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ABSTRACT

A REVISION OF STIGZOCLONIUM AND
CRITICAL STUDIES IN RELATED GENERA

by A. K. M. Nurul Islam

The present work is primarily a taxonomic revision

of the algal genus Stigeoclonium, a member of the
family Chaetophoraceae under Chlorophyceae. It 1is

based primarily upon & large number of herbarium speci-

mens and other preserved and cultured materlals obtalned

from different parts of the world. In all, about five

thousand collectlons have been studled but a good number

of them are not listed here because they included young

growth-forms or were poorly preserved.

Historical review of taxonomic, pnysiolozle, ecolozic
and cultural studles were made and summerized and informa-
tion has been added to them from my personal observations.

General morpholozy of the habit, cell-tyves, hairs,

chloroplast structures and rhizoids have been critically

studled, described and illustrated. Information on

zyzospore structure has been obtained from the works of
otaers. A suszestlon presents itself that specles

definition may be more precise i1f chloropnlast and zy;o-

srore structures are considered. Tnese features have

been considered only in pert to the present time. It is
to be expected that more work on life-histories of all

specles will zive a clearer understanding of the systena-

tlcs of the genus and its close relatives.
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The main purvose of this wori 1ls to eliminate confu- |

sions in the limitations of the genera Stizeocloniumn,

Jlonioniiorn, Chrootonhoro. end Dronerncldin, especially

among intergrading svecies. 4 tentative key has been
written to separate the closely related genera

Stizeocloniuz, Clonionhors ond Dron-rncldi~, and besldes

this, a brief discusslon has been made on the inter-
relationships between different species-groups of

Stizeocloniun and their possible evolutionary trends.

Velld species and varlieties of Stizeoclonlum have been

designated after critically studying type specimens and
other numerous collections. The polymorphric nature of

Stizeocloniun specles, the results of cultural studies

and ecolozical investizations were all kept in mind in

evaluating specles. The whole treatment here has been

2ade toward a contribution for a monozranh of the genus
(] <

Sti~eocloniun.

A key has been written to separate the species of

Stizeoclonium, mostly based on some characters previously

not considered by eny author. At this time there are
about seventy species and forty-seven varlieties and
formae described in the literature. Here in this work
twventy-eizht specles and fourteen varieties are con-

sldered valid and of these four species and four vari-

etles are new to science. Two new combinations and

four emended descriptions of Stizeoclonium specles have
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been made.

A study of the genus Clonlophora has been made to \

show the systematic positions of some specles of

Stizeoclonium which have been transferred to the

former genus, This 1s the first critical study of the
genus Cloniophora, based on available materials includ-
ing both 0ld herbarium as well as recently collected
specimens from different parts of the world. In all,
three specles with one new combination: and one new
variety have been described and 1llustrated and their
geographic distributions recorded in detaill.

In all, thirty-nine plates containing 231 ficures,
113 text fizures and one table, one map and one chart

supplement the written text.
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INTRODUCTION

Any monographic study of a group of organlsms or
of taxa 1s a time-consuming task, because in most
instances one is called upon to examrine a large number
o: specimens. Also, one 1s faced with a sreat challenze,
particularly if the genus ls a polymorphic one, to iden-
t1fy preclsely these speclimens. The challenze is two-
fold: first, one must become familiar with "TYpzZ"
specimens and must judze their validity by comparisons
with other specimens and thelr interpretations. The
rain purpose of this 1s fundamental, namely, to deter-
nine what constitutes a "good species" in the genus.
Second, to learn what are the constant cuaracters of
species by which one may differentiate them. This 1is not
easy, especlally, in an instance where 1t 18 necessary
to depend mostly, if not entirely, upon vegetative
norpholozy which may be extremely varlable under the in-

fluence of environmental factors. Sticeoclonium Klitz.

1s such a genus with at least 115 described specles and
varieties. Such a list offers a challenge to determine
some 'true' features of a specles from among its diver-
sified forms of expressions. One needs to become famil-
lar with these plants as they grow, both i1n nature and
in culture. Thus, one may come to know the range and

direction of varlation within a partlicular species and
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from these variations to learn some ‘'constant characters'.
It 1s assumed 1n this work that when a plant occurs in
"optimum or favorable conditions" it grows to its full
size and in a mature stage all the essentlal characters

of the specles will be expressed that may be peculiar to
that species. Again, the mature status is not easy to
evaluate, for, regular observations in the field through-
out the year are required to determine when the plant has
attalned its full size. In culture medium also one may
not see the ‘optimum' growth, since it 1s difficult to
adJust the chemical proportions of the medium as well as
the physical features of the environment. DNatural
(ecologlcal) factors may be imitated but difficult to
duplicate. Recently, however, there has been some effort
to study and grow these plants elther in the natural
habitat (Butcher, 1932, Reynolds, 1948, etc.) or, in a
culture solution prepared after analyzing the chemical
constituents of the water 1n which the plant was growing
(Godward, 1942). The latter method produces better re-
sults than a general formula of algal culture medlia. 1In
this work it was not possible to obtain all the known
species in culture from the entire world. But the know-
ledge and experience gained from limited culture and
fleld experience was used here in studylng and evaluat-

ing the herbaria specimens both in dry and in liquid
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preserved conditions. Identiflication was based mostly
on vegetative morphology, although the separation of

Stigeoclonium from related genera such as Draparnaldia

and Cloniophora was made on basis of both vegetative

and reproductive structures.

