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J;3tmet.

Clonal ciiltUTJds oi al.ne identified no Hormidi’%e,

n othrix, or choeocrms species show variatrion in
cliaractors commonly ''sed in distinguishing eet 'se=n

the' genera . -oth < ]oroplaet ;ize emi sha ), and the
a-'UI-mt of fra mentation vary with the cultural conditions
and a}.pear to dep'end on the nutrient supply. Pyrenoids were
generallV clearer in culture than under natural conditions.'
Cui tn re mtde the detection of two pyrenoi'is per cell
po'eil'.ile in one clone and the* development of cle-“rlv
v.is.i:'le p';reno1 do appears to depend on nutrition. The
character of a..senc.; of pvrunosdr for sep» rating the

i-),eri3 Stichococcns from Hormidium is therefore considered
of doubtful wvalue. Reproduction oy motile cells could not

:e obtained altliough the methods suggested by Klebs and
otiiers were used.

Clonal cultures of Hoar'""'idium. Ulothrix, and Stichoc oceus
show variation in the characters commonly used in the
identification of the species. Cell measurements attar
by as much as + or - 20% when the algae are grown in a
différent culture solution. The formation of a silky film
is a useful character only if considered in conjunction
with the culture solution. Constriction of the filaments
and wall thickness also vary when the algae are grown in
different culture solutions.

The lack of precision which marks the boundaries of the

genera Hormidium, Ulothrix and Stichococcus is emphasized



11.

for by suiti1ule culture algae can be pushed over the
boundaries .

Clones of algae identified s Urone'IM" species retained
the special characters of the genus under all conditions
under which they were studied. Reproduction by motile
cells occured readily and the terminal cells were always

acuminate. The validity of the genus is supported.
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INTRODUCTION

Hormidium and the related genera Ulothrix, Stichococcus
and Uronema are taxonomically troublesome. There is
disagreement on the exact limits of the genera and some
doubt v>.hether all four genera are valid. Many species
have been described but few are satisfactory entities.

The genera are usually separated by features of
reproduction or features which are only developed typically
in filaments from motile reproductive cells. Stichococcus
is distinguislied by the absence of motile reproductive cells
and by reproduction by fragmentation which gives filaments
with rounded cells at both ends. Hormidium,Ulothrix and
Uronema all have motile reproductive cells but only Uronema
has a pointed apical cell. Hormidium and Ulothrix both
have a rounded apical cell but are separated by the zoospores
of characteristically different form in the two genera.
Reproduction by motile cells is however only infrequently
recorded or inadequately described for many species of
Ulothrix and Hormidium and in some species may never occur.
This makes the separation of these genera from one another
and from Stichococcus difficult. The majority of
identifications and even some initial diagnoses are made
from vegetative material using morphological characters to

decide on the genus. This is probably the main reason



for confusion in 1li nits of the genera and for disagreements
on the assigning of species to genera.

Morphological characters such as cell and chloroplast
size are used to separate the species in all the four
genera. The variation and therefore reliability of the
morphological characters has not been fully investigated.
The algae of this group being very similar to one another
in morphological features, uninvestigated variations may
be the ma’'n cause of confusion among the species.
Contributory causes are inadequate knowledge of the

morphological features of different phases of the life

history of particular species and association of filaments
more than one variety.

In this investigation it v;as expected that growling
the algae in unialgal culture and examining them over a
period of time would resolve the confusion. Work was
limited to plants with slender filaments of and under

because these have proved the most troublesome to identify.
Individual filaments from collections of different
appearance were selected as representatives of different
species and grown in a variety of different media.

The use of clonal cultures as representatives of
different varieties or species simplifies the problem by

ensuring that the subject of study is not a mixture. It

of



was hoped firstly that reproduction mechanisms would

occur naturally or would be induced to occur readily by
special methods such as those of Klebs. It was hoped
that the occurrence of reproduction would then be of use
in determining and classifying the algae and in

clarifying the four genera. Secondly, it was hoped that
the cultures would indicate the extent of wvariation in
morphological character Vi/ithin certain limits of variation
in environment and that the cultures would reveal various
constant and well marked chaiacters which would not only
be diagnostic of the species but would also throw light on
the nature of the species in the group. Thirdly, it was
hoped that further examination of features such as
fragmentation might lead to an explanation of differences
found in their description.

The hopes for the investigation proved largely ie
vain. Except in one group (Uronema) already well defined,
reproduction by motile cells failed to occur. Many of
the morphological characters used to separate the genera and
species were found to be unreliable since they vary with
the composition of the culture medium. The cultures did
not reveal constant and well marked characters which could
be used for separating the species. The cultures did
possess a certain degree of stability in certain media in

respect of some morphological characters usually regarded



as specific. Although the cultures possessed a certain
degree of character of their own they could not be sharply
differentiated and did not fall into convincing specific
groups. They corresponded to existing diagnoses only

in a I'ather vague imprecise way. The investigation of

the morphological characters helps in indicating the

possi ble extent of variation in these characters and shows
how confusion in identification and in general descriptions
of particular features could arise through incomplete

knowledge of variation wi thin a species.
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HIBTQRIGAL SURVEY.

The most recent descriptions of species of the genera
Uloihrix, Hormidium, Stichococcus and Uronema are by Hazen
(1902) Collins (1909), Heering (1914) and Prescott (1951).
Fritsch and West list the British species but do not fully
describe them. These systematic works are at least partly
based on those of earlier Phycologists, for instance those
of Kutzing, (1833, 1843, 1849), Rabenhorst (1868) and De
Toni (1889).

All four genera Ulothrix, Hormidium, Stichococcus and
Uronema are recognised by Fritsch and West (1927) and an
extract from the key given by them as an aid to the
identification of the genera in the Ulotrichales will
indicate the type of characters on which the genera are
commonly separated.

la. Filaments not regularly fragmenting into individual

cells - - - 2
b. Filaments readily fragmenting into the individual
cells which are more or less cylindrical
e STICHOCOCCUS
2a.. Filaments elongated without a specially differentiated
apical cell - - - 3

b. Filaments short with an attenuate apical cell,

epiphytic - - - URONEMA



3a. Chloroplast annular or plate shaped usually
extending round more than half the circumference
of the cell and occupying its v/hole length,
zoospores 4 or 2 ciliate, aquatic - - ULOTHRIX

b. Chloroplast elliptical or circular in outline,
often occupying only half the length of the cell
zoospores 2 ciliate, threads readily fragmenting,
terrestrial or aquatic - - - HORIVIILIUM

The main characters used for separating the genera
are firstly methods of reproduction and secondly the type
of terminal and basal cells and the chloroplast. The
foilowing chiaracters, taken from the works of Fritsch and
West (192?) Heering (1914) and Prescott (1951) give the
differences in fuller form.

Ulothrix

Filalient8 fixed by a special basal cell at least when
y lung.

Chloroplast ring or plate shaped extending round more
than half the circumference of the cell and with one or
more pyrenoids.

Reproduction by 4 ciliate macrozoospores and 2 or 4
ciliate microzoospores produced more than one in a cell

(also by aplanospores, akinetes and gametes).



Hormidium

Filaments vithout a special basai cell (sometimes attached
by secoifarily developed rhizoids)

Chloroplasts usually occupying about half the length of

the cell, circular or elliptical in outline, mostly with

one pyrenoid.

Re Li oduction by 2 ciliate dorsiventrally flattened zoospores
produced singly in the cells (also by aplanospores,

akinetes and gametes and by fragmentation).

Stichococcus

Filaments v”*ithout special basal cells, readily fragmenting
into individual cells.
Chloroplasts frequently occupying only about half the cell
wall, without a pyrenoid.
Reproduction solely by fragmentation.
Uronema.
Filaments fixed by a basal attaching disc, terminal cell
acuminate.Chloroplast a parietal plate with one or more
pyrenoids. Reproduction by 4 ciliate zoospores (also by
aplanospores and gamates).
The recognition of these four genera is not universal
and different generic names have been used. The generic

name Ulothrix was first used by Kutzing (1833a) for

Ulothrix zonata. He is also responsible for the erection



of Hoimnidluii] as a separate genus (1842 ) although in

his wvarious works (1842, 1345, 1849) different views are
taken. In his final vork, Species Algarum (1849) Kutzing
removed two of the three species he had first put in
HortijicJiuni and adde'i othei-s to make Hormidium a section
under Ulothrix and not a genus. The definition of
Hormidium given on the [>revious page is due to Klebs (1896)

that of Kutzing being less complete; but it would probably

include the species of Kutzings section Hormidium.
Rabenhorst (1868) and De Toni (1889) used Hormiscia as
synonymous with Ulothrix as originally defined by Kutzing
(1842) . Hormiscia Fries (1835) was originally a genus

of two species now included in Urospora and the use of
Hormiscia in a different sense, as a synonym of Ulothrix,

is contrary to the rules of nomenclature and has been

aband oried.

Stichococcus was established by Naegeli (1849) who described
Stichococcus bacilleris. Many recent authors”“for instance
Heering and Prescott,recognize this genus as defined by
Naegeli but others give different limits to Stichococcus.
Hazen and Collins recognise only three genera. Hazen
pointed out that zoospore production occurs only occasionally
in species described under Hormidium and that one cannot

definitely say that such reproduction never occurs in



species described under Stichococcus. He therefore

united the two genera under the name Stichoc occus as the
earliei* name. Kutzing (1849) although maintaining Naegelis
description of Stichococcus bacillaris considered the alga
to have affinities with the gkotococcales and renamed it
Irotococcus bacillaris. This view of Stichococcus bacillaris
is not now generally accepted and disagreement only arises
on whether Hazens view is correct or incorrect.

Uronema vas established as a genus by Lagerheim in 1887

when he found and described Uronema confervicolum.

Arguments about its validity have not been resolved.
Gaidukov (1902) questioned the validity of the genus because
he Observed Uronema-type pointed tips in his form of
Ulothrix flaccida. Fritsch and Rich (1929) regarded the
absence of accurainate tips in some of their Uronema
specimens as being supporting evidence for Gaidukov's
conclusions and thought that the pointed tips described for
Ulothrix flaccida were really the shrivelled up résinants

of intercalary cells which sometimes persisted on the

broken up lengths of filaments. Mitra (1947) who found

all gradations from acuminate to rounded tips in Umiﬁ%ﬁ%
terrestre believes Uro”e”a and Ulothrix to be distinct genera
but to have close affinities.

The current view seems to be that Hazen erroneously
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enlarged the genus Stichoc occus and that Uroyiyenga is a
valid genus. Four genera Ulothrix, Hormidium, Uronema
and Stichococcus with the characters listed on page 6 are
recognized although considerable differences arise in the
species included.

Most authors describe fewer species than did Kutzing but
it should be pointed out that some species have on further
investigation been united or transferred to still other
genera. De Toni in particular reduced many of Kutzings
species to varietal rank. Differences i@ the placing of
a species arise with the acceptance of different generic
limits but even Authors who accept the generic 1limits
given on page 5 disagree in their practice in placing a
species in a genus. For example Heering placed Ulothrix
subtilis Kutz. in Hormidium but Fritsch and West disagreed
believing that it has the Ulothrix type of zoospore.
However, they expressed the view that two species might
have been included in Kutzings original descriptions, one
a Ulothrix and the other a Hormidium species. Stichococcus
bacillaris Naegeli is maintained by several authors but
Heering believed that the alga described as S.bacillaris
has a feebly perceptible pyrenoid and therefore transferred
it to Hormidium as Hormidium pse”“dostichococcus.

The different species of each genus are distinguished
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by the morphological characters, but it must be noted that
different authors give these characters very different
weight. The characters most frequently wused are cell
size, chloroplast size and shape, the shape of the cells
(i,e whether bajrel shaped, the filament being constricted
at the cross septa) the amount of fragmentation, the number
of pyrenoids, the presence of "knee bends" with ghizoid
like outgrowths and the wall thickness. In certain cases
species are distinguished by their behaviour in culture “in
particular by whether they form a silky film at the surface
of the culture medium. The differences between the species
recognized by Heering (1914) may be illustrated by an
extract from his key.
I. Cells up to 1lOyu wide .Chromatophore usually with one
pyrenoid.
1l Cells up to 5% wide.
a. Cells4-5/r wide Ulothrix subtilissima
b. Cells2-* wide U. Jj”imnetica
2 Cells 5-10;i wide
a. Mucilaginous covering in layers. Filament attached

by a mucilaginous base. -— U.mucosa

b. Mucilaginous covering may be present.Filament fixed
by an elongated basal cell,-—
Cells 5-7ju wide -—-———- U variabilis

Cells 7-10* wide U. tenerrima
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Cells over IC*". wide, Chromatophore usually with 2

or more pyrenoids.

>. Membrane thin

A. Cells 10-147i wide U .oscillarina

B. Cells 1b-28yu wide U. tenuissima

Membrane thick often distinctly stratified

A. Filament usually slightly constricted in the
vegetative state 9-1lfyi wide — U .moniliformis

B.. Filament only constricted at time of zoospores
formation Cells 13-16jw. (upto 18%) wide - 1-2
times as I'ng — U .aequalis

C. Filament of varying form, 11-72% wide, wusually

20-40~* — U.zonata

The use of characters occuring in culture is restricted to

a certain species of Hormidium and the chief way in which

these species differ can also be shown by Heering's key.

I.

II.

In

1.

In

culture in nutrient solutions forms a silky film

Cultures on glucose agar do not become slippery and

glistening
A. Cells wide W --=——-- Hormidium nitens.
B. Cells6.5-* wide - ------ H. crassum

Cultures on glucose agar becoming slippery and
glistening. = —-————- H.lubricum.

s
culture in nutrient ¢folutions not forming a silky

H.flaccidum



The oi’i.giual diagnoses disclose only slight specific
distinctions nrid offer little hope of sharp dividing 1lines.
In addition later descriptions of particular species by
various authors do not exactly correspond with one another
and \itn the original diagnosis. This results in wide-
spread confusion. For instance Lind (1922) identified
algae studied by her as Ulotbrix rorida Tharet but stated
that she sus”iected that similar algae had been identified
as U .aequalis Kutz. or U.oscillarina by other Phycologists«
Lund (1946) drew attention to the fact that Phycologists
studying soil algae tended either to describe only
Hormidium flaccidum or to describe only H.nitems and he
pointed out the difficulty of distinguishing between the
two species under the usual conditions used (i.e. absence
of cultures in liquids). Lund also mentions Phillipson*s
view that Ulothrix subtilis wvar variabilis as described by
Bristol (1920)A Ulothrix subtilis, U.variabilis, U.tenerrima
as described by Gistl (1921-1923) %~ Moore and Karrer (1919)%
and Moore and Carter (1926) all correspond to Hormidium
flaccidum.

