceived taxa
but some new combinations are proposed. The subdivision of ‘green’ algae into Euglenophyta,
Prasinophyta, Charophyta and Chlorophyta is discussed in the light of recent publications.
The problem of further subdivision in the Chlorophyta is reviewed and the need stressed for
more extensive electron microscopical and biochemical evidence. Until such data are available
the author favours maintaining a large number of orders but also the rejection of those based
on single characters.

“The appearance of new systems of classification does not at all signify the
destruction of everything old for much from the old systems enters into the
new ones as component elements.’

Armon Takhtajan, 1968

‘We are seeking a “natural” classification. The test for such a “natural”
classification is its internal consistency: the accuracy by which one can predict
unknown features of an organism when one knows its assigned taxonomic
position.’

Ralph A. Lewin, 1968

There have been eight years of intense work in phycology since I attempted a
tentative discussion of some problems in the taxonomy of the green algae (Round,
1963). This work yields an even clearer picture of the group and I am encouraged
to attempt a re-evaluation since many phycologists have commented to me on the
1963 paper; some have found it useful as a basis for teaching the group (which is
encouraging since, as Koch (1960) remarks, one of the important applications of
taxonomy is its usefulness to students) and, as I hoped, others have applied new
techniques to test the hypotheses. Table I, taken directly from the 1963 publica-
tion, summarises the groupings which then appeared to me to be emerging. It
was in many ways a cautious approach and evidence has now accumulated
which, although not altering the basic entities, warrants the upgrading of some
to a higher status. The points listed in 1963 are still worthy of consideration: (1)
How many phyla (divisions) are involved ? (2) How many classes should be re-
cognised ? (3) What is the best subdivision of these classes into orders ? (4) What
genera belong in each order? This latter question cannot be dealt with in detail
here; only certain critical genera can be discussed. The size of the problem is
obvious when one considers that Bourrelly (1966) lists 565 freshwater genera
alone. As in 1963, many of the schemes have been proposed at various times by
other phycologists and I am merely attempting to draw these together and hope
that this will stimulate and point the way to further work to test the hypotheses.
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PHYLA

I now believe my caution over the first question was unnecessary and we can
return to the much earlier concept of several phyla rather than subphyla. It is
interesting that Banks (1968) in a stimulating paper on the early history of land
plants also uses sub-divisions (sub-phyla) for groups which other workers would
regard as divisions (e.g. Rhyniophyta, Lycophyta, Sphenophyta, etc.; see also
Cronquist, Takhtajan and Zimmermann, 1966) and maintains a single division
Tracheophyta, for all vascular plants above the bryophyte level. Surely a division
should be based on more than the possession of vascular strands! This is, I be-
lieve, directly comparable to maintaining the phylum Chlorophyta for all green
algae. It is difficult to find a characteristic other than the possession of both
chlorophyll a and b to embrace this series of algae and, though Christensen
(1962) used this to segregate his Chlorophyta from the Chromophyta, it is surely
neither a sufficient criterion to hold such a varied assemblage together as a single
phylum nor sufficient to embrace all green plants which logically it should (see
also Bold, 1956; Fott, 1965). In fact, Bold (1957) did bring all the divisions of
plants containing chlorophyll e into a sub-kingdom, Chlorota. Three other
characters of the chloroplast, namely, absence of girdle bands (groups of thyla-
koids passing around the ends of the main series of longitudinally running
bands), tight apposition of the thylakoids, and evaginations or invaginations of
the thylakoids, are common to the ‘chlorophyte’ and tend to be absent from
most or all ‘chromophyte’ algae (Gibbs, 1970); however, on similar criteria the
‘chromophyte’ series itself does not form an entity. Indeed, although the
‘chromophyte’ series is a valuable concept in that it distinguishes the ‘non-green’
algae (including, however, the Xanthophyceae) from others and has stimulated
much work, the algal groups contained within it no more constitute a single
phylum than those in Christensen’s Chlorophyta. Equally it is unsatisfactory to
group all algae together in the same division, Phycophyta, as Koch (1960) pro-
posed and as used by Migdefrau in Strasburger (1967). Whittaker (1969) uses
the term Euchlorophyta for a sub-kingdom of the kingdom Plantales; the
Chlorophycophyta forms a branch of the Euchlorophyta and contains the
Chlorophyta and Charophyta. Whilst this may be a useful concept it is exceed-
ingly confusing to use -phyta for three different classificatory levels.

The literature on algae is virtually devoid of philosophical discussion on the
concept of phyla and indeed of most taxonomic entities. The concept of a phy-
Ium is derived from a consideration of the major vegetative and reproductive
characteristics of a number of genera all showing a similar manifestation of these
characteristics. Without denying that phyla may be derived from one another at
some stage in their evolutionary development they appear to be lines with long
independent fossil histories. The vegetative and reproductive basis is most
clearly recognised in the plants with more complex anatomy from the Bryophyta
upwards and in most of the more complex animal phyla. Thus in at least 99 9 of
cases anyone encountering a new leafy or thalloid non-vascular plant with
archegonia, antheridia or sporogonia immediately assigns it to the correct phy-
lum or one of two phyla if one follows Bold (1956).* Clearly a phylum such as

* The fact that a very small number of genera cannot be classified easily and are the subject
of controversy, e.g. the genus Psilotum, does not in any way detract since these genera often
require further detailed studies.
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Bryophyta has some characters common to other phyla (and, indeed, phyla have
certain features, particularly nuclear characteristics, in common), but super-
imposed on these are certain well defined biochemical, morphological and re-
productive characters which recur throughout the genera thus collected together.
If, however, a single genus or a small number of genera possess equally distinc-
tive but different characters then they must constitute a phylum; the reluctance
to elevate such groups has been common amongst phycologists and I was still
reluctant to accept the concept in my 1963 paper. The reason for this unwilling-
ness to regard these groups as phyla is probably completely illogical and rests
merely on the feeling that, since phyla are major taxonomic entities and usually
contain a large number of genera, then small groups of anomalous genera must
be found a place in the large phyla (the same reasoning is often applied to sub-
sidiary groupings too and it adds unnecessary confusion, particularly in the
minds of students—see below). The definition of the phylum must be clear and
based on a number of distinctive characters which recur throughout the genera.
Once these have been recognised and shown to contrast with another set of
equally characteristic features in another group of genera then one can constitute
the phylum irrespective of the number of genera involved. Such discrete group-
ings are constituted by the ‘euglenoid’ and ‘charophyte’ algae which require
classification into the phyla Fuglenophyta and Charophyta, though the latter has
only 6 living genera (Wood and Imahori, 1965). However, amongst certain
groups of genera the characters are less well defined, often owing to lack of
study, but it is still necessary to classify them into a phylum and state its charac-
teristics, e.g. the larger grouping of algal genera in the Chlorophyta (see below).
If this is a properly constituted phylum then the characters of flagellation of the
motile cell, structure of reproductive organs, life cycles, etc., will all have a basic
similarity. The degree of similarity, however, appears to decrease in this group
as it does in the unicellular group of the animal kingdom and this makes a pre-
cise definition more difficuit; this variability must not however be an excuse to
embrace those groups of genera which are more clearly defined (e.g. Eugleno-
phyta and Charophyta). As Walters (1962) points out in an article on higher
plant taxonomy, history cannot be ignored. In the algae, three kinds are his-
torically recognised, ‘green’, ‘brown’ and ‘red’, and the latter two emerged as
eminently discrete entities in the last century and have remained so ever since as
the Phaeophyta and Rhodophyta; thus by extension the Chlorophyta had to
include all green algae and also be a discrete group. But even an elementary
study shows that it cannot be regarded as such.

1. EUGLENOPHYTA

The work of Leedale (1958, 1964, 1967), Walne and Arnott (1966, 1967),
Mignot (1965, 1967) and Buetow (1968) has clearly revealed that the ‘euglenoid’
algae possess a most distinctive series of characters unknown in any other section
of the green algae and, as Leedale (1970) says, ‘emerge as an old and taxo-
nomically isolated group showing possible affinities with the lower fungi and
certain zooflagellates’. The possession of a complex, proteinaceous, pellicular
strip periplast combined with helical symmetry of other cytological structure; the
occurrence of the plasma membrane outside this periplast; the sub-apical
anterior invagination from which the two flagella arise, unequal in most forms,
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the longer with a single row of hairs and a para-flagellar swelling towards the
the base, the shorter without any hairs; predominately 3-thylakoid chioroplast
lamellae, absence of grana (Gibbs 1970), and chloroplasts surrounded by com-
plete layers of endoplasmic reticulum; the stigma (eyespot) free in the cyto-
plasmic matrix and composed of groups of carotenoid droplets each surrounded
by a unit membrane (Walne and Arnott, 1967); the characteristic mitochondria
with basally constricted cristae; the peculiar mode of nuclear division (including
the retention of the nuclear membrane and the characteristic separation pattern
of the chromatids); the absence of sexual stages and of zoospore formation; the
occurrence of paramylum, a B-1,3 linked glucan with helical substructure,
formed outside the chloroplast envelope but adjacent to the pyrenoid (Ueda,
1961 ; Konitz, 1965; Leedale, 1967, 1969); formation of ergosterol (Aaronsen
and Baker, 1961); the unusual pathway of lysine synthesis via cc-amino adipic
acid (Vogel, 1965); and the characteristic contractile vacuole, discharging into
the anterior invagination, are all highly characteristic. All these contrast with
features of the remaining green algal groups and fully merit the status of a
phylum for this group of plants, the Euglenophyta. Recently, however, a new
class the Eustigmatophyceae, has also been found to have a free eyespot (Hib-
berd and Leedale, 1970, 1971). The erection of this new class is based almost
entirely on ultrastructure and is an admirable illustration of the use of such
micromorphological detail in classification. The phylum Euglenophyta has been
divided into six orders (three with chloroplasts) by Leedale (1967), the reader is
referred to the latter for further details. One final point of interest, however, is
that the Euglenophyta seem to have only the possession of chlorophyll @ and b
to associate them with other ‘chlorophyte’ algae whilst, as Gibbs (1970) points
out, the ‘euglenoid’ chloroplast is surrounded by a complete envelope of endo-
plasmic reticulum which is a ‘chromophyte’ rather than ‘chlorophyte’ character.

2. CHAROPHYTA

The ‘charophyte’ series has now been further typified in detail from electron
microscope studies (Chamber and Mercer, 1964; Pickett-Heaps, 1967a, 1967,
1968a, 1968b) and further information added to their gross anatomy (Kausik
and Bhattacharva, 1971 ; Sundaralingam, 1954, 1959, 1962a, 1962b, 1963, 1966).
The early anatomical studies revealed a complex and precise segmentation
system unknown in any other green alga and this is now shown to be even more
complex (see, especially, Sundaralingam, 1954, 1966). Equally complex and
precise is the morphogenesis of the antheridia and oogonia (Sundaralingam,
1954, 1966). In some ways the development of both plants and reproductive
structures resembles that of the Bryophyta and some Pteridophyta, with a high
degree of morphogenetic precision which runs throughout the group and back to
the fossil forms. The compound, complex organisation of the antheridia and
oogonia is well known and so unlike any other algae that this alone points to
divisional status, a view propounded by Desikachary and Sundaralingam (1962).
There is no reproduction via zoospores and meiosis is generally believed to
occur at germination of the zygote. Chromosome number is based on 5 in
Tolypella, 6 in Nitella and 7 in Chara (Hotchkiss, 1964, 1965; Tindall and
Sawa, 1964; Guerlesquin, 1967; Sinha and Noor, 1967). Of even greater signi-
ficance is the recent confirmation that the ‘unchlorophycean’ male gamete is
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even more distinctive in having small square scales arranged in diagonal rows on
the flagella (Pickett-Heaps, 1968 ; Turner, 1968) whilst there are somewhat larger
scales on the body (Moestrup, 1970). The arrangement of head, mid and tail
region of the male gamete together with the characteristic microtubule system
and origin of the flagella are most distinctive (Sato, 1954; Pickett-Heaps, 1968;
Moestrup, 1970). An eyespot seems to be absent from the motile cell. Chara is
reported to contain lycopene and to lack carotene which is present in Chloro-
phyta (Hill and Whittingham, 1958), special organelles (termed charosomes) have
been found associated with the plasmalemma and the cross walls are penetrated
by plasmodesmata (Barton, 1965; Crawley, 1965). Set these distinctive characters
alongside those of the Euglenophyta and clearly the ‘charophytes’ are as precisely
and unequivocally designated and fully warrant their status as a phylum.

