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Chapter I 

Introduction and acknowledgements 

l.I. INTRODUCTION 

In his introduction to "The Green Aigae of North America" Collins (1909b, p. 
83) depicts the problematic taxonomy of the genus Cladophora in the following, 
appropriate wordings: "Cladophoras abound everywhere, in fresh and salt 
water; herbarium specimens are practically as good for purposes of 
determination as the living plants; and yet th is genus presents more difficulties 
than any other treated in this work. Species have been described recklessly, from 
imperfect material , of ten with little or no consideration of what had before been 
described; the plants vary much in response to environment, and the individual 
plant may vary much at different stages of growth, but except in a very few 
instances we have no investigations to show just what forms belong in the same 
life cycie". In his treatment of the genus Collins enumerates and describes 69 
species and subspecific taxa for North America, 42 of which for American North 
Atlantic shores. These numbers are quite modest when compared to the more 
than 900 names given, in the course of about 150 years, to 37 species and 
subspecific taxa of European Cladophoras (van den Hoek, 1963). 

Although being aware of their inadequacy Collins had to rely on the 
taxonomies of Cladophora then available, and it is therefore quite comprehensi
bie that his treatment of the genus was still unsatisfactory, of which he was 
perfectly aware . This is also true for Taylor's (1937, 1957, 1960) later treatments 
of Cladophora, which largely rely on those of Collins . The descriptions in most 
cases hardly convey an image of the material concerned and this is probably 
caused in the first place by insufficient knowledge of discriminating characters, 
apart from the lack of insight , already mentioned by Collins, in environmental 
and age dependent variation. 

This lack of a satisfactory taxonomy of American Cladophoras has incited me 
to venture into the systematics of the East-American representatives of the genus, 
using, in principle, the same approach as for my revision of the European 
Cladophoras. One other important motive was that a taxonomically reliable 
revision of a species-rich genus as Cladophora for such a vast part of the 
Atlantic Ocean could provide more insight in phytogeographic patterns and 
processes of marine algae (see van den Hoek, 1975, 1979). 

1.2 ACKNOWLEDGEMENTS 

I would like to thank the following persons for various types of assistance: Dr 
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H. Rietema and Or A.M. Breeman for isolating cultures of material sent over 
from Curaçao; Or H.J. Humm for stimulating field trips along the Florida 
coasts and for sending living and preserved material; Ors M. Oiáz-Piferrer, P. 
Edwards, o. Kapraun, W.R. Taylor, A. Cardinal, R.O. Chapman, R.K.S. Lee, 
R. Schnetter, N. de Rios, and R.G. Hooper for sending material; to the di rectors 
and curators of the herbaria mentioned on p. 8 for the loan of material; to Mr. E. 
Leeuwinga for preparing a part of the drawings for publication; and to the 
secretaries of the Biological Cent re (Haren) for typing the manuscripts. I am 
particularly grateful to Or O.M. John (University of Ghana) for sending me rich 
collections of West African Cladophoras; and to directors and staff of the 
Caribbean Marine Biological Institute (Carmabi) on Curaçao, Netherlands 
Antilles, for hospitality, working facilities and assistance in the laboratory and in 
the field. 

Part of this work has been supported by grants from the Netherlands 
Foundation for Advancement of Tropical Research (WOTRO) and the Melchior 
Treub Foundation for Research in the Tropics (Royal Netherlands Academy of 
Sciences). 
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Chapter Il 

Material and methods 

Most Cladophora-species show a considerable age-dependent and 
environmental morphological variation (cf. van den Hoek, 1963, 1964). Much of 
this variation can be detected by studying natural populations in the field . Of 
particular interest are populations of narrowly related species growing beside 
each other under identical conditions, such as the same rock pool, or at the 
infralittoral fringe under identical exposure conditions etc. One may expect, on 
the one hand, these different species to show comparable morphological 
expressions in response to the identical environmental conditions; and, on the 
other hand, to present distinct interspecific differences which can be expected to 
be much vaguer when the complete morphological ranges of these species are 
compared. For instance, the three narrowly related species Cl. laetevirens, Cl. 
vagabunda and Cl. dalmatica, when growing at low water level exposed to waves, 
form smalI, one to several cm high somewhat spongy pompons with acropetally 
organized, incurved ultimate branch systems but with distinctly different cell 
diameters. Considerable age-dependent morphological differences can often be 
detected by screening large numbers of plants within one population of one and 
the same species, for instance one may encounter in this way the of ten almost 
unrecognizable plants resulting from the disintegration of the distal plant parts 
by sporulation. Such plants are reduced to thick-walled main axes bearing a few 
main laterals and lack the distinctive features of the species. Often these main 
axes continue to sporulate, and the cells are, in basipetal ditection, divided by 
intercalary cell divisions into short zoidangia (Figs 251, 285). When such plants 
start to form young proliferations again a different morphological expression 
arises (Figs 254, 255) . Only later do these young proliferations grow into branch 
systems with a species-specific organization (Fig. 245). 

For the present revision I undertook such field studies, using the facilities of 
the Caribbean Marine Biological Institute (Carmabi), in the periods May/June 
1968 and January 1973. In this way living populations of a number of Caribbean 
Cladophora species could be investigated (Cl. coelothrix, Cl. socialis, Cl. 
catenata, Cl. Iiebetruthii, Cl. Iiniformis, Cl. globulina, Cl. montagneana, Cl. 
brasiliana, Cl. chlorocontracta, Cl. jongiorum, Cl. laetevirens, Cl. vagabunda, 
Cl. dalmatica, Cl. vadorum, Cl. conferta, Cl. pel/ucidoidea, Cl. submarina). 
Initially I had the intention to conduct comparable studies at various ot her , 
especially more northern, points along the enormous stretches of coasts whose 
Cladophoras I had ventured to revise. This being difficult for various, but mainly 
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financial reasons, I had to resort to herbarium material. In doing so I soon 
discovered that the large majority of species occurring along the temperate coasts 
of East America were already known to me from European coasts, and 
consequently their study in the field was not indispensable. Once a concept of 
Cladophora species is obtained, it is quite weIl possible to interpret most 
herbarium specimens, particularly because these lend themselves to being 
restored to their original form by boiling fragments for about 1 minute in 
distilled water to which a few drops of concentrated detergent have been added. 

Cultures kept under approximately constant conditions may reduce 
environment al variation and thus give a better insight in taxonomically valid 
features. Cultures (mostly unialgal) were started from living material sent from 
Curaçao to Groningen. Some living samples were sent from Puerto Rico (by Dr 
Diaz-Piferrer) and from Florida (by Dr Humm). To obtain vegetative isolates ten 
to twenty smaIl, few-celled fragments we re cut off under a binocular dissecting 
microscope and drawn, with a fine needie, through the surface of a sterilized 3010 
seawater agar plate to remove contaminating algae. Each fragment was cultured 
separately in a slanted culture tube containing 10 mI of an Erdschreiber medium 
(cf. Cortel-Breeman & van den Hoek, 1970). Mostly some ofthe 10 to 20 tubes of 
these series appeared not to be contaminated with ot her algae. The cultures were 
kept in culture cabinets at 20°C (± IOC) in 1968, and 25°C (± IOC) in 1973, 16 
hours photoperiods and light intensities ranging from 1500 to 3000 Lx, emitted 
by white fluorescent tubes (Philips TL 33 and 34). The temperature was lower 
than the natural temperature (ca 25°-30°C), but culture cab inets with higher 
temperatures were not available. The following species were kept in culture: Cl. 
socialis, Cl. catenata, Cl. liniformis, Cl. globulina, Cl. montagneana, Cl. 
brasiliana, Cl. chlorocontracta, Cl. jongiorum, Cl. laetevirens, Cl. vagabunda, 
Cl. dalmatica, Cl. vadorum and Cl. submarina. The results of these cultures will 
be discussed in the sections devoted to these species. 

Herbarium material was investigated which was borrowed from the following 
herbaria and musea (aiphabetically enumerated according to their abbreviations 
in Holmgren & Keuken, 1974): AHFH = Herbarium of the Allan Hancock 
Foundation, University of Southern California, Los Angeles, California, U .S.A. 
B = Botanischer Garten und Botanisches Museum Berlin-Dahlem, Berlin, BRD. 
BM = British Museum (Natural History), Cromwell Road, London, U .K. C = 

Botanical Museum and Herbarium, Copenhagen, Denmar~. DUKE = Duke 
University Herbarium, Department of Botany, Durham, North Carolina, 
U.S.A. E = Royal Botanic Garden, Edinburgh, U.K. F = Field Museum of 
Natural History, Chicago, Illinois, U.S.A. FSU = Herbarium of Florida State 
University, Department of Biological Sciences, Florida State University, 
Tallahassee, Florida, U.S.A. GC = Ghana Herbarium, University of Ghana, 
Lagon, Ghana. GRO = Biological Centre, Department of Systematic Botany, 
Haren (Groningen) Netherlands. IJ = Science Museum, Institute of Jamaica, 
Kingston, Jamaica. K = The herbarium and library, Royal Botanic Gardens, 
Kew, U.K. (Algae collection transferred to BM on permanent loan since 1969). 
KIEL = Botanisches Institut der Universität, Kiel, B.R.D. L = Rijksherbarium, 
Leiden, Netherlands. LD = Botanical Museum and Herbarium, Lund, Sweden. 

8 



MICH = Herbarium of the University of Michigan, Ann Arbor, Michigan . NY 
= Herbarium, The New York Botanical Garden, New York, U.S.A. OXF = 
Fielding-Druce Herbarium, Dept. of Botany, Oxford, U.K. PC = Muséum 
National d'Histoire Naturelle, Laboratoire de Cryptogamie, Paris, France. S = 

Swedish Museum of Natural History, Section for Botany, Stockholm, Sweden. 
SCR = Scripps Institution of Oceanography, La Jolla, California, U.S.A. SPF 
= Departamento de Botanica, Instituto de Biociências, Universidade de Sào 
Paulo, Sào Paulo, Brazil. TEX = Department of Botany, University of Texas, 
Austin, Texas, U .S.A. UC = Herbarium of the University of California, 
Department of Botany, University of California, Berkeley, California, U.S.A . 
US = U.S. National Herbarium, Department of Botany, Smithsonian 
Institution, Washington D.e., U.S.A. USF = University of South Florida 
Herbarium, University of South Florida, Tampa, Florida, U.S.A. W = 

Naturhistorisches Museum, Wien, Austria. 
In addition, material was borrowed from the private collections of Dr W.R. 

Taylor (Ann Arbor, Michigan, U.S.A.) and Dr A. Cardinal (Québec, Canada). 
Herbarium or liquid collections were sent by several correspondents (see 
acknowledgements). 

In total more than 12000 Cladophora specimens were borrowed. A large part 
of these collections consisted of material from other regions of the world or of 
freshwater provenance. Nonetheless , the number of specimens collected along 
Northeastern American shores was still overwhelming so that a selection had to 
be made. This was done mainly on the basis of historie interest in order to 
document past taxonomic and nomenclatural concepts and confusions, and to 
obtain specimens from as wide a geographic range as possible. Moreover, all spe" 
cimens suspected of being taxonomically unknown, were investigated . With 
some experience, novelties can mostly be detected on the basis of macroscopic 
habit. 

Especially the extremely common Cl. vagabunda was richly represented in the 
collections. Even the large number of specimens cited are only a part of all 
specimens present in the collections. 

For investigation of the material a Wild M5 binocular dissecting microscope 
provided with a drawing mirror, appeared to be invaluable . The large majority of 
drawings were made by means of this microscope. For higher magnifications in 
the course of time several types of high power mieroscopes were used provided 
with drawing apparatuses. 
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Chapter III 

Criteria used for the distinction of species in Cladophora 

The following 19 criteria were used for the taxonomy of Cladophora: (1) 
organization of the thallus; (2) mode of growth (mainly by divisions of apieal 
cells or land intercalary cells); (3) insertion of branches; (4) angle of ramification; 
(5) distinctness of main axis; (6) diameters of apical cells, ultimate branches and 
main axes; (7) length/width ratios of these cells (short-celled or long-celled 
filaments); (8) curvature of ultimate branch-systems; (9) the maximum number 
of branches per node; (10) the density of ramification; (11) the form of apical 
and intercalary cells; (12) the increase in thiekness of the filaments in basipetal 
direction; (13) thiekness of the cell-walls (and the related stiffness of the plants); 
(14) the colour; (15) the density and form of the reticulum of chloroplasts; (16) 
the mode of attachement; (17) the mode of reproduction; (18) the mode of 
aggregation of zoids before release; (19) macroscopie habit and the maximum 
height of plants. 

These criteria will be more fully discussed below. For a discussion of the sig
nificance of part of these criteria in other and older taxonomies, see van den 
Hoek (1963, p. 15). 

1. Organization of the thaI/us. and 2. Mode of growth 

The organization of the thallus is an important character; though rat her 
constant in some, and highly variabie in other species. Three types of organiza
tion are distinguished; (a) acropetal organization, (b) irregular organization, (c) 
dorsiventral organization . 

Acropetal organization 

A strict acropetal organization is shown, for instance, by Cl. pellucidoidea 
(Textfig. 1. XI; Fig. 358). The thalli of th is species grow only by divisions of the 
conspieuous apical cells and subsequent elongation and enlargement of the 
segments cut off from the apical cells. These segments give each ri se to a lateral, 
the laterals gradually increasing in age and length from the apex towards the 
base. In Cl. pel/ucidoidea the basal cell, and ot her cells in the basal region may be 
divided by one (sometimes two) intercalary cross walls. 

A less strict acropetal organization is exhibited by, for instance, Cl. dalmatica. 
Distal parts of Cl. dalmatica plants have an acropetal organization (Textfig. I.X; 
Figs 309,305). However, at some di stance from the apex segments may divide by 
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intercalary divisions fol!owed by cel! elongation; th is results in the formation of 
pluricellular internodes (Textfig. I.X "int"). Below such intercalary cross walls 
new, intercalated laterals may arise and thus disturb the regularity of the acro
petal organization (Textfig . I.X int I .). The relative intensity of apical growth 
and intercalary growth in Cl. dalmatica, and consequently the distinctness of the 
acropetal organization of Cl. dalmatica may vary with age and environmental 
conditions . 

Irregular organization 

Growth by divisions of conspicuous apical cel!s of ten results in the formation 
of acropetal!y organized plants, but this does not need to be the case when the 
initiation of the laterals does not, or hardly reflect the sequence of the formation 
of the segments. This may result in the formation of main filaments with irregu
larly scattered branches and branchlets. See, for instance, Cl. submarina 
(Textfig. I .XII; Fig. 374) and irregularly organized plants of Cl. coelothrix (Figs 
19, 22) . 

Most species with an irregular organization also grow predominantly by 
intercalary cel! divisions fol!owed by cel! elongation. In some species (for 
instance, Cl. sericea, Textfig. l. VIII; Fig. 138, and Cl. rupestris, Figs liS, 116) 
the sequence of initiation of the laterals on a main filament may reflect the 
sequence of formation of the intercalated cross wal!s, and this results in the 
formation of (often unilateral) rows of branchlets of varying length intercalated 
between each ot her . In these species the most dis tal parts of the plants may show 
an acropetal organization (e.g. in Cl. sericea, see Fig. 143) whose distinctness 
depends on age and environmental conditions. In Cl. ordinata the main filaments 
are lined with opposite rows of branch lets of varying length intercalated bet ween 
each other and Iying in one plane th us forming a blade-like frond (Textfig. !.IX). 
The organization of plants whose dis tal parts have more or less disintegrated by 
sporulation is of ten difficult to observe. Such plants are largely reduced to main 
filaments which later may give rise to proliferations which grow into branch 
systems showing the species' characteristic organization (see Fig. 285, for Cl. 
vagabunda; Fig. 251 for Cl. laetevirens). When plants develop into extensive 
floating masses the original organization is of ten obscured . In floating plants of, 
for instance, Cl. vagabunda, particularly when they are old and most cel!s have 
passed into the akinete phase, the acropetal organization is of ten difficult to 
retrace (Figs 292 - 294) as there are many intercalary cel! divisions. In general, 
intercalary growth tends to be promoted by quiet-water con~itions . 

Dorsiventral organization 

This unique organization occurs in the rare Jamaican endemic Cl. intertexta. 
The plants consist of stolons whose ventral sides give rise to branches and 
rhizoids, the branches curving upwards (Textfig . l.V; Fig . 82). 