Although identi]lication of algae in this group depends
mainly on morphologica“features, the number of investigations

of the morphology of members at the genera Hormidium and
Ulothrix is small, Klebs (1896) studied Ulothrix zonata
(Web. and Mohr) Kutz. and Hormidium flaccidum A.Br. sensi”late

and is mainly responsible for the differentiation of species
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on behaviour in culture. H.nitens Menegh,emend. Klebs
ia Miearated from H. flaccidum A.Br. sensu strict, by the
formation of a silky film at the surface of the culture
medium by the former only. liercy (1926) investigated
a form of liorraidium flaccidum which although terrestrial
she identified as forma aquatica. Hazen (1902) dealt with
the species of Hormidium and Ulothrix then recorded in
the U.S.A. He made collections of as many algae as
possible and tried by careful observation and comparison to
decide on the distinctness of the various forms and then
identified them as far as possible with described species.
He does not a,pear to have kept unialgal cultures but did
keep sarnjjles of material in glass cylinders ,vvith muslin
covered ends ,anchored in a running brook. Chodat (1909,
1912) was responsible for further studies of algae in
culture and described H.lubricum. and H. crassum. v ;hich are
scarcely known out of culture. Further work on algae in
culture was carried out by Str/m (1929) who investigated
the effect of pH of the medium on the growth of four
morphologically similar forms of Hormidium flaccidum.
Studies of particular aspects of these algae have also
been made. Accounts of fragmentation w?ere given by Benecke
(1898) and by Vischer (1926). Woodhead and Jane (1946)

reported the occurence in nature of special thickening of
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tlie cell wall in Ulothrix zonata and Hormidium flaccidum.
Wall taicl ening is also reported in Ulothrix mucosa Thuret
(Heering 1914), Hormidium rivulare (irintz 1927), H.mucosurn
(Lund 1946) and H .cre”“iulatum (Fritsch and John 1942).
Investigation of ieproduction has been made in only a
lijiited number of species. Viz; U .zonata (Klebs 1896,
Dodel Port 1876, Regel 1923, Grosse 1931, Lind 1932)

U .rorida (Lind 1932) U.oscillarh” (Gross 1931) and

U .variabilis (Oholnoky 1932) The descriptions in repro-
duction in Hormidium are confined chiefly to those given

by nineteenth century workers ( eg Klebs) Later workers
(Piercy, ZLund) failed to observe reproduction in species
for which it had been previously described even though they
were using methods similar to those of the earlier
investigators.

The total number of Uronema species that have been
described is very small. The extent of descriptions of
their morphology vary considerably and are confined to the
descriptions given by the Phycologists who established the
species. The species described are Uronema confercholum
Lagerheim (1886), Uronema elongatum Hodgetts (1921), Uronema
sgimplicissinium (Reinsch.) Lagerheim (1886), U. gigas
Vischer (1933), U.indicum Ghose (1920), U.terrestre Mitra

(1947) .
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Investigation of Stichococcus species is connected
vitd study of Hormidium since as mentioned on page 6.
these genera are united by certain phycologists. An
assessment of the distinguishing characters of many
desci’ibed species of the genus Stichococeus was made by
Grintzesco and Peterfi (193h). They used oehaviour in
culture to separate some species and mention morphological
variation. A comprehensive list of the species of
Hormidium, lilthrix, and Stichococcus as given by wvarious
phycologists v/ould be excessively long and confusing. As
an indication of the type of differences that occur in
descriptions and in naming algae a short summary (Appendix 1)
is given of the characters of algae falling within the

group investigated.
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Gi;i\Ki(AL ACCOUI*"T 01 KATERIAI AIID METHODS
A. WvTEKIAL
Source

Collect] .rins of alga were made from different types of
habitat - the soil surface, still and flov/ing water, and
exposed surfaces of stone and wood. The thirteen sources
of collections of alga are briefly described in Table 1.
hamed algae were also received from the Cambridge Culture
Coll action.

Identification.

Preliminary identification of the algae on collection
was made by comparison of their characters with the
descriptions of recognized species. The collections of
alga may often contain several different species or
varieties growing together. It was assumed that certain
collections containing filaments of widely different width,
although showing little or no variation in other characters,
consisted of one or more species. Since keys based on
the width of the filaments have been devised by Heering

(1914) and since it seems probable that species will give

a variation with only one mode or maximum, any
discontinuities in measurements of width i“n a sample vvere

taken as indicating the 1limits of size of different

species.
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Lieasurements of v/idth of filament in the thirteen
collections shov*ed that twenty one collections of wvarious
jorms (varieties oi’ species) had been made. Comparison
o] their characters with one another and vith the
desci'iptions of recognised species showed that some
collections from different places consisted of the same
alga. The matei'ial did not necessarily show all the
features needed for definite identification and very few
of the algae studied Pitted the descriptions of recognised
species exactly. At least twelve distinct species or
varieties were represented by the collections of alga.
The descriptions of the algae in the various collections,
the tentative identifications and reasons for these
determinations are given in Table 1. Some of the algae
are illustrated in Pigs. 1-4.

The algae from Cambridge were already identified but
I do not agree with all these determinations and their
identification is also discussed in Table 1.

Cultures

A total of thirty seven clones were successfully
ct
isolated. All the types”“habitat were represented but
successful isolations were not made from all the collections.

Eighteen of the twenty one collections of different forms

were however represented and all the twelve distinct forms
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were isolated.
In naming clones the type of habitat of the original

source was indicated by a preliminary letter as follows

r - - - Terrestrial

A -- - Aquatic, in still or slow/ running water

H -- - Aquatic, in swift running water

E -- - RAerial ( ie on exposed surfaces above soil level)
U -- - Aquatic, attached algae-Uronema species.

Each form in these groups was then indicated by a number
and duplicates ( ie separate isolations of one form
from a particular source) by a small letter. The 1list
of cultures kept is included in Table 1.

Since I do not agree with the identification of all
the algae from Cambridge”“cultures of these algae although

indicated by a specific name have (C) after it.
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TADLE 1.
Soai ee and Description Identification Cultures
iv . o1 form
1l Wefts of filaments Ulothrix T.l.a
on damp soil. Cell subtilissima
4-6/'. wide by 2-4 Very similar to the 1.b
times as 1long. description by
Cell Vall thin. Heering 1914 but the
Chloroplast habitat is different
reaching total ho attaching disc
length of cell was observed but
and more than Heering does not
half circumference mention one in his
Te ri-estria!. with one distinct specific description
pyrerioid of and Petersen 193i
Clicbhain moderate size says that Bolte
Common, filaments long considers Ulothrix
Surrey. and not subtilissima to be a
constrie ted. soil alga
Algae occu2
on damp 2 Wefts of filaments Hormidium T.2.a
gravelly on damp soil. Cells flaccidum A.Br. T.2.b
soil in 6-11lu wide by * Under natural
areas of -1 times as long. conditions there
heath Most walls thin appears to be only .3.a
disturbed but some thicker, one form -similar 3.b
by Tanks a few H pieces to that described by .3.cC
and Chloroplast Heering as Hormidium
reseeded reaching total flaccidum sensu
Vith length of cell by ampl. This is a wide
grasses. more than half description and
circumference, Heering %iits it up
with one large into several species

distinct pyrenoid and forms v;ith the
filaments long and aid of cultural

not constricted. behaviour.

Wefts of filaments Hormidium mucmsum T.4
on damp soil.Cells Boy . Pet.
12-16” wide by &- Similar to descrip-
1l times as long. tion by Lund 1946
Cell wall two but is slightly
layered and with smaller. The alga

H pieces differs 1little
chloroplast from that

reaching total described by Fritsch
length and more and John 1942 as

than half circum- H .crenulatum but they
ference of the ceU describe a stratified cctwci,
Filaments long and Lund separates the

not constricted species by the react-

Cell wall does not ion with chlor-anc-
dissolve in chlor- 3jodide.



siiu2'cc MIG
U, cf fonn

Aquatic 1 1
Roy .al
iloiloY/.ay
College,
Surrey.
Southwest
pond.

Aquatic 2
Chobhrijn
Coi.imon

Sn rcy.
diphagnum
bog near
Sunningdale.

Aquatic 3 1
Aberystvrh;h
Alga

occuired in

a collection
of Draparnal-
dia of un-
stated source,
sent for class
practical work

Description

zinc-iodide v/itliout a
cellulose reaction.

froc floating
flocculcnt msj*ses in
standing v/ater. Cells

by 3/-"i--ly times
as long. Cell v/ai.l
thin. ClédLoroplast
reaching total length
of cell by more than
hnli" circumfcrcnce,
with one indistinct
pyrenoid per cell,
filaments long and
not constricted.

Free floating in
3land!ng water.

Cells 3'2-4" wvade by
2-9 times as long. Cell
wall thin Chloro])last
not reacliing whole
length of cell, pale
One indistinct pyrenoid
per cell. Filaments
fairly long and not
constricted.

Cells 2py-3p7i vide by
1-A times as long.
Cell wv/all tMn.
Cliloroplast covering
total length of cell
v/all and more than
half circumference
vith one large
distinct pyrenoid.
Filaments fairly
long and not con-
stricted. Received
in collection of
Draparnaldia and

already forming a
siDqgy film.

Identification Guj . tures
i'ritsch and Jotin do
not mention this test.
Ulothrix variabilis A1l
Kiitz a,b,c,d.

If it is assumed tlia.t
this alga was originally”
attached by a basal

cell the alga could be
identified as 1ID
variabilis and is as
described by Irescott
1951, If tliis
assui.ption is not made
the probable identifica-
tion would be HGRDIDIUI:
subtile as described by
Feering.nb. Kirchner
lists U.variabilis as a
variety - H subtilis ver
variabilis.

Stichococcus scopulinus
Hasen,
The very; small v.idth of
the filaments and the
length of the cells
very neaily correspond
to those given in
description by Hazen
1902. None of the
other described species
are described as having
such Bong cells.

Hormidium lubricum
Chodat.
The silky film present
v/hen the alga v/as
received, although not
in culture, corresponds
together v/ith the other
characters to those
given for H.lubricum by
Heering. 1914

[



OUI'C0 and
Lu. W.‘i'or.i

Anuatic

Churnct,
Yorlzs.

Alga col-
lected by
/rent 'Iv r
Doaru from

a none:\lcar-
cous stream,
the Churnct.

A fdAfIC 5
Virginia
Water,
dindsor
Great Park,
Surrey.

AIUATIC 5
as above

Description

From a rtrcci.i. Cells
"d-de by 1-2
times as long. Cell

va.ll nodcrstcly, tMcie.
CHoroplast angilor
and Contracted into
one corner cl' the d1l.
Cnc s:.inld. pya'onoid not
:alv/ays distinct.
1'ilaments long, cen-
striebed at the cross
vrails enid with 'Daicc-
bends” ™t intorvals.

From irrigated stones
at side of waterfall.
Cells 6-72)1 v/ide by
1-2 times as long.
Cliloroplast covering
totel length -and more
than half the
circumference of the
cell. One large
pyrenoid per cell.
Filaments long, not
constricted but v/ith
"Kneebends" Csll wrld
tiiin, eutgroivtlio. anoC

rhizoid-like outgrowths.

Cell uull

From irrigated stones
side of waterfall.
7-"-120)1 wide by 1-2
times as long.
Cliloroplast covering

total length of the cell

and more than half the
circumference.
pyrenoid. Cell v/nll
sometimes 2 layered.
Filaments long, not
constricted and v/ith
only a few slight
kneebends and rhisoid-
lilce outgrowths.

Cells

One large
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Idejtification Cultures
“ormidium subtile A4
(Kutsy Hcering. a,b.

This
lil:e that described as

II. subtile by Heering but

the 1iiiregail.arity of the
cli].oroylasts is simil.ar
to that described for

u. subtilis var variabilis

ICirclau

Horr.iidium riia.ilare - Huts
Form 2
This "Iga is covered by

the description of
H. rivulare as given by
Heering 191"!-

such by other Authors.
The size
li.fluitaSs (Gay)

but the filaments
bread: up readily.

Hormidium r*vilare - Kutz
Form 3.
This alga is covered by

the descriptions of
H.rivulare given by a
number of Authors and
shov/s the typical
features of "Kneebends”
and rhizoid like out-
growths.

"Iga is most nearly

but 1is too
smaJLl to be identified as

is nearer that of
Heering
do not

R.1
a, b,c

R.2
a, b.



bonrce ana

No. o0f d'or:i

AQUATIC 6
Royal
'lollor/ay
College
Purroy,
Alga fronm
1 ‘as
indirectly
connected
vith 3.W.
aard.

Description

i'i*om rapidly running
stream. Cells 5-6)i
vide by 4-1 times as
long. Cell w,all thin
but v/ith irregular
bIX)v/n'papery coat and
T pieces of same sub-
stance. Clloroplast
covering total length
of cell wall and more
than half the circum-
f'.rence. One pyrenoid
not alway/s clear,
filaments long not
constricted but with
kneebends and rhizoid
like outgrowths.

Cells wide by
1-2 times as long. Cell
wall thin but cemented
to the substratum at
intcrv/ls. Chloroplast
cover!no;
of the cell wall and
more than half the
circunmference, v/ith one
pyrenoid. Filaments
long, not constricted
but with kneebends and

rhizoid-like outrprowths.

Cells 14-133i v/ide by
1-2 times as long. Cell
v/all rather thiclc.
Cliloroplast as above.
Filaments long not
constricted, no
kneebends or rhizoid
outgrowths.

the total length
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Identification Culture:

Hormidium rivu].are Kutz
norm 1.

This alga corresponds

to the description of

H. rivul.rc given by

Heering (1914) but is

too small to be

identified as such if

the description given by

other authors are followed.

It is nearer II.subtile

(nutz) -leering in size but

has kneebends and rhizoid

outgrowths.

Hormidium rivulare - Kutz none
Ho clones were isolated (referred
from tills alga” so it to as
was unimportant to decide }L])
on whether it was a
distinct form.

