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PREFACE.

FIYHE object of the present volume is to give the student a

concise account of the structure, habits and life-histories of
Freshwater Algw, and also to enable him to place within the
prescribed limits of a genus any Alga he may find in the fresh
waters of the British Islands.

Although it may seem incongruous to treat of freshwater Alga
apart from marine ones, there are many excuses for the production
of a special treatise on the freshwater. forms. Few genera of
Algse, and still fewer species, exist both in salt and fresh water,
and the vast majority of marine Alga are very different in nature
from those mhabiting fresh water.

The need for a book of this kind is very great, owing to the
rapid strides made in the investigation of this class of plants
during the last twenty years. To identify even many of the
commonest of freshwater Alg® one has at present to be fully
conversant with most of the recent phycological literature, and
I have endeavoured in this volumne to give a general acconnt of
those facts concerning the British species which will be of most
assistance to a diligent student.

Many facts and suggestions concerning the life-histories, de-
velopment, and relationships of freshwater Algwe are here brought
forward for the first time, and with few exceptions the figures are
original, pains having been taken to state as far as possible the
localities from which the specimens were collected.  The figures
are careful and accurate drawings to scale, and they are in no way
diagrammatic. A few stages in the life-histories of various Alge,
and certain figures showing structural peculiarities, have been
copied from the original drawings of other authors, but in each
case this has been specially mentioned,



vi Preface

The magnifications given nnder the figures are far from uni-
form, but this 1s no great disadvantage, as a knowledge of the
relative sizes of these plants 1s very soon acquired, and ‘size’ is
of no generic and little speeific value.

Accurate measurements are given of the most abundant and
widely distributed species.

It was originally my intention to add a chapter on the Peri-
dinteae, but after further consideration I have for two reasons
excluded them. Lack of space would have compelled me to have
given a very indifferent account of them, and I also prefer to
regard them as a group quite distinet from the Algwe. Most
zoologists claim these organisms as Dinoflagellates, and the Peri-
dinies of this conntry are sufficiently numerous and important
to require separate treatment.

Shmilar remarks apply to the Characeze. They are best re-
garded as distinet from the Algw, as their vegetative organs
exhibit far more differentiation than the vegetative structures of
any of the freshwater Algw, and their sexual reproduction is of a
distinetly higher type.

In some instances I have quoted freely from previons publi-
cations of my own, sometimes with slight alterations.

The work was undertaken at the request of Mr A. E. Shipley,
to whom I tender my best thanks for assistance and advice during
its publication. I have also to thank Mr Edwin Wilson for the
care he has expended in reproducing the drawings.

I take this opportunity to remark that a good systematic text-
book of British Freshwater Algwe, with deseriptions of all the
kinown species, remarks on their attinities, and if possible, with
figures, is at the present time very urgently nceeded.  There is, in
fact, no single book, or set of accessible books, by means of which a
student can hope to accurately identify one-third of the freshwater
Algze he may find in a single day’s ramble throngh a reasonably
productive part of the country. I venture to state that this is
the only branch of systematic botany in which such a state of
affairs exists.

The reason for 1t 1s not far to seek. It 1s one resnlt of the
general neglect of systematic botany (especially Cryptogamic) in
the botanical laboratories of this country. Every encouragement
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has been given, and is given, to students to take up physiological
botany or to investigate the morphology of such plants as exhibit
sutficiently striking peculiarities to arrest the attention even of
a casual observer ; but what encouragement is given to a student
who wishes to take up the systematics of any group of plants?
The answer 1s found in the ©Bibliography’ of every work on
systematic botany.

Althongh the work of the systematist is indispensable to a
laboratory worthy of the name, there is undoubtedly in many
quarters a lack of appreciation of systematic work, because it is
at the same time the most laborious and the most vexatious of
any form of biological vestigation. It 1s becoming more and
more difficult every day to conduct systematic investigation away
from the special libraries indispensable to every well-equipped
laboratory, and unless a slight encouragement is given to the
laboratory student to take up some branch of systematic botany
this department of botanical science will be left largely in the
hands of the foreigner.

One cannot emphasize too much the importance of a sound
knowledge of the geographical distribution of some of the more
lowly types of Cryptogams, particularly of the Desmidiacew.
Such a knowledge, which can only be acquired by the patient
labours of the systematist, will throw much light on one of the
most interesting of all problems concerned with the later phases
of the earth’s history, namely, the land-connections of previous
periods.

The frontispiece consists of a reproduction of two photo-
micrographs to show some of the characters of the freshwater
plankton. One 1s a photograph of some material collected from
Loch Ruar, Sutherland, by My J. Murray, of the Scottish Lake
Sarvey (Pullar Trust). The other represents plankton of a
somewhat different nature from Lough Neagh, Ireland.

G. S. WEST.

C1RENCESTER,
April Tthy, 1904,
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INTRODUCTION.

ONE of the earliest attempts to bring together all that was
then known concerning British Freshwater Alga was Dillwyn’s
“British Confervee,” which appeared in 1809, and hardly any further
advance was made in Britain until the appearance in 1845 of
Hassal's < History of British Freshwater Algw.” Abount this time
two very important works were commenced on the continent, one
being Kiitzing’s ‘ Tabulee Phycologicze, the first part of which
appeared in 1846, and the other Rabenhorst’s ‘Flora Kuropwa
Algarum, issued from 1864-68. Ralfy’ ¢ British Desmids” appeared
in 1848, and for the next thirty years Henfrey, Hicks and Archer
were almost the sole contributors to the literature of British Fresh-
water Algze, the publications of Archer being very numerous and
most valuable.

From 1882-84 Cooke issued his ‘ British Freshwater Algae’
and in 1887 Wolle’s ¢ Freshwater Algz of the United States’
appeared. Since the publication of these two books more actnal
work has been accomplished in the investigation of freshwater
Alg= than at any previous period, particularly by continental
investigators, amongst whom may be mentioned Wille, Wittrock,
Nordstedt, Bornet, Thuret, Lagerheim, Klebs, Hansgirg, Schmidle,
Chodat, Borge, Boergesen, Lemmermann, and others. In Britain,
Marquand, Bennett, and Roy have done systematic work In certain
distriets, and, in conjunction with my father, I have myself spent
much time in the investigation of the Alga of many parts of the
British Tslands. During this later period of approximately twenty
years many new phases have been discovered i the life-histories
of Algw, and much has been found out with regard to their habits
and mode of life. In addition, a great deal has been accomplished
in clearing up the synonymy of these plants, so that taking into
consideration all these circumstances, it is now doubtful if thirty

W. A. 1
’: &



2 Introduction

per cent. of the British freshwater Algme could be identified with
certainty from Cooke’s book ; and Wolle’s American publication
would be of little or no assistance. The relationships and affinities
of the Algwe described in these publications, and in many cases
their life-histories also, are now much better known. This has
resulted in great changes in their classification.

At the time Cooke’s book was published it was expected by
many that during the next few years the groups of the Protococcacea
and Chroococcacese wonld have disappeared, and statements were
made by certain authors advocating great polymorphism in Algee,
evidence being brought forward to prove that many of the more
lowly forms were obviously stages in the development of higher
forms. I have elsewhere pointed out? that these statements were
based upon very inadequate observations and that more evidence
is yet required concerning the life-histories of some of the lowly
types before any definite statements can be formulated as to their
systematic position. Again, because a few observers have at
different times suggested and attempted to show that these lowly
types arc only developmental stages, that constitutes no reason
why, when their life-histories are unknown, they should be neglected
and left out of consideration. Yet, that is largely the case in Wolle’s
‘Freshwater Alge of the United States.

Blackman? in advocating the primitive nature.of the genus
Chlamydomonas, also remarks that “this specific constancy of the
most primitive type is in strong opposition to the idea of wide
polymorphism brought forward by Hansgirg, Chodat, and Borzi,
which associates different genera, and even members of different
families, in the hfe-history of one individual.” No one would
doubt for a moment the existence of considerable polymorphism
in most groups of the Algw, but it 1s certainly on a more reason-
able scale than was at one time advocated. :

The classification T have adopted is thoronghly explained
the next chapter and the reasons for so arranging these plants are
stated in full.

With regard to the terminology, I have for the most part
followed that used by Vines in his < Text-book of Botany?’

1 G. S. West, ‘Algatl. of Cambridgeshire,” Journ. Bot. 1899, pp. 52—53.

2 F. F. Blackman, ‘The Primitive Alga and the Flagellata,” Ann. Bot. xiv, 1900,
p. 660.

3 8. H. Vines, ‘A Students’ Text-book of Botany,” London, 1895.
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Exception may be taken to the rejection of Cohn’s group of
the Schizophyta, which was instituted to include the Schizomycetes
(or Bacteria) and the Schizophycex (or Blue-green Alga). These
two series of plants undoubtedly present a similarity in their
method of multiplication by simple cell-fission, but it must be
remembered that most unicellular and colonial Algwe habitually
multiply i this manner, and although the Bacteria stand near in
this respect to some of the less ditferentiated Blue-green Algs,
there are many reasons for not including the two series of organisis
in the same group. The Blue-green Alga possess chlorophyll and
phycocyanin disposed within the cells in the manner of a primitive
chromatophore, and are thus capable of carbon-assimilation ; whereas
1 the Bacteria this is not the case. A eciliated motile condition
is only known to occur in about two blue-green organisms, whercas
that 1s the normal condition in most of the Bacteria: and the
spore-formation, with very few exceptions, is quite different in the
two groups. The Myxophycew are also of a much higher type of
organization than the Bacteria, possessing a primitive nucleus
(which in the Glaucocystidie has become a true cell-nucleus) and a
cell-wall composed partly (and in the case of certain cells, entirely)
of cellulose. Moreover, the habits and mode of life of most of them
are totally different from those exhibited by the Bacteria.

In this volume the Blue-green Algm are placed in the class
Myxophyces (Stizenberger, 1860)?, which is an earlier name than
Phycochromophycez (Rabenhorst, 1864) or Cyanophycea: (Sachs,
1874), the limits of which were carefully and exactly made out by
Stizenberger. It is the name under which the Blue-green Algw
have been placed by systematists for many years past, but for
some unaccountable reason it has not up to the present been
even mentioned in general text-books on botany.

OcCURRENCE, COLLECTION, AND PRESERVATION OF
FRESHWATER ALGE,

Algz are universal in their ocenrrence, no moist situation being
without some type of Alga. They are found on damp earth, rocks,
walls, palings, tree-trunks, in rain-tubs, ete. ; they are met with in
all kinds of running water, from the torrent, waterfall and cataract

1 Stizenberger in Rabenhorst’s Algen Sachsens systematisch geordnet, 1360, p. 17.

1—2
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to the slowest river. They are most abundant, however, in still
waters, occurring In quantity in pools, ditches and lakes.

They occur either floating at the surface, being simply immersed
in the water, or attached to submerged stones, or to larger aquatic
plants as epiphytes, etc. The larger Alga are often conspicuous
as green slimy masses forming a surface coat to ponds, ditches, ete.,
or attached as large green masses to the rocks and stones ot rivers.
Rocks over which the water is constantly dripping possess at times
quite a characteristic Alga-flora, and many of the more uncommon
Alge are found in such situations. If such rocks present vertical
wet faces, they are often covered with thick leathery patches, or
gelatinous masses, which exhibit a great variety of colour. This
material is always of interest and usually consists of a mixture of
plants belonging to the blue-green Algee or Myxophycez.

Some Alga have acquired a symbiotic relationship with other
plants, and even with animals. One species of dnabene lives
symbiotically with the aquatic Lycopod Azolla, and another with
the Hepatic Blasie, and some Algae belonging to the genus
Chiovelle are connected symbiotically with such animals as
Hydra viridis and certain small species of dmaba, Paramecium,
Ophrydium, ete.  Again, there is the Lichen, which 1s a compound
organism consisting of a Fungus associated symbiotically with
Algie of the genera Plenrococcus, Trentepohliv, Cephaleuros, Nostoc,
Stigonema, Scytonema, ete.  The genus Foreliella has a symbiotic
relationship to the freshwater mussel (dnodonta) and several other
Algee are similarly related to sponges.

Many of the most beautiful Algw are exceedingly minute and
occur in quantity in situations which are not at first obvious, and
which are only found by experience. They occur embedded in a
thin mucus surrounding the stems and leaves of submerged plants,
such as Utricnlaria, Myriophylivm, Nywphea, Nuphar, Potemo-
geton, Scirpus fluttans, Isoétes, ete.  Many of the submerged mosses,
such as Sphagmun contortwm, S. plumosumn, Amblystegium scorpi-
oides, A. faleatwm, A. erannulatum, A. glavcum, Fontinalis anti-
pyretica, Jungermannic inflata, Nardia emarginata, ete., are often
richly covered with these minute Algze.

Numerous minute Algze occur along with an abundance of the
Peridiniee and Copepoda scattered through the surface waters of
lakes, rivers, and other large bodies of fresh water, and constitate
a large proportion of the Freshwater Plankton. The animal and
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vegetable organisms occurring in the plankton form the food of
most of the smaller aguatic animals, and so, indirectly, form the
basis of the food-material of lacustrine and river fishes. Little is
known concerning the food-value of the freshwater plankton, but
statistics of this nature have been very carefully compiled with
regard to the Baltic Sea. Brandt® states that the chemical com-
position of the plankton of this sea in autumn and winter is
itermediate between that of “ rich pasturage” and green lupines.
The proportion of fat is greater than in land products used as
fodder, but in spring the great abundance of Diatoms causes such
a great increasc in the amount of ash as to preclude direct com-
parison with land plants. Many of the Algz found in the plankton
are more or less characteristic, some of them being largely and
others entirely surface organisms. The majority of them belong
to the Pahnellace®, Protococcacem, Volvocacex, Desmidiacesx: and
Bacillariea:.  Most of the Desmids of the plankton possess very
long spines or processes which terminate in spines, and in those
species which normally possess long spines the latter are of greater
length when the plants occur in the plankton than when found in
other situations. Some of the Protococcace and Diatoms have
also acquired long spines. The assumption of this spined con-
dition is to be correlated with their free-floating existence and
their consequent need for greater protection against those animals
of the plankton which feed on Alga®

Algee exist under very varied conditions of temperature. In
temperate and arctic climates many of them can survive prolonged
freezing even when in the ordinary vegetative condition. It is
quite possible to melt ont from the ice numerous healthy Algae
which have suffered in no way from their exposure to such a low
temperature. In the arctic and antarctic regions, in the Alps and
in the Andes, there is a snow-flora, consisting principally of Alga
which pass their entire existence on the snow and ice. This
collection of Algz, which is known as the < Cryoplankton,” consists
of a few forms which are more or less universal in such situations?

1 Brandt in Wissensch. Meeresuntersuchungen, N. Folge, Bd iii, Heft 2, 1898 ;
consult also American Naturalist, xxxii, Dec. 1808,

2 West & G. S. West, ‘Scott. Freshw. Plankton,’ Journ. Linn. Soe. Bot. xxxv,
Nov. 1903, p. 551.

3 The most interesting of these Algw are Spherella nivalis Sommerfeldt (the Red
Snow plant) and a Desmid, dneylonema Nordenskioldii, first discovered by Berggren

in the snows of Greeuland, and afterwards by Lagerheim in the Andes and by Chodat
on Mont Blane.
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Alga also occur in warm streams, and the vegetation of hot-springs
consists exclusively of Alga. They can exist in hot water and hot
vapour up to a temperature of 94:5°C. (200° F.)*. It is worthy of
note that the Algwe which occur at very high altitudes, and which
therefore exist at relatively low temperatures, and those which
inhabit the hottest springs, are, with few exceptions, species of
Myxophyce and Bacillaries.

Some Algse become encrusted with carbonate of lime or with
silica, and play no small part in the formation of the deposits
which are generally found in the neighbourhood of hot-springs.

The comparative richness of any district in freshwater Algze
depends very largely on its physical geography and on the geo-
logical formations. Mountainous tracts are more prolific than flat
districts, even though many of the larger Algme are absent from
them. Most of the larger filamentous Algw and an abundance of
the commoner unicellular forms are found in low-lying quiet
waters, but in mountainous areas the filamentous forms are chietly
representatives of the Myxophycea: and Conjugate, the presence
of numerous species of the genus Mougeotia being a marked feature
of such districts, and the unicellular forms are greatly increased
by the addition of numerous Desmids. If the mountains consist
of the Older Palwozoic rocks, of Pre-Cambrian rocks, or of rocks of
Igneous origin, there is a surprising numerical increase, not merely
of species but also of individuals ; and in comparison, a mountainous
district of carboniferous limestone or other formation is distinctly
poor. Thus, the English Lake District, Wales, and certain parts
of Scotland and Treland yield a much greater variety of Alga than
any other parts of the British Isles. The poorest area of all is the
fen district in the east of England.

The most prolific localities in the British Islands, and perhaps
in the whole of Europe, for freshwater Alge are the small tarns
and peat-bogs which lie in the hollows of the Lewisian gneiss of
north-west Scotland. The plankton of the larger lakes of this
area is also much richer in the Desmidiaces than any which has
been described from elsewhere.

Most of the unicellular Algze and some of the filamentous ones,
unless specially protected as in many Desmids, are readily taken

! W. H. Brewer in Amer. Journ. Science, ser. 2, xJi. These Algae were unicells,
filamentous Alge having been observed up to a temperature of 85° C. (185° F.);
G. S. West in Journ. Bot. 1902, p. 241.



Introduction 7

as food by Amebwe, Turbellarians, Oligochwtes, Tardigrades and
Crustacea. The tadpoles of the eommon frog feed almost exelu-
sively on the larger filamentous Algwe, and Bles has recently shown
that the larvee of that most remarkable African frog, Xenopus
lwvis, feed exclusively on the lower Alga!. A considerable pro-
portion of the food of freshwater Lamellibranchs also consists of
hving and deeaying Alg:e.

For the collection of freshwater Algwe a plentiful supply of
small wide-mouthed tubes or bottles will be found most useful.
Small quantities of the larger, strictly aquatic Algze should be put
into these tubes, care being taken not to overstock the tube. A
small tuft of the Alga with plenty of water is best, and the tube
should not be filled more than three-quarters full. The reason for
this is obvious, as rapid decomposition accompanies overcrowding,
and it frequently happens that collections cannot be examined for
many hours after they have been made, or under certain cireum-
stances even for a day or two.

To collect the minute Alga that occur attached to larger water
plants, the latter should be removed from the water with as little
mud as possible, the superfluous water allowed to drain away for a
few minutes, and they should then be gently squeezed over a wide-
mouthed bottle, the issuing water being eollected in the bottle.
In the sediment which settles to the bottom of the water in the
bottle will be found numerous unicellular and other small Algze.
Sometimes a hundred or even two hundred species may be obtained
from a small quantity of such material. The Alga of the plankton
are collected from the surface layers of water by means of silken
tow-nets.

If it is desired to keep the plants living for some tune they
should be placed in wide-mouthed jars with an abundance of
water, and not exposed to too strong light. Sterile species of the
Zygnemacea and (Edogoniacea: will often become fertile under
these conditions.

1 There can be little doubt that a portion of the food of Ceratodus, the Australian
mud-fish, consists of Algw. An examination of the intestine of this fish {for which
I mnst express my indebtedness to Prof. Howes), revealed masses of sticks, twigs,
leaves, fracments of Hepatics, etc., all of which would have been taken in by the
fish from the muddy bottom of the water in which it lived. This material would
be mostly in a dead condition before being swallowed and it seems to suffer little
change in its passage through the gut; but a microscopical examination shows
amongst it the decomposed remains of many kinds of Alge, including thousands
of the empty valves of Diatoms.
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Algze should always be examined in the living state whenever
possible, as some of them are more easily determined when alive.
Many of the Desmidiacea: and Bacillariew, however, especially those
with characteristic surface markings, can only be determined with
precision from the dead empty cells or semicells.

In preserving Algwe for future examination several fluids may
be used. In studying the structure of the cell-contents a 2—4 °/
formalin solution is best for subsequent staining, etc. This is
almost equalled by a dilute solution of pieric acid.  But if only
the cell-outlines and the structure of the cell-wall are required
then there 1s no better preservative than a 4 °/, solution of potas-
stum acetate (containing a trace of copper acetate). An equal
volume of this solution added to the water in which the Algz are
living is quite sufficient. A very instructive paper has been
published by Pfeiffer R. v. Wellheim® on the methods of prepara-
tlon, staining, cte., of algee, in which chromacetic acid is largely
recommended for preserving them. Certain reagents such as a
solution of iodine, methylene blue, heematoxylin, ammonia-car-
mine, ete., are almost essential to all students of Alge. A 2°/
cocaine solution is also very useful for the observation of the cilia
of motile forms.

Some Alge can be preserved by drying, either on paper or on
ships of mica, but they are always better for purposes of future
examination when preserved in a fluid medium than when dried.
The only Algw that preserve well by drying are the Myxophycezw.
These Algz on soaking out again in water almost regain their
original freshness, and, moreover, retain their original bright
colours.

Algz are best mounted in the tluid in which they have been
preserved, and the best varmish with which to seal them up is
gold-size. Everyone who has had any experience of fluid mounts,
however, knows quite well that if his specimens keep for a long
time it i1s due more to good fortune than to any other cause.
Many fluid mounts, even the best ones, frequently begin to dry up
by the formation of air-bubbles in the centre of the slide, which
gradually extend towards the periphery. The only explanation of
this 1s the porous nature of the thin coverslip.

In examining Alge, in following out their life-history, and in

! F. Pfeitfer R. v. Wellheim, ¢ Priparation der Siisswasseralgen,” in Pringsheim’s
Jalirbiich. fiir wissensch. Botan. Bd xxvi, Heft 4, Berlin, 1894.
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identifying them, they should always be carefully drawn to scale
with the help of a Camera Lucida. This is the surest way of
obtaining accurate measurements of the plants, and also much the
best way of impressing on the memory their diagnostic features.
Great attention should be paid by all students of Algme to their
eytological characters—the structure of the cell-wall, the disposi-
tion of the protoplasmic cell-contents, the form and structure of
the chromatophores, the presence or absence of pyrenoids, cte. It
is the absence of any definite information on these points that
renders many books on Alge almost useless. No student can
acquire erroneous ideas of such common genera as Ulothriz, Tri-
bonema (Conferva), Microspora, and others, if he has once realized
their fundamental cytological characters.

CULTIVATION OF ALGXE.

It is often desirable to cultivate Algee in order to investigate
their life-history and polymorphism. Under cultivation an Alga
is often under abnormal conditions, and as a result, it sometimes
develops strange forms which are quite unknown in the natural
state of the plant. Careful observation of these cultures frequently
affords good evidence towards the elucidation of the phylogenetic
relationships of Alge. Cultures can be made at various tempera-
tures, in water, in sugar solutions of various strengths, or if neces-
sary under damyp conditions only. Cultures are most frequently
made in solutions of a nutritive character, but sometimes good
results are obtained in pure water or in weak saline solutions. A
medium containing gelose is very favourable for making pure
cultures of the lower Alga’. Klebs and others have emphasized
the usefulness of cultures on gelatine, agar-agar, and other solid
media, and cultivation experiments on damp porcelain plates are
frequently a success. The temperature nccessary to obtain the
best cultures varies with different types of Algee, but 20°C. 1s a
good average temperature.

1 Chodat and Grintzesco in Arch. Sei. Phys. et Nat. x, 1900, p. 356.
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Arca are Thallophytes of a simple or complex structure, and
are of a green, yellow-green, blue-green, red or brown colour.
Most of them live entirely submerged in water and the major
portion of them inhabit the sea. They are found floating freely at
the surface, attached to stones, or as in a large number of the fresh-
water forms, adhering in gelatinous masses to the submerged
portions of more highly organised aquatic plants. A few prefer
damp situations in which they do not become immersed at all, or
only periodically become covered with water.

They are mainly distinguished from the Fungi by the presence
of chlorophyll and consequently by their mode of life. Even m
the red, brown, and blue-green Algzw chlorophyll is present, but
the green colour is masked by the presence of other colouring-
matters. As the colouring-matter is usually the same throughout
large groups of these plants which agree in other characters,
particularly in the method of reproduction, they are classified as
follows :—

Class 1. Rhodophyceee (or the Red Algw), containing a
reddish colouring-matter known as phycoerythrin.
Mostly marine.

Class 2. Phwophycew (or the Brown Alge), containing a
brown colouring-matter known as phycophzein.
Mostly marine.

Class 8. Clhlorophycec (or the Green Algee), containing only
the green colouring-matter known as chloro-
phyll.  Very largely freshwater plants, The
stored product of assimilation is in almost all
cases starch.



Freshwater Alge S

Class 4. Heterokontw (or the Yellow-green Algw), contain-
ing a large proportion of a yellow pigment known
as xanthophyll.  The stored product of assimila-
tion 1s‘a fatty substance. IFreshwater.

Class 5. Bacilluriew (or the Diatoms), containing a brown
colouring-matter diatomin, which much resembles
the phycophwin of the brown Alge. Universal
both in fresh and salt water.

Class 6.  Myxophycew (or the Blue-green Algee), containing
a blue colouring-matter known as phycocyanin.
The stored produet of assimilation is most probably
glycogen. Mostly freshwater.

By far the greater part of the vegetation of the sca consists of
marine Algw, and with few exceptions these marine forms are of
quite a different nature fromn the freshwater ones. 1t is only with
freshwater Algee that this volume is concerned.

Certain Alge are known in a fossil state. These are mostly
Diatoms, the siliceous valves of which are eminently suited for
fossilization, and a few others in which the thallus was encrusted
with carbonate of lime. The majority of other Alga are of much
too fragile and delicate a nature to become fossilized, and most of
the records of such fossil Algz are of very doubtful value.

Freshwater Alge exhibit a variety of types of structure.
Some of them are unicellnlur, each plant consisting of a single
protoplasmic unit or energid (Le. a mass of protoplasm containing
a single nuclens) qmronnded and enclosed by a definite cell-wall
(e.g. Desmidiacew, Bacillarieze, and many Protococeoide @®); others
are unseptate or cenocytic plants composed of an aggregate of
protoplasmic units enclosed within a common cell-wall (e.g. Sipho-
newe, Hydrodictyon); others are incompletely septate plants, cach
segment containing a number of protoplasmic units within a cell-
wall, the septation of the plant going on independently of the
divisions of the nuclei (e.g. Cladophorales); others are multi-
cellular or completely septate plants, each segment containing one
protoplasmic unit (e.g. Zygnemacezwe, Chetophorales, ete.).

Many of the unicellular forms are solitary cells, but others
oceur as colonies, in which the individual cells are more or less
loosely held together in a common mucilaginous envelope, which
is either secreted by the protoplasm of the cells or is derived from
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the cell-walls. This mucilaginous sheath is present in most of the
unicellular and filamentous freshwater Algee, and sometimes attains
a huge development. Its nature was well investigated by Haupt-
fleisch? and more recently by Schrider?

The multicellular forms consist of closely connected cells form-
ing a thallus, which exhibits a great variety of form. It may be
spherical (e.g. Calastrum), filamentons (e.g. Spirogyra, Ulothriz,
etc.), or a flattened expansion (e.g. some species of Coleochewte,
Protoderma).  Sometimes the thallus is differentiated into a
“root” and a thalloid “shoot” (e.g. Botrydium, Rhizoclonium,
Edogoniwm, Spirogyra, ete?), but the “root” is in all cases merely
an organ of attachment and is more correctly called a hapteron.

The cell-wall always consists largely of. cellulose, and 1is some-
times delicate, sometimes of considerable thickness and strength,
being cuticularized or even silicified, but 1t is rarely, if ever,
lignified. It often becomes gelatinous in its outer layers.

The principal colouring-matter of the cell is usually arranged
m definite parts of the protoplasm known as chromatophores. A
single cell may contain one or many chromatophores. If the
chromatophores contain the green colouring-matter chlorophyll,
they are known as chloroplastids (or chloroplasts); if they contain
some other colouring-matter they are termed chromoplastids (or
chromoplasts).  Plastids are present in all groups of Alge, but
those present in the Myxophyces are of a very primitive character.
Chromatophores, particularly chloroplasts, often contain pyrenoids,
which consist of colourless masses of proteid substance. The
central mass of the pyrenoid is a proteid substance of crystalloidal
character which bears a great resemblance to an aleuron grain.
It is sometimes angular, sometimes rounded, or it may be quite
irregular in its outward form, and is often surrounded by an
amylaceous envelope or coat of starch. The latter sometimes
becomes lobed and penetrates mto the chromatophore to such an
extent that its existence appears doubtful. In Spirogyra the
envelope of amylaceous material round each central mass (or
pyrenocrystal) is in the form of a number of grains of starch. On

! Hauptfleisch, ¢ Zellmembran und Hiillgallerte der Desmidiaceen,” Mitteil. aus
d. Naturwiss. Vereine f, Neuvorpommern und Riigen, 1838.

# Schréder, ‘Untersuchungen iiber Gallertbildungen der Algen,” Verhand. des
Naturhist.-Med. Vereins zu Heidelberg, Bd vii, Heft 2, 1902.

* Borge, ‘ Ueber die Rhizoidenbildung,” Upsala nya Tidnings Akteb, Tr. 1894 ;
West and G. S. West in Ann. Bot. vol, xii, March 1898.
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the division of a cell the pyrenoids usually divide equally. Some-
times a pyrenoid in a well-nourished cell multiplies by division
without any division of the cell or the cell-nncleus. In a badly
nourished cell, the amylaceous portion first disappears and then
the crystalloidal part. The pyrenoid is thus a store of reserve
food-material, and it may arise quite spontaneously without the
previous existence of pyrenoids in the cell.

Almost all Algee are holophytes; that is to say, they are them-
selves able to elaborate organie material from the mineral and
other inorganic substances found in the water, or in some instances,
in the atmosphere, in which they exist. The chlorophyll found in
the chromatophores of the cells arrests certain rays of light, the
energy of-which is ntilized by the living 1»1‘0‘5()1)1&5111 for the con-
struction of organic substance from the inorganic materials taken uyp.

Algw absorb a relatively large amount of mineral food sub-
stances, particularly nitrates, from the water in which they live.
It has been assumed that the presence of nitrates in abundance is
necessary for the prolific growth of Alga, but it is certainly true
that these plants occur in quantity in water which is relatively
poor in nitrates. Whipple and Parker? state, as a result of experi-
ments on the occurrence of small chlorophyll-bearing organisms in
the waters of lakes, that the presence or absence of carbonic acid is
one of the fundamental factors which influence the growth of Algze.

The tropical Algwe of the genera Phyllosiphon and Cephaleuros
are partial parasites, and a few have already been mentioned as
symbiotic with other plants or even with animals.

The growth of the thallus may be apical or intercalary. In
many Algwe it is by the repeated division of a single apical cell, or
by a series of marginal cells, as in the expanded thallus of Coleo-
chewte.  In many of the filamentous Alga with mtercalary growth
all the cells of the thallus arve meristematic and undergo division
(e.g. Zygnemaces, Ulotrichaces).

Vegetative multiplication occurs in the unicellular forms by
ordinary cell-division or fission, and in many of these plants it 1s
the only method of increase. The division may take place in one
direction only (c.g. Aphanothece, Glwothece, Stichococcus), in two
directions in one plane (e.g. Tetraspora, Merismopedia), or in all
directions of space (e.g. Glewocystis, Glaocapsa, and many others).

1 Whipple and Parker, in Trans. Amer. Micr. Soc. May 1902,
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In the Desmidiacee, in which the cells generally exhibit a more
or less deep median constriction, division is only in one direction,
and it is brought about by the development of two new half-cells
(or semicells) between the old halves. So that each of the indi-
viduals formed after one division consists of an old and a new
half-cell.  In many unicells the division is accomplished by the
formation of daughter-cells within the mother-cell. The daughter-
cells are rejuvenized and metamorphosed portions of the original
mother-cell and are enclosed in the old wall of the mother-cell.
Sometimes the danghter-cells are set free by the bursting of the
wall of the mother-cell, but it often happens that the old wall of
the mother-cell swells up and remains as an outer, wider coat to
the danghter-cells. Successive generations of cells are produced
in the same manner inside the enlarged walls of the mother-cells
until quite a colony is formed inside the swollen cell-wall of the
original mother-cell (e.g. many Protococcoides and Chroococcaces).
In many types of lower Algz there is no definite line to be drawn
between this so-called free cell-formation and the ordinary vege-
tative division'. In certain of the Protococcacere two or four
daughter-cells arise in a mother-cell, and at the time of their
escape from the parent-cell they possess the exact formi and external
peculiarities of the parent; these have been termed autospores.

Increase of cells occurs in the filamentous Alge by new
divisions, the septa being always transverse to the length. In the
(Edogoniacez the method of cell-division is somewhat specialized
and a description of it is given under the family.

On injury to the filamentous ceenocytic Algs septa usually
appear cutting off the injured part. The injured portion soon dies
away, and if it happens to be in the median part of a filament,
two filaments are thus set free. This occurs frequently in
Vaucheria, and if the injuries to one filament are numerous, all
the injured parts are sometimes cut off, the intermediate uninjured
portions developing into new filaments on being set free.

The reproduction of freshwater Alge is brought about in a
great variety of ways, most of the plants exhibiting both an
asexnal and a sexnal mode of reproduction.

Asexual reproduction.—In some cases special non-motile
cells develop into cysts or unicellular gemme (e.g. Zygnemacem

1 Chodat in Ann. Bot. 1897, p. 102.
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they are also specially cut off in the Vaucheriaces), and in the
filamentous Myxophycew hormogones or multicellular gemnm are
formed. Sometimes single non-motile cells are produced, which
have been termed by Wille akinetes when they are formed without
rejuvenescence and aplanospores when formed by rejuvenescence
(e.g. Chatophorales, Confervales, Conjugate). Many of these non-
motile asexual spores, which may be either akinetes or aplanospores,
rest for considerable periods before germination and are known as
hypnospores (or sometimes as hypnocysts). Asexnal reproductive
organs are known as gonidangia when borne on the gametophyte
generation and sporangic when borne on the sporophyte. A
sporangium (or a gonidangium) as a rule gives origin to a number
of spores (or gonidia), but in Vaucheria, (Edogonium, and some of
the Ulotrichacesze only one gonidium is formed in the gonid-
angium.

Very often the gonidia consist of motile cells which receive the
name of zoogonidie (or zoospores). One of the most frequent
methods of asexual reproduction is by means of zoogonidia, which
are found in all groups of freshwater Alge except the Conjugatae
(the largest order of the Chlorophycew), the Myxophycea, and the
Bacillarieze (or Diatoms). Zoogonidia are small masses of proto-
plasm formed singly by the rejuvenescence of the entire contents
of a cell, or more frequently in numbers by free cell-formation."
They are not possessed of a cellulose wall, but are furnished with
one (?), two, four, or many cilia, with one or more chromatophores,
and often with one or two contractile vacuoles. The cilia are
usually disposed towards one end or one side of the zoogonidinm
and their rapid vibratile movements cause it to swim quickly
through the water. A red or brown pigment-spot is very often
present. After a time the zoogonidium comes to rest, the cilia
disappear, the protoplasm secretes a cellulose wall, and the zoo-
gonidinm develops into a new plant.

Sexual reproduction.—Reproduction by the union of male
and female elements, or gametes, is fairly general throughont the
Algee, but it 1s entirely absent in the Myxophycez, in some of the
unicellular Protococcoider, and in the Syngenetice. Sometimes
the gametes are clearly differentiated into male and female ele-
ments, but in other cases sexnal differences are scarcely appreciable.
The following 1s a summary of the sexunal methods of reproduction
met with in the freshwater Algwe:—
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I Sexual reproduction by isogamous gametes (isogametes), or
precisely similar sexual cells which undergo the process of con-
Jugation.

a. Gametes ciliated, known as planogametes or zoogametes,
set free, and on conjugation forming a zygospore (or
zygote) (e.g. Ulotrichacew, Ulvacew, Trentepohliaces,
Pandorina).

b. Gametes not ciliated, known as aplanogametes.

1. Conjugation forming a zygospore which after a period
of rest develops directly into a new gametophyte
(e.g. Bacillariee and Desmidiaces, in which the
gametes are set free; Zygnemesw, in which the
gametes are not set free).

it. Conjugation forming a zygospore which immediately
develops a rudimentary sporophyte with one spore
(e.g. Mesocarpeze).

II. Sexual reproduction by Leterogamons gametes (hetero-
gametes), or clearly differentiated sexual cells which undergo the
process of fertilization.

a. Oogamous heterogamy :—The female organ is an oogontum
containing an oosphere. The male organ is an antheri-
diwm in which are developed motile, ciliated antherozoids
(or spermatozoids). The result of fertilization is the
production of an oospore (e.g. Vaucheriacez, (Edogo-
niales, certain of the Chatophorales and Cladophorales,
and some of the Volvocacez).

b. Carpogamous heterogamy:—The female organ is a procarp
(consisting of carpogonium and trichogyne) with no
specially differentiated female cell. The male cells are
non-ciliated spermatia (or pollinoids).  Fertilization
results m the development of a cystocarp (ox sporocarp)
with contained spores known as carpospores (e.g.

Rhodophyce:).

The sexual organs of those Algse with similar sexunal cells are
termed gametangia. 1f the Alge are unicellular then the cell
itself becomes the gametangium (e.g. Desmidiacez, Bacillaries),
and in the multicellular and coenocytic forms the ordinary vegeta-
tive cells become the gametangia (e.g. Zygnemacez, Cheetophorales,
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Hydrodictyon). In the whole of the Conjugata the gametanginm
gives origin to only onc aplanogamete, but in other Alge it is
more usual for several gametes to arise from one gametangium.
Planogametes, such as are found in the Ulotrichacea, are pear-
shaped Dbodies with the chromatophores more or less confined
towards the broader end, the narrower end being colourless.  Two
cilia are inserted at or near the narrow, colourless end, and a red
pigment-spot is frequently present. They exhibit active move-
ments for a longer or shorter period of time and finally conjugate,
each pair coming into contact by their colourless poles.

In those Algwe with dissimilar sexnal cells the female organ
consists either of a single cell or a ceenocyte known as the oogonium,
which is usnally more or less spherical (e.g. (Kdogoniacew), some-
times attenuated into a beak (e.g. Vaucheria), or produced at the
apex into a long, narrow tube, the trichogyne (e.g. Coleochwtaces).
An oogoninm usually contains a single female cell or oosphere
(e.g. Vaucheriacer, (Edogoniacea), but sometimes there are many
oospheres present (e.g. Spheeropleacee).  An oosphere is generally
a spherical cell containing chromatophores, and often with a clear,
colourless area at one side known as the receptive spot. 1t is at this
spot that the antherozoid enters during the process of fertilization.
In the Rhodophycese the female organ is usnally a multicellular
strneture (in the freshwater Red Algae it is unicellular) termed a
procarp, which is divisible into two portions, a carpogoniwm and
a trichogyne.

The male organ is known as the antheridiwm. 1t is nsually
unicellular, but in Fdogonium 1t may consist of one or of many
cells. Each antheridial cell often gives rise to quite a number of
male cells (spermatozoids o antherozoids), but in the (Edogoniacea
it gives rise to two, and in the Coleochatacem: and most of the
Rhodophyces to only one.  Antherozoids frequently resemble the
asexnal zoogonidia, but are nsually smaller.  They are comuonly
pear-shaped, but may be elongate and almost rod-like.  They
possess two cilia which are generally inserted at the pointed end,
but laterally in Volvox, Vaucheria, ete., and in Fdogonium there
is quite a tuft of cilia at the narrower end. They are as a rule
faintly coloured and often possess a red pigment-spot.

Sexual organs have not been observed in many of the Pro-
tococeoideze and in the Syngenetice, and are apparently entirely
absent from the whole class of the Myxophycee.

W. A,

w
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Many Alga exhibit an alternation of generations in their life-
history. In those forms in which neither asexual nor sexual
reproduction is known this alternation of generations 1s, of course,
absent. Other Algwz exhibit slight indications of an alternation
of generations. Thus, in a large number of the Chlorophycew, the
sporophyte generation is represented by the zygospore. This
zygospore can be deseribed as a unicellular sporangium which often
gives rise to two or four zoospores. Each zoospore, on coming to
rest, germinates and produces the gametophyte generation. In
the Mesocarpe® the isogamons gametes conjugate in a connecting-
tube between the gametangla, and the zygospore immediately
produces a rudimentary sporocarp consisting of a variable number
of cells, one cell of which is the earpospore. This is the sporophyte
generation. The carpospore, after a period of rest, germinates and
gives rise to the new gametophyte generation. In the Rhodo-
phyce@ there is a well-marked alternation of generations.

In the Algae the gametophyte is the mportant generation ;
in fact, the ‘plant’ 1s the gametophyte ; but as one proceeds higher
i the scale of vegetable life there is a great reduction of the
gametophyte accompanied by a corresponding increase in the
development of the sporophyte, untilin the Phanerogams the sporo-
phyte becomes the ‘ plant’ and the gametophyte is parasitic on 1t.

POLYMORPHISM.

Polymorphism oceurs m most families of Algae.  All those Algze
which exhibit an alternation of generations are polymorphie, and
some species appear to possess several different vegetative forms.
It is very doubtful, however, if polymorphism oceurs i Alge to
the extraordinary extent advocated by some authors. Sirodot has
proved the occurrence of several types of structure in the genera
Batrachospermum and Lemanea, and it 1s farly evident that the
plants at one time desertbed under the genera Prasiola, Schizo-
gontum and Hormadiwon arve different vegetative forms of one
genus.  Polymorphisin 1s well illustrated in Botrydiwm, and
numerous striking instanees eould be mentioned of other Algs in
which 1t occurs, notably in the common genus Pleurococcus.

Hansgirg, and following in his footsteps Wolle, have endeavoured
to prove (on insufficient evidence) the existence of extraordinary
polymorphism in Algee, relegating most of the unicellular Algee as
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mere stages in the growth of higher forms. It is necessary, how-
ever, to remark that a great many loose statements have been made
on this subject, statements which are supported by no direct or
conclusive evidence, Most df the remarks have been based upon the
fact of the occurrence together, in one matrix, of various stages of
different plants, and to the assumed identity of certain normally
unicellular plants with unicellular stages in the life-history of
higher organisms. Undoubtedly in the case of the Myxophycewm
many ditferent forms are met with in one gelatinons matrix, and
these are of the most confusing nature. Many of the higher blue-
green Alge do certainly pass through stages which resemble very
much some of the so-called unicellular species, but there is equally
no doubt that careful observation frequently proves that this is ¢
resemblance and not an identity. In some instances it may be quite
true that a blue-green form which has been accepted as a species
in the past is really a stage in the development of another form, but
that does not necessarily prove that every blue-green Alga exhibits
wide polymorphism and that every form met with is only one stage
in some complex life-history.  Similarly, in the Chlorophycew,
polymorphism is frequent, but becanse species of Chwtophora or
Myzonema (Stigeoclonium) at one period of their existence regularly
and normally break up into ‘ Palmella-like’ forms, it does not
follow that every aggregate of unicells such as Glaocystis, Palmella,
etc., is merely a stage in the development of Chetophora, Myxonema,
or some other allied plant. The observation of the polymorphism
of higher and lower types of Alga, both in mnature and under
cultivation, is, however, the surest and best way to discover their
affinities, and in many cases furnishes direct evidence as to the
phylogeny of the plants in question. Thus, the fact that Myxo-
nema assumes under certain conditions a ¢ Palmella-state,” much
resembling species of the genus Palmella but in no way specifically
related to them, is one of the primary reasons for regarding
Myzonema (and therefore the Chatophoraceat) as having been
derived from the Palmellacew.

Withont question many of the Algwe referred to the order
Protococcoidese have a much more direct relationship with fila-
mentous green Algw, particularly with the Chawtophorales, than is
indicated by their present systenmtic position. As an instance,
the genus Stichococcus, described by Nigeli as a unicell, un-

doubtedly belongs to the family Ulotrichacew and is connected by
9.9

-
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many intermediate stages with species of Kiitzing’s genus Glaeotila,
and even with species of the genus Ulothriz. This was first
definitely shown by Gay! and afterwards emphasized by Klercker?,
But, althongh in some instances this is the case, and various
genera of the group ¢ Protococcoidex” have to be transferred to
other groups to which they more rightly belong, many forms still
have to remain in the old group ¢ Protococcoidese” until more is
known concerning their life-histories and affinities. For instance,
it has been asserted that species of the genus Tetraédron Kiitz.
1845 (= Polyedrium Nig. 1849) are merely stages in the develop-
ment of Pediastrum, but this is now known to be erroneous?,
and that even if certain forms are developed in the life-cycle of
Pediastruom which much resemble species of Tetraédron, yet the
latter genus is quite distinet and has a life-history of its own. It
is, however, most probable that Pediastrum has been evolved from
Algee of the nature of Tetraédron, and one of the connecting links
has been discovered in a genus recently described by Lawelhelm
under the name of Fuastropsis.