3. PRASINOPHYTA

In 1963 the ‘prasinophyte’ series formed a less well characterised group than
they do now, largely owing to the lack of previous study and the necessity to use
electron microscopy to determine the details. Nevertheless, even then they were
known to possess features found in no other group and it was considered reason-
able to align them alongside the ‘euglenoids’ and ‘charophytes’ and tentatively
suggest that they were of similar stature. Even in 1966, however, Bourrelly
maintained them in families of the Volvocales and Kliein and Cronquist (1967)
were against separating this group from the Volvocales. But Parke and Rayns
(1964) had already placed the ‘prasinophyte’ genera in a separate class, the
Prasinophyceae. Boney (1970) reviews some aspects of their biology and relates
this to that of other scaly flagellates. In 1963, only the Pyramimonas stage of
Halosphaera (Manton, Oates and Parke, 1963) had been adequately studied.
Now, however, Platymonas (Manton and Parke, 1965; McLachlan and Parke,
1967), Prasinocladus (Parke and Manton, 1965), Mesostigma (Manton and Ettl,
1965), Heteromastix (Manton, Rayns, Ettl and Parke, 1965), Nephroselmis
(Parke and Rayns, 1962), Micromonas (Manton and Parke 1960), Monomastix
(Manton, 1967, where she comments on the tentative position of this genus),
Pachysphaera (Parke, 1966), Pedinomonas (Ettl and Manton, 1964; Belcher,
1968), Scourfieldia (Throndsen, 1969) Spermatozoopsis and Asteromonas (possibly
to be included here, see Peterfi and Manton, 1968) have all been investigated in
both the light and electron microscope in a splendid series of papers. Ettl (1966)
reviews the previous taxonomic position of some of these genera. The following
characters are common to the majority. The four flagella (a few genera are known
with fewer flagella) of the motile cells tend to arise from an apical pit; the
flagella have a coating of scales and also hairs (but not of the ‘Flimmer’ type);
the body of the motile cell is covered with one to several layers of scales, each
layer with its own peculiar characteristics; a special type of fibrous band joins
the flagellar bases to the plastid and nuclear surfaces; cytoplasmic extensions
(sometimes even the nuclear envelope) penetrate the pyrenoid; two apical con-
tractile vacuoles empty into the apical pit, two prominent dictyosomes are sited
above the nucleus and on either side of the flagellar bases; flagellar scales and
hairs are formed in a scale reservoir, and body scales in vesicles of the Golgi
apparatus; the eyespot is contained within the chloroplast; some genera have
pigments similar to Chlorophyceae but others have additional pigments, e.g.
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magnesium 2, 4, divinylphaeoporphyin a; monomethylester (this even occurs in
Micromonas pusilla (Butcher) Manton et Parke which does not have scales on its
flagella), a new xanthophyll (micronone) in Micromonas squamata Manton et
Parke and even siphonein, in Heteromastix and Pyraminonas amylifera Conrad
(Ricketts, 1967); starch is formed within the chloroplast of some species though
this starch is of a different form to that of the ‘chlorophytes’; lipid bodies readily
form in some species (particularly in the ‘cyst’ stages); mannitol is also formed
as a characteristic soluble product of photosynthesis (McLachlan and Craigie,
1967); dimethyl-B-propiothetin is present in some genera, but is generally absent
from Chlorophyceae (Achman, Tocher and McLachlan, 1966); zoospores tend
to be formed in pairs and often at 180° to one another (Prasinocladus, Platy-
monas), whilst the motile cells can also divide longitudinally ; sexual reproduction
is unknown in almost all genera but there is a tendency to the formation of non-
motile ‘cyst’ stages. Thus the group has emerged steadily as a distinct green algal
series the equal of the previous groups and undoubtedly warrants the status of a
phylum. At least two genera, Monomastix and Pyramimonas, have trichocysts
(Belcher, 1965; Manton, 1969), structures which are absent from the Chloro-
phyta, and in these genera seem to be unlike the trichocysts of other groups.
Manton (in Ettl and Manton, 1964), in a discussion of one of the simplest genera
of this group (Pedinomonas), comments that ‘the sum of evidence points to a
phyletic separation (of Pedinomonas) from the Volvocales almost as great as in
the cognate case of the euglenoids which also possess chlorophyll # but are not
members of the Volvocales’. The later study of the even more distinctive genera
amply bears this out, and Ackman, Addison, Prakash and Hooper (1970) com-
ment on the increasing biochemical evidence for the separation. The genus
Pedinomonas is, however, still somewhat problematical and requires further de-
tailed study of as many species as can be isolated to establish whether or not the
general cellular organisation is characteristic of the prasinophytes.

Unlike the previous two phyla, the Prasinophyta includes orders which are
motile (Pyramimonadales), coccoid (Halosphaerales) and tetrasporal (Prasino-
cladales; Prasinodendrales of Round, 1963, but renamed after the genus Prasino-
cladus). The formation of the thecae in Platymonas and Prasinocladus is very
similar and quite unlike the scale formation in other genera. This, plus the fact
that Ricketts (1967) found that the carotenoids of these two genera are similar
and contrast with those of the other genera suggests that Platymonas should be
removed from the Pyramimonadales and placed alongside Prasinocladus in the
Prasinocladales. Parke and Dixon (1968) place Prasinocladus in the Chloroden-
draceae derived from ‘a no doubt artificial group—Chlorodendrineae’ of Fritsch
(1935). Since other genera of this ‘chlorodendroid’ group have been placed in
other orders and some may have to remain in a “dendroid’ group of the Chloro-
phyceae it is better to use a new name based on a genus, hence Prasinocladales.

It is perhaps worth noting that in these first three phyla there is a relatively
small number of genera and they all conform closely to the generalised descrip-
tions which can be written for the phylum, a situation which is not quite so well
exemplified by the remaining green algal group.

The impressive work of the last decade has served to separate and distinguish
the above three aigal phyla and none has given any suggestion of ‘convergence’,
thus warranting the early workers’ recognition of their separation.
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4. CHLOROPHYTA

This leaves the group which in 1963 was classified as the Chlorophytina and
such a diverse group may not warrant a uniform treatment on a par with the
above three phyla. The evidence just quoted shows quite remarkable uniformity
within the first three phyla (cf. similar uniformity in some other algal phyla, e.g.
Cyanophyta, Bacillariophyta, Rhodophyta, and even higher phyla, e.g. Bryo-
phyta, Sphenophyta, Lycophyta, etc.). There certainly is less uniformity in this
remaining ‘chlorophyte’ series. Indeed no other algal phylum shows such a
range! Should this greater dissimilarity be acceptable within a single phylum or
is more than one phylum involved ?

Almost the only important unifying factor between the previous three phyla
and this remainder is pigmentation and, whilst only a few genera have been in-
vestigated, they all tend to have both chiorophyll @ and b, B-carotene as the
principal carotenoid pigment (with the exception of some siphonous genera,
Strain, 1965), lutein as the principal xanthophyll and neoxanthin and violoxan-
thin present. From the brief discussion of the first three phyla one might reason-
ably expect the following characteristics to be relatively constant: the structure
and chemical nature of the cell wall; chemical nature of the reserve substances;
place of formation of the reserves (e.g. within the chloroplast in these remaining
groups, Ueda, 1961); structure of the chloroplast and pyrenoid; position of eye-
spot, contractile vacuoles, dictyosomes and mitochondria; formation of zoo-
spores in zoosporangia (as opposed to vegetative cleavage in Prasinophyta and
Euglenophyta, a distinction made by Schussnig, 1960, and Lund, 1962, and one
which is probably important at several different levels of classification); ploidy of
the vegetative phase; the point at which meiosis occurs in the life cycle; and
flagellation of the motile cells. Features one would not expect to be constant in
comparison with other phyla (e.g. Phacophyta) are possession of motility; type
of life history (Kornmann, 1965a, comments that, in general, life histories and
presence of isogamy or anisogamy, are not significant for the characterisation of
units higher than genera; see also the discussion of the Ulotrichales, Ulvales and
Acrosiphoniales below); vegetative morphology; and chromosome number or
form. Some of these features are however of great importance in designating
orders of algae. In addition, it must be accepted that owing to the large number
of genera (Bourrelly, 1966, lists over 500 freshwater genera alone in this remain-
ing group) a greater spread of characters must be expected, and therefore fewer
common criteria with which to characterise the phylum.

The ‘chlorophyte’ series have isokont flagella (wherever motile stages occur),
without ‘flimmer’ or scales but sometimes with a flocculent coating; these arise
from the apex of the motile cells, often emerging through lateral pores in the
wall; simple contractile vacuoles occur; the stigma is immersed in the chloroplast;
starch is formed within the chloroplast; the walls are composed of polysac-
charides often of microfibrillar nature. A few genera are recorded which have
somewhat unequal flagella (Starr, 1955; Bold, 1970) but these in no way ap-
proach the normally accepted heterokont state. Looked at from a negative
aspect, there are perhaps no groups of algae within this remaining series which
have a sufficient number of characteristic features (such as have the ‘euglenoid’,
‘charophyte’ and ‘prasinophyte’ series) to warrant their separation at the moment.
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Cronquist, Takhtajan and Zimmerman (1966) proposed that divisions should
have names based on types, i.e. genera, rather than names based on morpho-
logical characters. This had also been suggested earlier (Rickett and Camp,
1950) and it seems to me an admirable suggestion though one which may take a
long time to become generally acceptable. Fortunately, of the above phyla, three
are based on genera (Euglena, Chara and Prasinocladus or others commencing
with Prasino-) but the Chlorophyta is not (Chlorophyton being an angiosperm).

CLASSES

In the first three phyla the division into classes is simple and need not concern
us further. Thus in the Euglenophyta there is only the Euglenophyceae (Leedale,
1967), in the Charophyta only the Charophyceae and in the Prasinophyta only
the Prasinophyceae.

The Chlorophyta however are too varied to contain a single class and four
classes as defined in Round (1963) still appear to me to be valid entities. The
artificial group Loxophyceae, which was the convenience group erected by
Christensen to contain genera on which further work was required, can now be
omitted as its genera have been transferred elsewhere.

ZYGNEMAPHYCEAE (CONJUGATOPHYCEAE)

Since it is preferable to have class names based on genera I propose that the
conjugate algae be grouped in the class Zygnemaphyceae; this is entirely synony-
mous with the earlier Conjugatophyceae (Fott, 1959; Meyer, 1962; Round,
1963) and the Zygophycées (Bourrelly, 1966). In spite of the occurrence of
numerous papers on cytological aspects and species descriptions since 1962, 1
am not aware of any studies to change my view, supported by Sarma (1964) on
cytological grounds, that this is an extremely discrete class of the Chlorophyta.
Fowke and Pickett-Heaps (1969) added another distinctive feature in that in
Spirogyra both cleavage and the formation of a phragmoplast contribute to cell
division. The distinctive ultra-structural characters of the cell walls of desmids
has been used to elucidate some classificatory problems (Mix, 1967; Gerrath,
1969, 1970) and it is clear from such studies that the Zygnemaphyceae is a distinct
class within the Chlorophyta.

OEDOGONIOPHY CEAE

Further electron microscope studies (Hoffman and Manton, 1963 ; Hoffman,
1967; Hill and Machlis, 1968; Fraser and Gunning, 1969; Pickett-Heaps and
Fowke, 1969 ; Fowke and Pickett-Heaps, 1969; Retallack and Butler, 1970) have
added other characteristics to this already highly distinctive class. Manton (1964)
comments on the rather greater differences than expected between the ultra-
structure of the motile cells of Oedogonium and those of Stigeoclonium. The pre-
sence of microtubules in the chloroplast (Hoffman, 1967) has been recorded only
rarely in other green algae (e.g. in developing chloroplasts of Fritschiella,
McBride, 1970). The peculiar process of cell division (Hill and Machlis, 1968;
Pickett-Heaps and Fowke, 1969) appears even more distinctive now its electron
microscope detail is revealed. The presence of prominent plasmodesmata be-
tween cells of Oedogonium (Hill and Machlis, 1968) and of Bulbochaete (Fraser
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and Gunning, 1969) has not been recorded in other Chlorophyta sensu stricto.
Sarma (1964), comparing the chromosome morphology with that of the Ulotri-
chales, came to the conclusion that the Oedogoniophyceae had distinctive karyo-
logical features warranting their separation as a class. Leedale (1970) points out
that mitotic variations set Oedogonium (and also Spirogyra) somewhat apart
from other green algae; obviously the details of many other genera are needed
before firm conclusions are drawn. Pascher (1931) recognised that their status
was higher than that of an order of the Chlorophyta but only raised them to a
sub-class.

BRYOPSIDOPHYCEAE

There still seem to be good reasons for maintaining this class as an entity
though recognising that there are rather striking differences between the orders
(see below). Ettl (1958) also obviously thought of the siphonous forms as a class
(Siphonophyceen) but his designation is not based on a genus and therefore I
prefer to retain the name Bryopsidophyceae based on the genus Bryopsis. The
motile cells require more detailed study and I am inclined to regard the occur-
rence of ‘lateral fusion’ of gametes (Kohler, 1957; Neumann, 1969a, 1969b) as
significantly different to that in ‘volvocalean’ type gametes. A detailed study of
the ultrastructure of the gametes and zoospores, and comparison of these with
those of the Chlorophyceae, is needed since the very interesting papers of Gold-
stein and Morrall (1970) on Caulerpa and of Burr and West (1970) on Bryopsis
show somewhat unusual features (compare also the interesting removal of part
of the Xanthophyceae as an isolated new class by Hibberd and Leedale (1970,
1971) based on ultramicroscopic features of the motile and vegetative cells,
where the arrangement of some organelles was similar in both types of cell, thus
adding confidence to comparisons between motile and non-motile genera). The
gametes appear to fuse without the formation of a cytoplasmic bridge such as is
found in Volvocales and electron micrographs indicate a lack of contractile
vacuoles, a characteristic feature of Volvocales (see below). Goldstein and
Morrall (1970) report that the gametes of Caulerpa sp. are naked and fusion
ocecur in various ways after pairing. Only the female gametes have eyespots in
the chloroplasts whereas in Chlorophyceae both gametes have eyespots. The
published electron micrographs of genera of this class (e.g. Acetabularia, Crawley,
1963) do not show dictyosomes associated with ‘amplexi’ type outgrowths of
endoplasmic reticulum from the nucleus in either vegetative cells or gametes,
such as is common in some species of Volvocales, Chlorococcales, Chlorosar-
cinales, etc. The importance of biochemical features, e.g. pigment complement
(oc-carotene is the predominant carotenoid as opposed to B-carotene in the
Chlorophyceae, Strain, 1965; Kleinig, 1969; Ricketts, 1971), wall polysac-
charides (Iriki and Miwa, 1960; Frei and Preston, 1964 ; Parker, 1970) and cyto-
logical detail, e.g. chloroplast/leucoplast structure (Hori and Ueda, 1967), are of
overwhelming importance in this group and features of these separate the
Bryopsidophyceae from the Chlorophyceae, but, unfortunately, none are all
embracing for the class as a whole.