The types of fllaments in Stigeoclonium show great

variations and possibly they remein throughout most of
the year In nature as reduced, or incompletely develop-
ed forms. Some exhibited reduced thalll also in
culture. Only at a particular time of the year and
under certaln conditions does a plant reach its full
slze or "peak" development. This fact has been supported
by many workers, and the term 'summer-form', 'spring-
form', 'winter-form' etc. have been used to designate
certain specles that meture in various seasons. Thus
Klebs (1896), Godward (1942), Blum (1956) and others in
thelr year-around investigations found that a particular
specles grows luxurlantly at a particular place at one
time of the year, whereas in other seasons 1t exists in
a reduced growth-form, or disappears from the habitat.
Godward (l.c.) further points out that the zygospores of

Stig. zmoenum Kg. germinate only 1in spring, both in

nature and in the laboratory, in spite of favorable con-
ditions having been maintained for the cultures. Blunm

(1956) on the other hand, found that Stig. tenue (Az.) Kz.

in ¥ichigan shows luxuriant growth in summer, otherwise,

remalning as reduced in form or disappearing. Klebs
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(1856) found that Stigz. tenue is a spring-form in Brun
where 1t grew luxuriantly although at the same time it
had disappeared from the running spring water of the
¢ity of Basel. Personal observations and those of
colleagues also support the periodic 'high peak' growth

of Stig. subsecundum Kg. during the winter season in

a Michigan bog. Here the plant grew profusely under
ice, gradually diszpoearing from thre havitat in Spring.
This suggests two aspects: 1) the same species
may be either perennial or annual and 2) some species
may be only annual, 1in a particular area. Our major
problem or confusion arises when we ignore these two
modes and try to ldentify each single collection which
possibly may show a reduced state of growth. It may
be only a chance that the date of collection by some
seasonal cocliectors would coincide with the time of
‘highpeak' growth of the plant which is ratier shorot,
For, if specimens are found in a young or reduced form,
a confirmed identification cannot be made. During the
Investigations of herbaria specimens 1t was found that
not all specimens with same taxa names are equally
well-developed. Occassionally, well-developed forms
were found which were even better than "Type" specimens.
Another point worth mentlioning here, 1s that

Stigeoclonium plants are able to live as epiphytes or as
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endophytes or parasites(?). These epiriytes have
created much confusicins and as a result several new
specles and varietles were established by Szymanskl
(1878), Hansgirg (1889), Iwanoff (1899), Franke.( 1883 ),
Heering (1914) and Skvortzov (1946). Several species
were reported alone from Lemna species. Some of these
forms were originally placed under the genus zZndo-
clonium by Szymanski (l.c.), but Hansgirg (1l.c.),

Heering (l.c.) anc¢ also Klebs (i236) preferred to re-

tain them under Stigeoclonium and such a disposition

has been followed by many modern workers. In this
present study these species are not considered as 'good
specles', although they might all belong to the genus

Stigeoclonium. Complete and more extended ecological

and physiological investigations are needed to solve
the species problem of this complex and reduced group of
plants.

In this connection it should also be mentioned

that Stigeoclonium plants in turn, also can be parasit-

ized by sume aguatic funpi, especially chytrids, and it
is not uncommon to find inflated, modified cells of the
filaments which may appear bulbuous, spherical or
elliptical reminding one of the oogonium of Cedogonium
(some of these cells could be akinetes or hypnocysts).,

Wolle's Stig. tenue var. bulbiferum Wolle may represent

such a condition. This type of cell was found also in
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other specles by me, e.g.,1n Stig. flagelliferum Kg.and

Stig. amoenum Kg., Special studies must be made also to
learn the symbiotic (?) relutionships between Stlgeo-
clecrnium filaments and the aquatic fungi and 1insects.

At the close of the discussions on Stigeoclonium

the genus Cloniophora has also been considered, since

this is the most closely related genus and moreover,

recently several specles of Stizeoclonium have been

transferred to it by Bourrelly (1S52). Thus, the dis-

cussions on Cloniophora will show the fates of those

discarded Stigeoclonium species as well as permitting

one to compare these two genera. For the first time a
detaill description of the history, world-wide distri-

butions and characters of the species of Cloniophora

are presented here after a critical and comparatilve
Investigation of the herbaria and freshly collected

specimens.



-7 -

SCOPE OF THE WORK

The genus Stlgzeoclonium was establlshed by Kuetzing
in 1843 with five speclies which were originally des-

cribed under Conferva and Draparnaldia. Later, Kuetzing

(1845, 1847, 1849) transferred more specles from

Draparnaldia, added several new specles and varietles,
and again in 1853, he added, transferred and rearranged
different specles and varletles, some of which might be
regarded now as simply ecological (and some genetical ?)
variations. More than one hundred years have passed
since Kuetzing's original publications. During this
time many other new specles have been described and
others have been transferred to the genus from Drapar-

naldia (cf. Schmidle, 1900), from Endoclonium (cf.

Hansgirg, 1339, Heering, 1914), and from Pseudochaete

(Tiffany, 1937). On the other hand, some Stigeoclonium

specles have been transferred to another genus Clonio=-
phora by Bourrelly (1952). This indicates that there
nust be some confusions and uncertalntles in respect to
the delimitations of these genera. The present work was
undertaken to:

1) Critically investigate this matter as much as

possible with the help of originally descrlbed specimens

as well as other collections.
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2) To determine and delimit the generic level of
the above genera which are closely related, especlally

Stizeoclonium, Cloniophora and Draparnaldia.