As another example of erroneous conclusions arrived at from
insufficient evidence, there is the case of the genus Chantransia.
The discovery by Sirodot* of the ‘ protonema-stage’ of Batracho-
spermum was regarded by many people as a sufficient proof that
species of Chantransic were merely asexual forms of Butracho-
spermum.  This was entirely due to the mistake of confounding
the sporophytic shoots of Batrackospermum (and Lemanea) with
certain true species of Chantransic which they much resembled.
Murray?, in commenting upon this, says that to speak of the
“ Chantransie-forms ” of these genera “ means no more than if the
protonema of a moss were to be called its < Conferva-form’ or
the prothallus of a fern its ¢ Liverwort-form.”  These growths of
Lemanea and Butrachospermum have nothing to do with the valid
generic type Chantransia.”

In conclusion, it scems well established that the higher types
of Algie have originated by gradual evolution from the more lowly

! Gay, ‘Recherches sur le développement et la classification de quelques Algues
Vertes,” Paris, 1891.

2 Klercker, ¢ Ueber zwei Wasserformen von Stichococcus,” Flora, 1896.

3 Cfr Lagerheim in Tromsi Museums Aarshefter, 17. 1894.

* Sirodot, ¢ Sur le développement des Algues d'eau douce du genre Batracho-
spermum,’ Paris, 1875.

9 G. Murray, ¢ An Introduction to the Study of Seaweeds,” London, 18953, p. 208.
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types, but the fact must not be overlooked that these lowly types,
although they may have undergone many modifications, still
persist, and great care should be taken not to confound them with
those stages in the life-histories of the higher types which present
so many rescmblances to them.

THE PHYLOGENY AND CLASSIFICATION OF THE
FRESHWATER ALGE.

The rescarches and discoveries of the last few years have
certainly thrown much light on the affinities of many genera and
families of Algm, and constitute a very great advance in our
knowledge of the phylogenetic relationships of these plants. It is
by no means an easy task to give even a mere outline of the
suggestions which have at different times been put forward as to
the evolution of freshwater Algwe, but one derives great assistance
from two recently published papers, one by Chodat® and the other
by Blackman?, containing not only a smmmary of much of the work
bearing on this difficult problem of phylogeny, but putting forward
some well-founded suggestions as to the same.

In the succceding brief account of the evolution of freshwater
Algae I have followed very largely the suggestions of Borzi,
Blackman, Bohlin and others, with certain alterations based npon
my own experience?,

Taking first the Chlorophycea: or green Algwe, which a few
years ago were in a chaotic condition, we find that this chaos has
been greatly reduced to order and that the affinities of many of
these plants have been clearly demonstrated. The four groups
of the Confervoidew, Conjugate, Siphonew and Protococcoidea, into
which the green Alga: have been usnally classified, must be con-
siderably modified in view of recent researches. The Conjugatwe
and the Siphonex> will remain as distinct and natural orders of the
green Algz, the former chiefly by reason of their reproduction and
the latter on account of their cenocytic structure, but the Con-
fervoidew and Protococcoidezr were unquestionably unnatural

1 Chodat, ‘On the Polymorphism of Green Algz and the Principles of their
Evolution,” Ann. Bot. xi, 1897.

2 F. F. Blackman, ‘ The Primitive Algez and the Flagellata. An Account of
Modern Work bearing on the Evolution of the Alga,” Ann. Bot. xiv, 1900.

% In ¢ Lectures on the Evolution of Plants’ by D. H. Campbell (Macmillan
Company, New York, 1839), there is a chapter on Alge (pp. 48—7Y) with a scheme

of evolution (p. 7Y), but the latter appears to be largely based upon erroneous
conceptions of the relationships of these plants.
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groups which could no longer be tolerated in the sense in which
they were originally proposed.

Chodat, from observations on the lower green Algw, both in
a state of nature and in cultures, traces the principal groups
of the Chlorophycew back to the Palmellaces, one of the lowly
families of the order Protococcoidea. He recognizes three
important tendencies which rule the lower green Algee:—(1) the
zoospore-condition, the other two conditions being only transient;
(2) the sporangium-condition or unicellular motionless stage, the
other conditions being realized accidentally; (3) the Tetraspora-
stage, where non-motile cells are connected by regular cell-walls
at right angles.

Blackman follows somewhat on these lhines, but he considers,
along with others, that all the tendencies of the lower Alga have
had an origin in the motile unicellular Chlamydomonads.  Among
the families of lower Alga constituting the group of the Proto-
coccoldese, he observes three divergent vegetative tendencies:—
(1) a Volvocine tendency towards the aggregation of motile
vegetative cells into gradually larger and more specialized motile
true ceenobia; (2) a Tetrasporine tendency towards the formation
of aggregations by the juxtaposition of the products of septate
vegetative cell-division to form non-motile organisms of increasing
definiteness and solidarity: (3) an Endospherine tendency towards
the reduction of the vegetative division and septate cell-formation
to a minimum. The simplest forms which exhibit any one of these
three tendenctes seem clearly to diverge from species of the genus
Chlamydomonas, and these motile organisms must be regarded
as the real primitive form of green plant and the foundation
stone, so to speak, of the vegetable kingdom. Of late much work
has been done at the genus Chlamydomonas by Goroschankin,
Francé, Dill, Klebs, and Wille, and now the genus is brought
into still more prominence. It has been found to contain some
twenty-nine species which are remarkable for the constancy
of their cytological characters. Unfavourable conditions produce
in this genus the < Palmella-condition.” This is the beginning of
a vegetative non-motile existence such as predominates in the
Palmellacew.  In the latter family the cells at intervals in their
life-history escape from their walls, develop cilia, and return to the
motile state as zoogonidia. Blackman remarks that the “formation
of zoospores is then nothing but reversion to an ancestral type of
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vegetative existence for a biological advantage, and all the vegetative
existence of the higher Algw is phylogenetically a new intercalation
into the life-history of the motile Chlamydomonad which is perma-
nently in the zoospore condition, though walled, and in which
zoospore-formation and vegetative cell-division are one and
mdistinguishably the same thing.”

Chlamydomonas itself has had an origin from the Proto-
mastigina—one of the five subdivisions of the Flagellata proposed
by Klebs—and two instances of the eonnecting forms are found
in the organisms known as Polyblepharis Dang. and Chlorogonium
Ehrenb. Many of these lowly Flagellates are green, but others
are colourless saprophytic organisms, and In some either a
saprophytic or holophytic nutrition may be carried on, depending
on whether the organism is well fed or not’. In the same way
that green organisms occur among the Flagellates so do colourless
forms occur among the lower Algae.  One species of Chlamydomonas
—Chl. hyalina—is always colourless and saprophytic,and Dangeard’s
researches into Polytoma have likewise shown that the small group
of organisms of which Polytoma uvella Ehrenb. is the best known
representative should perhaps be regarded as a saprophytic
sub-family of the Volvocacea which have probably evolved from
a green organism of the Chlamydomonad-type. The varions
Flagellates such as Kuglena and others belonging to the Eugle-
noidina, have given origin to no organisms of preponderating
plant-characters.

The Volvocine tendency in the Chlamydomonad-type has
caused the cvolution of a series of organisms of gradually
increasing complexity, which constitute the Volvocacea. These
are genera which practically consist of ccenobia of cells of the
Chlamydomonad-type. The genus Gonium is perhaps very little
removed from Chlamydomonas except in the possession of a four-
celled or sixteen-celled colony. The highest development reached
is the Volvoz-colony, in which there are highly developed oospheres
and antheridia. vBetween the isogamous Chlamydomonas or
isogamons Gonium and the highly differentiated heterogamous
condition of Volvox, there are two intermediate stages in Pandorina
and FKudorina.

The Tetrasporine tendency in the Chlamydomonad-type first
resulted in the production of a series of forms in which vegetative

1 Zumstein in Pringsheim’s Jahrbich. fiir. wiss. Botan. xxiv, 1899.
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cell-division gradually replaced the formation of zoogonidia as the
chief method of multiplication. The first group of Alga: evolved
in this direction was the lowly family of the Palmellaces, in which
the cells are grouped together either in all directions of space as n
Palmella, or regularly disposed in one plane as in Tetraspora.
The cells are enveloped in a general mucous envelope formed by
the confluence of the special gelatinous cell-walls, and in every
stage the cells on leaving the envelope are capable of swarming as
zoogonidia. Tt is to this family of the Palmellacea that we must
look for the origin of most of the other families of green Algz.

The Endosphwrine tendency in the Chlamydomonad-type has
given rise to certain plants in which vegetative cell-division 1s
absent, the multiplication of individuals taking place only by the
formation of zoogonidia or gametes. These plants belong to the
family Endosphaerace and are almost strictly unicellular.

So far, then, the phylogeny of the green Algw can be illus-
trated by the following simple diagram:—

Volvocacea
Endospharacex
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The Volvocine tendency has resulted in no higher development
than the Volvox-colony, but a very reasonable suggestion has been
made by Blackman as to the origin of the Siphonew by a further
development of the Endospheaerine tendency and formation of a
thallus, which, although essentially ceenocytic. is structurally uni-
cellular and lacks the solidity acquired by septate cell-division.
He remarks that “nothing appears to have been evolved from it
of higher status than an Alga. While the Tetrasporine tendency
has given rise to all the higher green plants, the Endospheerine
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has only suceeeded in produecing the elaborate but puny mockery
of them which we find in Caulerpa.”

It is now necessary to trace the further developments from the
Palmellaceae, which family was the first result of the influence of
the Tetrasporine tendency on the Chlamydomonad-type.

The Protococcace is a group which has been gradually evolved
from the Palmellacese by the direet production of the unicellular
motionless stage with a firm cell-wall as the principal state of the
plant, the zoogonidia and the Tetraspora-stage being only tran-
sient conditions in the life-history, and often absent. In the lower
forms of this family the cells are globose with firm cell-walls, and
all their reproductive processes show a marked tendency to trans-
form the motile elements into resting spores. In some of the
other forms of the family the cells exhibit great varety of form
(e.g. Oocystis, Nephrocytium, Kirchneriella, Chodatellu, ete.), and
reproduction is largely by a type of spore termed by Chodat an
autospore. Such spores are usually produced in fours inside the
mother-cell, and at the moment of their liberation they possess
the exact form and external peculiarities of the mother-cell.
Sometimes the autospores are quite free after their liberation
(e.g. Lagerheimia, Oocystis), but at other times they are sur-
rounded by a gelatinous envelope (e.g. Kirchneriella, Neplrocy-
tium), When the autospores are united together in a colony at
the time of their expulsion an auto-colony is produced. Such is
the nsual method of multiplication of Scenedesmus. Forms of the
nature of Celastrum and Sorastrum have originated from the
lower Protococcacew with autospores, the latter being grouped
together into a globular anto-colony.

The position of the two genera Pediastrum and Hydrodictyon
is still very doubtful. I am inclined to agree with Chodat that
the resemblance is due to convergence rather than to a common
origin. In Pediastrum the swarming stage is outside the mother-
cell and the new ceenobium arises by the apposition of motile
zoogonidia. In Hydrodictyon the new ceenobium also arises by
the apposition of zoogonidia which have become quiescent, but 1s
formed inside the mother-cell. Both genera consist of ewnobia
of ceenocytes, and for the present they are best kept in the
separate sub-families of the Pediastrese and Hydrodictyez.

Among the Chmtophorales it is clear that the Ulotrichacewn
have had a direct. origin from the Palmellacear through sueh forms
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as Stichococcus, Hormospora, Radiofilum, Glwotila and Geminella,
forms in which simple loosely connected series of cells occur em-
bedded in a gelatinous envelope.

The Chwxtophorace® ave further specialized forms of the Ulo-
trichacea, which are distinguished mainly by their branched habit.
The polymorphism exhibited by the Cheaetophoracea, and the deve-
lopment of zoogonidia and formation of resting-spores, also indicate
a close connection with the Palmellaces, but probably through the
Ulotrichacew. Chodat considers the genus Pleurococcus as one type
of the Chwtophoracex which has been reduced owing to its existence
as a lichen-gonidinm, but this is a statement 1 cannot agree with.

The Ulvales and the Schizogoniales are parallel groups, each
of which has probably had a separate origin from the Proto-
coccoidew. The Ulvacew, especially such forms as Monostroma
and Ulva, have most likely originated from Palmellaceous Algz
of the nature of Tetraspora. )

The genus Microspora is difficult to relegate to its proper
place in a classificatory scheme. It is the sole representative of
the family Microsporacea and its characters mark it off sharply
from other green Algw. It may have originated from some aber-
rant form of the Ulotrichace®, but its affinities are at present
doubtful. 1t is possible that the forms placed in the genus
Rhizoclonium have originated from Microspora, and by a further
specialization the genus Cladophora has been produced.  The
Cladophoraceze (and therefore the Pithophoracew) may thus have
had an origin from the Microsporacez. Bohlin' has recently
transferred the Cladophoracew to the order Siphonex owing to
the ceenocytic nature of the segments of the thallus, but the
validity of such a change is a question of opinion. Owing to the
many points of resemblance between Hydrodictyon and Cludophora,
the former genus may possibly be a degenerate form of the Clado-
phoracew.  Stnce 1897% I have regarded the Cladophoraces as a
distinet family of Chlorophyce, in close proximity to the Siphonea
and far removed from the Ulotrichaces, yet I hardly see the justi-
fication for its inclusion in the Siphonewm. I think it better to
place the Cladophoracexs and Pithophoracewm, along with the
Spheeropleacem, in a separate order, the Cladophorales.

! Bohlin, ¢ Utkast till de Grona Algernas och Arkegoniaternas Fylogeni,” Akad.
Afhandl. Upsala, 1901.
2 W. & G. S. West in Journ. Roy. Micr. Soc. 1897, p. 475.
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Luther and Bohlin have recently advocated considerable
changes in the classification of the Green Alg®, most of which
have been rendered necessary by the abolition of the old artificial
group of the ‘ Confervoidewx.” I agree with Bohlin in the estab-
lishment of the order * Microsporales,” even though it appears to
be giving undue prominence to a small gronp of more or less
insignificant Algwe, because species of the genus Microspora arve
referable to no other order of green Algm. Likewise, the (Edo-
goniacese require placing in a separate order because of their
anomalous characters. .

Several of the recent students of freshwater Alge have
attempted to show that all the main groups of the Chlorophycew
have had a separate origin from unicellular, motile, ciliated or
flagellated ancestors. This is no doubt a very helpful idea, but
like many other such ideas 1t can easily be carried too far. It
appears most probable that certain groups of green Algse have had
a direct origin from ciliated or flagellated unicells, but that in itself
is no proof that other groups have had a similar origin.  There is
not a shadow of evidence in support of the direct and individual
origin of the Microsporacew, the Conjugata, the Vaucheriacew, the
Edogoniacez or the Cladophorales: in fact, there is every reason
to suppose that some at least of these groups have originated from
previously existing filamentous forns.

The origin of the Conjugate seems very uncertain. Black-
man, in his scheme of evolution?!, and Bohlin? have both suggested
an origin from the unicellular motile Chlamydomonad-type, and
therefore directly from the Flagellata. To my mind this shows a
lack of experience of the Conjugate as a whole, and particularly
of the family Desmidiacea. Whatever the true origin of the
Conjugate it cannot have been direct from Flagellate forms.
Presumably the first Conjugates which would arise from such
motile unicells wonld be themselves unicells, or loose aggregates of
cells. Now,such is exactly the condition found in the Desmidiacew ;
but it has been clearly shown?® that the Desmidiace is unques-
tionably a family of Conjugates derived by retrogression from
filamentous ancestors, and therefore, they cannot by any possible
means have had a direct origin from unicellular motile organisms.

! Blackman, l.c. p. 684. - 2 Bohlin, le. p. 22. )
3 W, & G. S, West in Ann. Bot. xii, 1898, p. 55; G. 5. West in Journ. Linn.
Soc. Bot. xxxiv, 1899, pp. 409—415.
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It appears more probable that the early Conjugates were filamen-
tous forms and that they originated from some other order of
green Alge, comimg to an abrupt conclusion soon afterwards.
Nothing higher was evolved from them, but the group of the
Desmidiacexe became sharply marked oft from the rest of the
Conjugates owing to great specialization. The specializing ten-
dency was in the direction of a remarkable increase in the com-
plexity of morphological characters, and this was accompanied by
degeneration of sexual differences.

Perhaps there may be an affinity between certain of the Con-
jugates and the genus Microspora, as the resemblance between
such species as Microspora Lifgreniv Nordst.! and Zygnema
pachydermum West® 1s most striking: the cell-walls are thick
and exhibit the same structure, and in both plants precisely
similar aplanospores are formed in identically the same manner.

It 1s now necessary to consider a group of Algwe for which
Borzt® proposed the name of the < Confervales” In this order he
included a number of Alga: which had previously been scattered
amongst various groups of the Chlorophycez. The characters of
the group are based upon the structure of the cell, which contains
parietal discoidal ehromatophores of a yellowish-green colour and
without pyrenoids. Even the zoogonidia possess discoidal chroma-
tophores of a yellowish-green colour and two unequal cilia (some-
times one ?).  The plants may be unicellular, ccenocytic or multi-
cellular, and include amongst others the following genera:.—
Ophiocytium, Characiopsis, Chlorothecium, Mischococcus, Tribonema
(Conferva), Botrydiopsis and Botrydium. Bohlin* in 1897 con-
clusively demonstrated, by an exhaustive study of the structure of
the cell-wall, the elose affinity which exists between the genera
Oplidocytinm and Tribonema (Conferva); and, m addition, in the
carlier stages of development these two genera, one of which is
unicellular and the other multicellular, much resemble each others.
The order Confervales is subdivided into three families :—(1) Tri-
bonemaces, which includes Zribonema (Conferva), Ophiocytium,

1 Nordstedt in Botaniska Notiser, 1882, p. 55; W. & G. S. West in Journ, Bot.
Febr. 1897, p. 34.

2 West in Journ. Linn. Soc. Bot. xxx, 1894, p. 266, t. xiii, f. 1—16.

Borzi in Boll. della Soc. ital. dei Mieroscop. i, 1889.
Bohlin in Bihang till K. Sv. Vet.-Akad. Handl. 1897, Bd xxiii, no. 3.

5 Bohlin Le. t. ii, f. 47, 51, 52, 54—56: Wille in Ofvers. af K. Vet.-Akad. Forh.
1881, no. 8, t.ix, f. 15, 17, 18, 21—26; G. S. West in Journ. Bot. Mar. 1899, p. 106,
t. 804, f. 18—29,

R
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Bumilleria, Botrydiopsis, Chlorobotrys . (2) Chlorotheciacew, which
mcludes  Mischococcus,  Peroniellu, Stipitococcus, Characiopsis,
Chlorothecium; (3) Botrydiacea, including  Botrydium.  Now,
amongst the Flagellate organisms there exists a genus described as
Vacaolaria by Cienkowski?, which possesses yellow-green discoidlal
chromatophores without pyrenoids: and this organism, as in the
case of the Chlamydomonad-type, may very possibly be the start-
ing point of the Confervales. Lagerheim discovered another
organism 1n 1897 which was further worked out by Bohlin® and
named Chlorameba. 1t is of a similar type to Vacuolaria with
discordal chromatophores of a yellow-green colonr, but more
strictly a Flagellate. Great mterest is hkewise attached to the
discovery by Luther? in 1868 of yet another similar organism
which he named Chlorosaccus.  This organisin has certain resem-
blances to Tetraspora, but is of a yellow-green colomr with several
parietal disc-like chromatophores, and scems to conneet Chlo-
ramebe and Vacuolaria with the direet line of descent of the
Confervales. Luther proposed to remove all these forms out of
the Chlorophycese and suggested the name < Heterokontwe’ as a
class equal with that of the Chlorophycer, and to include the
Algal series < Confervales” and the corresponding Flagellate gronp
¢ Chloromonadina’ (or Chloromonadales). This class seems a very
natural one and differs from the Chlorophyces in certain cyto-
logical characters, such as the abundant presence of xanthophyll
and the presence of a fatty substance as the stored product of
carbon-assimilation.

Bohlin has recently suggested that the Vaucheriacea should
be included with the ¢ Confervales’ and ¢ Chloromonadales ™ as one
of the orders of the Heterokontw, with the name ¢ Vaucheriales.
There are, however, wide ditferences in strueture between the
Vaucheriacew and the Confervales, not to mention the absence of
the yellow pigment and the highly differentiated sexual repro-
duction present in the former; neither is there any evidence that
the plants of these orders are in any way phy logenetically related ;
therefore, for the present, T prefer to retain the V. auncheriacea 1n
the order Siphonewx of the Green Algz.

The origin of the Phwophyce, or Brown Algw, from brown

Cienkowski in Archiv. fm Mikroscop. Anat. vi, 1867.
Bohlin in“Ofvers. af K. Vet.-Akad. Forh. 1897, no. 9.
Luther in Bihang till K. Sv. Vet.-Akad. Handl. Bd xxiv, 1898, no. 13.
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Flagellate organisms seems quite as reasonable as in the parallel
case of the Green Algm. During recent years many genera of
primitive brown Algz have been discovered, most of which appear
to be intermediate forms between the higher brown Flagellates and
the simpler types of filagentous brown Algz. The majority of
these primitive brown Algee inhabit fresh water, but few of them
have up to the present been observed in Britain. The Flagellate
organism suggested as the possible starting point for this series is
Chromulina Cienk!, and the ascending series of forms include
Phewocystis Lagerh., Pheosphera West & G. S. West, Phwococcus
Borzi, Entodesmmis Borzi, Phewothamnion Lagerh. and Plewrocladia
A. Br. Divergences along other lines from Chromuling may have
given rise to the Hydruracese, the Chrysomonadinacese and the
Dinobryacez. Phwodactylon Bohlin and Stichogleea Chodat may
have a relationship with the Phwococcus-type of brown Alga.
PHAOPHYCEX

A
Pleurocladia

Phazothamnion

Entodesmis

Phaococeus ————_ Phaodactylon
Stichogleea

Dinobryaces

Phezosphrera
Hydruracew® Phzocystis Chrysomonadacew

Chromulina
PROTOMASTIGINA

The origin of the Bacillariez is still extremely doubtful, and
no reasonable suggestions have yet been put forward as to their

3 Cf. Lagerheim in Ofvers. af K. Vet.-Akad. Forh. 1896, no. 4, p. 288.
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line of descent. They are regarded by some as a group of the
Pheeophycew, but are better considered as a distinet class. It
may be that there is a much more direct relationship between the
Bacillariez and the Flagellate Peridiniew than is at first apparent.

The origin of the large class Rhodophyeex is still very un-
certain, although quite recently a marine Flagellate with the
chromatophores of the Rhodophycese has been discovered by
Karsten®, As there are so few freshwater representatives of this
large class of Algee, a disensston as to their origin would here be
out of place.

So little is known eoncerning the Myxophyecez and their life-
histories that any attempt to give an account of their origin and
evolution would be mostly a matter of conjecture. It is interesting
to note, however, the existence of blue-green motile organisms
such as Cryptoglena Ehrenb. and Chroomonas Hansg.?  Reasons
for retaining the word ‘ Myxophycew’ are stated in the Intro-
duction (page 3).

The classification commonly adopted at the present time is the
one found in Engler and Prantls ¢ Planzenfamilien,” in which
the Green Alga were arranged by Wille, the Bacillarieze by Schiitt,
and the Blue-green Alge by Kirchner. Wille followed Sachs in
the removal of the Conjugatee from the Chlorophyces, but the
reasons for this are certainly insufficient. It is also significant to
note that since the publication of the classification referred to,
Wille has regarded the Conjugate as an order of Chlorophycew?.

The most recent classification of Green Algae in English is that
put forward by Blackman and Tansley! in the ‘ New Phytologist’
for 1902, and they not only accept at the outset the principal
changes suggested by Luther and Bohlin, but carry them still
further. They separate the (Edogoniales (as the “Stephanokontze”)
and the Conjugate (as the “Akonte”) from all the rest of the
Chlorophycese, which are placed under the “Isokontx.” This
arrangement is based upon the assmmption that the (Edogoniales
and the Conjugata: are phylogenetically independent of the
“Isokonta,” and that all three groups have arisen from the

1 Karsten in Wissensch, Meeresuntersuchungen, Kiel, Bd iii, Heft 2, 1898.

2 Hansgirg, ‘Noch einmal iiber die Phykochromaceen-Schwirmer,” Bot. Cen-
tralbl. Bd xxiv, 1885.

¢ Wille, ¢Algologische Notizen vir, viir,” Nyt Magazin f. Naturvidensk., B. 89,
H. 1, Kristiania, 1901.

4 T, F. Blackman and A. G. Tansley, ‘A Revision of the Classification of the
Green Alge,” The New Phytologist, 1902.
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Flagellata.  Be 1t remembered, however, that there is no direct
evidence in support of the view that the (Edogoniales and
Conjugate are phylogenetically independent of the vest of the
Chlorophycewx. Indeed, with regard to the Conjugata: all the
known facts concerning them tend to show that they, at least,
have not had a direct origin from Flagellate ancestors. T have for
many years made a special study of the Conjugati, including a
particularly detailed investigation of the Desmidiacew, the family
around which all the interest of this idea is centred: and I can
say most emphatically that all the facts concerning these plants
with which T am acquainted, far from supporting the idea of a
Flagellate ancestry, tend to prove conclusively that this beautiful
family of Conjugates has originated from filamentous ancestors.

The separation of the Conjugate from the rest of the
Chlorophyces is therefore to my mind based upon an erroneous
supposition, and there is likewise no evidence to show that the
complete separation of the (Edogoniales from the rest of the green
Algae is a just one. The Heterokont® 1s obviously a very natural
class, but I have not transferred the Vaucheriacese to the Hetero-
kontee nor the Cladophoracez to the Siphonew. The, genus
Prasiola has no relationship to the Ulotrichacese and I have
placed it in the order Schizogoniales. My arrangement of the
Conjugatee is also quite different from that given by Blackman
and Tansley, particularly in the family Desmidiacese, of which I
have given a natural classification.

In those facts lie the main differences between the classification
put forward by Blackman and Tansley and the one used for the
green Alga: in the present volume, which is based upon a very
extensive and careful study of these plants for many years. There
will also be found many differences in the genera themselves and
in their disposition, as I have arranged them in a manner which T
consider to be much more in accordance with their affinities. For
examyple, the genera Radiofilum Schmidle and Hormospora Bréb.
are undoubtedly feebly developed forms of the Ulotrichacew and
have no place in the Protococcaces: and the same is true of the
genera Glwotila Kiitz. and Stichococcus Niig.  Dactylothece Lagerh.
1s an elongated Glaocystis-like genus and has no relationship with
either Dimorphococcus A. Br. or Scenedesmus Meyen: and many
other instances could be quoted.

W. A, 3



Class 1. RHODOPHYCEA (or Florideswm).

Tuis class comprises the Alga: usually known as the Red
Seaweeds. They exhibit a variety of colours from bright red and
purple to dark brownish-reds, brownish-green, blue-green and
black. Very few of the genera are freshwater forms.

The thallus is multicellular, very diverse in form, and consists
of sunple or branched cell-filaments which may be merely held in
close proximity by muecilaginous material, or bound together by a
tough intercellnlar substance, giving the thallus a parenchymatous
appearance. The branching of the cell-filaments is very varied,
the plants exhibiting many types of branching. The filaments
increase in length by the repeated divisions of an apical cell.
The cells are all protoplasmically continunous through pits in the
transverse or cross-walls of the filaments. Kach cell may contain
one well differentiated nuclens, or more rarely the thallus may
consist largely of cenocytes. The chromatophores are distinet
and the chlorophyll is masked by either a red colouring-matter—
phycoerythrin, or a blue colouring-matter—phycocyanin.  Some-
times pyrenoids are present.

Asexual reproduction takes place by motionless spores known
as tetraspores (or tetragonidia), which are generally bright red,
and have neither cilia nor cell-wall. They are produced in a
tetrasporangium (or tetragonidangium), usually in variously ar-
anged groups of four. This is the most common form of repro-
duction.  Zoogonidia are absent from the entire class.

Neaual reproduction by male and female cells is wanting in
some, but present in others. The female organ is a procarp
which consists of a single cell containing a cell-nuclens, the
carpogonium, drawn out into an attenuated, hair-like process called
the trichogyne. The latter is homologous with the receptive spot
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of the oosphere of the green Algw. The male organ is an an-
theridium of variable form which gives origin to large numbers of
male cells.  Each male cell opens at the apex and sets free a
rounded, nucleated mass of protoplasm, without a cell-wall and
without cilia, known as a spermatium (or pollinoid).  Fertilization
takes place by the attachment of the spermatinm to the apex of
the trichogyne and the union of their contents. As the nncleus
of the spermatinum disappears, it travels down the trichogyne and
unites with that of the carpogonium, this fuston having been
observed by Osterhaut in Batrachospermum Boryanum!.

The result of the fertilization of the carpogonium is the
development of a fructification known as a cystocarp (or sporocarp),
and the different gronps of the Rhodophycew are characterized by
the method of formation of this fructification. Sometimes the
eystocarp is developed directly from the carpogonium; but, fre-
quently, the fertilizing influence 1s handed on to other cells in
the neighbourhood of the carpogoninm, and conjugation occurs
between ountgrowths of the fertilized carpogoninm (known as
ooblastema filaments) and certain auxiliary cells, the final result in
all cases being the development of the cystocarp and the prodnetion
of carpospores. Whatever be the method of formation of the
cystocarp, the carpospores arc always developed on a tuft of
filaments which spring from fertilized cells and which are known
as gontmoblasts.

The class is subdivided into four orders:—

Orvder 1. Nemalionucew. This order includes four families,
of which the Lemaneaces is exclusively fresh-
water, and the Helminthoeladie® includes several
freshwater genera.

Order IL.  Cryptonemiacece. One family of this order, the
Squamariacew, contains a genus of which there
are several freshwater species.

Order IIL. Gigartinacec. Exclusively marine.

Order IV. Rhodymeniacewe. Exclusively marine.

In addition to the four orders jn%t enumerated, another group
of Alge known as the Bangiacew is often included in the Rhodo-
phyce(L but the systematic position of this group is very unecertain.

1 QOsterhaut in Flora, 1xxxvii, 1900.

3—2
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The main argument for its inclusion in the Rhodophyces is
derived from the red colour of the chromatophores, whereas the
intercalary growth of the thallus and the absence of the pits
between the thallus-cells are points against its inclusion among
the Red Algwe. The so- alled tetraspores of the Bangiaceax: are
somewhat remarkable, the whole of the contents of a thallus-cell
going to form one unciliated, amebiform spore. The sexual
process is also of a very reduced type, far removed even from that
of the simplest red Alga. The genus Bangia, which is a simple
flamentous form, ocenrs on the shores of the British Islands and
in the estuaries of the rivers, but it is not exactly a freshwater Alga.

Order I. NEMALIONACEAZ.

The fertilized carpogonium gives origin directly to the gonimo-
blasts, which are developed in tufts.

Family 1. HELMINTHOCLADIEZ.

The thallus is filamentous, simple or branched, with the
secondary axes often arranged in whorls. The main axis may
consist of a single row of cells, or of a central cell-filament
surrounded by a cortical ring of smaller cell-filaments. The
gonimoblast 1s a short tuft of cell-filaments and the terminal cells
usually form the carpospores. When the terminal cell has shed
its carpospore, the supporting cell grows through into the old cell-
wall and produces a new spore-forming cell. There is no definite
wall to the cystocarp.

(lenus Batrachospermum Roth, 1797, This is an exclusively
freshwater genus with a wide distribution in temperate and
tropical climates  Most of the species prefer deep water in which
there is a slight current, but more rarely they are found attached
to stones in fast streams. They scarcely ever occur in stagnant
water, but are found frequently in bogs, usnally at a point where
a spring rises. The thallus, which is of a blne-green colonr and
enveloped in a thick coat of mncus, 1s remarkable for the great
beauty and symmetry of its branching ; sometimes it reaches a
length of 16—20 ems. The plants are generally attached to
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stones or wood by a number of thick old shoots: these send off
numerous primary axes which float freely in the water. 'The
primary axis consists of a central filament of cells which grows by

Fig. 1. A, Batrachospermum moniliforme Roth, from Malham Cove, W. Yorks. ( x 2);
B—C, Batrachospermum vagum (Roth) Ag., from Thursley Common, Surrey ;
B (x2); C, single node with lateral branches, more highly magnified. D, ger-
minating spore. E, protonemal growth. ¥, Female organ and fertilization;
s, spermatium ; ¢, carpogonium ; ¢, trichogyne. (D, E, and F after Schmidle, )

means of a hemispherical apical cell. The cells of this central
filament become swollen at each end, a dense whorl of branches
being produced at each swelling (or node). From the basal cells
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of the branches secondary branches grow downwards over the
main axis, forming a cortical ring of cell-filaments (sometimes
termed the pseudocortex). The apical cells of the lateral branches
are frequently produced out into long hairs or bristles. The pro-
carp is unicellular and is developed at the extremity of a small
branch which stands ont directly from the main axis, and which 1s
termed by Sirodot the female axis” The carpogoninm possesses
a short, straight, exposed trichogyne!, and after fertilization it
develops the dense mass of gonimoblasts (frequently termed a
‘glomerulus’) which constitute the cystocarp. The cystocarps are
external, being developed amongst the dense whorls of branches,
and the terminal cell of each gonimoblast produces a carpospore.
On the development of the carpospores sporophytic shoots are
formed which very much resemble species of the genus Chan-
transia ; they are to be regarded as a kind of ¢ protonema,” which,
under certain suitable conditions, develops mto the sexual Batra-
chospermam-plant.

There are two more or less abundant species of the genus in the British
Tslands, B. moniliforme Roth (Fig. 1 A) and B. vagum (Roth) Ag. (Fig. 1 B),
each with a number of varieties. The latter is distinguished from the former
by the more or less uniform development of the lateral branches along both
the nodes and internodes of the inferior portions of the primary axis. A
third species, B. atrum (Dillw.) Harv., with very short lateral branches and
long internodes, is less widely distributed. Species of this genus commonly
afford a home for epiphytes of the nature of certain species of (ulothriz,
Hapalosiphon, Ammatoidea, ete., and numerous Diatoms and Desmids are
frequently present in their enveloping mucns.

(fenus Chantransia Fries, 1825. The plants belonging to this
genus arc much smaller than species of Batrachospermunn and
oceur both in fresh water and in the sea. The freshwater species
vary from about 3 to 7 mm. in length, and are usually found
attached to rocks and stones in rapid rivers, cataracts and water-
falls. The thallus consists of branched filaments of cells arising
from a basal stratum, the apices of the branches being frequently
much attenuated and almost piliferous. In colour the plants are
all shades of red, purple and blue. There is an entire absence of
the mucons coat which is so conspicuous a feature of Butracho-
spermum. It was thought for some time that all the species of

1 Schmidle, ‘Einiges iiber die Befruchtung, Keimung, und Haarinsertion von
Batrachospermum,’ Bot. Zeitung, Heft 7, 1899.



Helminthocladiew 39

Chantransie were merely non-sexnal stages of Batrachospernvim,

and that under brighter condi-
tions of light they underwent a
metamorphosis, giving rise to
the sexunal stage or Batracho-
spermum. The carpospores of
the latter genus develop a pro-
tonca-like growth which bears
great resemblance to specles of
Chantransia, and many of these
growths, both of Butrachosper-
moum and Lemanea, have been
erronconsly described as species
of that genus: but, at the same
time, these have nothing to do
with the valid genns Chantransia.
The sexual reproduction of Chan-
transia hasonlybeen fully worked
out in one species—Ch. corym-
bifere Thur. On the fertilization
of the carpogoninum 1t develops
numerous gonimoblasts npward-
ly and on one side. There is thus
formed a naked corymbose cysto-
carp, the terminal cells of the
gonimoblasts producing the car-
pospores.  The antheridia are
likewise developed in clusters.
Asexual reproduction occurs by
tetraspores and also by other
spores which remain nndivided
and are known as ‘ monospores.’
These, on germination, divide
into four cells 1 one plane,
giving rise to the basal stratum
from which the branched fila-
ments spring.

A, Chantrausia

107 o
Kiitz., from Penyghent, W.

I).I[.([lll(l’fl
Yorks.
(x100). B and C, branches of the
same with ‘monospores’ (m) ( x300).
D, Ch. scotica Kiitz., from Cornwall: a
small portion of the thallus showing
the pits in the transverse walls (x400),

There are some seven or eight British freshwater species of the genus, of
which Ch. pygmea Kiitz. (fig. 2 A—C) and Ch. violacea Kiitz. are perhaps the

most frequent.
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Genus Thorea Bory, 1808. This i1s a rare genus with only
one species—Th. ramosissima Bory—which, although found in
several of the rivers of France and Germany, has only once been
recorded for Britain (from Walton-on-Thames). It has a round
filamentons thallus, which 1s much branched and reaches a length
of 30—60 cms. It is about the thickness of a horse-hair, of a
purple-brown or dark brown colour, and very mucous. There is a
central solid axis consisting of filaments of cells, and ‘arising from
this axis are a very large number of short compact branches, which
are slightly attenunated. The cells of the branches are from two
to five times longer than their diameter. Schmnidle! has recently
worked out much of its structnre and frunetification, and this has
been largely confirmed by Hedgeock and Hunter?. This genus has
been placed under the Phaophycew, but the pigment, the presence
of starch-like granules in the cells, and the naked non-motile
spores, indicate a near relationship with certain of the Floridew.

Family 2. LEMANEACEZE,

This is a small group of exclusively freshwater Algse including
the two genera Lemanea and Sacherie. They arve plants which
only grow in rapid torrents, occurring attached to the rvocks of
waterfalls, to stones and wood in mill-shuces, ete., always where
the force of the water is greatest. The thallus is composed of a
basal, attached portion, termed by Sirodot? a “systéme radicant,”
from which arise caspitose tufts of ereet, branched, simple fila-
ments reaching a length of 3—8 mm. From portions of these
filaments the fructiferons branches arise. These are the 1ost
conspicuous and important parts of the plant, in most speeies the
vegetative portion dying away after their production,and in a short
time they become fixed by organs of attachment of their own.

Each species is thus represented by two distinct sets of indi-
viduals, the one vegetative and the other reproductive.
The fructiferons branches are elongated, thread-like portions

! Schmidle, ¢ Untersuchungen iiber Thorea ramosissima Bory,” Hedwigia, Bd
xxxv, 1890.
2 (. G. Hedgeock and A. A. Hunter in Botan. Gazette, xxxviii, 1899.

3 Sirodot, ¢ Fitude anatomique, organogénique, et physiologique de la Fam. des
Lemanéacées,” Ann. Sci. Nat. Bot. tom, xvi, Paris, 1872,
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of the thallus, of a cartilaginous consistency, and hang freely in
the rapid torrent. They are of an olive-green or greenish-black
colour and grow to a length of 15—18ecms. At short, more or

Fig. 8, A, Sacheria mamillosa Sirodot (nat. size), from R. Wharfe, W. Yorks.
B, portion slightly magnified showing antheridial areas. C, Lemanea torulosa
Kiitz. (nat. size). D, portion slightly magnified showing antheridial aveas.
E, Sacheria fucina (Bory) Sirodot, longitudinal section of fructiferous filament
showing female organ; t, trichogyne. F, Lemanca catenata Kiitz., transverse
section of fructiferous filaments showing antheridia; a, antheridial cell;
s, spermatium. (D, E, and F after Sirodot.)

less regular intervals along their whole length are distinet swell-
ings or nodes, and each nodulose thread is built up of an axial
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row of tubular cells surrounded by rows of smaller cortical cells,
growth taking place in all cases by an apical cell. The only
known method of reproduction is a sexual one. The antheridia
are short, cylindrical cells developed on the exterior of the thallus,
either on verticillate eminences or on the widest parts of the
nodes. The procarp is unicellular and the carpogonium possesses
a rather long, transparent, simple or branched trichogyne. After
the fertilization of the carpogonium an ooblastema-filament is
developed from it, at the extremity of which a bunch of jointed,
moniliform filaments arise. Kach of the swollen cells of these
moniliform filaments becomes, when mature, a carpospore.

The carpospores are thus produced inside the thallus, filling
up the space between the central axis and the cortical cells
of the fructiferous filaments. On development the carpospores
prodnce the vegetative thallus, a protonema-like growth which has
frequently been mistaken for a form of Chantransia.

Genus Lemanea Bory, 1808.  The vegetative thallus generally
persists for several months, and is very branched but never pili-
ferous. The fructiferous filaments are torulose, being regularly
inflated at even distances, and are normally simple. The central
axis of tubular cells is surronnded by a series of spirally twisted
axial filaments, and the antheridial areas are in more or less com-
plete rings round the nodes.

L. tornlosu Kiitz.; em. Sirodot (fig. 3 C, D), and L. pareula Sirodot, are
found in the rapid streams and torrents of certain parts of the Dritish Isles.

Genus Sacheria Sirodot, 1872,  The vegetative thallus is very
fugacious. It is little branched, often piliferous, and exists for
about a month (generally December or January). The fructiferous
filaments are cylindrical or setaceons and usually branched.  The
central axis of tubular cells is quite devoid of axial filaments and
the_antheridial areas are on mamilliform projections, arranged in
a verticillate manner at regular intervals.

Species of this genus are much more frequent than species of Lemanca.
Three species of the genus are widely distributed in the British Isles,—
S. Auwviatilis (Ag.) Sirvod. (syn. Lemanew Auviatilis Ag.), S. fucina (Bory)
Sirod., and S. mamillose Sivod. (fig. 3 A, B), the last-mentioned one heing
the most abundant. It appears that S. mamillosa may sometimes occur in
still water, as I have recently examined specimens of this species collected by
Mr J. Murray from the west side of Loch Ness, Inverness. It must be
remembered, however, that Loch Ness is a large body of water forming part
of the (‘aledonian (fanal, and probably numerous currents exist in it.
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Order II. CRYPTONEMIACE.L.

The fertilized carpogonium sends out a long, brauched ooblas-
tema-filament, the terminal cells of each branch conjugating with
an auxiliary cell.  From the latter the gonimoblasts arise.

Family 1. SQUAMARIACEZ.

This family consists of a small group of marine, or rarely fresh-
water Algwe, which are minute, flat, gelatinous or membranons
expansions, commonly encrusting  stones,
shells, or larger Algee. The thallus usually
consists of dense, vertically arranged cell-
filaments.  Tetrasporangia are formed in
various ways, and often give the surface of
the thallus quite a verrnculate appearance.
The sexual organs are developed in cavities
or ¢ conceptacles’ in the upper surface of the
thallus. After the fertilization of the carpo-
gonia these ¢ conceptacles” contain numerous
cystocarps. ) F.ig. ER .HiId{'nln'umI!-

. . . K ia rivularis (Liebm.) J.

(fenus Hildenbrandtia Nardo, 1845. Ag. from Shipley (ilen,
This genus consists of a crustaceous expanded Z‘fv ﬂ}:)ﬁ{\l: é’ :S‘;E};:fe’
thallus, of a blood-red, dark red, rose, or view (x 400).  C, o
brown colour, firmly adhering to rocks and ?g;l; );i‘g;‘;nfxt;}fnfhm_
stones on the sea-shore or in rivers and
streams. The thallus is composed of compact, vertically arranged
cell-filaments, with snbeubical or oblong cells.  The cell-walls are
colourless and strong.

There is only one British freshwater species— H. rivularis (Liebm.) J. Ag.
(fig. 4)—which occurs as dark red patebes on rocks and stones in streams and
dripping places.



Class 2. PHAOPHYCEZE (or Fucoidewm).

ALMOST all the Algae of this class are marine and are known as
the Brown Seaweeds. They are often termed the Melanophycew.
The thallus exhibits great diversity of form: in some it is a
simple filament, in others a flat expansion of cells, and in others it
is greatly differentiated.  The most highly organized of all seaweeds
are members of this class of the brown Algse. The vegetative
cells possess one nucleus, and the chromatophores have a distinet
brown tinge owing to the presence of phycophin and phycoranthin
(the compound pigment being known as phaophyll). The former
can be extracted with water and the latter by means of aleohol.

Asexual reproduction is by motile cells or zoogonidia.

Sexual reproduction is either by i1sogamous or heterogamous
gametes, the conjugation of the gametes or the fertilization of the
oospheres taking place in all cases outside the plant.  The zygospore
or the oospore always germinates directly.  The motile reprodnctive
cells, whether zoogonidia or gametes, invariably possess two cilia,
inserted laterally, and in their movements one cilium is carried in
a forward direction and one in a backward direction.

The class is divided into a number of orders of which only one—
—the Syngeneticce—is freshwater.

Order I. SYNGENETIC.E.

The plants included in this order, which is sometimes termed
the ¢ Phavozoosporine,” are exclusively freshwater. They are Algae
of little note or importance, and may be either solitary or colonial
unicells, multicellular, free-swimming or motionless.  The cells are
often naked, but at other times are surrounded by a muecilaginous
cell-wall.  In some of the multicellular forms the cells are only
looscly held in position by a copious mucilaginous envelope.  There
is one cell-nucleus and one or more pulsating vacuoles. The
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chromatophores, whicl are of a yellow or pale brown colour, may
be solitary and excentrie, or sometimes two in a cell, and pyrenoids
are occasionally present.  Vegetative multiplication occurs by
simple cell-fission and asexnal reproduction takes place by means
of zoogonidia.

The following seven families are the most important :—

Fam. Hydrvuracew. Hydrurus Ag.

Fam. Cryptomonadinacece.  Cryptomonas Ehrenb.