Remaining class or classes
In some features the remaining green algal genera are more discrete than those
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in the preceding class in that characters such as wall polysaccharides, pigments,
chloroplast type, nuclear organisation, etc., are relatively conservative; on the
other hand, their morphological development is diverse.

Bourrelly (1966) groups these remaining orders into two classes, Euchloro-
phycées and Ulotricophycées. These stand alongside his Charophycées (which
have been dealt with above in a separate phylum) and his Zygophycées which
are synonymous with the Zygnemaphyceae. However, Bourrelly’s Ulotricho-
phycées still contain the siphonous orders and Oedogoniales in an unnatural
grouping; with these removed, the classes of Bourrelly are more acceptable. The
term Euchlorophycineae had been used earlier by Skuja (1938) to embrace the
Volvocales, whereas Bourrelly’s Euchlorophycées contain the orders Volvocales,
Tetrasporales and Chlorococcales, i.e. the solitary and colonial but non-filamen-
tous and non-thalloid forms, whilst the Ulothricophycées contain the filamentous
and thalloid genera. This is a convenient grouping (it was earlier used by
Pascher, 1931; Volvocineae and Ulotrichineae) but it could be argued that it is
artificial, being based solely on morphology; this criticism can be removed only
if other criteria can be correlated with the morphological features. One charac-
teristic which does seem to unite the volvocalean, tetrasporal and coccoid
groups is the fact that daughter cells are formed inside the mother cell wall
which then disrupts (Fott, 1965).

This issue is, however, further complicated in that, in an excellent study by
Ettl (1958a), inadvertently overlooked in my earlier paper, a group of flagellate
orders (Pyramimonadales, but see p. 245, Raciborskiellales, Chlamydomona-
dales, Volvocales and Pedinomonadales) were elevated to the status of a class
(Volvophyceae); this concept is in fact derived from Pascher (1931), see above,
but enlarged from later studies. Further he also elevated the tetrasporal series to
the Tetrasporophyceae (containing the Chlorangiales, Characiales and Chara-
ciosiphonales) and the coccoid series to the Chlorococcophyceae (Ettl, 1958b).
Again these can both be traced back to Pascher’s Tetrasporineae and Protococ-
cineae and Ettl obviously also recognised a filamentous class, Ulotrichophyceae.

The choice then i1s between a single class, Chlorophyceae, as in my original
article in which two series were recognised but not raised in status, equal to the
two classes Euchlorophycées and Ulothrichophycées of Bourrelly (1966), or the
four classes, Volvophyceae, Tetrasporophyceae, Chlorococcophyceae and Ulo-
trichophyceae of Ettl (1958a, 1958b). If one rejects such subdivided systems then,
by comparison with classes in other phyla, e.g. Bangiophyceae and Florideo-
phyceae (Cronquist, 1960) of the Rhodophyta, Centrobacillariophyceae and
Pennatibacillariophyceae of the Bacillariophyta (Silva, 1962), the Chlorophyceae
(sensu Round, 1963) contrasts as a vastly diverse group on morphological, re-
productive, biochemical and cytogenetical grounds. Even considering Ettl’s
four classes, each encompasses a range of morphology (e.g. unicellular and
colonial organisation in the case of the Volvophyceae) but each also has its dis-
tinctive morphological features (e.g. the vegetative cell is always flagellate in the
Volvophyceae). On the other hand, characteristics of the motile cells are remark-
ably similar in the volvocalean, tetrasporalean, coccoid and even filamentous
genera. Fott, Novakova and Kalina (1965) clearly consider the tetrasporal series
as ‘an evolutionary step between two grades of algal phylogeny’ and if this is so,
then retention at the ordinal level seems to be preferable.
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Contractile vacuoles were regarded as important phylogenetic and systematic
characteristics of flagellates as early as 1926 by Korschikov (1926 and 1932) and
by Pascher and recently their importance has been stressed by Ettl (1961), and
Lund {1962). Hence the name Vacuolatae was used by Korschikov (1932) for the
tetrasporal series of algae, but such vacuoles occur regularly in the orders up to
and including the Chaetophorales (even rarely in the Zygnematales) and there-
fore perhaps cannot be such important diagnostic features. Their occurrence in
the Bryopsidophyceae requires verification since they may prove important
criteria in this class.

Apical fusion of gametes with the formation of a ‘connecting bridge’ is com-
mon in some Volvocales, e.g. Volvulina pringsheimii Starr (Starr, 1962), Vol-
vulina steinii Playfair (Stein, 1958), Chlamydomonas moewusii Gerloff (Lewin and
Meinhart, 1953; Gibbs, Lewin and Philpott, 1958; Brown, Johnson and Bold,
1968) and C. reinhardtii Dangeard (Friedman, Colwin and Colwin, 1968). C.
reinhardtii, however, is also reported to fuse laterally after pairing by flagellar
agglutination, followed by release of the gametes from the cell wall (Jones, 1970).
This latter type of fusion may be facilitated by the loss of a cell wall and so the
occurrence of apical, lateral or basal fusion may merely be a reflection of this;
nevertheless it could be a useful feature of classification. Another criterion which
might cautiously be used in distinguishing classes is the occurrence of dictyo-
somes in ‘amplexi’ alongside the nucleus, e.g. Pediastrum (Moner and Chapman,
1960), Astrophomene (Lang, 1963), Tetracystis (Brown and Bold, 1964); Haema-
tococcus (Lang, 1968), possibly similar in Chlorogonium (Ueda, 1966), and
Eudorina (Hobbs, 1971). Caution is needed because this arrangement is not even
constant throughout a genus (e.g. Tetracystis) or is absent from closely related
genera (e.g. absent from Carteria but present in Chlamydomonas), but its total
absence may add to the characterisation of a group. In Chlamydomonas rein-
hardtii, Johnson and Porter (1968) show the dictyosomes in partial amplexi-like
segments of endoplasmic reticulum extending from the nucleus and here they
are located at the base of the nucleus, quite the opposite to their position in the
Prasinophyta. So far this perinuclear arrangement seems to have been found
fairly frequently in Volvocales, Chlorosarcinales, Chlorococcales and also in
zoospores of Stigeoclonium (Manton, 1964). If not in ‘amplexi’, dictyosomes are
commonly found adjacent to the nuclei in these groups, e.g. in Carteria (Joyon
and Fott, 1964) and in Chlorella (Griffiths and Griffiths, 1969).

In 1962, Meyer proposed a subdivision of the green algae into two classes
(Centroplastophyceae and Parietoplastophyceae) based on the presence of either
an axile or parietal chloroplast, but such a system based on consideration of a
single characteristic is unacceptable. The class Loxophyceae of Christensen
(1962) no longer appears to be necessary, since any genera which cannot be in-
cluded in any of the above classes are best unallocated until their position is
clarified.

In the present state of knowledge I consider it prudent to retain a single class,
Chlorophyceae, for these remaining algae.

ORDERS

How the genera are to be grouped into orders is still as much a problem as it
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was in 1963 but some progress has been made. In the Charophyceae, the single
order Charales is valid and in the Euglenophyceae, Leedale (1967) distinguished
the Eutreptiales, Euglenales, Rhabdomonadales, Sphenomonadales, Hetero-
nematales and Euglenomorphales. The Prasinophyceae contain the three orders
Pyramimonadales (= Prasinovolvocales of Chadefaud and Emberger, 1960;
Round, 1963), Prasinocladales (= Prasinodendrales of Round, 1963) and Halo-
sphaerales (=Prasinococcales of Chadefaud and Emberger, 1960; Round, 1963).
In the Oedogoniophyceae the single order Oedogoniales remains and in the
Zygnemaphyceae the four orders Mesotaeniales, Zygnematales, Gonatozygales
and Desmidiales require no emendation. Bourrelly (1966) recognises only a single
order, Zygnematales, and places into this order all the above orders but reduced
to families. The Ulotrichales of Fott (1959) or Chadefaud or Chaetophorales
of Printz (1964) or Ulotrichineae of Pascher (1931) are all groups I would
consider artificial in that they embrace all the filamentous and in some schemes
even siphonous orders. Even with the removal of siphonous groups, the Ulo-
trichophycées would contain the orders Ulotrichales, Ulvales, Chaetophorales
and Trentepohliales of Bourrelly (1966), to which I would add the Microsporales,
Cylindrocapsales and Coleochactales. I cannot support Bourrelly in distinguish-
ing these filamentous green algae as a class but would, however, maintain for the
time being two cohorts within this filamentous group as tentatively suggested in
1963. The first is the Ulotrichiidae, containing the Ulotrichales, Ulvales, Micro-
sporales, Cylindrocapsales and Prasiolales, and the second is the cohort of
branching filamentous green algae, the Chaetophoriidae, containing the Chaeto-
phorales, Pleurococcales, Trentepohliales and Coleochaetales. The reason for not
elevating this section to a class and at the same time separating it from the
flagellate/tetrasporal/coccoid series (Bourrelly’s Euchlorophycées), is based on
comparison with the Zygnemaphyceae/Oedogoniophyceae/Bryopsidophyceae,
each of which is clearly characterised by well defined cytological, morphological,
reproductive, life cycle, biochemical and even ecological criteria. Consideration
of any of these numerous factors throughout the orders from the Volvocales to
the Coleochaetales reveals no striking discontinuities, e.g. cellulose is the com-
monest wall component throughout; biflagellate gametes fuse usually by their
apices; chloroplasts vary from cup shaped, band shaped to stellate; the pyrenoid
is embedded in the chloroplast; isomorphic to heteromorphic alternation of
generation is scattered throughout the group; the zoospores tend to be quadri-
flagellate; etc. At the ordinal level the problems which remain in the Chloro-
phyceae can be conveniently brushed aside by merging the orders. On the other
hand, 1 believe that maintaining them separate is more likely to stimulate indivi-
dual studies of genera which otherwise might be neglected. Numerous orders
have been established or merged during the history of the ‘green’ algae, but the
criteria used for establishment of an order have rarely been defined and equally
rarely have these criteria been applied to the others within a class. To some ex-
tent the criteria differ in different algal groups. Thus in the Rhodophyta the em-
phasis is on the female reproductive branch system, in the Bacillariophyta it is on
the morphology of the siliceous wall components of the vegetative cell. Morphol-
ogy was used as a keystone of the ordinal systems of Pascher (1931 and earlier
papers) applied not only to the Chlorophyceae but also to the Xanthophyceae,
Chrysophyceae, etc. and it ‘is still the major criterion for taxonomic discrimina-
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tion’ (Dixon, 1970). Fott (1965) obviously considers that morphological features
are important since he comments that orders contain genera of the same mor-
phological habit. There is nothing to be ashamed about in using morphology; it
is obvious from the inadequate morphological detail in the literature that this is a
most difficult subject and as Dixon and Richardson (1970) point out the pheno-
typic plasticity of most aquatic species adds acute problems. That morphology
can be used within some of the most difficult genera is shown in the excellent
study of Chlorella by Fott and Novakova (1969). Orders should surely provide a
valuable test of the concept in the quotation from Lewin (1968) at the head of
this article. Within reasonable limits any genus of an order should contain the
information necessary to define the order and the converse also should apply.
This test applies to genera such as Cosmarium (Desmidiales), Spirogyra (Zygne-
matales) and Oedogonium (Oedogoniales) but it is inapplicable, for example, to
the Chaetophorales of Printz (1964) or the genera within this order. Starting
from a basis of morphology it is often found that biochemical characteristics
correlate, e.g. in the siphonous orders. If such biochemical characteristics were
available for many more genera then the ordinal system could be based on these
as Aaronson and Hutner (1966) and Margulis (1968) suggested. If, then, mor-
phology is to be used (and I medn in its widest sense drawing on ultrastructural
detail) it should be applied consistently and, bearing in mind the concept in the
quotation from Lewin (1968), students who may at first be confused will find the
quotation from Takhtajan (1968) is entirely applicable. At the ordinal, generic
and species levels the large number of characteristics required for sorting the
taxa will require the application of numerical taxonomy such as has been so ad-
mirably applied to Flexibacteria (Fager, 1969; Lewin, 1969) where 84 charac-
teristics were utilised for 85 strains. However, until sufficient comparable data
are available for the majority of genera the older approach must be used. It is
almost impossible to keep up with the vast literature and I have undoubtedly
missed some important contributions but below is a summary of orders which
have been recognised at various times in the Chlorophyceae; taxa in square
brackets are considered superfluous. It is not easy to find the authority for each
order but where this is known I have quoted it.