3) To understand the polymorphic nature and rancze
of varlations of the specles and to separate them on
comparative baslis. For this purpose large numbers of
herbarium specimens and living plants have been studied.

4) To bring together in one place all the relevant
Informations about the genus from the works on taxonony,
ecology and culture studies which are directly or in-
directly related to our better understanding of the spe-
cles concept and probably a first venture to study a
larze number of collections from different parts of the
world with a view to revise and make a contribution to-~

werds the monograph of the zenus Stigeoclonium.

5) To show the range of chloroplast structure,
rhizoids, hairs, cell walls, life-cycles, zygospore
structures and other vegetative and reproductive
characters with a view of showlng whether it 1s possible
to combine some previously recognized taxa together and
place them in some small groups. Thls comparative study
on vegetative and reproductive structures may be elabo-
rated further by future Investigations to add to our
knowledge of the affinities and differences between the
species. This may also help to understand the general

trend of morphological variations from simple to complex
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or advanced forms and to arrange them in a hypo-
thetically phylogenetic serles.
6) To evaluate the true nature of the specles of

Stigeoclonium not in a traditional, orthodox and

typologlcal sense but in a liberal, non-conservatilve
way Iin which values of ecological and cultural works
have been considered in order to determine with un-
biased and unprejudiced mind "good specles' from among
manifold variations. In a monographic work, the student

becomes a "lumper" or "splitter" or both, according to

hls deflnition of specles. Some workers may be prejudic-

ed. beforehand as to the course of the work to be follow-

ed. FHere, no preconcelved 1dea was allowed to interfere
with the decision taken afterwards. The facts were
determined first, then the conclusion was derived. In
some considerations I had to differentiate several
varletles. Again, Iin some instances 1t was Judged
necessary to combine several specles according to the
facts exhlbited by the type speclimens and other collec-
tions. A limited number of drawings are included here-
in to meintain this principle and to show the ranze of
variations. Illustratlions of those species which

are deemed invalid or doubtful have been included, for

exerple, Stig. pysmeeum, Stig. polymorphum, Stiz. autumnale,g
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Stig. weisslznunm. These specimens show striking

similarities to one another and all of them show young
stages of growth and could be assigned to a valild spe-
cies if thelr full growth-form and life-histories were
known from comparative cultural studies.

Although some cultures have been studied no '

attempts have been made to follow the entire life-cycle

of any specles, nor was it possible to get 211 stecies

in 1living form from any source. It was irpossible to
ccllect and culture all the species from different

parts of the worid in the time availuble, It is assum-

ed, however, that in the future, studles on life-nistory,
cytology and morphologicil features mentioned above may
reveal more about tne 'true' nature of 'species' in

thlis highly polymorphic group of plants.



MAT1xXTALS AND MaTHCOS

The present work on Stigeoclonium was based mainly

upon large numoers of herobariai specimens, both dry and
preserved, berrowed from GifTerent herbusia of different
countrlies of the world as well as on living materials --
fresh and in culture, collected and supplied by many
colleugues.,

Before identifications were attempted all the
original descriptions of the species were collected and
an iconograph of the whole genus was made, so that bcth
descripgtions .nd iZlustraticns might provide an over-all
concept of a particular taxi. (As the tixonomist well
«nows sometimes the sume type of plants may besr two
nimes, the reason belng that the later author whoe makes
the new species miy not =ncw or may not have seen the
works of earlier authors wno mignt have already publish-
ed on similar plants and given name or names to them.
This may happen, especiually when the papers are publish-
ed in different lianguages. It 1s unavoildible though
rezrettable.) Then with actuil specimens attention wais
first given te the Holo- vur leclto=type s ccincrs where-
ever 1t was possible to et tlem. Unfortunately, 1t
was not possible to obtaln several Type specimens in

spite of our great efforts, especially, from Chipa ,






- 12 -

Manchuria, end other places. All the Type specimens
of flve new specles made by Hazen also were not avall-
able from the New York Botanical Garden where he
supposedly deposited them (Hazen, 1902, p.139). Dr.
Clark T. Rogerson, Curator, Cryptogamic Herbarlun,
writes, March 7, 1960¢eeseeq.'"Your letter asking about
the TYPE specimens of Hazen arrived some tlme aco. I
regret to say that a careful and thorough search has
failed to reveal a single one of the speclimens of the
several new specles which Hazen described in 1902. It
appears that Hazen must have intended to deposlt speci-
mens at The New York Botanical Garden, but apparently
falled to do so. I have written to my curatorial pre-
decessors 1n regard to the matter. Perhaps they may
recall some bit of information about Hazen collections".
Besides this, several Types made by Kuetzing also
were not received, although most of them were obtained
from Rij}ksherberium, Leiden, Holland. But, in this
case many 'iso-types' and others used by Kuetzing were
found. It is assumed that the above Type svecimens
were elther lost, damaged or misplaced. Here, again,
personsl lconogreph with all the published 1llustrations
alded in understanding them when compared with their
orlginal descriptions. In some instances, how-
ever, authors did not 1llustrate certain specles and

several new varietles or formae, for example, Stig.
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amoenum beta pulchellum Kg., Stig. longipilum beta

ma'us Kg., Stlg. subtile Relnch, Stig. lubricum var.