3. Insertion of branches 

Two types of insertion of branches are distinguished: (a) apical insertion, and 
(b) lateral insertion . 
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TEXTFIGURE I 

Semidiagrammatic pictures of 12 "prototypes" of the 12 sections of Cladophora, to be used with 
identification Table I . The numbers of the sections correspond to their numbers in Table I. The 
numbers of the characters also correspond to their numbers in Table I . 

la simple basal disciform or rhizoidal holdfast ; Ib attachment by basal rhizoids and rhizoids in 
distal parts of plants, sprouting from basal cell poles; Ic attachment by basal rhizoids and apical as 
weil as lateral hapteroid discs or rhizoids in distal parts of plants; Id attachment only by basal 
branched rhizoids; 3a lateral to slightly subterminal insertion of branches; 3b terminal insertion of 
branches; org. 4a = organization 4a = organization irregular, long (of ten unbranched) main 
filaments with irregularly scattered branches and branchlets; org. 4b = organization 4b = 

organization irregular, main filaments mostly with rows of branch lets of varying length intercalated 
bet ween each other (distal ends may be acropetally organized); org. 4c = as 4b, but with rows of 
opposite, ± equally developed branchlets in one plane; org. 4d = organization distinctly acropetal in 
distal parts, of ten refracto-fa1cate to fa1cate, towards base more irregular; org. 4e = organization 
strictly acropetal , with increasingly long intern odes towards base, these sometimes divide into shorter 
cells; org. 4f = organization varying from distinctly acropetal, to irregular with branches irregularly 
scattered; 4g dorsiventral organization; Sa growth predominantly by intercalary cell divisions; Sb 
growth predominantly by divisions of apical cells; Sc growth al most exclusively by divisions of apical 
cells; ak = akinete; psd = pseudodichotomy; int = intercalary cell wall; inti = intercalated lateral. 
The species pictured are: I. Cladophora pachyderma; 11. Cl. pygmaea; 111. Cl. coelothrix; IV . Cl. 
catenata; V. Cl. intertexta; VI. Cl. liebetruthii; VII. Cl. liniformis, VIII . Cl. sericea; IX. Cl. ordinata; 
X. Cl. dalmatica; XI. Cl. pellucidoidea; XII. Cl. submarina. 



Apical insertion 

An apically inserted branch is cut off from the parent cell by a slightly inclined 
cross wall (Textfig. 1. VIII, IX, 3b), which, as the branch ages, can grow into an 
almost horizont al position thus giving rise to a pseudodichotomy. At the same 
time the axis may be slightly pushed aside, and the basal cells of the lateral may 
be fused, at its basal pole, with the adjecent cell of the axis (Textfig. I.X, ps.d.). 
The development of a ramification into a pseudodichotomy depends on the age 
of the branch as compared with that of the axis. A branch which arises close to 
the apex of the axis is soon as vigorous as th at axis, and the ramification rapidly 
develops into a pseudodichotomy (Textfig. I. XI, ps.d.). If branches, however, 
arise from an old axis, or if an akinete filament proliferates, it takes a much 
longer time for a ramification to grow into a pseudodichotomy (Textfig. 1. VII, 
ps.d.). 

Lateral insertion 

A laterally inserted branch is cut off from the parent cell by a vertical or 
steeply inclined cross wall, which never grows into a horizontal position (Textfig . 
1.1, lIl, IV, VI, XII, 3a). Often a laterally inserted branch is also slightly subter
minally inserted (slightly below the apical cell pole). Basal cells of old laterally 
inserted branches may be (Textfig. 1. VI), but are mostly not basally fused with 
the adjacent cell of the axis. 

4. Angle of ramification 

Some species are characterized by distinctly sm all angles of ramification and 
consequently by more or less appressed branches (e.g. Cl. rupestris, Figs 
114-117); other species have wide-angled ramifications and consequently 
spreading branches (e.g. Cl. Iiebetruthii, Figs 84-90) . However, in many species 
th is character is highly variabIe. 

5. Distinctness of main axes 

Most species with an acropetal organization lack distinct main axes, as the 
laterals soon become almost as vigorous as the main axis with which they form 
pseudodichotomies (Textfig . LXI; LX). Cl. longicel/ulata, however, is 
characterized by a strict acropetal organization and the possession of a distinct 
main axis (figs 356, 364). Most species with an irregular organization have 
distinct main axes (e.g. Figs 121, 123). 

6. Diameter of apical cel/s, ultimate branches, and main axes 

This is a very important character, though highly variabie . Of course the 
distinction between delicate species (such as Cl. socialis, Figs 30-36) and very 
robust species (such as Cl. catenata, Figs 41-49) is not difficult but the existence 
of a series of species with intermediate sizes makes the use of this character of ten 
problematic. For instance, in the section Glomeratae acropetally organized 
plants of Cl. laetevirens, Cl. vagabunda and Cl. dalmatica differ mainly by 
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differences in cell diameter (cf. Table 11, p. 128 and Figs 238, 267, 310), Cl. 
laetevirens being the thickest species and Cl. dalmatica the thinnest one. Within 
each species the diameters vary widely depending on environmental conditions. 
For instance, shade plants tend to be thicker than plants growing in full sunlight 
in all three species; also young branch systems sprouting from old, thick axes 
tend to be thicker than the distal branch systems of fully developed plants 
(compare, for instance, Fig. 274 with 275). In the descriptions of the species the 
ranges are given in the following way: diameter of apical cells (a-b)-(c-d) Ilm, 
length/width ratio (e-f)-(g-h). (a-b) and (e-f) are the ranges of the thinnest 
specimen investigated, and (c-d) and (g-h) of the thickest specimen investigated. 
Sometimes the notation is as follows (x-) (a-b)-(c-d) . This means that in the 
thinnest specimen there were very few apical cells with a divergently thin 
diameter . 

7. Length / width ratio of apical cells, cells in ultimate branches, and cells in main 
axes: relative cell length 

Relative cell length is a useful, though also a highly varia bie character. Cl. 
pygmaea (Textfig. 1.1) is an example of a characteristically short-celled species, 
and Cl. pellucidoidea of a characteristically long-celled species (Textfig. I.XI), 
but there are all pos si bie intermediates. Moreover, within one and the same 
species the relative celilength may vary widely depending on conditions and life 
history stage. For instance, in Cl. laetevirens, Cl. vagabunda and Cl. dalmatica 
quiet water conditions and direct exposure to sunlight tend to promote small cell 
diameters and high relative cell lengths. Young branch systems arising as 
proliferations from old, thick axes, tend to be robust and short-celled (e.g. Fig. 
284). In fertiIe plants of most species the cells are divided, in basipetal sequence, 
by intercalary cell divisions into short, of ten swollen zoidangia (e.g. Fig. 251). 

8. Curvature of ultimate branch systems 

Acropetally organized ultimate branch systems in Cl. laetevirens, Cl. 
vagabunda and Cl. dalmatica are often more or less incurved (falcate) (Fig. 303), 
recurved (refract) (Fig. 309) or distally incurved and proximally recurved (= 

refracto-falcate) (Textfig. I.X). This is also valid for acropetally organized 
ultimate branch systems of Cl. albida (Figs 136, 137). In Cl. catenata (Fig. 43) 
and Cl. corallicola (Figs 70, 75) the stiffaxes and main branches are of ten curved 
and decumbent, and bear the laterals on their convex side. 

9. Maximum number of branches per node 

With increasing age (which equals, in acropetally organized branch systems, 
increasing distance from the apex), a cell may give off a second branch, a third 
branch and sometimes even more branches (e.g. Textfig. l.X; Fig. 291). The 
maximum number of branches arising from one node differs bet ween species, 
but is, again, variabie within species limits. For instance, in Cl. rupestris up to 
five branches may arise from one node, but in the narrowly related Cl. ruchingeri 
only one branch may arise from one node (compare Fig. 116 with Fig. 123). In 
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acropetally organized plants of Cl. vagabunda up to 4 (sometimes even 5) 
branches may arise from one node (Figs 267, 291) but only up to 2 (sometimes 3) 
in floating plants with indistinct acropetal organization (Figs 289-294) . 

10. The density of ramification 

Some species are characterized by a distinctly sparse ramification, the thalli 
being composed of main filaments which are unbranched over long stretches, or 
which bear only scattered branchlets . Examples are Cl. globulina (Figs 103, 113), 
Cl. ruchingeri (Figs 121, 125) and Cl. montagneana (Figs 147, 148). 

11. The form of the apical and intercalary cells 

The form of the apical cells may vary from cylindrical with rounded tip (e.g., 
in Cl. coelothrix, Textfig . I.III) to distinctly tapering with a small obtuse tip (e.g . 
in Cl. sericea, Textfig . I . VIII, and Cl. ordinata, Textfig. I.lX). 

There are, however, all possible intermediates and within species limits (or 
even within one plant) this character may vary considerably . 

In vigorously growing plants of most species, non-apical cells generally are 
cylindrical, mostly somewhat thickened at the branch insertion; but when cells 
are transformed into akinetes (Textfig. I. VIII ak; Figs 27, 102) they are more or 
less club-shaped. eells transformed into zoidangia are often more or less swollen 
and barrel-shaped (Fig. 146) or club-shaped (Fig . 238). In some species vegetative 
cells are distinctly apically broadened (e .g. in Cl. corallicola, Figs 71-74) . 

12. lncrease in thickness of the filaments in basipetal direction 

In some species segments cut off from the apical cells do not, or hardly, 
increase in thickness with age (e.g. in Cl. coelothrix, Textfig. I.IIl, Figs 16, 28, 
29), whilst in other species this increase in thickness with age (so towards the 
base) may be considerable (e.g. in Cl. dalmatica, Textfig. LX, Fig. 301). This 
increase in thickness can be roughly expressed as the ratio of the apical cell 
diameter and the diameter of the thickest (of ten the basal) part of the main axis. 
In Cl. coelothrix this ratio is 1-1.7, in Cl. dalmatica (2.5-)3-5( -7). 

13. Thickness of the cell walls and stiffness of the plants 

Some species are relatively thick-walled and consequently have a relatively stiff 
texture, for instance Cl. rupestris (Figs 114, 116). In Cl. rupestris the cell wall 
thickness in the ultimate branches is (2.5-)5-10 /lm. In most species the cell walls 
in the ui ti mate branches are less than I /lm (even less than 0.5 /lm) thick . 

In most species, however, the thickness of the cell walls increases with age so 
that the basal parts of plants are generally thick-walled . Moreover , akinete 
filaments have distinctly thicker walls than vigorously growing filaments. 

14. Colour of the plants, and 15. The density and form of the reticulum of 
chloroplasts 

In part of the species, for instance Cl. albida and Cl. dalmatica, the colour 
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varies from dark to grass green in plants from shaded localities to pale green in 
plants growing exposed to direct sunlight. The dark to grass-green colour corres
ponds to a more or less closed parietal layer of chloroplasts (Figs 156, 244), 
whereas in pale green plants the chloroplasts tend to form an open parietal reticu
lum in the meshes of the protoplasmic foam (Figs 173, 243). 

Other species are characterized by an (al most) consistently dark green colour, 
which of ten tends towards olivaceous. Examples are Cl. catenata (Textfig. I.IV), 
Cl. pygmaea (Textfig. 1.1), Cl. coelothrix (Textfig. I.III), Cl. liebetruthii 
(Textfig. 1. VI), and Cl. rupestris (Fig. 116). The dark green colour corresponds 
with a den se parietallayer of chloroplasts, which often also occupy the central 
meshes of the protoplasmic foam (Figs 26, 54, 55, 93, 95). Part of these species 
change into a dark brown colour when dried (e.g. Cl. catenata, Cl. liebetruthii, 
Cl. prolifera). 

Cl. submarina has a characteristically yellow-green colour, which corresponds 
with a comparatively close parietal layer of chloroplasts (Figs 339, 340). This 
species grows fully exposed to sunlight on wavewashed tropical shores. Dried 
plants give off a yell ow stain to the mounting paper. 

In older cells of Cl. chlorocontracta the chloroplasts contract along the cell
axis (Figs 205, 211). 

16. The mode of attachment 

Most species of Cladophora are attached by branching, multicellular rhizoids 
which arise from the lower poles of the basal cell and other cells in the basal 
region (Textfig. 1. VIII, IX, X, XI, XII). Species of the sections Repentes and 
A egagropila , for in stance Cl. coelothrix (Textfig. 1.111) and Cl. catenata 
(Textfig. I.IV) have additional rhizoids sprouting from the basal poles of 
intercalary ce lis in distal parts of the plants. In Cl. catenata the apical eells may 
also ensure additional attaehment by an apical hapteroid dise or by apical 
branehed rhizoids (Figs 46-49). Numerous lateral and apieal hapteroid dises 
ensure mutual attaehment of filaments of one plant in Cl. liebetruthii which thus 
may form a three-dimensional network (Textfig. 1. VI; Figs 88, 90, 93). 

In Cl. pachyderm a (Textfig. 1.1) and Cl. pygmaea (Textfig. 1.11) the plants are 
eaeh attaehed by a simple hapteroid dise (in other species sueh discs may oeeur in 
young attachments but later grow into branched rhizoids). 

17. The mode of reproduction 

The eommon type of life history in Cladophora is the isomorphie 
diplohaplontic life history (cf. van den Hoek, 1963, 1981; Tanner, 1981; Wik
Sjöstedt, 1970). Few species and varieties are known to have a eompletely asexual 
reproduction by biflagellate zoospores. As the present study does not include 
investigations on life histories, only indieations were gathered, for some species, 
on their mode of reproduction. Most ob ser vat i ons point to the occurrenee of the 
usual isomorphie diplohaplontic life history. Moreover, Cl. prolifera, Cl. 
submarina and Cl. conferta seem to have an asexual reproduction by biflagellate 
zoospores. 
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18 . The mode of aggregation of the zoids before release 

The zoids form a dark and perforated cylinder in the apical part of the 
zoidangium in Cl. coelothrix, Cl. catenata and Cl. prolifera (Figs 24, 47-49, 
324); in Cl. conferta and Cl. submarina they are contracted in a clump in the 
apical part of the zoidangium (Figs 342, 375) and in Cl. laetevirens and Cl. 
vagabunda the zoids are contracted along the axis of zoidangium (Figs 248, 276). 
The mode of aggregation of zoids clearly shows interspecific differences, but th is 
criterium needs to be further investigated in more species. 

19.Macroscopic habit and the maximum height of the plants 

The macroscopic habit of the plants and their maximum height shows distinct 
interspecific differences, though subject to wide intraspecific variation . For 
instance, plants of Cl. coelothrix, Cl. catenata and Cl. submarina when growing 
attached to solid substrates form few cm high compact pompons or moss-like 
mats, which are dark green in Cl. coelothrix and Cl. catenata, but yellow-green in 
Cl. submarina. 

Most species form several cm to several dm high tufts, growing attached to 
solid substrates, and which are dark green and stiff, more or less broom-like in 
Cl. rupestris; up to I m high, undulating and hair-like in Cl. ruchingeri; and up 
to 30 cm high and bearing numerous small fascicles (corresponding with 
acropetally organized ultimate branch systems) in Cl. vagabunda. Cl. Iiniformis 
characteristically forms indefinite masses f10ating at the surface of pools in 
saltmarshes or loose-Iying on sediment bottoms, but Cl. vagabunda and Cl. 
vadorum have comparable growth forms which are of ten difficult to distinguish . 
from one another and from Cl. liniformis, as f10ating plants tend to loose their 
characteristic organization. Cl. socialis, Cl. coelothrix and Cl. Iiebetruthii may 
also form free-f1oating plants which remain, however, more easily recognizable. 

Cl. blomquistii is only known as loose-Iying, up to 5 cm large, spherical plants 
("aegagropilas") in lagoonal habitats; this growth form is also exhibited by Cl. 
jongiorum, Cl. catenata, and Cl. conferta in comparable habitats, but these 
latter two species are mostly found growing attached to solid substrates. 

Attached plants of Cl. pygmaea (Textfig. l.I1) and Cl. jongiorum (Figs 
217-219) are characteristically diminutive, both species not exceeding a height of 
c. 1-2 mm o On the other hand, Cl. ruchingeri may form up to I m long coarse, 
hair- to rope-Iike strands. 

In most species the height of fullgrown plants is highly variabIe, depending in 
the first place on age, but also on environmental conditions. For instance, 
exposure to wave action promotes the formation of few cm high, compact , 
spongy tufts in Cl. laetevirens, Cl. vagabunda, Cl. dalmatica, Cl. sericea, and 
Cl. albida, whereas in more protected stations, such as protected rock pools, the 
plants tend to become much longer (up to several dm). In such wave-exposed 
plants intensive sporulation starts when the plants are still small and thus limits 
their maximum height to a few cm. 
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Chapter IV 

Identification of species 

Almost all taxonomically valid criteria within Cladophora are of a quantitative 
nature, each criterion (e.g., diameter of apical cells) being represented by a 
graded series of variabIe expres si ons with overlaps between the species. This 
makes the construction of dichotomous keys a difficult venture; and if 
constructed such keys of ten lead into wrong, or uncertain directions. It is the 
combination of-mostly more or Ie ss variable- expressions of the 19 criteria 
treated in the previous chapter which determines the species' "morphotype". 
Therefore in this study identification of Cladophora-specimens is facilitated by 
tables which permit the comparison of a combination of characters. 

In the first place table 1 (p. 19-23) gives a survey of the characters of the 12 
sections of Cladophora occurring along eastern American shores. This table 
facilitates the identification of specimens down to section level, and at the same 
time, down to species level for six sections fo.r which only one species is known. 
12 "prototypes" of the 12 sections are given in semidiagrammatic Textfig. 1. 

Species of the remaining 6 sections with several species can be identified by 
using the following comparative tables: 
III Repentes: table 2 (p. 46) 
IV Aegagropila: table 5 (p. 59) 
VII Cladophora: tab Ie 6 (p. 74) 
VIII Rupestres: tables 7, 8, 9 (p. 83, p. 84, and p. 85) 
X Glomeratae: table 11 (p. 128) 
XI Longiarticulatae: table 13 (p. 164) 

Several sections devoted to the description and discussion of individual species 
contain special tables facilitating the distinction of closely or distantly related 
species showing a superficialor deceptive resemblance. These special tables are 
Iisted below: 

Table 3 (p. 49). Differences between acropetally organized plants of Cl. 
coelothrix and Cl. pellucidoidea nov. spec. 