[PEDINOMONADALES, PROTOCHLORIDALES = CHLOROCHYTRIDIALES; Korschikov,
1923, 1938 as Protochlorinae]. Ettl (1966) united the Pyramimonadineae and
Pedinomonadineae within this order and Manton (1967) considered that some
genera may have to be retained in a grouping similiar to this. This order was used
by Ettl (1966) for Korschikov’s (1923) Protochlorineae. All the genera of these
groups have been transferred en bloc to the Prasinophyceae by Parke and Dixon
(1968).

POLYBLEPHARIDALES. Ettl (1966) admits that this order is one of the most prob-
lematical. The family Polyblepharidaceae has in fact been transferred to the
Prasinophyceae (see Christensen, 1966; Parke and Dixon, 1968). This still leaves
some unicellular naked forms (e.g. Dunaliella) and the colonial Raciborskiel-
laceae; Parke and Dixon (1968), however, retain the Dunaliellaceae in the Vol-
vocales. Maintaining a separate order may at least stimulate further studies.
[RACIBORSKIELLALES; Ettl, 1958]. This designation was used by Ettl for colonial
flagellates without cell walls. Later (1966) he submerged these in the Polyble-
pharidales as a family (Raciborskiellaceae).
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CHLAMYDOMONADALES; Fritsch in West (1927). Ett! (1958a, 1966) maintained the
unicellular Chlamydomonas-like species in a separate order. This is not new
since Pascher (1931) also used this system. Establishing a separate group for the
unicellular forms is in line with a policy of maintaining as far as possible only a
single vegetative morphology in an order. Wall structure is generally regarded as
being based on cellulose microfibrils but Schldsser (1966) reported galactose and
arabinose in Chlamydomonas reinhardtii. Ettl (1970) uses ultrastructural features
to separate the species without pyrenoids from those of Chlamydomonas and
places them in the separate genus Chloromonas.

[CENTROMONADALES; Meyer, 1962]. This order is unacceptable since it is based
upon a single characteristic.

VOLVOCALES; Oltmans (1904), Pascher (1931), Ettl (1966). This order embraces
the colonial flagellate genera some of which are admittedly very close morpho-
logically to genera of the Chlamydomonadales whilst others, e.g. Volvox, would
hardly be placed adjacent if the series from Gonium through Pandorina, Eudorina,
etc., was not so firmly entrenched. Lang (1963) and Parker (1964) comment on
the Tack of a compact cell wall in this group compared with the Chlamydomonas
group and Parker suggests this may be of some evolutionary significance. How-
ever, Olson and Kochert (1970) report that the flagellum-kinetosome complex is
similar in the two groups. Ettl (1966) includes Spondylomorum and Corone within
this order and this may be valid, but the structure of these colonial genera is
quite unlike the former ones, e.g. in their polarity, physiology, at least of Uva
(= Chlamydobotrys and Pyrobotrys according to Bourrelly, 1966), formation of
bridges between the cells and somewhat different organisation of the thylakoids
in Uva (Merrett, 1969). I suspect that when further details, especially of ultra-
structure, are available this latter group may have to be reassessed.
TETRASPORALES; Lemmermann in Pascher (1915). This order has been misunder-
stood by many phycologists but Ettl (1966) points out the importance of polarity
and the presence of contractile vacuoles. The cells tend to have the characters of
the flagellate series minus the flagella, though insome, e.g. Tetraspora, the flagella
bases are retained (Lembi and Herndon, 1966). The formation of embedding muc-
ilage and mucilaginous pseudofiagella is an incidental character of some genera.
[PALMELLALES; Chadefaud and Emberger, 1960 & earlier]. Synonymous with
Tetrasporales.

CHLORODENDRALES; Fritsch in West (1927). Genera placed in this order require
reinvestigation. It should not be merged until this has been undertaken.
[CHLORANGIALES; Pascher, 1931; Ettl, 1958b]. Merged into Tetrasporales by Ettl
(1966).

[cHARASIOSIPHONALES; Ettl, 1958]. Merged into Tetrasporales by Ettl (1966).
[CENTROPALMELLALES; Meyer, 1962]. See remarks on Centromonadales.
CHLOROSARCINALES; Groover and Bold (1969) [= Chlorosphaerales, Herndon,
1958]. The extensive studies of the group working under Bold have steadily refined
the characteristics of this difficult order. Its inclusion in the Chaetophorales as a
family (Chlorosarcinées) by Bourrelly (1966) is, I think, untenable since the
genera never form filaments even in culture; the form of the chloroplast and zoo-
spore type and behaviour (Bold, 1970) are also unlike those of the Chaeto-
phorales. The ultrastructure of the region of flagellar insertion in Tetracystis is
very similar to that of Chlamydomonas (Arnott and Brown, 1967).
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CHLOROCOCCALES; Marchand (1895). This order remains on the whole a distinc-
tive one and the numerous excellent biochemical/microbiological studies of the
Texas group under Bold, and the morphological studies of the Prague group
under Fott, are succeeding in defining the group. But it is one of the largest
orders of green algae and much remains to be achieved in the reorganisation of
the families. Trainor (1970 & earlier work) and Swale (1965, 1967) have shown
the extreme pleomorphism of some genera. The wall composition is variable in
the group, e.g. cellulose in many but a mixture of glucans and mannans in
Hydrodictyon and Pediastrum (Parker, 1964; Gawlik and Millington, 1969).
This suggests that the group is perhaps in need of further detailed study and sub-
division.

[CENTROCOCCALES; Meyer, 1962]. See remarks on Centromonadales.
[PrROTOCOCCALES]. Synonymous with Chlorecoccales. Printz (1927) used Proto-
coccales to include volvocalean, tetrasporalean and coccoid series.
ULOTRICHALES; Borzi (1895). This is maintained as a small order of algae by
Kornmann (1963, 1965c) in which the filamentous stage alternates with a cyst-like
(Codiolum) stage in many species. The genus Monostroma has been investigated
by several workers (Tatewaki, 1969; Kornmann, 1963; Gayral, 1965; Dube,
1967; Bliding, 1968). Kornmann (1963) and Gayral (1965) place Monostroma in
the Ulotrichales whilst Bliding (1968) and Kida (1967) include it in the Ulvales.
Dube (1967) found that M. fuscum (Postels et Ruprecht) Wittrock and M. obscu-
rum (Kiitz.) J. Ag. are distinct from other Monostroma species, in fact, Bliding
(1968) transferred these species to Ulvaria within the Ulvales (see below). There
seem therefore to be monostromatic thalli in both orders, with heteromorphic
life cycle in the Ulotrichales and isomorphic in the Ulvales. The germling stage
of Monostroma is a system of branching filaments and as such fits in with other
genera of the Ulotrichales although in some Ulothrix species this stage can be
very reduced. On the other hand, Ulvaria forms a monosiphonous filament
which enlarges into the blade and should probably be maintained in the Ulvales.
Stichococcus and the morphologically very similar Nannochloris have been
shown to be rather unusual members of the Chlorophyceae in that they form
mannitol (Craigie, McLachlan, Ackman and Tocher, 1967) and also have a
similar reaction to surfactants (Ukeles, 1965), and therefore probably require
further study. Christensen (1966) includes the Acrosiphoniaceae, Codiolaceae and
Sphaeropleaceae here but I prefer to maintain these groups as separate orders.
CcODIOLALES; Kornmann (1965a). Kornmann transferred Urospora (presumably
U. wormskioldii (Mertens) Rosenvinge) from the Acrosiphoniales to the Ulo-
trichales since it has a heteromorphic life cycle, though in another paper (Korn-
mann, 1965b) he comments that life cycles may not be significant for charac-
terisation of taxa above genera. In the same paper Kornmann created a new
order, Codiolales, containing this Urospora but without specifying any further
details for the order. U. wormskioldii has a single nucleus and a band-shaped
chloroplast whilst other Urospora spp. are multinucleate and with a netlike
chloroplast (Hanic, 1965; Scagel, 1966) which suggests that, as in Monostroma,
two or more genera are being confused here. There is little doubt that intensive
studies are needed on many species before this order is settled and a serious
attempt should be made to include biochemical studies to add to the morpho-
logical and life history data.
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ULVALES; Blackman and Tansley, 1902. Bliding (1963, 1968) includes here a
group of genera with isomorphic alternation of generations (male, female and
zoosporic plants in some species; Chihara, 1968), cup-shaped chloroplasts,
multicellular rhizoidal development, filamentous young stages (though often
arising from basal discs, see Gayral, 1967), and a high degree of polarity of the
cells and thalli. Papenfuss (1960) thought they might be reduced to a family of
the Ulotrichales but I can see few arguments for this merger though undoubtedly
further detailed studies are highly desirable. The gametes are said to fuse
laterally and this needs to be compared with fusion of gametes in the Ulotri-
chales using electron microscope techniques such as those already used so
successfully for Chlamydomonas and Prasiola.

PRASIOLALES; Fritsch in West (1927). [= sCHIZOGONALES, West, 1904; and CEN-
TROSTROMATALES, Meyer, 1962]. These remain an isolated group in which the
form of the thallus, chloroplast structure and the unusual method of fertilisation
(Friedmann, 1960; Manton, 1960) places this group apart from other green algae.
The fact that ultrastructure of the gametes (attachment of flageliar bases to the
tip of the male nucleus, simplicity of thylakoids, stellate chloroplast, etc.) and the
submergence of one male flagellum in the egg at fertilisation are regarded as im-
portant criteria in this group encourages the view that a study of similar criteria
in other genera will assist the classification.

MICROSPORALES; Bohlin (1901). These have been maintained separately (Pres-
cott, 1969) but Sarma (1964) found little to distinguish them from the Ulotri-
chales on cytological grounds. Maintenance of a separate order may stimulate
biochemical and ultrastructural studies leading to a reappraisal.
[CENTROTRICHALES ; Meyer, 1962]. See remarks on Centromonadales.
CYLINDROCAPSALES; Prescott (1951). A small order requiring further investiga-
tion,

CHAETOPHORALES; West (1904). This order is still often included within the Ulo-
trichales but, apart from similarity in chromosome morphology and number
(Sarma, 1964; Abbas and Godward, 1964) which led these authors to suggest
that the orders should be united, there seems little reason to combine them.
Other workers have gone further and split them into Chaetophorales, Coleo-
chaetales and Trentepohliales (Chadefaud and Emberger, 1960; Prescott, 1969).
Certainly by comparison with other orders this is valid on the basis of mor-
phology, reproduction and some biochemical features. Much has been made
of the occurrence of a ring-like chloroplast in both Ulotrichales and Chaeto-
phorales but this is one of the few similarities. South (1968) comments that
whilst cultural studies have proved invaluable in some groups, e.g. Chloro-
coccales, they have to be used cautiously in the Chaetophorales.
COLEOCHAETALES; Chadefaud and Emberger (1960). Prescott (1969) recognises
this order and includes not only Coleochaete but also the Aphanochaetaceae and
part of the Chaetonemaceae within it. This is undesirable and these families
should remain in the Chaetophorales until further detailed studies have been
made. I think it better to retain only Coleochaete with its most characteristic
features in the order. Abbas and Godward (1964) pointed out that Coleochaete
was quite distinct from other filamentous genera and McBride (1967) reported
that Coleochaete possesses distinct chioroplast grana, surprisingly complex setae
at the ultrastructural level and a pattern of columnar protrusions on the outer
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cell wall. Adding these to the highly distinctive reproductive system suggests a
most distinctive order.

TRENTEPOHLIALES; Chadefaud and Emberger (1960). Again a small highly
specialised order of mainly terrestrial epiphytic algae. Zoospores are produced in
specialised sporangia which absciss and are wind dispersed. The early report
(Heilbron, 1942) that Trentepohlia completely lacks sterols requires rechecking
since Hegnauer (1962) reports the presence of erythrotol.

PLEUROCOCCALES; Chodat (1909). This small group requires further study.
ULVELLALES. Again further studies are required on this order.

In the Bryopsidophyceae the problem of the number of orders and the distri-
bution of genera amongst them is now somewhat clearer since further pigment
(Kleinig, 1969) and cell wall studies (Parker, 1970) have been made. The orders
can still be allocated to three cohorts, as follows:

HEMISIPHONIIDAE; Chadefaud (1960).

CLADOPHORALES; West (1904). By 1964 the work on structure of the walls by Frei
and Preston (1964) had provided ample evidence for the uniformity and distinct-
ness of this group and subsequent contributions have emphasised this. Sarma
(1964) concluded that the nuclear detail with a basic chromosome number of 6
established the discreteness of the group on cytological grounds. Then Hori and
Ueda (1967) found that the ultrastructure of the chloroplasts differed from that
in other siphonous forms with numerous closely packed thylakoids (discs) and
‘bilenticular’ pyrenoids. Parker (1970) discussing the evidence from biochemistry
of the wall microfibrils again stresses the unity of the group. The cross walls are
formed by annulus-like ingrowth (van den Hoek, 1963) but since Fowke and
Pickett-Heaps (1969) found a combination of an ingrowing septum and a
phragmoplast in Spirogyra the whole question of cross wall formation in filamen-
tous genera requires reinvestigation. The occasional occurrence of heteromor-
phic life cycles (Archer and Burrows, 1960) does not detract from the discrete-
ness of the order since such life cycles have been reported scattered in various
green algal groups. Van den Hoek (1963) in an excellent study of the genus
Cladophora considered that only the structure of cell wall, chloroplast and pyre-
noid, allied with cell division, should be used to distinguish Cladophora from
other genera. The Cladophorales have an inoperculate exit pore for the zoo-
spores and gametes and this differs from the Acrosiphoniales. Christensen (1966)
combined the Cladophorales with the Siphonocladales.