It falls wv/itliin descriptions
of H.rivulare form 3 but
not such a wide range of
filament size v/as found.
Ulothrix tenuissima -

Kut z. none
This alga is nearest (referred
Ulotlirix tenuissima to as
although only one X 2)

pyrenoid per cell v/as
seen Lind has
neglected pyrenoid
number 1in some of her
identifications.
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Source and Description Identification Cultures
ho. of form.

AQUATIC 7 1. On concrete slab in fast Hormidium rivulare none
Loyal run. ling v/ater. Cells Kutz. referred
Holloway 5-6j1 v/ide by 1-4 times Form 1 to as
College, as long. Cell wall thin This alga resembles

fuirey. but irrequl.arly coated the alga described

Concrete v/ith brov/n %)a:)cry on the previous

slab in substance. Cliloroplast page as H.rivulare

stream covering the totnl form 1.

below the length of the cell v/sill

swlLmming and more than hslf the

wool. circumference. One

pyrenoid. Filaments long,
not constricted but v/ith
kneebends and rliizoid
outgrowths.

AQUATIC 7 Habitat as above. Cells Hormidium rivulare none
v/ide by 1-2 times Kutz (referred
as above as long. Cell v/all tliin Form 2 to as
cemented to substrate at This alga resembles ):4)
intervals. Cliloroplast that described on the
as above. Filament as previous page but the
above size differs slightly
and overlaps that of
form 3
Habitat as above. Cells Hormidium rivulare R.4
10-12'" v/ide by 1-2 Kutz. a,b,c.
times as long. Other Form 4
characters as 2 above. For convenience tliis
is described as a
separate form but it
has a size v/itliin that
described for form 3%
4 Habitat as above. Cells
15-1 by 1-2 times Ulotlirix tenuissima R.5
as long. Cell wall thick Kutz. a,b,c,
and two layered. Cliloro- The size of tliis alga
plast covering total is greater than that
length of cell wall and given for Hormidium
more than half the species other t”an
circumference. H.mucosum and S. cren-
One large pyrenoid. ulatum and the"
filament long and not appearance 1is nearer
constricted, very”" that described for
slight kneebends and U. tenuis sima.

outgrov/ths.



bource ana
No, oi' I'orm

ADRIAT, 1 1
1laltiam

York.

Alga from
ia].lcn (I'Ind)
Lrcc Iinn]:
noor YalLhorn
00YC.

AIIIAD 2 1
Alga

collected

from da;p

wall and

sent to
Professor

Jane ibr
identification

Source and
heme.

Hormidium
flaccidum

CA3RIDOS

CH.: .TIRE

COI Jgi ICTIOh

Z5

Description Identil ication Cultures.
From doj.ip tree. Cells Hormidium rdtens hi
5-61 v/ide by 1-2 times ":onegin emend ICLeb 's
as long. Cell wall The nlga is nearest
moderately thick. H. nitens, but cuD-tural
Cliloroplast dark green behaviour is usually
and rather squai'C in used to sciparate tliis
outline, covering apecies from H.flaccidunm
total length. Dyrenoid The wall thickness
difficult to see, resembles that of

probably one. Filaments H. dissectum.
short and dissociating

ho nv'.rked con-traction

only Ox' tliis appearance

when sopnratinp.

From damp stones. Cells Hormidium nitens. 2
5-6u wide by 1-2 times lienegh emend KLeb's

as long. Cell wall tliin This alga differs from
Chloroplast covering that described above 1in

total length and more filament length and 1in

than half circumference w.all tliiclaiess but is

of cell. One olc,ar still more like H.nitons
pvrenoid, filaments of than like other species.

moderate length and
some fragmentation occiurs

Cells ify-dji v/ide by 1-2 H.nitens Menegh. E.flaccidum
times as long. Cell wall emend 1CLebs. '"HD
thin. Clilorcplast The formation of a

covering the total length silky film in cultures

of the cell v/nll and makes identification of
more than holf the this alga as Hornidium
circumference. One clear flaccidum unsuitable
pyrenoid. Filaments unless the name is given
short and fragmenting, in the wide sense -

not constricted forming H.flaccidum A.Br senszjlato
a silkyr film, 1in as described by Heering
liquid culture. 191"~ As " nitens is

appai-ently also used by
Cambridge the alga is
better identified as

H. nitens. Hemegh emend.
Hlebs.



uLurcc ai'i
Inidie.

iiitons.

CjLjlyIlcC
UNK1'1]
cL: :YCTic.,

lothrire
subtilise' :na
cA.rRiroE
cu TIL::
CCITECTICh.

Ur onemorf gas

CA3RI1GE
CULTUia
COLLiICTICN

Uronema
conferVicolum

CAIBRIDGE
CULTURE
CULIECTION

escriwuion

Colls 24-3/1 v/ido by 1-2
times "'s long. cell v/sll
tliiu. Cliloroplast
covering the total length
oi+ the cell wall and more
than half the
circumforence. One
Xg.renoi.c very i'cobly
poreQwtible. o'i.lajicnts
net cons ;ric;ted but coli-
ais Ding of wvery short few
celled fra mcnts.

Clls :-6p vide by 1-2
times as long. Cell
well thin. Cliloroxilast

covering total length
oi' cell wnll and more
than half the
circumfo1'CTice. One
pyrenoid. 1ill aments

long not constricted”

15)1 vide by; y-1ly times
as long. Cell v/all tliin
Cliloroplast covering
total length of cell
v/all and more than half

circumference, 2-3 py-
renoids per cell.
Filaments very; long

vlth basal attaching
disc and acuminate apex.

Not' forming regqgular
filaments but masses of
cells with tapering ends
The masses of cells
sometimes occuring as

if germinating zoospores
remained in old filament

Cliloroplast indefinite in
outline. Pyrenoids
indistinct. Occasionally;

one pyrenoid discernable.

Ideiitdi'ication

II.eseudosticliococcus
(liaegcliy Hecring.
The rizc this alga
and the absence of a

silly x'"ilm in the
culture male the
i*cntil'ication as
nitons vcr" unlikely.
The slga 1s rirobnbly
IDpscudostichiococcus
sald uoes nui : 'fer
from He-rings
dascription. toiellicr
this corresponds to

3.bacillaris ooul'"
be decided,

not

Ulotlirix subtilissima

Rabenh. U.

This alga is similar
to that described
under this name by
Heering and resembles
T.1 Ho specialised
basal cell was found
in this clone also.

The characters of the
alga confirm the
identification as
Uronema gigas

The culture received
on agarwas obviously
grov/ing abnormally;.
In subsequent liquid
cultures the alga
formed filaments
wore similar to
Uronema gigas (C)

v/1iich
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Culture.

iltens

ID

subtiiissima.

Uronema
liras
DT

Uronema
COnfervicolum

"HD- ——-



Source ru'id
lio. of form

Jtour,Kent
Alga

collected

from Gn:\ils
rViollG by

Ki G Came ion.

fern Tiahc
District.
Delhsm T"rn.

Al. -Ja

collected

from snails
shells by
liiss.K. CsjiTpioii.

Maiham
Porks-on
Glacial
Drift near
the Field
Gtation.

IieGCrirtion

Cell s 62-87u v/ide by
about as long as v/id.e
Filaments fsirly long
v/it*i basal disc end
pointed y)icsl cell
Cllorox”last reaching
whole length oi'cell
and more then IrlLf
circurrfereiicc.
F+lsments slightly
constricted at the

Cross scuta.

Cells v/ide at
tip to at base
of filament 2-)— times

as long as v/ide at
tip 1-2 times as long
as v/ide at base.
P"Tsenoids usually one
sometimes 2 per cell.

Cells 1.0-6.2u v/ide
by 1-2 times as long
Filaments fairly long
with basal attaching
disc and acuminate
end cell.

Chloroplast mostly
reaching v/hole length
of cell and surround-
ing more than half
the circumference.
Pya'cnoids indistinct.

Irobably one per cell.

Idontification

Possibly Uronema nraS
but is rather small

Uronema conforvlcolum
This alga corrcspends
to the description of
Uronema confervicolum
Iiagerheim in all
respects except that he
states that 2 pyrenoids
per cell are commoner
than one.

Uronema confervicolum

K*geth Kojeli.
This alga most nearly
corresponds with
descriptions of
U.confervicolum
although two pyrenoids
per cell were not
detected.

27

Guj.tures,

U.l
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E. CU:/THA]. ,.ETiIops
Ismlption of tlie nly”e

CloneB were isolated from most of the collections.
“he.” are 1i £?ted in Table 1. Single filaments were taken
fI'om tlie collections of alga using stei'ile glass needles
to I'ick up thje jilaments. They were passed through a
sei'ies of v,'ashes of sterile distilled water in sterile
watch glasses enclosed in sterile petri dishes. Finally
I,hey Vere tiansferred to steril e Soil Sofrl“tion. A number
of parallel isolations were made fi<diii each collection of
alga.
Culture_ye ssels

Cultures in liquid media were, ,when first established,
kept in 1” diameter specimen tubes plugged with cotton
wool. Later cultures were kept in 5 centimetre deep
Fetri dishes or in 250 mis., Pyrex conical flasks plugged
witH cotton wool.

The vessels vere not treated with chromic acid type
cleansers before use as these may be injurious to algae
(H./xrvey 1949) . If deposits of lime were present these
were removed with hydrochloric acid. The vessels were then
washed in hot v/ater with a detergent and then rinsed under
a running tap. Finally they were rinsed with distilled
water and left to dry. All utensils were sterilised by

autoclaying at 15 lbs pressure per sq.inch above normal



IH

ataiosptieric [.ressure for 20 minutes. The.” were wrapped
in paper during autoclaVing to prevent excessive
condensation on their surfaces.

Subcultures.

Cultures Vere subcultured at intervals of approxiziately
four weeks. A 'massive” sample was taken and transferred
to fresh culture medium in a Iresh vessel. normal
precautions were taken to maintain sterility.

Aeration of cultures.

An experiment on the effect of aeration and consequent
stirring was carried out. A series of cultures in 5 crus.,
petri dishes was aerated from a small electric pump. Two
tubes in par/'allel were run off from the pump and from each
a series of side arms were run to the cultures. Each arm
and the free ends of the main tubes could be closed down
with springclips until the flow through each culture was
similar. The ends of the side tubes dipped into the
cultures uader a slightly tilted 1lid so the cultures were
open to contamination from the air (the use of cotton wool
plugged tubes or flasks vould eliminate this difficulty but
were not available at the time.) The side arms were loosely
pPlugged with cotton wool to help in filtering the air.
Twenty cultures could be aerated at approximately the same

rate of bubbling.

Other environmental conditions

Preliminary experiments were carried out grow/ing the
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cultures in artificial 1light of controlled intensity and
duration in thermostatically controlled incubators (20-
2b degrees C), and in the uneontrolled but differing
temperature and light ranges provided by outdoor, cool
greenhouse, and laboratory conditions. Satisfactory
initial growth of clones was only obtained in the
laboratory in a North facing window at the normal lab.
temx ei'atui'e (of 15 degrees centigrade in winter-rising
to 20-25 in summer) ¢ It was decided to limit work to the
effect of the culture solution (nutrients) and grow the
alga in the prevailing laboratory conditions ie.with
normal daylight and temperature, the former showing normal
daily and seasonal variation, the latter maintained by
heating within the range 15-25 degrees and normally not
higher than 20 degrees.

Nutrient Solutions.

Earlier workers used solutions which were modifications,
usually dilutions of the v/ater culture solutions for higher
plants. Knops water culiture solution has been widely used
(eg. Elebs 1696, G-aidnkov 1903) and Vischer (1933) states
that it is this solution, under the name of Detmer, which
was used by Detmer (1912) ~ Chodat (1913) ,Eufferath (1930),
and others. Detmers solution appears however to differ
in that potassium chloride is substituted for potassium

nitrate. Other solutions of mineral salts have been
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specially devised for algae and are commonly used and
described by the names of the originators - Benecke,
Molisch, Bjeirinck, Moore, Iringsheira, Chu, and many others

There is also a tendency to use water extracts of soil
alone or vith the addition of partie.-lar salts, under the
name of Soil solution. The exact methods of preparation
differ and anyway the solution has the considerable
disadvantage that its composition is unknown and is not
exactly repeatable. The advantage claimed is that growth
is better and more normal.

Only a selection of a few of the great number of
culture media which have been devised and used for various
algae, were used, The selection included Knops (Maclean

and Cooky 1941)

Molischs (Pringsheim 1946 pg 35)

Pringsheims (Pringsheim 1946 pg 35)

F.oo1es (Poulton 1930)

Beneckes (Maclean and Cooke 1941)

Bjeirincks (Pringsheim 1946 pg. 35)

Herveys (Hervey 1949)

Godwards (Godward 1941) (this is a modified Chu
solution)

Uspenskaja (Uspenskaja 1925)

S{2)oil solution (Bold 1942)

A fuller account of these nutrient solutions and of
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any modifications is given in Appendix II.

In addition to these usual solutions "modified”
solutions and a series of solutions intermediate in
composition between Pringsheim’s and Nolisch’s solutions
were used. Modified solutions were similar to that
desci'i bed by Hervey (1949) as "Hervey’s modified” in that
they contained an addition of Soil solution. Knops
modified, Molisch's modified, etc were prepared by mixing
equal cuantities of Knop's, Molisch's etc with so0il solution.
The composition of the intermediate solutions between
Iringsheim's and Molisch's solutions are given in the table
in the Appendix.

The addition of particular substances, generally of

organic nature, to induce better growth or zoospore

formation, has been suggested (Pringsheim 1946) Certain
additions were made in this way to Soil solution. Yeast
extract (.2”), Dextrose (0.2%), dibasie potassium phosphate

(0.02%), Calcium bicarbonate (.005-0.02%) were used.

The pH of all the culture solutions depends on the salts
included, and varies as they are utilized. All are
approximately ;%tral or slightly acid pH 5.0 - 7.0 and
in attempts to obtain zoospore production a wider range of
pH was required. Alteration of pH was made by one of two

methods.



33
1. The use of acid and alkali - Hydrochloric acid and
sodium hydroxide.
2. The use of buffer solutions - Clark and Lubs buffer and
Acetic acid/Acetate buffer.
The buffers were made up as given in the appendix and used
V.ith an equal quantity of nuti'ient solution. Under these
conditions they did not give the exact pH stated there and
changed with time but over a limited period of culture they
gave a wide range of pH and the only aim in their use was
to grow the alga in solutions of widely differing pH in

case tliis was limiting zoospore production.