Fam. Chrysomonadinacew. — Syncrypte Ehrenb.  Synura
Ehrenb.  Uroglena Ehrenb.

Fam. Dinobryacee.  Dinobryon Ehrenb.

Fam., Phwocapsacew.  Phewocystis  Lagerh.  Pleococcus
Borzi.  Phwosphara West & G, S, West.
Stichogleea Chodat.  Pheeschizochlaniys Lemm.
Phwodactylon Bohhn.

Fam. Choristocarpucew. Plenrocladia A. Br.

Fam. Phwothamniacew. Phwothammnion Lagerh.

Only four of the above families ave known to be represented
in Britain, but probably all the others will be found in more or less
abundance if searched for. Many of the plants of this order are
plankton-forms, and the families Crvpt(mwna(lumce' Chryso-
monadinacex and Dinobryaces are truly flagellate in character.

Family 1. HYDRURACEAZA.

The plants are attached, branched, and consist of a colony of
unicells. The cells are at first spherical but afterwards become
almost  spindle-shaped, and are embedded in large masses of
mucilage. They have one chromatophore and are destitute of a
cell-wall.  Asexual reproduction takes place by zoogonidia which
are tetrahedric in form and possess one cilum?.  They are only
produced in the branches, two or four from each cell, and they
germinate directly. After having come to rest, the zoogonidia
attach themselves by the clear apex (at which point the cilinm
was inserted) and secrete a stalk-like mass of mucilage.  This eell
is the beginning of a new colony which is developed subsequently
by its repeated divisions. Certain of the peripheral cells take on
apical growth and produce branches. Resting spores (akinetes)
have also been observed by Lagerheim.

1 Cfr Lagerheim in Ber. Deutsch. Bot. Gesell. 1883, p. 80, fig. xylogr. 1—3.
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Genns Hydrurus Ag., 1824.  The plants are branched colonies
of unicellular units embedded in a tough, cylindrical mucilage.
They vary from about 5 to 30 cms. in length
and are of an olive green colonr. The
whole colony is simple below but branched
above, often cut up into fine penicillate
divisions, and covered with small villous
projections giving it a plumose appearance.
The entire structure behaves almost as a
multicellular plant, growth in length being
entirely dependent on single apical cells,
and the branching 1s usnally monopodial.
The cells are commonly ellipsoidal and are
1 more densely crowded in the small branches

Fig. 5. Hydrurus  thanin the main stems and branches. After-
J‘;‘”“‘l"f. (Vill.) - Kirchn.  wapds the cells elongate and become ar-

,nat. size, B, zoogoni- . . .
dium (after Lagerheim). ranged more or less in longitudinal groups.

. fetides (Vill) Kirchn. is found attached to stones and rocks in
mountain streams. It is a sticky plant and gives off an offensive odour when
alive. It is common in Central Europe and in the Arctic regions when the
snows melt in the spring, but in the British Islands it is of very rare oecur-
rence, being known only from Yorkshire and Scotland.

Family 2. CHRYSOMONADINACEZA.

These are unicellular or colonial organisms which in the free
condition are motile. Each imdividual

S /(\/ { consists of an oval or elongated cell, with

\ 7, either one or two cilia and either one or

]S =, two brownish-green chromatophores. A

s 3 \\/ red pigment spot is generally visible.  The
' T cells increase by longitudinal division,

TN ~ Genus Synura Ehrenb., 1838. This 1s

a small, globose, free-swimming colony,
Ehrlz fb(; ;}ggi;’“ clollf;lnl;r formed of a variabl‘e mlnnbe.r '(from 1.() 1;.()
(x400), from Eldwick, 50) of ovoid or ellipsoid, biciliated indi-
W. Yorks. viduals. They are arranged close together
in a radial manner, and each individual possesses two chromato-
phores and at the hinder end two pulsating vacuoles.
Synura Uvella Ehrvenb. (fig. 6) is commonly found in small ditches and
pools, particularly if they are of rain-water. Pure collections of it can be
frequently obtained in the early summer.
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Genus Syncrypta Ehrenb., 1838, This 1s a motile colony
similar in appearance to Synura but invested with a mucilaginous
coat through which the cilia protrude.

Synerypta Volvox Ehrenb. is an abundant organism which bears great
resemblance to Synura Uvella,

Genus Uroglena Ehrenb., 1838, In this colonial form the
cells are of the same nature as those of Synura, but the central
portion of the colony is a hollow space filled with mucilage, and
the ciliated cells are arranged round the periphery.

Uroglena Volrox Ehrenb. is found in similar situations to those mentioned
for the two previous genera. It is, however, much less abundant.

Family 3. DINOBRYACEZA.

The individuals are attached to the bottom of a cup-shaped
receptacle, which is widely
open above. They are con-
tractile and possess two cilia
of unequal length.

Genus Dinobryon Ehr.,
1833. The cells are very
delicate, of a somewhat
changeable  form, and are
sensitive to stimuli. The
lower end is attennated into
a stalk which 1s attached
near the base of the open
receptacle.  There is one
long cilium and one shorter
secondary cilium. The chro-
matophores are two in num-
ber and of a yellow-brown
colour. There is a pigment
spot,two contractile vacuoles, Fig. 7. A, Dinobryon eylindricum Imhof
and one cell-nuclens. The ‘f’la(;mll%i’]?\pl'(l;{,ll(\%nn]i(’)1]2:0 (‘i";gg)_exﬁ"’o]]‘:
l‘ecel)tncle 15 cam])anulate or cysted condition of same. C, Dinobryon
eylindricn], uttenuated at its Sy Eireshs colony il ndividual
lower end into a straight or

oblique point; it is hyaline or sometimes coloured yvellow or brown




48 Pheeophycece

with oxide of iron, and the margins may be smooth or undunlate.
The multiplication is by longitndinal division or by the formation
of globose resting-cells (or cysts) which are furnished with a
peculiar projecting process (tig. 7 B and C).  The cells occur singly
or joined into dense, spreading colonies. The daughter-cells effect
a lodgement above the inner rim of the mother-receptacle and
then scerete a siilar receptacle for themselves.  Senn! has written
a good account of this genns, and Lemmermann? has published a
monograph of it, diseriininating between fourteen species.

Three species, /). Sertularia Ehrvenb. (tig. 7 (), D. sociale Ehrenb. and
D. cylindricuin Tmhof, and varieties of thew, are abundant throughout the
British Isles, the first-named one being the most widely distributed. Species
of this genus are very abundant in the freshwater plankton, the colonies of
each species exhibiting a characteristic type of branching. /. protuberans
Lemm. and D. elongatum Tmhof are generally distributed but not abundant.

Family 4. PHZEOCAPSACEZ.

The plants are unicellular, forming colonies, the cells of which
arc cmbedded in a mass of mucilage. The cells are spherical or
ellipsoidal and division takes place in all directions. The repro-
duetion is by zoogonidia and zoogametes.

Genus Phezococcus Borzi, 18922 The cells are ellipsoidal or
oblong-ellipsoidal, 6—11 g in diameter,
and oceur i twos, fours, eights or mnl-

Q“ tiples of these numbers, in hyaline
o gelatinous integuments which some-
39

g9

4 times show a delicate concentric struc-

7 0 . ture.  There are two vellow-brown
" omatophores in each cell and usual

chromatophores in each cell and nsually

W,!) a red pigment-spot. The zoogonidia

Fig. 8 Phaococe e e ovoid or subpyriform.
f1g. 8. aococcus palu- *

dosus West & G. S. West, from 3 (e ber]O S FSTR The b
Eldwick, W. Yorks. (x 410). z, L. Clementi (Menegh.) Borzi has not been

zoogonidia. observed from Britain, but 2. paludosus West
& G. S. West oecurs in moorland ditches.

! Senn, ‘Flagellata’ in Engler and Prantl Natiirl. Planzenfam, I Theil. Ia Abth.

® Lemmermann, in Berichte Deutsch. Botan. Gesellsch. 1900, Bd xviii, pp. 500—
524, t. xvii u. xix.

* Borzi in Atti del Congr. Botan. Internaz. Genova, 1892, pp. 463—471, t. xviii.
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Genus Pheosphzra West & G. S. West, 1902. The cells

are large, exactly spherical, 14—17'5 p
in diameter, and are embedded in small
aggregates in a cylindrical, gelatinons
integument which 1s sparsely branched.
One brown, parietal chromatophore with
somewhat irregular margins is present
in each cell.

P. gelatinosa West & G. S, West (fig. 9) is
known from Sphagnum-bogs in Cornwall,

Genus Stichogleea Chodat, 18971,
The cells are small, oblong or subovoid
in shape, and are associated to form a
membranous, gelatinous thallus of small
size. The thallus is generally variously
lobed and the cells are often somewhat
radiately disposed. The cell-walls are
firm and each cell contains a parietal
chromatophore destitute of a pyrenoid.

N. olivacea Chodat is known from the
plankton of certain of the Scottish lakes.
Length of cells 9—15 p.
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Fig. 9. Pheosphera gelati-
nosa West & G. S. West. A,
portion of colony (x50). B
and C, cells showing the solitary
chromatophores ( x 410). From
Tremethick Moor, Cornwall.

! Chodat in Bull. I’Herb. Boiss. tom. v, no. 4, 1897, p. 302, t. 10, f. 8—12,

W. A,



Class 3. CHLOROPHYCEAZ.

TrIs group, which includes all the green Alge, attains its
greatest development in fresh water, and the number of species
excceds the combined total of the freshwater species of all other
z\lg‘ﬂ‘.

The simpler forms of green Algz are unicellular (e.g. some of
the Protococcoideze and Desmidiacez), some are coenoeytic (e.g.
Vaucheriacew, Spharopleacew, Pediastres), some are incompletely
septate (e.g. Cladophoraces), and others are multicellular or com-
pletely septate (e.g. (Edogoniales, Chatophorales, Zygnemaces).
In other than the unicellular forms the thallus exhibits every
degree of development from simple rounded cells to long, simple
or branched filaments, flat expansions, or pulvinate masses of
tissue. As arule there is no differentiation of the ordinary vegeta-
tive cells, but in some there is a marked distinction between the
vegetative and reproductive cells.

The cell-pratoplasm (or cytoplasm) of the green Alga: consists of
a lining layer or ‘ primordial utricle” which adheres closely to the
cell-wall?, and, in many Algs, of additional anastomosing strands and
threads traversing the interior of the cell. It contains numerous
granules of variable size which behave differently with staining
reagents. Evidence goes to prove that there is no definite proto-
plasmic continuity between the cells of multicellular green Alge.
A division of labour is rarely observed amongst this class of plants,
and 1n the Conjugate the cells of most of the filamentous forms
arc under normal circumstances quite able to lead an independent
existence.  The wacuoles are much as in other plant-cells and they
confain a fluid usually known as the cell-sap. In the Conjugata
the cell-sap is occasionally coloured violet or purple owing to the

! Cf, Chodat et Boubier, ‘Sur la Plasmolyse et la membrane plasmique,’
Journ. Bot. de Morot, Paris, 1898,
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presence of a pigment termed by lLagerheim phycoporphyrin'.
This violet colour occurs normally in Ancylonema Nordenskioldii
Berggr., Mesotwniuin violascens De Bary, M. purpureran W. &
G. S. West and Mougeotia capucina (Bory) Ag., and under exeep-
tional circumstances it i1s found in various species of Zygnema,
Spirogyra and Desmids.  The Volvocaces and the zoogonidia and
gametes of other green Algae possess vibratile cilia, which are very
variable in their length, number, disposition, and symmetry; and
in certain of the same forms contractile vacuoles are present. In
the genera Tetraspora and Apiocystis ¢ psendocilia’ are found,
which do not possess any power of movement.

A single nucleus is present in the cells of all the green Alga
except the ecenocytic and incompletely septate forms, and during
the formation of asexual non-motile spores, zoogonidia, or gametes,
it undergoes divisions corresponding to the divisions of the proto-
plasm. In some green Algz mitotic division of a more or less
complex character has been observed?

The cell-wall is very variable and its structure is often difficult
of observation. In the formation of a cell-wall such as after the
quiescence of a zoogonidium, it is developed on the outer surface
of the protoplasm as the result of more or less complex processes.
The young cell-wall nsnally consists of cellulose, but sometimes
equally of pectose. Under the action of strong acids or other
hydrating reagents an ordinary thick cell-wall will swell up and
show traces of lamination. Each lamina represents successive
layers of growth in thickness and in most plants consists of a
mixture of cellulose and pectose constituents in variable propor-
tions. In the Chlorophycex these two constituents of the cell-
wall are differentiated while the wall is very young. They exhibit
considerable differences in their behaviour with reagents, the
cellulose constituents giving a violet colour with chlor-zine-iodine
(Schulze’s solution), whereas the pectose constituents do not. In
many Algs the pectose constituents of the cell-wall are in the
form of gelatinous layers on the outside of inner layers of cellulose.
This mucilaginous material stains readily with aniline dyes such

1 Lagerheim in Vidensk.-Selsk. Skrift., I mathem.-natur. K1, Kristiania, 1893,

no. 5.

2 QObserved in Spirogyra by Mitzkewitsch (Flora, lxxxv, 1898) and C. van
Wisselingh (Bot. Zeitung, lvi, 1898; Flora, lxxxvii, 1900); in Chlamydomonas by
Dangeard (Le Botaniste, vi, 1899); in Closterium by Klebahn; also in Dotry-
dium, ete., ete.

)/
=
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as fuchsin, safranin, methylene-blue and gentian-violet. The outer
layers often become thick coats of mucilage by the formation of
series of pectose constituents which exhibit all stages between
insolubility and complete solubility in water. It is not merely a
hydration but a molecular change, and successive increments are
often added by the gelatinization of other layers of the cell-wall.
In some of the unicells the increase in thickness of the cell-wall
due to gelatinization is only on one side and elongated colonies
such as those of Hormotila are formed.

The gelatinous pectose compounds although sometimes forming
a large proportion of the cell-wall, do not alternate with layers of
cellulose, but there appears to be a continual exudation of them
through the inner layers of cellulose, a mass of jelly being thus
formed on the outside of the cellulose wall. This is best seen in
some of the Protococcoidex and Conjugatz. The mucilage in
which filaments of Alga are so frequently embedded exhibits a
distinet radiating fibrillar strueture which is clearly brought out
by various reagents. The radiating structure of the enveloping
mucus has long been known in the Conjugate and has at times
given rise, especially in the Desmidiacew, to grave morphological
misconceptions.

The cell-walls of Fdogonium and other Algw exhibit peculiari-
ties of structure which will be described in their respective families.

Whatever the nature of the cell-wall one of its priumary func-
tions is the regulation of osmotic changes.

Hairs and bristles are developed by certain green Algze belong-
ing to the Coleochataces, Herposteiracew, (Edogoniaces, Chato-
phoracewe and Chetopeltidie.  They are of many kinds, from
slender articulate branches such as the piliferons apices of Cheto-
phora, to exceedingly fine inarticulate hairs such as the setw of
Bulbochwte, Herposteiron, Cheetospheeridium, or Conochete.

The thallus often develops special root-like organs of attach-
ment or haptera (commonly termed 1hizoids), but these are as a
rule only found in the young plants, most of the older ones occur-
ring as freely floating masses.

The chromatophores are usually distinet and in the forms with
a filamentous or expanded thallus they are frequently characteristic
of the different families or genera. They are of a bright green
colour due to the presence of chlorophyll and are therefore chloro-
plasts.  Sometimes they are very difficult to define, but at other
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times they stand out clearly, occupying only a relatively small
portion of the cytoplasm. They may be solitary or very numerous,
of infinite variety of form, central or parietal, and the edges may be
entire or deeply incised. In some forms they are ribbon-like and
wound spirally round the interior of the cell-wall (e.g. Spirogyra,
Genicularia, and some species of Spirotwnia), and in others they
are central, spirally twisted masses (e.g. some species of Spirotenia).
Sometimes they are reduced and very pale in colour, and i the
rhizoids and terminal cells of the hairs of some green Algwe they
are entirely wanting.

The chloroplasts of most green Alga contain pyrenoids or
proteid bodies which serve as a reserve of food-material.  Much
has been done towards the investigation of these bodies during
the past few years and the presence or absence of pyrenoids has
been regarded by some as a sufticient generic distinction. This is,
however, attaching an importance to these proteid bodies which is
scarcely borne out by facts. Although they frequently divide
equally on the division of the cell, they also multiply without any
cell-increase. They are likewise known to disappear during the
development of certain species, and it has been clearly demon-
strated that during certain stages of Tetraspora, Sphwrella and
Eudorina they can arise spontaneously. Moreover, forms of An-
kustrodesmus  falcatus (Corda) Ralfs containing pyrenotds are
sometimes met with in the same collection as others which have
no pyrenoids. Similarly, the chromatophoves of Debarya calospora
(Palla) W. & G. S. West may or may not contain pyrenoids’,
Starvation causes a disappearance of pyrenoids and they frequently
increase in numbers if the cell is well nourished. On the whole,
there is little donbt that the presence or absence of pyrenoids
depends largely upon external conditions and is a character to
which a great deal too much importance has been attached in
discriminating between the genera of green Alga.

In the Chlorophyces the stored product of assimilation is almost
invariably starch. Exceptions to this are found commonly in
Mesotwnium in the Desmidiacea: and in the Vancheriacea

Cell-division generally takes place in all the cells of the
thallus, but in a few instances there is a definite growing point
which is usually an apical cell.

1 West & G. S. West in Ann. Bot. xx, March, 1898, p. 49; in Journ. Bot.
Aug. 1900, p. 289.
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Multiplication by cell-division occurs in many of the lower
forms of the Protococcoidew and in the Desmidiace. In the
Zygnemacew, and particularly in the smaller species of Spirogyra,
the filaments often dissociate into solitary cells each of which then
divides and forms a new filament.

Asexual reproduction by zoogonidia is general throughout the
class, although there 1s a notable exception in the Conjugata, in
which motile reproductive cells are entirely wanting. In many of
the Chatophorales, Microsporales and Protococcoidea reproduction
takes place by non-motile spores which may be either akinetes or
aplanospores. Asexual spores are also more rarely found in the
Conjugate, having been observed in Zygnema, Spirogyra, and in a
few Desmids, and they are formed normally in the rare genus
Gonatonema.

Sexual reproduction occurs in most of the families of green
Algee, and may be either isogamous or heterogamous. In iso-
gamous reproduction the sexual organs are gametangia, usually
giving rise to planogametes which conjugate and produce a zygo-
spore. In the Conjugatz only aplanogametes are found. Many
planogametes are generally produced from one gametangium, but
only one aplanogamete. In heterogamous reproduction the sexual
organs are oogonia and antheridia, and the gametes consist of
oospheres and antherozoids. In all cases with the exception of
Herposterron, the oosphere remains n situ in the parent plant,
being fertilized within the oogonium, and the result of fertilization
is an oospore. The oogonia are always unicellular, and, except in
COylindrocapsa and some species of Edogonium, so are the anthe-
ridia.  Only one oosphere is produced in an oogonium, except in
Spheroplea, and one, two, or many antherozoids may arise from an
antheridiuin.

The gametophyte is the principal generation, the sporophyte
being generally represented Dy the sexually-produced spore. In
Coleocheete, in (Edogonium, and in Mougeotic very rudimentary
sporophyte generations consisting of several cells do exist.

Of all freshwater Alga the Chlorophycea: have the most varied
habitats. They are found in every possible damp or wet situation
and some are epiphytes, others endophytes, and a few are even
parasites’.

! Phyllosiphon Arisari Kithn (in Sitzungsber. d. naturf. Ges. in Halle, 1878) is
a parasitic Alga observed only on the leaves of Arisarum wvulgare in Italy and the
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Richter! and Comere? have conducted experiments with a view
to ascertaining if certain of the freshwater Alga:, especially Chloro-
phyce:e, can exist in salt water.  Richter states that the lower the
organization of the Alga the better its power of adaptation, but
Comere finds that only those Algwe with a robust structure and
with large chloroplasts can successfully withstand iminersion in
salt water. Some species of Edogorium and Cladophore can
live in water containing 357/ of sodium chloride, Vaucheria
sesstlis in water containing 2 '/ , and some of the large species of
Spirogyra in water containing from 1:8—2°/ . Richter affirms
that (Edogonium, Spirogyra, or Vaucherie have less power of
adaptation to life in salt water than Stichococcus or Tetraspora.
In all cases the salinity of the water caused the cells to increase in
size and when the concentration was high malformation of the cells
mvanably ocenrred. Starch at first disappeared from the cells,
but reappeared when the adaptation was more complete. Not-
withstanding the somewhat contradictory nature of these two sets
of experiments, it appears that certain of the freshwater Chloro-
phyce@ can adapt themselves to an increasing salinity of the
water in a manner comparable with the adaptation of a few forms
of the green Algw to a life in hot water?.

The class Chlorophycea can be conveniently subdivided into
nine orders, all of which are found abundantly in the British
Islands.

Order I.  (Edogoniales.  Thallus filamentous, simple or
branched. Cells uninucleate, with a large, parietal,
anastomosing chloroplast containing one or several
pyrenoids.  Cell-division characterized by the inter-
calation of a new picce of cell-wall between the
mother-cell and the distal end of the danghter-cell.
Sexual reproduction by heterogamous gametes,
Zoogonidia with an anterior circle of cilia. Ex-
clusively freshwater.

south of France; P. maximus Lagerh., P. Philodendri Lagerh. and P. Alocasie
Lagerh. are parasites on the leaves of species of Arisarum, Philodendrum and Alocasia
in Ecuador (ride Lagerheim in Nuova Notarisia, 1892, pp. 120—124). Tvichophilus
Weber is a genus of Alg® parasitic on the hairs of Bradypus (the Three-toed Sloth) ;
another species has also been found on species of Nenia (Clausilia); cf. Lagerheim
in Bericht. der Dentsch. Bot. Gesellsch. 1892, Bd x, Heft 8, pp. 514—517.

1 Richter in Flora, lxxv, 1892,

2 J. Comeére in Nuova Notarisia, xiv, 1903, pp. 18—21.
3 G. S. West in Journ. Bot. July, 1902, pp. 242—243.
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Order II.

Order III.

Order 1V,

Order V.

Order VI.

Order VI

Chlorophycec

Chetophorales.  Thallns filamentous, sometimes
simple, but more often branched. Cells uninucleate;
chloroplasts parietal, generally single and with pyre-
noids. Sexmal reproduction either isogamous or
heterogamouns. Mostly freshwater.

Ulvales. Thallus expanded, membranous, paren-
chymatouns, attached when young. Cells uninu-
cleate ; chloroplasts single, parietal, with one pyre-
noid.  Sexnal reproduction isogamous. Mostly
marine.

Schizogoniales.  Thallus filamentous, sometimes
parenchymatous, or expanded by fusion of filaments
in one plane. Chloroplast single, central and
substellate, with one pyrenoid. Mostly subagérial.

Microsporales.  Thallus filamentous, unbranched.
Cells uninucleate, with a large, parietal, reticulated
or band-like chloroplast, destitute of pyrenoids.
Exclusively freshwater.

Cladophorales.  Thallus filamentons, simple or
branched, incompletely septate. Segments large
with numerous parietal chloroplasts each with a
pyrenoid. Sexual reproduction isogamous or hetero-
gamous. Marine or freshwater.

Siphonee. Thallus filamentous and cceenocytic,
unseptate, consisting of one large branched cell
with many nuclei. Chloroplasts numerous, withont
pyrenoids.  Sexual reproduction heteroganous.
Mostly marine.

Order VIII. Conjugatee. Thallus unicellular or filamentous.

Order IX.

Cells uninucleate ; chloroplasts single or several,
usually large and of some definite shape, with
pyrenoids.  Sexnal reproduction by isogamous
aplanogametes. Exclusively freshwater.
Protococcoidece.  Small unicellular, multicellular
or colonial Alge. Cells unmucleate or ceenocytic ;
chloroplasts very variable in form, size and disposi-
tion, with or without pyrenoids. Sexual reproduc-
tion of an isogamous or heterogamous character is
known in some. Almost exclusively freshwater.
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Order I. (EDOGONIALES.

In this order the thallus consists of fixed, simple or branched
filaments. The cells possess a single nucleus and the chloroplast
1s a parietal, more or less cylindrical, anastomosing mass of chloro-
phyll, containing one or more pyrenoids. The vegetative division,
i which a curious interpolation of new pieces of cell-wall takes
place, is peculiar to the order. The zoogonidia are also anomalous,
being characterized by a circlet of numerous cilia round the
anterior end. In the autumn, plants of this order frequently have
their cells packed with starch. The sexual organs are well-dif-
ferentiated oogonia and antheridia, and the sexunal reproduction is
greatly specialized. There is only one family which includes three
genera, two of which are abundantly found in the British Islands.

Family 1. (EDOGONIACEAZA.

This family is represented in the British Isles by numerous
species of the two widely distributed genera Edogonium and
Bulbochete. The young stages of these plants possess well-de-
veloped organs of attachment, but most of the species of Edogo-
niwm Hoat freely in the water when adult. The thallus is simple
or branched and some of the cells exhibit a peculiar transverse
striation at their upper extremities. This is particularly notice-
able in the large species of Edogonium and is the resnlt of inter-
calary surface growth. Beneath one of the transverse cell-walls
an annular cushion of cellulose 1s deposited, and after each division
a circular split is formed in the cell-wall opposite this cushion, the
two parts remaining very slightly separated by a new piece of cell-
wall derived from the cushion of cellulose. The rings or cushions
of cellulose were investigated by Hirn!, who found that they
consisted of a central mucilaginous mass, surrounded by a coating
of cellulose formed as an inner cell-wall layer, which becomes
intimately concrescent with the old membrane above and below
the ring. After each division another slit is formed beneath and
close to the first one, the process being repeated until the upper
end of the cell frequently presents the appearance of having a
number of ‘caps’ placed one over the other (figs. 13 B and C;
14 A), each “cap’ indicating a division of the mother-cell.

1 Hirn in Acta Soe. Scient. Fennica, xxvii, 1900.
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Most of the cells in Bulbochwte are furnished with long
tubular bristles and the terminal cell of the filament in one or
two species of (Edogonium also ends in a long bristle (fig. 14 C).

There is one large chloroplast in each cell disposed in the
form of a cylindrical net-work, a large proportion of it forming
anastomosing cushions on the inner surface of the cell-wall. The
pyrenoids vary from one to several according to the species, and
sometimes the number varies in different cells of the same plant.
There is usually one nucleus with a prominent nucleolus (fig. 10 J »),
sitnated in a more or less central position. The nucleus occasionally
divides without a corresponding division of the cell. Growth of
the filaments takes place by the transverse division of any of the
vegetative cells.

|

e

Tig, 10. A—I, (Edogonium sp., from Frizinghall, W. Yorkshire, showing stages of
one type of development from a zoogonidium in which the basal cell does not
become greatly swollen ( x 460). p, pyrenoid. J, (Edogonium sp., from Shipley
(Glen, W. Yorkshire, after treatment with Acetic Acid and Haematoxylin, show-
ing nuclei (n), x 460. ;
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Asexual reproduction takes place by means of zoogonidia, which
are formed singly from ordinary vegetative cells. There is a re-
juvenescence of the entire cell-contents, a large rounded mass
being formed, which ultimately escapes. In Edogonium this
process may take place in any of the vegetative cells of the
filament, whether terminal or not,

and 1t sometimes oceurs in a
young plant consisting only of one
cell. The cell-wall splits into two
halves by a transverse slit near its
(s

upper extremity and the rounded
massof rejuvenized protoplasmmakes
its exit in a delicate hyaline vesicle.
This mass assumes a pyriform shape
and at the narrower end a small

colourless protuberance is formed, |
round the base of which arises a A
circle of numerous cilia (fig. 11 2).

This striking zoogonidium, which

may or may not possess a red pig-

ment spot, quickly swims away, the

entire process lasting only a few
mlnutes'. oy C?mmg ‘D'O reSt. i Fig. 11. The escape of the zoo-
attaches itself by its anterior hyaline gonidium (z) from its zoogonidan-
end, loses 1ts_01ha, anfl develops a gclll.l)n{i’it?r’., ggﬂﬁégl&nﬁ;:lé ng
cell-wall. This cell ultimately forms wall. B, . Hirnii Gutw., from
a new filament by transverse ce]l. Churchill, Donegal, Ireland (x 460).
division (fig. 10 E—I). The basal
‘cell may be rounded and swollen or it may develop a hapteron or
organ of attachment (fig. 10 A—D).

Wille has observed resting-spores in some species of @dogonium’.

The sexual reproduction in this family of Alga presents a
greater specialization of the male and female organs than is found
in any other family of the green Alge. The oogonia may be
developed from any of the ordinary vegetative cells, and most
frequently arise from cells which exhibit intercalary surface growth
at their upper extremities. They are usually spherical or ovoidal
in form and occur singly or in series of from 2 to 10. The contents
of each oogonium become rounded off, forming a single oosphere

1 Tide Bot. Centralbl. xvi, 1883,
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which contains much chlorophyll. The antheridia may be developed
in the same filament as the oogonia, as in the monecious species

a
A
B
00
Ll
00
a
Fig. 12. Moncecious species of (Zdogoniunt.

A, a form of . obsoletum Wittr., from near
Goring, Oxfordshire. B, (. zig-zag Cleve var.
robustum West & G. S. West, from Harefield,
Middlesex. C, (E. Itzigsohnii De Bary var. minor
West, from the Orkney Is. D, E. Ahlstrandii
Wittr., from Pilmoor, N. Yorkshire (x 460).
0o, oogonium ; a, antheridium.

(fig. 12), or they may
arise in separate male
filaments, as 1n the die-
cious species (figs. 13 and
14). The antheridia are
sometimes  unicellular,
consisting of a short cell
rather narrower than the
ordinary vegetative cell
and containing less chlo-
rophyll. More frequently,
however, they consist of
more than one cell, and
occasionally of a dozen or
more, the contents of each
antheridial cell dividing
mto two masses each of
which becomes an anther-
ozoid. Rarely only one
antherozoid 1s produced
1 an antheridhal cell. The
antherozoids are similar
in form to the zoogonidia
and are cihiated in the
same way, but they are
smaller and contain less
chlorophyll.

Diecious species in
which the male filaments
are large and but little
inferior In size to the
female filaments are said
to be diwcious macran-
drous (fig. 13).

There is, however, another type of dicecions species in which the
male plants are very small and are attached to the female plants ;

these are said to be diecious nannandrous (fig. 14).
Certain short cells are produced in

requires a further description.

This type
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the female filaments cither singly or in chains, each cell being
larger than the antheridial cells of the monceions or dicecious
macrandrous species, and known as an androsporangium. The
androsporangium is usually produced in the neighbourhood of an
oogonium and becomes the mother-cell of a motile ciliated spore
known as an androspore,
intermediate in size between
an antherozoid and a zoogo-
nidium.  Each androspore
swims about for a time and
then attaches itself to the
female plant, either actually
on the oogoninm or on some
adjacent cell. Tt then sur-
rounds itself with a cell-wall
and grows into a very small
male plant known as a ‘dwarf-
male’ or a nannundrium.
The dwarf-male usnally con-
sists of a basal vegetative
cell which supports one or
more antheridial cells, but
occasionally 1t 1s reduced to
one antheridial cell only.
Two antherozoids arise in
each antheridial cell as in
the ordinary moncecious and
dicecions species, and they
are set free by the splitting

: v Fig. 13. Dicecious macrandrous species of
off of a cap if there be ”nly (Edogonium. A, male plant of (. rufescens

one antheridial C(_\]l or bv \Vittr., from Sc1lly Is. B, female plant of
o ! v same, C, female plant of (E. lautumniarum
the general dismemberment Wittr., from Welsh Harp, Middlesex. D, male

of the antheridium if there plant of same (x460). oo, cogonium; a, an-
are several antheridial eells, oo

When the oosphere is ready for fertilization a hyaline receptive
spot appears in it at a pomt opposite that part of the wall of the
oogonium which will open. The oogonium opens in many ways
but the method of opening is constant for any one species, Some-
times a circular crack is formed, which may be median, superior,

or inferior; sometimes a pore arises either in a superior or inferior
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n

a
Fig. 14. Diwcious nannandrous species of dogonium. A, a form of (K. undula-
tum (Bréb.) A. Br., from Pilmoor, N. Yorkshire. B, (. cyathigerum Wittr.,
from Rawecliffe Common, W. Yorkshire. C, (E. cilictum (Hass.) Pringsh.,
from near Senens, Cornwall (x460). oo, oogonivm; n, nannandrium or
dwarf-male; a, antheridiumn,
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position: and at other times there is a distinet apical lid to the
oogonium.  An antherozoid finds its way through the opening into
the oogonium, frequently having to accommodate itself to a passage
much narrower than itself, and unites with the oosphere at the
region of the receptive spot.  After the fusion of the nuclei of the
antherozoid and the oosphere the latter becomes the fertilized
ovum or oospore, and it immediately surrounds itself with a cell-
wall.  The oospore then rests for a longer or shorter period, its
chlorophyll disappears, its cell-wall increases in thickness, and its
protoplasm becomes tinted with a red or brown pigment and filled
with oil.  On the decay of the walls of the oogonium the oospore
is liberated and on germination its outer wall bursts and the
contents, surrounded by a delicate membrane, are set free.  With
few exceptions a new plant is not immediately formed from the
oospore, but the free cell-contents usually divide into four cells,
each of which forms a rounded ciliated zoospore. The zoospores
represent a rudimentary sporophyte generation, and after swarming
for a while they come to rest and form new filaments. Sometimes
the filaments formed from the zoospores are asexual and they give
rise to several other asexnal generations before forming a sexual
plant. If the zoospores become fixed at once to some substratum,
they form a hemispherical or spheroidal cell from a eireular opening
in which the new filament arises’. If they do not become fixed
before germination haptera are usually developed (fig. 10 A—T).

The principal investigators of this family of Alga have been
Pringsheim and Wittrock, and quite recently it has been splendidly
monographed by Hirn®

Genus @Edogonium Link, 1820. The plants of this genus are
simple filaments with cylindrical cells usually slightly swollen at
their upper extremities. The apical cell is generally terminated
by an acutely conical cap or more rarely by an elongated bristle.
The strong cell-walls and the swollen upper extremities of the
cells, some of which possess the peculiar transverse striation, are
characters which readily distinguish even sterile species of this
genus from all other filamentous green Algw. The adult plants
usually oceur floating in masses or they may remain attached to
various water plants, and as the mucous covering on the exterior
of the filaments is very slightly developed, they not only serve as

1 Secherftel in Ber. Deutsch. Bot. Ges, xix, 1901.
? Hirn in Acta Soe. Scient. Fennicee, xxvii, 1900.
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hosts for various epiphytes, but they do not feel so slimy as most
filamentous green Algew,

There are about 80 British species of this genus, exhibiting great variation
in size and in the relative proportions of the cells. They are exceedingly
abundant, particularly in quiet waters, and with one or two exceptions the
species can only be accurately identified from fructiferous specimens. They
are frequently found in the fructiferous condition in suitable localities, such
as small ponds and ditches, and more commonly in the south of England and
south-west of Ireland than in other parts of the British Islands. The smallest
British species is F. tapeinosporum Wittr. (diam. of vegetative cells 2:7—5 ),
and the largest is &. gigantewm Kiitz. (diam. of vegetative cells 30—50 p).
. undulatum (Bréb.) A. Br. (fig. 14 A) possesses very characteristic undulate

Fig. 15. A, Bulbochete subintermedia Elfv., from near Senens, Cornwall. B, B.
Nordstedtii Wittr., from near Glendoan, Donegal, Ireland. C, B. nana
Wittr., from Goring, Oxfordshire (x495). a, antheridium; and, androspo-
rangium ; n, nannandrium; oo, oogonium.
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vegetative cells, (V. punctato-striatum De Bary has the entire filaments fur-
nished with spirally arranged granules, and @, acrosporum De Bary possesses
a remarkable terminal oogonium. The oospores are either globose, ellipsoidal
or ovoidal, and the cell-wall may be smooth, ridged, spiny, punctate, scrobicu-
late or reticulate. Sometimes the oogonia are plicated as in @¥. platygynum
Wittr., or they may possess a transversely disposed ring of conical projections
as in (. ItzigsokniZ De Bary (fig. 12 (!). In some species the supporting cell
of the oogonium is much swollen, as in @7 Boresianuwm (Le CL) Wittr. and
(E. lautwmniarum Wittr, (fig. 13 (" and D).

Rather less than half the known species are dicecious nannan-
drous, and most of the remainder are moncecious.

Genus Bulbochezete Ag., 1817. The plants of this genus are
branched and every branch usually terminates in a long hollow
bristle with a swollen base. The vegetative cells widen upwards,
most of them carrying a laterally placed bristle, and they do not
reach the same relative length as those of Edogonium. The
oogonia are generally terminal on short lateral branches : and, with
few exceptions, the supporting cell of the oogonium is divided by
a transverse septum, the position of which is fairly constant for
any one species.  In the dicecious nannandrons species the andro-
sporangia are commonly sitnated on the apices of the oogonia.
The plants occur as branched tufts, more often fixed than in the
preceding genus, and they possess a qnantity of enveloping mucus,
affording a home for nnmerous Diatoms and often Desmids.

There are about 14 British species, of which B. nana Wittr. (diam. of
vegetative cells 10 —15 u; fig. 15 () is the smallest and 5. gigantea Pringsh.
(diain. of vegetative cells 24— 32 y) the largest. No doubt many more species
will be found if searched for, but in the greater part of the British Islands
fructiferous specimens are relatively scarce. There is great variability in the
form and size of the vegetative cells in the different species, and also in the
comparative size and length of the bristles. The genus is not so abundant as
(Edogonium, and all the species prefer very still waters.

Most of the species of this genus are dicecious nannandrous.
Few species are moncecious, and dicecious macrandrous species are
as yet unknown.
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Order II. CHATOPHORALES.

In this order of green Algz the thallus is filamentous, sometimes
simple, but more frequently branched. The branches are gencrally
attenuated and often ypiliferous.  The cells possess one nucleus,
and i all the families of the order, except the Trentepohliacee,
there is a single parietal chloroplast with one or more pyrenoids.

Asexual reproduction takes place often by resting-spores, which
may be either aplanospores or akinetes, and commonly by zoogonidia
with two or four cilia. Sexual reproduction is brought about by
isogamous planogametes with two cilia, or by well-differentiated
heterogamous gametes.

This order has also received the name of the “Ulotrichales,”
but I prefer to accept Wille’s name of the “Cheetophorales™ as
five out of the seven families include branched Algwe.

Family 1. Coleochwtacew. Flat expansions or pulvinate branched
masses, epiphytic on the stems and leaves of submerged plants. Sexual
reproduction heterogamous ; plants monceecious or dicecious; oogonia
with a trichogyne and one non-motile oosphere; fertilization within
the oogonium and resulting in the formation of a cortical layer on the
outer surface of the oogonium. Some of the cells of the thallus are
furnished with fine bristles with basal sheaths.

Family 2. Herposteiracee.  Filaments branched, creeping, epi-
phytic on submerged plants. Sexnal reproduction heterogamous;
plants moncecious ; oospheres motile, fertilization taking place ontside
the oogonium. Cells with one or several long bristles, sometimes
swollen at the base.

Family 3. Clotrichaceee. Filaments simple. Chloroplast single,
parietal, with one or many pyrenoids. Sexual reproduction isogamous.

Family 4. Cylindrocapsacew. Filaments simple; cells with thick
lamellose coats, nsually arranged in a single series within a lamellose
gelatinous sheath. Sexual reproduction heterogamous ; plants monce-
cious; oogonia with one non-motile oosphere; fertilization within the
oogoniutn.

Family 5. Clatophoraceee. Filaments branched ; branches attenu-
ated into multicellular hair-like prolongations. Chloroplast single,
parietal, with one or many pyrenoids. All the cells except those of the
rhizoids and hairs are capable of producing zoogonidia or gametes,
Sexual reproduction isogamous.

Family 6.  Microthamniacee.  Filaments branched; branches
scarcely attenuated, not piliferous. Chloroplast single, parietal, with

s e S
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or without a single pyrenoid. Zoogonidia and gametes produeced in
speeial gonidangia. Sexual reproduction isogamous.

Family 7.  Trentepohliacer. Thallus branehed, terrestrial or ar-
boreal. Chloroplasts several, parietal, without pyrenoids. Zoogonidia
and gametes produced in speeial gonidangia. Sexual reproduction
1S0gamous.

Family 1. COLEOCHZAETACEAL.

The plants included in this small family have reached a higher
stage of development than any other of the green Alga, and have
undoubtedly arisen from the Chatophoracese by further speciali-
zation. They form small discs or cushion-like masses, which are
enveloped in mueilage and are attached to the stems and leaves of
larger water-plants. In the commoner forms the thallus is more
or less circular in outline and disc-like in form, consisting of a

Fig. 16. Coleochete scutata Bréb. ( x 100), from Welsh Harp, Middlesex.

single layer of cells in one plane, which either form a compact
parenchymatous layer, or are arranged in the form of branched
filaments radiating from a central point. In other species the
ramification is not confined to one plane, but numerous ascending
branches are given off, the whole thallus sometimes having the
appearance of a hemispherical cushion. The peripheral cells of
the disc or the terminal cells of the branches are meristematic and
the thallus grows by the formation of new radial and tangential
cell-walls. The branching is in some species dichotomous, but in
others it closely resembles that of Chewtophora or Myronema.

5—2
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Some of the cells are furnished with a colourless bristle which is
fixed at its base into a narrow sheath of considerable length.

Asexual reproduction takes place by means of large ovoidal
zoogonidia (fig. 17 D), furnished with two long cilia and produced
singly from the cells of the thallus, more particularly from the
terminal cells of the branches. The zoogonidium escapes from
the zoogonidangium either by a round orifice on the npper surface
or by the dissolution of the extremity of the terminal cell.

Sexual reproduction is brought about by the fertilization of an
oosphere by an antherozoid. The sexual organs are oogonia and

Fig. 17. Coleochete pulvinata A. Br. A and B, from near Glenties, Donegal, Ireland;
A, portion of thallus with sexual organs (x 460); o, oogoniumj ¢, trichogyne ;
«a, antheridia. B, ripe ¢ spermocarp’ emitting the cells formed by the division
of the oospore ; each of these becomes a zoospore (x460). C, zoospore (after
Chodat). D, zoogonidinm (after Pringsheim).

antheridia. The oogonium 1is developed by a swelling of the

terminal cell of a branch and it possesses on its upper surface a

narrow trichogyne. An oosphere containing chlorophyll 1s pro-

duced within the oogoninm, and just previous to fertilization the

trichogyne opens at the apex and exudes a colourless drop of

mucilage. The antheridia are flask-shaped cells which are developed
from cells in the neighbourhood of the oogonium, or in diceeious
species from cells of another thallus.  Only one antherozoid 1s

TP
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produced in an antheridinm and it can only be distinguished from
a zoogonidium by its smaller size.  After fertilization the oospore
surrounds itself with a cellulose wall and grows considerably in
size. At the same time the oogonium becomes closely covered
with a layer of cortical cells, produced by the proliferation of the
supporting-cell and by the close application of the terminal cells of
other branches. The fertilization and the formation of this cortical
layer are said by Pringsheim to take place from May to July. The
whole structure produced after fertilization, and which presents
the appearance of a sphere supported on one or wany filaments,
has been termed a “spermocarp.”  The cortreal cells often become
dark brown or red i colonr and lose their chlorophyllaceons con-
tents. Usnally this structure remains dormant throngh the winter,
the maturation of the oospore taking place slowly.  On germination
the oospore divides into a number of cells and the cortical layer
splits irregularly into two halves. The escaping spores (fig. 17 B),
which become more or less irregular in outline, do not give rse
directly to a new thallus, but each one becomes a zoospore with
two cilia. The zoospore (fig. 17 C) gives rise to several rudi-
mentary asexunal generations which are propagated by zoospores,
and finally to a sexnal idividual.

Genus Coleochezete Bréb., 1844, The thallus 1s filamentous,
branched, crect or creeping, nsnally forming a fat psendo-
parenchymatous plate with peripheral growth. The bristles, which
are sparsely scattered over the upper surface of the thallus, are
not always clearly visible, and they are characterized by the well-
marked sheathing base. The plants are all epiphytes with a
marked dorsiventral development, but there are no special organs
of attachment. Each vegetative cell possesses a large nucleus and a
single parietal chloroplast of irregular form, which eontains one or
two large pyrenoids. The plants oceur attached to the submerged
portions of various agnatic and marsh plants from which they are
not easily removed.

O seutata Bréb. and C. solute Pringsh. arve the most abundant species in
Britain. The former possesses a compact, flat, parenchymatons thallus
(fig. 16) and the latter a flat thallus composed of dichotomously branched
filaments radiating in one plane from one or more central cells. The diameter
of the thallus in cach case scarcely exceeds 700—800 u and the cells average
about 10—23 u in diameter. (% orbicularis Pringsh. possesses a flat, expanded,
circular thallus which reaches a diameter of 4 mm., in which the filaments
are very closely packed and the cells are rather small. . pwlvinate A. Br.
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forms hemispherical enshions commonly 2-—4 mm. in diameter, but occasion-
ally greatly excecding these dimensions. The filaments are ercct and radiating
and the cells are 1—3 times longer than their diameter, which is from 20—50 p
(fig. 17). This species is more frequently observed with sexual organs than
any of the others. (. ¢rregularis Pringsh. possesses a more or less parenchy-
matous thallus in which the branching is very irregular. All the species are
readily eaten by pond-snails of the genera Limnea and Plunorbis.