SPHAEROPLEALES; Fritsch in West (1927). These are still aligned with the filamen-
tous Chlorophyceae by many authors though their multinucleate nature, annular
growth of the cross wall, etc., really place them in the Bryopsidophyceae. This
problem will not be solved until detailed biochemical criteria and ultrastructure
of the walls can be added to the morphological features. Klein and Cronquist
(1967) place this order close to the siphonous line based on the structure of the
photosynthetic apparatus.

ACROSIPHONIALES ; Kornmann (1965b). Parker (1970) comments on the isolation
of this group from the Cladophorales in that cellulose has not yet been com-
pletely and adequately demonstrated whilst even the mucilages differ. The cells
are strongly polarised with apical branching, branches often curved and rhizoids
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arising at the base of the cells. The germling forms a basal branching disc in
which the cell row tends to adhere. Hanic (1965) showed that the Codiofum stage
had a pectin wall. The wall of Spongomorpha differs from that in Cladophora and
Chaetomorpha (Hanic and Craigie, 1969), forming another criterion for separa-
tion of the orders. There seems to be some confusion over the number of nuclei
per cell in the various species; Kornmann (1965b) considers that the operculate
opening of the sporangia is a characteristic of this group. In Acrosiphonia and
Spongomorpha only the apical cells increase in length (Kornmann, 1965b, 1967)
and it would be interesting to compare this with the situation in the genera of the
Cladophorales. Hori and Ueda (1967) studied the ultrastructure of the chloro-
plast and pyrenoid and concluded that details of these supported a separate
order. Jonsson (1963), however, did not support the establishment of this order.
CYSTOSIPHONIIDAE ; Chadefaud (1960). Hori and Ueda (1967) add substance
to the view that the Siphonocladales and Dasycladales are in the same group since
they have features of chloroplast ultrastructure in common.

DASYCLADALES; Pascher (1931). This is perhaps the easiest group to define. All
the genera have radial symmetry, the vegetative thallus is uninucleate with a
massive nucleus in the rhizoidal portion, the multinucleate state occurs prior to
reproduction, operculate cysts arise in specialised gametangia and these open to
release the gametes; there is also a strong tendency to deposit calcium carbonate.
According to Merac (1955), Hegnauer (1962) and Meuse (1962, 1963) this order
does not store glucosans or oil but fructosans. Inulin has been recorded in
Acetabularia (Merac, 1953) but noted as early as 1863 by Naegeli according to
Meuse (1963) who also found it in Batophora but not in Dasycladus. Neither
siphonoxanthin nor siphonein have been recorded (Kleinig, 1969) and 8, 1-4
mannan is the chief wall polysaccharide with lesser and varying amounts of
galactose (Werz, 1963), though as Parker (1970) points out the whole order needs
to be surveyed. In the cap region of Acetabularia, however, the proportions of
glucose and galactose increase and only in this region is rhamnose found
(Zetsche, Grieninger and Anders, 1970), indicating that when comparative bio-
chemical studies of wall material are made the exact origin of the material should
be stated. Hori and Ueda (1967) showed that the chloroplasts have no pyrenoid
though starch is present in both the chloroplast and cytoplasmic matrix and in
some species the thylakoids have a distinctive grana-like structure (Werz, 1966;
Bouloukhére, 1970).

SIPHONOCLADALES; Blackman and Tansley (1902). This order is characterised by
cellulose walls (Parker, 1970; Dawes, 1966; Stewart, Dawes, Dickens and
Nicholls, 1969) and segregative division. Dawes (1969) records a microfibrillar
wall in Apjohnia with the fibrils running in three directions and centripetally
formed cross walls. There is slight evidence of ‘segregative division’ when rhi-
zoids form. Fritsch describes the method of ‘segregative division’ in such a
clearly defined way that it seems to be a good criterion for separation from the
Cladophorales. Nizamuddin (1964) confirmed the distinctive types of division in
the two orders. However, neither Anadyomene nor Microdictyon show distinctive
segregative division and Fritsch (1954), Egerod (1952) and Papenfuss (1955) sug-
gested their removal to the Cladophorales. However on morphological criteria
they are better left in the Siphonocladales. Christensen (1964) considered that
this order and the Cladophorales were very close but the segregative division
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was fundamentally different from the septation in the Cladophorales. Hori and
Ueda (1967) found that large numbers of chloroplast thylakoids were aggregated
to form bands and, though this state was approached by some species of the
Cladophorales, it is an added criterion to separate these from the Siphono-
cladales. It may be significant that Kleinig (1969) found siphonoxanthin in three
genera (Boodlea, Valonia and Blastophysa; he places the latter genus in this
order), whereas this pigment is recorded only in a few species of Cladophora. 1t
is desirable to check the identity of these Cladophora species.

[vaLoNIALES; Pascher, 1931]. This is synonymous with Siphonocladales.
CHLOROCHYTRIALES. This small order requires further study—recently one sym-
biotic genus Ostreobium has been shown to possess both siphonein and siphono-
xanthin (Jeffrey, 1968). Ostreobium is placed in the Chlorococcales by Parke
and Dixon (1968) and is obviously a genus requiring further study. The genus
Chlorochytrium itself is the sporophytic generation of Spongomorpha (Chihara,
1969). Blastophysa may belong here but I agree with Parker (1970) that it may
have to be in a separate order, Chaetosiphonales.

EUSIPHONIIDAE ;Chadefaud (1960). This grouping still has value since it brings
together genera all possessing siphonein and siphonoxanthin (except Dichotomo-
siphonales) and S, 1-3 xylan as the commonest wall component (Iriki and Miwa,
1960; Frei and Preston, 1964; Parker, 1970). Halicystis requires further study
(Parker, 1970) but glucose and xylose residues are present. Derbesia and Codium
however have 8, 1-4 mannan. Codium is also exceptional in that both lutein and
lutein epoxide are absent (Kleinig, 1969). However, some genera have a single
type of plastid (Codium, Derbesia, Bryopsis, Pseudodichotomosiphon) whilst
others have both chloroplasts and amyloplasts and also the ‘concentric lamella
system’ found by Hori and Ueda (1967) and also by Sabnis (1969) who termed
these structures ‘terminal bodies’. These appear as areas of coiled thylakoids at
the apices of the chloroplasts. Chlorodesmis, Halimeda, Udotea, Caulerpa,
Avrainvillea and Dichotomosiphon lack the ‘concentric lamella’ system. Thus
some of the features cut across the system of orders (see below). This suggests
that further work is needed on a whole range of characters in order to typify the
groups more satisfactorily.

DICHOTOMOSIPHONALES. Two features recently added to those distinguishing
Dichotomosiphon are absence of siphonoxanthin (Kleinig, 1969) and the absence
of amyloplasts (Hori and Ueda, 1967). Frei and Preston (1964) and Maeda,
Kuroda, Iriki, Chihara, Nisizawa and Miwa (1966) analysed the wall structure of
Dichotomosiphon and found it consisted of 8, 1-3 xylan. Pseudodichotomosiphon
however has only chloroplasts. The order requires further detailed study.
CODIALES; Setchell (1929). Bryopsis has now been shown to have a giant nucleus
with a long sinuous nucleolus (cf. Acetabularia) in its protonemal stage and only
becomes multinucleate prior to formation of the plumose habit (Neumann,
1969b). Bryopsis hypnoides Lamour. undergoes lateral fusion of gametes (‘seitliche
verschmelzung’). Kleinig (1969) found that lutein and lutein epoxide were
absent from Codium and lutein epoxide absent from Bryopsis; they were, how-
ever, both present in Pseudobryopsis and Avrainvillea. Hori and Ueda (1967)
first reported bands composed of 4-5 thylakoids in the chloroplast of Bryopsis
and this has recently been confirmed by Burr and West (1970). As pointed
out by Parker (1970) this whole order requires detailed studies and I would
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add that submicroscopic studies of the thalli and gametes, including the pro-
cess of fusion, are required, to reinforce the biochemical studies of cell walls
where both xylans and mannans have been recorded. Burr and West (1970)
show the very distinctive male gamete with its degenerate chloroplast and mas-
sive mitochondria, also the unusual angle of insertion of the flagella. The female
gamete on the other hand has a large chloroplast, a very extensive eyespot and,
unlike the male gamete, it has layers of endoplasmic reticulum around the
nucleus (Urban, 1969).
[EustPHONALES; Feldmann, 1946]. This order was created by Feldmann for the
siplionous genera with a single type of plastid as opposed to those with chloro-
plasts and amyloplasts. The earlier taxon, Codiales, is preferable since it is
based on a genus.
CAULERPALES; Setchell (1929). There is little to add to the characterisation of this
order, the algae within which have walls of 8, 1-3 xylan.
DERBESIALES. Parker (1970) confirmed that on wall structure this order is prob-
ably distinct but again more detail is needed. The Derbesia stage probably con-
tains glucose and xylose and the Halicystis stage has B, 1-4 mannan. Kleinig’s
(1969) study confirmed the presence of the typical pigments siphonein and
siphonoxanthin. Neumann (1969a) showed that the gametes of Derbesia fuse in
a manner similar to that in Bryopsis.
[stPHONALES; Willie in Warming, 1894]. The previous siphonaceous orders were
formerly united in this order.
PHYLLOSIPHONALES. This order requires reinvestigation. According to Chadefaud
and Emberger (1960), Phyllosiphon may belong to the Xanthophyceae.

A summary of the above orders is presented in Table I1.



sojeuoydrsofjAyg

$9[80020I0[YD) soreuoyd
sa[eIOodsoIoIN SO[BUIOIBSOIOYD) ~I1SOWOI0Y2I(]
SOTR[[AIN)  S9[BSAROOIPUI[LD) S3[RIPUSPOIONYD soredisne) SI[BLIAYD0IOYD sa[eruoydisotoy
$3]RII020INA[J so[eOISBId sa[eIOdsena], Sa[BIPOD so[epepoouoydig sojea[doroeyds
soreryodojuary, SajBAIN sareprreydojqijog SO[BIS3QId(] sa[eprdASe(q soreroydopeD
S9[BIDBYD0I[0)) $o[B[OIPOD SS[EI0A[OA | | |
so[eroydojoey) S3[BUDLIJO]()  SA[BPRUOWOPAWIR[YD) [eeprruoydisng]  [sepruoydiso}sA)]  [sepruoydisiusi] SO[RIPIWSA(T
I _ _ _ _ | so[e84zoreUon)
i Sa[ejeWDdUTLZ
m s9[eruO30paQ SOJRIUSBIOSIA]
_ _
W seavAydoroyD sedofydopisdofig seaohkydoruogopa oBaoAydewougiy
& | | _ |
H so[eroeydsole soJeydioweuaSng
o5 sd[epepouIselq soreu9iSnyg
Sa[eprUOWIIRIAJ sojeIRYD) sarendanng
_ | _
sravAydourserg ardofkydorey) sraoAydousi3ng
_ _ [
vlAydourselq r1Aydororyn eigdoreyd e1dydous[3ng
_ _ _ _
_
VIOHdOINOD—VIOAXdvONd
"oeg[e USdI3, Y} JO WONROYISSE[D JO SWAYDS SY} JO AIBUNUNS Y “[] T1EV L
%
o

TT0Z BNBNY GT 02:2T I [Sd9 AB100S [eaibojooAud usnug] Aq pepeojumoq

43P0
y70)

ApI0
SO
wndyd



Downloaded by [British Phycological Society BPS] at 12:20 15 August 2011

Taxonomy of Chlorophyta. II 257

REFERENCES

AAR(;N‘SlON, S. & BAKER, H., 1961, Lipid and sterol content of some protozoa. J. Profozool., 8,

74-2717.

AARONSON, S. & HUTNER, S. H., 1966. Biochemical markers and microbial phylogeny. Q.
Rev. Biol., 41, 13-46.

ABBAS, A. & GoDWARD, M. B. E., 1964, Cytology in relation to taxonomy in Chaetophorales.
J. Linn. Soc. Lond., 58, 499-597.

AckMAN, R. G., TocHEg, C. S. & MCcLACHLAN, J., 1966. Occurrence of dimethyl-8 propiothe-
tin in marine phytoplankton. J. Fish. Res. Bd. Can., 73, 357-364.

Ackman, R. G., Appison, R. F., Prakasi, A. & Hoorer, S. N., 1970. Halosphaera viridis:
fatty acid composition and taxonomical relationships. J. Fish. Res. Bd. Can.,27,251-255.

ARCHER, A. & Burrows, E. M., 1960. Heteromorphic life history as a family criterion in the
Cladophorales. Br. Phyc. Bull., 2, 31-33.

ARrNoOTT, H, J. & BrRowN, R. M. Jr., 1967, Ultrastructure of the eyespot and its possible signifi-
cance in phototaxis of Tetracystis excentrica. J. Protozool., 14, 529-539,

Banks, H. P., 1968. The early history of land plants. In Evolution and Environment (Drake,
E.T., editor), 73-107. New Haven.