Table 4 (p. 54). Differences between acropetally organized plants of Cl. 
socialis and Cl. vagabunda. 

Table 10 (p. 119). Differences between Cl. montagneana and Cl. jongiorum 
participating in aegagropiloid aggregates predominantly composed of the latter 
species. 
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Table 12 (p. 159). Differences between floating and loose-lying plants of Cl. 
vadorum, Cl. vagabunda and Cl. liniformis. 

Table 14 (p. 172). Differences between Cl. prolifera, Cl. blomquistii nov. spec. 
and Cl. retroflexa (a European species). 

Table 15 (p. 177). Differences between Cl. conferta and Cl. nigrescens (a 
European species). 

Table 16 (p. 181). Differences between Cl. pellucidoidea nov. spec., Cl. 
pellucida (a European species) and Cl. longicellulata. 

Table 17 (p. 186). Differences between Cl. submarina and Cl. laetevirens. 

The use of a binocular dissecting microscope is strongly advised for identifying 
Cladophora species, because it facilitates an overview of the thallus organisation. 
Wh en provided with an ocular micrometer, or with a drawing apparatus 
(permitting the simultaneous view of the specimen and a ruler) it is also possible 
to measure diameters and length/width ratios of the cells in most species and 
consequently to identify the specimen down to species level by exclusively using 
the binocular dissecting microscope. Only for the identification of the most 
delicate species a norm al high power microscope is necessary in addition. 

Table I (see Textfig. I) 

Survey of characters of the 12 sections of Cladophora occurring along eastern American shores. 
+ character present 
- character absent 
( +) character present in some, but not all species of section; or present in some, but not all 
populations of one and the same species 
I Cl. albida and Cl. rupestris may have values < 2.5 
2 Cl. crispuia (a rare endemie of Barbados) has a value < 2.5 
3 Floating plants of Cl. vagabunda from protected waters and of Cl. vadorum (a species fr om 
protected waters) tend to have an irregular organization (see table 12, p. 159) 
4 Attached plants of Cl. jongiorum 
This table can be used to identify the section to which a specimen belongs . See Textfig. I (I-XII) for 
semidiagrammatic pictures of the "prototypes" characterizing the 12 sections. 
The following 6 sections contain each one species along eastern American shores . 
I Affines: Cl. pachyderma (p.41) 
Il Chamaethamnion : Cl. pygmaea (p . 43) 
V Dorsiventrales: Cl. intertexta (p. 67) 
VI Boodleoides: Cl. liebetruthii (p . 69) 
IX WilleelIa: Cl. ordinata (p. 123) 
XII Xanthochlora: Cl. submarina (p. 183) 

Species of the remaining 6 sections can be identified by using the following comparative tab les of 
characters: 

III Repentes: table 2 (p . 46) 
IV Aegagropila: table 5 (p. 59) 
VII Cladophora: tab Ie 6 (p. 74) 
VIII Rupestres: tables 7, 8, 9 (p. 83, p. 84, p. 85) 
X Glomeratae: tab Ie I1 (p . 128) 
XI Longiarticulatae: tab Ie 13 (p. 164) 
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Table 1 

Characters I Affines II III IV Aega- V Dorsi- VI Bood- VII Cla- VIII Ru- IX Wil- X Glome- XI Longi- XII 
Chamae- Repentes gropila ventrales leoides dophora pestres leella ratae articulatae Xantho-
thamnion chlora 

I. a) Attached by a single basal + + -(?) 
disciform or rhizoidal holdfast 

b) Attached by basal rhizoids and + + + + 
rhizoids in distal parts of 
plants 

c) Attached by basal rhizoids and + + 
apical as weil as lateral 
hapteroid discs or rhizoids in 
distal parts of plants 

d) Attached only by basal + + + + + + 
branched rhizoids 

2. Dorsiventral stolons; branches + 
and rhizoids arise from vent ral 
si de of stolons, branches curve 
upward 

3. a) Lateral to slightly subterminal + + + + + (+) + 
insertion of branches 

b) Terminal insertion of branches + + + + + (+) 

4. a) Organization irregular; long + + (+) + 
(of ten unbranched) main 
filaments with irregularly 
scattered branches and 
branchlets 

b) Organization irregular; main + + + 
filaments mostly with rows of 
branchlets of varying length 
intercalated bet ween each 
ot her (distal ends may be 
acropetally organized) 



c) These rows con sist of + 
opposite, ± equally developed 
branchlets in one plane 

d) Organization distinctly +3 
acropetal in distal parts; of ten 
refracto-falcate to falcate; 
towards base more irregular 

e) Organization strictly acropetal, + 
with increasingly long 
internodes towards base; these 
sometimes divided into shorter 
cells 

f) Organization varying from + + + (+) 
distinctly acropetal, to 
irregular with branches 
irregularly scattered 

g) Dorsiventral organization + 

5. a) Growth predominantly by + + + + + + 
intercalary celldivisions 

b) Growth predominantly by + + + + + 
divisions of conspieuous apical 
ce lis (and subsequent cell-
elongation) 

c) Growth almost exclusively by + 
divisions of conspieuous apical 
cells (and subsequent cell-
elongation) 

6. Cell walls of ultimate branches in + + (+) + (+) 
weil growing plants mostly > 5 
ILm thick 



Table I (continued) 

Characters I Affines II III IV Aega- V Dorsi- VI Bood- VII Cla- VIII Ru- IX Wil- X Glome- XI Longi- XII 
Chamae- Repentes gropila ventrales leoides dophora pestres leella ratae articulatae Xantho-
th amnion chlora 

7. Well-growing plants mostly dark + + (+) + + (+) + (+) 
green; ce lis densely filled with 
chloropiasts 

8. a) Plants in congregation + 
forming curly, Rhizoclonium-
Iike strata 

b) Maximum height of plants + (+t 
only about 1.5 mm 

c) Plants in congregation + + + + + 
forming mostly compact 
pompons or moss-like mats on 
solid substrates 

d) Plants in congregation + 
forming yellow-green pompons 
or moss-like mats (species 
from wave-batte red tropical 
coasts) 

e) Plants tufted (few cm to + + + + 
several dm, sometimes I m, 
high penicillate or hair- like, 
stiff or flexuous tufts) 

f) Plants in congregation (+) (+) + (+ ) (+) 

forming indefinite masses 
floating at the surface of 
protected waters or loose-Iying 
on protected sediment bottoms 



g) Plants in congregation (+) (+) (+) (+) (+) 
forming aegagropilas in 
protected waters 

9 . a) Short-celled, I / w ratio mostly + + + + + 
<4 

b) Long-celled, I/ w ratio mostly + + + 
> 4 and reaching \0 or more 

c) I/ w ratio varying widely + + + + 
bet ween species of one section 

10. a) Filaments of full-grown plants + + + + + + + 
in basipetal direction not 
much increasing in thickness; 
thickest part of main axis 
mostly < 2.5 x as thick as 
apical cells 

b) Filaments of full-grown plants +' + +2 
in basipetal direction much 
increasing in thickness; 
thickest part of main axis 

mostly > 2.5 x as thick as 
apical cells. 

c) Thickening of filaments in + + 
basipetal direction varying 
widely within and bet ween 
species 

11 . Geographic distribution a cote tr tr tr tr lr-te a-te tr lr-te tr tr 
(a = arctic; tr = tropieal; (w te) 
te = temperate; cote = cold 
temperate; w te = warm 
temperate) 



Chapter V 

Geographic distribution 

I have recently discussed the phytogeography of Cladophora in the Northern 
Atlantic Ocean (van den Hoek, 1979) in relation to that of other benthic algal 
species; the reader is referred to this discussion, as there are no reasons to alter 
much the general conclusions reached in this paper. However, additional 
distributional data, mainly from West Africa have extended the distribution 
patterns of several, mainly tropical, species. Therefore the distribution groups as 
distinguished in the above publication had to be slightly altered . On the basis of 
the distribution data now available the following distribution groups are 
distinguished: (1) the tropical Western Atlantic group; (2) the warm temperate 
Mediterranean-Atlantic group; (3) the warm temperate North American group; 
(4) the Arctic group; (5) the amphiatlantic tropical group; (6) the amphiatlantic 
tropical-to-warm temperate group; (7) the amphiatlantic tropical-to-temperate 
group; (8) the amphiatlantic temperate group. 

(1) The tropical Western Atlantic group 

This group consists of 10 species. It is, within the Atlantic Ocean, restricted to 
the tropical Western Atlantic Region (Textfig. 2). It includes the following 
species with a more general distribution within this region: Cl. catenata (map 4) 
(is also known with certainty from southern Japan); Cl. brasiliana (map 14); Cl. 
jongiorum (map 15) (this species extends into the warm temperate part of the 
Gulf of Mexico); Cl. pellucidoidea (map 21) (this species extends into the warm 
temperate zone of the Gulf of Mexico and the Carolinas); Cl. submarina (map 
23) (= Cl. howei in van den Hoek, 1979). Cl. longicellutata (map 5, no 1) is quite 
likely to be endemie to Bermuda, where it has been collected many times. 
Possibly Cl. intertexta (map 5, no. 5) is endemie to Jamaica, where it has been 
found twice (as far as I know). 

The following four species have been found only once, and therefore their 
possibly endemie nature to the isles where they have been found, is uncertain: Cl. 
corallicola (St. John, Virgin Islands, map 5, no 2); Cl. crispuia (Barbados, map 
5, no 3); Cl. chlorocontracta (Curaçao, map 5, no 4). 

(2) The warm temperate Mediterranean-Atlantic group 

This group consists of 7 species which are restricted to the warm temperate 
Mediterranean Atlantic region (Textfig. 2) (see van den Hoek, 1979). 
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(3) The warm temperate North American group 

This group contains only Cl. blomquistii (map 21), a species endemie to a few 
lagoons in the northeastern corner of the Gulf of Mexico. 

(4) The Arctic group 

Only Cladophora pachyderm a is restricted to the Arctic, as far as the few 
records suggest (map 6). 

(5) The amphiatlantic tropical group 

Three species seem to be largely restricted to the tropics on both sides of the 
Ocean, namely Cl. montagneana (map 13), Cl. ordinata (map 13) and Cl. 
conferta (map 22). However, Cl. montagneana extends, as a summer species, 
into the warm temperate Carolina Region (Textfig. 2) along American coasts; 
and the warm temperate Mediterranean Region, in its southern part, has been 
insufficiently sampled. The distribution data available suggest that the northern 
limit of Cl. montagneana approximates the 25°C summer isotherm, which 
suggests that this species needs a tropical temperature for its growth and 
development, but is capable of surviving winter temperatures as low as 5 to lOoC 
at its northermost points of occurrence (North Carolina, north coast of Gulf of 
Mexico), where it seems to be a summer species. If this would be true, then the 
species could be expected in the southern parts of the Mediterranean and 
Adriatic, with summer temperatures of c 25°C or more, and winter temperatures 

20' 

.... . • .. /0' '. 

TEXTFIGURE 2 

Phytogeographie regions and provinees along the Northern Atlantie eoasts . A warm temperate 
Carolina region; B tropical Western Atlantie region; C, D and E Canaries province, Mediterranean 
province and Lusitania province of warm temperate Mediterranean-Atlantic region, respectively; F, 
G Eastern provinee and Western province of eold temperate Atlantie-Boreal region, respeetively; H, 
JAretic region (af ter van den Hoek, 1975). 
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between lO and 15°C. See also the section on the systematic position of Cl. 
montagneana and its possible occurrenee in Southern Europe. 

Cl. ordinata is widely distributed in tropical seas (Natal, South Africa; NW. 
India; S. India; S. Japan). 

The available distribution data of Cl. conferta suggest that this species' 
northern boundary approximates the 20°C winter isotherm, which possibly 
means that the species cannot survive temperatures lower than 20°C. However, 
there is only one record from W. Africa (Ghana). 

The above th ree species were previously (van den Hoek, 1969) ranged under 
the tropical Western Atlantic group. 

(6) The amphiatlantic tropical-to-warm temperate group 

This group comprises the following 7 species; Cl. coelothrix (map 2), Cl. 
socialis (map 3), Cl. liebetruthii (map 6), Cl. laetevirens (map 16), Cl. prolifera 
(map 20) and Cl. vadorum (map 19). 

Cl. coelothrix, Cl. socialis, Cl. liebetruthii and Cl. laetevirens are restricted, 
along American shores, to the tropics, but extend, along European shores, more 
or less far into the warm temperate region. Comparison with the surface 
isotherms of the Atlantic Ocean (Textfigure 3) suggests th at the first three of 
these warm-water species do not survive winter temperatures lower than around 
lOoC, as their northern limit assproximates the lOoC winter isotherm (Cl. 
laetevirens winter temperatures not much lower than around 5°C). This is also 
true for Cl. prolifera, but this species extends into the warm temperate Carolina 
Region (Textfig. 2) where it uses as habitat àffshore, sublittoral rocky outerops 
which are bathed, during winter, by water of lOOC or more (van den Hoek, 
1979). Possibly the vast sediment coasts of the Carolinas (America) with only 

TEXTFIGURE 3 

Surface temperatures in August (-) and February (--) of the Northern Atlantic (af ter van 
den Hoek, 1975). 
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few, scattered sublittoral rocks act as a barrier to the northward dispersal of 
warm water algae bound to rocky coasts. 

Cl. vadorum, a species of protected bays and lagoons, is possibly also 
restricted to the north by low winter temperatures. lts northern boundary 
approximates the 5°e winter isotherm, but the temperatures in the protected 
waters where it grows at its northern limit probably reach still lower 
temperatures. 

The same type of "oblique" northern boundary is shown by a considerable 
number of other amphiatlantic, warm water species of benthic algae. 

Cl. prolifera, Cl. coelothrix and Cl. socialis are likely to be widely distributed 
in Indopacific tropical seas. This is a statement on the basis of reasonably reliable 
literature data, see discussions on the geographical distribution of the separate 
species; for Cl. laetevirens, Cl. vadorum, and Cl. liebetruthii such literature data 
are lacking. 

(7) The amphiatlantic tropical-to-temperate group 

This group contains five species, namely Cl. Iiniformis (map 7), Cl. globulina 
(map 8), Cl. ruchingeri (map 10), Cl. vagabunda (map 17) and Cl. dalmatica 
(map 18). Previously I ascribed (van den Hoek, 1979) Cl. ruchingeri to the 
amphiatlantic temperate group (see below), because I had not yet studied 
material from Ghana (W. Africa). 

The northern boundaries of Cl. vagabunda, Cl. dalmatica and Cl. liniformis 
approximate the 13 to 10°C summer isotherms (Textfig. 3), and they clearly do 
not approximate winter isotherms, as do the northern limits of the amphiatlantic 
tropical-to-warm temperate group. This is probably also true for Cl. ruchingeri 
and Cl. globulina, but their numbers of records are too limited (of Cl. ruchingeri 
especially in Europe) to justify such generalizations. This position of the 
northern boundaries can be explained by assuming that a temperature 
approximating 10°C is the minimum temperature still permitting normal growth 
and reproduction. Still lower temperatures - down to below zero in some 
protected waters - can be survived, possibly in the form of akinetes or basal 
stumps, but do not or hardly permit growth and reproduction. One series of 
observations by D. Kapraun and documented by herbarium specimens sent to me 
may illustrate this. Along the Gulf coast of S. Louisiana the temperature of the 
inshore surface water may showenormous seasonal fll!ctuations, from about 
1O-15°e in winter to about 30°C in summer. Cl. vagabunda plants were 
collected four times in the course of the year from asolid substrate at Grand Isle. 
During most of the year Cl. vagabunda was present with actively growing 
acropetally organized fascicles, only in January 1970 (temp. 11°) were the plants 
reduced to main axes with only remnants of the fascicles (salinity also shows 
large fluctuations - c. 10- 30% ° - but Cl. vagabunda is widely distributed in 
estuarine conditions and is apparently capable of coping with reduced salinity) . 
This example draws also attention to the causes of the extreme poverty in algal 
species of the northern coasts of the Gulf of Mexico. The quite numerous species 
with a tropical-to-warm temperate distribution meet here a winter temperature 
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which they cannot survive, and this in combination with other adverse factors; 
the fluctuating salinities and the muddy coasts. On the other hand, species of the 
temperate group (Cl. rupestris- type, see below), which cannot survive summer 
temperatures higher than approximately 20-25°C, could survive nowhere the 
summer in the Gulf of Mexico, with summer temperatures reaching 30°C. 
Therefore, only on the basis of marine c1imatological characteristics the north 
coast of the Gulf of Mexico is unfit for the large majority of benthic algal 
species: only species bridging in their geographic range the extreme temperature 
fluctuations reigning along the northern Gulf coast can be expected there (if 
suitable substrates are available; and if they can also cope with adverse salinity 
conditions ). 

Cl. vagabunda is widely distributed in the Indopacific (most records under the 
name of Cl. fascicularis are Iikely to belong to th is species). 

(8) The amphiatlantic temperate group 

This group comprises the following four species: Cl. rupestris (map 9), Cl. 
sericea (map 11), Cl. albida (map 12) and Cl. pygmaea (map 1). 