Family 2. HERPOSTEIRACEZ.

This is a small family including only the genus Herposteiron.
The plants are epiphytic on larger Algw and on other water-plants,
and occur as short irregular filaments which are little branched.
Most of the cells of the filament possess one or more bristle-like
setee or hairs, cut off from the cell which bears them by a basal

Fig. 18. Herposteiron coufervicola Nig. (=dAphanochete repens A. Br.). oo,
oogonium ; os, oosphere ; «, antheridium; an, spermatozoid. (After Huber.)

septum.  Chodat has found that in cultures the seta are sometimes
replaced by branches, showing the relationship between this genus
and the Chatophoracea:.

Asexnal reproduction takes place by zoogonidia, one to four
being produced from the mother-cell, the wall of which ruptures
and sets them free. They vary much in size, possess four cilia,
and usnally a red pigment-spot. On coming to rest they generally
develop unilaterally into a new plant. Sometimes aplanospores
are formed (fig. 19 Ca).

The sexunal reproduction of Herposteiron is of special interest.
The oogonia are differentiated from certain of the central cells of
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the thallus which are devoid of bristles. These cells grow in size,
assume a globular form, and beeome filled with starchy and oily
material. One oosphere 1s produced, which is motile, having four
eilia, and 1s expelled from the oogoninm by the rupture of the
upper portion of the wall. The antheridia are small cells usually
developed at the ends of the filaments and branches; they are
frequently eolourless and are considerably smaller than the ordinary
vegetative cells. One or two antherozoids are produced in an

Fig. 19. A, Herposteiron pilosissima (Schmidle) nob., from Wimpole Park, Cam-
bridgeshire. B—D, H. confervicola Nag.; B and C, from Bradford, W. Yorks.;
D, from Richmond Park, Surrey (x450). «, aplanospore.
antheridinm. These are pear-shaped bodies with four cilia and
two pulsating vacuoles, and are much smaller than the zoogonidia.
They escape into a hyaline vesicle which soon becomes difiuent
and sets them free. The antherozoids move about very rapidly,
but the movements of the oosphere are very feeble. The Herpo-
steiracee is the only family of the Chatophorales in which the
fertilization of the oosphere takes place outside the oogonium.
Little is known concerning the development of the oospore.
Genus Herposteiron Nig., 1849. [dphanochete A. Br., 1851 ;
Berth., 1878 ; Huber, 1892.] The thallus is filamentous, creeping
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and branched, the terminal cells of the branches being rather
smaller than the more central cells of the thallus. One or more
crect bristles arve attached to the dorsal surface of some or all of
the cells. These bristles are single, attenuated, and very elongated
cells, which have lost their protoplasmic contents and which never
possess chloroplasts.  They are somewhat fragile and are easily
broken off near the base. The sexual organs, which are of very
rare occurrence, have been described by Huber!.

The plants ocenr as epiphytes on species of Edogonium,
Cladophora, Rlnzoclonium, and Mougeotia, and also on the leaves
of Lemna, Elodea, ete. Sometimes well-developed specimens are
much branched, the procumbent branches of the Alga often
following the contours of the cells of the plant to which it is
attached, and in consequence exhibiting a marked reticular
stracture? (fig. 19 B).  The cells contain a single parietal chloro-
plast with one (or more ?) pyrenoids.

There has been much confusion with regard to the two names
Aphanochete and Herposteiron.  The arrangement proposed by
Hansgirg, and subsequently adopted by De Toni, Wille and others
(myself included), of two distinet genera is quite untenable. There
can be no doubt in the mind of anyone who has studied these
plants carefully that Herposteiron confervicola Nig. and Aphano-
chete repens A. Br. are descriptions of the same plant, and this is
amply confirmed by the authentic drawings by Nigeli published
by Huber. Both Huber and Klebahn admit the identity of
Herposteiron and Aphanochate, but reject Nigeli's name on the
ground of the incompleteness of the deseription.  There is, however,
far more reason for neglecting Braun’s name on the ground of
Inaccuracy.

II. confervicola Nig. (=dAphanoclete repens A. DBr.) is a species with
oblong-ellipsoidal cells, each hearing a single bristle which is little swollen at
the base and which is attached towards one end of the cell. It is not an un-
common species and iy somewhat variable, two bristles being frequently
attached to some of the cells of the thallus. (Figs. 18 and 19 B—D.) Another
species, I1. pilosissima (Schmidle) nob. (=.lplanoclwte pilosissima Schiidle),
is more abundant in some parts of the Dritish Islands and is most probably

identical with . polyehate Hansg. The cells ave morve ellipsoidal and possess
from one to four bristles, each bristle having a swollen base (fig. 19 A).

! Huber in Bull. de la Soc. bot. de France, xli, 1892.
2 (4. S. West in Journ. Bot. Febr. 1899, p. 57.
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Family 3. ULOTRICHACEZE.

This family includes a few genera which are readily distin-
guished from other plants of the Chatophorales by their un-
branched habit and by the structure of their cells. The thallus
ts a simple filament, consisting of eylindrical or doliforin cells, as
m Ulothriz, or of rounded cells arranged in a single series and
enveloped in a thick mucous coat, as in Hormospora and Radio-
Silum.  The cell-wall is always hyaline and colourless, but varies
much in thickness, 1t is sometimes delicate, sometimes thick and
lamellose, and sometimes the outer layers are diffluent.  There is
a single, parietal, plate-like chloroplast in each cell, with an entire
or variously lobed margin, and containing one or many pyrenoids.
A single nuelens is present in the eytoplasm.

Asexual reproduction takes place in several ways.  Sometimes
aplanospores are produced (fig. 20 D ; fig. 21 F«), or numbers
of akinetes! are formed by the enlargement of certain cells and the
gelatinization of the outer portions of their original cell-walls
(fig. 21 E and I); these may be resting-spores (hypnospores) or
they may germinate directly. Sometimes the thallus is multiplied
by a general dismemberment of the filament mto single cells or
groups of cells, cach cell or group developing into a new filament.
Zoogonidia of two kinds are produced, often from different cells of
the same filament: small microzoogonidia with two cilia and
larger macrozoogonidia with four cilia. The microzoogonidia are
produced from certain of the vegetative cells which have become
microzoogonidangia and in the larger species of Ulothriz, such as
U. zonuta, 16 or 32 are produced from each gonidangium, but in
U. subtilis only 2 or 4 are produced. Snuilarly 2, 4, or 8 macro-
zoogonidia are usnally produced from a macrozoogonidangium, but
mn U. subtilis only one arises. It is occasionally observed that the
entire contents of the cell are not used up in the formation of the
macrozoogonidia (vide fig. 21 G). The zoogonidia germinate di-
rectly on coming to rest, sometimes even within the mother-cell,
and the plants which arise by the germination of the macro-
zoogonidia are larger than those which arise from the micro-
zoogonidia. This accounts for the variability in size of the
filaments which is so often observed in a collection of any one

1 This was first shown by Wille in Bot. Centralbl. xi, 1852, p. 113.
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species of Ulothriz. Occasionally the zoogonidia do not escape,
but lose their cilia, become invested with a cell-wall, and form
what is termed a “ palmelloid condition” (fig. 20 F). The produc-
tion of zoogonidia usually commences near the apex of a filament
and progresses towards the base.

Sexual reproduction is by the conjugation of isogamous gametes,
which are indistinguishable from the microzoogonidia. The gametes
are biciliated and usually escape from the gametangia in the
morning, conjugating in pairs with considerable rapidity. The
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Fig. 20. A and B, Ulothrix zonata (Web, et Mohr.) Kiitz., from near Meaux Abbey,
E. Yorkshire (x 500). C—F, U. subtilis Kiitz., from near Mullion, Cornwall
(x500); F shows the ‘palmelloid condition”; «, aplanospore; za, macro-
zoogonidinm ; zi, microzoogonidium.

resulting zygospore invests itself with a firm cell-wall and germi-
nates after a more or less extended period of repose. On germina-
tion the contents break up into many zoospores each of which
forms a new filament. The gametes frequently germinate directly
without conjugation.

The movements of the microzoogonidia and gametes are fre-
quently very strange, one cilium being kept more or less rigid and
its extreme apex used as a pivot, while the other cilium exhibits

violent movements ecausing a rapid lateral oscillation of the
body.
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The British genera are best arranged as follows :—
* Filaments thread-like, cells cylindrical with truncate

apices.
+ Filaments long and flexuose, attenuated towards
DS C Pt e v essoion s oo s ofe oeoe ot STl S ceeenenncennens Ulothria.

++ Filaments short, attenuated at both base and apex Uronema.
+++ Filaments of variable length; transverse walls

very thick; cells in pairs ......... — e Dinuclearia.
#% Filaments fragile, often moniliform, cells with rounded
apices.

t Cells more or less eylindrical; plants with a re-
semblance to a fragmented Ulothriz; with no
prominent mucous coat ....ce.iiveeieeniiiiiiiieeen.. Stichococcus.
+t Cells cylindrical with hemispherical ends, or sub-
globose, often remote ; with a prominent mucous
envelope.
§ Cells cylindrical.
i Cells equidistant, often in close contact.

© Cells large, short ......... e . Hormospora.
® ® Cells minute, more elongate . Glewotila.
11 Cells in pairs ......... B EBaBE00gE o0 p g onoToe ootoat . Geminella.
§§ Cells rounded ............ 300000aacass oo0000sCe R Radiopilum.

The three genera Hormospora, Gleotila and Geminella are scarcely to be
distinguished from each other. Perhaps it would be Dbetter to unite them
under the name Geminella.

(Genus Ulothrix Kiitz.,, 1833, [Hormiscie in the sense used
by Rabenhorst (1868), Hansgirg, and De Toni.] In this genus
the filaments are simple, not attenmated at the apex, but fre-
quently fixed at the base by a unicellular, simple or ramified
‘rhizoid.” The cells are commonly eylindrical or sometimes swollen,
and in the larger species the cell-wall is thick and evidently lamel-
lose. The chloroplast 1s parietal with one or many pyrenoids, and
varies much in its relative size.

The genus Ulothriz was established by Kiitzing! for the species
U. zonata two years before Fries' description of Hormiscia®
Areschoug’s® enlargement of the genus Hormiscia was based upon
erroncons conceptions, as he included in it species having no
affinity with each other. The original Hornuscia of Fries only
included two Algse previously known as “Conferva penucilliformais
Roth ” and “Conferva Wormskioldi Flor. Dan”  These Algae are
commonly placed nnder the genus Urospora of Arveschong, but the

! Kiitzing in Flora, 1833, xvi, p. 517.

2 Fries in Flora Scand. 1835, p. 327.
3 Aveschoug in Acta Reg. Soc. Sci. Upsala, ser. 1, vol. vi, no. 2, p. 12.
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latter genus should undoubtedly be placed as a synonym of Hor-
miscia Fries.

The best known species of the genuns is U zonate (Web. et Mohr.) Kiitz.,
(fig. 20 A and B), which is widely distributed all over the British Islands,
oceurring as bright green masses in streams, rivers, ete., more especially in
the early spring. The cells vary from 15—70 p in diameter and the cell-walls
are very thick and lamellose. An abundant British species is {7 subtilis Kiitz.

Fig. 21. A—F, Ulothrix wqualis Kitz.; A—D, from Putney Heath, Surrey; B and
T, from Mitcham Common, Smrey; A, filament showing escape of micro-
zoogonidia; B—D, germinating macrozoogonidia, C shows tlie same plants as
B 48 howrs afterwards, D is much further advanced; E, portion of filament of
akinetes; I shows two aplanospores which have taken exactly 14 days to
develop from ordinary vegetative cells. G, U. equalis Kiitz. var. catenifornis
(Kiitz.) Rabenh., from near Bradford, W. Yorkshire, showing escape of macro-
zoogonidia. H, U. moniliformis Kiitz., from Wimbledon Conimon, Surrey ;
1, the same with akinetes. (All x 500.) a,aplanospore: ak, akinete; za, macro-
zoogonidium ; zi, microzoogonidinm,

(fig. 20 C—F), the cells of which are as long as broad and from 4—8 p in

diameter. A variety of this species—var. variabilis (Kiitz.) Kirchn.—is

probably the most abundant member of the genus, being generally distributed
in the stagnant waters of pouds, ditches, tronghs, rain-tubs, ete.” 1t is a little
thicker than . subtilis and the ecells are 1}—2} times longer than their

diameter.  U. wqualis Kiitz. (fig. 21 A—F) and U. moniliformis Kiitz. (fig. 21

H--1I) are other well-known species.

Another Alga—Sehizomerts Leibleinii Kiitz.—which T have only once scen,
from Stone Ghyll, Dodd Fell, N. Yorkshire, should perhaps be included here.
T am doubtful as to the exact determination of the Yorkshire specimens, but
they reminded one very much of a large Ulothrix zonata, attennated both at
the apex and the base, the latter being fixed to rocks and stones in the spray
of a waterfall. Longitudinal division of the cells had occurred at intervals, so
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that the filaments often consisted of a double row of cells. Wolle seeins
to have observed the same plant from several parts of the United States
(cf. Freshw. Alg. of U. S. t. exxv).

Genus Hormospora Bréb., 1840. The filaments are simple
and free-floating, rarely fixed by a mucous dise, and they consist of
a single series of cells embedded h

in a thick, eylindrical, mucous in-

vestment. This outer gelatinous @
coat varies in its relative size, Al
and is always hyaline and homo- P
geneous.  The cells are commonly )
oblong-eylindrical with broadly-

rounded extremities, and they -~
contain a single parietal chloro- B
plast usually disposed as an

equatorial band.  One pyrenoid S
is generally present in each chlo- ; ‘ ]
roplast, although rarely pyrenoids . A E
are quite absent. The genus is =

{

very closely allied to Ulothriz, D g E
but is distingunished by its thick
gelatinous coat and by “011-
L latinou CO, 3 the con Fig. 22. A, Hormospora mutabilis
stant separation of the cells after Bréb., from near Mullion, Cornwall.

SRS : ) e B, H. ordinata West & G. S. West
division. ; ski ¢ hers B L i ]
livision. Cienkowski and others from Cam Fell. W. Yorkshire, G,
have regarded the genus as a mere  Giwotila protogenita Kiitz., from Pil-
state or condition of Ulothriz, but oor, N. Yorkshire. (x440.)
I'think that is open to much doubt. The cell-wall is extremely thin
and delicate, and the formation of zoogonidia has not been observed.

The most frequent British species is ZI. mutabilis Bréb. (fig. 22 A), which
occurs principally in bogs, especially amongst Sphagrum, and in such
localities species of Ulothriz do not usually exist. The cells are 16— 19 p
in diameter and 13—1# times longer than Lroad. H. ordinata West &
G. 8. West (fig. 22 B) is a smaller and much rarer species with cells 58 u in
diameter., H. plena Bréb. is the only other British species.

Genus Gleeotila Kutz, 1843. This is a genus of small Alga
intermediate in character between Hormospore and Ulothriz.
The cells are very small, oblong or elliptical and more or less
moniliform, but they are not so completely separated as those of
Hormospora ; they are arranged in a single series in a delicate
mucous envelope, and each one contains a parietal chloroplast
of small size which is disposed as in Hormospore. T have not
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observed any pyrenoids in the chloroplasts of this genus. Borzi?
has recently described the formation of zoogonidia.

The cells of G. protogenita Kiitz. (fig. 22 C—E), which is the typical species
of the genus, only reach a diameter of 3—45 . The plants are very rare and
occur in bogs or boggy pools.

Genus Geminella Turp., 18282 Lagerh., 18833 [? Planctonema
Schmidle, 1903.]  This genus is scarcely to be distinguished from
Hormospora Bréb. except for the arrangement of the cells in pairs.
The cells are fairly remote, are enveloped in a thick mucous coat,
and after division the danghter-cells separate only very slightly.
The chloroplast 1s exactly as in Hormospora. The cells of some
of the filaments occasionally develop thick brown cell-walls and
become resting akinetes,

G. interrupte Turpin (fig. 23 A—C) is the only known species and it is
rarely found in the British Isles. The cells are 6:5—7 p in diameter. Tt
would perhaps be more correct to unite the genera Geminella and Hormospora,

the former having priority.
It is impossible to find any

generic characters sufficient to
separate Planctonema Schmidle
tfrom Gemainella or Glwotila.
GenusRadiofilum Schmidle,
1894, The filaments are simple,
sometimesshortand fragile,some-
times long and flexuose, and they

A5

TRU
"R

are enclosed 1n a considerable
mucous sheath, which exhibits
a more or less distinet radiating
fibrillar structure. The cells are
globose, ellipsoid, or sublenti-
cular, free and distant or joined
byanarrow hyaline bridge,always
forming moniliform filaments
s after the manner of those of the
ig. 23. A—C, Geminella interrupta T O PR A
Tuarp. ; A and B, i‘rom near the Lizard, Nostocacew. In each ce.“ .th ere
Cornwall (x440): C, two resting aki- i3 one chloroplast containing a
netes from Glen Tummel, Perthshire, el o 4 1 | .
Scotland ( x 350). D, Radiofilum flaves- ~ SINZle pyrenold. in one specles
cens G. 8. West, from Wicken Fen,  the cell-wall is composed of two
Cambridgeshire ( x 440).

! Borzi, ¢ Studi Algologiei II.” .
2 Turpin in Mém. du Mus. d’hist. nat. 1828, tom. xvi, p. 329, t. 13, f. 24,

% Lagerh. in Ofvers. af K. Vet.-Akad. Forh. 1883, no. 2.
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equal halves, but in others it is not. The cells multiply by division
which is preceded by a division of the chloroplasts and pyrenoids.

The type species of the genus, R. conjuncticwin Schmidlel, has not been
observed from Britain. R Aavescens G. S. West (fig. 23 D) is a larger
species, with much longer flexuose filuments and broad elliptical cells ; the
diameter of the cells is 7-5—105 p and the chromatophores are of a yellowish-
green colour.

Genus Stichococcus Niig., 1849. [ Hormococcus Chodat, 1902, ]
The filaments are entirely or very largely aérial, and are composed
of cylindrical cells. They readily become disarticulated into frag-
ments composed of a few cells, the extremities of the terminal
cells being broadly rounded. There is one parietal chloroplast in
each cell, plate-like or more or less irregular mn form, and occupying
as a rule only a portion of the cell-wall. A small pyrenoid is
present in each. In some of the aquatic forms of Stichococcus
Auccidus I have observed a fragmenta-
tion of the chloroplast (cf. fig. 24 B).

The plants are propagated by
division of the cells and fragmen-
tation of the filaments, by akinetes,
and by zoogonidia. The latter are bi-
ciliated, have no pigment spot, and
arise singly from cells which are under-
going rapid division.

This genusmuch resembles Ulothriz,
but 1ts adaptation to an aérial existence
has cansed a multiplication by dis-
articulation of the filaments and a
. reduction almost to a unicellular con-
dition. This disarticulation often takes
place first on one side and then on the
other, giving a zig-zag appearance to
the disarticulated filaments, Klebs has Fig. 24. A, Stichococcus
shown that it is facilitated either by l\)%“{lg;]i:h)ﬁaeg lf%r,oz'l. }ffitﬁiii
too much or too little nourishment. (Kitz.) Gay, from Barnes Com-

) . . mon, Surrey. C, S. dissectus
The genus was well studied by Gay? Gay, from damp walls, London.
There appears to be no justification 1 8 variabilis West & G. 8.
, est, from Bradford, W, York-
whatever for Chodat’s name “Hormo-  shire (x 440). ’
coccus.”
1 Schmidle in Flora, 1894, Heft 1, p. 47, t. vii, f. 4, 5.

2 Gay, ‘Recherches sur le dével. et les classif. de quelques Algues Vertes,
Paris, 1891,
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S. bacillaris Nig. (fig. 24 A) is an abundant species on damp earth, walls,
palings, ete. ; diam. of cells 2:7—38 p. S, Aaceidus (Kiitz.) Gay (fig. 24 B) is
a larger species frequent on wet stones and in rain-pools; diam. of eells
T—103 p. N dissectus Gay (fig. 24 () is a closely allied species to S. Aaccidus,
or perhaps only a form of it. S, variabilis West & G. S. West (fig. 24 D)
forms a thin green stratum on wet stones in the neighbourhood of waterfalls ;
the cells are very irregular in ontward form and the chloroplast is often devoid
of a pyrenoid or may even possess two; diameter of cells 36 p.

Genns Uronema Lagerh., 1887t The filaments are simple,
relatively short, and destitute of a mucous coat ; they consist of
cylindrical cells, the apical cell being acuminate and the basal cell
attennate.  The plants arve fixed by a dise secreted by the basal

cell.  The chloroplast occupies a con-

y siderable area of the cell-wall and is
e , . 2 "
. X parietal, containing two pyrenoids. The

'S‘ K " M\E cell-wall 1s ﬁrm' a.nd thin, .
I ) The zoogonidia are produced singly
’h ! L] or in pairs from each cell; they possess
e four cilia and a subapical pigment-spot.
— Sometimes the zoogonidia are arrested
| in their escape, the cilia are not de-
"f veloped, and an aplanospore is produced
o by the acquirement of a strong cell-
wall.

-
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Theonlyspecies is U. conferricolun Lagerh.
with filaments 4—6 p in diameter and cells
2—3 times longer than broad. It is an ex-
ceedingly rare plant, distinguished fromspeeies
of Ulothrir by its short filaments, by the

i) attenuation of the apical and basal eells, by
}J the chloroplast, and by the firm cell-walls. 1

Fig. 25. A—E, Binuclearia have only met with it in abundance from the
tatrana Wittr., from Lewis, Orkuey and Shetland Is.

Outer Hebrides ( x 440).

]

)
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The genus Rhaphidonema Lagerh.

(of which R. nivale is known from W. Yorks.) 1s a fungus.
Genus Binuclearia Wittr., 18862 The filuments are simple

and attached when young by a hapteron from the basal cell.  The

cells are cylindrical with firm, distinctly lamellose cell-walls, the

transverse walls being unequal, a thin one and a very thick one

alternating.  The cells thus appear to be arranged in pairs.  The
1 Lagerh. in Malpighia 1887, p. 518, t. xii, f. 1—10.

2 Wittr. in Wittr. and Nordst. Alg. Exsic. 1886, no. 715. See also Schréder in
Forschungsberichte aus der biol. Station zn Plon, Teil vi, 1898, p. 19—21.
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chloroplast is single, parietal, and disposed as part of an equatorial
band.  Wittrock described the presence of two granule-like bodies
of a nutritive character, which he termed “nuclei,” situated one
towards cach end of the cell and outside the chloroplast. I have
examined quantities of this plant and find those bodies commonly
absent.

B. tatrana Wittr. (fig. 25 A— E) which has cells 6—9 p in diameter, occurs in
mountain lakes and bogs. It resembles certain stages of species of Tribonemna

-
(Conferva), and forms hypnospores (cfr fig. 25 E), but is more rightly placed
in the Ulotrichaces on account of its parictal chloroplast. Sometimes the
filaments become distinetly mucous.

Family 4 CYLINDROCAPSACEAZ.

This family includes only a few plants belonging to the genus
Cylindrocapse  Reinsch.  The thallus is filamentous and un-
branched, and resembles very much that of certain of the Ulotri-
chacex. The cells are disposed in a single series, each one being
surronnded by a lamellose, gelatinous cell-wall, and the entire
filament 1s enclosed in a thick lamellose sheath. The cells
resemble very much those of the genus Hormospora in their
disposition and they may divide in the same manner as those of
Radiofilum : they are often ovoid or subtriangular in shape and
disposed In pairs at intervals along the filament. Kach cell
possesses a parietal chloroplast with a single pyrenoid, but 1t is
often difficult to observe the nature of this chromatophore.

Asexual reproduction occurs by zoogonidia formed singly, or
in twos or fours, from any of the cells of the filament. Each
zoogonidium is rounded or oval in form, possesses two cilia, a red
pigment-spot and two contractile vacuoles,

Sexnal reproduction takes place by means of well differentiated
male and female gametes. The male organs or antheridia are the
result of the active division of certain vegetative cells, and are
disposed in one, two, or four longitudinal series within the lamel-
lose sheath. Two antherozoids are produced in each antheridial
cell, similar m form to the zoogonidia, brownish red in colour, and
with two short cilia. The oogonia are developed by an increase in
size of the ordinary vegetative cells, each oogonium bemg large,
ovoidal in shape, and with a thick lamellose wall. A single
oosphere is present in each oogonium, which opens by a lateral

W. A. 6
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pore to admit the antherozoids, On fertilization the oospore
develops a brick-red colour and a thick cell-wall, but it does not

Fig. 26. A—D, Cylindrocapsa involuta Reinsch (x480). a, antheridium ; an,
antherozoid ; oo, oogonium. (After Cienkowski,) E and ¥, C. conferta
West, from Bowness, Westmoreland (x 520).

fill the oogoninm, The method of sexual reproduction was worked
out by Cienkowski’.

(ienus Cylindrocapsa Reinsch, 1867. The thallus consists of
unbranched filaments of cells, each cell having a thick lamellose
cell-wall.  The filaments are encased in a thick lamellose sheath,
and they greatly resemble certain of the more gelatinous stages

1 Cienkowski in Bull. de 'Acad. Imp. St Pétersbourg, tom. xxii, 1876, pp. 549 —
55 55Mt- 1R 50— 650
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met with i the Ulotrichace ; in fact, many authors place this
genus in the Ulotrichacez.

Species of this genus are rarely met with in the British Isles. (. ¢neoluta
Reinsch (which includes €. nudu Reinsch), the cells of which are 23—30 p in
diameter, is known from Ireland (fig. 26 A—C); C. conferta West (fig. 26 K
and F) is known from the English Lake District, and C. geminellc Wolle var.
minor Hansg. has been observed from Yorkshire and Cambridgeshire.

Family 5. CHATOPHORACEZA.

This family of the Chatophorales has undoubtedly arisen by a
further specialization of the Ulotrichaceze, The thallus is branched
and the branches are attenuated, sometimes being produced into
long multicellular hairs.  As a rule the thallus 1s differentiated
into a recumbent or creeping portion, attached to a substratum by
rhizoids, and an erect, branched portion. The creeping portion
presents a more or less moniliform or torulose appearance, is
branched, and the cells are very similar to those of the Plenrocoe-
cace. The cells of the erect portion of the thallus are elongated,
more or less swollen, but not torulose, and the branching 1s most
irregular, the terminal cells of the branches frequently forming
long hyaline hairs.

There is a single chloroplast in each cell, consisting of a
parictal, more or less irregular plate, containing one or more
pyrenoids. In the attenuated cells towards the ends of the branches
the chloroplast becomes reduced, and in the long, hyaline, terminal
cells it is entirely absent.

Zoogonidia may be produced from all the cells of the thallus
except those forming the rhizoids or the terminal hairs of the
branches. The nnmber which may arise from a single cell varies
from 1 to 16, depending upon the age of the plant, the size of the
cell, and other indeterminable causes. Both macrozoogonidia and
microzoogonidia are produced, exhibiting a considerable range in
size, and they possess either twe or four cilia and a pigment spot.
They rapidly come to rest, lose their cilia, and germinate dirvectly.

On the direct germination of a zoogonidinm the cilia are lost, a
cell-wall arises, and increase in length takes place, one pole being
greatly elongated to form a hyaline, rhizoid-like projection. Septa
soon appear dividing the original long cell into several shorter
ones, and if the adult plant be a strongly branched one, the

6—2
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branching soon becomes apparent,
tophora and Myronema (Stigeoclonium) frequently congregate in
masses on becoming quiescent and almost all germinate simul-

taneously (vide fig.
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Fig. 27. A and B, Chetophora incrassata

(Huds.) Hazen, from
N. Yorks.; A, nat. size:

(nat. size).

I Famintzin in Mélang. Biol. Bull. Acad. St Pétersbourg, tom. viii, 1871,
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Scarborough Mere,
C, Ch.
elegans (Roth) Ag., from Baildon, W. Yorks,

B, x500.

The zoogonidia in both

Chee-

Palinelloid groups sometimes arise

in Myxonema by the de-
generation of some of the
branches. Famintzin® and
Fritsch? have observed these
palmelloid cells  germinate
directly to form new plants,
and Cienkowski® has seen
them give rise to microzoo-
gonidia, which latter form
the young plants.

Akinetes(which are rest-
ing-cells or hypnocysts) are
frequently produced in all
the genera of this family.
In this condition of the plant
almost all the cells of a tuft
of branches take part in
spore-formation, one rest-
ing-spore being formed in
each cell. The original cell-
walls become hyaline or in-
distinet, causing the branch-
es to exhibit a moniliform
appearance. Each akinete
1s of a red-brown colour with
a thick, asperulate cell-wall
(fig. 29 D).

The gametes are small
biciliated bodies, practically
indistinguishable from the
microzoogonidia except for
the possession of only two
cilia, and they conjugate in

p. 265.

 Fritseh in Beihefte zum Botanischen Centralblatt, 1903, Bd xiii, Heft 24

p. 384.

3 Cienkowski in Botan. Zeitung, 1876, xxxiv.
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pairs. The resultant zygospores nsually undergo a short period
of rest before germination.

Genus Cheetophora Schrank, 1789.  The thallus is gelatinous,
macroscopic, of a tough consistency, and of some definite form.
The filuments radiate out from a central point, those nearest the
centre being little branched, but carrying at their apices dense
clusters of corymbiform branches of a very bright green colour.
The terminal cells of the branches are often prolonged into long
hyaline hairs. The zoogonidia possess two or four cilia, and the
hypnospores are brown, being generally developed from the terminal
cells of the branches. Many of these plants, particularly certain
species!, have the power of extracting caleinm carbonate from the
water in which they live and so giving rise to incrustations of
considerable thickness.

The most abundant species of the genus is C%. pisiformis (Roth) Ag., an
Alga which oceurs as hemispherical, or almost spherical, dark green masses
attached to submerged stones or to the submerged parts of plants. It is also
often found attached to the shells of aquatic Gastropods. Its distinguishing
features are the absence of terminal hairs and the slightly torulose character
of cells of the branches; the cells of the primary filaments are 9—15 p in
diameter. The next most abundant species is (7. tnerassate (Hudson) Hazen
[= Ch. endivefolio Ag.; Ch. Cornw Dame (Roth) Ag.], which possesses a tough,
gelatinous, sub-dichotomously branched thallus, rather flat and of a darker green
at the periphery than in the centre (fig. 27 A and B). The branched thallus
bears much resemblance to the horns of a stag and in adult specimens is
frequently found floating freely at the marshy margins of ponds and lakes, or
even in bogs. Ch. tuberculosa (Roth) Ag. possesses a large cushion-shaped
thallus from 2 to 4 (or even 5) cins. in diameter, occurring usually in marshes
or in bogs. Ch. eleguns (Roth) Ag. is a rarer species than the three previous
ones and occurs as very pale-green masses, clinging to submerged stems and
leaves of grasses, sedges, or mosses (fig. 27 C).

Genus Myxonema Fries, 1825. [Stigeoclonium Kiitz., 1843.]
The thallus is filamentons, branched, and usually devoid of the
great mass of gelatinons material which is so conspicuous a feature
of Cheetophora. The branches are scattered, more or less 1solated,
and often very elongated, but they are rarely developed in dense
fascicnlate gronps. The main branches bear other, shorter, lateral
branches which are either acuminate or terminate in long hyaline
hairs. There is usually a creeping portion of the thallus, attached
to some substratum, but adult plants frequently float freely in

1 Forms of Ch. incrassata and Ch. clegans ave often met with encrusted with

lime., A form of the latter species was recently named by Tilden Ch. calcarea.
Vide Tilden in Botan. Gazette, 1897, pp. 97—100, 102.
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ponds and ditches. The macrozoogonidia and microzoogonidia
posscss two cilia in some species, but four in others!, and they are
produced singly or in num-
bers from almost all the cells
of the thallus (fig. 28 B).
The gametes are biciliated
(fig. 28C and F) and the
zygospores are either smooth
or stellate. Twanoff states
that the macrozoogonidia
germinate directly, but that
the microzoogonidia pass
into a resting stage.

Fritsch® has recently
published some interesting
observations on early stages
of developmentof this genus.
He finds the development of
j the basal portion tovary very
7 mnchin different species and
also to some extent within
the limits of each species.
He also concludes that cer-
"l ¢ tain plants deseribed under
the generic name Herpo-
sterron are merely stages in
the life-history of epiphytic
Fig. 28. Mywonema tenue (Ag.) Rabenh., <« Stz'geoclonz,'a.”

from near the Lizard, Cornwall. A, part of 5 1
thallus (x100); B, escape of zoogomdla C, Hazen? has given full

escape of gametes; D and E, zoogonidia; F, and conclusive evidence that
conjugation of gametes; G, development of a

cluster of zoogonidia (x 500). Myxronema was well estab-

lished before the publication
of Kiitzing’s genus Stigeoclonium, and sentimental reasons cannot
therefore stand in the way of the abandonment of the generic
name “Stigeoclonium.”

There are several British species of this genus, of which the most frequent
is M. tenue (Ag.) Rabenh. (fig. 28). M. amenum (Kiitz.) Hazen is also
another widely distributed species.

1 Iwanoff in Bull. Soe. Imp. Nat. Moscou, 1899.

2 Fritsch in Beihefte zum Botanischen Centlalblatt 1903, Bd xiii, Heft 4.
3 Hazen in Memoirs Torr. Bot. Club, 1902, xi, no. 2 pp. 193—4.
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Genus Draparnaldia Bory, 1808. The thallus is very gelati-
nous, and 1s differentiated into a principal filament and clusters of
lateral branches. The cells of the main filament are large, more
or less barrel-shaped, and are furnished with an equatorial, parietal
chlovoplast with toothed edges. The main lateral branches are
alternate, opposite or verticillate, and are themselves very much

Fig. 29. Draparnaldia glomerata (Vauch.) Ag., from Tintagel, Cornwall. A, por-
tion of thallus ( x 100); B, single cell of main filament §h_0wing the chloroplast
(x220); C, part of branch showing escape of zoogonidia (x 500); D, hypno-
spores formed from cells of branches ( x 500).

branched, the apical cells frequently terminating in long hyaline
hairs. From 1 to 4 zoogonidia arise in each cell of the lateral
branches (fig. 29 C) and they are furnished with four cilia. They
frequently escape through a hole in the cell-wall much smaller
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than their own diameter, and they pass through many different
shapes in accommodating themselves to this small aperture, Usually
all the cells of a single cluster of branches produce zoogonidia
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Fig. 30. Pseudochate
gracilis West & G. S.
West, from near Coates,
Gloucestershire ( x 520).

simultancously, the entire performance oceu-
pying only a few minutes. Resting akinetes
(hypnospores) arve frequently produced from
the cells of the branches.

There are two species, D). plumosa (Vauch.) Ag.
and D. glomerata (Vauch.) Ag. (fig. 29), widely dis-
tributed in the British Islands. They prefer clear
water and occur both in the still water of bogs and
amongst stones in streams. When growing in
streams they are usually found in quiet pools,
stretching in long, pale-green, gelatinous strands
(up to 20 ems.) from stone to stone. The lateral
branches of D. glomerata arve fewer and much
shorter than those of 2. plumosa, the cells are
proportionately a little longer, and the hairs are
also usnally longer. The diameter of the primary
filaments is 40—50 p and that of the cells of the
branches 5--10 u.  Species of this genus are amongst
the prettiest of all freshwater Algee.

Genus Pseudochazte West & G. S, West,
1902, The thallus consists of two portions,
a creeping portion and an erect portion, The
creeping part consists of eylindrical or barrel-
shaped cells, about 1} —2] times longer than
their diameter, each containing a parietal
chloroplast with one pyrenoid. The erect
branches arise at right angles to the creeping
portion; they are narrower and attenuated
to fine points, each one consisting of from
five to eight distinct cells. These cells are
from 8 to 18 times longer than their
diameter and each contains an elongated
chlovoplast, usually without a pyrenoid.
Sometimes the terminal cells of the branches,
or even the two terminal cells, contain no

protoplasmic contents and thercfore no chloroplast.

L. gracilis West & G. S. West (fig. 30) occurs as an epiphyte on
aquatic plants. The diameter of the cells of the creeping filaments is 57—
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77 u and of the erect branches only 1'5—1'8 p.  The plants bear considerable
resemblance to Herposteiron Nig. (A phanochwte A. Br.) but differ in the
possession of completely septate hranches instead of simple empty bristles.
The only other species of the genus is P, crassisetum West & G. 8. West
which has been found in Ceylon, but it is quite possible that this is mercly a
developmental stage of an epiphytic Myronena.

Genus Thamniochesete Gay, 18931  The plants of this genus
are exceedingly minute, consisting only of three ,
to six cells.  They are epiphytic and the basal | ,./
cell is usunally modified to form a hapteron. '
The terminal cell possesses an elongated bristle
or a short spme-like projection. The chloro-
plast is parietal and contains one pyrenoid.

Th. aculeata West & G. 8. West is a rare plant
occurring as an epiphyte in the thallus of Glwotiichiu
natans. It 1s only known from Connemara in Ireland
and from the Hebrides in Scotland. The diameter of
the cells is from 55—13 p, and the terminal Dristle is
short and very sharp, arising below the apex of a ; Flg 315 T”“’{“’}'—‘?‘
swollen terminal cell (fig. 31 A and B). 7% Huber: :&,m(tf‘ aéft e\({fgst‘ E::t
Gay is epiphytic on a species of Oscillutoria and is  from near Balallan:
only known from the neighbourhood of Montpellier in  Outer Hebrides ; B,
IErance. from Baheh Tough,

. A Galway, Ireland (x

This genus represents the simplest type of all the 520).
Chetophoracee—a type in which branching is practi-
cally absent. In 7h. Huberi the terminal cells are attenuated and are
furnished with hollow bristles or hairs exactly as in many of the more
typical and complex Chatophoraces.

Family 6. MICROTHAMNIACEZR.

The thallus is filamentous, branched, and of small size. The
branches are never attenuated into hairs and the cells are some-
times moniliform or torulose. The chloroplast is a parietal plate
with ene or many pyrenoids, or sometimes entirely without them.

The zoogonidia are only produced in special swollen cells of
the thallus which are differentiated as zoogonidangia. Reprodue-
tion frequently takes place by akinetes.

It is a small family and bears considerable resemblance to the
Chztophoracewx, being distinguished by the absence of multi-
cellular hairs and by the restricted origin of the zoogonidia. It

I Gay in Bull, Soc. bot. France, tom. xl, 1893, p. clxxvii cum fig. xylogr. 2.
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also resembles the Trentepohliaceee but differs in the aquatic
habit, smaller size, and in the nature of the chloroplasts.
Chodat incindes the plants of this family in the Pleurococcaces,
but they have unquestionably reached a higher stage of develop-
ment than Pleurococcus or Trochiscia.
Genus Microthamnion Nig., 1849 : Kirchn,, 1878. Tke plants
of this genus are at first fixed but afterwards they often float

Fig. 32.  A—D, Microthamnion Kiitzingianum Nig. A—C, young forms from
Richmond Park, Surrey (x500). D, portion of adult form from Horton-in-
Ribblesdale, W. Yorks. ( x 350). K, M. strictissimum Rabenh., from Blubber-
houses, W. Yorks. ( x 500).

freely. The filaments are branched and the branches may be short
or long. The cells are cylindrical, 3—7 times longer than their
diameter, and the terminal cells .of the branches are obtuse or
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acuminate. The branches all arise immediately below a trans-
verse cell-wall, and at first appear as lateral outgrowths from the
upper end of a cell. There is also a marked tendency for the
branching to be unilateral. The parietal chloroplast is long, entire,
and oceupies about two-thirds of the inner wall of the cell; 1t con-
tains no pyrenoids.

Tlhere ave two speeies, M. Kiitzingiunwm Nig. and M. strictissimum Rabenh.,
1863 [ =.). vexator Cooke, 1882]. The former species (fig. 32 A—D) is much
- more abundant than the latter, and is most abundant in the early spring. It
oceurs in small pools and ditehes, and likes peat. It isa small, much branched
plant, with short braneches of one to six cells, the diameter of the branches
being 3—5 p. M. strictissimum (fig. 32 E) is a larger plant with an ereet
thallus up to 4 mm. in height. The branches are mmeh longer and more
rigid, giving the plant a very different appearance from M. Aiditzingianwin.
The diameter of the eells is 4 . Fig. 32 E is drawn from one of the original
specimens sent by W. B. Turner to M. C. Cooke when the latter described
the plant as *“ M. vexator.”

senus Gongrosira Kiitz, 1843 [inclus. Pidinia Kiitz. (in part)].
The thallus is attached to a substratum by a mass of parenchyma-
tous cells formed by a confluence of creeping branches.  From this
mass of cells, which may be one or many layers of cells in thick-
ness, arise numerous, erect, branched filaments, varying in height
from 004 to 2mm. This dense, cushion-like mass of erect fila-
ments 1s frequently merusted with carbonate of lime, and sometimes
forms quite a hard stratum. The cell-walls are often thick and
distinetly lamellose. The chloroplast is a parietal plate with one
or many pyrenoids, but it is usually difficult of observation. The
cells generally present the appearance of being filled with a dense
chlorophyllaceous mass, which has been proved to contain starch
other than that present in the pyrenoids. The zoogonidia arise in
terminal zoogonidangia which are generally ﬂ'lsk shaped. The
akinetes are ordinary cells, generally of the recumbent portion of
the thallus, which become detached and ultlmatel) form new
plants. The plants usually occur at the margins of ponds, lakes,
or rivers, forming a tough green stratum on submerged stones or
on the shells of agnatic Gastropods.

Species of this genus are rare in the British Islands, or perhaps they may
have been overlooked. ¢, viridis Kiitz. is a small species (thickness of prim. fil.
8—12 g, of branches 4—8 p; fig. 33 A—C) nsually encrusted with lime.
G. stagnalis (West) Schmidle is a larger species (thickness of prim. fil.
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16—30 p; fig. 33 D—F) occurring attached to the shells of Limnea peregra.
Schmidle has recently given a short systematic account of the genus?,

Fig. 33. A—C, Gongrosira viridis Kiutz. (x500). A, from rocks, Lough Beg,
Ireland; B and C, from rocks near Tremethick, Cornwall. D—F, G. stagnalis
(West) Schmidle, from near Sutton, Cambridgeshire (x 200). zg, zoogoni-
dangium.

Genus Leptosira Borzi, 18832 This genus is scarcely to be
distinguished from Gongrosira. The plants are aquatic, forming
very minute bright green cushions. The branches are torulose, .
the terminal cells being elliptical, doliforin, or sometimes irregular
i form. The cell-contents are pale yellow-green in colour and
their structure is exceedingly difficult to observe. The zoogoni-
dangia are intercalary and usually consist of the modified, older
cells of the plant. The zoogonidia may germinate directly or they

! Schmidle in Berichte Deutsch. Botan, Gesellsch. 1901, Bd xix.
2 Borzi, ‘Studi Algologici I,” Messina, 1883.
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may conjugate i pairs and produce resting hypnospores. In the
conjugation of the zoogonidia the ends which do not bear the cilia
first fuse together.

L. Mediciana Borzi is a rare plant found amongst Sphagium and Ciri-

cularia in bogs and boggy pools. It is only known from Yorkshire and
Sicily. Diameter of cells up to 20 p.

Family 7. TRENTEPOHLIACEZ.

This family is only represented in the British Islands by a
few species of the genus Trentepoblin. The thallus is aérial,
filamentous and branched, generally occurring on rocks or on the
bark of trees.  The filaments may be very short and more or less
creeping, or they may form erect tufts or closely matted cushions.
The cells are sometimes cylindrical and sometimes moniliform or
tornlose, and the branches nsually show a slight attennation. The
cell-walls are firm and frequently exhibit external sculptures.
Brand® states that the longitudinal walls are lamellose, but the
transverse walls are simple; and that the cellulose caps which are
so frequently developed at the extremity of a branch, are the
remains of dead, terminal zoogonidangia. This is certainly
not true of some species, however. Each cell contains one
nuclens and usnally a number of disc-like, parietal chloroplasts
without pyrenoids. The colour of these plants is usnally some
shade of brown, brownish-red, or orange-red, the chlorophyll being
masked by the presence of a pigment known as haematochromin,
which is frequently dissolved in a quantity of oil.

In the Trentepohliacew the zoogonidia are only produced in
specially differentiated cells or zoogonidangia. This character, the
absence of terminal hairs and the nature of the chloroplasts, are
the principal distinctions between the Trentepohliacew and the
Chatophoracez. The zoogonidangia are developed singly or in
clusters, either terminating a branch and so arresting its develop-
ment?, or developed laterally on the branches, or more rarely in
‘the axil of a branch. They are sessile or stalked, gemerally
ellipsoid or ovoid in shape, and they open by means of a terminal
or subterminal pore. The zoogonidia, which are of two sizes, are
pear-shaped and furnished with two cilia. The smaller miero-
zoogonidia have been observed to conjngate in pairs, but all are

1 F. Brand in Beihefte z. Bot. Centralbl. xii, 1902,

2 The development is only arrested temporarily as the terminal cell or supporting
cell often grows through the empty zoogonidangium.
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capable of direct germination. Resting-spores or hypnospores are
sometimes procuced.