BaArTON, R., 1965. Electron microscope studies on surface activity in cells of Chara vulgaris.
Planta, 66, 95-105.

BeLCHER, J. H., 1965. An investigation of three clones of Monomastix Scherffel by light micro-
scopy. Nova Hedw., 9, 73-82.

BELC1H6ER1, 3J1 I-II.3,91 968. A morphological study of Pedinomonas major Korschikov. Nova Hedw.,

BeLcHER, J. H., 1969. Further observations on the type species of Pyramimonas (P. tetra-
rhynchus (Schmarda) (Prasinophyceae) : an examination by light microscopy, together with
notes on its taxonomy. Bot. J. Linn. Soc., 62, 241-253.

Brackman, F. F. & TansLEY, A. G., 1902. A revision of the classification of the green algae.
New Phyt., 1, 17-24; 47-48; 67-77; 89-96; 114-120; 133-144; 163-168; 182-192; 213~
220; 238-244.

Brming, C., 1963. A critical survey of European taxa in the Ulvales. Part 1. Capsosiphon,
Percursaria, Blidingia, Enteromorpha. Bot. Not., (Suppl.) 8, 1-160.

BuDING, C., 1968. A critical survey of European taxa in Ulvales, II. Ulva, Ulvaria, Mono-
stroma, Kornmannia. Bot., Not., 121, 535-629.

BoHLIN, K., 1901, Utkast til de gréna algernas och arkegoniaternas fylogeni. Lund.

BoLp, H. C., 1956. Some aspects of the classification of the Plant Kingdom. Bull. Assoc. South
eastern Biol., 6, 35-51.

BoLp, H. C., 1957, The morphology of plants. New York.

BoLp, H. C., 1970. Some aspects of the taxonomy of soil algae. Ann. New York Acad. Sci.,
175, 601-616.

BoLOUKHERE, M., 1970. Ultrastructure of Acetabularia mediterranea in the course of formation
of the secondary nuclei. In Biology of Acetabularia (Bracket, J. & Bonotto, S., editors),
145-175. New York and London.

BoNEy, A. D., 1970. Scale-bearing phytoflagellates. An interim review. Oceanog. Mar. Biol.
Ann. Rev., 8, 251-305.

Borzi, A., 1895. Studi algologici. Fasc 2, 121-378. Palerma.

BOURRELLY, P., 1966. Les Algues d’eau douce. Initiation @ la systématique. Tome 1. Les Algues
vertes. Paris.

BrownN, R. M. Jr. & BoLp, H. C., 1964. Phycological Studies. II. Comparative studies on the
algal genera Tetracystis and Chlorococcum. Univ. Texas Publ., No. 6417, 1-213. .
Brown, R. M. Jr., JounsoN, C., Sr. & BoLp, H. C., 1968. Electron and phase-contrast micro-

scopy of sexual reproduction in Chlamydomonas moewusii. J. Phycol., 4, 100-120.

Buetow, D. E. (Ed.), 1968. The Biology of Euglena. Vol. 1. General Biology and Ultrastructure.
Vol. 2. Biochemistry. New York and London. .

BURR, F. A. & WEesT, J. A., 1970. Light and electron microscope observations on the vegetative
and reproductive structures of Bryopsis hypnoides. Phycologia, 9, 17-37.

CHAMBER, T. C. & MERCER, F. V., 1964. Studies on the comparative physiology of Chara
australis. I1. The fine structure of the protoplast. Austral. J. Biol. Sci., 17, 372-387.
CHADEFAUD, M., 1960. Les Végétaux non vasculaires (Cryptogamie). In Chadefaud, M. et

Emberger, L. Traité de Botanique Systématique. Tome 1. Paris.

CHIHARA, M., 1968. Field culturing and taxonomic studies of Ulva fenestrata P. & R. & Ulva

icaég;zlii sp. nov. (Chlorophyceae) in British Columbia and Northern Washington. Syesis,
, 87-102.

CHIHARA, M., 1969. Cuilture study of Chlorochytrium inclusum from the north east Pacific,

Phycologia, 8, 127-133.



Downloaded by [British Phycological Society BPS] at 12:20 15 August 2011

258 F. E. ROUND

CHRISTENSEN, T., 1962. Alger. In Botanik (Bocher, T. W., Lange, M., & Sgrensen, T., editors),
2 Systematisk Botanik. 2, 1-178. Copenhagen (1st edition).

CHRISTENSEN, T., 1964, Comments on the phylogeny of Siphonocladales. In discussion at VIII
Int. Bot. Congtress, p. 71.

CHRISTENSEN, T., 1966. Alger. In Botanik (Bocher, T. W., Lange, M. & Segrensen, T., editors),
2 Systematisk Botanik. 2, 1-180. Copenhagen (2nd edition).

CHODAT, R., 1909. Etude critique et expérimentale sur le polymorphism des algues. Geneva.,

CRAIGIE, J. S., McLAcHLAN, J., AckMmaN, R. G. & TocHer, C. S., 1967. Photosynthesis in
aigae. III. Soluble carbohydrates and dimethyl-S-propiothetin in marine unicellular
Chlorophyceae and Prasinophyceae. Can. J. Bot., 45, 1327-1334.

CRAWLEY, J. C. W., 1963. The fine structure in Acetabularia. Exp. Cell Res., 32, 368-378.

CRAWLEY, J. C. W., 1965. A cytoplasmic organelle in association with the cell walls of Chara
and Nitella cells. Nature (Lond.), 205, 200-201.

CRONQUIST, A., 1960. The divisions and classes of plants. Bot. Rev., 26, 475-482.

CRONQUIST, A., TAKHTAJAN, A. & ZIMMERMANN, W., 1966. On the higher taxa of Embryo-
bionta. Taxon, 15, 129-134.

Dawess, C. T., 1966. A light and electron microscope survey of algal cell walls. II. Chloro-
phyceae. Ohio J. Sci, 66, 317-326.

Dawes, J. C., 1969. A study of the ultrastructure of a green alga, Apjohnia laetevirens Harvey,
with emphasis on cell wall structure. Phycologia, 8, 77-90.

DESIKACHARY, J. V. & SUNDARALINGAM, V. S., 1962. Affinities and inter-relationships of the
Characeae. Phycologia, 2, 9-16.

Dixon, P. S., 1970. A critique of the taxonomy of marine algae. Ann. New York Acad. Sci.,
175, 617-622.

Dixon, P. S. & RicHArRDsON, W. N., 1970. Growth and reproduction in red algae in relation
to light and dark cycles. Ann. New York Acad. Sci., 175, 764-777.

Dusg, M. A,, 1967. On the life history of Monostroma fuscum (Postels et Ruprecht) Wittrock.
J. Phycol., 3, 64-73.

EGERZOD, L. E., 1952. An analysis of the siphonous Chlorophycophyta. Uriv. Cal. Pub. Bot.,

5, 325-454.

Et1T1L, H., 1958a. Zur Kenntnis der Klasse Volvophyceae 1. In Algologische Studien (Komarek,
J. & Ettl, H., editors), 207-358. Prag.

ErtL, H., 1958b. Einige Bemerkungen zur Systematik der Ordnung Chlorangiales Pascher.
In Algologische Studien (Komarek, J. & Ettl, H., editors), 291-356. Prag.

ETTLI, H. & O., 1959. Zur Kenntnis der Klasse Volvophyceae I1. Arch. Protistenk, 104, 57—

12.

EtTL, H., 1961. Uber pulsierende Vakuolen bei Chlorophycean. Flora, 151, 88-98.

ErTL, H., 1966a. Pedinomonadineae, eine Gruppe kleiner asymmetrischer Flagellaten der
Chlorophyceen. Osterr. Bot. Z., 113, 511-528.

Erre, H., 1966b. Uber die Systematische Gliederung kleiner Chlorophyceen. Nova Hedw., 10,
515-525.

ET11L, H., 1970. Die Gattung Chloromonas Gobi emend. Wille. (Chlamydomonas und die nichst-
verwandten Gattungen, I). Beir. Nova Hedw., 34, 1-284.

ETTL, H. & MANTON, 1., 1964. Die feinere Struktur von Pedinomonas minor Korschikoff. Nova
Hedw., 8, 421-444,

FAGER, E. W,, 1969. Recurrent group analysis in the classification of Flexibacteria. J. gen.
Microbiol., 58, 179-187.

FELDMANN, J., 1938, Sur la classification de PPordre des Siphonocladales. Rev. Gen. Bot., 50,
571-597.

FELDMANN, J., 1946. Sur I’hétéroplastic de certaines Siphonales et leur classification. C.R.
hebd. séanc. Acad Sci. Paris., 222, 752-753.

Fortr, B., 1959. Algenkunde. Jena.

Forr, B., 1965. Evolutionary tendencies among algae and their position in the Plant Kingdon.
Preslia, 37, 117-126.

Fott, B. & Novakova, M., 1969. A monograph of the genus Chlorella. The freshwater species.
In Studies in Phycology (Fott, B., editor), 10-59. Prague.

Fowke, L. C. & PickerT-HEAps, J. D., 1969. Cell division in Spirogyra. II. Cytokinesis.
J. Phycol., 5, 273-281.

FRASER, T, W, & GUNNING, B. E. S., 1969. The ultrastructure of plasmodesmata in the filamen-
tous green alga Bulbochaete hiloensis (Nordst.) Tiffany. Planta, 88, 244-254.

Frel E. & PresTON, R. D., 1964. Non-cellulosic structural polysaccharide in algal cell walls.
L. Xylan in siphoneous green algae. Proc. Roy. Soc., (Lond.), 160, B, 293-313.

FRIEDMANN, 1., 1960. Gametes, fertilization and zygote development in Prasiola stipitata Suhr.
I. Light microscopy. Nova Hedw., 1, 333-344.

FrIEDMANN, 1., CoLwiN, A. L. & CoLwin, L. H., 1968. Fine structural aspects of fertilization
in Chlamydomonas reinhardtii. J, Cell Sci., 3, 115-128.



Downloaded by [British Phycological Society BPS] at 12:20 15 August 2011

Taxonomy of Chlorophyta. 1I 259

FritscH, F. E., 1927. In West, G. S., 4 treatise on the British Freshwater Algae (Rev. Ed. by
F. E. Fritsch). Cambridge.

FrrrscH, F. E., 1935, The structure and reproduction of the algae. Vol. 1. Cambridge.

Fritsch, F. E., 1954, Problems in the classification of the green algae. Rapp. et Com. 8th Int.
Bot. Congr. Paris. Sect. 17, 83-89.

GawLik, S. R. & MiLLingTtoN, W. F., 1969. Pattern formation and the fine structure
(1)(f) 9t§1<: developing cell wall in colonies of Pediastrum boryanum. Am. J. Bot., 56, 1084—

GAYRAL, P., 1965. Monostroma Thuret, Ulvaria Rupr. emend Gayral, Ulvopsis Gayral (Chloro-
phycées, Ulotrichales) structure, reproduction, cycles, position systématiqué. Reyv. Gen.
Bot., 72, 627-638.

GAYRAL, P., 1967. Mise au point sur les Ulvacées (Chlorophycées) particuliérement sur les
résultats de leur étude en laborataire. La Botaniste, sér L, 205-246.

GEeRRATH, J. F., 1969. Penium spinulosum (Wolle) comb. nov. (Desmidiaceae): a taxonomic
correlation based on cell wall ultrastructure. Phycologia, 8, 109-118.

GEeRRATH, J. F., 1970. Ultrastructure of the connecting strands in Cosmocladium saxonicum de
Bary (Desmidiaceae) and a discussion of the taxonomy of the genus. Phycologia, 9, 209—
215.

Gisss, S. P., 1970. The comparative ultrastructure of the algal chloroplast. Ann. New York.
Acad. Sci., 175, 454-473.

Ginss, S. P., LEwiN, R. A. & PaiLpotT, D. E., 1958. The fine structure of the flageliar apparatus
of Chlamydomonas moewusii. Expl. Cell Res., 15, 619-622.

GOLDSTEIN, M. & MORRALL, S., 1970. Gametogenesis and fertilization in Caulerpa. Ann. New
York Acad. Sci., 175, 660-672.

GrrFrrTHS, D. A, & GriFrTas, D. J., 1969. The fine structure of autotrophic and heterotrophic
cells of Chlorella vulgaris (Emerson strain). Plant Cell Physiol., 10, 11-19.

GRroOOVER, R. D. & Borp, H. C., 1969, Phycological Studies VIII. The taxonomy and com-
parative physiology of the Chlorosarcinales and certain other edaphic algae. Uriv. Texas
Publ, No. 6907.

GUERLESQUIN, M., 1967. Recherches caryotypiques et cytotaxonomique chez les Charophycées
d’Europe occidentale et d’Afrique du Nord. Bull. Soc. Sci. Bretagne, 41, 313-314.

Hanic, L. A., 1965. Life history studies on Urospora and Codiolum from southern British
Columbia. Ph.D. Thesis, Univ. of British Columbia.

HaNic, L. A. & CRrAIGIE, J. S., 1969, Studies on the algal cuticle. J. Phycol., 5, 89-102.