salina Dixit., In this connection, I believe that good
illustrations, especially, camera lucida druwings, miy
be taken as a satisfactory representative of the des-
cribed species, if the material 1s not available for
study, although all illustrations are not equully well
executed, I do not fully agree with those who prefer
to publish photomicrographs rather than camera lucida
drawings. The reason is that not all parts of the
plants, especially when the branches are in different
plines, come to the same focus. Ruskin rightiy says
(quoted from Smith, 1919) "Learn drawing.... that you
may set down clearly and usefully, records of such
things as cannot be described in words, either to
assist your own memory of them or, to convey distinct
ideas of them to other people’. In my study all the
drawings of the species were made under camera lucida
and sometimes, more than one figure has been prepared
for each species to show the range of variations. Some
figures have been borrowed for this purpose, especiilly
when sultable material was not available for study.
The dry herbarlia specimens were examined with much
care and patience. Materials were mostliy soaked in
distillied water with a little glycerine or sometimes,

soap-water was used. Materials mounted on mica or
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zlass slides were 1in better conditions than those on
the paper. The latter specimens -which were many in
nunper posed a great difficulty in separating them
from the paper. It was found necessary to study
herbarium specimens several times before identifica-
tion could be made with assurance. This is becuuse 1in
removing dried specimens from the mounting paper it
was usually impossible to obtain all parts of the plunt,
basil-distally, at a time. In a few instunces, some
rare collections were troublesome pecause of scunty
material mounted on the herbarium sheet, for example,

Stiz. rungoonicum Zell. appeared in only two collec-

tions (sume miteriil). These contalned a few soil
particles and dust. These particles were soaked and
carefully spreaa and after several trials a few fila-
ments were found, although mixed with mud., Sometimes,
1t wis found that the main-axls, especially where it is
more prominent than the branches, was completely

covered by profuse branches and as a result it ex-
hibited the appearance of other species. It is

assumed thut this was one of the reasons why the identi-
fications, even of better collectlons and made by well-
known worke:rs were not always correct. Apparently it
seems that they overlooked or failed to see some parts

of the plants possibly because of faulty mounts. Small
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or younger plants or fragments were not seriously con-
sidered, becuause they presented no convincing rextures.

Camera lucida drawings, as mentioned above, were
made from holotypes, lectotypes or from any other 1liv-
ing or cultured specimens which 1In some cises appeared
more sultable than type specimens. Art. 7, Note 1 of
International Code of Botanical Nomenclature, 19506 was
followed to choose the specimens for illustrations.
Several holotypes were found to be comparatively
younser plants than in other collectilons.

A few cultures were mide and studled to verify
certain characters in some species, especially small,
sparsely-branched ones.

Numerous field trips were mide to collect Stigeo-
clonium in natural habitits and to study the hibit of

zrowth,
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List of Herbariai where the dried specimens obtained from:

Aboreviations accordinz to Lanjouw and Stafleu (1956):

AKU --- Dept. of Botany, Auckland Unliversity College,
Auckland, New Zealand.

AL --- Laboratoire de Botanigue, Fac. d. Sc.
Université d'Alger, Algeria.

B --- Botanisches Museum, Beriin-Dahlem, Germuiny.

BA --- Nuseo Argentino de Ciencias Niturales, Dept. de
Boténica, B.A. Argentina.

BP --- Museum of Natural History, oept. of Botany,
Budapest, Hungary.

BUT --- Butler University, Indianapolis, Inaiuni, U.S.A.

C --- Universitetets botaniske Museum, Gothersgaide,
Copenhagen, Denmark.

DUK& -- Duke Unlversity, Durham, North Curolina, U.S.A.

F --- Chicigo Nitural History Museum, Chicago,
Iilinois, U.S.A.

FH --- Farlow Library and Herbarium of Cryptogamic

Botainy, Cambridge, Mass.

G --- Conservatoire et Jardin Botanigques, Geneva,
Switzerland.
GRO --- Botaniscrie Laboratorium der Rljksuniversiteit

te Groningen, Holland.
H --- Botunicul Museum, University of Helsinki,

Finland.



HUJ ---

Lp ---

MICH --

MO ---

MDD o---

NSA ---

NY -__
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Dept. of Botany, Hebrew University,

Jerusilem, Israel.

Hydrobiological Lab., Usmunii University,

Hyderabad, India.

Botany Dept., State University of Iowa, Iova

City, Iowa, U.S.A.

Royal Botunic Garden, Kew, Rlicnrmond, Surrey,

england.

Rijksherbairium, Lelden, Hollaind.

Musée Botanigque Cantonual, Lausanne, Switzerland,

The Botunical Museum and Herbaicium, Tre Univ.

of Lund, Sweden.

Instituti Botunici Acuademiie Sc. Leningrad,

USSR.

Museo de La Platu, Divisidn Botinica,
Provincii de Buenos Aires, Argentinu.

Univ. Herbuarium, University of Michigun, Ann
rbor, U.S.A.

Missourl Botuinical Garden, St. Louis, Missouri,

U.S.A.

Cryptogumlc Herbarium, Univ. of Montreul,

Montreal, Canida.

National Herbarium of New South wWales, Sydney,

Austrilii,

The New York Botanical Garden, New York, U.S.A.



PC ---
PH ---
B ---
U ---
Us  ---
W
/N
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Muséum d'Histoire Naturelle, Luboruatoi:e
de C.yptogamie, Paris, France.
The Acudemy of Natural Sclences, Philidelghia,
U.S.A.

Institut Scientifique Chérifien, ribat, Miroc,
Morocco.

Botanical Museum and Herbarium, Utrecht,
Netherl.unds.