V. HiVHSTI--iTIOM or HtHVCT-a0 Ud::0 IK UHKTTFTCITTOI
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ili' ;pKiil)UCITOiNi BY hOTILE CMLLS

The absence of reproduction by motile cells is one
01 the characters used to separate off Stichococcus from
related genera. Characters of the zoospores and gametes
are used to separate the genera Ulothrix and hormidium
although repi'oduction by motile cells has not been described
for all the species. Particular minor characters eg.,
Aplanospore shape, are used in specific descriptions.

A . METHODS.

Reproduction by motile cells occured in all the Uronema
clones (U.1l, U.2, U.3, U.gigas (C), U .confervicolum (C).)
without the use of special methods. These species have
been adequately described for taxonomic use and were not
studied further. The aim was to obtain reproduction by
motile cells in the Hormidium and Ulothrix clones, since
it is in this section that features of reproduction are
particularly useful.

Variation in culture solution, pH and aeration, were
all used in attempts to obtain the production of motile
cells in clonal culture. The methods of Klebs and others,
that is change in the strength of the medium and the use of
darkness, were employed without success. Briefly
summarizing the transfers were made as follows :-

1. From Kjiops solution to more dilute solutions - 1/2, 1/3,
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1/G. 1/12, o the original strength (6%)
2. From Knops solution to sterile distilled water,
3. Ao 1. above but cultures kept in the dark - separate

subcultures examined after 1, 2, 3, 4, 5, days.

4. As 2. above but in the dark - separate sub cultures

examined after 1, 2, 3, 4, £f,, days.

b. From soil solution to more dilute solutions - 1/2, 1/4,
I/o, 1/16

U. From soil solution to distilled water.

7. As 5 above but in the dark - separate sub cultures

removed after 1, 2, 3, 4, and 5 days.
6. As 6 above but in the dark - separate sub cultures
removed after 1, 2, 3, 4, and 5 days.

Observations were made on all the cultures during the
day and examinations of certain clones was also made during
the night. Clones T.1, 1.2, ?.3, T.4, R.3, A.4 and freshly
collected material of all these except A.4 were examined at
intervals on nights during March 1952, November 1952, and
May 1953. Since there was no indication that zoospores
and gamete formation would occur in the majority of the
clones and since there is no certainty that zoospores and
gamete formation' can ever occur, attention was transferred
to an investigation of the variation in morphological

characters.
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B. OBSERVATIONS

Although motile cells were never seen, observations
were made which made it possible to infer that in some
cases such reproduction by motile cells had occured.
Samples of the following clones T.2, T.3, T.4, R.1l, R.3,
A-1, A.4 had a few filaments with empty cells w/ith
conspicuous pores. The contents of a few/ cells in these
clones rounded off but failed to emerge. A very small
number of spores (probably zoospores which failed to
emerge) germinated in situ to form short filaments of a
few cells. Examples of these features by which it was
inferred that reproduction by motile cells may occur are

shown in Figure 5.
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Tlih blIiAIE OF TKF TEm, INAL ALL BASAL CELLS OF TIE FILAMENTS.

The typp of terminal and oasal cells is an important
generic character and is used as described on page 5.

. ivIETHCD .

The shape of terminal and basal cells was recorded for
tne various clones studied and since the terminal and basal
cells in a clonal culture may be the result of fragmentation
a record was also made of whether motile cells had been
loi-med .

.OBSERVATIONS.

Gene I'al description.

The shat es of the Dasal and terminal cells differed in the

various clones. Either the clones had basal cells with

attaching discs and acuminate terminal cells characteristic

of the genus Uronema or they had rounded basal cells and

terminal cells which vere never of the acuminate shape so

constantly found in the Uronema species.

1) Filaments fixed by basal attaching disc and with terminal
cells acuminate.

The clones U.1,U.2, U.3 and Uronema gigas (C), always
contained filaments with basal attaching discs and an
acuminate terminal cell. This form, typical of Uronema
species, is illustrated in figure 4 . When subcultures

were made from old bleached cultures, motile cells were
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alvays formed in the jresh so lution, and grew into young
plants vltl'i basal attaching discs and acuminate terminal
cells. When green filaments were transferred to fresh
solution motile reproductive cells were not always
pJj'odneed but continued vegetative growth and fragmentation
resulted in free floating filaments with both ends generally
1 bunded. Clone U. confervicolum (C) when received from
Cambi’idge was in the form oJ fragments mainly of very
irregular filaments as shown in figure 4P , vvith many cells
Vedge shaped in section, ie. v/ith rather pointed ends,
projecting in all directions. After continual subcultering
some subcultures were obtained which behaved in a typical
manner and foivned the normal filaments of a Uronema species.

his clone finally became as constant in character as the
other Uronema clones.

ITI) Filaments without acuminate end cells.

All the other clones studied (T.1,. T.2, T.3, T.4, A.1l,

A.2, A.3, A.4, R.1, R.2, R.3, R.4, R.b, E.1, E.2,) were of
Ulothrix or Hormidium type MBMithout acuminate apical cells.
Clones T.1, T.2, T.3, A.1, A.S, A.4, R.3, probably formed
motile reproductive cells though these were never seen in
cultures. The terminal and basal cells were generally both
rounded. However in a few of the filaments of clones T.3,

T.4, A.4, all of which normally formed long filaments, the
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ends had projecting cell walls (cf., pg. 4*. ) The
remains oj' these broken intercalary cells were often
crushed and might in a cursory examination have been
cofij'used with acuminate end cells. Small short filaments
oi 2-3 cells, probably germlings, found in clones T.2, T.3,
as sljown in figure 5 . had a very slightly tapering end.
No ta[ei'ing cells as acuminate as those ]Jound in Uronema
were iound. In clone R.b, very long filaments with
attaching discs and rounded ends occured and the number of
ends seen in a sample was consequently small.
Effect of culture solutions on the shape of the end cells
of the filaments.

Ttie use of dijkferent culture solutions had no effect
on the type of basal and terminal cells found nor did
culturing itself make any difference. In Uronema clones
acuminate apical cells were constantly found; in other
clones they were always absent. The shape of the terminal
and basal cells of clones grown in culture and the type of
end cells at the time of collection were similar. As the
Uronema species all showed such constancy in the formation
of acuminate terminal cells and since the other clones never
had acuminate cells this character was useful for separating
them. The difficulty of examining the small fragments

present in the natural habitat prevented the assessment of



the shape of the end cells in many algae until they were
in culture, this was specially so for attached species

(LI.”, U.2, U.3,.) which were browsed by animals.
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CHLOKCPLASI SIZE AI'm SEAIE.
The cliaracter of the chloroplast (cf. pu, 4) may be
ueed Rs r generic character and its use emphasized in
If fereiitiating between Hormidium and Ulothrix. It is

also used as a specific character in a few cases.

It was difiicult to express the chloroplast size and
shape in teiTiis of measurement as the chloroplast is always
a parietal plate lying close to the cylindrical surface of
the cell wall. Records were made of the percentage of
cells in v.hich the chloroplast covered the entire cell wall
in one plane and an estimate was also made of the proportion
of the circumference of the cell wall covered by the widest
part of the chloroplast. Observations were made on the
Hormidium and Ulothrix species only, because in different-
iating between these genera the emphasis has been put on
whether the chloroplast is "ring or plate shaped and
usually encircling more than half the circumference and
frequently occupying the whole length of the cell" or

"an elliptical or circular plate geneially occupying about
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half the length of the cell."
B. QBShk'/ATIQhS.

BATUkAl UOBDITIOhS.

Under natural conditions the chloroplast, in the
niajoi'ity of the algae studied, v/as remarkably similar.
The chloroplast extended the full length of the cell and
was elliptical or a more or less rectangular plate with
the longitudinally 1lying edges rather rounded. The
widest part of the chloroplast surrounded about three
quarters of the cell circumference (ie Cylindrical face)
A.B, differed in that the chloroplast was very small in
relation to the cell size.-— the shape usually described as
Hormidium type, only half or less of the length of the
cell wall was covered and about half of the circumference.
A.4, differed in that the chloroplasts were irregular in
outline and frequently were contracted into a corner of
the cell.

CULTUnAL CQBDITIOBS.

In cultures grown in soil solution the chloroplasts
were generally similar in size and shape to those found
under natural conditions. The exceptions were A.2, and
A.4, those clones which had small chloroplasts wunder
natural conditions. In culture in soil solution these

two had chloroplasts similar to the other algae. This

w'ill be described as "normal" for convenience.
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In cultures in solutions made up from known amounts of
cfiemicals, solutions such as Knops and Molisch’s “certain
oJ the algae studied developed chloroplast of the Hormidium
type. These algae were T.%, A.l1l, A-4, H.1, B.2,.Table 2.
summarizes the observations. The variability of the
chloi'oplast w;as in a few sufficient to alter the entire
appearance of the algae from the type commonly described
fo2"Ulothrix species to that canmnoCily described for
Hormidium species. In the majority of the algae studied
there was absence of variation in size and shape of the
chloroplast. Both the variation within some clones and
the absence of difference between most clones prevent this
character being useful in differentiating between the

algae.
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RK1.GViBhTATIQh.

Stichocooeus is serarated from related genera by
the great tendency to fragment so that only few celled
filaments are round. The amount of fragmentation is
also used as a specific character in the genus Hormidium.
>KTHOD .

Hollowing Benecke, Petersen, and others, fragmentation
was lecorded as rapid ai- slow fragmentation. In rapid
fragmentation filaments break up into short lengths, the
dissociation ape-earing to be caused by separation of the
middle lamellae and rounding off of neighbouring cells.
The term rapid fragmentation is slightly deceptive in
that it aoes not occur suddenly and rapidly but may be a
continuous slow process. In slow fragmentation the
filaments break up into long lengths and the ends of the
resulting filaments show remnants of a projecting cell
wall.

.OBSBHVATIOAS.

Ceferxl de.scrt'th'cA.
J}JRAPID HK1iGMBhTATIOh-

Rapid fragmentation resulted in filaments of wvaried
lengths although all were relatively short. The number
of cells in filaments were counted and filament length
fell naturally into groups without any intermediates.

Filaments were of less than 10 cells, 20-30 cells 1long, or
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several huridj'ed cells 1long. No filaments approached
the length of filaments in cultures in which slow
fIagrneiitation was recorded. In the latter, filaments
were seveial centimeties 1long. In the majority of
cultures one particular length seemed to predominate.
Three types of rapid fragmentat ion were thei-efore
distinguished.

1) Nila .ents absent or composed of less than 10 cells,
f) Filaments short consisting of about 26 cells.

3) Filaments of several hundred cells.

A few oc:] tares contained filaments of all the lengths
from few cells to several hundred cells. These were
described as type 4.

The filauents showed the characteristic zig zag
appearance because of the loose connection of cells or
the close Juxtaposition of short recently separated
filaments. There was generally no sign of thickening
of any kind, while staining v/ith methylene blue did not
show any special accumulation of stainable material at
the cross walls.

)Slow Fragmentation.
In slow fragmentation the filaments remained several cms
long the occasional breaks had projecting walls. There

was generally a thickened cell wall and occasional "H"



47

Iieces intejcalary in the filament bat not at the ends
of jilHmerits. Free floating "H" pieces were not found.
It did not seem as if the thickenings were directly
assoc ia ted wi th fragmentation. on applying methy1 ene
blue dead or disorganised cells stained first, the outer
layer ol the wall and the "H" pieces stained gradually.
I'.iaterial between the cell walls, comparable V'ith liercy *s
accumulidtions of stainable material, occurred but could
not be differentiated clearly from small "K" pieces and
thickened outer cell wvails. The ends of the filaments
always showed the projecting pieces of wall described by
Lund (1944). These Lund attriouted to the remaining
outej' wall, separation ot the middle lamella between the
inner walls having occurred as in rapid fragmentation.
Since projections were found in filaments where a double
cell wall was not present, they must, at least in this case,
represent torn cells as described by Petersen. Disorganised
cells were often bent or the neighbouring cells projected
into them. It appeared that tearing did occur.
Effect of culture solutions on fragmentation.

The various algae investigated showed varying amounts
of fragmentation when growing in the different media and
when compared with one another.

Table 3 summarizes the results foi* three solutions and
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stei-ile distilled water. Water was used because it has
been sugested that lack of nutrients causes fragmentation
Tlie type of rapid fragmentdtion is indicated. The
classification was normally based on estimation but table
4 shows numerical records of the number of filaments of
different length for cei*tain of the clones. These counts
clearly snow the difference in length of the predominating
lilaments in the types 1, %, 3, 4 of table 3. Types 3,
£, 1 could be clearly separated but type 4 (a mixture of
filaments of all lengths) might approach type 2 or type 1
in having a high proportion of filaments of 25 or a few;

cells.
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Rajiid fragmentation was more characteristic of
certain clones than of others and absence of fragmentation
was caaracteristic of some. The marked effect of the
medium on fragmentation in certain clones, particularly
Af where the general foi-m v/as entirely altered, indicates
the poesible extent to which environmental conditions may
affect the amount oi fragmentation. In all cases where
the clone was transferred to sterile distilled water growth
was aires ted and fragmentation did not occur either at
once oI later.
Further investigation of fragmentation - the effect of a

series of solutions on one clone.

A series of solutions intermediate between Pringheim*s
and I/lolisch’s solutions and having the composition given
in the Appendix were set up. The solutions were inoculated
with roughly equal portions of clone A-4 and examined after
4 weeks. Table 5 records whether fragmentation was present

or absent.
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Fu.1 tnsr

Solution
No.

10.
11 .
IP.
1b.
14.
15.
Id.
17.
13.
19.
PC.
si.
22.

P3.

24.

inv'-stirallon of the ei'fect of the culture

on one clone

AT

solution

Main Alteration In Fragmentation.
Comnoeition P-rresent A-Absent.