Wildeman® has shown the ease with which these plants repair
injuries to the thallus.

Species of this genus are most abundant in damp tropical or
subtropical elimates, occurring profusely as epiphytes on the leaves
and bark of trees. A few of them are constituents of certain
tropical lichens.

|
.
I

@
§
!
|

=

§—

F'

\>

Fig. 34. A—C, Trentepohlia aurea Mart., from Cookridge, W. Yorks. (x 500).
D—F, T. calamicola (Zell.) De Toni, from trees near Lough Gartan, Donegal,
Ireland ( x 500). zy, zoogonidangium.

. ! Wildeman, in Mém. comonnés et autres Mém. Acad. roy. Belgique, 1899,
tom. lviii.
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(enus Trentepohlia Martins, 1817. [Chroolepus Ag., 1824.]
The thallus is filamentous, simple or ramified. The branches are
alternate, of the same diameter as the principal filaments, and do
not terminate in a point or hair. The chloroplasts are nmmnerous,
discoidal, and without pyrenoids, but are generally masked by
the presence of a red or orange-red oil which colours blue with
iodine.

The most abundant species in the British Islands is 7. curea Mart., which
oceurs principally in hilly and mountainous districts, forming broad expanded
sheets of a bright red or orange-red colour. It is chiefly found attached to
rocks, particularly carboniferous limestone or silurian rocks, and generally on
the windward side. The filaments are 10—20 p in thickness (fig. 34 A—C).
T. odorata (Ag.) Wittr [=7. wmbrine (Kiitz.) Bornet] and 7. calamicola
(Zeller) De Toni (thickness of filaments 7-5—10 p; fig. 34 D—F) are much
smaller British species of the genus.

Order III. ULVALES.

This order is mainly distinguished from the Chaetophorales by
the expanded, parenchymatous thallus, which is attached when
young to a substratum by ‘rhizoids” The cells are uninucleate
and they contain a single parietal chloroplast, often of constderable
bulk and containing one pyrenoid.

Asexual reproduction takes place by zoogonidia and also by
gemmation. Sexual reproduction is by isogamous planogametes
with two cilia.

There is only one family which has few freshwater repre-
sentatives.

Family 1. ULVACEZA.

The Alge belonging to this family are more often marine or
brackish in habit than freshwater. They consist of flat, ribbon-
shaped or expanded plates, or more rarely they exhibit a vesicnlar
or intestiniform structure. These flat or tubnlar structures consist
of one (Monostroma) or two (Ulva) layers of cells which may be
somewhat scattered and rounded in form, in which case they are
frequently arranged in groups of four, or they may be closely
compact with polygonal outlines. The two genera Monostroma
and Enteromorpha have freshwater representatives, and in cach
case the thallns consists of a single layer of cells, division only
taking place in one plane. The cells are usnally compact and
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arranged with their long axes at right angles to the plane of the
thallus (fig. 35 D). Each cell contains a single nucleus and one
large parietal chloroplast, often with deeply incised or lobed margins
and containing a single pyrenoid. In Monostroma bullosa (Roth)
Wittr. the cells are generally arranged in T-shaped groups of four.

Asexnal reproduction takes place in Ulve by zoogonidia (some-
times termed megazoospores) with four cilia. These come to rest
and germinate directly. Monostroma has been observed to re-
produce itself asexually by budding off small flat portions from
the surface of the thallus, each portion producing a new plant.
Geddes! has observed a process of gemmation in Enteromorpha.

Sexual reproduction is brought about by the conjugation of
isogamous gametes.  Ordinary cells of the thallus become game-
tangia and give rise to eight (sometimes four or sixteen) plano-
gametes, which are pear-shaped bodies, smaller than the zoogonidia,
with a pigment spot and two long cilia. On conjugation the two
gametes coalesce slowly and a “zygozoospore,” or a rounded cell
with two pigment spots and four cilia, is first formed; this loses
its cilia and becomes a zygospore (fig. 35 J). The zygospore
usually germinates directly, first forming a short filament of four
cells, which soon produce a flat expansion by dividing in two
directions in the same plane. According to Reinke the zygospore
sometimes hecomes a resting-spore or hypnocyst, which on germi-
nation divides into four and then eight cells arranged peripherally
round a central cavity. By the increase of these peripheral cells
a vesicular thallus is produced, which in most instances ultimately
becomes a flattened expansion attached by a few rhizoids at
1ts base.

Genus Monostroma Thur., 1854, The thallus in the adult
plant is always a thin membranaceous plate. In its younger
stages it 1s frequently vestculose, opening out as it grows into a
foliaceous plate, finally becoming free-floating. It consists of a
single layer of rounded or more or less angular cells which are
often disposed in groups of four. The zoogonidia possess either
two or four cilia, and the gametes are biciliated and rather smaller
in size.

Few species of the genus inhabit fresh water, the only British representa-
tives being M. bullosa (Roth) Wittr. and M. membranacea West & G. S. West

! Geddes in Trans. Roy. Soc. Edinburgh, 1881, p. 555.
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(fig. 35, A—K). In the former species the cells are rounded, 6—12 p in
diameter, and arranged in fours, the two pairs often being disposed in a more
or less T-shaped manner. In the latter species the cells are much more
compact, angular, and 8—20 p in diameter.
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Fig. 35. A—K, Monostroma membranacea West & G. S. West, from Mitcham
Common, Surrey. A, nat. size; B and C, portions of thallus showing cells;
D, section of thallns; E, cells with escaping gametes (x566). F-—J, con-
jugation of gametes (F—H, x 566; LT and J, x 790). K, young plant developed
from hypnospore (x566). L, Enteromorpha intestinalis (L.) Link, from
Frizinghall, W. Yorkshire (nat. size).

Genus Enteromorpha Link, 1820. The thallus is elongated,
tubular and intestiniform, sometimes reaching a considerable
length. It is green, yellowish-green, or pale olive-green in colonr,
and consists of a single layer of rounded or polygonal cells, each
with a parietal chloroplast.

The only freshwater species of the genus is £. intestinalis (1.) Link
(fig. 35 L), an Alga which also occurs in brackish water and in the sea. It is

widely distr 1buted in the large drains and dykes in the east of England, and
also occurs frequently in cana,ls and ponds in other parts of the country.

W, A (4
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Order 1V. SCHIZOGONIALES.

The thallus is filamentous, sometimes (especially i1 young
stages) parenchymatous, and often expanded into broad sheets by
the fusion of the filaments in one plane. The cells are uninucleate
with a single central, stellate chloroplast, containing one pyrenoid.

The plants are often attached by ‘rhizoids’ to a substratum,
and are subaéral in habit.

The order 1s at once distinguished from the Chatophorales by
1ts ehloroplasts, and by the division of the cells in two, and often in
three directions, especially in young plants. From the Ulvales it
is distinguished by its chloroplasts, by the more or less regular
longitudinal arrangement of the thallus-cells, and by the absence
of the vesicular stage in the growth of the young plants. The
plants of this order have most probably had a very different origin
from the Ulvales, the resemblance being only a parallelism of
modification. i

Family 1. PRASIOLACEZA.

This family has been established to include those Alga: which
are embraced 1n the Schizogoniales.

The thallus is commonly terrestrial, simple and filamentons, or
forming flat, creeping expansions. It consists of a single layer of
cells produced largely by a fusion of the contignous walls of cell-
filaments. Each cell possesses a central, stellate chloroplast with
one pyrenoid.

Asexual reproduction takes place by gemmation and by the
formation of resting akinetes. Lagerheim has observed the pro-
duction of tetraspores.’

Chodat regards the family as having analogies to the Bangiacew
among the Rhodophyces, both on account of the production of
tetraspores and the mode of growth.

Genus Prasiola Ag., 1821. [Inclus. Schizogonuune Kiitz. 1843,
and Hormidvem Kiitz. 1843.] The genus oceurs on moist earth,
rocks, stones, old walls, trunks of trees, cte. The thallus 1s
filamentous, consisting of one, two, or many series of cells, or
foliaceous and expanded with the cells arranged more or less in
groups of four. The cells of the ordinary filaments are broader
than long and those of the flat expansions are quadrate or polygonal

-~
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in form. The cell-wall is strong, rigid and hyaline. The single
chloroplast 1s central, star-shaped, and contains one pyrenoid.
Sometimes the thallus is fixed by rhizoids and sometimes not. In
the broader, flat expansions the cell-walls are thick and confluent,

Fig. 36. A—C, Prasiola parietina {Vauch.) Wille, froma Bradford, W. Yorkshire
(x 560). D—G, Prasiola crispa (Lightf.) Menegh.; D, examples from Bradford,
W. Yorks. (nat. size); E, simple filament from Helvellyn, Westmoreland ;
F, portion of irregular filament from Wimbledon Common, Surrey (x 500);
G, basal portion of broader thallus, from Bradford, W. Yorks. (x 400).

and the cells have the appearance of being separated by consider-
able spaces. Reproduction is by a process of gemmation, by
akmetes liberated at the margins of the thallus, and by tetraspores?.
Gay and Chodat separate the genera Schizogonium and Prasiola,
but I am inclined to agree with Wille? iIn uniting them under
Prasiole Ag.

Wille and Birgesen® have cach described some interesting
marine forms of this genns in which the plants are more amply
supplied with rhizoids. The expanded thallus of these forms does
not reach such a large size as the thallus of the land forms.

Two species are abundant, . erispa (Lightf.) Menegh. [which includes
Hormidium murale Kiitz. ; Schizogowinm erispum (L) Gay; and Ulothrix
radicans Kiitz.], the cells of which are 7—14 p in diameter (fig. 36 D—G),
and 2. parietina (Vauch.) Wille [which includes Seiizogonium murale Kiitz.
and Hormidium parietinum Kiitz.] with cells 9—18 p in diameter (fig. 36

. 1 Lagerheim, ¢ Ueber die Fortpflanzung von Prasiola,” Ber. Deutsch. Botan.
-Gesellsch. 1892, Bd x, Heft 7.
2 Wille, ¢Studien iiber Chlorophyceen I-VIL’ Vidensk. Skrifter, I math.-
naturv. Klasse, 1900, no. 6, p. 13.
3 Borgesen, ¢ Marine Alg. of the Faerdes,” Bot. of Faerdes, Part II, 1902.
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A—C). These two species are widely distributed all over the British Islands,
and they have a decided preference for the neighbourhood of towns, being
found frequently under walls and as a green carpet between the paving-stones
of (uiet streets. They require little moisture and can withstand considerable
desiccation. Associated with them are generally numerous Rotifera vulguris
and testaceous Rhizopods such as Tvinema acinus.  Prasiola  furfuracea
Menegh. is probably a form of L. crispa.

Order V. MICROSPORALES.

This order was first established by Bohlin to include those
curions plants which belong to the genus Microspora. Tt seems
at first sight to be giving undue prominence to a small group of
aberrant Algee, but at the same time 1t removes a difficulty, as
these plants cannot well be placed in any of the other orders of
green Algee.

The thallus 1s filamentous and unbranched, and the cell-walls
frequently become broken up into H-shaped pieces. The cells are
uninucleate, with a large reticulated chloroplast occupying almost
the entire inner surface of the cell-wall, and destitute of pyrenoids.
The affinities of the order are very doubtful.

Family 1. MICROSPORACEZA.

This small family includes only one genus.  The thallus is
filamentous and simple, and the cells are cylindrical.  The cell-
walls are composed of cellulose, ave either homogeneous or more or
less distinetly lamellose, and of a similar structure to those of
Tribonema (Conferva), the cells often becoming disarticulated into
H-shaped pieces. A single nucleus of considerable size is present
in the centre of each cell.  The chloroplast is disposed on the walls
of the celland may be band-hke or shect-like, covering more or less
the entire cell-wall. Tt 1s usually areolated or reticulated, and
really consists of a fusion of numerous cushion-like, chlorophyl-
laceous masses to formn a stout areolated structure. There are no
pyrenoids, but scattered granules of starch are often present.

Asexual reproduction takes place by the formation of aplano-
spores which become hypnospores (fig. 37 C and F); also by the
production of biciliated or quadricihiated zoogonidia, one or two
of which are found in a cell. Sometimes several small micro-
zoogonidia are produced in a cell.  The zoogenidia germinate
directly.
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Genus Microspora Thuret, 1850; em. Lagerh.,, 1888, The
filaments are simple, con-
sisting of ecylindrical or
shghtlyswollen cells. The
cell-walls are firm, fre-
quently distinctly lamel-
lose, and sometimes dis-
soclating  into  pieces
which appear H-shaped
m optical section, each
piece consisting of a trans-
verse wall and portions
of the lateral walls of two
adjacent cells. There is
one cell-nuclens.  The
chloroplast 1s disposed on
the cell-walls as a more
or less reticulated mass.
Globunlar hypnospores are
produced,\wth thickwalls, Fig.37. A, Microsporaamena (Kiitz.) Lagerh.,
nsually one in cach cell. from uear Senens, Cornwall. B and C, M. ab-

- breviuta (Rabenh.) Lagerh.; B from Tremethick

Db e e ooy S| Moor and C from St Just, Cornwall. D, J.

r 8 S B ‘ Ml vk (\_y pachyderma (Wille) Lagerh., from near Land’s
distributed species of this  End, Cornwall. E and F, forms of M. amana
genus in the British Islands.  (Kiitz.) Lagerh.; E, from Shipley, W. Yorks.,
M. Aoccosa (Vauch.) Thur. to show the chloroplast; F, from New Forest,

Hants. a, aplanospores. (All x520.) E is
M. amana var. crassior Hansg.

and M. aieena (Kiitz.) Lagerh.
(fig. 37 A, E and F) are the
most abundant and often oceur in small ponds and horse-troughs. M. abbre-
viata (Rabenh.) Lagerh. (fig. 37 B and C) and M. pachyderma (Wille) Lagerh.
(fig. 37 D) are not so frequent.

Order VI. CLADOPHORALES.

In this order are included three families of green Alga which
bear close relationship to the Siphonew and yet can scarcely be
relegated to that order. The thallus is simple or branched and
incompletely septate, each segment containing many nuclei and
numerous parictal chloroplasts, the latter containing single
pyrenoids.

Asexual reproduction takes place by biciliated or quadriciliated
zoogonidia, by ‘eysts,” or by special resting-spores (Pithophora);
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and sexual reproduction 1s either by isogamous planogametes or
by well-differentiated heterogamons gametes.
The order includes the following three families : —

Family 1. Cladophoracee. Thallns large, branched, incompletely
septate, usually attached. Segments large with numerouns small
chloroplasts, each with a pyrenoid.

Family 2. Pithophoracee. Thallus similar to that of the Clado-
phorace, but distingnished by the formation of barrel-shaped and
fusiform asexual resting-spores.

Family 3. Spharopleacer. Filaments simple, composed of elongated
cenocytes. Sexunal reprodnction heterogamous; plants moneeious;
oogonia with many non-motile oospheres; fertilization within the
oogoninim,

Bohlin has recently proposed to transfer the families Clado-
phoracex: (including the Pithophoracex) and Spharopleacea to
the order Siphonez, placing them next the Valoniacew. In this
he is followed by Blackman and Tansley, but it yet remains to
be shown how far this change is justified. The thallus of the
Cladophorales 1s much more septate than that of the Siphonewe
and the branching is of a different nature.

Family 1. CLADOPHORACEZA.

The thallus is large, filamentous and incompletely septate, each
segment being a ccenocyte. The filaments usually have a basal
organ of attachment, and in the genus Cladophora are much
branched. The growth of the thallus 1s apical in Cladophora but
intercalary in the other genera.

There are several nuclei in each segment of the thallus and
either one reticulate, parietal chloroplast or a large number of
separate chloroplasts, each with a pyrenoid.

Asexual reproduction takes place in Cladophora and Cheeto-
morpha by zoogonidia which are produced in large numbers in the
mother-cell and escape either by a terminal or lateral pore. “Cysts’
are also produced in Rhizoclonium, each one being a kind of large
thick-walled akinete formed from a single segment.

An isogamous sexual reproduction occurs in Cladophora, the
conjugation of the planogametes resulting in a zygospore which
germinates directly without rest.

Very little, if any, mucus is secreted by these Algz and they
always feel rough and crisp. The absence of a mucous outer coat



Cladophoracec 103

causes them to be frequently loaded with epiphytes.  Very often
the older filaments ave thickly covered with Diatoms, particularly
of the genera Gomphonema and Coccones.

Genus Chaetomorpha Kiitz., 1845. The filaments are simple,
of more or less uniform thickness

and fixed at the base, the lower /.
segments being shorter than the
upper ones. The segments are
often slightly swollen and they Q
are of considerable diameter. The \
cell-wall 1s thick, very firm and i
obviously lamellose. !
Most of the species of this genus @
are truly marine or brackish in habit, M
but C/. sutoria (Berk.) Rabenh. (fig. 3%) ('
is sometimes found in running water,in =~ |
wells and horse-troughs, or in streams. \\F_J
R Gl TR0 L1190 Fig.38. Chetomorphasutoriu (Berk.)
(tenus Rhizoclonium Kiitz., Rabenh., from Heaton, W. Yorks.
1843. The filaments are of vari- o
able size, crisp, generally branched, and attached at the base by a
branched hapteron. The branches are short, slightly attennated,
sometimes merely unicellular outgrowths, but more frequently
consisting of several cells. The filaments are often bent at the
point of origin of a branch. The cell-walls are firm, lamellose,
and sometimes attain a considerable thickness. The number of
nuclei present in each segment is variable and the chloroplast is
in the form of a network containing several pyrenoids. The most
recent account of the structure of this genus s by Wille?, who
confirms much that has been deseribed by Gay2 Stockmeyer?
has given a thoroughly good systematic account of the genus.
In the antumm the segments of the thallus are often packed
with starch.

Species of this genus are marine, brackish, freshwater, or they may even
occur on damp soil. The only freshwater British species is . kieroglyphicum
Kiitz.; em. Stockm. [= Conferva fontinalis Berk.; Microspora fontinalis De

I Wille, ¢Studien iiber Chlorophyceen VII,’ Vid.-Selsk. Skrifter. M.-N. KL
Christiania, 1900. .

2 Gay, ‘ Recherches sur le dével. et la classif. de quelques Algues Vertes,” Paris,
1891.

$ Stockmeyer, ¢ Uber die Algengattung Rhizoclonium,” Verhandl. der k. k.
Zool.-Bot. Gesellsch. in Wien, Jahr. 1890.
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Toni} which possesses filaments 10—37 p in diameter and segments 2—5 times
longer than the diameter (fig. 39 A). The common form of this species pos-
sesses 1o branches whatever
and occursabundantlyin ponds,
ditches, drains, streams and
cataracts all over the country,
thriving well in water in which
considerable putrefaction is
taking place. The following
varieties of it are widely distri-
buted:—var. Koclkianwm(Kiitz.)
Stockm. [=R. KockianumKiitz.;
R. fluvicans Rabenh.], var. tor-
twosum (Kiitz.) Stockm. (fig.
39 B—E), and var. riparivm
(Harvey) Stockm.

Genus Cladophora
Kiitz., 1843. This 1s the
best known genus of the
family and 1s widely dis-
——| tributed in salt and fresh

~Fig, 39. A, Rhizoclonium hieroglyphicum waters. The thallus 1s
K, sngle bl shouing elorolat 4 pruched, the typeof
(x500). B—E, R. h‘icroglyphf({um Kiitz. var. bmnching varying with
t\%':'“{f’:;,‘}::‘; (113\ gf(i)cysi"ch%';’ Dn;gig Ef{eﬁ%& different species, and the
. segments are 6—12 (or

even up to 20) times longer than their diameter. There are usually
many nuclei in a segment, but they may be reduced to two or even
one. The chloroplast is parietal and most commonly reticulate, but
all intermediate stages are met with between an elongated reticn-
late cylinder and isolated plates’. There is one pyrenoid in each
isolated plate or in ecach corresponding piece of the reticulum.
The cell-wall consists of an inner and outer layer, and, according
to Brand, of an ‘outermost’ layer which can be separated by acetlc
acid. The zoogonidia are very numerons and escape from the
mother-cell through an opening formed by a complete absorption
of the cell-wall.  Nordhausen? regards the basal branching of the
segments in a filament of Cladophora as a peculiar process, to
which there is nothing strictly comparable in other Algwe. Brand
states that the species with strong, primary, basal organs of attach-

L X

! Brand in Beitr. z. Bot. Centralbl. x, 1901.
2 Nordhausen in Pringsheim’s Jahrb. f. wiss. Bot. xxxv, 1900.
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ment usually form zoogonidia, and that the free-tloating species
are usually propagated by resting-spores.

Fig. 40. Cladophora glomerata (L.) Kiitz., from Shipley, W. Yorks.
A, nat. size; B, x 85,

Most of the species of the genus are marine, but some five or six British
. freshwater species are known. (7. glomerata (L.) Kiitz (fig. 40) is an abundant
species, occurring as dark green masses attached to rocks and stones in
streams and waterfalls. The branching is dense and the smaller branches
are in tufts. CL erispata (Roth) Kiitz. is another common species, usnally
occurring attached to stones. Cl Aavescens Ag. is a more slender species of a
pale yellowish-green colour and frequently occurs floating freely in ponds and
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Fig. 41. Pithophora (Edogonia Wittr. var.
polyspora Rendle and West f., from the Reddish
Canal, near Manchester, A, x65; B—D, frag-
ments of thallus with asexnal resting spores (as),
x 100.

ditches. Brand! states that
all the European species of
Cladophora described by Ra-
henhorst, except the [Egagro-
pilee, must be regarded as
varieties, forms, or conditions
of Cl. fracta or Ol glome-
rata.

Genus  Chetonella
Schnudle, 19012 This
genus  was  instituted
for the reception of a
small, almost mieroscopic
plant, which occurs either
free-floating or attached
to the mucous coat of
other larger Alga. It is
incompletely septate, and
each segment possesses
from two to five nuclel.
The segments are cylin-
drical or more or less ir-
regular, and the thallus is
branched. The branches
are attenuated and the
terminal cells are of
greater length than the
others. There 1s one
parietal chloroplast with-
out pyrenoids.

There is only one species,
Ch. Goetzer Schmidle, which is
known from tropical Africa
and from West Yorkshire.

The filaments are 6—8 u in
thickness,

Family 2. PITHOPHORACEZA.

The plants of this family very much resemble species of the
genus Cladophora. The thallus is of exactly the same type and the

! Brand in Bot. Centralbl. 1xxix, 1899.

2 Schmidle in Engler’s Botan. Jabrbiich. Bd 30, Heft 2, 1901, p. 253, t. v,

o Al %,
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growth is apical. The thallus is almost always branched, the
branches arising a little below the top of their supporting cells,
and 1t is attached below by well-developed haptera put out from a
basal cell. It is doubtful if there is sufficient evidence to warrant
the separation of the Pithophoracem as a distinet family from the
Cladophoracea:,

Asexual resting-spores are produced here and there in the
thallus, either intercalary and cask-shaped, or terminal and ovoidal
or fusiform. These spores, which were termed by Wittrock ‘agamo-
spores, are richly filled with chlorophyll and the spore-wall increases
considerably in thickness. Formation of spores may take place in
all the cells of the canloid part of the thallus.  After a short period
of rest the spores develop in opposite directions from the two
apices. There is another method of asexual reproduction by pro-
lific cells.

Genus Pithophora Wittr, 1877. This striking genus of Algee
1s almost exclusively tropical in its distribution. It is the only
representative of the family, and few Alga: are more characteristic
than a plant of Pithophora with ripe spores.

P. (Fdogonia (Mont.) Wittr., var. polyspora Rendle and West f.1 (fig. 41)
may be regarded as a British Alga, having been found in the Reddish Clanal,
near Manchester. 2. Aewensis Wittr. occurred in a tank in the water-lily
house, Kew Gardens, but was most probably introduced from tropical
S. America.

Family 3. SPHAEROPLEACEZAZ.

This family includes only one Alga, which occurs in extensive
masses on flooded plains and by the margins of lakes. The
filaments are cylindrical and unbranched, and consist of single
series of ccenocytes which reach an extraordinary length as com-
pared with their breadth. The transverse cell-walls often become
of great thickness, and each segment of the filament contains a
considerable number of small nuclei.  The chloroplasts, which are
in the form of parietal rings, ave very numerous and some of them
contain pyrenoids.

The sexnal organs are oogonia and antheridia, which may be
formed without change of shape from any segment of the filament.
Sometimes the oogonia and antheridia alternate in a filament, but

! A. B. Rendle and W. West, junr., ‘A New British Freshwater Alga,” Journ.
Bot. July, 1899, pp. 289—291, t. 399.
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more often they do not. A number of oospheres are developed in
each oogoninm, and a very large nmnber of antherozoids arise by
the breaking up of the red contents of an antheridinm. The
antherozoids are small, elongated bodies, provided with two long
cilia, and they find their way into the oogonia through apertures
in the transverse walls. After fertilization, which takes place
within the oogonium, the oospores develop a thick verrucose
cell-wall and the cell-contents become bright red in colour. The
oospores generally hibernate within the oogoninm, and this is the
most striking condition of the Alga, which now consists of long
filaments, most of the segments of which are filled with nnmerous,
bright red, verrucose oospores.

On the germination of the oospore from two to eight zoospores
are set free, representing the sporophyte generation, and each of
these forms a new plant. The yonng plants are simple. fusiform
cells, with each extremity attennated to a very fine point.

Bohlin has sunggested the transference of this family to the
order Siphonea in close proximity to the family Valoniaces.

Genus Spheeroplea Ag., 1824. The thallus consists of un-
branched filaments of eylindrical cecenocytes, which may only be as
long as their diameter or up to ninety times longer. The filaments
are 36—72 u in diameter. )

The only known species—Sph. annulina (Roth) Ag.—is not a Dritish
Alga. Tt occurs extensively on inundated portions of the plains of Europe,
Asia and America, and is sonetimes found in pits or quarries. It is question-
able if there are any suitable localities for this plant in the British Islands.
Tt sometimes occurs in Kew Gardens, having been introduced from abroad
with various aquatic plants.

Order VII. SIPHONEZE.

The order Siphonew embraces a large number of filamentous
Algz of many diverse forms. They are eeenocytic in character,
the individuals being without septa, so that in reality each plant
consists of a single large coenocyte.  They are mostly marine Alg
and some of them attain a considerable size. The thallus fre-
quently becomes very complicated in character, but even then it
consists of the interlaced branches of a single multinucleated cell.
Nowhere else in the vegetable kingdom do such gigantic cells
ocenr, and it is this extraordinary complication of a single cell
which distingnishes the Siphonea from all other Algw. Many of
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them have even reached a high stage of specialization, having
developed organs analogous to the stem, leaf and root of higher
plants.  In the genus Caulerpa the cell is strengthened by trabe-
cule which traverse the lumen of the cell from wall to wall.

Asexual reproduction takes place by proliferous shoots, by
non-ciliated spores and hy zoogonidia. In most of the Siphonew
numerous zoogonidia arise m a zoogondangium, but in Vaucheria
only one large one 1s produced.

The plants are generally attached by strongly developed haptera.

The only family of the order which inhabits fresh waters is the
Vaucheriacese, and it is also the only family in which well-
differentiated sexual organs occur. The tropical family Phyllo-
siphonacez includes a number of Alga: which live as parasites on
the leaves of Phanerogams.

Family 1. VAUCHERIACEZA.

The thallus is an elongated filament consisting of a single large
ceenocyte, and is somctimes branched.  This unseptate filament
increases in length by apical growth and is usually attached to a
substratum by much branched haptera. In most members of the
family the cell-wall is thin and relatively weak, ecasily collapsing
even with careful manipulation. The protoplasm forms a thick
lining layer on the interior of the wall of the filament and contains
a large number of minute nuclei.  The chloroplasts are very small
and exceedingly numerous ; they are oval, elliptical or subeircular
in outline and are without pyrenoids. A considerable amount of
oil is often present in the filaments, the oil-drops being always in
connection with the chloroplasts. Fleissig? states that this oily
material is a reserve substance, physiologically analogous to starch.

‘On the injury of the thallus septa usually appear cutting off
the injured parts, the uninjured portions developing into new
plants. (vide fig. 42 A and B.) These are the only instances of
the oceurrence of septa in the thallus except in connection with
the reproductive organs.

Asexual reproduction takes place by the formation of zoogonidia.
The extremity of a filament assumes a club-shaped form and
becomes (lenscly'ﬁlled with protoplasm, after which a transverse

! Fleissig, ¢ Ueber die phys. Bedeutung d. oelartigen Einschliisse in d. Vaucheria,’
Basel, 1900.
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septum appears and cuts off the swollen end as a zoogonidanginm.
The contents of this gonidangium, which are of a rich green colour,
gradually become rounded off, forming an oval zoogonidimmn of
large size. The whole swrface of the zoogonmidium is usually
clothed with numerous short cilia, arranged in pairs, and in the
surface protoplasm under each pair there is a small nuclens. The
entire structure contains one central cavity filled with cell-sap
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Fig. 42. A and B, portious of thallus of Taucheria showing formation of septa on
injury; A, Vaweheria geminata (Vauch.) D. C.; B, T. sericea Lyngb., from
Harefield, Middlesex, C, apex of filament of V7. sessilis (Vauch.) D. C., show-
ing the zoogonidangium from which will escape a single zoogonidium. D, ger-
mination of the zoogonidium of V7. sericea, from E. Yorkshire. E, V. sessilis
from W. Yorkshire, showing developing oogonium (on right) and antheridinm
(on left), F—H, V. geminata (Vauch.) D. C., from Barnes Common, Surrey,
showing development of sexual organs. (All x75.) «, antheridium, 0o, oogo-
nium; zg, zoogonidangium.

which is traversed by strands of protoplasm, and Schmitz has

pointed out that it can be looked upon as an aggregate of zoogonidia

with a great resemblance to certain of the more complex members
of the Volvocacea. This compound zoogonidium escapes by an apical
opening of much smaller diameter than itself and through which it
pushes its way. Sometimes, owing to the rotatory movement of the
cilia, the part first exuded becomes separated from the portion still
left in the gonidangium and two zoogonidia are formed instead
of one,

The zoogonidia generally escape in the morning, that is to €ay,
after the plants have been in the darkness for some time. They
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are sluggish in their movements and continue activé for about
fifteen minutes. On coming to vest the cilia are at once withdrawn
and a cell-wall is developed.  Klebs? states that zoogonidia can
always be produced when filaments which have been kept moist
for some days are soaked with water, or when they are removed
from a dilute nutritive solution into pure water. The zoogonidia
germinate almost immediately by the protrusion of one or more
tube-like filaments, one at least of which attaches 1itself to the
substratum by a colourless branched hapteron (or ‘rhizoid’).

Under unfavourable cirenmstances, particularly if the plants
are liable to become dried up, asexual spores of another kind are
sometimes developed. The end of a filament swells up into a
more or less globular form {ul(l then a transverse wall appears and
cuts this portion off. Such a spore may rest a considerable time
before germination.

Sometimes, owing to drought, certain filanents break up into a
number of distinet cenocytes, cach of which develops a thick cell-
wall. These are of the nature of rudimentary gemma: or cysts®

Sexual reproduction takes place by oogonia and antheridia, and
amongst the Siphonez this family of Alge stands alone in the
possession of sharply differentiated sexual organs.  These are
developed at scattered intervals along the cylindrical filament.
Except in the dieecious plants the antheridia and oogonia usually
arise side by side on the same filament, or they are differentiated
portions of a short lateral branch.

The oogonia usually arise as lateral outgrowths of the filament,
or at the end of a very short branch, and they soon assume a more
or less rounded or ovate form, being ultimately cut off by a septum
at the base. The apex of the oogonium generally develops a
rostrum or beak, which is usnally tmnml to one side, either towards
the antheridinm or away from it. The protoplasm of the oogonium

1 Klebs, *Die Bedingungen d. Fortptlanzung bei einigen Algen u. Pilzen,” Jena,
1896.

? Bennett and Murray in their ‘ Handbook of Cryptogamic Botany,” London,
1889, p. 284, in referring to this special type of asexual reproduction in Vuucheria,
state that “in this condition it was formerly described as a distinet organism under
the name of Gongrosira.” Dr Scott, also, in his ‘Introd. to Structural Botany,
Part n,” London, 1897, remarks that this is called the Gongrosira state, because
specimens of Vaucheria in this condition used to be placed in a different genus
under that name.” These are most unfortunate statements, as Goagrosira is a
well-established genus of the Cha@tophorales, which 1eploduce§ itself asexually by
minute biciliated zoogonidia, and none of the plants of which approach in size even
the smallest known species of Vaucheria.
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contains a considerable amount of oil, numerous chloroplasts, and
after the appearance of its basal wall, only one nuclens. That
portion of the protoplasm towards the apex or beak becomes clear
and free from chloroplasts, and 1s termed the receptive spot. The
cell-contents now become rounded off, forming the ovum (or

Fig. 43. A and B, TVaucheria sessilis (Vanch.) D. C.; A, from Esher West-end
Common, Surrey; B, from Mitcham Common, Surrey. C and D, V. hamata
(Vauch.) Lyngb., from Calverley, W. Yorks. I, oogoninm and oospore of
V. sericea Liyngb., from Beverley, Ii. Yorkshire. (A—D, x200; E, x320.)
a, antheridium; an, antherozoid; oo, oogonium.

oosphere) and soon afterwards the wall of the oogoninm opens at
the extremity of the beak, a small quantity of muecilaginous pro-
toplasm being exuded. e

The antheridia develop simultaneously with the oogonia and
generally in close proximity to them. (Fig. 42 E.) Each anthe-
ridium arises as a short cylindrical branch which usually becomes
much curved on approaching maturity. (Fig. 43 A and B.) The
terminal portion of this curved branch is cut off by a septum and
becomes the actual antheridimm. In some species, such as in the
submarine Vaucheria synandra, a number of antheridia occur on a
structure known as an “androphore.” The protoplasm of each
antheridium contains numerous chloroplasts and nuclei.  The
nuclei collect in the central portion of the antheridium and it is
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this part which breaks up into the antherozoids (or spermatozoids).
The latter are extremely minute, each one consisting of a small
amount of protoplasm smrounding a nucleus and possessing two
cilia.  The cilia are attached far apart and point in opposite
divections. (Fig. 43 A, an.) The antherozoids swarm for a short
time within the antheridium, which soon opens at the apex and
sets them free. A certain amount of unused protoplasm is
expelled with the antherozoids and another portion is left behind
in the antheridinm.

The antherozoids swarm near the opening of any oogonium
they may happen to reach and frequently several of them enter
the oogonium. One of them fuses with the oosphere at the region
of the receptive spot and its nueleus travels through the protoplasm
of the oosphere until it reaches the single nucleus of the latter.
The male and female nuelei then unite and fertilization is etfected.

The fertilized ovum or oospore now invests itself with a cell-
wall of considerable thickness and undergoes a prolonged rest.
The oospores can withstand a certain amount of desiceation, and on
germination they give origin to a new plant withont any alternation
of generations,

Genus Vaucheria DC, 1803. This is a widely distributed
genus of Algwe the filaments of which are interwoven to form
compact, mat-like masses, either on damp earth, or in fresh or salt
water. They most commonly occur in situations wheve they are
subject to the splashing or trickling of water, althongh some
habitually occur on damp ground or are entirely submerged. They
are most abundant in the earlier months of the year. The filaments
are coarse and thick, consisting of large coenocytes, which some-
times reach 30 ems. in length, and their numerous chloroplasts
give them a dark green colour. They are very sparsely branched,
and some species rarely exhibit any branching except in connection
with the formation of the sexual organs. Dicecious species of the
- genus exist, but in most others the antheridia and oogonia are
developed in close approximation on the same filament. The
filaments are sometimes subject to the attacks of the Rotifer
Notommate Werneckii, which produces rregular gall-like swellings.

V. sessilis (Vauch.) DC. is perhaps the commonest species of the genus,
being widely distributed in damp and wet situations in the neighbourhood of
streams, cataracts and boggy springs ; thickness of filaments 65—80 p (figs. 42
C and E; 43 A and B). T geminate (Vauch.) DC. also occurs in similar

W. A. 8
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localities; thickness of filuaments 78—90 p (fig. 42 A, F—H). 1. terrestris
Lyngb., and V. Zamata (Vanch.) Lyngh. (fig. 43 C and D), oceur in profusion
on damp gronnd, often forming thick mats on gravel paths and on the surface
soil of damyp flower-pots. V. sericea Lyngb., which is the smallest British
species (thickness of fil. 48—55 u; fig. 42 B and D, 43 E), and T aversa Hass.
usually occur entirely submerged in the waters of ditches and ponds. V. dicko-
toma (Liyngh.) Ag. is the largest British species (thickness of fil. 180—220 u)
and is dicecious. Some forms of it are truly marine, but others occur in
brackish water.

Order VIIL. CONJUGATA.

The order Conjugate is one of the best defined and most
natural of the groups of the Chlorophycex. The thallus is
unicellular in the Desinidiacex and the individuals exhibit great
specialization of form. In the Zygnemacew, which is the only
other family of the order, the plants are multicellular, consisting
of unbranched filaments of eylindrical cells. These filaments ave,
however, fragile and often become dissociated into their individual
cells.  All the plants of this order, whether unicellular or multi-
cellular, are remarkable for the great development of the gelatinous
pectose constituents of the cell-wall.  There appears to be a
continual exudation of this gelatinous material, until, in some
instances, 1t 1s of much greater bulk than the individual plant,
and it frequently happens that the unicellular forms oceur
embedded in a mass of transparent jelly formed by the coalescence
of their outer gelatinous coverings.

One of the most conspicuous features of the order is the
presence of chloroplasts of large size and definite form. They vary
in number from one to about eight or twelve in each cell and they
exhibit great variety in form and symmetry. Each’chloroplast
contains one or more conspicuous pyrenoids.  Boubier! has
observed in species of Spirogyra and in Mougeotia scalaris Hass,
what he terms “compound pyrenoids” These consist of an
agglomeration of pyrenoid structures enclosed in a membrane and
confaining 1n the centre a pyrenocrystal.

Multiplication of the filamentons forms sometimes takes place
by the fragmentation of the filaments, each cell undergoing rapid
division and forming a new plant.

Asexnal reproduction may be brought about in the Zygnemacea

1 Boubier in Bull. Herb. Boissier, vii, 1899.
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by the formation of resting-cells with thick walls, which have
received the name of ‘cysts” These are capable of surviving the
winter. In both the Zygnemacex and Desmidiacex aplanospores
are sometimes formed. Zoogonidia arc entirely absent from this
order of green Algw.

Sexual reproduction takes place by the conjugation of isogamous
gametes and the formation of a zygospore. As the gametes are
devoid of cilia and therefore non-motile, they are known as aplano-
gametes. The ordinary vegetative cells become the gametangia,
usually without change of form, and only one gamete arises from a
gametangium, the entire cell-contents of which are generally
utilized in its formation. In the Desmidiacea (with a solitary
exception) the gametes are set free and conjugation takes place
outside the gametangia, but in the Zygnemea the gametes unite
either within one of the gametangia or within the connecting-tube
which joins them. In these groups the zygospore after a period
of rest forms a new gametophyte, but in the Mesocarpez the
zygospore immediately forms a rudimentary sporophyte with one
spore (a carpospore); the latter undergoes a long rest.

Much has been written concerning the sexuality of the Con-
Jugata, and much of the evidence which has been bronght forward
of late years imndicates that sexuality of a low type does exist.
This sexuality is less marked in some Conjugates than in others,
and least of all in the Desmidiacea.. The cells in a filament of
Zygnema or Spirogyra need not necessarily be considered as all of
the same sex. It is quite possible that they have no sex until just
prior to conjugation. There is no visible change on the conversion
of an ordinary vegetative cell into a gametangium : the change 1s
a physiological one which most probably takes place mmmediately
antecedent to conjugation, and the formation of a male or a female
gametanginm may depend upon restricted local conditions. Taking
this into consideration, it is no more surprising to see both male
and female gametes produced from the cells of a single filament
than to see afilament which gives origin to gametes of one sex only.
It has been shown that a strictly filamentous condition is of no
essential importance to'the life of the Conjugate, and also that the
functional activities of the cells of a filament are greatly increased
during conjugation, even in those cells which take no part in the
actual conjugation’. Thus, there is no reason why the physiological

! West & G. S. West, ¢ Obs. on the Conj.,” Ann. Bot. xlv, 1898, pp. 30, 36, 37.

8—2
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changes which take place in a filament on the conversion of its vege-
tative cells into gametangia—changes which are rendered manifest
by a general inereased activity—should not be so far modified at
different parts of the same filament as to produce a ditferentiation
of sex. This affords an explanation of the rare cases of “ eross-
conjugation” to be described later on, but at the same time there
is no doubt that it 1s a general rule in the Zygnemes that the cells
of any one filament all become of the same sex.

Little 1s known concerning the effect of temperature and
climatic conditions on the methods of reproduction of the Conjugatee.
A high altitude, which is usnally accompanied by a relatively low
temperature, certainly favours the formation of ‘cysts, and an
increase of temperature is in many cases an aid to conjugation.
With regard to the British Islands, conjugating examples of the
Zygnemacea: are more frequently met with in low-lying areas than
in upland districts, and most frequently i the western or south-
western counties. Observations tend to prove that the Conjugate
in their natural habitats withstand extremes of temperature very
well, and that they are capable of adapting themselves to very
different conditions from those under which they normally exist.

All plants of this order, whether unicellular or filamentous, are
very slimy to the touch. This is due to the gelatinous nature of
the outer layers of the cell-wall, and this character alone frequently
enables the collector to distinguish Conjugates from most other
filamentous green Alga.

The order is subdivided into three families, of which one—the
Temnogametacese—is only known from Equatorial Africa. The
two British families arve : '

Family 1. Zygnemacer. Thallus filamentous, consisting of a single series
of c¢ylindrical cells, each cell possessing one or several chloroplasts of definite
form. Any cell may become a gametangium.

Famuly 2. Desmidiaceee.  Thallus unicellular; cells sometimes loosely,
sometimes closely joined into simiple filaments, @ most genera constricted into
two equal and symmetrical halees.  Chloroplasts one or several in each cell,
usually of definite form. Many of the plants of this family are remarkable for
their beauty of form. Any cell may become a gametanginm.

Family 1. ZYGNEMACEZ.

This family of Conjugates has a world-wide distribution and
includes some of the commonest and most striking of freshwater
Alge.  The thallus is in every instance filamentous and consists of



Zygnemacew 117

a single series of cylindrical cells forming an unbranched filament.
Rare instances of branching are known, but the branches have
been limited to short lateral outgrowths consisting only of a few
cells ;: such outgrowths have been observed in the genera Zygnemna
and Mougeotia®. Shmilarly, longitudinal septa of an incomplete
character have been observed in Zygnema pachydermum West, var.
confervoides West®.  Rhizoid-like organs of attachment or haptera
are of frequent occurrence in young plants of Spirogyre and
Mougeotia, but have not been noticed in any of the other genera of
Zygnemacez, They are usually simple or branched outgrowths
near the base of the filament, but in Spirogyre they may arise by
the modification of a conjugating-tube which has been protruded
by a cell some distance removed from those cells actnally engaged
in conjugation. This is yet another proof of the inercased activity
of the filament as a whole during conjugation.

The Zygnemacea is divided into three sub-families, of which
the Pyxisporese is only known from tropical Africa. The two
British sub-famihies are:—

Sub-family 1. Mesocarper. Conjugation forming a zygospore which
immediately develops a sporocarp of several cells, one of which is the
spore (carpospore). The gametophyte is developed from. this spore
after a period of rest.

Sub-family 2. Zygremeer. Conjugation producing a zygospore which
after a period of rest develops directly into a new gametophyte.

Sub-family I. MESOCARPE.E.

“The plants of this sub-family are the narrowest and most
delicate of the filamentous Zygnemacee. There is a great varia-
bility in the diameter and relative length of the ecells, and the
cell-wall is relatively thin. The cells contain a single chloroplast,
generally in the form of a thin axile plate, which may extend from
end to end or only occupy the median portion of the cell.  Kach
chloroplast contains several pyrenoids arranged in a single longi-
tudinal series. The chloroplasts of adjacent cells nsnally lie in the
same plane, so that a whole filament of cells may exhibit the full
breadth of the chloroplasts or it may be in a position such that
only the thin edge of the chloroplasts can be seen. The action of
light causes a rotation of the plate-like chloroplasts of Mougeotia.

1 West & G. S. West in Ann. Bot. 1898, xlv, p. 32, t. iv, f. 17, 18, 19 and 41.
2 West, ¢ Alg. from the W. Indies,” Journ. Linn. Soc. Bot. xxx, t. xiv, f. 5.
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In diffused daylight they place themselves at right angles to the
direction of the incident rays, but in strong sunlight the edge of
the plate is directed towards the light. This has long been known
to students of Algm and special mention of it was made by Beunett.
Quite recently this phenomenon, which is well exhibited by the
chloroplasts of many green plants, has been further inve stigated
and it has been shown that the chloroplast occupies on an average
about 30 minntes in rotating through 90°.'  Apart from the lining
layer of protoplasm and the chloroplast, a considerable proportion
of the cell-cavity is usually occupied by large fluid vacuoles.