Smithsonian Institution, National Museum of
United States, washington, v.C.
Naturhistorisches Museum, Wien, Austriu.

L Universitit

A iaae v
[OPOTORRNUSRISRCAD W

Botanischer Girten

Zirich, Switzerland

Aboreviitions used for individuuil collectors:

Brun --

Herb. of Dr. Jules Brunel

" " Mr. J. H. Gruffius

Pecroonal he~uiriom

Herb. of Lr. D. C. Jici.son
Jr. G. W, Prescott

i Ylir, J. Senlalilor
27 L. A, _hitford
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Exsiccatie:
P.B.A. -- Phycotheca Borealis Ame ic.ri

7ilden -- American Algie Century



HISTCRICAL R=I7T7

The cenus Sti~eocloniun (orisin-1l snellin~

Streeocloniun, now discarded) wss Tirst estulllzhed by

Kuetzinz 1in 1843, and accordin:s to Internstional Code

of Z2otanical Fomenclature, 1957, Zti-. tenue (Az.) o,
1s the lectotype specles. Zti~coclorniv: hos Deen lepd

a3 norins conservanda over ithe ecrlier nane TTrvoneoen:

Tries (1325) by the Internsatilon=zl Fotenicrl Con-ress
in 1910. Fries (l.c.) used rronecar 1lvobrica (Dillw.)

Fries as the lectotype specles, a system also followed

by Hazen (1902). Fries' yyonens 1s obvlously a

heterozeneous genus, nlaced under Zntr-cho-vericog,

including besides the branched form [yionena 1nbric-

other unbranched forms, now referred to other
The followlng specles he put under Iyzonom~, cuch as

Conferva lukricn, Conf. zon-to, Conf. comrrcto, Conf,

oscillatorioldes, Conf. discsiliens and Di~ton~, Dronsor-

naldia Bory, Dronsrnaldia Az.  Hazen (l.c.) further

-

zentioned two other names, IIren~itrix

rig

rles and Ilvxotrix
*rles which Fries and other authors quoted as synonyms
of Yyxonemna, although Hazen could not give any informa-

tion on these two genera. Recently Silva (1559) was
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able to locate these original pupblished papers and dis-
cussed them in detail. One should not confuse with the
same name Myxonema made by Ccrda (1337), however, for a
fungus plant. It seems quite clear that Kuetzing had
established this genus to include thne brancred forug
(:iso part of szonema) which were different from

typical Driaparnaldia or other genera.

A taxonomic monograph on the world-wide basis hus
not been undertaken since Kuetzing's publications
(1843, '45, '47, '49, '53) in kurcre. mhcst valuvable
w.crlg, 2ltlough localized, on a monographic level, were
done by Hazen (1902) in United States, and by Heering
(1924) in surcope and still today these weri s wre wic 2o
used for species identification.

Kuetzing (1643) first described five species with

Stig. stellare as the lectotype, which has been re-

Jected by International Botanical Congress and consider-

ed as a younz growth-form of Stigz. tenue (Silva, 1y52).

Rabenhorst (1663) also earlier considered it as a

young form of Stig. tenue (Ag.) Kg. The other four

species mentioned by Kuetzing are in order Stig. uniforme

(Ag.) Kg., Stiz. tenue (Ag.) Kg., Stig. Blasolettiinum

Kg., Stigz., subsecundum Kg. These were all transferred

from Conferva and Drapirnaldia made earlier by C. A.

Agardh and Kuetzing himself. In 1845 Kuetzing added
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nine new specles. Then, in his classical work in 1349
(Specles Almarum) he described in 21l 24 specles with
several varleties. Some of them were transferred fron

Draparnaldia then recently made by Hassall in England

(1843). In 1853 he transferred several varieties to

specles rank, transferred Draparnaldla nudiuscula Kg.

to Stiz. nudiusculum Kg., added another new specles,

Stig. deblle Kg. and 1llustrated all of them. During
this perlod C. llaegell, A. Braun, L. Rabenhorst were

actively workinz on these and other algae in general.
laegell mostly studied alszal physlology including

Stigeoclonium. Rabenhorst, in the early development of

his Algal Exsiccatae used the name }Myxonema in 1850's,

then later in 1860's used the name Stizeoclonium. His

major contrivution was an algal exsiccata and probably
1s the first to treat algal distribution for the whole

of Zurope. He added a new specles Stiz. Grunowiil,

described Stigz. welssianum Grun. in 1itt. and rearrang-

ed some of the earller specles of Stigeoclonium. In

some instances these transfers created more confusion

than order. For example, he placed Stig. subulicserum Eg.

under Stig. protensum (Dillw.) Kg. as a variety; Stig.
lubricum Ktz.(not referring to Stig. lubricum (Dillw.)