At their northern boundaries the species in this group seem all to approximate 
summer isotherms, namely Cl. rupestris the 2°C, Cl. sericea and possibly also Cl. 
pygmaea the 10°C and Cl. albida the 14°C summer isotherm. This suggests that 
these nothern Iimits are all set by a summer temperature high enough te permit 
sufficient growth and reproduction. Northern populations of Cl. rupestris and 
Cl. sericea must be cap ab Ie of surviving very low winter temperatures down to 
probably - 2°C. 

The southern boundaries of Cl. sericea and Cl. albida approximate winter 
isotherms, namely of 12°C, and 14°C, respectively. This can be explained by 
assuming that at these nothern species' southern boundaries the winter 
temperature reaches values which are low enough for sufficient growth and 
reproduction. For Cl. albida the temperature in the northern Gulf of Mexico 
(Texas) becomes apparently low enough (14°C) for growth and reproduction. Cl. 
albida belongs to the winter flora of Texas. In the northern parts of the 
Mediterranean the winter temperatures are apparently also low enough for these 
two species (Iess than 15°C for Cl. albida, and less than 12°C for Cl. sericea). Cl. 
sericea and Cl. albida must, ho wever , be able to survive (probably as basal 
stumps or akinetes) very high summer temperatures (up to about 25-30°C) in the 
south and very low winter temperatures (down to about - IOC to O°C) in the 
north. Only few other algal species have a distribution pattern comparable to 
th at of Cl. albida and Cl. sericea. 

The southern boundaries of Cl. pygmaea and Cl. rupestris approximate 
summer isotherms. Cl. pygmaea th at of 15-17°C; Cl. rupestris. that of 23-25°C. 
This type of southern boundary can be explained by assuming th at Cl. pygmaea 
cannot survive temperatures higher than 15-17°C; and Cl. rupestris than 
23-25°C. It seems that the vast majority of amphiatlantic temperate species 
have the same type of distribution pattern as Cl. rupestris, although the positions 
of the northern and southern boundaries may be different. 
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The four species of th is distribution group are also known from the Northern 
Pacific. Cl. rupestris only from temperate coasts of Japan; Cl. sericea and Cl. 
albida, with certainty, from the temperate coasts of Japan, and with some 
hesitation, from American Pacific coasts; whereas Cl. pygmaea is known from 
Northern Washington (Norris & Hollenberg, 1969). Cl. rupestris and Cl. sericea 
also occur on temperate coasts of the southern hemisphere (see van den Hoek, 
1979). 

The distribution maps show th at many Cladophora species inhabiting Western 
North Atlantic shores also occur along Eastern North Atlantic shores . In the cold 
temperate Atlantic-Boreal region and the Arctic region even all species (10) occur 
on both sides of the ocean. 

However , the tropical and warm temperate regions on both sides of the ocean 
also share a considerable number of Cladophora species, namely 14 with a 
tropical-warm temperate distribution . 

II species are, in the North Atlantic, only known from tropical American 
coasts (including some extensions onto warm temperate American coasts); 7 
species are restricted to the warm temperate part of the European-African coasts; 
and 3 species are only known from tropical African coasts . These latter three 
species are new species which still await description. 

lt can, therefore, be concluded that, with regard to the species compositon of 
Cladophora, the cold-temperate and arctic coasts on both sides of the North 
Atlantic are completely similar; they share all species (l0). On the other hand, 
there are considerable differences in species composition of Cladophora between 
the tropical to warm temperate coasts on both sides of the North Atlantic . Of the 
36 species of Cladophora with a tropical and/or warm temperate distribution 
inhabiting these coasts 14 are known from both sides of the ocean , II are only 
known from American coasts and also II only known from European-African 
coasts (Cl. cymopoliae Boergesen, 1925, is here provisionally included as a good 
species). 
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Chopter VI 

Delimitation and systematic position of the 
genus Cladophora 

The genus C/adophora as currently conceived is a rat her heterogeneous 
assemblage of species. This is clearly demonstrated by Textfig. 1 which illustrates 
the architectural diversity within the genus. The following diagnosis applies to 
the genus as presently conceived. 

Thalli composed of uniseriate filaments which are sparsely to profusely 
branched (sometimes unbranched), and which are mostly attached by variously 
formed rhizoids sprouting from the basal po Ie of the basal cell, often also from 
the basal poles of other cells in the basal region, and in some species also from 
eells in more distal parts of the plants. The cells contain each numero us angular 
disc-like chloroplasts which are of ten situated in the parietal mes hes of the 
protoplasmic foam, thus forming a parietal reticulum; or they form a more or 
less closed parietallayer; sometimes the central meshes of the protoplasmic foam 
are also filled with chloroplasts; more rarely the disciform chloroplasts are 
mutually attached and form together a perforated cylinder. Many of the 
chloropiasts contain bilenticular pyrenoids. The cells are multinucleate; the 
nuclei are dispersed through the cell inside the parietallayer or chloroplasts. The 
nuclei di vide by more of less synchronous mitoses dispersed through the cell; 
during mitosis the nuclear membrane remains intact (closed mitosis) and the 
telophase spindie is persistent till the end of mitosis . The main wall 
polysaccharide is highly crystalline cellulose I, forming numerous lamellae of 
microfibrils oriented in a crossed fibrillar pattern. Most species have an 
isomorphic diplohaplontic life history, in which the gametophytes produce 
biflagellate isogametes and the diploid sporophytes quadriflagellate meiospores. 
Some species reproduce only by biflagellate or quadriflagellate asexual 
zoospores. All zoids are of the cruciate type. Some species only reproduce by 
vegetative fragmentation (see, for recent reviews of characters of C/adophora 
and C/adophora/es, van den Hoek & Jahns, 1978; van den Hoek, 1981). 

Actually the above diagnosis includes most ot her genera of the C/adophora/es 
(including the Siphonoclada/es of some other taxonomists), for instanee 
Rhizoclonium, Microdictyon, C/adophoropsis, Bood/ea, Struvea, Ernodesmis, 
Apjohnia, Chamaedoris and Anadyomene. These genera represent further 
specializations of thallus architectures realized in certain C/adophora sections. 
For instance, the C/adophora thallus (with its 'siphonocladous organizational 
level', cf. van den Hoek, 1981) may be used for the construction of almost 
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pseudoparenchymatous blades (Textfigs 4.6,4.7,4.38) . The specializations can 
be briefly circumscribed as the following "morphological tendencies": 
I. planification of the thallus (tendency to blade formation); 
2. interweaving of filaments by hapteroid rhizoids in distal plant parts to 

strengthen blades or other structures; 
3. lateral coalescence of filaments to strengthen blades; 
4. tendency to replace succedaneous initiation of laterals on one node by 

simultaneous, or almost simultaneous initiation of laterals; 
5. tendency for increase of the number of laterals per node; 
6. tendency for inflation of the segments ; 
7. tendency for differentiation between axis and laterals; 
8. tendency for the reduction of branching. 

Textfigure 4 illustrates the morphological relationships bet ween sections of the 
genus Cladophora and other genera of the Cladophorales. 

Within the central box A (Cladophora) the open connections between box I 
(section Affines), box VI (section Boodleoides), box IV (section Aegagropila), 
and box III (section Repentes) indicate morphological affinities. All four sections 
have laterally inserted branches; attachment by a rather simple basal rhizoid 
(of ten ending in alobed disc); and rhizoids (often ending in terminal discs) 
sprouting from distal parts of the plants. In sections VI (Boodleoides) and IV 
(Aegagropila) apical cells mayalso grow into rhizoids, th is indicating an 
inversion of polarity. 

From this group of four, morphologically related sections three comparative 
morphological series connect these sections with six other genera of the 
Cladophorales . 

A reductional series ("morphological tendency 8") leads from the section 
Boodleoides (VI) via the section Affines (I), to the genera Rhizoclonium (B) and 
Chaetomorpha (A). Section Boodleoides has apical, but also intercalary cell 
divisions, and is mostly richly branched, although long, sparsely branched 
filaments occur (Fig. 84). In the section Affines growth is almost entirely by 
intercalary divisions and branching is sparse so th at long, Rhizoclonium-like 
filaments are formed. In the genus Rhizoclonium growth is exclusively by 
intercalary divisions and only short rhizoidal few-celled branch lets are formed 
from intercalary cells, but are of ten entirely absent. Finally, Chaetomorpha 
grows exclusively by intercalary cell divisions and lacks rhizoidal as weil as 
normal laterals. There is no evidence for the assumption that the branched 
condition is really more primitive than the unbranched condition in 
Cladophorales. Therefore the series can be also read in inverse direction. 

A comparative morphological series leading from the section Boodleoides (VI) 
to the genus Microdictyon (E) can be characterized by the "morphological 
tendencies" planification (1), interweaving (2), and increase of the number of 
laterals per node. "Interweaving" by intercalary and terminal hapteroid rhizoids 
is a feature of the section Boodleoides whose plants form in this way a spatial 
network. In Microdictyon alllaterals are formed in one plane and this results in 
the formation of a reticulate, blade-like thallus which is strengthened by 
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TEXTFIGURE 4 
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Morphological relationships between sections of the genus C/adophora and ot her genera of 
C/adophora/es. Central box A: The genus C/adophora containing the boxes I (section Affines), VI 
(section Bood/eoides), IV (section Aegagropila), 111 (section Repenles), V (section Dorsivenlra/es), XI 
(section Longiarticu/alae) . Box B: Rhizoclonium. Box C: Chaelomorpha. Box D: Rhizoclonium 
grande Boergesen (1935). Box E: Microdictyon. Box F: C/adophoropsis. Box G: Bood/ea. Box H: 
Slruvea. Box I: Chamaedoris. Box K: Ernodesmis. Box L: Va/onia. Box M: Anadyomene. 
Connections between boxes indicate morphological relationships. Series of interconnected boxes 
indicate comparative morphological series. 

Thefollowing7seriesaredistinguished:boxl -- boxB -- boxC;boxVI -- boxE; box 111 -- box 
F -- box G -- box H; box XI -- box K -- box L; box XI -- box K -- box I; box XI -- box M; 
box V -- box D. 
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interweaving by terminal hapteroid discs. A young Microdictyon plant is 
indistinguishable from a young C/adophora (Textfig. 4.5). In full-grown 
Microdictyon blades the maximum number of laterals issued from one node is 
much greater than in the section Bood/eoides (Textfig. 4.7) . 

A comparative morphological series leading from the section Repentes (V) to 
the genus Struvea , via C/adophoropsis and Bood/ea is characterized by the 
following "morphological tendencies": planification (I); increase of 
interweaving (2); tendency for simultaneous initiation of laterals on one node (4); 
tendency for differentiation between axis and laterals (7). The genus 
C/adophoropsis (F) differs from the section Repentes (111) by only one distinct 
character: the prolonged or definite postponement of the formation of a cross 
wall at the point of insertion of the laterals. However, this postponement may 
also occur in several species of the genus C/adophora, among which the species 
of the section Repentes (compare Textfig. 4.10 with 4.12), although not in such 
an outspoken way as in C/adophoropsis . According to Boergesen (1913) 
C/adophoropsis is probably also characterized by segregative cell division 
(cleavage of the protoplast into walled, rounded portions which later expand into 
new segments), but if it occurs, this is not the rule (it also occurs exceptionally in 
Cl. coe/othrix, section Repentes). As in all species of C/adophora, a branch of 
C/adophoropsis starts as a smalllateral papilla at the apical po Ie of an intercalary 
cell, and gradually expands into a new, cylindrical branch. A sept urn at its base is 
not, or only much later, formed; in most C/adophora species it is formed wh en 
the initialof the lateral is still papilliform (as is the case in, for instance, 
Ernodesmis, see Textfigure 4.31). C/adophoropsis shares with the section 
Repentes the long, cylindrical cells and the rhizoids from intercalary cells. In 
addition, C/adophoropsis may have terminal rhizoids (Textfig . 4.12a), as have 
the sections Aegagropila and Bood/eoides (Textfigures 4.4 and 4.8). 

The intercalary rhizoids of the section Repentes and of C/adophoropsis may be 
incidentically attached to other fiJaments of the thallus, but they do not promote 
interweaving in an organized way. In Bood/ea, however, interweaving is 
promoted by smalI, terminal rhizoidal cells (Texfigs 4.15- 4.17). Intercalary cells 
mayalso give off lateral rhizoids, comparable to those of C/adophoropsis and 
the section Repentes (Textfig . 4.18) . The thallus architecture of Bood/ea is rather 
variabIe; some branch systems are unilateral and form a spatial network by 

TEXTFIGURE 4 
Caption cont. 

Fig . 1 Chae/omorpha aerea , 2 Rhizoclonium riparium, 3 Cl. incomp/a, 4 Cl. liebe/ru/hii, 5 young 
plant of Microdic/yon, 6 growing margin of Microdictyon , 7 central part of Microdic/yon blade, 8 
Cl. ca/ena/a, 9, 10, 11 Cl. coelo/hrix, 12, 13 Cladophoropsis, 14- 18 Boodlea, 19,20 S/ruvea, 21 Cl. 
in/er/ex /a, 22, 22a, 23 Cl. pellucida, 24- 28 Chamaedoris, 29, 30 Rhizoclonium grande, 31 - 33 
Ernodesmis,35 Valonia, 36 Valonia aegagropila, 37 very young plant of Anadyomene, 38 small plant 
of Anadyomene (Figs. 1,2 redrawn af ter Taylor, 1957; 5 af ter Egerod, 1952; 6,7 af ter Boergesen, 
1925; 12- 20,24- 28 , 31 -33 af ter Boergesen, 1913; 22, 23 after van den Hoek , 1969, 22a af ter van den 
Hoek, 1963; 36 af ter Taylor, 1960; 30 after Egerod, 1975; 37 , 38 af ter Mayhoub, 1975; the remaining 
figures original) . 

Magnifications : scales to nrs 1-7, 10, 13, 14, 18 and 37 200 ILm ; scales to nrs 8, 9, 11, 12, 15, 17, 
19-26, 29-32, 38 I mm; scales to nrs 28, 36 I cm . 
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interweaving thus resembling the section Bood/eoides (Textfig. 4.15), other 
branch systems of one and the same plant consist of an axis bearing pairs of 
opposiie, almost equally developed laterals in one plane thus forming a small 
blade-like thallus (Textfig. 4.14). Deposition of a cross wall at the branch basis is 
postponed for some time. 

The "morphological tendency" for planification is pronounced in Struvea 
whose blade-like thalli are formed much in the way as those of Bood/ea. 
Moreover , Struvea has a pronounced "morphological tendency" for 
differentiation between the axis (which is very broad and stipe-like) and the much 
smaller laterals (Textfig. 4.20, 19). The blade is strengthened by interweaving by 
means of small terminal rhizoidal cells. 

The section Longiarticulatae (Textfig. 4.XI) is connected by three comparative 
morphological series with four more genera of Cladophorales. 

A comparative morphological series leading from the section Longiarticulatae 
(XI) to Ernodesmis (K) can be characterized by the following "morphological 
tendencies": the tendency for inflation of the segments (6); the tendency for 
increase of the number of laterals per node (5). Both the section Longiarticulatae 
and Ernodesmis have a strict acropetal organization. In the section 
Longiarticulatae the main axis grows by elongation of the apical cell and its 
subsequent division into a new shorter apical cell and a subapical cell, whereas 
laterals originate each as a papilla at the apical pole of an intercalary cello This 
papilla may be cut off from the axis by a cross wall when still young (see, e.g. 
Figs 320, 321, 336, 355) and papilliform or at a later stage when the lateral has 
already become cylindrical (Textfig. 4.10). In Ernodesmis there is no difference 
bet ween axial growth and initiation of laterals. On the tip of fully expanded, 
apically inflated segments a number of papilliform branch initials are formed 
which are soon cut off from the mother segment by slightly concave walls 
(Textfig . 4.31) . Although some initials have a lead over others, it is not possible 
to indicate an initial which continues the main axis. 

In Valonia (Textfig. 4 L) the tendency for inflation is still more pronounced. 
The branch initials are not even papilliform, but lenticular and cut off from the 
periphery of the mother cell by concave walls (Textfig. 4.34). In Valonia 
aegagropila a main axis with a more or less distinct acropetal organization is still 
recognizable (Textfig. 4.36). In other species the sparse ramification does not 
have a distinct pattern, or the thallus is reduced to a single, al most spherical 
segment (in Valonia ventricosa). 

In Ernodesmis small papilliform initials at the basal end of the cells grow into 
small rhizoids which anchor the segment to the underlying segment (Textfig. 
4.33) . These are comparable, in form and origin, to the small rhizoids by which 
Va/onia plants are attached (Textfig. 4.35). Small rhizoidal extensions of cells in 
the basal region of Cladophora prolifera (Fig. 324a) have a function comparable 
to that of the small rhizoids of Ernodesmis, but differ by their having 
protoplasmic continuity with the cell above (Papenfuss & Chihara, 1975). The 
relation of Apjohnia to the section Longiarticulatae is comparable to that of 
Ernodesmis (Papenfuss & Chihara, 1975). 