HEGNAUER, R., 1962. Chemotaxonomie der Pflanzen Bd. 1. Thallophyten, Bryophyten, Pterido-
phyten und Gymnospermen. Basel.

HeiLeroN, I. M., 1942. Some aspects of algal chemistry. Nature, Lond., 149, 398-400.

HernNDON, W. R., 1958. Studies on chlorosphaeracean algae from soil. Am. J. Bot., 45, 298—
308.

Hisserp, D. J. & Leepailk, G. F., 1970. Eustigmatophyceae—a new algal class with unique
organisation of the motile cell. Nature, Lond., 224, 758-760.

Hisserp, D. J. & LEeDALE, G., 1971. Cytology and ultrastructure of the Xanthophyceae. II.
The zoospore and vegetative cell of coccoid forms with special reference to Ophiocytium
majus Naegeli. Br. phycol. J., 6, 1-23.

Hir, G. J. C. & MacHLIs, L., 1968. An ultrastructural study of vegetative cell division in
Qedogonium borsianum. J. Phycol., 4, 261-271.

HiLr, R. & WHITTINGHAM, C. P., 1958. Photosynthesis (2nd edition). London.

Hosss, M. J., 1971. The fine structure of Eudorina illinoiensis (Kofoid) Paschr. Br. phycol. J.,
6, 81-103.

HorrMaN, L. R., 1967. Observations on the fine structure of Oedogonium. I11. Microtubular ele-
ments in the chloroplasts of Oe. cardiacum. J. Phycol., 3, 212-221.

HorrMaN, L. R. & MANTON, 1., 1963. Observations on the fine structure of Oedogonium. 11.
The spermatozoid of O. cardiacum. Am. J. Bot., 50, 453463,

Hori, T. & UEepa, R., 1967. Electron microscope studies on the fine structure of plastids in
siphonous green algae with special reference to their phylogenetic relationships. Sci. Rept.
Tokyo Kyoku Daig., Sec. B. 12, 225-264.

HorcHKkiss, A. T., 1964. Chromosome numbers and relationships in Chara leptopitys. Proc.
Linn. Soc. New South Wales, 89, 191-198.

HotcHKiss, A. T., 1965. Chromosome numbers in Characeae from the South Pacific. Pac. Sei.,
29, 31-37.

IrIkI, Y. & Miwa, T., 1960. Chemical nature of the cell wall of the green algae, Codium,
Acetabularia and Halycoryne. Nature, Lond., 185, 178-179.

JEFFREY, S. W., 1968, Pigment composition of siphonales algae in the brain coral Favia. Biol.
Bull., 135, 141-148.

JonnsoN, U. G. & PortEr, K. R., 1968. Fine structure of cell division in Chlamydomonas
reinhardi. J. Cell Biol., 38, 403-425.



Downloaded by [British Phycological Society BPS] at 12:20 15 August 2011

260 F. E. ROUND

Jones, R. F., 1970. Physiological and biochemical aspects of growth and gametogenesis in
Chlamydomaonas reinhardii. Ann. New York Acad. Sci., 175, 648-659.

JonssoN, S., 1963, Sur quelque variations du cycle de développement dans la famille des
Acrosiphoniacees. C. r, hebd. Séanc. Acad. Sci. Paris, 256, 5187-5189.

Jovon, L. & Forr, B., 1964. Quelque particularitées infrastructurales du plaste des Carteria
(Volvocales). J. Microscopie, 3, 159-166.

KAusik, S. B. & BHATTACHARYA, S. S., 1971, Structure and development of the sex organs in
Tolypella nidifica (O. Miilly A. Br. (Characeae). Bot. J. Linn. Soc., 64, 97-104.

KA, W., 1967. Studies on the morphology and ecology of Monostroma in Ise Bay and
vicinity, Japan. J. Fac. Fish., 7, 81-164.

KLEm, R. M. & Cronquist, H., 1967. A consideration of the evolutionary and taxonomic
significance of some biochemical micromorphological and physiological characters in the
thallophytes. Quart. Rev. Biol., 42, 105-296.

Kiemig, H., 1969. Carotenoids of siphonous green algae; a chemotaxonomical study. J.
Phycol., 5, 281-284.

Koch, L. F., 1960. The sub-kingdoms of plants. Taxon, 9, 64-66.

KOHLER, K., 1957, Neue Untersuchungen iiber die Sexualitit bei Dasycladus and Chaeto-
morpha. Arch. Protistenk., 102, 209-217.

Konarz, W., 1965. Elektronen mikroskopische Untersuchungen an Ewuglena gracilis im
Tagesperiodischen Licht-Dunkel-Wechsel. Planta, 66, 345-373.

KorscHIkov, A. A., 1923, Uber zwei neue Organismen aus der Gruppe der Volvocales. Russ.
Arkiv. Protistol., 2, 177-178.

KorscHikov, A. A., 1926. On some new organisms from the groups Volvocales and Proto-
coccales and on the genetic relations of these groups. Arch. Protistenk., 55, 439-502.

Korschikov, A. A., 1932, Studies in the Vacuolatae 1. Arch. Protistenk., 78, 559-617.

KORic(:_HIKOV, A. A., 1938. Volvocineae. Viznacénik prishovodnick vodorostej. U.S.S.R, IV.

iew.

KornMANN, P., 1963. Die Ulotrichales neu geordnet auf der Grundlage entwicklungsgeschich-
lichen Befunde. Phycologia, 3, 60-69.

KORIZS/I_A;N, P., 1965a. Was ist Acrosiphonia arcta? Helgol. wiss. Meeresunters., 12 (1) (2),

KorNMANN, P., 1965b. Zur analyse des Wachstums und des Aufbaus von Acrosiphonia. Helogol.
wiss. Meeresunters., 12 (3), 219-238.

KornmANN, P., 1965¢. Ontogenie und Lebenszyklus der Ulotrichales in phylegenetischer
Sicht. Phycologia, 4, 163-172.

KoruMANN, P., 1967. Wachstum und Aufbau von Spongomorpha aeruginosa (Chlorophyta,
Acrosiphoniales). Blumea, 15, 9-16.

LANG, N. J., 1963. Electron microscopy of the Volvocaceae and Astrephomenaceae. Amer. J.
Bot., 50, 280-300.

Lang, N. J., 1968. Electron microscopic studies of extraplastidic astaxanthin in Haematococcus
pleuvialis. J. Phycol., 4, 12-19.

LeepaAtk, G. F., 1958. Nuclear structure and mitosis in the Euglenineae. Arch. Mikrobiol., 3

LEeDALE, G. F., 1964. Pellicle structure in Euglena. Brit. phycol. Bull., 2, 291-306,

LeeDALE, G. F., 1967a. Euglenoid Flagellates. Englewood Cliffs, N.J.

Leepare, G. F., 1967b. Euglenida/Euglenophyta. Ann. Rev. Microbiol., 21, 31-48.

LeepaLk, G. F., 1968. The nucleus in Euglena. In The Biology of Euglena (Buctow, D. E.,
editor), Vol. 1, 185-247. New York.

LeepaLk, G. F., 1970. Phylogenetic aspects of nuclear cytology in the algae. Ann. New York
Acad. Sci., 175, 429-543.

Lemsl, C. A. & HerNDON, W. R., 1966. Fine structure of pseudocilia of Tetraspora. Can. J.
Bot., 44, 710-712.

LEMMERMANN, E., 1915, Tetrasporales. In Die Siisswasser-Flora Deutschlands, Osterreichs und
der Schweiz. Heft 5. Chlorophyceae 11 (Pascher, A., editor), 21-51. Jena.

Lewmn, R. A., 1968. Biochemistry and physiology of algae. Taxonomic and phylogenetic
considerations. In Algae, Man & the Environment (Jackson, D. F., editor), 15-26. Syracuse.

Lewin, R. A., 1969. A classification of Flexibacteria. J. gen. Microbiol., 58, 189-206.

LEwIN, R. A. & MEINHART, J. O., 1953. Studies of the flagella of algae. IIl. Electron micro-
graphs of Chlamydomonas moewusii. Can. J. Bot., 31, 711-717.

Lunp, J. W. G., 1962. Unsolved problems in the classification of the non-motile Chryso-
phyceae with reference to those in parallel groups. Preslia, 34, 140-146.

MaEeDA, M., Kuroba, K., IrikI, Y., CHIHARA, M., Nisazawa, K. & Miwa, T., 1966. Chemical
nature of major cell wall constituents of Vaucheria and Dichotomosiphon with special
reference to their phylogenetic positions. Bot. Mag., Tokyo 79, 634-643.

MAGDEFRAU, K., 1967. Chlorophyceae. In Lehrbuch dev Botanik fiir Hochschulen. 29 Aufg.
(Denfer, D., Schumacher, W., Migdefrau, K. & Firbas, F., editors), 398-414. Stuttgart.



Downloaded by [British Phycological Society BPS] at 12:20 15 August 2011

Taxonomy of Chlorophyta. II 261

ManToN, 1., 1960. Gametes, fertilisation and zygote development in Prasiola stipitata Subr.
I1. Electron microscopy. Nova Hedw., 1, 443-462,

MANTON, 1., 1964, Observations on the fine structure of the zoospore and young germling of
Stigeoclonium. J. Exp. Bot., 15, 399-411.

ManTON, 1., 1967. Electron microscopical observations on a clone of Monomastix Scherffel
in culture. Nova Hedw., 14, 1-11.

MANTON, 1., 1969a. Some phyletic implications of flagellar structure in plants. Adv. bot. Res., 2,
1-34.

MANTON, 1., 1969b. Tubular trichocysts in a species of Pyramimonas (P. grossii Parke). Osterr.
Bot. Z., 116, 378.

MANTON, 1. & ETTL, H., 1965. Observations on the fine structure of Mesostigma viride Lauter-
born. J. Linn. Soc. (Bot.), 59, 175-184.

ManToN, I. & PARkE, M., 1960. Further observations on small green flagellates with special
Eeference to possible relatives of Chromulina pusilla Butcher. J. mar. biol. Ass. U.K., 39,

75-278.

MaNTON, I. & PARKE, M., 1965, Observations on the fine structure of two species of Platy-
monas, with special reference to flagellar scales and the mode of origin of the theca. J. mar.
biol. Ass. U.K., 45, 743-754,

MANTON, I., OATES, K. & PARKE, M., 1963. Observations on the fine structure of the Pyrami-
monas stage of Halosphaera and preliminary observations on three species of Pyramimonas.
J. mar. biol. Ass. U.K., 43, 225-238.

MAaNTON, 1., Rayns, D. G., ErtL, H. & PARkE, M., 1965. Further observations on green
flagellates with scaly flagella; the genus Heteromastix Korschikoff. J. mar. biol. Ass. UK.,
45, 241-255,

MARCHAND, L., 1895. Synopsis et tableau synoptique des familles qui composent la classe des
Phycophytes (Algues, Diatomee et Bacteriens). In Sous-regne des Cryptogams. 2e Embranch
Cryptochlorophylles. Paris.

MarGuLss, L., 1968. Evolutionary criteria in Thallophytes. A radical alternative. Science,
161, 1020-1022.

MCcBriDE, G. E., 1967. Features of the ultrastructure of Coleochaete (Abstr). J. Phycol., 3,
Suppl. 1.

MCcBRIDE, G. E., 1970. Cytokinesis and ultrastructure in Fritschiella tuberosa lyengar. Arch.
Protistenk., 112, 365-375.

McLaAcHLAN, J. & CraiGig, J. S., 1967. Photosynthesis in algae containing chlorophyll b.
Br. phycol. Bull., 3, 408-409.

MCcLACHLAN, J. & PARKE, M., 1967, Platymonas impellucida sp. nov. from Puerto Rico. J. mar.
biol. Ass. U.K., 47, 723-733.

MEEUSE, B. J. D., 1962. Storage products. In Physiclogy & Biochemistry of the Algae (Lewin,
R. A, editor), 289-313. New York.

MEEusSE, B. J. D., 1963. Insulin in the green alga, Batophora J. Ag. (Dasycladales). Acta Bot.
Neerl., 12, 315-318,

MEerAc, M. L. De, 1953. A propos de I'inuline des Acétabulaires. Rev. gen. Bot., 60, 689.

MERAC, M. L. De, 1955. Sur la présence de fructosanes chez Dasycladus vermicularis (Scopolii)
Krasser. C. r. hebd. Séanc. Acad. Sci., Paris, 241, 88-90.

MERRETT, M., 1969. Obsetvations on the fine structure of Chlamydoboirys stellata, with parti-
cular reference to its unusual chloroplast structure. Arch. Mikrobiol., 65, 1-11.

MEYER, K. I, 1962. Uber das phylogenetischen System der griinen Algen (Chlorophycophyta).
Preslia, 34, 147-158.

MiGnNor, J. P., 1965. Ultrastructure des Eugleniens. I. Comparaison de la cuticule chez
différentes espéces. Protistologica, 1, 5-15.

MiGnort, J. P., 1967. Affinities des Euglénomonadines et des Chloromonadina. Remarques
sur la systematique des Euglenida. Protistologica, 3 (1), 25-60.

Mix, M., 1967. Zur feinstruktur der Zellwande in der Gattung Penium (Desmidiaceae). Ber.
deut. Bot. Ges., 80, 715-721.

MoEgsTtrUP, @, 1970. The fine structure of mature spermatozoids of Chara corallina with
special reference to microtubules and scales. Planta, 93, 295--308.