Xg. syn. Conferva lubrica Dillw., he mentioned Conferva

lubrica Lyngb., p.377) as a variety of Stig. tenue.
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Also, 1n some places instcuad of retiining correct
author's names he placed his own name as authority,

mostly in his exsiccatae, for example, Stiz. tenue Rab.,

Stiz. uniforme Rab, His system was followed by e Toni

in his compilation, Sylloge Algar.un (1889). Grunow's
large number of collectlons were 1ncluded under Raben-
horst's Fiora Europa Algar. Sachsens.

buring the latter part of the 19th century there
were greater zctivities, eupecially in Zurope and in
U.S.A. in respect to collecting and reporting new spe-
cles of algie. Similiar to Rabenhorst in wsurope,
Gardner, Holden, Setchell and Coliinrs prepared their
exslccatae in U.S.A. curing latter quarter of the 19ta
century under the name Phycotheca-Borealis-Americana,
Tilden also made her Amerlcan Algae Exsiccataeinciud-
ing algae from Hawall Islands it thre szme tins,
wittrock, Nerdstiedt, and Lagerheim were also making
exslccatae from different parts cof the world, mostly
from New Zcaland, Australia, South America, Africa,etc.,
some under the name Phycotheca Universalls. Hansgirg
in 18380's collected algae extensively from Bdhmen
(Czechoslovakia) and besides reporting several species,

he adcded several new taxa from the arc. to Stlircocl oo

PP Y

He was the first to aivide Stizecclonium into the
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sections: I, custigceoclonium and II., Zndoclonium

(Szym) Hansg. - in which he included the endophytic
and parasitic forms. This was later followed by
Heering (1914) in Pascaer's Susswusserilori. Con-
temporary with Hansglreg vias Wolle in U.S.A. who re-

ported (1887) several Sticeocclonium species from

Pennsylvania inciuding one new variety. wcarlier Wood
(1372) published the history of freshwater algue of
North America. Tilden (1894-C6) in a series of papers

reported several Stigeoclionium species f{rom Minnesota.

Scrmidle in a series of publications (1895, 1846, 13C0)

described several new species of Stigeocionium from

wldely different rezions of the world, from Southern
India, Ceylon, Sumatra to Australia. Reinsch (1877)
reported two new species (parasitic forms) from
Kerguelen Islund, in S. Indian Gcean near kidigascar.
Later Bourrelly (1S54) also reported some species from
this Isianc. Cocre (18C82-34, 1402) reported several

Specics of Stizeoclonium from British freshwaters. At

the beglnning of the 20th century Hazen (1902) made an
excellent contrioution on the genus (he actuully used
the name Nyxcncma) treating it monographically for the
United States, mostly covering the bastern puarts.
Collins (1907, 1509, 1yie, 1%13) complled the known

zreen algal flora of North America adding some new
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species of Stizcocl-onium, Setchell and others collect-

ed many algal specimens from Tahitl, Bahama-Islands etc.
Wille collected extensively from Puerto Rico in 1S14-15,
Trese and otler numercus irnciviaual coliections, such

as Herbarium of Suringar, Lebel, van den Bossch etc.
contributed much toward the herbarium lists and establisli-
ed the foundztion of taxonomic work. This list 1is
increasing day by day and correspondingly it is becom-

ing more and more difficult to review all publicutions.,
However, a brief 1list of major taxonomic works reporting

Stireoclonium species 1s given below under the heading

of each country.

EURCPsS

turope 1is pernups the most intensively and extensive-
ly studied area in respect to algal floras and has been
so for more thun a century. Dillwyn in early 1300's

some of which are now regarded as Stigeoclonium species,

for example, Conferva lubricua, Conferva nora, and Con-

ferva protensa., C. A. Agardh also in early 19th century

reported several species under Driparnaldia, for

example, Drap. fenuls Agz. now as Stig. tenuc. Kuetzing

ninvself made several species filrst under Confervi and

Draparnildia as mentioned before, mostly from Gernuny




and adjacent countries. Hassall (1343, 52) reported
several new species and varleties from England under

Driparnaldia, as Drap. elongaita, Drup. tenuls var.

elongaita, Drap. condensata. Naegell reported two new

specles, Stig., variablle and Stig. insigne, the latter

from Zurich; Fiorini-lizanti (18€1) one nsw species

from Italy, Stig. hydrosulphureum, now discarded by me;

.
2 A
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Rabenhiorst (1862) reported one niw speciocs

grunowii from Austria, redescripced Stig. helssiamm

Grun. from Zante; Kircnner (1878) from Breslau;

Berthold (1878) with a new species, Stig. farctum from

Germany; Cooke from mngland: Lagerheim from Sweden;
Hinsgirg (1384, ©C, 87, &3) from Bdhmen with a4 new spe-

cles, Stig. pygmaeum and new varietlies, e.g. Stiz.

viriaibile var. minus, and Stig. falklandicum var.

lonzearticulatum, also Stig. tenue var. lyngbyiecolum,

and var. epiphyticum (from India); Wildeman (18¢€)

from Belgium; Wille (18597) in generual; West and iWest
(1397, 1501, 1906) from Great Britain; Fritsch (1503)

with one new variety, Stig. farctum var. simplex from

Zngland; G. S. West (1504) published the British Fresh-
water Algie from England; Teodoresca (1907) with one

new variety, Stiz. subsecundum var. ulotrichoides

from Roumania; DMigula (1907) from Germany, German-
Austria and Sweden; Iwanoff (1899) reported a new spe-

cles from Puerto Rico, Stigz. terrestre; Coupin (1907?)
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published an algal catalog of the whole world;
Heering (1914) from Germany, Austria and Switzerlaind
reported several specles with several new combinations

as, Stig. longearticulaitum (Hansg.), Stig. Huberi,

Stig. polymorphum (Franke), Stig. chroolepiforme

(Szym); Kufferath (1919) two new spp., Stig. silinum

and Stig. submirinum from Belgium; Printz (1527) in

general from surope; West and Fritsch (1927) revised
British Ireshwater Algae; Vischer (1935) with « new

specles, Stig. helveticum with two varieties from

S«itzerland; Butcher (1432) reported two new varieties,

Stig. farctum var. rivulare, and Stig. falilundicum var.