The architecture of Chamaedoris (Textfig. 4.1) can be thought to be derived 

34 



from that of Ernodesmis by one additional "morphological tendency": 
differentiation bet ween axis and laterals. Chamaedoris has a very strict acropetal 
organization. The axis grows by divisions of apical cells, and the cut-off segments 
grow enormously in length and width. On each node a whorl of al most equally 
developed, much thinner laterals is formed. These laterals branch in a way 
comparable to that of Cladophoropsis (Textfigures 4.24-27) . As the older 
whorls are shed, only a terminal, cup-shaped tuft of laterals is present which is 
strengthened by "interweaving" through smalI, intercalary rhizoids. The clavate 
initials of the Chamaedoris-thallus (Textfig. 4.24a) resembie much those of 
Cladophora pellucida (Textfig. 4.22a) and ot her species of the section 
Longiarticulatae. Struvea and Pseudostruvea (which differs from Struvea by the 
absence of interweaving) have comparable clavate initials (Egerod, 1975); as have 
some of the larger Chaetomorpha species. 

A comparable series leading from the section Longiarticulatae (XI) to 
Anadyomene (M) can be characterized by the following "morphological 
tendencies": planification (I); inflation of segments (6); increase of the number 
of laterals per node (5); lateral coalescence of filaments to strengthen the blades 
(3). Textfigure 4.37 pictures a very young plant of Anadyomene, which shows an 
acropetal pattern typical for the section Longiarticulatae. Therefore, 
ontogenetically, Anadyomene can also be derived from the architecture of the 
section Longiarticulatae. 

The section Dorsiventrales (Textfig. 4. V) has an architecture which diverges 
much from the architectures of the ot her Cladophora sections. It can be placed in 
a reductional morphological series with Rhizoc/onium grande (D), a curious 
dorsiventral species from the Pacific. 
Actually the unbranched portions of Cl. intertexta (Textfig. 4.21) much resem bie 
Rhizoc/onium grande (Textfig . 4.29, 30). Rhizoc/onium grande does not seem to 
be narrowly related with Rhizoc/onium riparium, which lacks a dorsiventral 
organization. 

The remaining sections of Cladophora (Chamaethamnion, Cladophora, 
Rupestres, WilleelIa, Glomeratae, Xanthochlora) were not treated in the above 
discussions, because they can be less clearly used for comparative morphological 
reflex!ons in relation to other genera of Cladophorales . However, except 
Chamaethamnion, these sections are considered narrowly related to the section 
Longiarticulatae, and to form the "nucleus" of the genus, as they differ only in 
the relative importance of apical or intercalary growth and the resulting 
differences in architecture. 

The above comparative morphological exercises demonstrate that the genus 
Cladophora, as generally and also here conceived, does not conform to the 
requirement that the species contained in a genus are mutually more related than 
with species in ot her genera. For instance, Cl. pachyderm a (Figs 1,2) is more 
related with Rhizoc/onium riparium (Textfig . 4.2) than with Cl. pellucida 
(Textfigs 4.22, 23), which, in its turn, is more related with Anadyomene (Textfig. 
4.37, 38) . There are two theoretical solutions to this problem: either to merge all 
genera of Cladophorales into the genus Cladophora, or to split this genus into a 
number of possibly more sharply delimited genera. Although the first solution 
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would produce a genus Cladophora in accordance with the diagnosis given at the 
beginning of this chapter, it would be as unpractical as the second solution. 
Splitting Cladophora into several genera is difficult because the Cladophorales 
form a reticulate morphological continuurn. 

From a phylogenetic point of view, the sections of the genus Cladophora here 
recognized possibly represent the morphotypes resulting from a first 
phylogenetic radiation of the premieval Cladophoralean chlorophyte and which 
have changed comparatively little in the course of evolution. Other, more 
complicate and specialized forms are possibly of more recent origin and used 
some of these morphotypes as their building material. From this point of view it 
would seem correct to include simple forms, such as Cladophoropsis, 
Rhizoc/onium and Chaetomorpha in the genus Cladophora. The generic 
diagnosis should be extended with several negative chatacters, excluding the 
more specialized forms, in the following way: 
"Thalli composed of uniseriate filaments, which are sparsely to profusely 
branched (sometimes unbranched), and which are, neither by intercalary rhizoids 
or hapteroid discs nor by mutual coalescence, united into blade-like or cup-like 
fronds, and whose cells are not excessively swollen into macroscopically visible 
vesicles" . 

One conclusion can be drawn from the above morphological exercises, namely 
that it is incorrect to range the simpier genera (Cladophora, Rhizoc/onium, 
Chaetomorpha) in an order Cladophorales, and all, or some of the genera with a 
more complicate architecture in an order Siphonoc/adales. The relatedness of the 
genera here dicussed is supported by similarities in cytology, cell wall structure, 
and life history (van den Hoek, 1981). Segregative cell division is of ten used as 
the decisive criterion distinguishing Siphonoc/adales (Boergesen, 1913; Egerod, 
1952; van den Hoek, 1978; Bold & Wynne, 1978), but only for Siphonoc/adus 
and Dictyosphaeria this is a consistent mode of branching. For other reasons, 
these two genera are clearly related to other Cladophorales. 
When Siphonoc/adales are merged with Cladophorales, the name Cladophorales 
Haeckel (1894) has priority over Siphonoc/adales (Blackman & Tansley) 
Oltmanns (1904) (Papenfuss & Chihara, 1975). 
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Chapter VII 

Nomenclature and typification 

Inspection of nomenclatural types (herbarium specimens) is, in general, 
indispensable for establishing correct namens and synonomy for species and 
subspecific taxa of Cladophora in the sense of the International Code of 
Botanical Nomenclature (Stafleu, 1978). Descriptions, and often also figures in 
literature are mostly inadequate to convey a sufficiently precise image of the 
material described and pictured. Therefore, in this revision only names will be 
used whose nomenclatural types could be investigated (except Cl. prolifera 
(Roth.) Kütz ., cf. van den Hoek, 1963, p. 208). 

For 17 of the 31 species encountered along eastern American shores the 
nomenclature had already been unravelled in my "Revision of the European 
species of Cladophora" (van den Hoek, 1963) and for these species only 
additional synonyms from eastern American shores will be given (Cl. 
pachyderma, Cl. pygmaea, Cl. coelothrix, Cl. socia/is, Cl. catenata, Cl. 
liebetruthii, Cl. /iniformis, Cl. globulina, C/. rupestris, Cl. ruchingeri, Cl. 
sericea, Cl. albida, Cl. laetevirens, Cl. vagabunda, Cl. dalmatica, Cl. vadorum, 
and Cl. prolifera). Several valid names, with first priority, of species from 
tropical Eastern America have been published by Boergesen (Cl. corallicola 
Boergesen, Cl. ordinata (Boergesen) van den Hoek), COllins (Cl. intertexta 
Collins), Kützing (Cl. montagneana Kützing) and Martens (Cl. brasileana 
Martens). Schramm & Mazé (1865) published 15 new species of Cladophora from 
Guadelope. The new taxa were provided with "Crouan" as author, because the 
brothers Crouan (Brest) were responsible for their descriptions . These 
descriptions, which are lacking in Mazé & Schramm (1870-1877), were also 
published by De-Toni, 1889, to whom they we re sent by Bornet (see De-Toni, 
1889, p. 348, foot-note, and pp. 351-353). Types of these species are preserved in 
the herbarium of Kew Garden (K), now incorporated in the collections of the 
British Museum (Natural History, BM). Two of the Crouans' species, namely Cl. 
conferta and Cl. submarina appeared to be the valid names for two widely 
distributed eastern American tropical species. 

In Mazé & Schramm, 1870-1877, an additional number of new species we re 
published on the authority of the brothers Crouan, but these are nomina nuda, 
because descriptions are lacking or extremely rudimentary. 
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Chop/er VIII 

Species recorded in previous comprehensive studies. 
List of uncertain and erroneous names 

VIII. I. SPECIES RECORDED IN PREVIOUS COMPREHENSIVE STUDIES 

The large majority of species recorded in the comprehensive works of Taylor 
(1957, 1960) and Collins (1909b - 1918) are not mentioned in the present study. 
The reason is that part of these species appeared to be synonyms of earlier 
described ones, while others were based on misidentifications or early taxonomic 
confusions. Via the index, one may find the way to these nomenclatural and 
taxonomie confusions. See also van den Hoek, 1963, for many early taxonomie 
confusions in Cladophora. Thus, of the 35 species mentioned by Taylor (1960) 
for tropieal and subtropieal eastern coasts of America only 4 also occur in this 
work, with, entirely or approximately, the same taxonomie concept, namely Cl. 
intertexta Collins, Cl. corallicola Boergesen, Cl. crispuia Vickers, and Cl. 
prolifera (Roth.) Kützing. Six more species mentioned by Taylor conform 
entirely or for the greater part to species as conceived in the present study, but are 
nomenclatural synonyms of earlier described ones, namely Cl. howei Collins 
(synonym of Cl. submarina Crouan frat. ex Schramm & Mazé), Cl. re pens (J .G. 
Agardh) Harvey (synonym of Cl. coelothrix Kütz.), Cl. fuliginosa Kütz. 
(synonym of Cl. catenata (L.) Kütz. emend. van den Hoek), Cl. delicatula 
Montagne (synonym of Cl. montagneana Kütz.), Cl. faseicularis (Mertens ex 
Agardh) Kützing (synonym of Cl. vagabunda (L.) van den Hoek), and Cl. 
uneinata Boergesen (synonym of Cl. conferta Crouan frat. ex Schramm & 
Mazé). 

Of the 13 species described by Taylor (1957) for the northeastern coast of 
America only 2 species occur in the present work with (approximately) the same 
taxonomie concept, namely Cl. albida (Huds .) Kütz. and Cl. rupestris (L.) Kütz. 
Furthermore Taylor's concept of Cl. groeilis (Griffiths ex Mackay) Kützing 
conforms for the greater part to that of Cl. sericea (Huds.) Kütz. in the present 
study, of which it is a synonym. 

The list of specimens studied at the back of each section devoted to a species 
gives an impression of the degree of relative confusion or stability in the taxonom
ic concepts of the species as identifications of historie interest are added. 

VIII. 2. UNCERTAIN AND ERRONEOUS NAMES 

This list contains in the first place specific and subspecific names whose types 
could not be traced, and whose descriptions (and partly also figures) are 
inadequate to permit conclusions as to their identity. In the second place specific 
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and subspecific Cladophora names are listed whose types do not belong to 
Cladophora or which are incorrect for other nomenclatural reasons. Cl. seitula 
Suhr takes a special position. 

Cl. abbreviata Kützing 1854, T. 38. Isotype (from Greenland) in W., coll o 
Grunow, no 28637 , in R.F. Hohenacker, Aigae marinae siccatae, Esslingen 
1852-1862, no 471. The isotype belongs to Aerosiphonia. 
Conferva bieolor Mertens & Schwartz in C.A. Agardh, 1824, p . 116. The type 
(from Jamaica) could not be investigated . Cl. bieolor (Ag.) J . Ag . in Mazé & 
Schramm, 1870-1877, p. 62. 
Cl. eharoides Chauvin ex Mazé & Schramm, 1870- 1877, p. 62 (nomen nudum): 
"Gosier, Pointe Laverdure; Moule, fond du port; en Février, Septembre; collo 
nos 105, 260" . In K a specimen was present under the name Cl. eharoides 
Chauvin , in Mazé, Aigae guadeloupenses , no 1950, from Capesterre, " plage du 
bourg, flottant à la lame, en Septembre" . This latter material is a strongly 
fasciculate specimen of Cl. vagabunda (L.) van den Hoek. 
Cl. eongesta Crouan frat. ex Schramm & Mazé, 1865, p. 37 (De-Toni , 1889, 
p. 352). Type in K, in Mazé, Aigae guadeloupenses no 945, from Basse-Terre, 
"Fontaine, parais et fonds du réserve, toute I'année". The type consists of 4-13 
cm large compact grass to dark green tufts of Pithophora just before 
differentiation of akinetes. Non Cl. eongesta Zanardini ex Frauenfeld, 1855 (cf. 
van den Hoek, 1963, p. 223). 
Cl. eonstrieta Collins, 1909, p. 19, pI. 78, Figs 4, 5. The type from Montego Bay, 
Jamaica, 1216/ 1907, leg. Howe, no 4978, not seen. The figures and description 
are inadequate to give a sufficiently clear image of the material. Material from 
Bermuda (tide pools) collected by Collins and preserved at AHFH (no 41945) 
consists of 2- 4.5 cm high spongy pompons of Cl. socialis . However, the figures 
in Collins, 1909, of the type do not seem to depict Cl. socia/is (the branches in 
these figures are apically inserted instead of laterally; and the apical cells are 
more or less pointed instead of cylindrical with rounded tips) . 
Cl. erucigera Grunow, 1867, p. 38. Type from Guadeloupe not seen. The 
description suggests a robust plant of Cl. vagabunda whose ultimate branch 
systems have disappeared by sporulation. 
Cl. diehotomo-divarieata Crouan frat. ex Schramm & Mazé, 1865, p. 38 (De
Toni, 1889, p. 351). Mazé & Schramm, 1870- 1877, p. 63. The type (Mazé, Aigae 
guadeloupenses no 283, Ie série , from Moule) could not be retraced. 
Cl. flexuosa (Müller) Kützingf. floridana Collins, 1906. Isotypes in NY, K, L, in 
Collins , Holden & SetchelI, Phycotheca boreali-americana no 978, from Florida, 
Key West, on rocks, March 1897, leg. Mrs. G.A. Hall. C. 10 cm high dark green 
plants composed of main filaments with secondary proliferations, and probably 
belonging to one of the species of the "delicate subgroup" of the section 
Rupestres. 
Cl. fraeta (Müller) Kützing f. flaveseens (Roth) Collins , 1902, p. 111. Conferva 
flaveseens Roth, 1800, p . 511. Cl. flaveseens (Roth) Kützing, 1843, p. 267 . 
According to van den Hoek (1963, p. 224) this is a doubtful name. Material from 
Roth is preserved in Grunow's herbarium (W); no 30055 is a Cl. fraeta plant 
from lake Zwischenahn (N. W. Germany) and no 30058 is a marine Cl. sericea 
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plant. Material identified by Collins as Cl. fracta f f1avescens belongs to Cl. 
dalmatica Kütz. 
Cl. gracilis (Griffiths ex Mackay) Kützing var. expansa Farlow, 1881, p. 55. Type 
not seen. The description is too vague to permit a conclusion as to the variety's 
identity. Cl. gracilis f expansa (Farlow) Collins, 1909b, p. 343. Material 
identified by Collins as this forma belongs to either Cl. ruchingeri (Phycotheca 
boreali-americana no 981) or to Cl. sericea (mat. from South HarpsweIl, 
3/7/1903, leg. Collins, forming loose masses in pools, NY). 
Cl. penicilIata Kützing, 1853, p. 27 f. occidentalis Crouan frat. ex Mazé & 
Schramm, 1870-1877, p. 70 (nornen nudum). Type in K, in Mazé, Algae 
guadeloupenses no 628, from Moule, "rivière au fond du port, en Novembre". 
This material belongs to the freshwater genus Cloniophora. Cladophora 
penicilIata Kütz. is a synonym of Cl. vagabunda (L.) van den Hoek, 1963, p. 147. 
Cl. rigidula Collins & Hervey, 1917, p. 47. The type from a stone tank above 
bridge at Fairyland, Bermuda, 13/12/1915, Collins no 8513, not seen. The 
description suggests Cl. Iiebetruthii. Non Cl. rigidula Kützing, 1845, p. 216, 
which is a synonym of the freshwater species Cl. fracta (Müll. ex Vahl) Kütz. (see 
van den Hoek, 1963, p. 200). 
Cl. scitula (Suhr)Kützing, 1849, p. 399. Conferva scitula Suhr, Regensb. Flora 
1834, Bd I, Tab. 2, Fig. 2 (fide Kützing). Isotypes from "India Occidentalis" 
(without a more precise indication of the locality) in L (HLB 937.336-365), in 
herb. Kützing, sent to Kützing by Suhr; and in KIEL (from the herb. of 
Mertens). I would identify the isotypes (apparently fragments of the same 
material) as robust, dark green plants with strongly incurved, ± acropetally 
organized ultimate branch-systems of Cl. albida (Figs 9, 10) if not collected 
outside the distribution range of this species. Diam. of apical cells 27-48 ILm, 
l/w ratio 2-5; diam. of main axes 65-100 ILm, l/w ratio 1.5-3. 
Cl. thermalis Crouan frat. ex Schramm & Mazé, 1865, p. 37 (De-Toni, 1889, 
p. 352). Mazé & Schramm, 1870-1877, p. 70. Type in K, in Mazé, Algae 
guadeloupenses no 177, from Dolé, "parois du bassin au niveau de l'eau, eau x 
thermales à 33° C toute l'année". This material belongs to Pithophora. 
Cl. Spongomorpha trinitatis Kützing, 1849, p. 420. Type in L (HLB 
937/186-75), in herb. Kützing, with the following annotation in Kützing's 
handwriting "207 Cl. Spongomorpha Trinitatis. Ins. Trinidad". This is a 1 cm 
high green tuft of 12-241Lm thick branched filaments showing some resemblance 
to Spongomorpha aeruginosa (L.) van den Hoek (1963, p. 225). The filaments 
are covered by fungal hyphae. This material neither belongs to Cladophora nor 
to Spongomorpha, as pyrenoids of either the bilenticular or the polypyramidal 
type are lacking. Such pyrenoids can be easily observed and recognized in 
herbarium-material, particularly so after staining with JKJ. 
Cl. tropica Crouan frat. ex Schramm & Mazé, 1865, p. 352 (De-Toni, 1889, 
p. 352). No material under this name was retraced in Mazé's Algae 
guadeloupenses; its description is too vague. 
Cl. virgatula Grunow, 1867, p. 38. The type (from Guadeloupe) not seen. The 
description suggests a Cl. montagneana or a related delicate species of the section 
Rupestres. 
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Chapter IX 

Section 1. Affines Brand 

Nomenc/ature. See van den Hoek, 1963, p. 33. 