Ir*ingsneiiiis soln minus iron P
Iringsheirns soln P
Iringsheinis soln, minus iron,

]lus piiosi.ljc)te P
Iri iigsheims soln, minus ii*on,

jlus COn A.phos]lhaje P
1 ri ngsbeims soln, minus ii'on,

jlus phosphate (KgHPOq.) P
Pringsheims soln, plus phosphate

as in 5. P
Pringsheims soln, plus phosphate

as in 4. P
Pririgstjeims soln, plus phosphate

es in 5. P
Pringshelms soln plus MgSo4 P
Pri U: shelms sol.n minus iron, plus

IwIgh4+ & PO4 as in 3. P
Pri rigshelms soln minus iron, plus

Mgso4 & PO” as in 4. P
Pringsheims soln minus iron, plus

MgsUs r04 as in 5. P
Pringsheims soln plus MgSo4

phosphate as in 3. A
Pringsheims soln plus MgSOq plus
phosphate as in 4. A
Pringsheims soln plus MgGOgqg plus
phosphate as in 5. A
Molischs soln minus most MgSU4 A
Molischs soln minus some MgSO4 A
Molischs soln P
Molischs soln minus GaSo+4 P
Molischs soln minus iron P
Molischs soln minus CaSo4 & iron P
Molischs soln minus MgSo4 &

A~ WPO” plus KNO3. P
Molischs soln minus (NH4 )2HPO4 PIUS

KhOg &K2 *+04 ro I
Molischs soln minus (KH4 )211* 4 plus

more KNO”*“cone Kp HPO4 P
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No fragmentation occurred vhen MgSUs and additional
phosphate were adided to 1 ringsheim* s solution or when the
Mg SO4 in Molisch* s solution was reduced. The formulae
of the solutions in which fragmentation did not occur is
list ed be1t ow ;-

IM. MgSos4 KhO;% (NH4)2 HPO4 GaClg FeSo4 K2 HPO4 GaSOy

13 0.2 0.2 0.2 trace trace - -
14 0.2 0.2 0.4 trace trace - -
15 0.2 0.2 0.2 trace trace 0.2 0.4
Id 0.001 - 0.6 - trace 0.4 0.4
17 0.2 0.8 trace 0.4 0.4

Fragmentation occurred when MgSo4 and different phosphate
concentrations were added, but FeSo4 not included. When
other salts are removed from Molisch*s solution as well as
reducing the MgSo4 concentration fragmentation again
occurred.
THE effect of aeration (and the resulting stirring) on
fragmentation
Aeration of certain clones was carried out as

described on pg.29. The results are given in Table s .
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jClone i Peroentat”e of filament of
different Filament 1length.

Table 5 .
Aeration. '"Nutrient
coin.

1

!

i
Aeia ted. Kn%?s A.2
Not aerated £
:Aerated Mollsch IA.2
Not aerated £ ' £

1
1Aerated Knops A»2
Not aerated Lt ' E
Aerated Molisch .A%.
Not aerated |, T
Aerated iSoil Soln A.4
Not aerated £ £
Aerated 'Soil Soln A.3
Not aei'ated ' & A.3

In the clones studied aeration appears to have

fragmentation.

1-10

75
70

35
37

12

87

35

16
12

15
23

cells. :aj'prox.25 several sev

1 100 cms
3 0
0 0

33 0
70 0
0 0
« i©
70 io
83 Io
0 (LOO
0 (OO
10 io
7 ' o

no effect on
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PIHENOIDS.

The absence of pyrenoids is used as a generic
criar-acter for separating Stichococcus from related genera.
The number of pyrenoids present per cell is also used as
a specific character in the genera Ulothrix, Uronema, and
Hormidium.

IvInTHOD.

The numbei' of pyrenoids per cell was recorded in the
cells selected for measurement of size (cf. pg 56 )
Similar examinations were also made after staining with
iodine in potassium iodide but this did not reveal any
further pyrenoids.

OBSERVATIONS
General description.

One pyrenoid was detected in the majority of cells
of the algae growing under natural conditions. Frequently
the pyrenoid was very indistinct and particularly so in the
algae from v/hich clones A.l1, A.2, A-4, B.l, H.3, v;ere
isolated. It was in these algae too that a pyrenoid was
not detected in every cell.. The pyrenoids were large and
oval in shape (elongated in the direction of the longitudinal
acis of the cell) and were visible as a glistening or
slightly more opaque area in the chloroplast. The

differences under natural conditions were insufficient to
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be of use 1in separating the algae.
Effect of culture solutions on the size and visibility of
pyrenoids .
lij culture the pyrenoid and chloroplast may be obscured
di'oplets presumably of oil. Such droplets occurred
sporadically but infrequently in cultures of T.1, T.2,
T.b, A.1, A.2, A1, A.4, B.1, B.2, H.1, H.2, R.o, R.4,
H.Flacciduui (C) H. ni tens (C), Uronema gigas (C),
U .confervicolum (G), U.l, U.2, U.3, but their formation
could not be correlated with any known alteration in
conditions and was not recorded. The pyrenoids were
genei-aily more distinct in culture than under natural
conditions and were noticeably so in the flourishing
cultures in Soil soln. with the exception of only A.2
and H. nitens (C). These tw"o fragment in soil solution,
in Molisch*s solution however they too showed clearer
pPyrenoids.

Although culture made the pyrenoids easier to see, it
made no differenceto the size and shape or to the number
of pyrenoids per cell detectable except in clone R.5.

In culture it was possible to detect two pyrenoids per cell
in 76 of the cells of this clone, although the use of the
pyrenoids for differentiating between the genera and species
was not practicable the pyrenoids were clearer in the

cultured algae and this was of use in confirming the naming

of R.5 as a Ulothrix species with two pyrenoids per cell.
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IV CELL MEASUi{i11IViENTS

A . WRTHOL.

Measurements v;ere made using a microscope with 150 mm
tuc'G length a 1/6 inch objective and a xlb ocular
containing a graduated scale. At this magnification one
division of the scale corresponded approximately to 1.24jr.
Estimations of size were made to the nearest half division.

Before taking a sample with a sterile needle the
culture was mixed by gentle shaking. The samples were
mounted in the culture solution on a slide and covered with
a coverelip in the normal way.

Measurements of width of the cells were made for cells
along a line transect (say right to left of the field) in
jilaments crossing this 1line at aoout a right an”*le (ie
top to bottom of the field). It was hoped by this method
to sample different filaments as it seemed reasonable to
assume that, with care in mounting, filaments would be
unlikely to be completely bent back on themselves.

Measurements of length were taken by determining the
longest and shortest cells within an arbitary distance
along the filaments whose width had been taken. The
distance chosen was the field of view and one field on
either side of this. These lengths have been termed the

maximum and minimum lengths in the subsequent tables.

The number of measurements taken varied. in clonal



57

cultures it was never less than 25 and in collections of
matei'ial from natural conditions it was never 1less than
IOC measurements as in the latter case there may be more
than one species present and the range in width is greater.
Ti-le measurements have not been treated statistically but
where 25 and 100 measui'ements were taken for the same
clone exactly similar limits for width and length were
obtained.
B. ttEuihfa O&SERVAT IONS.
UNDKK NATUHf.IL. CONDITIONS

Since collections of alga did not necessarily consist
of one species only, measurements of width, in particular,
may cover a wide range when the number of filaments of
different width is expressed as a histogram, two types are
obtained as shown in Histograms 1 and 2. The histogram
for the alga from the River Churnet (Source Aquatic 4.)
has only one maximum. The histogram for a collection of
alga from Chobham Common (Source-Terrestrial 1.) shows
several maxima or modes which probably indicate the
presence of more than one species or variety. If the
species do not overlap in their range of width it would
be easy to determine the limits of their size. As will
be seen from the histogram it is only possible to estimate

their limits by the position of minima. The collection
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here was taken to be three species approximately 3.5-o0.

bji, 0 5-11 . 5/1, and 11.5-15'. 5p wide.
Similar histograms were constructed for other

collections of alga but are not included. The size of

fo1 'i's 01* species collected is listed below.

Terrestrial 1. T la. 3 ? _ 0.2 RAwide
T2ab, ) 4.5 -1 .2 pouide
T 3 a,bc )
T.4 11.d - 15.5 & vide
AQUATIC 1 - —---Al 4.3 ¢ U.sju wide
AQUATIC 2 - - - A2 3.7 ' 4.3[i wide
AqllATIC 7 ---A3 t.3 ' 5.6/;
AQUATIC 4 - ---AM4 5.0 . 7.4/x
AQUATIC 5 - -———(RI 1.2 '7.4/x
(R2 7.4 w2 .4/
AQUATIC 6 - —--—(R3 5.0 's6 .2 /7
(XI 8.7 '9.3~
(X2 14.0 15 .0M
AQUATIC 7 - - - (X3 5.0 's6 .2/
(X4 6.8 3 .2/
(R4 10.0 12.4/1
(R5 14.9 M18.67ju
AERIAL 1 - — — El 5.0 6.2pL
AERIAL 2 - — — E2 5.0 6 .2
URONEMA 1 - ———TJ 6.2 8.7~U
URONEIVIA 2 - ---U2 m 4.0 6 .8 /A
URONEiliA 3 - ---U3 - 5.0 6 .2 /d
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Histo”rina 1 gnd 2.

widfh of
So 61 74 87 99 MI 115 137 149 Fllamenhs inyU

uidhh of FilareriVs
5-0 62 74 87

1. Histogram of mea siJrements ol width of cells in
collecI,ion of alga from Chooham Common (Terrestrial 1;

The histogram shows several maxima or modes.

Histogram of measurements of width of cells in a
collection of alga from River Ghtmet (iquatic L)

The histogram shows one maximum or mode.
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UIMpii>K CULTURIIL JOuUDITIOhS

In addition to lueosiirementr of the algae under natural
conaitionR meacui'- rrients were .lade of -11 the algae in
clonal culture in Soil Solution and. of imanj/ in otner
solutions, in particular in Knops and Molischs solutions.
'""he final range in width of the cells in ju and the maximum
and minimum length of cells in terms of the width (ie. 2
ti/'ies as long as wide etc) is given in fable 7.

After the establishment of clones fugom a single
filament or after the transfer of clonal material to a
diffei’ent solution, there was always a gradual change in
width until a :inal constant range for each clone in the
[Jarti cular solution was obtained. The time taken for this
final constant range to be reached was approximately 9
months in cultures started from single filaments and s
months in cultures started from large samples of clonal
material. Thus measurements for slone T.1l at s, 9, 12,
and 24 months after establishment were 5.0-5»op, 4.3-6.6p,
4.5-5.bp, 4.5-5. bp respectively and for transfers of clonal
material to Knops solution after s months in Soil solution
the measurements 5,6,9,12, and 16 months later were 5.7-4.5.
5.7-4.6p, 5.7-4.5p, 5.7-4.5p, 5.7 -4.5p. It is these
final constant ranges in width which are given in the table
Maximum and minimum length did not wvary after 5 months and

no determinations were made before this as there was

insufficient material for continual sampling.
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Com. itions ITitLirol Soil Solru t.notpc Solrul I.Tdlisclis Soin.
1'V.IC of Ertli Length Y/idth I.ength  hidth Length. V/idth Lengtli.
Olo ' in in teams in in tarrr in in terms in in terms
D of T/ilth  p ofv.oclth cfwidth * p. of width
p roan 1 10an an
31 3.7-6.2 12 4150 o 3.7-1.3 2o+ 3.7-5.0 2-6
(15.0; (n1) (ai)
1.1.b w7-0.2 1-2 L$i-u2 1-2 3.7-a3 2-4 3.7-5.0 2-6
6.2) (ni) (ai)
r.° -\ 7.4-8.7. 1-2 6-2-7.4 1P4
(7.3) (6.3)
T. "\b. 6.8-3.7 1-2 5.0-7.4 1-4 5.0-8.1 17-5
\ 8.0) (£.1) A (6.2)
°-— 6.8-11.2 1-1 8.7-11.2 1-1 7.4-8.7 -,~ir 7.4-8.7 1-2
(~8) - (7 .9) (7.9)
T.£.b.¢ 3.7-11.2 pi  7.4-8.7 1-2 7.4-3.7 12
3 (9.8) (7 .9) (7.9)
Y. ].c) 8.7-11.2 =1 7.4-9.3 1-2 17.4-8.7 1-2
(9.7) (8.0) : (7.9)
T. K 11.3-15.5 r-1 13.6-179 Pi Lies 12.1-14.9 P*1"
(10 3 (13.4)
ALl 3C.8pir 5.0-6.2 1-2 1.3-5.0 1P 3 3-6.2 1P3
(5.4) (5.3) @ .6) (5.1)
A. 2 3.7-1. 3 2-9 n 3-5.0 1-2 n 3-5.0 i-24 a 3-5.0 1-3
(ni) (1’19) Kns) A £4-.8)
A3 i>3-5.61-4 1-3-5.6 1-4 5.7-n3 p-4 13.7-5.0 1P 4
ns) (Us) @O (20)
A. K 5.0-7.4 1-2 5.0-6.2 I'o4 n 3-5.6 Ig—4 5.0-6.2 1'r4
(5.7) (5.3) ' (as) (5.3)
R. la 6.2-7.4 1-2 7.4-8.7 p2 1B.6-7,41P3 ,a2-7.4 ip3
@ .2) (7.8) (6.8) (7.2)
R.1D. 6.2-7.4 1-2 7.4-8.7 p2 j6.2-7.4ip3 a2-7.4 iP3
(6.8) 8.1) 1 (7.2) (7.2)
H. le 6.2=7.4 1-—2 7.4-3.7 6.2-7.4 1P3 6.2-7.4 1p3
(6.8) (7 .9) (7 -2) (7.2)
R.2 7.4-12.4pi 9.3-32 P]*~ 6.8-3.7 9%-2 ;a2 8-8.7 33-2
(9.6) (10-1) (7 .9) (7.9)
R.3 5.0-6.2 1-2 5.0-6.2 1-2
(5 .5) (5 .5)
R.4 10-12.4 1-2 10-12.4 1-2
H.5 m 9-18.6 1-2 |[14.9-16.6 1-2



Examination Oa the table shows that tuere was no
one solution v.hich gave the same final width and 1length
of cells as found in nature.

Most clones when grown in Soil solution remained of
the same general width nnd length as under natural
conditions but some shov/ed differences and all showed
restriction in the range of width. The clones showing
noticeable changes in width were A.2, R.1, and R.2.

Most clones grown in Knops solution showed narrower
and longer cells than those found in culture in soil
so Lution or under natural conditions.