Vegetative multiplication frequently occurs by the dissociation
of a filament into its constituent cells, each of which forms a new
plant by rapid cell-division.

Asexnal reproduction takes place occasionally in Mougeotia by
the formation of spores resembling aplanospores® These spores
are produced by the division of a vegetative cell and they may be
regarded as carpospores formed from sporocarps (consisting of three
cells) produced without conjugation, but possibly i consequence
of the stimulus which has already cansed conjugation to take place
in a distant part of the filament. In the genus Gonatonema repro-
duction is solely by the formation of aplanospores, the whole of the
contents of a single cell being generally, but not always, utilized
in the formation of a spore. It has been noticed in the three best
known species of Gonatonema (viz. G. ventricosum Wittr., G. Bood-
lee W. & G. S. West, and G. tropicumn W. & G. S. West) that
during the formation of the spore, and just before the rounding off
of the protoplasmic mass, there is sometimes a more or less
complete division of the cell-contents into two parts®. I have care-
fully studi¢d the formation of aplanospores in this genus and this
curious separation of the cell-contents into rudimentary gametes
is by no means of frequent ocemrrence. It is most likely a slight
retention of the last traces of ancestral sexual characters, the
spores having arisen at one time by a process of conjugation.

Sexnal reproduction of a Jow type takes place in Mougeotia by
conjugation. This almost always oceurs between the cells of
different filaments which are lying side by side. Each cell puts

1 T, J, Lewis in Ann. Bot. xii, 1898.
2 Wittrock, ¢ Om Gotl. och Ol. Sotv. Alg.,” Bihang till K Sv. Vet.-Akad. Handl.
Bd 1, no. 1, 1872 t. u,f 7 and 8.

3'W. & G. 8. West in Ann. Bot. 1‘498 xlv, p. 89, t. iv, f. 3; Trans. Roy. Irish
Acad. xxxii, sect. B, 1902, p. 17, t. i, f. 5
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out a protuberance on the side towards the other fitkunent, and
this meets with a similar protuberance from one of the opposite
cells.  The ends of the protuberances fuse together and an open
tube is formed placing the two conjugating cells in communication
with each other. This is known as the conjugating-tube. During
the development of the protuberances and their ultimate fusion
the greater part of the protoplasmic contents of each cell, mcluding
the chloroplast, contracts away from the wall of the gametanginm
and passes into the conjugating-tube. There, a coaleseence of the
gametes takes place, resulting in the formation of a zygospore,
which, although a compact mass situated in the conjugating-tube,
is not at first eut off from the rest of the protoplasm left in the
gametangia.  Wittrock regards the entire H-shaped structure,
consisting of the two gametangia and the conjugating-tube, as the
zygospore.  Cell-walls soon appear in this structure, indicating the
formation of a rudimentary sporocarp, and they cut off a central
fertile carpospore from the surrounding sterile cells (two, three, or
four in number).  Thus, the Mesocarpew atford an instance in the
green Algwe of a sporophyte generation and a rudimentary ‘alterna-
tion of generations.’

The method of spore-formation met with in Mougeotia differs
materially from that which ocenrs in the Zygnemese. The spore is
not formed by the development of a new cell-wall around the fused
gametes, but by the appearance of partition walls which ent off
some part of the H-shaped structure in which fusion of the gametes
has taken place. Thus, the spore in the Mesocarpes can be re-
garded as a carpospore which is bounded partly by new walls and
partly by the walls of the gametangia or the conjugating-tube.

The type of conjugation between the cells of distinet filaments
is known as scalariform conjugation. In some cases conjugation
occurs between adjacent cells of the same filament. This type 1s
known as lateral conijugation, and althongh commonly met with in
the Zygnemes, is very rarely observed in the Mesocarpes.

Irregularities are sometimes met with in the conjugation of
Mougeotia. Cases have been observed in which the terminal cell
of a filament has entered into conjugation through its free end, no
conjugating-tube being developed, and rare instances occur in
which three cells, each belonging to distinet filaments, have entered
into conjugation. Equally rare are the hybrid examples in which
conjugation has occurred between species of Mougeotia of differcnt
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thickness.  Two carpospores have been observed to be formed in
one sporocarp of Mougeotia capucina; this is precisely analogous
to the double spores met with in certain Desmids and in abnormal
cases of Spirogyra.

Fig. 44, A, Mougeotia sp., from Frizinghall, W. Yorks., young filament showing
organ of attachment (x 100). B, Mougeotia capucina (Bory) Ag., from the
New Forest, Hants., showing edge of plate-like chloroplast (x430). C, M.
viridis (Kiitz.) Wittr. ( x 445). D—H, M. parvula Hass.; D—F, from Epping
Forest, Essex; G and H, from near Settle, W. Yorks. (x445). I, M. gracil-
lima (Hass.) Wittr., from Esher West-end Common, Surrey ( x 445). cp, carpo-
spore ; sp, sporocarp; z, zygospore (of Wittrock).
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Indications of sexuality are to be found in the Mesocarpea,
but they are much less marked than in the Zygnemewm. The
spores are often scen to be situated nearer to one gametangium
and the conjugating-tube of that gametangium to be thicker and
shorter than that of the other: hence the former may be looked
upon as a female cell and the latter as a male cell.  As these
indications of sexunality are scarcely discernible and often absent,
the Mesocarpee may be regarded as having lost almost all traces
of differentiation of sex.

Genus Mougeotia Ag., 1824. [Staurospermum Kiitz,, 1843;
Mesocarpus Hass., 1845 ; Craterospermum Braun, 1855; Plagio-
spermum Cleve, 1868.] The thallus consists of cylindrical un-
branched filaments of elongated cells.  The single chloroplast is
disposed as an axile plate, extending from end to end of the cell or
only occupying the median portion. The pyrenoids are nmmnerouns
and usually arranged in a single series. In M. capucina the
chloroplast sometimes assumes the forin of an irregular axile rod,
connected with the lining layer of protoplasin by fine colourless
strands, and the vacuoles contain a purple cell-sap. In some
species the carpospores are spherical, but in others they are quad-
rate and more or less flattened, with rounded or truneated angles.
Species of this genns were at one time refared to various genera,
such as Mesocarpus, Staurospermum, ete., according to the disposi-
tion of the sterile cells of the sporocarp and the form of the carpo-
spores, but all the supposed generic differences have been found
by Wittrock to be present in one and the same filament of
Mougeotia calcarea Wittr. Throughout the entire genus theve is
great variability in the relative size of the carpospore and the
sterile cells of the sporocarp.

In mountain tarns and lakes species of this genus are extremely
abundant, and they flonrish in the summer months in small pools
on the monntains up to 3,000 ft. elevation. In these situations
the plants rarely conjugate and they are kept alive through the
winter largely by the formation of resting-cells or ‘cysts, which
are of the same form as the ordinary vegetative cells. In the
plankton of large lakes the filaments are often much twisted and
coiled.

There are about 15 British species of the genus, of which J. scalaris Hass.
(diameter of fil. 32—35 u) is the largest and M. elegantula Wittr. (diameter of
fil. 3:5—4'5 p) is one of the smallest. The two most abundant species are
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M. parvela Hass. (fig. 44 D—H) and M. gracidlima (Hass.) Wittr. (fig. 44 1),
which conjugate freely in all parts of the country and at all elevations up to
1,200 ft. M. genufleva (Dillw.) Ag. is a frequent species in ditches and ponds.
M. gelatinosa Wittr. is one of the rarest British species, being characterized
by the curious gelatinous investment of the carpospore.

Genus Gonatonema Wittr, 1878. The thallus is similar in
all respects to that of Mougeotia, but the reproduction 1s brought
about solely by the formation of aplanospores, the filaments usnally
becoming gennflexed at the points of location of the spores. Each

Fig. 45. A—F, Gonatonema Boodlei W. & G. S. West, from Mitcham Common,
Surrey. G—J, G. ventricosum Wittr., from the river above Crolly Bridge,
Donegal, Ireland. (All x443.) a, aplanospore.
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spore 1s formed by the rejuvenescence of the contents of the
mother-cell, and there is a greater difference in size between the
spores of species of this genus than can be accounted for by the
difference m enbical capacity of the mother-cells,

Plants of this genus are of much rarer occurrence than those of Wougeotio ;
in fact, they are amongst the rarest of the Conjugate. - notubile (Hass.)
Wittr., with vegetative cells 12—15 p in diameter, has not been seen since its
discovery by Hassal in 1845. G\ ventricosum Wittr, (fig. 45 G—J), with veg.
cells 7586 p in diameter, is known from Ireland; and . Boodlei W. &
G. 8. West (fig. 46 A—F), with veg. cells 5—55 p in diameter, has been found
in Swrrey. The aplanospores of G, wventricosum arve likewise considerably
different from those of . Boodlei and they are sometimes produced by the
swelling of the free end of the terminal cell of a filament.

Sub-family II.  ZYGNEMEA.

The plants of this sub-family consist of unbranched filaments
of cells similar to those of the Mesocarpex, but usnally of much
larger size.  There is a lining layer of protoplasm in each cell and
the nucleus is situated in the central portion of the cell, embedded
in a mass of protoplasm which is connected with the lining layer
by numerous radiating strands, Gerassimoft! finds certain cells of
Spirogyra majuscule to contain two ordinary nuclei or one com-
pound nuclens. The chloroplasts, which contain prominent pyre-
noids, are somewhat variable in form and disposition ; in Debarya
there is a single axile plate similar to that of Mougeotic: in
Zygnema there are two star-shaped chloroplasts snspended in the
middle line of the cell; and in Spirogyra the chlorophyll is
arranged in one or more bands twisted spirally round the interior
of the cell-wall. The chloroplasts of Spirogyra are very variable
and special reference is made to this feature under the genus.

Vegetative mnltiplication takes place as in the Mesocarpez by
the breaking up of a filament into its constituent cells, or into
groups of cells, which then grow into new filaments.

Asexnal reproduction sometimes takes place by the formation
of aplanospores, which are produced from the contents of a single
cell. They are more frequently found in Zygnema than in Spiro-
gyre, and until the discovery of Z. spontaneum Nordst. in West
Africa?, the only known method of reproduction of this species was

1 Gerassimoff in Bull. Soc. Imp. Nat. Moscou, 1897.
® W. & G. S. West in Journ. Bot. Febr. 1897, p. 15.
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an asexual onel. The aplanospores (or, as they are frequently
termed, ¢ parthenospores’) of Zygnema are generally globular and
rather smaller than the zygospores, but those of Spirogyra are as
a rule very similar in form to the zygospores. Klebs has stated
that parthenogenetic resting-spores can be produced in filaments
with long conjugating-tubes by placing them in a strong solution
of sugar. Spirogyra mirabilis (Hass.) Petit 1s reproduced solely
by spores resembling aplanospores, but produced by a degenerate
form of conjugation®. Many of the upland forms of Zygnema
habitually form solitary resting-cells or ‘cysts’ in order to survive
the winter.

Sexnal reproduction takes place by conjugation in all the
genera of this sub-family. The nsual type of conjugation is scala-
riform, between the cells of two distinet filaments. The conju-
gating-tube is formed exactly as in Mougeotia, and in all except
species of the genus Debarya and certain species of Zygnema
belonging to the section Zygogonium, the fusion of the gametes
takes place i one of the gametangia. In the formation of a
gamete the protoplasmic mass contracts away from the cell-wall,
the chloroplast loses much of its original form, and the mass
becomes of an ellipsoidal shape. The whole of this mass then
glides gradually from its gametangium through the conjugating-
tube into the opposite gametangium. The gametes may coalesce
immediately on contact and before the one has completely passed
throngh the conjugating-tube, or they may lie side by side in the
gametangium before fusing. On the coalescence of the gametes
and the fusion of their nuclei the mass generally assumes a spheri-
cal or ellipsoidal form, develops a thick cell-wall and 1s known as
the zygospore (or zygote).

The cell in which the fusion of the gametes takes place and
therefore the one in which the zygospore is formed, is known as
the female cell, and the one which is emptied as the male cell;
and that part of the conjugating-tube developed from the female

1 Nordst, ‘Alg. et Char. Sandvie.’ 1878, p. 17, t. 1, f. 23, 24,

2 Petit in his ¢ Spirogyra des envir. de Paris,” . 14, writes concerning S. mira-
bilis: ““‘Cette trés curieuse espéce ne conjugue pas et ne laisse voir aucun tabe
copulateur; & une certaine époque de la vie de la plante, les cellules renflent vers le
milieu, ’endochrome se partage en deux parties qui se concentrent sous forme de
globule aux deux extrémités de la cellule; 1l se forme ainsi une différentiation entre
les parties de ’endochrome. Bientot les deux globules se rapprochent vers la partie
renflée de la cellule et finissent par se réunir en constituent ainsi la zygospore.”

This is a similar phenomenon to that which occasionally occurs in the formation of
the aplanospores of Gonatonema. (Consult page 118.)
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cell 1s usually thicker and shorter than the part developed frowmn
the male cell. The female cells frequently become much swollen
after the fusion of the gametes.

On the examination of a large number of conjugated examples
of either Spirogyra or Zygnema one feature must impress itself
even on a casual observer, namely, that “the direction of conjuga-
tion is clearly governed by some physiological law, the movement
of protoplasm between the two filunents almost invariably taking
place in one direction only, so that one of the two conjugating
filuments is entirely emptied, while the other is filled with zygo-
sperms’.”  Thus, the cells of one filament usnally become all of
the same sex.

Two filaments are generally concerned in an example of scala-
riform conjugation, but three, four, five, six, or more, are occasion-
ally seen (vide fig. 49 A). Such are mostly cases of polygamy or
polyandry, and statisties seem to show that the former is the more
frequent.

Lateral conjugation, or conjugation between adjoining cells of
the same filament, is frequently observed, but it is much scarcer
than scalariform conjugation and may be regarded as exceptional.
It is more often met with in Spirogyra than in Zygnema and is
especially frequent in some of the smaller species, such as S
tenuissima  (Hass.) - Kiitz., S. inflate (Vanch.) Rabenh., and S.
varians (Hass.) Kiitz.  Cross-conjugation, in which some cells of
the filaments are male and others female, and therefore in which
perfectly normal zygospores are found in both filaments, is exceed-
ingly rare. In both lateral and cross-conjugation, as was mentioned
in the general remarks nnder the order Conjugatee, a differentia-
tion of sex must take place amongst the cells of the same filament,
some becoming male and others female.

Sometimes certain irregnlarities are met with in the conjuga-
tion, and these are no donbt largely due to the increased funetional
activity of all the cells of the filaments which is such a striking
accompaniment to conjugation. Zygospores are occasionally ob-
served which have been produced by the coalescence of three
gametes, two male and one female®, but attempts of this nature

0‘ Bennett and Murray, ‘A Handbook of Cryptogamic Botany,” London, 1889,
t EG%Vest in Notarisia 1891, vi, t. xiii, f. 13; Borge in Bihang till K. Sv. Vet.-

Akad. Handl. Bd 17, 1891, no. 2, t. i, f. 25 W. & G. 8. West in Ann. Bot. xii,
1898, t. v, f. 66.
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are usually abortive! (fig. 49 B). Gerassimoft has observed the
conjugation of two female cells with one male cell and the forma-
tion of the zygospore by the coalescence of the protoplasm of the
male cell with that of one of the female cells, a parthenospore
being formed in the other female cell. In those plants of the
Zygnemewe in which the zygospore is formed in the conjugating-
tube, conjugation between three cells entails the production of
two zygospores, each of which is less than the normal size. Owing
to sudden changes of local conditions it frequently happens that
the conjugation has been brought to an abrupt termination before
the proper formation of the zygospores has taken place. In such
cases of interrupted conjugation the spores are apt to be very
variable ; sometimes the spore is not of its true form, and at other
times one small one 1s formed in each gametangium or two small
ones in the female gametangium? The discovery by Gerassimoff
of binucleated cells in the Zygnemea may perhaps afford an expla-
nation of some of these irrregulanties of conjugation. He states
that in the conjugation of binucleated cells parthenospores were
sometimes observed.

Rare instances of hybrids are known, in which conjugation,
with the production of zygospores, has occurred between filaments
of different species®.

The ripe zygospores possess a thick wall of cellulose which 1s
divisible into three coats, the outer one being cuticularized and
the middle one usually exhibiting some form of sculptured mark-
ings. The contents of the zygospore often turn red in colour and
develop a large amount of oily material.  Sometimes the chloro-
plasts of the two gametes remain intact in the zygospore; some-
times those of the female remain intact and those of the male
disintegrate ; but it is quite a common thing for the chloroplasts
to completely disintegrate before the fusion of the gametes. The
zygospores undergo a period of rest, surviving the winter or even
a period of drought, and they usnally germinate after the conju-

1 W. & G. S. West, L c. figs. 67 and 69; Schmula in Hedwigia, xxxviii, 1899.
(c. fig.) Copeland states that in such a case the nucleus of the abortive male cell
is situated against the wall opposite, remote from the conjugating-tube. (Cf. Bull,
Torr. Bot. Club, xxix, 1902.)

2 Rosenvinge in Ofvers. K. Vet.-Akad. Forh. 1883, no. 8, t. viii, f. 1—11; West
in Notarisia 1891, vi, t. xiii, f. 27, 28; Hansgirg in Hedwigia 1888, t. x, f. 6;
W. & G. S. West, L. e. t. v, f. 74—80.

3 Cf. Spirogyra wmaxima var. inequalis Wolle Freshw. Alg. u. s. t. exxxviii,
f. 5, 6; t. exlii, f. 5, 6; W. & G. S. West, 1. c. t. v, f. 70, 71.
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gating filaments have entirely perished. In Spirogyra the two
outer coats are ruptured, generally at one end of the spore, and
the protoplasm is protruded as a filament clothed with the inner-
most cellulose wall. This filament becomes divided by a transverse
septum, one cell becoming an organ of attachment and containing
little or no chlorophyll, whereas the other cell increases in size,
contains one or more chloroplasts, and by repeated divisions forms
a filament. The distinetion between base and apex is soon lost
and the filament floats freely in the water. Organs of attachment
have, however, been observed to be developed subsequently from
older cells. In the germination of zygospores of Zygnema the
distinction into base and apex is scarcely evident,

Certain of the zygospores of Spirogyra wvelata Nordst. have
been observed to germinate immediately after their formation
without the development of a thick cell-wall (fig. 49 E and F)!.

Genus Debarya Wittr, 1872, [Mougeotiopsis Palla 1894.]
The thallus consists of simple, cylindrical filaments, with or without
a distinct constriction between the cells, and with a thin external
mucous covering. There is one chloroplast in each cell, disposed
as an axile plate similar to that of Mougeotie, and containing
several pyrenoids. In rare instances pyrenoids ave absent. The
gametes are formed from the entire contents of the gametangium
and conjugation takes place in the conjugating-tube, the mature
zygospore occupying a position between the gametangia. The
zygospores are very variable in character and there are consider-
able differences in the actual processes of conjugation, but in one
curious fact all the species agree. A peculiar change comes over
the empty gametangia as the zygospore is being formed; they
become very clear and refractive, and sometimes a series of stria-
tions become visible parallel to the transverse walls. They have
at this stage the appearance of solidity, most likely owing to the
deposition of annular thickenings of cellulose inside the cell-wall
on the receding of the protoplasm during conjugation. This
feature 1s noticeable not only in living specimens, but also in old,
preserved examples.

All the species of this genus are of rarve oceurrence. 0. glyptosperma (De

Bary) Wittr. is more widely distributed than the others: the cells are 9 15 “
in thickness and 6—15 times longer than the diameter; the conjugating-tubes

I W. & G. S. West in Ann. Bot. xii, 1898, t, v, {. 84, 85.
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are often very long and the zygospore is large and ellipsoidal, frequently with
one or two mamillate protuberances at the poles; length of zygosp. 35—72 p,
breadth 1640 u (fig. 46 A). D. levis (Kiitz.) W. & G. S. West is a larger
species with shorter cells, which are 20—26 p in thickness and 2}—4 times

Fig. 46. A, Debarya glyptosperma (De Bary) Wittr., from Fairfield, Westmoreland
(x275). B, D. calospora (Palla) W. & G. 8. West, from Pilmoor, N. Yorks.
(x430). C—E, D. leris (Kiitz.) W. & G. S. West, from Mitcham Common,
Surrey; C, x180; D, x 250; E, mature zygospore, x 430. ¥ —I, D. Desmidi-
oides W. & G. S. West, from near the Lizard, Cornwall ( x 430).

longer than the diameter. The zypospore is ellipsoidal (4450 p x 29—36 p)
with a scrobiculate middle coat (fig. 46 C—E). D. calospora (Palla) W. &
G. 8. West is 11—13 p in diameter; the zygospores are subglobose or ellip-
soidal, 18—26 p in diameter, and ornamented with large scrobiculations

g
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(fig. 46 B). Pallal placed this species under a new genus of the Conjugatie
owing to the absence of pyrenoids in the plants he observed. More recently,
however, precisely the same species has been discovered with pyrenoids, and
as the latter are subject to much variability their presence or absence is of no
generic value?. The most remarkable species of the genus is 7). Desmidioides
W. & G. S. West3, which, up to the present time, has only been observed
from Cornwall. The cells are short, only 21—6% times longer than the
diameter and 7-7—8:6 p in thiekness (fig. 46 F—I). There is a most evident
constriction between all the cells of the filaments, and the latter dissociate
with the greatest ease into their individual cells, eonjugation only occurring
between the free, dissociated cells. This plant throws much light on the
origin of the Desmidiacez.

Genns Zygnema Ag., 1824. [Zygogonium Kiitz. 1843.] The
filaments are simple, consisting of a single series of cylindrical
cells placed end to end, and sometimes exhibiting a slight con-
striction at the points of junction. Kach filament possesses an
external mucons coat which is sometimes remarkable for its size
and strength. There are two star-shaped chloroplasts suspended
in the median line of each cell, cach one containing a single
large pyrenoid. Sometimes the chloroplasts are very indefinite,
their form and disposition being difficult to make out. This is
particularly the case in Z. ericetorum (Kiitz.) Hansg., some forms
of which greatly resemble species of Microspora or of Rlizoclonium.
The coalescence of the gametes takes place either in one of the
gametangia (the female) or in the conjugating-tube. Species in
which the latter occurs were referred by Kiitzing to a separate
genus—Zygogontum. The zygospores are globose or ellipsoid.

There are about a dozen British species of this genus, of which Z. ericetorum
(Kiitz.) Hansg. (fig. 47 C) is the most widely distributed. This species lives
equally well in water or on damp heaths or peaty moors, and it frequently
assumes a purple or violet colour owing to the formation of phycoporphyrin
in the cell-sap. It is an Alga whieh fulfils an important function on some of
the heaths and moors. In the drier and hotter periods of the year, thickly-
matted sheets of Z. ericetorum, often many square feet in extent, are found
covering wide patches of almost bare sand or peat, round such plants as
Drosera, Carices, ete. These mats of Zygnema have great absorptive capacity,
greedily taking up water, and in this way they regulate the moisture of the
surfaee soil, the thriving of some of the smaller Phanerogams depending to a

! E. Palla, ¢ Ueber eine neue, pyrenoidlose Art und Gattung der Conjugaten,’
Berichte Dentsch. Bot. Gesellsch. xii, 1894, Heft 8, pp. 2283—236, t. xviii.

2 W. & G. S. West in Ann. Bot. xii, 1898, p. 49; in Journ. Bot. Aug. 1900,
p. 289.

3 W. & G. S. West in Journ. Bot. 1903, p. 7 (Sep.), t. 446, f. 1—9.

W. A. )
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great extent on the presence of the Zygnemal. Z. ericetoruwin very rarely con-
jugates, and mature zygospores, which are found in the conjugating-tube, have
only been observed on one or two occasions. The filaments are 15—22 p in
diameter and the cells often hecome irregularly thickened.

B

b
| S —
F .

Fig. 47. A, Zygnema stellinum (Vaueh.) Ag., from Cam Fell, W. Yorks. ( x 430).
B, Z. Vaucherii Ag. var. stagnale (Hass.) Kirchn., from near the Lizard,
Cornwall (x430). C, Z. ericetorum (Kiitz.) Hansg., from Rombald’s Moor,
W. Yorks. (x415). D, Z. leiospermum De Bary, from Esher Common, Surrey
(% 430), a portion of a filament which was conjugating along the greater part
of its length. E, Z. insigne (Hass.) Kiitz., from Malham, W. Yorks. (x 330).
¥, Z. Ralfsii (Hass.) De Bary, from Chippenham Fen, Cambridgeshire ( x 430).
ap, aplanospore.

[ & s »

1 This phenomenon is much more evident in some parts of the tropies, and
attention was first called to it by Welwitsch in the ¢ Journal of Travel and Natural
History,” vol. i, 1868. In the damp sandy valley of the Cuanza River, in Angola,
the Alga Porphyrosiphon Notarisii occurs in extensive sheets, closely spread like a
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Z. pectinatum (Vauch.) Ag., Z. cruciatum (Vaunch.) Ag. and Z. insigne
(Hass.) Kiitz. (fig. 47 E) are the three largest British species, usually occurring
in ponds or in road-side ditches. The smallest form of the genusis Z. Vawuch-
erdi Ag. var. stagnale (Hass,) Kirchn. (fig. 47 B), the filaments of which reach
a maximum thickness of 13 p.  Z. anomalum (Hass.) Cooke is a species
largely confined to upland bogs and is remarkable for its wide mucous in-
vestment.

Genus Spirogyra Link, 1820. This is the best known and
most abundant genus of Conjugate, and 1t has a distinct preference
for low-lying, quiet waters,
such as those of ponds
and ditches, The fila-
ments are quite simple
and occur in bright green
flocculent masses, often
several feet in diameter.
The cells are cylindrical
and they exhibit great
variability both with re-
gard to their diameter
and their relative length.
The cell-wall 1s firm, with
an outer mucous coat
which renders the plants
very slimy. In most
species the transverse
cell-walls are quite plane,
but in some of the smaller
SpeCieS there is a curions Fig. 48. A, Spirogyra majuscula Kiitz., from
annular ingr()wth of cel- Coates, Gloucestershire, single cell showing chloro-

plasts and nucleus (x 300). B, Spirogyra sp.,

lulose at the ends of each from Coates, Gloucestersliire ( x 370). C, S. tenuis-

cell(vide fig.48 C). When sima (Hass,)Kiitz., from Mitcham Common, Surrey
o (% 390). n, nucleus.

thisispresent thecells are

said to possess “replicate ends.” It 1s a character which is constant

for the species in which it is found, although the ingrowths are not
2 t=)

net over the soil, intergrown with small herbaceous plants and shrubs. The mat-
like sheets of the Alga eagerly absorb the atmospheric moisture during dewy nights,
affording by this means a refreshing protection to the roots of many other and
larger plants during the glowing heat of the following day. Welwitsch states that
the growth and thriving of the numerous small phanerogamous plants in these
places is conditional on the co-presence of the Alga. Cfr W. & G. S. West in
Journ. Bot. 1897, p. 303.

9—2
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necessarily present at the extremities of every cell in the filament.
The nuclens is situated in the central portion of the cell and the
protoplasm in which it is embedded is connected with the lining
primordial utricle by numerous delicate strands. Many of these
strands reach the lining protoplasm exactly opposite a pyrenoid,
and as the starch formed during carbon-assimilation makes its
appearance round the pyrenoids, this fact has been brought forward
as a reason for supposing the nucleus to have a direct function in
starch-formation. The nucleus is often clearly visible in living
specimens, partienlarly of S. majuscula IKiitz. and S. pellucida
(Hass.) Kiitz. Mitotic division has been observed in this nucleus
by Mitzkewitsch and by C. van Wisselingh, and Gerassimoff has
observed cells with either a compound nuclens or two ordinary
nuelei.

The chloroplasts are the most striking feature of Algw belonging
to this genus. They are disposed in the primordial utricle in the
form of spiral bands, and they vary in number from one to about
six or seven in each cell. In some species they are coiled into
very close spirals, but in others they are practically straight and
longitudinal ; in some, as in S. neglecta (Hass.) Kiitz., their margins
are quite smooth and there is a regular axile series of pyrenoids;
in others, as in S. wtide (Dillw.) Link or S. porticalis (Vauch.)
Cleve, the spiral bands are very broad, with serrated margins and
scattered pyrenoids. Between these two extremes there is every
gradation, and the character of the chloroplasts always remains
constant for any particular species, even though the number of
them may vary in ditferent cells of the same filament. It has been
ascertained by Kolkwitz! that the chloroplasts grow in length in
the dircetion of the coils by both apical and intercalary growth ;
and therefore, as this is obliquely to the surface of the cell-wall,
there is a ghiding motion of the spiral bands through the primordial
utricle.

The coalescence of the gametes takes place in all cases in the
female gametanginm, which often swells up to twice its normal
size. The zygospores may be globular, ellipsoidal, eylindrical with
obtuse ends, or they may more rarely assume the form of
flattened dises ; and the middle coat of the zygospore is frequently
ornamented with distinctive markings.

! Kolkwitz in Festschr. f. Swendener, 1899, pp. 271—287.



.

Zygnemacec 133

Fig. 49. A, Spirogyra nitida (Dillw.) Link, from near Morecambe, Lancashire; scala-
riform conjugation between six filaments (X 75). B, S. setiformis (Roth) Kiitz.,
showing frustrated attempts at the conjugation of two male cells and one
female cell (x90). C, S. Spréeiana Rabenlh., from near Esher, Surrey ( x 390).
D, S. inflata (Vauch.) Rabenh., from near Esher, Surrey; showing lateral
conjugation (x390). E and F, zygospores of S. velata Nordst., from Shipley
Glen, W. Yorks., germinating immediately after their formation and before the
differentiation of the wall of the zygospore (x 165). G, germination of zygo-
spore of S. velata after normal pertod of rest { x 230).
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There are about 24 British species of the genus, S. gracilis (Hass.) Kiitz.
being the smallest, with a minimum thickness of about 10 p, and S. erassa
Kiitz. the largest, with a maximum thickness of about 150 u. Several species,
such as S. tenuwissima (Hass.) Kiita, (fig. 48 C), S. gracilis (Hass.) Kiitz,
S. communis (Hass.) Kiitz., S. variuns (Hass.) Kiitz. and 8. watida (Dillw.)
Link (fiz. 49 A), are abundant in every part of the British Islands except in
the most mountainons districts. 8. veluta Nordst. and .S. ealospora Cleve are
notable for their beautifully marked zygospores.

Plants of this genus often cause trouble in cress-beds, the
matted masses of Spirogyra preventing the growth of the cress
plants.

Genus Choaspis S. F. Gray, 1821, [Sirogonium Kiitz, 1843.]
It 1s very doubtful if this genus should be separated from Spirogyra.
The filaments are similar
to those of many species
of the latter genus and
the chloroplasts, although
more or less straight
and longitndinal, are not
straighter than those of
Spirogyra mujuscula  or
S. pellucida.  There are,
however, certain constant
distinctions. There is a
remarkable absence of
the external mucous coat,
in consequence of which
this is the only Conjugate

Fig. 50. A—C, Choaspis stictica (Eng. Bot.) which 1is not s]imy or
0.K., from Ingleton, W. Yorks. (x 120).

slippery.  The process of
conjugation is peculiar. The gametangia, more especially the female
one, become swollen and sometimes genuflexed. The conjugating-
tubes are not distinet, but the walls of the gametangia come into
apposition and a perforation is formed at the point of contact.
The chloroplasts also completely disintegrate, even before the
gametes have receded from the walls of the gametangia. The
coalescence of the gametes takes place in the female gametanginm.
Conjugation only appears to affect indiscriminately a few of the
cells of the filament, and as these cells are usually shorter than the
ordinary vegetative cells, they may perhaps be specially set apart
as sexual cells, almost comparable to those which are specially cut
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off in the Temnogametacer. Gray’s description of Choaspis® is
a very good one and is twenty-two years previous to Kiitzing’s
description of Sirogonium.

Ch. stictica (Eng. Bot.) O. Kunze [ = Strogoniuin sticticum Kiitz.]is the only
British species (fig. 50 A—C). The cells are 2--6 times longer than their
diameter (which is 4050 p), and there are several more or less longitudinal
chloroplasts. The zygospores are ellipsoidal, about 75 p in length and 42 g in
breadth. The plants usually occur attached to stones over which the water
is running fairly fast; they are also said to occur in stagnant water.

Family 2. DESMIDIACEZ.

The plants included in this family are remarkable for their
great diversity of form and their wonderful symmetry. Indeed,
the group includes some of the most beautiful of microscopie
objects.  They are unicellular plants and the major portion of
them lead a solitary existence. Certain of them are, however,
associated in colonies and others are more or Jess closely united
into long filaments. They are essentially free-floating Alga and
frequently occur 1n enormous abundance in small ponds, in the
quiet margins of lakes, and in other favourable localities.

Most Desmids exhibit a more or less distinet constriction into
two perfectly symmetrical halves; each half is termed a semaicell
and the narrower part connecting the two semicells is known as
the isthmus. The angle resnlting on either side from the con-
striction or narrowing of the cell is known as the sinus.

One of the most striking features of the family is the extra-
ordinary complexity of the cell-ontlines. The cell is often deeply
lobed or incised, and the exterior of the cell-wall is frequently
covered with grannles, spines, wart-like thickenings, or other pro-
tuberances, most of which have a definite pattern of arrangement.
This firmer portion of the cell-wall consists chiefly of cellulose, and
external to it are layers of gelatinous pectose compounds. The
latter often form a thick mucilaginous coat completely surrounding
the individual, or, as in the case of colonial forms, entirely envelop-
ing the colony. It is by means of this mucilaginous envelope
that Desmids adhere to other larger aquatic plants,-and sometimes,
when the conditions have been favonrable for rapid multiplication,
enormons numbers of individuals oceur embedded in masses of
jelly. Sometimes the mucus is very tongh. In the genus Spon-

1 8. F. Gray, Arrang. Brit. Plants, 1821, vol. i, p. 299.
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dylosium the cells are united into filaments by mucous threads
passing between their apposed ends, and the filaments break much
more readily across the isthmus of a cell than at the points of
apical attachment.

The minute structure of the cell-wall was first studied by
Klebs! who examined the nature of the gelatinons outer coat and
also demonstrated the presence of pores in the cell-wall.  Shortly
afterwards Liitkemiiller? described the pores in the cell-wall of
Closterium and quite recently he has published a very important
account of the strueture of the cell-wall of Desmids?®.

In a few Desmids—those belonging to the Spirotenice—the
cell-wall consists of a single layer of cellulose of homogencous
structure, but in the majority of Desmids it is composed of two
well differentiated layers. The inner layer is structureless and
consists of cellulose; the outer layer is stronger and thicker, con-
sisting of a ground substance of cellulose throngh which pass
nunmerouns tube-like structures or ‘pore-organs’ The latter are
not composed of cellulose, and a small pore or canal runs through
the middle of each one. The contents of these canals also traverse
the inner layer of the cell-wall and often terminate on its inner
surface in lens-shaped or bulbous swellings. From the outer end
of the pore-organs there often arises a delicate flower-like or club-
shaped structure through which the canal passes.  More often this
structure is entirely wanting or is replaced by a small perforated
button or rod. In many of the larger Desmids there are numerous,
smaller, thread-like pores between the larger canals and only
traversing the outer layer of the cell-wall. Outside the differen-
tiated parts of the cell-wall is the mass of gelatinous pectose
compounds present in so many species, and which is secreted by
the protoplasm and passed ountwards through the pores. This
outer gelatinous coat often exhibits a prismatic or fibrillar struc-
ture and is frequently the home of epiphytes or of numerous rod-
shaped bacteria. The cell-wall sometimes contains a trace of
silica.

With the exception of the lining primordial utricle the

1 Klebs, ¢Ueber Bewegung und Schleimbildung der Desmidiaceen,’ Biol. Centralbl.
Bd v, 1885,

2 Liitkemiiller, * Die Poren der Desmidiaceen Gatt. Closterium Nitzsch,” Oesterr.
botan. Zeitschr. Bd 44, 1894,

3 Liitkemiiller, ‘Die Zellmembran der Desmidiaceen,” Beitriige zur Biol. der
Pilanzen, herausgegeben von ¥. Cohn, Bd viii, Breslau, 1902.
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cytoplasm is variable in 1ts general disposition, the variability
depending largely on the nature and arrangement of the chloro-
plasts. In those Desmids with large, central chloroplasts, vacuoles
may be absent or much reduced, and they are often confined to
one at each extremity of the cell; in others with parietal chloro-
plasts large vacuoles are often present in the central portions of the
cell. The general transparency of the cell-wall enables the circula-
tion of the protoplasm to be seen extremely well, especially in the
larger species.  The nucleus i1s usually embedded in a small mass
of protoplasm in the median part of the cell in the region of the
isthmus, and in some genera is readily visible without the use of
reagents. In the genera Gonatozygon, Closterium and Pleuro-
tentum, and In certain species of the genus Penium, there is a
well marked terminal vacuole at each extremity of the cell, con-
taining one or many moving granules. These granules, which
may be quite wrregular in form or of some definite shape, exhibit
rapid vibratory movements and have in the genus Closterium been
shown to be minute erystals of gypsum. Their movements cease
immediately on the death of the protoplasm.

If Desmids are kept living in small glass vessels for some
time, and therefore under abnormal conditions, curions changes
frequently occur in their protoplasm, resulting in the formation
of large vacuoles which previously did not exist. These vacuoles
generally contain numbers of minnte moving corpuscles which
are somewhat different in appearance from those normally present
mn the apical vacuoles of Closterium. As many as six large
vacuoles can be mnoticed in a single semicell of Pleurotenium
coronatum (Bréb.) Rabenh., each one being partially filled with
an incessantly moving mass of minute corpuscles, which move
freely in the vacuole and always collect towards its base. These
corpuscles or granules are of a pale yellow colour and appear
brown in a thin stratun; but when present in immense numbers
they give the Desmid almost a black appearance. Under abnormal
conditions these moving granules are developed in numerous
genera, such as Penium, Cosmarium, Fuastrum, Micrasterias,
Stawrastrum, Arthrodesmus, ete., and at the same time the cell-
sap in the vacuoles often becomes coloured violet with phycopor-
phyrin, a pigment which occurs normally in the cell-sap of very
few Desmids.

‘ The form and disposition of the chloroplasts are conspicuous
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features of many Desmids. They may be situated in a central
position in the cell or semicell, or they may take the form of
parietal cushions or bands. In the cells of Spirotenia, Mesotw-
niwm, Roya, and in some forms of Cosmocladivm, Gonatozygon and
Peninm, there is only one chloroplast, and the nucleus conse-
quently occuples an asymmetrical position. The majority of
Desmids possess two centrally disposed (axile) chloroplasts, sym-
metrically arranged, one m each semicell, but i Pleurotwnium
and a few species of Cosmarinm, Staurastrum and Xanthidium
there are a number of parietal, cushion-like chloroplasts in each
semicell.  The chloroplasts are very variable in character and dis-
position, and many intermediate conditions are noticed between
truly axile and truly parietal masses of chlorophyll. There can
be little doubt that the axile chloroplast was the original type and
that the parietal condition has been secondarily acquired by
certam Desmids,  In those forms in which the cell is deeply lobed
or incised the chloroplasts often closely follow the cell-ontlines,
being themselves symmetrically lobed.  Pyrenoids are present in
the chloroplasts of all Desmids. In wmost forms one or two pyre-
noids are present in each semicell, but in the large flattened forms
of Kuastrum and Micrasterias, and in the elongated cells of
Closterium, Pewium, Plenrvotwnium, Tetmemorus, ete., the chloro-
plasts nsually contain many pyrenoids. In certain species, such
as Spurotenia ccuta Hilse and Penvum subtile W. & G. S. West,
only a solitary pyrenoid ocenrs in each cell.  In certain genera the
pyrenoids are commonly subject to variation in number and dis-
position’, but in other genera they are remarkably constant.

Under normal conditions  Desmids  frequently exhibit very
active movements. Klebs deseribed four phases of motion in
certain elongated forms, all the movements being due to an
exudation of mucilage, the nature and extent of which has been
recently demonstrated in a few species by Schrioders  The net
result is always a movement in the direction of the strongest
hght, the longest axis of the Desmid being placed in the direction
of the incident rays of strong light and at right angles to those of
feeble light.

Vegetative multiplication takes place by simple cell-division,

! Liitkemiiller, ‘Beobacht. iiber die Chloroph. einig. Desmid.,” Oesterr. botan.
Zeitschrift, xliii, 1893, no. 1; West & G. S. West, in Ann. Bot. xii, 1898, pp. 51,
52, t. iv, f. 30—36; G. S. West in Journ. Linn. Soe. Bot. xxxiv, 1399, pp. 399, 400.

2 Schréder in Verhandl. d. Heidelb. Naturhist.-Med. Vereins, Bd vii, 1902.
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each division occupying about a day in the smaller species and
several days in the larger species.  The first step in this cell-fission
is an clongation of the isthmus, causing a slight separation of the
two semicells. The elongated isthmus generally becomes swollen
and soon shows signs of a constriction midway between the two
semicells. By this time the nueleus has completely divided and

Fig. 51. A, Closterium IEhrenbergii Menegh., from Glyder Fawr, N, Wales ( x 184).
B, Cl. Leibleinii Kiitz., from near March, Cambs. (x 334). C. Micrasterias
oscitans Ralfs, var. mucronata (Dixon) Wille, from Kerry, Ireland (x 184).
D, Penium cucurbitinum Biss., from near St Just, Cornwall (x 433). E, Stawra-
strum  Kjelmanni Wille, from 2600 ft. on Glyder Fawr, N. Wales (x 433).
F, Cosmarium Klebsii Gutw. (a form), from near Ely, Cambs. (x 435).

shortly afterwards the constriction deepens, cutting the median
portion into two young semicells, which usually remain in contact
by their apices until they are practically full-grown. The orna-
mentation of the cell-wall gradunally makes its appearance on the
young semicells as they assnie the normal size. At first they are
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very pale in colour, but the chloroplasts are quickly developed and
pyrenoids soon make their appearance. All Desmids which undergo
normal cell-division at the region of the isthmus consist of one of
the half-cells of the mother and a newly developed half, but in
certain species of Closterium and Peniuwm the cell may consist of
portions of several generations.

Asexual reproduction takes place very occasionally by the
formation of aplanospores. These have been seen in Spondylosium
natens (Wall.) Arch.” and i Hyalotheea neglecta Racib.?

Sexual reproduction of a degenerate type takes place by the
conjugation of two individnal cells and the formation of a zygospore.
The two conjugating cells, which in the vast majority of Desmids
are sexually indistinguishable, approximate and become enveloped
in mucus by a further secretion of the gelatinous pectose con-
stitnents of the cell-wall. In many Desmids the semicells of each
individual come apart at the isthmus and the entire contents of
the cell 1ssue as a gamete, the latter having the appearance of a
protoplasmic vesicle more or less filled with an irregunlar mass of
chlorophyll.  In some species a protuberance of variable size arises
from the isthmus of each conjugating cell, and on the fusion of the
protuberances to form a conjugating-tube, the gametes issne into
it. The union of the gametes results in a zygospore, which
develops a cell-wall with three distinet layers. The inner layer is
thin and colourless, the middle layer is brown and firm, and the
outer layer either retains a smooth surface or becomes covered
with variously arranged warts or spines. Sometimes more than
two cells have participated m the formation of a zygospore, the
latter having been formed by the union of three® or even fourt
gametes.

All the filamentous Desmids dissociate into their individual
cells prior to normal conjugation, with the exception of certain
species of the genus Desmaidinm, and the zygospores are formed
between the conjugating cells i all Desmids except Desmadium
cylindricum Grev. In this species the zygospore is formed within
the female cell as in Spirogyra and Zygnema.

1 Wallich in Ann. Mag. Nat. Hist. ser. 3, vol. v, 1860, t. vii, f. 10, 11; Turner
in Kongl. Sv. Vet.-Akad. Handl. Bd xxv, no. 5, t. xviii, f. 7, 8.

2 W. & G. S. West in Ann. Bot. xii, 1898, t. iv, f. 23—27.

3 West in Journ. Linn. Soe. Bot. xxix, t. xxiv, f. 5; W. & G. S. West in
Journ. Roy. Mier. Soe. 1897, t. vi, f. 5.

4+ Turner, l.c. t. x, f, 16e.



Desmidiace 141

It frequently happens that conjugation takes place immediately
after vegetative division and before the young semicells have
arrived at maturity?, and for any trace of sexuahty to exist nnder
such conditions, one must imagine that the physiological change

ok

z

Fig. 52. A—C, Stawrastrum Dickiei Ralfs; three stages in the conjugation, from
the New Forest, Hants. (x356). D and E, Penium didymocarpum Lund.;
D, conjugation of four individuals just produced by division; E, completed
conjugation showing the double zygospore; from near Balallan, Lewis, Outer
Hebrides (x 464). F, Closterium lineatum Ehrenb., showing the double zygo-
spore, from near Glenties, Donegal, Ireland ( x 100). z, zygospore.

from the vegetative to the reproductive cell oceurs immediately
antecedent to conjugation. Conjugation between adjacent cells of
filamentous species (1.e. lateral conjugation) has been observed in

! Archer in Quart. Journ. Mier, Sci. i, p. 251; W. & G. S. West in Journ.
Roy. Mier. Soc. 1896, p. 151.
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the genera Sphwrozosma and Spondylosium, but species of these
genera conjugate normally only after dissociation of the filaments.