MONER, J. G. & CHAPMAN, G. B., 1960. The development of the adult cell form in Pediastrum
biradiatum Meyen as revealed by the electron microscope. J. Ultract. Res., 4, 26-42.
NEeUMANN, K., 1969a. Beitrag zur Cytologie und Entwicklung der siphonalen Griinalge Derbesia

marina. Helgol. wiss. Meeresunters, 19, 355-375.

NeuMANN, K., 1969b. Protonema mit Riesenkern bei der siphonalen Griinalgen Bryopsis
hypnoides und weitere cytologische Befunde. Helgol. wiss. Meeresunters, 19, 45-57.

NizaAMUDDIN, M., 1964. Phylogenetic position of Siphonocladiales. Trans. Amer. Microsc. Soc.,
83, 282-296.

Oison, L, W. & Kocuert, G., 1970. Ultrastructure of Volvox carteri. I1. The kinetosome.
Arch., Mikrobiol., 74, 31-40.



Downloaded by [British Phycological Society BPS] at 12:20 15 August 2011

262 F. E. ROUND

OLTMANNS, F., 1904. Morphologie und Biologie der Algen. Bd. 1. Specielle Teil. Yena.

Parenruss, G. F., 1955. Classification of the algae. In A century of progress in the natural
sciences 1853-1953. Calif. Acad. Sci. Publ., 115-224,

PapPENFUSS, G. F., 1960. On the genera of the Ulvales and the status of the order. J. Linn. Soc.
(Bot)., 56, 303-318.

PArRkE, M., 1966. The genus Pachysphaera (Prasinophyceae). In Some contemporary studies in
marine science (Barnes, H., editor), 555-563. London.

PArkE, M. & Dixon, P. S., 1968. Check-list of British marine algae—second revision. J. mar.
biol. Ass. U.K., 48, 783-832.

PARKE, M. & MANTON, L., 1965. Preliminary observations on the fine structure of Prasino-
cladus marinus. J. mar. biol. Ass. UK., 45, 525-536.

ParkE, M. & Rayns, D. G, 1964. Studies on marine flagellates. VIL. Nephroselmis gilva sp.
nov. and some allied forms. J. mar. biol. Ass., UK., 44, 209-217.

PARkER, B. C., 1964, The structure and chemical composition of cell walls of three Chloro-
phycean algae. Phycologia, 4, 63-74. )

PArkER, B. C., 1970. Significance of cell wall chemistry to phylogeny in the algae. Ann. New
York Ac. Sci., 175, 417-428.

PascHER, A., 1931. Systematische Ubersicht tiber die mit Flagellaten in Zusammenhang
stehenden Algenreihen und Versuch einer Einreihung dieser Algenstimme in die Stimme
des Pflanzenreiches. Beih. bot. Zbl., 48, 317-332.

PetERFI, L. S. & MANTON, 1., 1968. Observations with the electron microscope on Astero-
monas gracilis Artari emend (Stephanoptera gracilis (Artari) Wisl. with some comparative
observations on Dunaliella sp. Brit. phycol. Bull., 3, (3), 423-440.

PickerT-HEAPS, J. D., 1967a. Ultrastructure and differentiation in Chara sp. I. Vegetative cellis.
Aust. J. Biol. Sci., 20, 539-551.

PickerT-HEAPS, J. D., 1967b. Ultrastructure and differentiation in Chara sp. 1. Mitosis. Aust.
J. Biol. Soc., 20, 883-894,

PickerT-HEAPS, J. D., 1968a. Ultrastructure and differentiation in Chara sp. III. Formation of
the antheridium. Aust. J. Biol. Sci., 21, 255-274.

PickerT-HEAPs, J. D., 1968b, Ultrastructure and differentiation in Chara(fibrosa). IV. Sperma-
togenesis. Aust. J. Biol. Sci., 21, 655-690.

PickerT-HEAPS, J. D. & Fowke, L. C., 1969. Cell division in Oedogonium. 1. Mitosis, cyto-
kinesis and cell elongation. Aust. J. Biol. Sci., 22, 857-894.

Prescorr, G. W., 1951. Algae of the Western Great Lakes area exclusive of desmids and
diatoms. Cranbrook Inst. Sci. Bull., No. 31.

PrescotT, G. W., 1969. The algae: a review. London.

PrintTZ, H., 1927. Chlorophyceae. In Naturlichen Pflanzenfamilie, 2e Aufl., Bd. 3 (Engler, A. &
Prantl, K., editors), 1-463.

PrintZ, H., 1964. Die Chaetophorales der Binnengewésser. Hydrobiologia, 24, 1-456.

RETALLACK, B. & BurLer, R. D., 1970. The development and structure of the zoospore
vesicle in Bulbochaete hiloensis. Arch. Mikrobiol., 72, 223-237.

RickerT, H. W. & Came, W, H., 1950. The application and use of botanical names. Bull.
Torrey Bot. Club, 77, 245-261.

Rickerts, T. R., 1967. Further investigations into the pigment composition of green flagellates
possessing scaly flagella. Phyrochem., 6, 1375-86.

RickerTs, T. R., 1971, The structures of siphonein and siphonaxanthin from Codium fragile.
Phytochem., 10, 155-160.

Rounp, F. E., 1963. The taxonomy of the Chlorophyta. Br. phyc. Bull., 2, 224-235,

Sasnis, D., 1969. Observations on the ultrastructure of the coenocytic marine alga Caulerpa
pmliffi‘zl with particular reference to some unusual cytoplasmic components. Phycologia,
7, 24-42.

SarMA, Y. S. R. K., 1964. Cytology in relation to systematics of algae with particular reference
to Chlorophyceae. Nucleus, 7, 127-136.

SaTo0, S., 1954. Electron microscopical studies on reproductive cells of plants. IV. Structure of
spermatozoid of Chara braunii. Cytologia, 19, 329-335,

ScaceL, R. F., 1966. Marine algae of British Columbia and Northern Washington. Part
1. Chlorophyceae (Green Algae), 257 pp. Bull. 27. Biol. Ser. No. 174, Nat. Mus.
Can.

ScHLOsSER, U., 1966, Enzymatisch gesteuerte Freisetzung von Zoosporen bei Chlamydomonas
reinhardii Dangeard in Synchronkultur. Arch. f. Mikrobiol., 54, 129-159.

ScHUssNIG, B., 1960. Handbuch den Protophytenkunde, 2. Jena.

SETCHELL, W. A., 1929. The genus Microdictyon. Univ. Calif. Publ. Bot., 14, 453-588.

SiLva, P. C., 1962. Classification of Algae. In Physiology and biochemistry of Algae (Lewin,
R. A, editor). New York.

SiNHa, J. P. & Noor, M. N., 1967. Chromosome numbers in some members of Chlorophyceae
of Chatanagpur (India). Phykos, 6, 106-109.



Downloaded by [British Phycological Society BPS] at 12:20 15 August 2011

Taxonomy of Chlorophyta. I 263

Skuia, H., 1938. Die phylogenetischen Entwicklungsrichtungen bei den Protisten. Acta biologica
Latvica, 8, 1-26.

SoutH, G. R., 1968. Aspects of the development and reproduction of Acrochaete repens and
Bulbocoleon piliferum. Can. J. Bot., 46, 101-113.

STARR, R. C., 1955, A comparative study of Chlorococcum meneghini and other spherical, zoo-
spore-producing genera of the Chlorococcales. Indiana Urniv. Publ. Sci. Ser., No. 20,
1-111.

STARR, R. C., 1962. A new species of Volvulina Playfair. Arch. Mikrobiol., 42, 130-137.

StEN, J. R., 1958. A morphological study of Astrephomene gubernaculifera and Volvulina
steinii. Amer. J. Bot., 45, 388-397.

STEWART, C. M., Dawss, C. J., Dickens, B. M. & Nicuorrs, J. W. P., 1969. The cell
gvall constituents of Apjohnia latevirens Harvey. Aust. J. Mar. Freshwater Res., 20, 143~

55.

STRAIN, H. H., 1965. Chloroplast pigments and the classification of some siphonalean green
algae of Australia. Biol. Bull., 129, 366-370.

SUNDARALINGAM, V. S., 1954, The developmental morphology of Chara zeylanica Willd.
J. Ind. Bot. Soc., 33, 272-297.

SUNDARALINGAM, V. S., 1959. A systematic account of South Indian Characeae. Proc. Ind.
Acad. Sci., 49B, 7-51.

SUNDARALINGAM, V. S., 1962a. Studies on Indian Charophytes. 1. Lychnothamnus. Proc. Ind.
Acad. Sci., 55B, 131-151.

SUNDARALINGAM, V. S., 1962b. Studies on Indian Charophytes. II. Developmental morphology
of three species of Nitella Agardh. Phykos, 1, 61-75.

SUNDARALINGAM, V. S., 1963. Studies on Indian Charophytes. II1. Developmental morphology
of live ecorticate species of Chara Linn. Phykos, 2, 1-14.

SUNDARALINGAM, V. S., 1966, Studies on Indian Charophytes. V. Development morphology of
two more species of Chara Linn. Phykos, 5, 198-215.

SwaLE, E. M. F., 1965. Observations on a clone of Lagerkeimia subsalsa Lemm. (Chodatelia
subsala Lemm.) in culture. Nova Hedw., 10, 1-10.

SWALE,ZE. M. F., 1967. A clone of Scenedesmus with Chodatella stages. Br. Phycol. Bull.,
3, 281-293.

TAKHTAJAN, A., 1968. Classification and phylogeny with special reference to the flowering
plants. Proc. Linn. Soc. (Lond.), 179, 221-227.

TATEWAKI, M., 1969, Culture studies on the life history of some species of the genus Mono-
stroma. Scient. Pap. Inst. algol Res. Hokkaido Univ., 6, 1-56.

THRONDSEN, J., 1969. Flagellates of Norwegian coastal waters. Nytt Mag. f. Botanikk, 16,
161-216.

TINDALL, D. R. & SaAwa, T., 1964. Chromosomes of the Characeae of the Woods Hole (Massa-
chusetts) region. Am. J. Bot., 51, 943-949.

TRAINOR, F. R., 1970. Algal morphogenesis: nutritional factors. Ann. New York Acad. Sci.,
175, 749-756.

TURNER, F. R., 1968. An ultrastructural study of plant spermatogenesis. Spermatogenesis in
Nitella. J. Cell. Biol., 37, 370-393.

UEDa, K., 1961. Structure of plant cells with special reference to lower plants. VI. Structure of
chloroplasts in algae. Cyrologia, 26, 344-358.

UEDA, K., 1966. Fine structure of Chlorogonium elongatum with special reference to vacuole
development, Cytologia, 31, 461-472.

UKEeLEs, R., 1965. Inhibition of unicellular algae by synthetic surface-active agents. J. Phycol.,
1, 102-110.

URBAN, P., 1969. The fine structure of pronuclear fusion in the coenocytic marine alga Bryopsis
hypnoides Lamouroux. J. Cell. Biol., 42, 606-611.

VaN DEN HoEk, C., 1963. Revision of the European species of Cladophora. Leiden.

VoGEL, H. J., 1965. Lysine biosynthesis and evolution. In Evolving genes and protein (Bryson
& Vogel, editors), 25-40.

WAaLNE, P. L. & ArnoTT, H. J., 1966. Ultrastructure of stigmata in Chlarmydomonas eugametos
and Euglena granulata. J. Phycol., 2, 5 (abstr.).

WALNE, P. L. & ARNOTT, H. J., 1967. The comparative ultrastructure and possible function of
eyespots: Euglena granulata and Chlamydomonas eugametos. Planta, 77, 325-353.

WALTERS, S. M., 1962. Generic and specific concepts and the European flora. Preslia, 34,
207-226.

WERzZ, G., 1963. Vergleichende Zell membran-analysen bei verschiederen Dasycladaceean.
Planta, 60, 322-330.

WERzZ, G., 1966. Morphologische Verinderungen in Chloroplasten und Mitochondrion von
Verdunkelten Acetabularia Zellen. Planta, 68, 256-268.

WEST, G. S., 1904. A treatise of the British freshwater algae. Cambridge.

WHITTAKER, R. H., 1969, New concepts of kingdoms of organisms. Science, 163, 150-160,



Downloaded by [British Phycological Society BPS] at 12:20 15 August 2011

264 F. E. ROUND

Woob, R. D. & IMAHORI, K., 1965. A revision of the Characeae, First Part. Monograph of the
Characeae. Weinheim,

ZerscHE, K., GRIENINGER, G. E. & ANDERs, J., 1970. Regulation of enzyme activity during
morphogenesis of nucleate and annucleate cells of Acefabularia. In Biology of Acetabu-
laria (Brachet, J. & Bonotto, S., editors), 87-110. New York and London.

Note added in proof: Dr M. Parke has kindly brought to my notice a paper I had overlooked
in which Kornmann (KorNMANN, P., 1970. Advances in marine phycology on the basis of
cultivation. Helgol. wiss. Meeresunters., 20, 39-61) proposes a new family Codiolophyceae to
embrace the Ulotrichales, Codiolales and Acrosiphoniales. This is an interesting concept but
it will require a very detailed re-survey of the genera in each order to determine what other
characters are common to the three orders apart from the occurrence of the Codiolum stage.