anglicum; Godward (1942), neynoids (1948) reported
scvzr.l species from some mawr and lakes in wsngziand
and mostly studied Stig. spp. in culture; Campion

(1956) also from rngland reported several species of

Stizeoclonium from the shells of molluscs and bivalves;

Llotsky and Rosi (1955) reported severil Stig. spp.
from Czechoslovakia; Prof. kuwk of Tartu State Univer-
sity, fstonia, writes in a personal letter to Prof.
G. W. Prescott (Dez. 18, 1958) that there are three
specles so fur found from sstonia Territory: Stig,

ionzipilum Kg., Stig. subsecundum Kg. and Stig. tenue

(Ag.) Kg. of which the former two have been found only

in the middle of &stonia and the last one was found
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sporadiczltly in tne mildie 2! csouth of Estonia.

U.S.A. and North America plus Adjacent Islands

Besides the putlications by Harvey (1852), Wood

(1372), woole (1837) with a new variety Stig. tenue

var, bulbiferum, Tilden (18S4-96) etc. Hazen's work

(l.c.) may be regarded as the taxonomic starting point
of this genus in U.S.A., although he covered mostly the
eastern parts of the United States. He reported in all
13 species, five of which were new taxa, viz. Stiz.

glomeratum, Stig. aestlvale, Stig. afttenusrtun, ST 3

-t

ventricosum, and Stilg. stagnatile. Since Hazen many
papers have reported several sZuropean species from
different States in U.S.A. The important of those are
mentioned as follows: Ackley (1930-31) preliminary
reports of ten spp. from Michigan; Andrzaos (1910)

from Indiana; Borge (190%) in general; Britton (194%)
cataloged seven spp. from Illinois, later on descripesd
#ith Tiffany (1952); Bradley (1929) from Colorado,

reported the fossil Stigeoclionium lvbricem (D17 w.) Lo,

(although highly doubtful) from middle of Eocene epoch
of early Tertiary (about 40 million years); Buchanan
(1907) from Iowa; Chapman (193%4) from Cnis; Collins
(1.c.) several with three new sp:=ci.s and one new forma

from U,S.A. viz, Stig. autumnale, Stig. subsimplex,
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Stic. mlnus, and Stiz. amocnum forma bilforme; Croasdale

(1935, 43) from Mass. (Iew Inzlend); Davidson (1932)
from Ohlo; Fink (1905) from Iowa; Forest (1954) fron
Tennessee Valley and S-E U.S.A.; Hayden (1910) from
Missouri; Hobby (1880) from Iowa; Holden (1899) in
general, also in P.B.A.; Hopman (1893) from Nebraska;
Hylander (1928) from Connecticut; Kellerman (1902)

from Ohio; Lewis et al (1933) S. Carolina; Lillick and
Lee (1934) from Ohio; Love and Rogers (1933) from
Indiana; McInteer (1939) from Kentucky; McNaught (1920)
from Kansas; MecNelll (1948) from W. Virginia; loore
and Carter (1923) from N. Dakota; Palmer (1929) from
Indiana; Phinney (1951) from Michigan; Prescott (1931)
from Iowa; (1944) from Wisconsin with a new species,

Stig. pachydermum, (1951) from Western Great Lakes Area,

(1955) a new species from Montana, Stiz. Nelsonii:

Smith (1931) from Indiana; Smith (1933, 1950) in general;
Snow (1932) from Utah; Stone (1900) from Mass; Thomp-
son (1938) from Kansas; Tiffany (1925, 1937) from Iowa

and West Lake Erie with a new comblnation Stiz. gracile

(West & West) Tiff.; Transeau (1913) from Illinois,
(1917) from Michigan; Vinyard (1956) from Oklahoma;
Webber (1892) from Nebraska; Whitford (1943) from N.
Carolina; Woodson (1957) from Virginia; Hughes (1943)

from Marltime Provinces, Canada.
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CENTRAL AUD SOUTH AMIRICA

Borge (1918) from Brazil; Britton (1937) from
Puerto Rico; Bourrelly and Menguin (1952) fron
Guadeloupe Island; Prescott (1951) from Panama Conel
Zone; West (1914) from Colombla; west and West (1394)
from West Indles; Guarrera and Kihnemann (1949) gave a
11st of references of four specles for Argentina

Republic including Falkland Island.

ASTA

Comparatively much less 1s known from this larger
and diversified continent. Followlng are some papers

reporting Sti~eoclonium: Dixit (1937) from S. India with

a new variety, Stig. lubricum var. szlina; Iwanoff (1899)

from central Russia; Jao (1940, 1947) from China with

two new species, Stig. prolixum and Stis. polyrhizumg

L1 (1932) from China; Richter (19?) from Java with one

new variety, Stig. subsecundum var. Javonicumz;

Schaidle (1895, 1900) from Sumatra, India, Ceylon, with

one new specles and a new varliety, Stils. snicetum from

Sumatra and Stig. nudiusculum var. tomentosum from S.

India; Singh (1954) on life-history of Sti~. zmoenum

and Stig. farctum; Skvortzow (1926) from Ceylon, (1946)

Manchuria and other areas, with two new specles, Stig.
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najadeanum and Stig. gracile; SkujJa (1S49) from Burma

wlth a new specles, Stig. curvirostrum; Venkataraman

(1957) from India; West (1904) from VWest India; West
and West (1907) from Burma, Bengal and Madras;
Wildemann (1900) from Java; Zeller (1273) with a new

specles from Burma, Stlg. rencoonicun.