All the terrestrial algae (T.1, T.xrJ, T.5, T.4,) and
all the aquatic algae except A*2 (A.1, A.o, A.4, H.1], H.2,))
showed this smaller size in Knops solution.

Similar results were obtained when clones were grown
in Molischs solution that is the cells w;ere longer and
narrower than those of clones grown in Soil solution or
of algae under natural conditions.

From results confined to these three solutions only,
it appears that the solutions of known composition prepared
from mineral salts give smaller plants. Other nutrient
solutions were used for certain of the clones and it was
found that they did not necessarily affect the clones in

the same way or affect all clones equally. Histogram 3

shows results for clones T.1l, T .2, T.3, T.4, in the three
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solutions already mentioned and in Moores Solution and
Knops modified solution.

In the histogram measurements for algae originally
gi'owing together are plotted on the same scale so that
the extent to which the size in different forms coincides
can be easily seen. It will be exceedingly difficult
to separate "*.1, T.2, T.5, when the” are “rowing together

using size as the main character.



ec31iruments of width of cells filsments in
(Lonus 'i;1, T2, To, end ].4 grown in various solutions.

U isnroiiiunts for the diiierent clones in one solution
ere Ilotted on the same horizontal scale to indicate
how 3 1ze of tlie c1ones overiaps ®

uesure. .lents3 Tor diiTerent culture solutions are plotted
directiV alove one on other to show the change in size
that occurs Tor any one particular clone.
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AT I reeudts indicated that the nature of the culture

solution afJects the cell measurements, that no one
solution wi1 i give the size found under natural conditions

for all algae, that some solutions affect the size of

all the clones in one general direction (e.g making them

all smaller than in naturej and that some affect the

aifiet1ent clones in dif] erent wvays.



go
E!y#ATIOi\ 0? A s8I .
Thib ifc Mn important ciiaracter for separating some species
ol' HoI'midiam.
.i~THOp.

The presence or obsence of a silky film was recorded
for matei'ial growing in difierent culture solutions.
.ObSHKvV'AT1GHS
Heneral pescriptlon.

The term ”silky £film” is applied in this investigation
to a layer of lloating filaments 1lying closely side by side
in swirling 1lines. The whole film Vvhen viev/ed at an angle
is glistening (rather 1like moire silk). 'This is distinct
from knots of floating filaments frequently held at the
surface by bubbles of oxygen in a rapidly photosynthesising
culture and also from the film of young germlings which may
form at the surface of the medium in culture of Uronema

species. These latter two films never appear silky with
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a characteristic 1lustre.
Effect of culture solutions on the formation of a silky film.
Oil :y certain ot the clonal cultures showed a silky film
Vhatever the solution used. Certain clonal cultures forming
a silky film in one solution did not Jorm a silky film when
otaei' solutions were used. Table b I'ecords the behaviour

oi clonal eultui-es in three solutions and of certain non-

cloiuil cultures in Soil solution. The time interval before
the fo?mation of a silky film is also included. The time
taken for the film to appear varies in various clones. It
must be noted that the interval is not for one culture but
for a series of subcultures of the one algal clone. This

may slow down film formation but since a "massive” sample
was transferred, once a film was present it invariably
occurred in the subculture. The time taken for a film to
appear in clonal cultures was never less than eight weeks

but these cultures v/ere started from a single filament and

were initially slow in starting growthand for several weeks
after establishment remained asa single short submerged
filament. Eon-clonal cultures of large samples of material

(although grown in larger quantities of nutrient solution)

quickly formed a silky £film
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a cnni*tacteristic lusti-e.

Effect of culture “o3nrtions_pn_the formatof a _silky *
Gil.;/ c'rt-'in oJ the clounl cultures snowed n silky film

Vhn teVhT the so Tuti on used . Cci*tairi clonnl cultures forming

a silky J'ilm in one solution did not Jorm a silky film when

otnei solutions wwei'c used. "nttle b i*ecords the behaviour

01 c*'lonnl culbui-es in thi-ee solutions and of certain non-

cloiial cultures in Soil solution. The time interval before
the fo?mation of a silky film is also included. The time
taken for the iilm to appear varies in various clones. It

must be noted that the interval is not for one culture but
for s selies 01 subcultures of the one algal clone. This
may slow down film formation but since a "massive” sample
was ti'ansj'ei'red, once & film was present it invariably
occurred in the subculture. The time taken for a film to
appear in clonal cultures was never less than eight weeks
but theh e cultures were started from a single filament and
were initially slow in starting growth and for several weeks
after establishment remained as a single short submerged
filament. Eon-clonal cultures of large samples of material
(although grown in larger quantities of nutrient solution)

quickly formed a silky film



TAUT2 o.

11 'ect of trie cul i.ure colution on the formation of a
&ilk,y film.

Clone In Soil Soin. In flolisch eolri.'ln ilxops 7/idth of
soin. filament
1 - 11'CBont in silky
A - Absent ,Eilm.
Time ITi uie 1'Time
in in in
Mihs. aiths . mthe
T .1 . A A A -
T, X. P 12 A A a.d -d.7/3
m ¥, A A A -
T. 4 A A A -
A.l P 9 P 6 P 6 5.0 - i.20
A . A P 14 P o 4.3 - 6 .°
A.l P 12 P 6 P 6 6 .Ou
A.4 A A P 10 6.0 - 7.4p
H.1 A A A -
H.: A A A -
H. s P 6 - - 5.0 - 6 .2/a
ri.4 A A A -
H. s A A A
E.1 A - A -
E. 2 P 2 P 2 P 2 5.0 — o0 .2%
H.
Placcidum P 1 P 1 P + ,5.0 - G.2*
(©) ,
il.ni tens
(c) A A A -
U.
suttilissma 1
(C) P 3 A - Is.o - 6 .2u
1\ionclonal|
Cultui'es '
R.3 P & 6.0 6. 2ji
.. =+ I2'+;;'i

T*5.+ T4. P 6 .2 8.7ju
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The algae loi"'mirig a silky film at least in ceitairi culture
solutions were one terrestrial alga (1 .2) the four aquatic
algae of still water (Al, Al, A3, ,) the subaerial alga
(E.2) ami one ?1lga of swift flo/ing water (r.3). All were
01 small size but differ slightly in width of the filaments.
All icd sliort filaments. A2 and A4 although forming a
silk,y film in certain media did not do so in Soil Solution«
These two algae differea from the otijer clones in their
fragmentation behaviour in this solution, A4 having long
j'ilaii.ents, A2 single or few celled fragments.

Confirmation of Results.

Certain clones foruied a silky film in only certain
nutrieiit solutions and the time for- the formation was
sevei’al weeks. In view; ot these unexpected results and to
prove that the silky film was not an aerial contaminant or
a mutant the following experiments were carried out ;-

1. Transfer experiments.

a. The silky films formed in Molisch* s and Knop'’s
solutions by clones A2 and A4 were transferred to Soil
Solution.

b. Submerged filaments of A2 and A4 grown in Soil Solution
were transferred to Molisch’s and Knop’s solutions.

c. The silky film formed in Soil Solution by T2 was

transferred to Molisch’s and Knop'’s solutions.
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d The submerged filaments formed by T2 in Kolisch’s
and Knop'’s solutions were transJ erred to Soil Solution.
2. Exposure experiments.
A sez'ies of vessels previously used foj* algal cultures
Vere sterilised thie normal way an ; sterile medium inserted
in the same way as for rjoimual algal cultures. Pour dishes
fo1' each oJ ttie nutrient solutions - Soil Solution,
ivloliscli’s and Knop's were prepared and exposed in the
laboratory in the following way -
a. Tvo dishesof each solution exposed for one hour.
D. Two dishesof each solution exposed continually.

The exposed vessels v ;ere examined after two and four
weeks.

The ti'ansfer experiments gave results entirely
consistent with those recorded in Table s . That is a silky
film appeared in the transfers b and d whilethe silky film
was lost, submerged filaments being formed, in the transfers
a and c.

In the exposure experiments the evidence was against

aerial contamindtion. o silky film formed in any of the

exposed solutions. Gontaminents were found particularly
s s . P .

Chlorella sp., Pénicillium sp”., and other fungi and

bacteria but no filamentous algae v/ere ever found.
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UOhoTR1CTIOh OR rhh PILACEHTS.

This ic' regarded as a minor specific character although
it. is the chief ctiaracter used on separating Ulothrix
moniliformis from other Ulothrix species of similar width

e.”. U.aeowm.its .

. mnlhiOD.

The ;resenee (in more than 30 of the filaments) or
absence of cons ti'iction of the fila tents at the cross septa
was recorded in filaments selected as when making cell
width measurements (See p. 5b ). The extent of
constriction was recorded by measuring the width of the
cells at the cross septa and midway between the cross septa-
.QnSER'fATIQhS
General Uescription.

in constricted filaments the cells appeared barrel
shaped and wider at their mid-point. The percentage of
Iilaments constricted was normally about 50°% of the total,
V'idej’ filaments being constricted. Thus in A4 the results

given below were obtained ;-

Width of Percentage of Percentage of
filaments. filaments of this filaments of this
width in a sample width which are
Gonstrieted.
6. Op 30 Total
.09 25f6 36 perc entage
6. 2u 20fo 60 of filaaents
6.6ju 6" 66 in a sample
7.43u 125 100 which are

constric ted
48
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Higura u eiiows tua extent oi’ constriction in tbe clones

Al, 'il-, T3, RT. A4 is ahovui iu figure 1. The average

BJilfajuiice (j%r 25 neae uraiiani.s) iu the width of the cross

section and midway betv aan crorn-v;alls was 1»2jJ this

i)ajur rj' inaloly 15fco vidr nt tua caj.tre of the cell

trifin at the cioss-septa .

Effacts or eul™lwI'f gpIutions_on_cops iction_of the filaments
lia-seuce or abaence of cous Lriction in the filaments

01 ntjlHi cJonai xBd isolates grown in 3 nutrient

solut ons is 1ecorded in Table 9.

TABLE 9

Constriction of the filaments.

lone Soil soln. Knop'’'s so Molisch’8 soln.
T.] bs ent absent aosent
T.2 pj'rsent ausent ab8ent
T.3 rr--seut absent absent
T .4 ?bs e Iit absent
A.l pT*esent absent absent
A absent absent absent
A.3 absent absent absent
A.4 absent absent absent
H.1 absent absent absent
H.2 absent absent absent
1i.3 present absent absent
H.4 absent

H.5 absent

E.1 absent absent

E.2 absent absent absent

Constriction of the filaments was not a common or constant
character of the alga studied. Only four clones E.2, T.3,

A.l1l, and R.3 had constricted filaments and these clones only
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shovwU'd cone triction of the iilaments whez grown in suiture
in Soil solution. hone of these algae had uons trie tel
jita neni,s vhen growing under nntural conditions, only A.4
showed eonptj'icted fila ii'nits at the time of collection,
nrt o 1.0 .. ti.ation of th. ef. ect of the nutrient
solution on the shape or the cells was carzied out using
R.3 in non clonal cultures in Beneeke’s, BJeirinck’s
Godwards, llervey’s, Knop’s, Molisch’s and Iringsheitn’s
sol uti.ons. Constriction of the filaments was once again
not a constant character and was present only in Bjeirinck’'s
and Gonward ’'s so*'.utions . (The algae died in Benecke ’'s

so 'ution.)
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TuiCKi.hlnG orF THE CELL WALL.

This is an important specific character in that
certain species eg. Ho j'midium nucosum Boy. Pet. and
H.crenulaturn Kutz. are mainly characterised by their
col'wait. It is not however a generally useful character
it/”s use being restricted to the differentiating of a few
speci es.

. i.LTnOD

Records vere made of the presence or aosence and type
of ttiickening in the algae. Microchemical tests were
cari'ied out aftei' the method of 7/oodhead and Jane (1941).
Methylene blue, Schultze’s solution, and Ruthenium red were
employ ed, with inclusive results. Such tests on small
algae aie often unsatisfactory because it is difficult to
see the :light colour changes which occur so that negative
results mean liitie.

OBSERVATIOHS.
General description.
Wall thickening was of three types.
I.Filaments with 2 layered wall and localized thic'renings
(H pieces).
Filaments showed em outer layer of translucent colourless
apiearance and variable thickness. The inner wall of normal

appearance, was of constant width. Localized thickenings
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a' the cross septa, the "h"” pieces described by Woodhead
end Jane and others, v.ere rather regularly arranged. Thus
in a pai'ticular filament of clone T.3 in Soil solution the
nuuiher ai' cells hntween the H pieces were successively 10,
U, 4, o, 1f., 9, 8, 8, U, 4, 1, 4, n, o, 10, 18, 4, 4, 8,
Inclusive results were obtained when micro chemical tests
were employed. The outer wall and pieces stained
blue in Methylene blue and the inner wall stained
indistinctly purple in Chiorezinc-iodide (Schultze’s soln)
and in some cases Ruthenium Red stained the outer wvall
slight]y as if a pellicle were present. This does not
conilict with the results of T/oodhead and Jane who concluded
that the "h” pieces and outer wall were not cellulose but
mucilaginous and similar to one another.
2. GEhERAL TKIC"'EHI1\iG OF THE WALL, VvITnOUT LiilERS BUT WITH
LIECES.

Generally thickened walls in which an outer layer was
not discernible were also found. Small H pieces of similar
nature to those described above also occurred at infrequent
intei'vals. It was impossible to decide whether this was
distinct from the thickening described above or merely
represented a poorer development of a similar thickening.

3. Irregular thickening of the cell wall with pieces.

Irregular thickening of the cell wall accompanied by



1 8”ularly occurtrig ”"Ii” pieces both not translucent but
bi’‘ovn and almost opaque were found in certain clones.

The thickening, which was irregular wrinkled patches,

and tne H pieces both have a similar appearance to the
hi"own basal attaching discs found in certain algae (eg
Uronema) The colour and opacity prevented satisfactory

mici'ochemical tests.