The four Desmids Closteriwm lineatum Ehrenb., Cl. Ralfsii
Bréb. var. hybridum Rabenh., Cylindrocystis diplospora TLund. and
Penivm didymocarpum Lund. normally produce double zygospores,
and I have reason to believe in the last-named species that con-
jugation occurs between four cells produced by two consecutive
vegetative divisions. After carcfully considering the conjugating
examples of this species which I have been fortunate enough to
obtain from several localities, I am forced to the conclusion that
there are two zygospores in close approximation, each one having
been formed by the umion of a distinct pair of gametes (vide
fig. 52 D and E). In the conjugation of the two Closteria mentioned
above, each half-cell produces a gamecte, and here again there are
two zygospores each produced by the union of a pair of gametes,
one from a semicell of each plant.

The zygospore rests for a considerable time before germination.
The actual process of germination was first described by De Bary!?
and has rarely been observed or followed out. The two outer
coats burst and the protoplasinic contents issue in a thin vesicle
composed of an extension of the innermost coat. The contents of
this vesicle divide into two, four, or eight cells, cach of which
becomes invested with a new cell-wall and gradunally assumes the
form of the adult. If the species 1s one with characteristic
markings the first-formed cells are devoid of them, but on the first
vegetative division the new semicells acquire ‘the distinguishing
ornamentation of the species.  The newly formed individuals
divide repeatedly, the first few gemerations showing a slight in-
crease in size.

Only one true case of hybridization has been observed amongst
the Desmids and in that case the development of the zygospore
was not followed out® All other recorded cases of hybrids are
conjectural and most of them are obviously fortns pmduced by
ordinary vegetative division.

There are many strong reasons for regarding the Desmidiaces
as a degenerate family of Conjugata which has originated by retro-
gression from filamentous ancestors. The degeneration has brought

! De Bary, ‘Untersuchungen iiber die Fam. der Conj.,” Leipzig, 1858.

® Archer in Quart. Journ. Mier. Sei. 1875, pp. 414, 415. This was a zygospore
produced by the conjugation of two cells, one of which was Euastrum Didelta (Tuarp.)
Ralfs and the other Euastrum humerosum Ralfs.
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about a loss of the filamentous condition,accompanied by the develop-
uent of specialized morphological characters?, and this has gone on
hand in hand with the loss of sexual differentiation of the conjugating
cells. It has been previously mentioned that Desmidium cylin-
dricum 1s the only known Desmid in which the zygospore is formed
in one of the conjugating cells (presumably the female), and the
occasional reversion to this type of conjugation in Hyalotheca
dissiliens® goes far to prove that in all probability this was the
ancestral type of conjugation in the Desmidiacee. Moreover, it is
a type of conjugation which is represented at present by the
Zygnemewr, although amnongst the Desmids its lingering remains
are ouly found in Desmidivm cylindricum. A few years ago 1
advocated a scheme of evolution of Desmids from ancestral fila-
mentous forms by descent through the genus Cylindrocystis?, and
the recent discovery of that extraordinary member of the Zygnemeuw,
Debarya Desmidioides W. & G. S. West*, is of surpassing interest,
This Conjugate fills up the link that was missing in the chain of
evidence which goes to show that Cylindrocystis and Mesotantum,
and following on that nearly all the other genera of Desmids, were
most probably dertved from filamentous ancestors. There is also a
great tendency towards the secondary assmnption of the filamentous
condition, Not only has this resulted in the production of true fila-
mentous genera such as Spondylosium, Onychonema, Spherozosma,
Desmidium, ete., which had their origin from unicellular forms, but
this tendency reveals itself in certain species of genera which are
normally unicellular.  Thus, filunentous forms are occasionally
met with of such species as Cosmarium obliqguum Nordst?, C.
moniliforme (Turp.) Ralfs, C. Regunelliv Wille®, Eunastrum binale
(Turp.) Ehrenb.” and Staurastrum inconspicuum Nordst, not to
mention certam of the tropical Pleurotwnia and Micrasterias
Joliaceu Bail,, the latter being a true filamentous form of a typically
unicellular genus with complex cell-outlines.

The Desmidiaces is at the present day the family of Conjugates

P W. & G. 8. West in Ann. Bot. xii, 1898, pp. 53, 55.

2 Boldt in Bih. till Sv. Vet.-Akad. Handl. Bd xiii, no. 5, t. ii, f. 33 ; Joshua in
Journ, Bot. xx, 1892,

8 (. S. West in Journ. Linn. Soe. Bot. xxxiv, 1899, pp. 409—415.

1 W. & G. S. West in Journ. Bot. 1903, p. 39, t. 416, f. 1—9.

° Nordstedt in Acta Univers. Lund, ix, 1873, p. 23, t. i, f. 8.

5 W. & G. S. West in Trans. Linn. Soc. Bot. ser. 2, v, t. xv, f. 20 a’.

7 W. & G. S. West in Ann. Bot. xii, 1898, p. 30, t. iv, f. 38.

& Borgesen in Bot. of Faerdes, Part I, Copenhagen, 1901, p. 235, t. viii, f. 4,
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which has attained a maximum state of specialization in the
direction of an increase in the complexity of morphological
characters, accompanied by degeneration of sexual differences.

ANCESTRAL FILAMENTOUS CONJUGATES

Debarya Desmidioides
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Phylogeny of the Genera of Desmids.

There is little question that this complexity of outline, which is so
frequently accompanied by a defensive armour of spines and spinous
processes, has been acquired as a means of defence against the
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attacks of small aquatic animals. After the loss of the filamentous
condition 1t became necessary for the solitary and unprotected
individuals to acquire some other means of defence, and presumably
the present morphological complexity is the result. It is a notable
fact that those species which oceur on wet rocks and in other
localities in which Amcebw, Oligochaetes, Tardigrades, Crustacea,
ete., are either absent or very scanty, especially at high elevations,
usnally possess a comparatively simple outline and are provided
with a more or less abundant mucus; whereas those species oc-
curring in deep bog-pools, in the plankton, and the quiet margins
of deep lakes, in which localities such enemies abound, are generally
possessed of a more complicated, and in many cases of a formidable,
exterior. These characters acquired by the unicell are not only
protective against the depredations of aguatic animals, but are also
useful as anchors in the time of floods, and in their acquirement
the Law of Symmetry has exercised its full influence, with the
result that exquisite patterns have been produced which exhibit a
symunetry far ahead of that shown by any other living vegetable
Organisms.

There are several thousand known species of Desmids, about
one guarter of which are British, and almost all of them can be
readily identified by their external morphological features. Some
are cylindrical with rounded or attenuated apices; many of them
are fHattencd and often disciform ; and others are of a radiating
character. To one who is not sufficiently versed in solid geometry
there are few greater surprises than the extraordinary aspects
presented by some of these plants. The majority of Desmids have
three principal axes of symmetry at right angles to one another,
and for this reason they require examining in three positions.
The most important aspect is the front view, in which the plant is
observed in that plane containing the two longest axes. The other
important aspects are the wvertical view and the side (or luteral)
view (vide fig. 51 K and F).

Desimids are subject to considerable variation, but only within
certain limits, and one of the most extraordinary facts relating to
these plants is the constancy of the markings embellishing the
exterior of the cell-wall. The following is a summary of the present
state of our knowledge concerning the variation of Desmids!:—

1 G. S. West, *On Variation in the Desmidie® and its Bearing on their Classifi-
cation,” Journ. Linn. Soc. Bot. xxxiv, 1899, p. 376.

W. A. 10
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(1) The structure of the cell-contents is one of the most
constant features exhibited by a species; but this fact can be of
little classificatory value owing to the very large number of species
which possess the same struncture and arrangement of the chro-
matophores.

(2) The outward form of the cell, as seen in front view, varies
within certain hinits, which are usnally very small, but which may
n exceptional cases (such as m pure cultures) be considerable.
The form of the vertical view 1s, as a rule, a more constant feature
than the form of the front view.

(3) The ornamentation (scrobiculations, granulations, spinu-
lations, etc.) of the cell-wall is relatively constant, being always
arranged according to a definite law, which is only transgressed by
sariations in one or more of the individual component groups which
constitute the pattern of arrangement.

(4) The prolific growth and rapid division of immense nnmbers
of Desmids have a tendency to produce variations from the
typical forms.

(5) Changes 1n the conditions of environment cannot affect
the characters of a species nnless they act for long periods of time.

It is most unfortunate that so little is known concerning the
geographical distribution of Desmids, as such a knowledge would
probably be of much greater value than one would at first sight
nnagine. I have previously shown that the production of per-
manent variation in species of Desmids under natural conditions
1s much more diffienlt than is generally supposed?; also, that some
of the prettily marked species are found in such widely separated
localities as Ceylon, Java, Hong Kong and Queensland, identical
in every respect and possessing precisely the same markings® It
is likewise most improbable that this result has been brought
about by a parallelism of modification in the course of the evolntion
of these forms, owing to the ocenrrence of other species with a
world-wide distribution and equally constant characters. The
distribution of Micrasterias foliucew Bail. is sufficient to settle this
point, as the plant in question 1s the most aberrant of all forms of
the genus Micrasterias, having secondarily assumed o filamentous
condition ; and yet the plants found in North and Sonth America,
India, Bupmah, Siam, China, Australia and New Zealand cannot
be distingnished from one another. It should also be borne in

NGRS W estRNcIp 371"
2 W. & G. S. West in Trans. Linn. Soc. Bot. ser. 2, vol. vi, 1902, p. 124,
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mind that the transference by natural means of living specimens
of any Desmid from some of these conntries to any of the others
is an utter impossibility, desiccation, or in many cases even partial
drying, being quickly followed by death, and submergence in
sea-water is equally fatal.  Moreover, zygospores, which might
possibly withstand the entailed vicissitudes if circumstances arose
by which they could be transferred from one country to the other
(such as by the long flight of a wading-bird), are so rarely found
that distribution by their means across an expanse of ocean is
almost 1mpossible.  There is but one conclusion to be arrived at
from a consideration of these facts, namely, that such a species has
been perpetuated by isolated communities which were derived
originally from a common stock, and that the individuals of these
communities have retained their original characters in an extra-
ordinarily constant manner. Thns, it seems probable that a sound
knowledge of the distribution of Desmids wounld shed much light
on the subject of previous land-connections, and might perhaps
afford more reliable evidence on this point than that atforded by
the known distribution of any other plants or animals.

As a significant instance, it may be mentioned that several
remarkably fine Desmids, such as Staurastrum Ophiura Lund., St.
Avretiscon (Ehrenb.) Lund., St. jaculiferuin West, St. longispinum
(Bail.) Arch., St. Cerastes Lmnd., St. Brasiliense Nordst. var. Lundellii
W. & G. S. West, Micrasterias furcata Ag., M. conferta Lund.,
Pleurotenium nodosum (Bail.) Lund., and others, are not uneommon
in the castern parts of N. America and that in Europe they are
only abundant on the north-western shore districts of Ireland,
Wales, Scotland, the Outer Hebrides, Scandinavia and Lapland.
One of these species—Staurastrum jaculvferum West—is also
known from the Shetland Is., the Faerde Is. and Iceland.

Borge has examined a number of subfossil Desmids from the
glacial clays of the Isle of Gétland, and a few subfossil forms of
existing species have also been noted from an ancient peat deposit
near Filey in E. Yorkshire.

Desmids thrive best in soft water, and they are most numerous
in peaty water which has a trace of acidity. With few exceptions
they do not flourish in water containing carbonate of lime in
solution, and no good collection of Desmids can be made in a
purely limestone district in which the water is hard.

1 One Desmid has been described as inhabiting brackish water, viz.: Cosmarium
salinum Hansg. in Oesterr. bot. Zeitschr. 1886, p. 335.

10—2
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I have attempted to give a reasonable classification of the
genera of Desmids based upon the evolutionary scheme previously
mentioned® and upon the recent and sound observations of
Liitkemiillerz. It is very interesting to note that Liitkemiiller’s
conclusions, which he arrived at chiefly from the study of the
minute structure of the cell-wall, coincide almost entirely with the
scheme 1 put forward in 1899, which was based upon a compre-
hensive study of the external morphological features of these plants.

The division of Desmids into filamentous forms and solitary
forms, such as is adopted by many writers even at the present
time, is no longer tenable ; and such an arrangement as that given
by Bessey?, in which he places Desmids under the three tribes
‘Desmidie®, “Arthrodiew’” and ‘Cosmariew,’ 1s obviously one which
is not based upon a careful study of the Desmids themselves
and is therefore of no value.

Most Desmids would appear to have had an origin from the
genera Mesotwnium and Cylindrocystis, which were themsclves
derived by retrogression from ancestral filamentous Conjugates?, ‘

"The genera Gonatozygon and Genicularia have so little in common

with most other Desmids, and resemble so much some of the
present existing filamentous Conjugates, that they must be re-
garded as having had a distinct origin from filamentous ancestors.
They are however, more specialized than the genera Spirotwnia,
Mesotwnium or Cylindrocystis.

The genus Penium is the most difticult to relegate to its proper
place. In the sense in which this genus is generally regarded 1t
undoubtedly contains many widely different plants, and therefore
one hails with delight Liitkemiiller’s suggestion that the name
Netrium be again brought forward as a distinct genus to include
four speeies which obviously form a natural group.  On the removal
of these four plants from the genus, the remainder do not fit
satisfactorily into any one place in the scheme of classification,
and the difficulty lies in the fact that our knowledge of the plants

1 G. S. West in Journ. Linn, Soc. Bot. xxxiv, 1899.

2 Liitkemiiller in Beitriige zur Biol. der Planzen, herausgegeben von Dr I, Cohn,
Bd viii, Breslau, 1902,

3 Bessey in Trans. Amer. Mier. Soe. xxii, 1001

4 Had these genera originated directly from Flagellate forms, it is scarcely
conceivable that the motile condition would not be frequently reverted to; in faet,
it is reasonable to suppose that it would play a considerable part in the life-history
of these Alge. Such is the case in all groups of Alge with a direct Flagellate
ancestry ; and the entire absence of motile forms of any deseription from the

Desmidiacese lends strong support to the view put forward from other considera-
tions, of the origin of this family of unicells by retrogression.
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is too scanty to allow of splitting them up into a number of separate
genera. One cannot see how, in the present state of onr know-
ledge, such genera could be defined, and yet some of these plants
are certamnly not nearly related. The plant commonly known as
Penvum minutum (Ralfs) Cleve is the most puzzling of all.

I have accepted the two sub-families proposed by Liitkemiiller
and also his five tribes, but have placed the “Gonatozyge ™ first
and altered the definition of the “Peniea” in order to include the
heterogynous collection of Desmids embraced in the present genus
Penium.

The following is a synopsis of all the known genera of Desmids,
four of which (Zchthyocercus, Triploceras, Phymatodocis and Strep-
tonema) are exclustvely tropical and one (Ancylonema) 1s exclusively
arctic.

Sub-family 1. SACCODERME.

Cell-wall unsegmented and without pores. Point of division of cells
indefinite and unknown previous to the actual division. The young half of
the cell is developed obliquely and its walls are absolutely continuous with.
the walls of the older half.

Tribe 1. Gonatozyga. Cells elongate, cylindrical and nnconstricted,
forming loose filaments. Cell-wall with a differentiated outer layer of which
the small ronghnesses and spines form a part.

* Chloroplastsiaxile ........cocceeeeieienienmencancanses 1. Gonatozygon.
#% Chloroplasts parietal and spirally twisted ... 2. Geniculuric.

Tribe 2. Spirotaniez. Cells solitary, relatively short and mostly un-
constricted. Cell-wall a simple sac, without a differentiated outer layer.
The cell becomes adult by periodical growth.

* One chloroplast in each cell. .
+ Chloroplast spirally twisted, axile or parietal 3. Spirotenia.
t+ Chloroplast plane, axile.
SPGEllS SOITATTE ... e. o donueseseineaiaast 4. Mesotenium.
§§ Cells forming short filaments ......... 5. dncylonema.
*#* Two chiloroplasts in each cell.
+ Chloroplasts star-shaped, radiating from a

TR | 7RIS bomasoc SB0860000005000609903 6. Cylindrocystis.
+t Chloroplasts ridged with longitudinal
Sermafizel MDY coonsmcbobocooccaoseacconoacss 7. Netrivin.

Sub-family 1. PLACODERMA.

Cell-wall segmented, with a differentiated outer layer. Cell-division follows
a fixed type, with the interpolation of the younger halves between the old
ones. The younger portions of the cell-wall are joined to the older portions
by an oblique surface.
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A.  Point of division of cells variable or sometimes fixed (at the isthmus).

Tribe 3. Peniez. Cells of moderate length, straight, cylindrical, some-
times with a slight median constriction. Cell-wall with or without pores.
Point of division of cells often variable. The cell often arrives at maturity
by periodical growth. 8. Penivm.

Tribe 4. Closteriez. Cells elongate, generally curved ; symmetrical in
one longitudinal plane only. Cell-wall commonly with pores. Points of
division regularly placed in the middle region of the cell.

# Cells almost cylindrical, scarcely attenuated.
Chloroplast single, withont apical moving
RIS oco ooaoanose sooooaoma00s cosascoboascessoabas (b AP
# Cells strongly attenuated towards each ex-
tremity. Two chloroplasts in each cell,

with apical moving granules.... 10. Closterdum.

B. Point of division of cells always fixed (at the isthmus).

Tribe 5. Cosmariex. Cells exhibit great variety of form, and the cell-
wall consists of two thin, firm layers with pores. There is no periodical
growth, the cell becoming adnlt immediately after division by the mature
growth of the young semicell.

@. The point of division of the cell, where the new and old parts of the
cell-wall are obliquely fitted together, remains plane during division. Solitary
or colonial.

# After division the cells remain free and solitary.
+ Cells elongated and cylindrical ; constriction slight.
§ Apices of cells truncate or rounded.
T Base of semicells plicate............ 11. Docidium.
11 Base of semicells plane............ 12. Plewrotwniuni.
§§ Apices of cells cleft, incision open or narrow.
i Cell-wall adorned with rings of
ITRIREVE OSSR caoon 00000000000 13. Triploceras.
11 Cell-wall plane.
& Apical incision widely open,
each apical angle furnished
with a spine .......cooeeeene. 14. Ichthyoeereus.
® ® Apical inciston narrow ... 15. Zetmemorus.
++ Cells relatively short, commonly compressed or radiating, con-
striction usnally deep.
§ Cells compressed (at right angles to the plane of the front
view); from the vertical view fusiform or elliptical.
+ Cells generally with an apical in-
cision and a central protuber-

ance, moderately lobed ......... 16. Euvastrum.
1 Cells very compressed and deeply '
lobed or incised ......ccoceeeeennt 17. Micrasterias.

t11 Cells with a more or less entire margin, often fur-
nished with warts or spines.
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<+ Cells commonly with a central protuberance.
9 Cell-wall smooth, granu-
late, verrucose, ete.
Central protuberance
present or absent...... 18. Cosinarivm.
I« Cell-wall with regularly
arranged spines, com-
monly in pairs. Cen-
tral protuberance al-
ways present............ 19
© ® Cellswithout a central pro-
tuberance ; angles spinate 20. Arthrodesimius.
§§ Cells from the vertical view eom-
monly radiating, triangular, quad-
rangular, or up to 11-radiate, rarely
fusiform ... 20800880000000 6300 verens 210 Staurastrum. -
#% After division the eells remain attached to form colonies.
+ Colonies spheroidal ; eells not in contact, but joined by gelatinous
bands.
§ Gelatinons Dbands narrow; few cells
forming a microscopic colony ...... 22. Cosmocladinm.
§§ Gelatinous bands very broad; many
eells forming a maeroseopie colony  23. Qocardium.
tt Colonies thread-like; cells attached by their apices to form
long filaments.
§ Cells attached by speeial apical processes. S
I Apical processes very short ...... 24, Spherozosma,
71 Apical processes long and over-
lapping the apices of the ad-
Joining cells..........c.. coeeee.e. 25. Onyeclonema,
§§ Apices of cells plane and flat.
T Cells deeply constricted.
@ Cellsinvertical viewelliptical 26. Spordylosium.
@« ® Cellsin vertical view quad-
rangular with produced
angles ceeenns 200 Phymatodocis.
ii Cells very slightly constricted... 28. Hyalotheca.
b. The point of division of the cell, where the new and old parts of the
cell-wall are obliquely fitted together, develops a girdle-like thickening or
ingrowth, which projects both ways into each of the old semicells during
division. Cells attached to form thread-like colonies.
* Cells joined by speeial apical processes ......... 29. Streptonema.
#% (ells joined by their flat apices or by flattened apical projections.
t Cells short, in vertical view fusiform, trian-
' gular or quadrangular (rarely circular
with produced angles) .................. 30. Desmidium.v
tt Cells elongate, cylindrical .................. 31. Gymnozyga.

NXanthidivm.
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Sub-famly I.

Chlorophycece

SACCODERM.E.

This is a very natural group of Desmids in which the cell-wall
is unsegmented and destitute of pores. There is no line of de-

ey

e—.

T ten:

Fig. 53. A and B, Gonatozygon Brébissonii De
Bary (x464); A, from Esher Common, Suirey;

B, from Strensall, N. Yorks. C—E, G. Brébissonii
var. leve (Hilse) W. & G. S. West, from Mickle
Tell, N. Yorks. (x3856). F and G, G. Brébissonii
var, minutum W. & G. S. West, from Riccall
Common, E. Yorks. (x464). H, zygospore of G.
monotenium De Bary (x 464). I and J, Genicularia
Spirotenia De Bary, from near the Lizard, Cornwall;
I, vegetative cell (x 312); J, zygospore ( x 220).

marcation between the
newer semicell and the
older semicell, the cell-
wall being absolutely
continuous. Division
takes place at no fixed
part of the cell (except
mm a few species of
Cylindrocystis)and the
young semicells are
developed  obliquely,
gradnally sliding away
from one another as
they reach maturity.

Tribe 1. Gonatozyge.

This tribe only
includes  two genera
which are considerably
removed from other
Desmids.  The cells

are long and cylindri-
cal, and are joined by
their apices into fragile
filaments of variable
length. The filaments
easily break up, but
this in no way inter-
feres with the life of
the individnal cells.
Conjugation only takes

place between cells
whiech have beecome
free. The cell-wall 1s

differentiated into two layers, the inner layer being hyaline and
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structureless, the minute prominences or small spines characteristic
of most of the tribe forming a part of the outer layer.

Genus Gonatozygon De Bary, 1856. The cells are cylindrical
or narrowly fusiform, 10—20 (rarely 40) times longer than the
diameter, and without any constriction. The apices are occasion-
ally subcapitate and always wmore or less truncate. The apical
attachment of the cells is very slight, the least disturbance causing
a general dissociation of the filument. The cell-wall is rarely
smooth, being usually covered with minute, sharp prominences or
short spines. There are gencrally two axile chloroplasts in each
cell (rarely only one), each of which is rather narrow, undulated,
sometimes twisted, and contains 4—16 equidistant pyrenoids.
Occasionally an apical vacuole containing moving granules is
present at each end of the cell, beyond the limit of the chloro-
plasts. On the formation of the zygospore the conjugating cells
frequently become geniculate. The zygospore has a smooth outer
coat,

There are five British species of the genus, of which . monot@nium De Bary
[6. Ralfsii De Bary] and /. Brebissonii De Bary [? Docidium asperum Bréb.]
(fig. 53 A and B) are the most abundant. Smnooth varieties of hoth these
species are known and . AVnakani (Arch.) Rabenh., which is the largest
species of the genus (length of cell 162—376 p; breadth 11—14 p), is always

smooth. The smallest form is G. Brébissonii vav. minutum W. & G. S,
West (fig. 53 F and (), which has a length of 47:5—67"5 p and a breadth of
427 p.

Genus Genicularia De Bary, 1858. The cells are similar in
form to those of Gonatozygon, being cylindrical, elongate, nuncon-
stricted and with truncate apices. The filaments are extremely
fragile and the cells always become free previous to conjugation.
The zygospore 1s globose and smooth, and the conjugating cells
become geniculate. The cell-wall is rongh on the exterior almost
exactly like the cells of Gonatozygon monotwnium. There may be
two or three parietal chloroplasts in each cell, disposed as spiral
bands or rarely somewhat irregular. Each chloroplast contains a
number of pyrenoids. Genicularia is one of the rarest known genera
of Desmids.

G, Spirotenia De Bary has only been found in the Pritish Islands from
Cornwall and the Shetland Is.; length of cells 200—400 p, breadth 20—25 p,
diam. zygosp. 48—57 p (tig. 53 T and J). G, elegans W. & G. S. West is a
more slender species in which the chloroplasts form laxer spirals; length
303—427 p, breadth 14— 163 p. It is only known from the plankton of Loch
Fadaghoda, Lewis, and of Loch nan Eun, N. Uist, Outer Hebrides.
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Tribe 2. Spiroteniec.

In the British genera of this tribe the cells are solitary,
relatively short and unconstricted (with the exception of a few
species of Cylindrocystis). The cell-wall has no differentiated
outer layer and is quite smooth. The individuals reach the adult
condition by periodical growth, chiefly in length.

Genus Spirotenia Bréb., 1848. The cells are straight or very
slightly cnrved, oblong-cylindrical or fusiform, and frequently
enveloped in mucus. There 1s no median constriction and the
apices of the cells may be rounded, truncate, subacute or very
acute. There 1s only one chloroplast in each cell, which may be
band-like and parietal, or axile and cristate, and is always spirally
twisted to the left. The nucleus is generally asymmetrical, and
the cell-wall is smooth and structureless. The genus is divided
into two sections; in sect. 1, Monotwniece Rabenh., the chloroplast
1s a parietal band spirally arranged round the inside of the cell-
wall; in sect. 2, Polytwniece Rabenh., the chloroplast is axile with
a variable number of spirally twisted ridges. There may be one
or many pyrenoids in the chloroplast.

There are fourteen Dritish species of the genus, none of which is common.
8. condensata Bréb, (fig. 54 A ; length 150—270 p, breadth 18—27 u) is the
largest and most widely distributed, and S. closteridic (Bréb.) Arch. is the
smallest (length 135 p, breadth 4:-5—46 u). They are all very delicate, with
thin cell-walls, and most of them can only be identified with certainty from
living specimens. The zygospores of few of them are known and they are
rarely met with; the outer layer of the wall of the zygospore is usually
ornamented. Most of the speecies occur in peat-bogs.

Genus Mesotenium Nig., 1849. The cells are cylindrical or
subeylindrical, generally straight or slightly curved, and are with-
out any trace of a median constriction. The apices are, as a rule,
broadly rounded. The chloroplast, of which there is nsually only
one in a cell, is a flattened, axile plate extending from end to end
of the cell, and there may be one or several pyrenoids. Sometimes
there are two flattened chloroplasts. The cells often contain
numerous globules of an oily nature.

There are ten British species of the genus, seven of which occur as
mucilaginous masses amongst, mosses and hepatics, generally on wet rocks.
The largest of these is M. De Greyi Turn. (fig. 54 D length 74125 p;
breadth 15°5—30 u) and the smallest is M. macrococcum (Kiitz.) Roy & Biss,
var. micrococcum (Kiitz) W. & G. S. West (length 13-5—153 p; breadth
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86 ). M. calduriorum (Lagerh.) Hansg. is an attenuated species which
occurs in greenhouses, forming a thin mucilaginous stratum on damp walls,
ete. (length 27—46 p; breadth 10:5—115 p). M. Endlickeriunum Nig. is the
most frequent of the free-floating forms (length 25— 27 u; breadth 85—95 u),
and M. purpurevm W. & G. S. West and M. violuscens De Bary contain
phycoporphyrin.  The zygospores of species of this genus are generally poly-
hedral with thick brown walls.

Fig. 54. A, Spivotenia condensata Bréb., from Rhiconich, Sutherland (x 334),
showing parietal chloroplast. B, Sp. obscura Ralfs, from Terrington, N. Yorks.
( x 435), showing the axile, cristate chloroplast. C, zygospore of Sp. truncata
Arch. (x250, after Archer). D, Mesotenium De Greyt Turner, from near
Settle, W. Yorks. (x435). E and ¥, M. macrococcumn (Kiitz.) Roy & Biss.,
from near Giggleswick, W. Yorks. ( x 334). G, zygospore of M. chlamydosporum
De Bary, from Mayo, Ireland (x334). H and I, Cylindrocystis Brébissonii
Menegh., from Helvellyn, Westmoreland; H, vegetative cell; I, zygospore
(x435). J, Cyl. diplospora Lund., from Galway, Ireland ( x 435). K, Netrium
Digitus (Ehrenb.) Itzigsh. & Rothe, from Moel Siabod, N. Wales ( x 435).

Genus Cylindrocystis Menegh., 1838. The cells are straight
and cylindrical, averaging twice longer than the diameter, and
they may or may not possess a slight median constriction. The
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apices of the cells are generally rounded or truncately rounded.
There is a single axile, substellate chloroplast in each semicell and
in the centre of each chloroplast is a large pyrenoid. The radiating
prolongations of the chloroplast vary in number in the ditferent
species, and often become flattened against the interior of the
cell-wall.

The most abundant species is Cyl. Brébissonic Menegh. (length 43—55 p;
breadth 15—18 u, fig. 5+ H and I) which oceurs in quantity in upland
Sphagnum-hogs and in peaty pools. It sometimes oceurs in pure masses both
amongst Sphagnum and on wet peat. Cyl. erassa De Bary also oeeurs in
Sphagnum-bogs and amongst other Algwe and mosses on wet rocks. Oyl
diplospora Lund. prefers the waters of lakes and quiet pools, and is a mueh
rarer plant ; one form of it—var. major West—is the largest member of the
genus; length 102—114 p; breadth 48—54 p.

Genus Netrium (Nig., 1849). A genus with straight, cylin-
drical, oblong-cylindrical or fusiform cells, and without any median
constriction. The chloroplasts are two (in one species four) in
number, one (in one species two) in each semicell; cach chloro-
plast is axile with about six radiating longitudinal plates. These
plates are deeply notched along their free cdges in all except
Netrivm interruptum. There are several pyrenoids in each chloro-
plast, generally small and scattered. The plants placed i this
genus are excluded from the Placoderm Desmids, and therefore
from the genus Penium, on account of the structure of their cell-
wall, which is unsegmented, without pores, destitute of a differen-
tiated outer layer, and quite smooth.

. Digitus (Ehrenb.) Itzigsh. & Rothe is one of the most abundant
Desmids of elevated boggy moorlands and varies much in form and size;
length 130—387 p; breadth 4082 u; fig. 54 K. N. oblongum (De Bary)
Liitkem. oceurs in similar situations but is not quite so frequent; length
96—135 p; breadth 32—33 p. V. duterruptum (Bréb.) Liitkem. is eylindrical
with obtusely conical apices, and each chloroplast is transversely segmented,
so that there are four chloroplasts in each eell arranged in an axile series. In

this speeies the free edges of the plates are not notehed ; length 220—320 u;
breadth 37 -64 pu.

Sub-family II. PLACODERM.E.

This group includes the great majority of Desmids and is
characterized by the segmented cell-wall with 1ts differentiated
outer layer. The cell-wall usually possesses pores, but this is not
mvariably the case. There is always a very distinet line of demarca-
tion between the old and new semicells, the younger portions of
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the cell-wall not being continuous with the older portions, but
joined to them by a narrow, oblique or bevelled surface. The cell-
division is of a fixed type, taking place strictly in the manner of
previous cell-divisions, and the younger semicells are interpolated
between the older ones.  The sub-family can be divided into two
sections, one of which includes those Desmids in which cell-division
does not always take place at a fixed point and those in which it
does always take place at a fixed point known as the isthmus,

A. Point of division of cells variable or sometimes fized
at the isthmus.

Tribe 3. Peniec.

This tribe only includes one genus, in which the cells are
solitary, of moderate length, straight and generally cylindrical.
Sometimes, but not always, there 1s a slight median constriction.
The points of division are often variable, although the actual cell-
division is of the same type. The cell-wall may be with or without
pores, and the cell often grows periodically until it becomes adult.

Genus Penium Bréb., 1844. This genus is difficult to strictly
define, as 1t undoubtedly contains many species which will ulti-
mately have to find a resting-place elsewhere. The cells are
straight, cylindrical, subeylindrical, ellipsoidal, or fusiform, and the
apices may be rounded or truncate. The vertical view is always
circular, The inner layer of the cell-wall is in many forms orna-
mented with striations, punctulations or granulations, but in others
the cell-wall 1s quite smooth. There is one axile chloroplast in
each semicell, with radiating longitudinal plates which have the
free margin entire. The pyrenoids are one or many and uniseriate.
Sometimes there is a prominent vacuole near each extremity of
the cell containing moving granules.

There are about 27 British species of Penium, of which P. Libellula (Focke)
Nordst. (length 250—354 pu; breadth 3851 p; fig. 55 D) is one of the largest
and most striking. P. margaritacenin (Ehrenb.) Bréb., P. Cylindrus (Ehrenh.)
Bréb. (fig. 55 A and B) and others, are granulated speeies, and P. spirostriolatum
Barker (length 123—274 pu; breadth 23—26 5 fig. 55 () is a speeies with spiral
striations on the cell-wall, which often anastomose or become broken up into
dot-like thickenings. 2. polymorphum Perty {length 55—58 u; breadth 25—
27 p) is one of the most general of the upland, moorland speeies, and some of
the smallest species of the genus are 2. inconspicuum West (length 14519 p;
breadth 5—57 u), L. minutissimwm Norvdst. (length 12:2—13 u; breadth




158 Chlorophycece

6:8—73 ) and P suboctangulare West (length 10°7—11-5 u; breadth 6:8—
7 p; fig. 55 E). The cell-wall of many of the species is of a yellow or reddish-

Fig. 55.
(Ehrenb.) Bréb.; A, from Loch Minnoch,
Kirkcudbright; B, zygospore from Thursley

A and B, Penium Cylindrus

Common, Surrey (x474). C, P. spiroestrio-
latum Barker, from Kerry, Ireland (x474).
D, P. Libellula (Focke) Nordst., from Bowness,
Westmoreland (x200). E, P. suboctangulare
West, with zygospore, from Killarney, Kerry,
Ireland (x365). F, P. curtum Bréb., from

Grimspound, Devonshire (x 474). G and
H, Roya obtusa (Bréb.) W. & G. 8. West

var. montana W. & G. S. West, from Baildon
Moor, W. Yorks. (x570). I, R. Cambrica
W. & G. S. West, from Llyn Ogwen, N. Wales
(x474). J and K, R. Pseudoclosteriun (Roy)
W. & G. S. West, from Pilmoor, N. Yorks.
(x474).

brown colour. 2. minutum
(Ralfs) Cleve is relatively the
longest speecies of the genus,
but should, perhaps, be rele-
gated elsewhere.

Tribe 4. Closteriece.

The cells are elongate,
generally curved, and usu-
ally attenuated towards
each extremity. There 1s
no trace of a median con-
striction and the plants are
circular in transverse sec-
tion. The points of division
are always in the middle
region of the cell and the
cell-wall usually possesses
pores. The cells are only
symmetrical in one longi-
tudinal plane.

Genns Roya West &
G. S. West, 1896. This
genus was named after the
late Dr John Roy, who first
pointed out the differences
between those plants which
are now included in 1t and
species of Clostertum. The
cells are elongate, cylindri- .
cal, very slightly curved and
scarcelyattenuated towards
the poles. There is only
one chloroplast which ocen-
pies almost the entire cell-
cavity. It extendstowithin
a very short distance of
each pole and its extremi-
ties are convex. In the
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median portion of the cell there is a slight lateral excavation in
the chloroplast for the lodgement of the nucleus, which is thus
asymmetrical. There are from four to thirteen pyrenoids in the
chloroplast, arranged in a single series. The cell-wall is relatively
thin and withont pores.

The genus is readily distingnished from Closterium by the
absence of any marked attenuation towards the apices and by the
single chloroplast with convex extremities, the latter being in
such close proximity to the ends of the cell that there 1s no room
for an apical vacuole. The lateral position of the nucleus is also
characteristic.

There are only three species of the genus, all of which oceur in Britain,
R. obtusa (Bréb.) W. & G. S. West (and its var. montana ; tig. 55 G and H)
is not an uncommon Desmid in mountainous districts; length 48—117 u;
breadth 55125 p.  R. Pseudoclosterium (Roy) W. & (. 8. West is a very
narrow species of rare occurrence; length 98192 p; breadth 263 pu;
fig. 55 J and K. R. Cambrica W. & G. S. West is only known from N. Wales;
length 173177 p; breadth 6:2—6°7 p; fig. 55 L.

Genus Closterium Nitzsch, 1817 The cells are elongate,
generally distinetly curved, and often markedly lunate or arcnate.
In most cases they are strongly attennated towards the poles, the
latter being obtuse, truncate, rostrate, or drawn ont into long
needle-like points.  In most of these plants the cell-wall possesses
pores and in a large number of species it is striated, the striations
being internal thickenings of the cell-wall running from pole to
pole and disposed at regular intervals. The number and strength
of the striations varies very much in different species of the
genus. There are two chloroplasts, one in each semicell, and
there may be one or many pyrenoids in each chloroplast. The
extremities of the chloroplasts are concave and they do not reach
_the apices of the cell, thus affording room for prominent apical
vacuoles which contain one or many moving granules of variable
size and shape. In those species in which the apices are greatly
produced the chloroplasts do not extend into the prolongations,

1 The name “Arthrodia’ (Raf. in Desv. Journ. 1813, 1, p. 235) eannot possibly
be utilized as a generic name in place of Closterium. Rafinesque’s diagnosis
applies equally to Ankistrodesmus, Penium, Docidium, Plewroteninm, Cylindrocystis,
and Tetmemorus. Nordstedt (in Hedwigia 1893, Heft 3, p. 148) has clearly pointed
out that  Arthrodia” must always remain a ¢ genus ignotum ” and a *‘nomen delen-
dum.” The same author’s remarks should also be consulted concerning ‘“ Gyges
Ehrenb.,” ¢ Helierella Bory,” ¢ Ursinella Turpin,” *¢ Prolifera Vauch.” and ‘ Con-
Jugata Vauch.”
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and the apical vacuoles are often correspondingly lengthened out.
The chloroplasts are similar i form to those of the genus Penium,
consisting of an axile mass with more or less distinct longitudinal

Fig. 56. A, Closterium acerosum (Schrank) Ehrenb., from Glen Shee, Perthshire
(%200). B—D, CL striolatum Ehrenb., from Frensham, Surrey; B and C,
outlines, x125; D, x 260. ¥, CL acutum Bréb., from Sligachan, Skye ( x 474).
F, CL parvulum Nig., zygospore, from Esher West-end Common, Surrey (x 474).
G, Cl. rostratum Ehvenb. var. brevirostratum West, zygospore, from Wimbledon
Commion, Surrey { x 200).

ridges. In Ol acutum Bréb. and several others there are no
longitudinal ridges.

The curvature of many of the species of this genus is very
constant and may be utilized as a specific character. In stating
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the measurements of a species, the diameter across the middle of
the cell should be given, the distance between the apices, and the
curvature of the outer murgin expressed in degrees of arc.

The zygospores are generally globose and smooth, but the
spherical zygospore of Cl. calosporuin Wittr. is furnished with
conical papillations. The zygospores of certain species, snch as
Cl. rostratum Ehrenb. (fig. 56 G) and Ol Kiitzingii Bréb., are
flattened and quadrate with trancate angles: that of Cl. Venus
Kittz. is also angnlar and sometimes twisted.

There are about 60 British species of the genus, of which 7. turgidum
Ehrenb. (length 476—940 p; breadth 43—80 p) is the largest and CL pusillum
Hantzsch var. monolithum Wittr. (length 29:8—40-4 p; breadth 7-5 86 u)
the smallest. (7. acéculare Tuffen West and (. pronum Bréb. are the most
elongate species of the genus, and certain forms of C7. vewtwm Bréb. (fig. 56 E)
are the nmrowest. The commonest and nost widely distributed species are
Cl. parvulum Nig. (fig. 56 ), Cl. Venus Kiitz., CI. Leibleiniv Kiitz. (fig. 51 B),
C1. mondliferum (Bory) Ehvenb., Cl. Elrenbergii Menegh. (fig. 51 A) and (7.
acerosum (Schrank) Ehvenb.  C7. gracile Bréb. is often abundant in Sphagnum
bogs. The commonest striated species arve CI. striolatuin Ehrenb. aud (1.
rostratum Ehrenb.

Liitkemiiller has divided the genus—and I think quite correctly—into two
groups, the first one being characterized hy the possession of an elongated
median girdle, which is an intevcalation of a cylindrical piece of cell-wall
resulting from a growth to maturity subsequent to cell-division. The second
group is characterized by the absence of this girdle, the two danghter-cells
becoming adult immediately after cell-division.

B.  Point of division of cells always fixed at the isthmus.

Tribe 5. Cosmariec.

The great majority of Desmids are included in this tribe and
amongst them there is great diversity’ of form and size. They are
solitary or filamentous, or grouped in spherical colonies, and most
of them possess at least three planes of symmetry. The cell-wall
consists of two thin, very firm layers, with pores, and is frequently
ornamented with spines, warts and excrescences of all kinds.
There is no periodical growth, the cell becoming adult immediately
after division by the mature growth of the younger semicell.

Series a. The obligue junction of the new and old halves of
the cell-wall (at the region of the isthmus) remains quite plane
during division. The plants are solitary or colonial.

W. A. 11
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Genus Docidium Bréb., 1844 ; em. Lundell, 1871. The cells
are comparatively small, elongate, straight and
slightly constricted. They are subeylindrical
with an inflation on each side of the constric-
tion, or nodulose from pole to pole. The base
of each semicell is plicated and there is a
small basal granule under each plication. The
basal plication of the semicells is the principal
point of distinction between this genus and
‘ Pleurotwnium. The apices of the cells are
o always truncate and smooth. There is a central

chloroplast in each semicell, very irregular in

form, and containing an axile row of pyrenoids.

(Ldd The zygospores are unknown,

There are three British species, of which 0. Baculum

Bréb. is the only one that is widely distributed, and

D even it ix distinetly rare; length 167—262 u; breadth

at basal inflation of semicells 12—13 p; tig. 57 A—C.

D. undulatum  Bail. is restricted to the western

Fig.57. A—C, Do- districts of Ireland and Scotland, and the semicells

cidiumBaculum Bréb., have a nodulose appearance caused by repeated shaltow

from Bowness, West-  constrictions from base to apex; length 187—262 pu;

morveland; A, x 8155 10,qth at basal inflation of semicells 13—16 w; fig. 57
B, base of semigell, bl
% 630; O, basal view D and E.

f icell, 630. 4 v, 5
D afle({mﬁe L, oty Genus Pleuroteenium Ndag., 1849. The

latum  Bail,, from cells are elongate, straight, and slightly con-
near Qughterard, Gal- ! 5 5 3 o
way, Ireland; D, stricted. They are cylindrical, with or without
x 3155 E, base of ipflations on either side of the constriction, or
semicell, x 630. . a

they may be nodulose along their entire length.
They are slightly attenuated towards each pole and the apices
are usually truncate, often being furnished with a ring of conical,
tooth-like projections. There is no basal plication of the semi-
cells, The chloroplasts are disposed as longitudinal, parietal bands,
several in each semicell, and are furnished with a number of
pyrenoids. Sometimes they become broken up into numerous
parietal pieces, each containing a single pyrenoid. In most of the
species the central portions of the cell contain large vacuoles and
oceasionally numerons moving granules are observed in the terminal
or subterminal ones. These granules are of a yellow colour and
black when seen in mass, differing in this respect from the moving
granules normally present in the genus Closterium. They are
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produced mostly by pathological conditions. Zygospores of few
species are known; they are globose and smooth.

]

/é

|

Fig. 59. Tetmemorus granulatus
(Bréb) Ralfs, from Lough Anna,
Donegal, Ireland. A, front view of
cell ; B, zygospore (x 313).
|

Fig. 58. A, Pleuroteniwm coronatum
(Bréb.) Rabenh., from Helvellyn, West-
moreland ( x 236). B, zygospore of Pl.

Ehrenbergti (Bréb.) De Bary, from
Thursley Common, Surrey (x 315).

Species of this genus are much more abundant in the tropics than in
temnperate regions, and the tropical species frequently assume a secondary
filamentous condition. Only nine species are known as British, of which
Pl mazimum (Reinsch) Lund. is the largest, reaching a length of 852 p and
a diameter of 54 u. The most abundant species is Pl Ehrenbergi (Bréb.)
De Bary; length 240—400 u; breadth 18—24 u; fig. 58 B. Pl Trabecula
(Ehrenb.) Nig. and PL truncatum (Bréb.) Niig. are each widely distributed.
Pl nodosum (Bail.) Lund. is the most striking species and is confined to the
western districts of Wales, Ireland and Scotland.