Description 
Thalli consisting of long filaments growing by frequent intercalary cell

divisions. Branches scattered, concentrated in the basal region of the plants, 
laterally inserted, often deflecting the axis over a wide angle. Basal cell with a 
basal disciform holdfast. Cells relatively short, length/width ratio mostly about 
1-2. 

Species ranged under the section 

At present three species are known to belong to this section, namely Cl. 
pachyderm a (Kjellmann) Brand (see below), Cl. incompta Hooker et Harvey (see 
below) and the European freshwater species Cl. basiramosa Schmidle (van den 
Hoek, 1963, p. 33). 

I . CLADOPHORA PACHYDERMA (Kjellm.) Brand 

Nomenc/ature. See van den Hoek, 1963, p. 35. 

Description (Figs I, 2) 

Thalli forming loose, grass-green, Rhizoc/onium-like strata on rocks at high 
water mark. 

Thalli consisting of long, almost unbranched, short-celled filaments, growing 
by frequent intercalary cell divisions . Branches scattered, concentrated in the 
basal region, laterally inserted, often at one side of the main filament, and of ten 
deflecting the main filament. The basal cell of an old lateral may be partly fused 
with the basal end of the adjacent cell of the axis . 

Cells cylidrical, thick-walled. Attachment by simpie, basal rhizoids, often 
forming a disciform holdfast at the lower end. 

Diameter of apical cells (19-24)-(24-30) /Lm, I/w ratio (3-5)-(2-3); diam. 
of uItimate branches (22-32)-(24-41) /Lm, I/w ratio (1.5-6)-(1.5-3); diam. 
of main filaments (26-35)-(50-65) /Lm, l/w ratio (1.5-3)-(1-1.5). Thickness 
of cell walls in uItimate branches (1.5-7)-(4-8) /Lm; in main filaments 
(3-8)-(8-17) /Lm. 
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Systematic position 
Cl. pachyderma is narrowly related with the freshwater species Cl. basiramosa 

Schmidle (see van den Hoek, 1963, p. 33). Both Cl. pachyderma and Cl. 
basiramosa much resembie Rhizoc/onium riparium which, however, only bears 
rhizoidal branchlets and never has basally branching main filaments; moreover 
the cell walls of Rhizoc/onium are much thinner. 

The above description is based on two specimens, which were also used for my 
study of 1963. One specimen is comparatively thin, and has been collected on the 
coast of W. Greenland (Baffinsbay) by Wormskiold (C); the other specimen is 
somewhat thicker and has been collected by Kjellmann on the coast of Novaja 
Zeml'a, Malye Karmakuly, 26/6/1875 (UPS). The latter specimen is the holotype 
of Cl. pachyderma, the former of Cl. pachyderma var. tenuis (Kjellm.) Brand. 
Here they are considered to belong both to the si ze range of Cl. pachyderma. Cl. 
incompta (Hooker et Harvey) Hooker et Harvey in Hooker (1847, p. 496) is a 
narrow relative of Cl. pachyderma from (Sub-) Antarctic shores. The type has 
been collected at St. Martin's Cove, near Cape Hom, in 1845, by Davis (TCD). It 
is a Rhizoc/onium-like, dark green stratum. The architecture of the thallus much 
resem bles that of Cl. pachyderma, with the following differences (Figs 3-6): 
1. Intercalary cells also bear short rhizoids ending in disciform holdfasts. These 

rhizoids are attached to other filaments, which causes these to form an 
inextricable tangie. Rhizoids arise late rally from basal cell-poles, branches 
arise laterally from apical cell-poles; 

2. The measurements are much greater (diam. of apical cells 68-75 ILm, l/w 
ratio 1-2; diam. of ultimate branches 68-120 ILm, l/w ratio 0.5-2; diam. of 
main axes 100-120 ILm, l/w ratio 1-1.5; thickness of cell walls 6-12 ILm). 
The occurrence of a narrow relative of Cl. pachyderma on (Sub-)Antarctic 

shores suggests an amphipolar distribution of the section Affines, to which both 
species belong. According to Skottsberg (1941) Cl. incompta occurs in Fuegia, 
Falkland Islands, South Georgia and Kerguelen . However, a further unidentified 
species of the section Affines is reported from the tropical Solomon Islands 
(Womersley & Bailey, 1970, p. 264). 

Geographic distribution 
Cl. pachyderma is probably the only Cladophora species which is restricted to 

the Arctic Region (van den Hoek, 1975; 1979). 

Greenland. West Coast. Baffinsbay, leg. Wormskiold (C) (see above). 

Canadian Arctie. According to Lee (1980) part of a number of collections from 
2-15 m depth at a number of stations in the Canadian Arctic, and ranged under 
Cladophora sp., may be referred to as Cl. pachyderma. However, two specimens 
identified by Lee as Cl. pachyderma (from Victoria Island, Aug. 1973, nrs 8884 
and 8885; and from Dease Strait, Aug. 1973, nrs 7195- 72(0) belong both to 
Acrosiphonia sp. (as do 6 other specimens from other stations identified as 
Cladophora) . 

Europe. Apart from the type locality (see above), 8 other stations are mentioned 
by Zinova (see van den Hoek, 1963, p. 36). 
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Chapter X 

Section 2. Chamaethamnion (Reinke) van den Hoek 

Nomenclature. See van den Hoek, 1963, p. 36. 

Description 

Thalli up to 1.3 mm high, with an irregular organization without distinct main 
axis, but with pseudodichotomies mainly in the basal region. Branches apically 
inserted. Basal cell with a basal disciform holdfast. Cells relatively short, 
length/width ratio mostly about 1-2. 

Species ranged under the section. Only Cl. pygmaea Reinke. 

2. CLADOPHORA PYGMAEA Reinke 

Nomenclature. See van den Hoek, 1963, p. 36. 

Description (Figs 7, 8, Textfig . I. II) 

Thalli dark green, diminutive, stiff, up to 1.0 ( - 1.3) mm high. Plants having 
an irregular organization, without distinct main axis, but composed of 2 to 
several main filaments with pseudodichotomous branching in the basal region. 
The distal parts of the main filaments may bear unilateral rows of branchlets in a 
vaguely acropetal sequence (increasing in length towards the base) (Fig. 7) or 
without such a sequence (Fig . 8, Textfig. I.II). In fertile plants the main 
filaments end in moniliform rows of swollen zoidangia (Textfig. I .II). These are 
as broad as or may be somewhat broader than the proximal vegetative parts of 
the filaments. 

Growth predominantly by frequent intercalary cell divisions resulting in short
celled filaments. Each branch is apically inserted with an oblique wall cutting it 
off from the parent cello Mostly one branch (sometimes two branches) per node. 

The diameter of the axis is about 0.7-2 times that of the apical cells. Apical 
cells short, mostly more or less swollen with a rounded tip or tapering with a 
blunt tip . 

The plants are characteristically anchored by a single elongate basal cell ending 
at the point of attachment in a disciform holdfast. 

Diameter of apical cells 19-52( - 65) p'm, l / w ratio 1.5-3 .5; diam. of ultimate 
branches 24-52( - 65) p'm, l / w ratio 1-3 (down to 0.5 in fertile filaments); diam. 
of main axes 52-91p.m, l / w ratio 1-2. Cell walls rather thick, about 2-5 .5p.m in 
ultimate branches, up to 6 p'm in the main axes. 

43 



Ecology 

Cl. pygmaea occurs on rocks and small stones in the sublittoral, together with 
encrusting Phaeophyceae and Rhodophyceae. It has been collected from depths 
between 2 and 35 m (van den Hoek, 1963; Wilce, 1970; Irvine et al., 1975; 
Hooper & South, 1977). Cl. pygmaea is marine, but penetrates into the brackish 
Baltic (to c. 15%0 S) (van den Hoek, 1963). The species may be found throughout 
the year, with a maximum abundance from September to December (Hooper & 
South, 1977). 

Reproduction 

The barrel-shaped zoidangia release zoids (of a further unknown nature) 
through a pore about halfway along the zoidangium (van den Hoek, 1963). 
Fertile plants are most frequent in July and August (Hooper & South, 1977). 

Geographic distribution (Map 1) 

Cl. pygmaea belongs to the amphiatlantic temperate distribution group (van 
den Hoek, 1979). Both along American and European shores it is restricted to the 
cold temperate Atlantic-Boreal region (van den Hoek, 1975). Some recent 
records in the literature will be given below. As the species is quite characteristic, 
confusion with other species is excluded. 

Newfoundland (see Hooper & South, 1977). Bonne Bay; Hodge's Cove; Trinity 
Bay; Grand Ile Pierre; Fortune Bay; Cheese Is.; Aquaforte. 

Nova Sc ot ia (see Hooper & South, 1977). Great Bras d'Or. 

Massachusetts (see Wilce, 1970). Quick's Hole, off Southern Cape Cod; 
Robinson's Hole, between Pasque and Naushon; Elizabeth Islands. 

Records outside E. America 

Europe. N. Germany, Baltic near Kiel (15%0 S). Swedish W. coast near 
Kristineberg. Norway, Oslofjord (see van den Hoek, 1963). Shetland Isles, Fugla 
Ness (Irvine et al., 1975). 

W. America, Northern Washington (Norris & Hollenberg, 1969). 
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Chap/er XI 

Section 3. Repentes Kütz. 

Nomenclature. See van den Hoek, 1963, p. 40. 

Description 

Acropetally to irregularly organized plants composed of long, cylindrical thin
walled cells. Growth mainly by divisions of conspicuous apical cells which are 
followed by only limited elongation and enlargement of the cut-off cells. The 
diameter of the basal parts of the main axes is mostly not much larger than that 
of apical cells (viz. c. 1-2.5 x that of apical cells). Each branch is laterally, 
sometimes slightly subterminally inserted with a vertical to steeply inclined wall 
cutting it off from the parent cello The maximum number of branches per node is 
2(-3). Many cells, even in distal parts of the plants (mainly in stolon-like 
filaments) may give off one rhizoid each at their basal poles. 

Plants of ten forming dark-green compact spongy pompons or cushions, or 
indefinite moss-like mats. 

Species ranged under the section 
Two marine species are presently known for this section, namely Cl. coe/othrix 

and Cl. socia/is. 

ldentification of species ranged under the section Repentes 

The differences between the two species of the section are listed in Table 2. 
Differences between acropetally organized plants of Cl. coe/othrix and Cl. 

pellucidoidea are listed in Table 3 (p. 49) and between Cl. socia/is and Cl. 
vagabunda in Table 4 (p. 54). 

Table 2. Differences bet ween the species of the section Repentes 

Cl. coelothrix 
I . Diam. of apical cells 

(55-95)-(70-140) pm 
2. Diam. of ultimate branches 

(55-100)- (70- 140) pm 
3. Diam . of main axes 

(60-100)- (100-220) pm 
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Cl. socialis 
I. Diam. of apical cells 

(24- 40)-(23-54) pm 
2. Diam. of ultimate branches 

(24-40)-(23-54) pm 
3. Diam. of main axes 

(48- 80)-(45-68) pm 



3. CLADOPHORA COELOTHRIX Kütz. 

Nomenc/ature. See van den Hoek, 1963, p. 40. 

Further synonyms. Cl. alyssoidea Meneghini var. gracillima Crouan frat. ex 
Mazé & Schramm, 1870-1877, p. 57 (nomen nudum). Type in K, in Mazé, Algae 
guadeloupenses no 75 from Gosier (Guadeloupe), Anse Laverdure, "fragments 
de coquilles ensablés, en Avril". The type consists of two 1.5-2 cm high 
compact, dark green Cl. coelothrix plants. Cl. alyssoidea Meneghini is a 
synonym of Cl. hutchinsiae (Dillwyn) Kützing, see van den Hoek, 1963, p. 61. 

Cl. glebifera (Kütz.) Kütz. var. occidentalis Crouan frat. ex Mazé & Schramm, 
1870-1877, p. 66 (nomen nudum). Type in K, in Mazé, Algae guadeloupenses no 
673, from Moule, vieux bourg, Pointe de la Chapelle, "à la lame, en Décembre" . 
Cl. glebifera (Kütz.) Kütz. is a synonym of Cl. dalmatica Kütz., cf. van den 
Hoek, 1963, p. 187. 

Description (Figs 11-29) 

Thalli dark green to olivaceous, forming 2 to 5 cm high stiff radiating 
pompons (Fig. 17) or compact moss-like mats, or indefinite loose lying mats, 
consisting of branch systems with a distinctly acropetal organization (Figs 11, 
16) (mainly in open coast habitats) to a vaguely acropetal (Figs 28, 29) or even 
irregular organization (Figs 19-21) (mainly in estuarine and sheltered habitats) . 

Growth by divisions of very conspicuous apical cells which are followed by 
only very limited elongation and enlargement of the cut-off cells. Towards the 
base these cells may be rarely divided into 2-3 cells by intercalary cell divisions 
(Figs 19, 27). The cells are generally quite long and have a high length/ width 
ratio. 

Generally each new cell af ter being cut off from the apical cell gives off a 
branch at its apical pole when it has become the first (Fig . 16) to fourth (Fig. 28) 
cell in distinctly acropetal branch systems, and the fourth to sixth cell in vaguely 
acropetal to irregular branch systems (Fig. 19). At increasing di stance from the 
apex a cell may give off a second and even a third branch (Figs 11, 16). Points of 
ramification on a cell always at the apical cell pole, and then of ten opposite, not 
serial. Cells mayalso fail to give off laterals and in this way few-to many-celled 
internodes are formed, which are common in the basal parts of full-grown plants 
(Figs 13, 14,21). 

Each branch is laterally , sometimes slightly subterminally, inserted with a 
vertical to steeply inc1ined wall cutting it off from the parent cell, and with a 
rather acute angle (45 0 or less) in plants with distinct acropetal organization, but 
with a wider angle (45°-90°) in plants with a more vaguely acropetal to irregular 
organization (Figs 18-22, 28, 29) and in the of ten occurring, more of less 
horizontal stolon-like branches (Figs 12, 15). 

Cells in basipetal direction becoming hardly longer and broader and remaining 
cylindrical in outline except when transformed into akinetes (which may be 
cylindrical to c1ub-shaped) (Fig . 27) . 
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The diameter of the basal parts of the main axes is about 1- 1.7 x th at of the 
apical cells. Apical cells cylindrical with rounded tips. 

Plants attached by a branched basal rhizoid and by few (in distinctly 
acropetally organized plants, Figs 12, 13, 15) to many (in plants with vaguely 
acropetal to irregular organization, Figs 18-22) rhizoids sprouting from the 
basal poles of other cells in the basal region but even in the distal parts of the 
plants; this is particularly the case in stolon-like main branches. 

Diameter of apical cells (55-95)-(70-140) ILm, length/width ratio (2.5 - ) 
(7-18)-(4.5-20); diam. of ultimate branches (55-100)-(70-140) ILm, l/w ratio 
(3.5 -) (5-11)-(4-12); diam. of main axes (60-100)-(100-220) ILm; l/w ratio 
(5-10)-(3.5 -) (7-16) (The distinctly acropetal plants tend to be narrower). 
Thickness of cell walls in apical parts c. 1-5 ILm, in the basal parts c. 4-1O( - 20) 
ILm. 

Ecology, form range 

Cl. coelothrix is apparently a species preferring, but not entirely restricted to 
shade along American as weIl as European Atlantic coasts. On Curaçao 
(Netherlands Antilles) it has been encountered on the steep fore reef slope of the 
fringing coral reef at a depth of 40 min the "deep algal community"; at 25 m in 
the "roof shingle community" (dominated by flat, roof-shingle-like corals); and 
at a depth of c. 0.5 m in the shallow reef community. It appeared to occur 
sporadically in wave-washed Laurencia papillosa-Gelidiella acerosa turfs 
covering flat rocks in bay entrances. On overhanging rocky surfaces (in surf 
niches) in inner bays and on shaded roots of Rhizophora mangle it is part of the 
eulittoral vegetation of Bostrychia binderi, B. tenelIa, Polysiphonia howei and 
Boodleopsis pusilla. In the murky water of sheltered inner bays it forms loose 
lying mats on the soft muddy bottom among roots of Rhizophora mangle, where 
Caulerpa verticillata is often dominant (van den Hoek, 1963; 1975; 1978; van den 
Hoek et al., 1978). 

Collections from other places form moss-like mats or stiff pompons below 
overhanging faces of rock, on roots of mangroves (Rhizophora mangle) and on 
A vicennia pneumatophores. It is likely that the species is widely distributed in 
deeper water, but has been largely overlooked so far. Cl. socia/is Kütz., which is 
narrowly related to Cl. coelothrix, has a comparable ecological range. 