"be effect of the culture solution on the wall thickening.
The Table 10 summarizes the results for tre clones studied.
The numbei' 1, 2, or 3 indicates thic”'ening of the type

described above undei' these numbers.
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IAV'TM 1d.
The effect of the Culture Solution on v/all t M chncoc.
W'Clone. Trpc of .Vail un'or variouc coneitionc
K'-turel. Cif. tural Cu.itured. Cul tur-il
Gcf 1%polru hno')C loin. J1loliGech'7 Sol;l.
ol T;nn Thin T'r
'j0)7 T.iuhunec. nonb Tmn
oA t'T'C 2 ;ox t;/pc 1
but mor.t tliin. All +1'.iohoned. 'lOot T'ln
type 2 r: o'l type 1
T ye 1 Type 1 li,c 1
1 TMn Thin Tlln
Thin Thin Thin
Thin Thin Tlln Tnin
A. 4 Thin T1lan Tlln Thin
;i of err tely thich Tilll Tiiin Thin
Tl.in i Tliin Thin Thi.n
Thin Thin Thin Thin
R.2 Mont thin, none !Host type 2, Thin
t'l'c 1 some t'rie 1
“.3 T]lyc 3 Tjpe 3
I - =
R.if Tlln ‘Mostly tiye 2
R.3 an.)21 Type 1
4_
H.flaccidun Thin Thin
()
H. iltens Tlln Tlln Tlln
U. subtiliEsina- Tlln Thin Thin
H )
(C) I ,
(A blarik (-) 1indicates that the clone was not examined under these

conditions. )
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Tbic' ening of tl'jp cell wall was not a constant or
common chaiacter in the algae studied. Only six clones
allowed thic ening of any kind in culture. Of these only
m.4 haci iiiick walls in all tiiree solutions inves ti**ated,
and il% thickness of the outer wall varied being greatest
in soil solution. H.5 vhiich seemed to be a sinilar alga
to .4 v.as only grown in. Soil solution.

Furthei- investigation of the effect of the culture solution
on wall thickness.

Clone T .4 was grown in a further series of nutrient
media - Ilervey’s modified, and Moores solution and in Soil
solution vith added dextrose, or yeast ext;act. Figure 7
shows ttie extent of the wall thic'“ening in representative
filaments. "Jie outei- wall was very variable in thickness
reaching its maximum extent in cultures in Soil solution
with added dextrose or yeast extract. These results
further supported the view that although the ability to
form a thickened wall may be a character restricted to
some species the actual thickness of the wall is not a

constant character.
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Tbe present use of reproduction and morphological
characters in the taxonomy of Horrnidium and its allies
has been summarized in the historical survey. Reproduction
by motile cells, an iapportant gerr'-“ric character, could
not be studied fui'thei-. Motile reproductive cells were
not obtained in most clones. In the absence of motile
cells all sta”es in the noimal life history may not be
obtained and the wwilc on the variation in morphological
characters is consequently open to the criticism that the
full range in variation, even within the limited environ-
mental conditions was not obtained. Failure to obtain
reproduction using the classical methods has been commented
on frequently by other phycologists and the absence of it
in this investigation was not unexpected. Failure to
obtain leproduction frequently casts doubt on the
separation and identification of Stichococcus on the basis
of absence of motile cells..

Although separation of the genera byy”“eatures of
reproduction could not be studied, clear cut differentiation
between Uronema and other clones was possible using
morphological characters. In culture the former clones
retained their clear cut character of pointed apices and
specialised basal cells and normally reproduced by motile

cells. Ho other alga developed true Uronema apices.
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The shrivelled ends ol broken filaments (Brand 1913) could
never have been confused v.ith Uronema. These results
contradict the suggestion that Uronema is a mere stage in
the development of ordinary UlotIjrix species (Gaidukoy 1903)
I would support Mitras view that Uronema is a distinct
_enus.

The use of other morpiiological charactei's, commonly
used in both generic and specific desci'iptions, was less
Ieliable. Variation in the chloroplast was observed when
dill Pi-ent culture solutions were used. Similar wvariation
with habitat nas been commented on frequently yet emphasis
is still placed on the size and shape of the chloroplast
in many descriptions of Horrnidium and Ulothrix. It seems
to me that not only should richness or poverty of the
habitat be taken into account when assessing the significance
of the chloroplast but that the relations of the length
w/idthclthe cells should be considered. The chloroplast is
often described as small when it reaches only part of the
length of the cell yet in a long cell its size may be the
same as that of a chloroplast reaching the entire length
of a short cell. Similarly amount of fragmentation has
been shown to vary with the nature of the culture solution.
It is possibly related to some extent to lack of nutrients.

Absence of fragmentation in distilled water may well be



exI'|Mined by tbe complete cessation of “rowth. Tne
descril'tl ons of enrlier workei's could generally be applied
to the clones studied but accumulations of material of tne
type described by Piercy, although possibly present, were
not associated vvith fragmentation, neither 69 I consider
that Luiids description of horrnidium mucosum explains
letersens statement on projection of cell walls. Both
broken cellulose membranes and projecting outer walls left
after tlie separation of the middle lamellae may occur
although only one may be observed by one v”*orker.
Considerable changes in the distinctness of pyrenoids
were observed. The pyrenoids were clearly visible in
cultures and this resulted in the detection of a second
pyrenoid in cells of clone R.5 and of one pyrenoid per cell
in the alga sent by Cambridge as Hormidium nitens. The
alga fi'om Cambridge was identified as Stichococcus bacillaris
Haegeli when received but in later cultures the presence of
one pyrenoid per cell could only be reconciled with
identification as Horrnidium pseudostichococcus Heering.
It seems that the presence of a discernable pyrenoid depends
to some extent on nutrition and the use of absence of
pyrenoids for separating off a genus is wunreliable. Further
investigation of the nature and constancy of pyrenoids is

needed before deciding whether the character can justifiably

be used to separate Stichococcus and Hormidium. Establishment



of t[je Jkict that cbauges in the number of visible pyrenoids
do occur if- useful in that it partly justifies the practice
of wviiscouii ting differences in pyrenoid number vliich has
bet n t'c*lowed in some inves tigat 'ons of Ulothrix species.
The vai'iai-ion found in width and 1length oj' cells, though
Idiph't, is important since the identification of species is
com 'only made w/itti artificial keys based on tnese
measurements. Variation in size in tais group has only
been discussed by '?;tJZ:"esco and peter/* (193%,) . They found
thicot they could use size taxonomically in Stichococcus as
it vas poss-' '-e to distinguish foui' groups based on the
relation of length to breadth. In the Hormidium species
studied a si ilar grouping v/as not always possible because
of vai'iations in measurements for algae grown in culture.
Thus A .2 had cells 10 times as long as broad when collected
but only slightly longer than broad vhen grown in Soil
solution. It is clear at least in Hormidium that the
length of the cell is not always reliable as a taxonomic
character of a species and it seems to me that its wvalue
generally is likely to be rather limited.

The use of special characters shown in culture is
confined to Hormidium and Stichococcus and only one such
character, the formation of a silky £film, was studied.

The results described show that the ability to form a

silky film may be more v;idespread than has been previously
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tvusiected and , that, aian severeI dissimilar clones I'ormed

films and behaved diffrrer,tiy in various Evolutions, it is

is considered '.a, A.4, H.3, and A.l, would all have been

of rerininating zoospores (Chodat and heering 1914) and it
seems tdaat in par'icular culture solutions certain clones
fi-Qil, filarnents v.hich can float in that medium. The
chai'acters taxonomic value seems doubtful and it will be
unreliable until further investigated.

Utnei' CLiarac ters investira ted are of limited taxonomic
use. The occurrence of Barrel /haped cells (ie constricted
filanientsj in the vegetative state as well as when about to
reproduce is considered characteristicInof Ulothrix monilifor/iis
Since constricted filaments were found”“the vegetative
filaments of clones w'hich could not have been identified as
Ulothrix moniliformis this character cannot be entirely

reliable. Kneebends (using this term in the restricted

sense to describe angles formed by firmly attached as

o/pposed to loosely attached or apposed cells) were found
only in algae collected from swift flowing water. The

r 1
kneebends and *.hizoij*d like outgrowths were substantially 1lost

-] ]
in quEmf:ure. It has been suggested that "hizofds are
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iu'oduced as a result of irritation by the substrata.
Th"E-e 2Gsults would support this. The real assessment
of tbe taxonomic vad.ue couldxr made but it did appear that
algae collected from swift flowing water soon closely
resembled algae of similar size from other habitats w/hen
they were cultured under Eiimilar conditions. General
thickening of the cell wall and 1localized thic enings or
H pieces have also been recorded for a limited number of
species but is important in distinguishing between
2\
H./ucosum and H. crenulaturn. In this investigation v/all
thic'cening and the occurrence of K pieces were relatively
common. The variability of wall thickness was considerable
be

and H pieces' and wall thickness do not appear to” generally
useful taxonomically. In the separation of H.mucosum
and H. crenulaturn this investigation may lead to further
confusion in that T.4 had a two layered wall yet did not
give the reaction expected of H.yrfucosum, with chlor—%inc—
iodide!

The figures given by Lund, and Pritsch and Jolin differ
60 little that doubt exists in my mind as to their separate

cb Ibeic (WO

existencey, luymaly (1924 - not seen) is reported as
having established that H. j/lucosum is a dry soil form of
H.flaccidum. In this investigation the thickening of

t

walls was greater in liquid culture than in collections of
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filgae from damp Ejoil surfaces and it seems unlikely that
dryness alone causes this form. The reason for wall
fhiic'cenirig was not investigated but it is interesting to
note that Livingstone (1900) attributes differences in
thickness, of mucilage and wall thic 'ness in palmelloid
Suig%Dclonium to differences in the osmotic pressure of
his culture media. 'The loi-mation of H pieces was not
invHstigated and no explanation is commonly advanced.
Heerings statement that in Ulothrix mucosa four or eight
daughter cells lie between the cross septa of the old
filament seems to have been largely overlooked. The
genei'al appearance of clones studied in this investigation
is that which would be expected if H pieces are the remnants
of o0ld long established cell walls. Evidence has been
advanced in support of lriestley and Scotts view, that in
higher plants” daughter cells secrete their ov;n cell wall and
remain within the parent one (Elliot 1891 and V/ardrop 1952)
and in view of this” further investigation of the formation
oi H pieces might yield interesting results.

The present investigation has not led to results which
supports the cunent use of morphological characters in
separating the genera and species of the group of Hormidium
allies studied. Indeed the results may be said to show that

the criteria used are much less safe than the authors using
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Hietii \wé realised, 1 do not go as far as to state that
the cuaractei's used are valueless but that they are at
“resent unsafe and their use must continue to le;ﬁ to
conflict and mistake. I consider triat much more
investigation of these chtiraciers under experimental
conditions is needed and I think that a return of the clone
culture to the wv;ild conditions might sometimes lead to
valuable results.

The present work has shown that culture solutions of
different composition produce growths of considerably
different character. The possibility of wvarying culture

solutions 1is endless and at present we know very little

of the principles involved.
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oUMMAHY .

Clones were isolated from eighteen collections of alga
from varioustypes of habitat. 'iRiirtyseven clones w"ere
studied as representatives of different species. These
clones we}l A not all diffei'ent fiom one anot her and did not
necessarily represent true species hut at least twelve
distinct Jorms wei/e present.

The clones were grown under similar light and
temperature conditions but parallel cultures were grown in
different nutrient solutions and in a few instances v;ith
other factors, such as aeration, varied. Observations
were made on the effect of these various conditions on the
behaviour of the algae in an attempt to investigate the
reliability of characters commonly used to distinguish
between Hormidium, Ulothrix, Uronema and related genera
and between the species of these genera. These characters
are considered separately.

1. Reproduction

Clones which clearly were, by their other features,
Uronema species readily produced motile spores but in clones
of Ulothrix and Hormidium a“sexual and sexual reproduction
by motile spores was not obtained sufficiently frequently
for observation and often not at all. The common method
of reproduction in these clones was by fragmentation. This

failure to obtain reproduction readily by motile cells raises
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doubtB as to the value, at least in practice if not on
theory, of lifrerentiating between Hormidium and Stichococcus
on the baads of presence or absence of motile repi“oductive
cells.

f. Terminal and basal cells.

Cei'tain clones had acuminate terminal cells and basal
cells with attaching discs throughout the entire period of
culture and tlius showed the essential chai'acters of
Uronenia species. The Uronema species stand out as a
satisfactory group and the shape of the terminal cell is a
satisfactory character for identifying the genus.

7. Chloroplast size and shape.

The chloroplast was always a parietal plate but in all
the clones studied the interpretation of the shape (ie an
elliptical or circular plate, or collar-shaped) depended on
its size in relation to the cell. The size relative to the
cell length proved a most unreliable character and the
filament from the wild with notably small chloroplasts
formed large ones in culture. Chloroplast size and shape
appeared to depend entirely on nutrition.

4. Fragmentation.

Fragmentation was more characteristic of some clones than

others but the extent of it was highly dependent on the

culture solution. Fragmentation did not appear to be



associated with wall thickening- or with accumulations of

any special material. Aeration did not affect fragmentation
Culture of clones shows that the average length of filaments
or frequency of fragmentidtion depends on the composition of
the nuti'ient solution. In experiments with one clone

(p .4) fragmentation occurred freely v/hen the nutrient
solution had a low phosphate concentration, no iron or

high sulphate concentiation. Fragmentation occurring

under the unknown conditions of nature has been used as a
specific and even as a generic character. This v/ould
clearly be safer if regard were paid to nutrient supply,

h. Pyrenoids.

The development of clearly visible pyrenoids depended
on nutrition. They were clearer in the better nourished
flourishing algae and were generally clearer in culture.
All tne clones showed a clear pyrenoid in culture but not
all did so when collected. Culture made the detection of
two pyrenoids per cell possible in one clone.

The character of absence of pyrenoids for separating
the genus Stichococcus from hormidium is of doubtful value
since clearly visible pyrenoids may be absent at the time
of collection of the alga although detectable in culture.
The results are perhaps taxonomically helpful in that

differences in pryenoid number may be partly discounted in



determining species, a practice which has been followed
in some investigations of Ulothrix species.
U. Cell Measurements

When a clone v/as grown in different culture solutions
the mean length and vvidth of the cells (and also the
extreme measurements) gradually differed and each solution
finally pi‘oduced a steady me.an. No one culture solution
was discovered which would provide for all clones, cells
of the same size as they had at the time they were collected
The alteration of final mean in different culture solutions
was sometimes as much as 1 or - 20fo. Since the mean
size 1is greatly used in discriminating between species
I regard ifferences of less than this with suspicion.