Genus Tetmemorus Raifs, 1844. This is a well-marked genus
with straight cells of moderate length, slightly constricted in the
11—2
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middle and deeply cleft at each apex. The cells are usually
attenuated towards each pole and the apical cleft or incision is
tightly closed. There is a central chloroplast in each semicell
with a single axile row of pyrenoids. The zygospores are globose
and smooth, or subquadrate with rounded angles.

There are only four British speeies, 7. granuwlatus (Bréb.) Ralfs (length
138—238 p; breadth 30—45 p; fig. 59) and 7. leves (Kiitz.) Ralfs (length
57—76 p; breadth 1925 p) being the most widely distributed. The former,
which possesses a sparsely scrobiculated cell-wall, is one of the most ubiqui-
tons of Desmids and the latter has a distinet preference for monntainous
districts. 7. Brébisson?i (Menegh.) Ralfs is a more or less frequent Desmid
in bogs and pools containing submerged Sphagnurn.

Genus Euastrum Ehrenb., 1832. In this genus the cells are
relatively shorter than in any of the preceding genecra of the

Fig. 60. A, Euastrum elegans (Bréb.) Kiitz. (a form), from Capel Curig, N. Wales
(x474). B, zygospore of I. elegans, from New Forest, Hants. ( x 474). C, E.
binale (Turp.) Ehrenb., from Thursley Common, Surrey (x474). D, zygo-
spore of E. oblougum (Grev.) Ralfs, from Pilmoor, N. Yorks. ( x 200). f, front
view; s, side or lateral view; v, vertical view.

Cosmariea: and they are always distinctly flattened. Seen from
the front view they are elliptical, or narrowly elliptical, and they
possess a median constriction of considerable depth. The lateral
marging may be entire or lobed, and the apices are usnally deeply
notched. In the lobed species there is always an odd number of
lobes to each semicell, the apical lobe (which bears the notch)
being termed the ‘polar lobe. In the vertical and side views

e R
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there is generally a well-marked protuberance in the middle of
each side of the semicells. There is one axile chloroplast in each
semicell, which is often very irregular; occasionally it possesses
irregularly disposed, longitudinal plates. There is a single central
pyrenoid i the small species and several scattered ones in the
large species. The zygospores are globose or ellipsoid, and are
furnished either with numerons simple spines or with conical
papillze.

There are 43 British species of the genus, about half of which are widely
distributed. The smallest and perhaps the most abundant species of the
genus is /. hinale (Turp.) Ralfs; length 1020 p; breadth 9 16 p; thickness
55—T p; fig. 60 C. E. elegans Bréb. (fig. 60 A and B), E. ansatum Ehrenb.,
EB. Didelte (Turp.) Ralfs and £. oblongum (Grev.) Ralfs (fig. 60 D) ave widely
distributed all over the country, but in some districts they are by no means
common. K. insigne Hass. (length 98—110 u; breadth 4960 p) is an upland
form fouud abundantly amongst Sphagnum. £, werrecosum Ehrenb. and
L. gemmatum Bréb. are two of the prettiest species, and E. crassum (Bréb.)
Kiitz. (length 167—185 p; breadth 87—97 p) and Z. oblongum (Grev.) Ralfs
(length 144—167 p ; breadth 80—83 u) are the largest species found in Britain.
E. pectinatum Bréb. is more frequently found with zygospores than any other
species of the genus,

Genus Micrasterias Ag., 1827. [Holocystis Hass, 1845;
Tetrachastram Dixon, 1859.] This genus contains some of the
largest and prettiest of Desmids. The cells are flattened, in many
cases almost disc-shaped, and they are circular or broadly elliptical
in outline. The semicells are divided by deep incisions into either
three or five lobes, of which the polar lobe may be entire or
furnished with a wide excavation at the apex. The lateral lobes
are sometimes narrow and attenuated, but more frequently they
widen from the base outwards and are divided by incisions of
variable depth into lobules. The flat surfaces of the cells are
occasionally furnished with spines or wart-like projections, and in
side or vertical view the cells are generally narrowly fusiform.
There 1s a central, plate-like chloroplast in each semicell, often
exhibiting irregular thickenings or ridges, and containing many
scattered pyrenolds The zygospores are globose and furnished
with strong spines, simple or furcate at the apex.

There are 16 British species of the genus, none of which are really abundant,
although . denticulate Bréb. (length 205—350 p; breadth 185—276 u;
fig. 61 C) and . truncata (Corda) Bréb. (length 100—138 p; breadth 90—
129 p; fig. 61 B) are widely distributed. J. rotata (Grev.) Ralfs (length
220—240 p; breadth 195—220 u) and M. papillifera Bréb. (length 135—145 pu;
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breadth 115—145 ) are not uncomimon in permanent boggy pools and lakes,
whilst M. oscitans Ralfs var. mucronata (Dixon) Wille and J/. Jenner? Ralfs
are frequently found in the Sphagnnm-bogs of mountainous areas. /. furcata
Ag., M. Crux-Melitensis (Ehrenb.) Hass. (fig. 61 A) and V. pinnatifida (Kiitz.)
Ralfs are amongst the rarest and most elegant species of the genus.

hes

Fig. 61. A, Micrasterias Crux-Delitensis (Ehrenb.) Hass., from Bowness, West-
moreland (x365). B, M. truncata (Corda) Bréb., from Thursley Common,
Surrey (x 200). C, zygospore of M. denticulata Bréb., from Halgavor Moor,
Cornwall ( x 110).

Genus Cosmarium Corda, 1834. [Dysphinctium Nag., 1849
Calocylindrus (Ndg.) Kirchn., 1878 ; Cosmaridium Gay, 1884;
Pleurotwniopsis (Lund.) Lagelh 1887.] This is the largest genus
of Desmids, embracing several hundreds of species, whlch although
exhibiting many varied characters, all conform to a conunon type
of structure. The cells are relatively short and the length is rarely
more than one-and-a-half times the breadth. There is a median
constriction of variable depth, in some cases very slight, but in
others exceedingly deep. The semicells may be circular, elliptical,
semicircular, ovate, pyramidate, or cuneiform in general outline,
and the apex, which may be rounded or broadly truncate, possesses
no apical notch. The cell-wall may be smooth, scrobiculate,
granulate, verrucose, or clothed with minute spines, the orna-
mentation in almost all cases being arranged upon some definite
plan.  There is frequently a protuberance of some considerable
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size in the middle of each face of the semicell, so that the vertical
view, which is elliptical in some species, may in others be furnished
on each side with a more or less prominent swelling.

In the majority of species there is one central chloroplast in
each semicell, possessing four somewhat curved longitudinal plates
and either one or two large pyrenoids. In a few species there are

Fig. 62. A, Cosmarium reniforme (Ralfs) Arch. (a form), from Wicken Fen, Cambs.
(x473). B, C. granatum Bréb., from Chippenham Fen, Cambs. (x 473). C
and D, C. granatum var. subgranatum Nordst., from Hornsey Mere, E. Yorks.
(x473). E—G, C. Meneghinii Bréb,; E and ¥, from Hornsey Mere, E. Yorks.;
G, zygospore of a form from Bowness, Westmoreland (x473). H, C. pre-
morsum Bréb., fromm Carrantuohill, Kerry, Ireland (x473). I and J, C.
bioculatum Bréb.; I, from Roswell Pits, Cambs.; J, zygospore from Puttenham
Common, Surrey (x473). K and L, forms of C. Regnesii Reinsch; I shows
one stage of cell-division ( x 1170). M, C. isthmium West, from Harris, Outer
Hebrides ( x 473). N, C. pseudoconnatum Nordst., from Capel Curig, N. Wales
(x473). f, front view; s, side or lateral view; v, vertical view,

several (from four to eight) parietal chloroplasts in each semicell,
each containing one or more pyrenoids.

Some investigators of these plants have attempted to establish
Nagelt’s genus Dysphinctivn (= Calocylindrus Kirchn.) in order
to include certain species which are best left in the old genus
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Cosmarium. The genus Dysphinctivm can never be recognized
in a sound system of classification, as opinion must always remain
divided even upon many of the commonest forms that different
authors have included in it. Its characters are too indefinite and
artificial to be of any rcal systematic value. Sumnilarly, Pleuro-
teeniopsis can never be established as a genus, as 1t would be a
small, polyphyletic assemblage, including a few strangely incon-
gruous species which oceupy places far apart in the evolutionary
scheme of the genus Cosmarium. It must be remembered that
the primitive chloroplast of the Desmids is an axile one and
that the parietal condition has been independently acquired in
Cosmarium by a few scattered members of the genus. I have
already stated® that if the large genus Cosmarinin is ultimately
split up, the sections will not have to be based upon single
characters alone, but upon combinations of characters of which the
external form will be the most paramount. Until more is known
concerning the distribution of species of Cosmarium, the genus is
best left in its entirety.

The zygospores may be globose, angunlar-globose, cubical, or
almost of any outward form ; they may be smooth, scrobiculate,
furnished with simple or furcate spines of variable length, or
adorned with conical papillze. In a few species, such as C. melano-
sporum Arch., the spore-wall becomes perfectly black.

As there are 250 British species of Cosmariuin it is not easy to point out
the chief peculiarities of the genus. The largest species which occurs in
Britain, and also one of the rarest, is C. ovale Ralfs (length 182—188 pu;
breadth 100—107 u). The smallest is C. subretusiforme W. & G. S, West
(length 7-8—8 p; breadth 6:2—65 u). The commonest species found in the
ponds and ditches of lowland distriets are €. Botrytis (Bory) Menegh., C. pre-
morsum Bréb. (fig. 62 H), . subcostatum Nordst., . kumile Gay, C. granctun
Bréb. var. subgranatum Nordst. (fig. 62 C and D), (. abbreviatum Racib. and
several forms of C. Meneghinii Bréb. In the bogs of moorland districts
C. Cucurbite. Bréb. is usually abundant, and in upland Sphagnum areas
C. Ralfsii Bréb., C. pyramidatum Bréb., C. subtwmidum Nordst., and others,
ave fairly general. Some species, such as C. Holmiense Lund., C. anceps Lund.,
C. subspeciosum Nordst. and C. Pokornyanum (Grun.) W, & G. 8. West, are
usually found on dripping rocks, and C. Dowrense Nordst., C. microsphinctin
Nordst., and several others, prefer wet calcareous rocks. (. pygmenm Arch.
sometimes ocenrs in myriads amongst the leaves of submerged Sphagnum,

Genus Xanthidium Ehrenb., 1834. The cells of this genus
are somewhat flattened as in most species of Cosmarium, and the

1 G. S. West, ¢‘Alga-flora of Cambridgeshire,” Journ. Bot. 1899, p. 115,
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median constriction is invariably deep. The semicells may be
elhptical, trapeziform, hexagonal or octagonal i outhne, and the
angles are furnished with simple or furcate spines. The presence
of thesce spines constitutes the primary distinction between X anthi-
diwm and Cosmarium, and they are nsually arranged in one plane
or in two parallel planes. In the centre of each semicell is a
thickened, scrobiculate area, or a protuberance of variable size,
and this character is the sole distinguishing feature between
Xanthidium and Arthrodesmus.  In a few species the spines are

Fig. 63. A, Xanthidium armatum (Bréb.) Rabenh., from Sligachan, Skye ( x 3653).
B, zygospore of X. antilopeum (Bréb.) Kiitz., from Ballynahinch, Galway,
Ireland ( x 365).

reduced to small apiculations at the angles, The chloroplasts are
parietal in most of the species and are arranged in the form of
cushions, four or six in each semicell, each with a pyrenoid. In
some of the minute species there is a single, central chloroplast in
each semicell, furnished with one pyrenoid.

The zygospores are globose and adorned with blunt papille or
long slender spines, simple or furcate at their extremities.

The genns was divided by Lundell in 1871 into two sub-genera;
sub-genus Holocanthum, in which the spines are entire ; sub-genus
Schizacanthum, in which the spines are forked at the apex. These

! Lundell in Nova Acta Reg. Soc. Scient. Upsala, 1871, ser. 3, vol. viii, p. 74.
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were put forward as genera by Wille!, but upon insufhicient
grounds. Even in the most typical species which would fall under
Schizacanthwm, namely X. armatum, the spines are sometimes
simple?, and in some of the tropical species there are numerous
intermediate stages between simple and much-forked spines.
There are 14 British species, of which a few are general but not abundant,
and the rest are very scarce. . armatum (Bréb.) Rabeuh. is a large and
handsome Desmid occurring in moderate quantity in the bogs of the hilly
districts of the British Isles; length with spines 137—200 p; breadth with
spines 88—110 p; fig. 63 A. X, antilopewm (Bréb.) Kiitz. (fig. 63 B) and
X erdstatum Bréb. are not uncommon in certain areas, and Y. concinnum Arch.,
which is the smallest species of the genus (length 9—9°5 p; breadth without
the apiculations 9:5—1075 i), sometimes occurs abundantly amongst Sphagnum.
Species of this genus are regular constituents of the freshwater plankton.
Genus Arthrodesmus Ehrenb., 1838. This genus is primarily
distinguished from Xanthidiwm by the absence of the protu-
berance or scrobiculated
area in the centre of the
semicells. As a general
rule the spines are fewer
in number than in Xan-
thidium, and they are all
disposed in one plane.
The median constriction
1s deep and the semi-
cells, which may be
elliptical, trapeziform,
or subhexagonal in
shape, are furnished at
the lateral angles with
one or two spines of
variable  size and
strength. In the verti-
cal view the cells are
always elliptical and the

Fig. 64.
Hass., from Harrop Tarn, Cumberland; C, zygo-

A—C, Arthrodesmus Incus (Bréb.)

spore (x365). D, 4. Incus var. Ralfsii W, &
G. S. West, from Capel Curig, N. Wales ( x 365).
E, A. Incus var. validus W. & G. S. West (a form),
from near Glenties, Donegal, Ireland (x 474).
F and G, d. octocornis Ehrenb.; F, from Llyn

Idwal, N. Wales; G, zygospore from Puttenham
Common, Surrey (x 474). H—J, A. bifidus Bréb.
var. truncatus West; H, from Strensall Common,
N. Yorks,; I and J, from Keston Common, Kent
(x474). f, front view; v, vertical view.

poles are furnished with
spines. There is a single
central chloroplast 1in
each semicell contain-

! Wille in Engler & Prantl’s Natiirl. Pflanzenfam. 1890, p. 11.
2 West in Journ, Linn. Soc. Bot. xxix, 1892, p. 164, t. xxii, f. 1.
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ing one or two pyrenoids. The zygospores are globular, and the
outer surface may be smooth or clothed with simple, conical or
subulate spines.

Of the eleven British species, .. Incus (Bréb.) Hass. is the only one that is
general and abundant. It is a small species, frequently met with in the con-
Jugating state, and is one of the most variable of Desmids; length without
spines 13-—33 p; breadth without spines 13—28 p; length of spines 5—32 p ;
fig. 64 A—C. 1. convergens Ehrenb. and 4. octocornis Ehrenb. (fig. 64 F and
(i) are not uncommon, but the other species are all rare.

Genns Staurastrum Meyen, 1829. This is the second largest
genus of Desmids and contains some hundreds of species of very
varied character, the majority of which possess a deep median
constriction. The semicells are elliptical, semicircular, oblong, or
cyathiform in outline, and the vertical view is generally triangular,
but may be quadrangular or polygonal. The angles are sometimes
rounded, sometimes acute, or they may be produced into processes
of considerable length. In many cases the angles of one semicell
alternate with those of the other. The cell-wall is occasionally
smooth, but it is more frequently adorned with a variety of spines
or wart-like excrescences, usually symmetrically disposed. In
those species in which the angles are produced into processes the
latter are generally furnished with two or three strong diverging
spines at their extremities.

There is usually one chloroplast in each semicell, consisting of
a central mass with a number of radiating plates, varying from five
to eight (usually six; two in each angle). One pyrenoid is present
in each chloroplast. In a few species there are several chloroplasts
in each semicell disposed in the manner of parietal cushions, but
intermediate states between this condition and a central mass are
not infrequent. This indefinite character was utilized by Lundell!
for the formation of a sub-genus, Pleurenterium, which has recently
been proposed as a genns®.  The absurdity of such a genus is
realized on considering the few incongruons forms it would have to
include. It should be borne in mind that the parietal condition
of the chloroplasts has been arrived at qunite independently by a
few widely different species of the genus Staurastrum.

The zygospores are globose or angular, rarely winged, but more
commonly elothed with long spines, which are simple or furcate at

! Lundell in Nov. Acta Reg. Soc. Scient. Upsala, 1871, ser. 3, vol. viii, p. 72.
? Wille in Engler & Prantl’s Natiirl. Planzenfam. 1890, p. 11.



172 Chlorophycece

their extremities, and often situated each at the apex of a mamillate
or obtusely conical protuberance.

3
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Fig. 65. A and B, Stawrastrum anatinum Cooke & Wills, from Llyn-y-cwm-ffynon,
N. Wales (x473). C, St. punctulatum Bréb., from Hsher Common, Surrey
(x473). D, St. polytrichum Perty, from Galway, Ireland (x365). E, St
clongatum Barker, from Rhiconich, Sutherland (x473). F, St. brachiatum
Ralfs, from Down, Ireland (x473). G, zygospore of St. furcigerwum Bréb.,
from Pilmoor, N, Yorks. (x 473). f, front view; v, vertical view. 4

There are more than 160 species of this genus known to oceur in the
British Islands, but few of them are abundant. The most frequent species in
low-lying distriets ave St pygmewin Bréb., St. punctulatum Bréb. (fig. 65 C)
and St Levacerum (Ehrenb.) Witte. In moorland aveas St maryaritaceun
(Ehrenb.) Menegh. is general. The most abundant of the spiny species is
St. teliferum Ralfs. One of the largest Dritish species of the genus is
St. tumidum Bréb. (length 112—132 p; breadth 91—103 x) and the smallest
is St dotanum Wolle. Some species, such as St. capetulum Brcb., St. pileolutum
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Bréb., St Kjellmaniy Wille (fig. 51 B), St. acarides Nordst. and St. Arnclliy
Boldt, are principally confined to mountainous regions; others, such as
St pelagicum W. & G. 8. West, St pseudopelugicum W. & G. 8. West,
St. jaeuliferuin: West, St. paradorum Meyen var. longipes Novdst., St. brevi-
spinwin Bréb. and forms of Sz, anatinum Cke. & Wills fig. 65 A and B), are
abundant in the plankton of lakes. A few of the most beautiful species of
the genus, amongst which may be mentioned Sz. Ophiura Lund., St. Cerastes
Lund., St. dretiscon (Ehrvenb.) Lund., St. werticillatume Avch. and St. longi-
sprnwin (Bail.) Arch., are confined to the extreme western districts of Scotland,
Wales and Ireland, and are most abundant in the plankton of those areas.

Genns Cosmocladium Bréb., 1856. The cells of this genns
are similar to those of some of the smooth species of Cosmarium,
but the individual cells are united by relatively thin mueilaginous
threads into branched colonies. Sometimes the entire colony is

E

Fig. 66. A, Cosmocladium constrictum (Arch.) Josh., from Pilmoor, N. Yorks. ( x 475).
B, C. pulchellum Bréb., from near Tarbert, Harris, Outer Hebrides (x 475).
C, zygospore of C. perissum Roy & Biss., from the Clova Mts., Forfar ( x 475).
D—F, Oocardium stratum Nig., after Liitkemiiller ( x 730).

enveloped in a mucilaginous mass of much less density than the
connecting threads. There is one chloroplast i each semicell
containing a single pyrenoid. The zygospores are globose and
smooth, or they may be lobed (as in C. perissum Roy & Biss.).
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There are five British species of this genus all of which are very rare.
C. constrictum (Arch.) Josh. (fig. 66 A) and (. pulckellum Bréb. (fig. 66 B) are
perhaps more often observed than the others. All the species are very small,
the largest being C. Sawonicum De Bary; length 15—17 u; breadth 13:5—
145 .

Genus Oocardium Nig., 1849. This is the most extra-
ordinary of all the genera of Desmids and usually occurs in large
colonies. The cells are small, slightly constricted and much’
depressed, being considerably broader than their length. The
semicells are nnequally depressed on the two sides. so that the
plant is symmetrical in one plane only. The vertical view is
broadly elliptical. There is one chloroplast in each semicell, con-
sisting of somewhat irregular plates radiating from a central mass
containing one pyrenoid.

The colony 1s generally hemispherical in shape, 1—2 mm. in
diameter, and occurs attached to caleareous rocks, not nnfrequently
being itself encrnsted with calcinm carbonate. It consists of a
number of more or less parallel, radiating strands of mucus of
considerable thickness, each strand widening out towards the
surface of the colony and occasionally branching. In the free end
of each mucous strand is lodged a single cell, disposed with its
longitudinal axis at right angles to the axis of the mucous strand.
The zygospores are unknown.

The only known species is Oocardium stratum Nig. It is extremely rare
and 1 have only observed it in the limestone districts of West Yorkshire,
attached to rocks and stones in the beds of several mountain streams. Length
13—16'5 p; breadth 18—195 p; fig. 66 D—F.

tenus Spherozosma Corda, 1835. The cells are small and
attached to form long filamentous colonies, often twisted and
sometimes enveloped in a mucous investment. The median con-
striction may be deep and narrow or it may be widely open, and.
the semicells may be elliptical, oblong, or subrectangular in form.
The attachment of the cells is apical and is effected by small
rounded tubercles or short capitate processes. The vertical view
i1s elliptical. There is one axile chloroplast in each semicell,
furnished with a single pyrenoid. The zygospores, which are
globose or oblong, are either smooth or furnished with subulate
spines, ,

There are only five British species of the genus and none of them is
abundant. . zertebratum Ralfs (length of cells 19 p; breadth 21—24 u;
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fig. 67 C) is the largest, and S. excavatum Ralfs (fig. 67

175

D—F) and S. granu-

latwm Roy & Biss. are the most widely distributed.

Genus Onychonema Wallich, 1860.

form  simple filamentous
colonies. The median con-
striction is deep and narrow,
and the semicells are ellip-
tical or rentform, sometimes
with strong lateral spines at
each side. There are two
capitate processes of con-
siderable length attached to
eachapexanddisposed asym-
metrically.  The cells are
nnited into long flexible
filaments by the overlapping
of these processes over the
adjacent cells. There is one
axile chloroplast in each
semicell, with a single pyre-
noid. The zygospores are
globose and furnished with
simple spines.

There are three British species
of the genus, all of which are
distinctly rare. The one most
generally observed is 0. filiformis
(Ehrenb.) Roy & Biss. (length of
cells 14—15 p; breadth 145
16 p).

5
&

The cells are small and
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Fig. 67. A, Spondylostum pulchellum Arch.,
from Glen Shee, Perthshire (x365). B, S.
papillatum W. & G. S. West, from Skipwith
Common, E. Yorks. (x473). C, Sphero-
zosma vertebratum Ralfs, from near Crowan,

ornwall (x475). D—F, Sph. excavatum
Ralfs; D, from Llyn 1dwal, N. Wales ( x 475);
E,zygospore from Puttenham Common, Surrey
( x 475) ; ¥, zygospore from New Forest, Hants.
(x475). G—H, Onychonema Norvdstedtiana
Turner, from Strensall Common, N, Yorks.
(G, x475; H, x730).

senus Spondylosium Bréb., 1844. [ZLeuronema Wallich, 1860.]

The cells are small or of medium size and are united by their
apices to form filamentous colonies, oceasionally twisted and often
enveloped in a copions mucus. The median constriction is usnally
(1ecp and linear and the semicells are of very variable form. The
apices are flat or concave and the cells are joined merely by the
close apposition of their apices, this being the sole distinguishing
feature between Spondylosium and Sphewrozosma. The vertical
view is elliptical, triangular, or trilobed. The chloroplasts are as
in Sphwrozosma, and the zygospores are globose and smooth.
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There are seven species of the genus known to occnr in the British Islands,
none of which is abundant. 8. papillatemn W. & G. S. West (length of
cells 8—9°5 p; breadth 95— 105 p; fig. 67 B) and S. pulckellum Arch. (length
12:5—15 p; breadth 11—125 p; fig. 67 A) are the most widely distributed.

Genus Hyalotheca Ehrenb., 1841.  The cells are more or less
cylindrical and are connected
by their broadly truncate
apices into filamentous colo-
nies. The median constrie-
tion is very slight and the
semicells are trapezoid, snb-
quadrate or oblong i form,
with straight or convex lateral
margins. The filaments are
usually twisted and always
enveloped in a thick coat of
mucus. There are frequently
several slight swellings at the
base of each semicell near the
constriction, causing the cir-
cular vertical view to possess
two or three nipple-like pro-
jections at equal intervals
round the margm. There is

Fig. 68. A—C, Hyalotheca dissiliens e chl()r()plast m each semi-
(Sm.) Bréb.; A and B, from Capel Curig, cell, consisting of a central
Sy agf:1\§w>;?6?)1zla%1dan{1 s 5 Rog, mass with a number of radiat-
H. neglecta Racib., from the New Forest, ing plates, and containing one
Hants. (x475); L—~(r, showing aplano— e bid. The oD
spores (a); H, zygospore (z). pyrenc Y8OS] ©

globose and smooth, and in
H. (Zzsszlwns the four empty semicells unite to form a cruciform
structure which surrounds each spore.

There are four British species of the genus, of which 4. dz'ssih'mz.s (Sm.)
Bréb. is general and often abundant; length 15—25 p; breadth 2
fig. 68 A—C. This Desmid is more flequentlv found with zygospore\ th'm
any other. . mucosa (Dillw.) Ehreub. is a much scarcer plant, although
widely distributed. H. wadulata Nordst. (length 13-5—175 p. 5 breadth 7'5—
9 p) and . neglecta Raeib. (length 28—345 ps breadth 11:5—13 p; fig. 68
E—H) are amongst the rarest of British Desmids.

Series b. The oblique junction of the new and old halves of
the cell-wall (at the region of the isthmus) develops an internal
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girdle-like thickening which projects into the old semicells during
the earlier stages of division. The cells are united to form thread-
like colonies.

Genus Desmidium Ag., 1824,  [Didymoprium Kiitz,, 1843
Aptogonum Ralfs, 1848.] The cells are united to form twisted
filamentous colonies, often enveloped in a wide mucous coat. The

Fig. 69. A, Desmidium Swartzii Ag., from near Preston, Lancashire (x365).
B, D. quadratum Nordst., showing cell-division (x475). C, zygospore of
D. ecylindricum Grev., from Donegal, Ireland (x330). D, zygospores of
D. aptogonum Bréb. (x475). E and F, Gymnozyga moniliformis Ehrenb.,
from Rhiconich, Sutherland (x 475); ¥, showing cell-division. (, zygospores
of G. moniliformis var. gracilescens Nordst. ( x 475).

median constriction is moderately deep and the semicells are much
depressed, so that the cells are generally much broader than their
length. The attachment of the cells 1s either by the close
apposition of their flat apices or by the apposition of corresponding
truncate apical projections. In the latter case there is a space of
variable width visible between the actual apices of two adjacent
cells. In vertical view the cells may be triangular, quadrangular,
or elliptical with mamillate poles. There is a single central
chloroplast in each semicell containing as many pyrenoids as there
are angles in the vertical view, and there are two longitudinal
plates diverging from each pyrenoid into the angle. The zygo-

W. A, 12
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spores are ellipsoidal, smooth or furnished with somewhat flattened
or conical papill.

There are six British species of the genus, none of which is abundant.
D. Swartzii Ag. (length 1419 p; breadth 37—43 p; fig. 69 A) and D. cylin-
dricum Grev. (fig. 69 C) are the two most general species. 0. quadratuin
Nordst. (fig. 69 B) and D. graciliceps (Nordst.) Lagerh. are two species very
rarely met with in the British Isles.

Genus Gymnozyga Ehrenb., 1840. [Bambusina Kiitz.,, 1845.]
The cells are eylindrical or barrel-shaped and united by their flat
ends into slightly twisted filamentous colontes. There is a slight
median constriction and at the base of each semicell 1s a swelling
of variable size. The vertical view 1s circular, sometimes with
two opposite papille.  The cell-wall frequently possesses delicate
longitudinal grooves. There is one central chloroplast m each
semicell with six radiating longitudinal plates and one pyrenoid.
The zygospores are ellipsoidal and smooth.

The only British species is G. moniliformis Ehrenb. (length 25— 30 p;

breadth 17:5—225 u; fig. 69 E), which is" generally distributed in boggy
districts, particularly in elevated localities.

Order IX. PROTOCOCCOIDEZ.

This order includes a large number of green Algs which are
mostly unicellular in character. The cells are commonly aggregated
to form loose irregular colonies and are often embedded in a
copious mueilage. In a few of the forms a small multicellular
expansion 1s developed, and in others a definite ccenobium which is
sometimes ceenocytic in character. In some the cells are normally
ciliated and the plants are either motile unicells or more or less
complex motile colonies.

The order includes the lowest and most primitive of the green
Algee, forms through which most of the other Chlorophyces have
been evolved along divergent lines.

They are wonderfully varied in character and are found in
ahnost all possible situations. The cell-walls may be extremely
delicate or firm and thick, and there is often a great development
of the gelatinous pectose compounds.  The number and disposition
of the chloroplasts vary greatly in the different genera, and
pyrenoids may or may not be present.
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Most of the Protococcoidex multiply by simple cell-division,
which takes place I one, two, three, or sometimes in many
directions of space.

Asexual reproduction is generally accomplished by the pro-
duction of one or many biciliated zoogonidia from a mother-cell,
and m some families this 15 the sole method of reproduction.
There are many different types of asexual spores found in the
genera of the Protococcordem. Some of these are akinetes and
others are aplanospores. One type, which is worthy of special
note, is the autospore. A number of autospores are generally
produced in a cell, each spore having on liberation the general
form and appearance of the mother-cell.  In some of the cenobic
forms the plants are reproduced by the formation of autocolonies.

Most of the methods of sexual reproduction, both 1sogamous and
heterogamous, which are exhibited by the various Chlorophyces,
are found in the order Protococcoldea,

The order seems to me to be best subdivided into the following
eight families, of which the first one is doubtfully placed in the
Protococcoidese as the plants included i it have certain relation-
ships with the Chaetophoracese.

Family 1. Chatopeltidew. Unicellular or multicellular, sometimes
pseudoparenchymatous. Some or all of the cells furnished with hairs
or bristles, either simple or sheathed and often mucous,  Multiplication
by division of cells in two directions. Reproduction by 2- or 4-ciliated
zoogonidia and by 2-ciliated gametes.

Family 2. Tolvocacew. Unicellular or consisting of a definite
cenobium of cells; which are either united by protoplasmic processes
or enelosed within the swollen mucous mother-cell-wall.  All the cells
are ciliated and motile in the vegetative state.

Family 3. Endospheracer.  Unicellular or slightly branched and
cenocytie; cells solitary, generally rounded, often with button-like
excrescences of cellulose; chloroplasts with numerous pyrenoids. No
vegetative division. Reproduction by spores; zoogonidia and gametes.
All the genera are endophytic.

Family 4. Characier.  Unicellular; eells solitary, differentiated
into base and apex, epiphytic on other Algew ; chloroplast parietal with
one pyrenoid. No vegetative division. Reproduction solely by zoo-
gonidia formed by successive divisions of the contents of a mother-cell.

Family 5.  Pleurococcaceee. Unicellular and globular, or of short,
ramified, few-celled filaments, never attenuated into hairs; often
pseudoparenchyimatous ; chloroplasts one or several, parietal, with or
without pyrenoids. Multiplication by division in two or three directions,
and more rarely by zoogonidia. Cell-walls very firm.

122
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Family 6. Hydrodictyacece. Thallus consisting of a cenobium of
cenocytes, non-motile, and formed by the apposition of quiescent zoo-
gonidia, which may or may not have escaped from the mother-cenoecyte.
Reproduction sometimes by resting-spores.

Family 7. Protococcacee (or Autosporacew). Cells solitary, free-
swinuning, or colonial and associated in minute, more or less definite
colonies, easily dissociated or persistent. Multiplication by successive
division of contents forming autospores or autocolonies. Zoogonidia
rarely developed.

Family 8. Palmellucew. Microscopie or maeroscopie, gelatinous
and indefinite. Cells embedded in a copious gelatinous envelope.
Multiplication by division in every direction; cells often grouped in
twos or fours, sometimes with pseudocilia. Colonies free-floating or
attached. Zoogonidia with two cilia.

Family 1. CHZATOPELTIDEZA.

The Algz included in this family consist of several genera of
very obscure affinities, all of which can be distinguished from other
members of the Protococcoide® by the presence of sete or bristles.
At present they are but little known and the true nature of the
bristles has not yet been thoroughly worked out. They are uni-
cellular, or aggregates of loose cells, sometimes forming short
filaments or flat, pscudoparenchymatous expansions, which in some
mstances appear to have arisen by a conerescence of short dicho-
tomous branch-systems.

The flat thallus of Chwtopeltis is similar to that fonnd in the
Ulvacew, except from point of view of size and the fact that it is
attached by the whole of one surface. Chewtospheridium is a
genus which may, perhaps, owing to the short creeping filaments
which it sometimes develops and the sheathed bristles, have some
relationship to the Herposteiracew, but its characters are so widely
different from those of Herposteiron that it is best kept apart from
the Chaetophorales until our knowledge of the genus is augmented.
It may be that the resemblances between the Chatopeltides and
certain of the Chwtophorales, such as they are, are due to a
paralleism of modification rather than to a direct affinity. This
has been illustrated in the table I have given of the phylogeny of
the green Alga: on page 30.

In genera such as Chawtospheridium and Conochete multipli-
cation certainly takes place by the division of the cells in two
directions.
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Reproduction has been observed to take place in several of the
genera by zoogonidia with two or four cilia, and by biciliated
1sogamous gametes.

Throughout the entire family there 1s a marked dorsiventrality
such as appears elsewhere in the Coleochatacez, Trentepohliacese,
ete.

The following British genera are known:—
A. Plants with a disciform thallus furnished with
scattered bristles. ... Cheetopeltis.
B. Plants consisting of a loose aggregate of cells in one stratum.
* Each cell with one seta or bristle.
Bristles with a basal sheath; chloroplasts

parietal ...ooooeiill RO, 000 eeveneee Chatospheeridium.
*% Each cell with several sete or bristles.
1 Bristles few, with basal sheaths ............... Conocheete.

tt Bristles many, without basal sheaths ...... Polychwtophora.

Genus Chatopeltis Berth., 1878, The thallus is a flat plate,
almost circular in outline, and consists of a single layer of compact
cells, more or less radiating from the centre. The growth of the
thallus is peripheral as in Coleocheete, but the cell-walls are much
more gelatinons.  From the upper surface of the thallns a number
of scattered mucous setw arise, which are nnseptate, simple, and
of considerable length. Each cell contains one parietal chloroplast,
which 1s often much lobed and perforated, and is furnished with a
single pyrenoid. Reproduction takes place by zoogonidia of which
2—8 arise from a mother-cell, each one possessing four cilia.
Isogamous gametes are also produced, similar in appearance to the
zoogonidia but with two cilia.

Ch. orbicularis Berth. is not an uncommon plant in this country, occurring
as an epiphyte on the stems and leaves of various aquatic Phanerogams. The
thallus varies greatly in size and sometimes reaches a diameter of I mm.

Genus Chetospheeridium Klebahn, 18921  The cells are
small and spherical, generally occurring in loose aggregates,
epiphytic on larger Alge and other aquatic plants. They are
sometimes enveloped in mucus, but more often quite destitute of
a gelatinous investment. Klebahn states that the cells are com-
monly joined in a short filament by means of empty cylindrical
utricles, but I have not observed the presence of these structures

1 Klebahu in Jahrbiich, wissensch. Bot. xxiv, 1892, pp. 268—282, pl. 4.
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in any British specimens.  Each cell possesses at its upper pole a
small conical projection which forms a basal sheath for a long,
delicate seta or bristle.  This
bristle is extremely fine and
fragile, and 1s commonly broken
off at the apex of the basal
sheath. In most specimens it is
impossible to see any sheath-like
structure in the conical projec-
tion, the bristle appearing to
arise from its apex. The chloro-
plast is very variable, but in
some specimens 1t 1s distinctly
parietal with one pyrenoid. The
division of the cells sometimes
takes place by the formation of

Fig. 70. A and B, Chetospheridium
globosum (Nordst.) Klebahn; A, from
Esher Common, Surrey; B, from Bow-

ness, Westmoreland. C, Ch. globosum
var. depressum (West & G. S. West),
from the New Forest, Hants. (All
x 370.)

a horizontal division-plane, the
lower daughter-cell migrating
to the side. Asexual reproduc-
tion occurs by zoogonidia, pro-
duced four (or more ?) in a cell,

There 1s some little confusion
between this genus and one deseribed by Borzi in 1892 as
Nordstedtia’. The latter was supposed to be founded on a plant
described by Nordstedt as Herposteiron globosa? and since referred
by Wolle to the genus ‘dphanochwte”  Klebahn, who compared
the original specimens of Nordstedt with Borzi’s drawings of
Nordstedtia, affirmed that the latter represented an entirely
different plant. This being the case, one is compelled to accept
the genus Chetospheeridiwm for the plants deseribed by Nordstedt
as “ Herposteiron globosa.”

Ch. globosnm (Nordst.) Klebahn is widely distributed in the British
Islands, occurring chiefly in the Sphaguum-pools of permanent bogs. The
cells are 11-—18 p in diameter, loosely associated, and occasionally surrounded
by a gelatinous envelope (fig. 70 A and B). There is a enrious var. depressum
of this species with the cells much depressed (fig. 70 C).

The plant described as Cheetospleeridium Pringsheimii by Klebahn appears
to be identical with .dphanochete globosa var. minor Hansgirg, and if it is
distinet from Ch. globosum it should be known as Ch. minus Hansg. Most

1 Borzi in Nuova Notarisia, iii, 1892, p. 50.
? Nordstedt, Alg. aq. dule. et Char. Sandvie. 1878, p. 23, t. ii, f. 22, 23,
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probably, however, it is but a small variety of Ch. globosum with the cells
912 p in diameter?.

Genus Conochzte Klebahn, 1893.  The cells are comparatively
small, loosely aggregated, and embedded in a small amount of
mucus.  Each cell is sub-
globose, often depressed, 7
and possesses a number
of delicate bristles which
radiate in all directions.
Each of the latter arises
either from the apex of

N\

s
a mamillate protuberance = S
of the cell-wall or from
the base of an elongated -

sheath. There are one or Fig. 71. A form of Conochete comosa
two Ch]OI‘OI)]&StS in each Klebahn, from the New Forest, Hants. ( x 370).

cell, each furnished with SRICh T R L

one pyrenoid. The cells are markedly dorsiventral and sometimes
a prominent oil-globule is present in the basal half of the cell.
The plants multiply by cell-division in two directions and by
zoogonidia, of which four or eight are formed in each cell®

/

Two British species are known, both of which are exceedingly rare.
(. comosa Klebahn possesses cells 13—26 p in diameter and the bristles,
which are 3—5 in number, are sheathed at the base (fig. 71). C. polytricha
(Nordst.) Kleb. possesses cells 10—16 p in diameter and the bristles arise
from the apices of a number of mamillate protuberances of the cell-wall, the
latter exhibiting a well-marked stratification.

Genus Polychatophora West & G. S. West, 1903. The
plants are unicellular or sometimes composed of short, loosely
connected filaments of six or eight cells.  The cells are subglobose
or ovold, and the cell-walls are exceedingly thick and lamellose.
From the outer layers of this lamellose cell-wall from 8 to 12 long
flexuose bristles are given off. The bristles are very delicate and
attenuated to fine points ; they ave quite simple, without any trace
of a basal sheath or any basal swelling, and they radiate in every
direction. Sometnnes the cell-wall is nnequally developed, a large
stratified ontgrowth having been developed on one side. Such a
cell has a stalked appearance which presents many points of

1 This small form is known from N. Yorkshire; vide West & G. S. West in

Trans. Yorks. Nat. Union, 1900, vol. v, p. 22.
2 Schmidle in Hedwigia, 1899, p. 162, t. vi, f. 16—19.
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resemblance to the cells in Borzi’s genus Hormotila. Each cell
contains a single chloroplast, sometimes distinctly parietal, but
frequently subcentral and filled with highly refractive oil-globules.
The presence of pyrenoids has not been definitely deternuned.
Multiplication takes place by division of the cells in two directions.

Fig. 72. Polychetophora lamellosa West & G. S. West, from Cirencester,
Gloucestershire ( x 370).

P. lamellosu West & G. S. West is the only species of the genus and has
heen found in Gloucestershire amongst Zolypothriz pygmeas. Diam. of cells
1935 p; thickness of cell-wall 2:8—105 p; length of bristles 86—183
(fig. 72).

Family 2. VOLVOCACEZA.

The plants contained in this family are either unicellular or
they consist of definite caenobia of cells. They are distinguished
from all other Protococcoides by being ciliated and motile in their
vegetative condition. The ceenobia consist of a definite group
of cells either united together by protoplasmic processes or super-
ficially arranged within the swollen wall of a mother-cell. The
number of cells in any ceenobium remains constant so long as the
individual exists, and they all arose by cell-division while the
plant was still an embryo within the wall of the original mother-
cell.

The cells are rounded, angular, or ovoidal in form, generally
with a narrower anterior end to which are attached two, or rarely
four, cilia. The protoplasm of the anterior region of the cells 1s
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hyaline in character and often contains a prominent pigment spot
and two (sometimes more) contractile vacnoles.  The pulsation of
these vacuoles is alternate. There is a single nucleus, usually
occupying a central position in the cell.  One chloroplast 1s present
containing one or more pyrenoids, and although its form is very
ariable, it is generally more or less confined to the broader
posterior end of the cell.

Multiplication takes place by the division of the contents of a
mother-cell into 2, 4, or 8 daughter-cells, and, as the latter are new
motile individuals, the vegetative division in this family is strietly
homologous with the asexual reproduction by zoogonidia which is
found in the other groups of the Chlorophycewx. In all the repro-
ductive processes in this family the plane of the first cell-division
is usually at right angles to the longitudinal axis of the cell.

Sexual reproduction occurs in most of the forms by the union
of 1sogamous planogametes formed in a similar manner to the
vegetative danghter-cells, but in greater numbers. In some of
the higher forms there is a marked heterogamy, sexual reproduc-
tion being brought about either by the union of heterogamous
planogametes or by the fusion of antherozoids and oospheres. In
the zygospores or oospores the pigment spots of the two gametes
disappear, but the chloroplasts remain distinet and the cell-wall
becomes cuticularized. Germination takes place after a period of
repose.

As one passes from the lower to the higher members of the
Volvocacew there 1s a more striking progressive evolution of forms
than is exhibited in any other family of Algw. There is a gradual
replacement of isogamy by heterogamy, ultimately reaching the
highest condition of oogamy, and associated with this is an mcrease
in the number of cells and size of the ccenobium, accompanied by
a differentiation of vegetative from reproductive cells.

The plants of this family are of great interest on account of
the fact that they are the connecting links between the lower
forms of the green Alge and the Flagellata, a Protozoan group
which exhibits a mixture of animal and vegetable characters, and
from which it is now generally recognized that the Chlorophycew
have been evolved. There can be no doubt, however, in the mind
of anyone who has carefully studied the Volvocacewm, that their
characters are such as to clearly separate them from the Flagellata
and place them as a family of the green Algewe.
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Plants of this family sometimes ocenr in prodigious quantity
n stagnant water, giving it a pale-green colonr and a somewhat
unpleasant odour. They are occasionally the cause of foulness of
drinking-water, imparting to it a distinct oily tastel.

Excluding the Polyblepharidese, which exhibit a mixture of Flageliate and
Volvocine characters, the British Volvocacez are divided into the three fol-
lowing sub-families?:— y

Sub-family I.  Chlamydomonadee. Unicellular; globose or ovoidal,
with a distinet but thin cell-wall.  Cilia (or flagella) two, rarely four.
With one chloroplast of very variable form, usually including a single
pyrenoid.

Sub-family II.  Placotee.  Unicellular, with the cells as in the
Chlamydomonades, but with a thick solid cell-wall which separates
into two halves on the escape of the danghter-cells.

Sub-family III.  Volvocee. Motile ceenobia of Chlamydomonadine
cells, nsually embedded in a common mucilaginous investment ; more
rarely united by protoplasmic processes. All the cells are capable of
reproducing the plant or there is a differentiation into vegetative and
reproductive cells.  Vegetative multiplication by division of some or
all of the cells to form danghter ecenobia. Isogamous or heterogamous
sexual reproduction.

Sub-family I.  CHLAMYDOMONADE.E,

This division of the Volvocacea includes a nnmber of nnicellular
Algz which are spherical, ovoid, subeylindrical, or rarely fusitorm
in shape, and are provided with a thin cell-wall and two, or more
rarely four, cilia, The chloroplast is of variable form, but is
typically enp-shaped and oceupies the posterior region of the cell,
more or less surrounding a central mass of protoplasmi which
contains the nueclens. There 1s usually one pyrenoid, and a lateral
pigment spot is also generally present in the anterior region of
the cell.

Reproduction takes place by the division of the contents of a
cell which has come to rest into 2, 4, or 8 danghter-cells, each
of which soon