Plants from open coasts tend to form stiff, radially built pompons with a very 
distinct acropetal organization, in which the ramifications have acute angles 
(Figs. 17, 11, 16). Plants from very sheltered habitats tend to form moss-like 
growths or indefinite mats with a vaguely acropetal or irregular organization 
(Figs 28, 29, 18-22). All intergrades occur in nature and can of ten be found in 
one and the same collection of plants with acropetal organization. 

A comparable relation between exposure and organization exists in Cl. 
vagabunda (L.) van den Hoek. The distinctness of acropetal organization can 
also be disturbed by the disintegration of apical branch-systems by sporulation 
and the subsequent proliferation of the remaining axes; and by the formation of 
akinetes and their subsequent regeneration. 
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The characteristically dark green to olivaceous colour is caused by a parietal 
layer of closely packed and even overlapping chloroplasts, some of them with 
bilenticular pyrenoids (Fig. 25). Somewhat lighter cells also occur and here the 
chloropIasts form a network with small meshes (Fig. 26) . 

Reproduction 

Once fertile plants we re observed (Figs 23 , 24) which produced biflagellate 
lemon-shaped zoids with distinct eye-spots. Su eh lemon-shaped zoids were 
previously observed in Cl. rupestris (van den Hoek, 1963). Before release, the 
mass of zoids forms a dark green perforated cylinder at the apical end of the 
zoidangium (Fig. 24) as it does in Cl. catenata and Cl. prolifera. 

Systematic position 

Plants with a distinct acropetal organization may be confused with species of 
the section Longi-articulatae, in particular with Cl. pellucidoidea, which is about 
equally robust. The differences are listed in Table 3. 

Table 3. Differences between acropetally organized plants of Cl. coelothrix and C/. pel/ucidoidea 

Cl. coelothrix (Figs 11 - 16) 

I . plants mostly olivaceous to dark 
green, forming 2- 5 cm high moss
like mats, radially built pompons or 

indefinite mats 
2. branches laterally inserted with a 

vertical to steeply inclined cross wall 

3. cells after being cut off from the 
apical cells hardly increasing in length 
and width 

4. apical cells cylindrical with rounded 
tips 

5. attached by one basal rhizoid and 
many rhizoids higher up in the plants, 
especially in stolon-like branches 

Cl. pel/ucidoidea (Figs 358- 360, 365) 

I . plants mostly grass green, forming 
up to 6 cm high penicillate tufts 

2. branches apically inserted with a feebly 
inclined to al most horizontal cross wall 
(except in the basal parts of the plant) 

3. cells after being cut off from the 
apical cells distinctly increasing in length 
and width 

4. apical cells tapering with obtuse 
tips 

5. attached by one basal rhizoid ; 
without stolons 

Cl. coelothrix differs from Cl. socialis Kütz. (with which it is narrowly related) 
by its much greater robustness; and from Cl. corrallicola Boergesen by its much 
thinner cell-walls. 

In the description of van den Hoek (1963, p. 41) the thallus is incorrectly 
mentioned to have an irregular organization "with frequent intercalary cell
divisions". Although intercalary cell-divisions may occur, they are generally 
in frequent. eell divisions predominantly occur in the conspieuous apical eells. 
An irregular organization arises when part of the eells cut off from the apieal 
cells fail to give off laterals, or do so in an irregular sequence . Acropetal 
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organization also occurred in part of the European material. See van den Hoek, 
1%3, Figs 56 (with acropetal organization somewhat disturbed by sporulation), 
68, 74, 78. 

Geographical distribution (Map 2) 

Cl. coelothrix belongs to the amphiatlantic tropical-to-warm-temperate 
distribution group, and it is limited, along American Atlantic coasts, to the 
tropical Western Atlantic Region, whereas it extends in Europe up to about the 
northern boundary of the warm tempera te Mediterranean-Atlantic Region (van 
den Hoek, 1975, 1979). 

Cl. coelothrix is apparently a very common species in the eulittoral zone of 
tropical West African coasts. Possibly Cl. coelothrix has a wide distribution in 
tropical seas. The following records are likely to refer to Cl. coelothrix: Salt lake 
near Mauripore, N. Arabian Sea (Nizamuddin & Mubina Begum, 1973; this on 
the basis of pictures and description); Solomon Islands (Womersley & Bailey, 
1970; the material was identified by the present author). The following 
collections have been studied: 

Bermuda. Bermuda, leg. Hervey 5/211911, in herb. Collins as Cl. re pens , 
"agrees with Antibes specimen from Bornet" (NY). Gravelly Bay on rocks, 
2/1914, leg. Hervey, as Cl. re pens in Collins, Holden & SetchelI, Phyc. Bor.-Am. 
2071 (K, NY). Ibidem, 11/1915, leg. Hervey, as Cl. repens (NY). Tuckerstown, 
leg. det. Hervey, as Cl. corallicola, in Collins, Holden & SetchelI, Phyc. 
Bor.-Am. 2010 (NY). 

Florida. Carrabelle, mouth of New River, Franklin County, 31/111949, leg. 
Drouet (F). Tarpon Springs, among A vicennia pneumatophores, holding down 
soil, 13/211965, leg. det. Dawes 2120, as Cl. re pens (USF). Little Manatee River, 
at mouth on Mangrove Island, Manatee County, on mud from dredged canal, 
23/1211964, leg. Dawes (USF 68568). 

Costa Rica. Golfo Dulce, 10/2/1930, leg. Valerio 876 (US;S). 

Jamaica. Hope Bay, 1900, leg. Pease & Butler, herb. Collins (NY). Morant Cay, 
summer 1939, det. leg. V.J. Chapman, nr A 706, as Cl. fracta f. marina (IJ). 

Puerto Rico. Playa Bajura, Puerto Isabela, NE. coast, water level, 13/12/1958, 
leg. Diaz-Piferrer (DUKE). Mangrove Island, S. coast, on roots of Rhizophora; 
low tide level, 7/3/1957, leg. Diaz-Piferrer (DUKE). Guajataca, N. coast, in tide 
pool, 1/1/1962, leg. det. Bernatowicz 62-5, as Cl. frascatii (US; HLB 
965.321-452). 

St Croix; Virgin Islands. Little Princess, 1-3/1892, leg. Boergesen nr 6 (C). 

Guadeloupe. Moule, Vieux Bourg, Pointe de la Chapelle, at water level, XII, in 
Mazé, Algae guadeloupenses 673, as Cl. glebifera Kütz. var. occidentalis Crouan 
mscr. (K). Moule, récifs de la Couronne, Anse des gros Mapous, XI, in Mazé, 
Aigae guadeloupenses 1039, as Cl. alysoidea Menegh. (K). Moule, Rivière de la 
Baie, floating wood, VIII, in Mazé, Algae guadeloupenses 305, as Cl. 
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(Aegagropila) repens Kütz. (K). Gosier , Anse Laverdure, on shell fragments in 
sand, IV, in Mazé, Algae guadeloupenses 75, as Cl. alysoidea Menegh. var. 
gracillima Crouan. 

Trinidad. Mayaro, Pt. Radix, I' Anse Chausée, mean water level, below 
overhanging faces of rock, 18/7/1957, leg. det. Richardson 146, as Cl. re pens 
(BM). Perruquier Bay, Chacachacare, supralittoral fringe, S. side of bay on 
vertical rock faces, 9/3/1958, leg. Richardson (BM). 

Curaçao. Spaanse Water, inner bay, on muddy bottom among Rhizophora 
roots, 121211973, leg. van den Hoek 73/48 (GRO). Several point on steep fore 
reef slope of the fringing coral reef along the S.W. coast, down to a depth of 
40 m (van den Hoek, see above, section ecology, form range). 

Ghana. West Tema, low turf at MHWN, robust creeping non-acropetal plants, 
1119/1969, leg. John no 6203 (GC; GRO). Prampram, growing through sand on 
flat rocks in a mixed community of Padina, Sargassum, etc.; 2 cm high pompon 
of acropetally organized plant, 28/3/1952, det. leg. Lawson no A 409, as Cl. 
coelothrix? (GC; GRO). Ibidem, 10wer part of Pylaiella zone, 5 cm high dark 
green acropetally organized form, common, 28/4/1956, leg. Lawson 20 A 1127 
(GC; GRO). Ibidem, pale green, probably floating plants with indistinct 
acropetalorganization, 15/1/1952, leg. John no A 311 (GC; GRO). Ibidem, on 
sandy floor of tide pools, c. 2-3 cm high dark green (olivaceous) plant with 
acropetal organization in distal parts of plants, 18/1/1969, leg. John no 6141 
(GC; GRO). Ibidem, 3 cm high dark green radially built plant with acropetal 
organization, 28/3/1952, leg. Lawson no A 410 (GC; GRO). Elmina, West of 
Castie, occurring in cushions but also more loosely in pools, dark green 
(olivaceous), 1-2 cm high, with slightly acropetal to irregular organization, 
29/12/1958, leg. Lawson no A 1368 (GC; GRO). Komenda Chthamalus-zone, 
compact c. 2 cm high cushions, plants with indistinct acropetal to irregular 
organization, 16/1/1957, leg. Lawson no A 1254 (GC; GRO). 

W. Cameroun. Victoria, very thickly felted and covering large area of rock, 
dense dark brown (in the dried state) c. 1 cm high mats without acropetal 
organization, leg. det. Lawson, as Cl. camerunica Pilger (GC; GRO). Ibidem, on 
upper mid-littoral rocks, 23/1211963, leg. det. Lawson no A 849 as Cl. 
membranacea? (GC; GRO). 

4. CLADOPHORA SOCIALIS Kütz. 

Nomenclature. See van den Hoek, 1963, p. 43. 

Description (Figs 30-40) 

Thalli mostly dull dark-green (but varying from light to dark green; in the 
dried state sometimes olivaceous), forming 2-5 cm high spongy pompons or 
compact moss-like mats; or up to 2 cm high individual plants interwoven among 
other algae; or indefinite interwoven mats loose Iying on the bottom, or floating 
at the water surface in sheltered water. Loose Iying mats may form entangled 
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masses of contorted filaments (probably as a result of rolling over the bottom) 
(Figs 35, 36, 36a) . 

Thalli consisting of branch systems with a distinctly acropetal organization 
(Figs 36, 36a) to a vaguely acropetal or even irregular organization (Fig 34). 
Growth by divisions of conspicuous apical cells which are followed by only 
limited elongation and enlargement of the cut-off cells. Towards the base these 
cells may be divided by intercalary cross walls, but this intercalary growth is 
unimportant in comparison to apical growth . The cells are gene rally long and 
have a high length/width ratio. 

Generally each new cell after being cut off from the apical cell gives off a 
branch at its apical pole wh en it has become the lst to 4th cell in branch-systems 
with distinct acropetal organization, and the 4th-8th cell in branch-systems with 
irregular organization (cf. Figs 83, 89 in van den Hoek, 1963). At increasing 
distance from the apex a cell may give off a second branch (Figs 32, 36a) . Points 
of ramification on a cell always at the apical cell pole, not serial. Cells mayalso 
fail to give off laterals and in this way few-to many-celled intern odes are formed, 
especially in basal parts or stolon-like filaments (Fig. 34) . Each branch is 
laterally, sometimes slightly subterminally inserted with a vertical to steeply 
inclined wall cutting it off from the parent cell, and with a rather wide angle (45° 
to almost 90°). The basal cells of older laterals are not (or only rarely) partly 
fused with adjacent cells of the axis (Figs 36, 36a). Cells in basipetal direction 
becoming hardly longer and only slightly and gradually broader, remaining 
cylindrical in outline. The diameter of the basal parts of the main axes in about 
1-2.5 ( - 3) x that of the apical cells. Apical cells cylindrical with rounded tips. 

Plants attached by a rather simple basal rhizoid ending in alobed attachment 
disc and by few to many rhizoids sprouting from the basal poles of cells in the 
basal region but even in the distal parts of the plants; th is is particularly the case 
in stolon-like main branches (Fig. 34) . 

Diameter of apical cells (24-40)-(23-54) ttm, length/width ratio 
(7-18)-(9-17); diam. of ultimate branches (24-40)-(23-54) ttm, l/w ratio 
(5-8)-(4-17); diam. of main axes (48-80)-(45-68) ttm, l/w ratio (2 - ) 
(4-8)-(5-20). Thickness of cell walls in ultimate braches < 1 ttm, in main 
axes up to 2-4 ttm. 

Ecology, form range and culture 

Cl. socialis occurs as up to several cm high spongy, compact pompons on wave 
beaten rocks; or it may grow in the form of pompons epiphytically on other 
algae, such as Cystoseira and Diginea on open sea coasts; but in very sheltered 
lagoons with murky water it grows as interwoven mats on Rhizophora roots, as 
indefinite interwoven loose-lying mats on the muddy bottom among Rhizophora, 
or as indefinite interwoven mats floating at the surface of very quiet lagoons 
(of ten together with floating Cladophoropsis membranacea and Cl. coelothrix). 

Less conspicuously it is a frequent participant, in the form of scattered plants 
growing entangled with other algae, in low littoral rhodophycean turfs with 
Laurencia papil/osa as dominant species , in shallow Thalassia testudinum 
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vegetations; and in mixed sand binding rhodophycean vegetations on the bottom 
of lagoons (cf. van den Hoek, 1969; van den Hoek et al., 1972). 

In rather sheltered stations, among Thalassia meadows, the species may form 
loose masses of interwoven contorted filaments (Figs 35, 36, 36a). Such 
specimens have incorrectly been identified as Cl. crispuia Vickers (cf Boergesen, 
1913; and specimens from Virgin Islands cited below). Probably this form is the 
result of rolling of loose masses over the bottom in sheltered places. 

In the co ral reef of Curaçao Cl. socialis is a frequent and even abundant 
species particularly in the deeper algal vegetations on the steep fore reef slope 
(between 20 mand 65 m depth), where it is often accompanied by Cl. liebetruthii. 
Both species occur in widely diverging light conditions, but seem to have the most 
abundant development at lower light intensities: in the deeper parts of co ral reefs 
and the murky water of muddy lagoons. One culture was isolated from a plant 
growing among Rhizophora in a shallow lagoonal station; in culture it kept its 
original morphology (Figs 30-32). 

Reproduction 

On ce fertile material was observed producing quadriflagellate zoospores in 
which no eyespots could be discerned (Figs 37-40). 

Table 4 

Cl. socialis , acropetally organized plants 

I. Mostly dull green to dark green 
spongy pompons or extensive interwoven 
mats 

2. Apical cells long and cylindrical, 
I/ w ratio 7-18 

3. Cells in uItimate branches long, 
I/ w ratio 4-17 

4. Up to two branches per node 
5. Insertion of branch with a vertical 

to steeply inclined wall cutting it off 
from the parent cell 

6. Basal cells of older laterals not 
(or rarely) partly fused with adjacent 
cells of the axis 

7. Filaments in basipetal direction only 
slightly increasing in diameter: 
basal parts about 1-2.5( - 3) x broader 
than apical cells 

8. Rhizoids from basal poles in distal 
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parts of plants (especially in stolon-Iike 
filaments , may be absent in uItimate 
branch-systems with acropetal 
organization). Rhizoids ending mostly in 
simple coralloid haptera 

Cl. vagabunda, acropetally organized plants 

I . Especially larger plants light green 
to grass green composed of branched 
main filaments bearing compact 
acropetally organized fascicles (small 
plants form also spongy pompons). 

2. Apical cells shorter and mostly tapering 
to conical, I/ w ratio 1.5-6 

3. Cells in ultimate branches shorter , 
I / w ratio 2.5-8 

4. Up to 4 branches per node 
5. Insertion of branch with an oblique 

to almost horizontal wall cutting it off 
from the parent cell 

6. Basal cells of older laterals partly 
fused with adjacent cells of the axis 

7. Filaments in basipetal direction distinctly 
increasing in diameter : basal parts 
about (2.5-)4- 6(-9.5) x broader than 
apical cells 

8. Rhizoids only from basal pol es of basal 
cells and subbasal cells. 
Rhizoids richly branched in contact 
with the substrate 



Systematic position 

Cl. socialis is narrowly related to Cl. coe/othrix, from which it differs by being 
much more slender (compare dimensions of both species: Cl. coe/othrix is 
roughly twice as thick as Cl. socia/is) . The ecological and geographical ranges of 
both species are approximately the same. Acropetally organized plants may be 
confused with acropetally organized plants of Cl. vagabunda. Therefore the 
differences are tabulated in Table 4 (p. 54). 

Geographica/ distribution (Map 3) 

Cl. socialis has a distribution comparable to that of Cl. coe/othrix. It belongs 
to the amphiatlantic tropical-to-warm temperate distribution group. Along 
American coasts it is restricted, as far as known, to the tropics, whereas along 
European coasts it extends to about the northern boundary of the warm 
temperate Mediterranean-Atlantic Region (50 0 N latitude). This distribution 
pattern is shared by a considerable number of other marine algal species (van den 
Hoek, 1975; 1979). One collection from Liberia (see below) points to the 
occurrence of this species along tropical West African shores. 