7. Silky Film.

The formation of silky film was characteristic of
certain clones in certain solutions only. Some clones
iorm silky films in every solution used while others formed
one in a particular solution only. Formation of a silky
film is a useful character if considered in conjunction
with the culture solution. Its use as a specific character
is limited to a few species and its validity and value will
depend on whether its formation is also limited to these

species.



U. Cons triotion of the Filaments
Only a few clones ever had constricted filaments.

Cons trie ted filaments in these nloiies vere not found under

;.11 conditions. Tliut certain cD.ones were constricted

in Soil solution but not in other culture so Lutions or in

the vild, anothe3 clone v.hich had constricted filaments

in the wild 1lost constrictions in all the cultures established.
Tile presence of constrictions is used as a distinguish-

ing ciiaracter for a few species. The present work shows

that its use is unreliable unless the conditions of 1life

are taken into account.

Wall thie'-ness varied between different clones but
depended on the nature of the culture solution. The
Iresence of H pieces proved a stable feature in certain
clones but in other clones vere variably developed and did
not 1Ccur under all conditions. H pieces were only found
in culture in clones in which at least some collections
fiom the wild showed H pieces. Although wall thickness
and the H pieces were variable in development, the ability
to jorm them may be a valid s*-cific character. The
investigation did not show the conditions necessary for their
greatest development but the development of H. pieces in

liquid culture discounts the idea that has been put forward

that they are caused by dryness alone.
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inAIN CUAmC EHS OF hUmiDIUM AND ULOTHk1lX SIECIES
IOF S: ALL FI3A: Er.'T WIDTH) AS GIVEN BY 1lUMiv AUTHORS
i'Hi~*TIONED IN INTRODUCTION.

Jrormidium pseiidostichococcug (Naegpli) 1l[peririg
@ i-dbolly aynonyniouB vii,h Utiohococous bacillaris

HojViiidium aabtile (Kutz,) Tiecriug.

Tprnha bly synonymous vith Stichococcus subtilis (Kutzj

Klercker and Ulothrix subtilis K xtz.]

ho 14ilidivHT idvulare Kutz.

(synonymous with Stichococcus rivulai’is (Kutz) Hazen)

hoi'mi dium f£juitans (Gay) Heai'ing

\ = Stichococcus Flue)tans Gay)
Hormidium flaccidum
Descriptions un.der If.flaccidum A.Bru sensu ampl.

H.flaccidum A.3r. sensu strict .
Stichococcus flaccidum (Kutzj%iy

Hormidium nitens Menegh emend KLebs
(= Stichococcus nitens as described by Bristol)

Hormidium erassum. Chodat
Hoimidiurn dissect um. Cbodat
Ho rnidiwrri lubricum Chodat

Hormidium mucosum Boy.let.

. Horrridium crenulatum Kutz .

(= Hormidiopsis crenulata (Kutz) Heering)

Hormidium Klebsii G. M. Smith

Stichococcus scopulinus Hazen.
( = Gloeotila. scopulina (Hazen) Heering. As
Stichococcus Hazen includes Hormidium Kutz

and the alga is stated to have a pyrenoid it
may he a Hormidium species)
Ulothrix subtilissima Rabenh.

Ulothrix variabilis Kutz.
(= U.subtilis wvar variabilis Kirchner but Bristol
probably uses this name for Hormidium flaccidum)

Ulothrix tenerrima Kutz.
Ulothrix moniliformis Kutz.

Ulothrix subconstricta West.
Ulothrix rorida Thuret.
Ulothrix tenuissima Kutz.

Ulothrix oscillarina Kutz.
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Al iifip IX TII. CulTulffl SOLUTIOLs1S

Tlie loi'iijulae ai' the ool ut.i.ons used is: “iven below with
a i-elCi'Poee to the source of the formula and notes on any
norificatiooe made.
K®#OIS oOJUI IOU

“he cumuosi Iion of the so'ution as _iven iy Melean &

Cook (1941) is

1. Kio* 1 _ramme

2 . 1%S0zi 7HpPO 1 gramme

a. Ca(l™ .3) 2 ? grammes

4. KgHPO4 1 gramme

i. PeCl? 1 drop of 1%

1000 mis of distilled water
The solution was nade up at a this strength. The salts 1,
2 and 4 viere dissolved in 500 mis of the water, 3 was
dissolved in the other 500 mis and the solutions autoclaved
separately and mixed when cooled.
MOLISCilS SOLUTION
The composition of this solution was as given by

Iringsheim 1946 pg 35.

1. (IMk ) 2 HIO4 0.8 grammes

2 K2 HPO4 0.4 "

3 MgS04 7HgO 0.4 "

4. CaSo4 0.4 ”

5. ?eSo4 YHgO 1 drop of 1% in 100 mis

1000 mis of distilled water.



1l auci K were dissolved in 500 mis of v.ater, 3, 4,

in the other 500 mis.

epcii’at e 1l y

122

and 5

The Solutions were autoclaved

thBCKEO COIuTIO”
Tije comp'osi tion as given by Melean and Cook (1941)
is
Ca (i) g 0.5 gra 'oss
i%So4 7THgO 0.1 "
K~*HPO* 0.2 "
PeCl1l” a trace

1000
Txis is not the

phy cologis i,s.

and inis is ai oilar to Bjeirincks solution

discussioa ey bold 1942)..

Beneeke 1b96a. Bot. 2Ztg. 56.

WBIk1lhCKS SOLUTION

The composition as given by Iringsheim

1\H* NO3 1 grm

HPO4 0.2 "
MgSOo”~  7H”O 0.1 ”
PeClg 0.00 1 ”
1000 mis of water.

This solution is quoted as being that

Zbl. Bakt. 2:4 ) but Bold giving the

mis of distilled water.
"Beneekes” solution used by sooie

Some workers use Beneckes agar minus the agar

(cf. below and

The solution given here is as in

(1946 pg 35) is;

of Bjeirinck (1696

same reference includes



CaClp

2HpO

0.01 gins but not FeClg.

[iBKVETS SOLUTION .

123

The composi tion as iven by Krrvey (1949) is ;
KnO* 400 p.pm MnSo 4 4HgO 16 p.prn
Kg HPO4 50 p.fui 2e(1\il+ )g(®04 )g 4HgO 20 ©p.prn
MgSo4 7HpPO 250 p.pm Na Si 0% 9H”0 500 p.prn
CaClg 2H+o 20 p.prn KI 10 P .pm
KgUo: . 500 p.pm Distilled later 1000 mis.
KaSiO;* 9H"0 was omitted as it was not available. As the

culture solution was not to be used for diatoms the ommission

on silicate was not considered important.

OODIAKLB SOLUTIONS

The composition as given by Godward

NH4 CI
KgH104
MgSo4
Na2 SO4

KgSiOs
CacCo;s
FeClg
KNOg

MOOHE3

0

0

o

o

0.

SOLUTION

The composition

NH4

.00003

.0.8

.08

.058

.0025
.01
.00003
25

of this

NOs3

IE&>2 IO04

CaClg

MgSo4

7THgo

grms

4

solution as given by Poulton

0

0.

(1941)

is

This solution is a modified

vl solution,

KgSiO? was omitted

as in Hervey’s solution and

for the same reason

.5 grms

”

1

(1930) 1is;
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7THgO a trace
100C inls distilled water
This solution is only one oi those used by Moore (Moore &
Carter 1926 . Moore & Karrr<r 1919)

IhINGCHEIM' 6 Solution.

The composition as given by Iringsheim 1946 pg 25 is:

KNOp; 2/0
(iMhg)g HPO4 0 .002%
7HgO 0.001>
CaClo UHoO 0.CO00X/0o
i'eCl” 0.00005#®

Tais, is only one of solutions used by Iringsheim.

USIENbKAJA'S  SOLUTION.

This solution as given by uspenski and Uspenskaja 19>5

has the composition:-

KNOp 0.025 grms
Mgso# 0.025 "
Ca (MOg) 2 0.100 "
KHg PO4 0.025 "
KgCOg 0.0345 "

i'e(304)2 0.00125 "



iz8S

SOIL bOLUTIODb

Soil solution was pie;ai'ed in the fo)loving way:

A soil extract was first prepared. 300 grammes of garden
or ai-aUlLe field soil was veighed as collected but collection
vas not made immediately al'ter I'siri. The soil was autoclaved
vith uOO mis of distilled water in a lyrex flask at a pressure
ot 20 1lbs per square inch for thirty min. 'tes. The resulting
lipliid was immediately filtered, the first filtrate being
returned as a cleai* filtrate vas not obtained until soil
pai'tly blocked the filter paper. The fi].ti-ate, which vas

collected over night was made up to 500 mis. This soil extract

vas then diluted to make up soil solution, 150 mis of soil
extract and 0.15 gms of potassium nitrate were madeup to
1000 mis, vith distilled water. This solution was then
autoclaved at 20 1lbs. pressure for twenty minutes.

This method is a modification of themethod described by

Bold (1942).



pH 1/3 HpNfO 1\3''3 IbaCh

1.0 30 CCsS. 3. U- CCS
Haic up to 200 ccs in
e. e 30 cCcCs. 13.07 CCs
each case.
7.C 30 ccs 23.34 CCS
7.3 30 CCs il. 24 CCS
3.0 30 CCG. 46 .33 CCS
0.2H Acetic acid 0. 2n sodiuin acetatO
H.O ijC. CCS 10 CCs
23. 3 ccs 21.2 CCS
Hade up to 100 ccs in
8.0 13.0 CCS 33.0 CCs
each case.
3.3 6.0 CCS 1:4.0 CCS

6.0 1.9 CCG 48.1 CCs

=



Series

Solrzr .

10

12
13
14

15
16

22

23

(Ju
Tiio
H g s 0
0 01
0 01
0 01
0 01
0 08

0.01

0 2
0 2
e 2
0 2
0 . 2

.-fcuz-c r

lutions

0 2
0 2
0 2
1 2
0 2
0 2
0 2
0 2
0 2
0 2
0 2
0o . 2

intcrracclisitec

0 02
0 02
0o . 2
0 4
c 2
0. 2

0 . 2
0
0 2

0 2
0 8
0 3

u ot i
o s
tr
tor
"
tor
tor
t
t
tor
t r
tor
t r
t r
tor

c e
tor
tox
tor
tor
tor
tor
tor
tr
tor
tor
tor
tor
tor
tor
tor

s 0g
s ce
ace
ace
ace
ace
ace
acoe
ace
ace
ac e
acoe
ace
c e
ace
ace

0.4
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'S A r'T' "T f'xih '' ol *'0
Midx*d 4 ) ix 1 Lj. *fluux J-Jo

The phor")h;itn Sxlts v/crc dissolved in b00 ce -istilled wo.ter.
The othei- salts v/crc dissolved in a senerate 300 ccs of water
'vnd the two solutions autoclaved sep-arately. -'hey v/crc

iiiixed when cold.
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Figure. 1.

Form of the algae collected from naturel surroundings.

Camera lueida drawings of small portions of the filaments

V. 6ouroe

P-. oource

C. Source

IJ. Source

Aquatic 1.

iquatic 2 .

voua tic 3.

Aquatic 4.

X 1200 .

?IJlothrix variahilis

(Clone3 i.1.)

?Stichococcus scopulinus
(Clones 1i.2.)

?Hormidium luhricum
(Clones A .3.)

?Hormidium subtile
(Clones A .4.)






; 2.

igure.
Form of the algae collected from natural surroundings.
Camera lue ida drawings of small portions of filaments.

X 1200

f1. Source touatich. ? Hormidium rivulare (form 2 ) .
(Clones R.1)

H . :ouroe vouatich. ? Hormidium rivulire (form 3) .
(Tflonés "R~2 Y

0. Jource Aquaticse . ? Hormidium rivulare (form1).
(Clones R.3)

P. Source Aquatice . ? Hormidium rivulare (form 4)
(Clones R.4)



»
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Figure. 3.
Form of the algae collected from natural surroundings.

Camera 1lue ida drawings of small portions of filaments.

X1200
8 oilirce Terrestrial 1. 1 - ? Ulothrix subtilissima
2 - ? Hormi®“um £ cojmi
0 - ? Hormidium mucosura

(Clones Tl,T2,T5,T4.)

B. Source A.quatic 7. ? Ulothrix tenuissima
(Clones R/Bj



#

Fig. 3



Pigure . 4 -
Form of A e identified aAs UronemA species.

CrrnerA Inc ida drAwings of srnnll portions of filaments

X 1200.
V. oonrcel.1 ?Uronema gigas (Clones U.1l)
B. SonrceU.2 ?U. confervic olnm (Clones U.2)
C. SonrceU.3 ' ?U. confervioolnm (Clones 1IT.3)

J.Cambridge Cnlture Collection”U.oonfervicolnm
(Clones '"lJ.con?ervicolum (C) ).
This alga formed normal filaments in cnlt'nref" in lignid
media and wonId then have been identified as ** glgos

F.Cambridge Culture Collection, U.gigas
(Clo%Tbslj:]a”a3 (C)).
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Figure. 5.

Possible irdicatioria of reproduction

CanerA lue Ids dm vings of small portions of filaments.
X 800

A. Clone T.3. grown in soil solution.

R. Clone a .I. grov/n in soil solution .

Filaments show pores and rounded off cell contents.
The sliort tapering filaments may be germlings.
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Fig.5



Figure 6.

CorsW ction of the filgrnerts .

Carnerq lueida drawings of small portions of filaments
X 1200.

4. Clonel.l. grovn in soil solutionce

Clone R.3. 1 & 2 grown in C-odv/ards solution.
5 grown in Pringsheims solution.

C. Clone T.o. grown in soil solution.

D. Clone T.A4. grown in soil solution.



Fig 6



Figure 7.
\/9rinii oil..JJL wall J:hickenin”.

Camera lucida drawings of small portions of filaments.

X 1200. %:
wW. CloneT.4. grown in Knops modified solution.
X. CloneT.4. Crown in soil solution. i
Y. Clone T.A4. grown in soil soin., with added dextrose.
Z. Clone T.4. grown in soil soln., with added yeast "ext-

ract .






figure 8.

Vail thickening.

Free hand dravvings of clone T.4. stained in methvlene
blue.

Taterial staining blue is stippled.

L. UhO07/3 material between some cross septa.

ti, Shows H piece and two layered wall in some parts.

M. Shows Hpiece and completely two layered wall.



Fig. 8