AFRICA
Bourrelly and Manguin (1954) from Kerguelen Island;
Fritsch (1918) from Cape Peninsula with a new speciles,

Stlz. prostratum Fritsch.; Fritsch and Rich (1924)

from Natal, (1930) from Griqualand and south-west Africa,
(1937) from Belfast Pan, Transvaal; Gayral (1954) from
Yaroc; Hodgetts (1925) from Stellenbosch, Cope of Good
Hope; Yayal (1935, 1937, 1939) from Zzypt with a new

variety, Stig. mrcerocladium ver. Zoyvtlocoe; Relnsch

(1877) from Kerzuelen Island with new parasitlc type of

species, Stiz. Fookerl, and Stir. subtile; Rich (1932)

from S. Africa Pans and Vleis; Vest (1912) from S.

West Africa; West and West (1%895) from iladesgzscar.

~

AUSTRALTIA ANWD NEW ZEALAUD ATD ADJACT'T ISLATTH

5t111 less 1s known from these countries and their

surrounding 1slands. Pertlnent publicatlons include:
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Moebius (18¢z) with a new species, Stiz. australense

from Australia; Bbeewus (1953) from semi-desert round
Broken Fill, New South Wiles; Nordstedt (1837, 18c8)
from New Zealand and Australia, with two new varieties

both from New Zealand, Stix. subsecundum var. tenuis,

and Stig, 2moenum var., novi-zelandicum; Schmidlie

(1896) with a new species from Queensland, Stig.
Askenasyl; Setchell (1926) from Tahiti.
Although the above list of references given for

each country may be Incomplete 1t presents the relative

@]

extent of field-work done in thes. or..s. More mater-
lalis are to be studied in Asia, Africa, S. America,
Australia and New Z:zalonZ, WV_ov, 1ittle is known also
from the inland waters of China and Russia.

Although species distributions do not follow the
political boundaries between ad zcort cluortries, still
for the purnase of lozating them 2 tible {soo Table 1)
ic glven bel.w whizh shows the total nunmbor of specles
so far reported from each country of the wcrld, at
least the major continents. This species list does not
necessarlly ccrrespond to the valid species accepted in

this work.
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Prysiology, Culture nd Life Yistory Study of Stigeoclonium

Although not all the species of Stigeoclonium have

been studied in culture and their life-history and physio-
logy learned, a conslderible knowledge has reen accumulat-
¢ gc far, Many studies have vooen male o zoospere-forma-
tion, iberation and germination; few on the life-cycle,
branch-formation and other physilological responses ex-
hibited by certain species. Informations cii these

acpects have been obtained from the important works of
Kuetzing (184%4), Braun (1853), Naegeli (1855), Famintzin
(1871), Cientoveki (1878), Berthold (1279), Gay (13°1),
Haver (1292), Klebs (1396), Tilden (1896), Livingston
(1900, 1903, 1905), Chodat (1902), Fritsch (13503),

Pascher (1905, 1906, 1907 ?), Cholnowy (122.), Butcrocr
(1932), "izcher (1933), Uspensbtazla (10:6), Godward (i¢!2).

Reynolds (1943, 1930), Chang (1952) and scveral others.
2 (&)

Detai? discussion of the results of these worxs is not in
order hcre but for the sake of better understunding of

Stigeoclonium, a brief review is presented below together

with certain remarks based on my own chserveticns,

CULTURE STUDY:~- Various methods and media have bteen used

fcr culturing Stigeoclonium species Uy different investi-
gators.  Such cultures have been made in the laboratory
on artificial media and by 'culture'! in the field under

natural conditions (both controlled ard uncontrolled),
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In laboratury culture either the ordinary pond or lake
water or different chemical solutions have been used,
such as 1) Benecke's solution, 2) Knop's solution,
sometimes with modifications, 3) Bristol solution, 4)
Chu's solution, 5) Godward's solution etc.; sometimes
801l extracts are mixed up for better results. 1In

many cases agar 1is added to so0lldify the medlum in
culture plate or slant. The principle of making God-
ward's solution seems to be quite satisfactory. Godward
(l.c.) made the culture media (as modified Chu'fs solution)
after analyzing the detalled chemical constituents of the
lake (where the plant was growing) for several months.
This type of solutlion gilves falrly exact chemlcal con-
stituents required by the plant. Godward found almost
ldentical growth both iIn culture as well as in nature.

Culture plates and slants can be placed both in
natural light or under continuous artificial 1izht of
various Watts, elther from ordinary bulb, or fluorescent
tube.

'Culture' in natural habitat was practiced by
several workers due to the fact that these filamentous
plants are extremely sensltive and varlable in culture
media where they are not subjected to all the physiczal
and chemical conditions of natural habitat. Hazen

(1902) however, tried to culture these filamentous
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alzae by putting fresh specimens in glass cylinders
(larse bottles with bottoms knocked out), coverinz
both ends wlth muslin and anchorins them near the sur-
foce iIn a runnine brook. ot all plants, however,
grew satisfactorily in this controlled exveriment.
Butcher (1932) used zlass slides which he kept
directly in natural habitat water on which attached
plants mitht rcrow thus permitting examinatlion from time
to time. This method was also followed by Reynold
(1943) who also cultured the same plants artificially
to compare the szrowth in nature as well as under labore-
tory conditlons.
The meln purpose of the culture study, however,
I belleve, should be to learn the comnlete life-history
from zyco<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>