Cl. socialis is probably widely distributed in tropical and warm temperate seas. 
On the basis of pictures and descriptions the following literature records are 
likely to refer to Cl. socialis: Madora and Paradise Point, Pakistan (N. Arabian 
Se a) (Nizamuddin and Mubina Begum, 1973); Thailand, Andaman Sea (Egerod, 
1974); Solomon Islands (Womersley & Bailey, 1970); Southern Japan (Sakai, 
1964 as Cl. socialis); Tahiti (type of Cl. socialis, see van den Hoek, 1963, p. 43); 
Hawaii (type of Cl. socialis var. hawaiiana Brand, see van den Hoek, 1963, p. 
43). 

The following collections have been studied: 

Bermuda. Tide-pools, leg. det. Collins as Cl. constrieta Collins (AHFH 41945). 
Hamilton Island, abundant in firmly woven mats at Mangrove lake, 28/7/1953, 
det. leg. Bernatowicz no 53-535, as Cl. crispu/a (US). 

Bahamas. Great Bahama, Eight Mile Rock, on Cystoseira, at low-water mark, 
6/2/1905, leg. Howe, as Cl. crispu/a in "North Am. Mar. algae distr. by Herb. 
New York Bot. Gard." no 3718 (NY). Ibidem, on other algae in tidepools, leg. 
Howe, 5/1/1905, in "North Am. mar. algae distr. by Herb. New York Bot. 
Gard." (NY). Berry Island, Frozen Cay, on surf beaten rocks, littoral, 
30/1/1905, in "North Am. mar. algae distr. by Herb. New York Bot. Gard ." no 
3567 (NY). New Providence, Nassau, leg. Palmer, in "Algae bahamenses" no 
86, in herb. Collins (NY). Ibidem, Nassau harbor, "chokes protected areas of 
harbour during winter months, just beginning established now", 6/9/1968, leg. 
C.R. Martin (GRO). Exuma Chain, Little Gallicot Cay, in a tide pool, 
20/2/1905, leg. Howe, det. Collins as Cl. crystallina and Cl. crispu/a, in "North 
Am. mar. algae distr. by Herb. New York Bot. Gard." no 4048 (NY). 
Mariguana, 10 miles w. of Abraham Bay, "forming globular ovoid masses on 
Diginea", 5/12/1907, leg. Howe, as Cl. crispu/a in "North Am. mar. Alg. distr. 
by Herb. New York Bot. Gard ." no 5360 (NY). 
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Caicos Islands. Malcolm Road, on other algae, low littoral, 19/12/1907, leg. 
Howe, in "North Am. mar. algae distr. by Herb. New York Bot. Gard." no 5650 
(NY). 

Florida. N. side of Content Key, south island, midlittoral to mangrove band, 
growing in dense sandy masses with Centroceras clavulatum, f1oating, 
25/6/1966, leg. Dawes et al. no 3876 (USF). Dry Tortugas, Garden Key, mixed 
with Cladophoropsis membranacea, 25/6/1926, leg. W.R. Taylor no 1469 (NY). 

Jamaica. Coastal regions east of Montego Bay, sea level, leg. Maxon & Killip, as 
Cl. crispuia in "Plants of Jamaica" no 1634 (NY). Parish Trelawney, c. 1 mi Ie w. 
of saltmarsh, 23/6/1954 (IJ no A 2217). St. Ann Parish, Discovery Bay, 
Columbia Inn, 21/3/1955, leg. Farr (IJ no A 2427). St. Ann Parish, on Diginea 
growing on reef rock, 25/2/1956, leg . W.R. Taylor 56-37 (MICH). Portland, 
near Bennett Point, 2 miles e. of Port Antonio, c. 1 m. depth, 18/3/1956, leg. 
Proctor (IJ no A 2542). Pedro Cays, Turtle Crawl, S.W. Cay, 6/1950, leg. 
Lewis, det. V.J. Chapman as Cl. heteronema (IJ no A 1081). 

Puerto Rico. Guyatacca, in small tidal stream, 21/3/1942, leg. det. Blomquist, as 
Cl. crispuia (DUKE). 

Virgin Islands. The following specimens all as Cl. crispuia Vickers in Boergesen's 
"Algae marinae ex insulis danicis Indiae Orientalis". St. Thomas, near Water 
Island, Jan. Febr. 1906, no 1163 (C). St. Croix, off Frederikssted, 12/2/1906, no 
1630, 1631, 16/2/1906, no 1515 (C). St. Croix, Long Point, 11/2/1906, no 1621 
(C;L). 

Guadeloupe. Gosier; Grand' Baie, "f1ottant à l'embouchure du lagon" , March, 
as Cl. brasiliana in Mazé, Algae guadeloupenses no 305 (K). 

Curaçao, Netherlands Antilles. Boca Grandi, exposed bay, intertidal green algal 
zone (mainly Cladophoropsis membranacea), spring 1968, leg. van den Hoek 
(GRO). Boca Santa Marta, fore reef at depth of 30 m, 19/5/1968, van den Hoek 
68/47 (GRO). Spaanse Water, very sheltered inner bay, in algal mat on muddy 
bottom among Rhizophora roots, with Cl. coelothrix, Cl. conferta and Caulerpa 
verticillata, Jan. 1973, leg. van den Hoek, 73/48 (GRO). See further van den 
Hoek, 1969; van den Hoek et al., 1972, 1978. 

Liberia. Harper, growing as a dense carpet on the f100r of littoral fringe tide 
pools, 2/11/1972, leg. John & Seku no 6954 (GC; GRO). 
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Chopter XII 

Section 4. Aegagropila (Kütz.) Hansg. 

Nomenc/ature. Seevan den Hoek, 1963, p. 47. 

Description 

Plants stiff, with a vaguely aeropetal to irregular organization, eomposed of 
long, eylindrieal to apieally swollen, thick-walled eells. Growth mainly by 
divisions of apieal eells, whieh are followed by only limited e1ongation and 
enlargement of the eut-off eells. The diameter of the basal parts of the main axes 
in mostly not mueh larger, or even smaller than that of the apical eells (viz. 
0.6-2.4 x th at of apieal eells). Toward the basal region the eells tend to be 
shorter. Eaeh branch is laterally, sometimes slightly subterminally inserted with a 
vertical to steeply inclined wall eutting it off from the parent eell. The maximum 
number of branches per node varies from 2 to 4. 

Cells even in distal parts of the plant (mainly in eurved stolon-like filaments) 
may give off one rhizoid eaeh at their basal poles. There is a tendeney to inver
sion of polarity: this varies from the transformation of apieal eells into rhizoids 
or the formation of hapteroid attaehment dises on the tips of apical eells, to a 
complete invers ion of the eell pole from which laterals arise (in Cl. aegagropila). 

Plants forming stiff, dark green, pompons or eushions, or indefinite mats, or 
loose spherical balls ("aegagropilas"). 

Species ranged under the section 

One freshwater species - Cl. aegagropila (L.) Rabenh. (cf. van den Hoek, 
1963, p. 51) - and three marine species are presently ranged under this seetion. 
The marine species are Cl. echinus (Bias.) Kütz., which is only known from 
southern Europe (van den Hoek, 1963, p. 47), Cl. corallicola Boergesen and Cl. 
catenata (L.) Kütz., which latter two species are known from the Caribbean. Cl. 
catenata also oeeurs in southern Japan. 

Identification of species ranged under the section Aegagropila 

The differenees between the two species of the seetion Aegagropila occurring 
along eastern Ameriean shores are listed in Table 5. 
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Table 5 

Differenees bet ween the species of the seetion Aegagropila 

Cl. catenata (Figs 41 - 64) 

I. diameter of apieal eells 
(160-275)-(350- 450) JLm , I / w ratio 
(6- 26)- (7 - 30) 

2. Cell walls infeeted with the fungus 
Blodgettiomyces (Figs 48, 54, 64). 

Cl. coral/icola (Figs 69- 75) 

I . diameter of apieal eells 
(50 - )65-80( - 100) JLm, I / w ratio 4.5- 9 

2. eell walls without the fungus 
Blodgettiomyces . 

5. CLADOPHORA CATENATA (L.) Kütz. emend. van den Hoek 

Nomenclature . See van den Hoek, 1963, p. 123, and 1969b. 

Further synonyms. Blodgettia confervoides Harvey 1858, p. 48, table XLV c. 
Harvey initially considered his material correctly as a Cladophora, of which he 
distributed material to various colleagues under the name Cl. caespitosa Harvey. 
Later he discovered the curious fungus (Blodgettiomyces borneti (Wright) J. 
Feldmann, cf. Johnson & Sparrow, 1961, p. 550-553) in the walls whose 
moniliform rows of inflated cells he interpreted as spores of the alga . He 
therefore created the new genus Blodgettia for this material. Type material is 
preserved in Harvey's herbarium (TCD): 8 specimens from Key West, Florida, 
Febr. 1850. Isotype material was found in E, in Greville's herbarium, under the 
name Cl. caespitosa Harvey. The type-material consists of characteristic Cl. 
catenata plants . 

Cl. fuliginosa Kützing, 1849, p. 415. Type in L (no HLB 937, 186-94), from 
the vicinity of Havana (Figs 57, 58). 

Cl. montagnei Kützing, 1849, p. 415. Aegagropila montagneana (Kützing) 
Kützing, 1854, p. 14, T . 65. The type not seen, but the figure in Kützing 1854, T . 
65 clearly depicts Cl. catenata (L.) Kütz. emend. van den Hoek . Non Cl. 
montagneana Kützing, 1847, p. 166. 

Description (Figs 41-68) 

Thalli compact, 3-15 cm large and 3-7 cm high cushions , or 2-8 cm high 
compact pompons, or, in lagoonal conditions, sometimes loose Iying 4-6 cm 
large aegagropiloid balls, grass green to dark green when·living, mostly dark to 
blackish brown, sometimes yellowish brown when dried. Thallus composed of 
stiff, of ten curved and intertwined branch systems with a vaguely acropetal (Fig. 
43) to irregular organization (Fig. 42, 57). 

Growth by divisions of very conspicuous apical cells (Figs 42, 62); these 
divisions are hardly or not followed by cell e1ongation and cell enlargement. On 
the contrary, the axes and laterals often become gradually broader towards their 
apices (Figs 43 , 61). Towards the base cells may be subdivided by intercalary cell 
divisions (Figs 57, 61). In fertile material, the long apical cells may divide into 
several shorter zoidangia (Figs 43, 48, 49) . 
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Axes and main branches stiff (by their thick cell walls) and often curved, and 
then with the laterals on the convex si de (Figs 43, 57, 61), the basal end of the 
axes attached by branched basal rhizoids, the apical ends of the curved 
decumbent axes or branches often attached to the substrate by terminal haptera 
on the apical cells (Figs 47-48, 59) or by branched terminal rhizoids (Fig. 46). 
Other cells mayalso give off rhizoids, though rather infrequently (Fig. 58). 

Each branch is laterally inserted with a steeply inclined wall cutting it off from 
the parent cell and with a wide angle (c.45°-600) (Figs 42, 43, 57). Older cells 
may give off a second branch, which is always also laterally inserted at the apical 
cell pole, often at the same side of the first branch, more rarely opposite the first 
branch (Figs 44, 57). 

The long, apical cells cylindrical or very gradually tapering towards an obtuse 
tip. The other cells generally remain cylindrical, and only rarely become slightly 
club-shaped. The plants show a tendency to inversion of polarity in that the 
apical cells may form haptera or branched apical rhizoids. The diameter of the 
basal cells is ab out 0.6 - 1.7 x that of the apical cells. 

The cell walls are invariably infected with the fungus Blodgettiomyces borneti, 
which forms a network of anastomosing, colourless hyphae bearing branches 
composed of swollen, rounded cells (Figs 48, 49, 54,64). The fungus may form 
small cushions of hyphae cutting off small conidia (Figs 48, 56). The dark 
chloroplasts, part of which with pyrenoids, form a dense parietallayer and also 
extend into protoplasmic strands in the central parts of the cells (Figs 54, 55). 

Apical cells (160-275)-(350-450) /Lm, length/width ratio (6-26)-(7-30). 
Ultimate branches (160-250)-(240-420) /Lm, 1/w ratio (4-8)-(3-18). Main axes 
(160-350)-(280-420) /Lm, 1/w ratio (3-6) - (1.5-4). Thickness of cell walls, as 
measured in living material, about 5-10 /Lm in ultimate branches, and 6-13 /Lm in 
main axes (up to 15-30 /Lm, as measured in resoaked herbarium material). 

Ecology, form range and cultures 

Cl. catenata is a very conspicuous and easily recognized species (as Cl. fuligi
nosa Kütz.). It forms conspicuous dark green mats in the intertidal zone of 
wave-battered tropical rocky surfaces, for instance on the seaward protruding 
bioerosional platform (van den Hoek, 1969) composed of corallimestone along 
the N.E. coast of Curaçao (Netherlands Antilles). Here it is common in the flat 
tide pools with rims of Porolithon pachydermum, whose water is continuously 
replenished by the waves. In the intertidal belt it takes a lower position than the 
yellow-green mats of Cl. submarina, which is also characteristic for such severely 
wave battered rocks (cf. p. 185). 

Another typical habitat of Cl. catenata is formed by the shallow oceanic 
lagoons who se water is regularly replenished by the currents, for instance the vast 
lagoons, or reef flats sou th of the curve of Florida Keys. Here Cl. catenata may 
grow attached to solid substrates, but mayalso grow in the form of loose, 
aegagropiloid balls among Thalassia meadows. 

The species has also been observed in deeper water, and has been dredged from 
down to 50 m (Taylor, 1960). 
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The close association between Cl. catenata and the fungus Blodgettiomyces 
can be considered as a Iichen having the morphology of the phycobiont. 

One non-unialgal culture isolated as single cells (from material from the N.E. 
coast of Curaçao) was kept from 20/3/1973 - 4/4/1973 (Figs 65-68). These 
cultures kept the original morphology. Two apical cells developed conspicuous 
terminal haptera (Figs 66,68). Rather curiously, the cell walls did not contain the 
fungus. 

Reproduction 

Richly fertile material was collected once on the N .E. coast of Curaçao 
(8/2/1973). The apical cells were divided into short zoidangia. Shortly before 
differentiation of the zoids the dark green protoplasmic mass was contracted in 
the form of an irregularly lobed and of ten perforated cylinder (Figs 47-49). One 
zoidangium formed one to several discharge papillae. The material consisted of 
two types of plants: one type producing relatively small biflagellate zoids among 
which a few copulations were observed (Figs 52, 53) and the ot her type producing 
larger quadriflagellate zoids (Figs 51). No eyespots were observed. The zoids 
contained numerous small rounded chloroplasts. The biflagellate zoids measure 
(14-17)x(8-9) JLm, the quadriflagellate zoids (16-20)x(9-12) JLm. The 
observation suggests the (for Cladophora usual) existence of isomorphic 
gametophytes and sporophytes. 

Systematic position 

Cl. catenata is a very easily recognizable species. By its dense cushion-like to 
aegagropiloid growth habit; the vertically inserted laterals; the inversion of 
polarity in its apices; its dense dark green contents; and its thick cell walls 
rendering the plants very stiff, it belongs to the section Aegagropila (Kütz.) 
Hansg., to which also the Caribbean species Cl. coraflicola Boergesen belongs. 
Cl. coraflicola is easily distinguished from Cl. catenata by its much smaller 
diameters and by lacking the fungus Blodgettiomyces in its cell walls. 

Geographic distribution (Map 4) 

Cl. catenata belongs to the tropical Western Atlantic distribution group and is 
consequently restricted to the tropical Western Atlantic Region (van den Hoek, 
1975; 1979). However, this species indubitably occurs in southern Japan and 
Taiwan, according to the characteristic figures and description of Sakai (1964) . 
Ot her records are much less certain, because not accompanied by figures and 
descriptions: Dalupiri Is., Philippines (Gilbert, 1954, fide Velasquez et al., 1975), 
Hundred Is., Philippines (Menez, 1961, fide Velasquez et al., 1975), Hainan 
(Sakai, 1964, referring to Tseng, 1936); Caroline Islands, Ifaluk Atoll (Abbott, 
1961; Tsuda & Wray, 1977). As it is hardly likely that th is conspicuous and easily 
recognizable species has been overlooked, it has possibly an extremely disjunct 
distribution in tropical seas. 

This species has been frequently collected, undoubtedly because it has such a 
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striking habit and can be quite easily recognized, also in the field. A considerable 
number of specimens are consequently preserved in various herbaria, the large 
majority under the name Cl. fuliginosa Kütz. 

The following specimens have been investigated: 

Bermuda. Bermuda, leg. Naxon, as Blodgettia confervoides Harvey, det. Collins 
in herb. Collins (NY). Bermuda, leg. Cross, 1915, as Cl.fuliginosa, det. Collins, 
in herb. Collins (NY). Harris Bay, 9/1/1914, det. leg. Hervey, as Cl.fuliginosa, 
in Collins, Holden & Setchell, Phycotheca Bor. Am. 2012 (L). Hungry Bay and 
Spanish Point, in shallow water, 6/7/1900, leg. Howe nos 155, 177 (NY). 7 
Collections from various points on rocks in lower intertidal belt or ti de pools, 
leg. Bernatowicz 1949-51 (MICH). Devonshire Bay & Ruth Bay (St. David's 
Island), Grape Bay (rock pool), 4 to 5/1933, leg. Rendie nos 738, 743, 766 (BM). 

Florida. Miami Beach, Cape Florida, 1923, leg. Brooks, in herb. W.R. Taylor 
(UC no 690740). Biscayne Bay, Soldier Key, shallow water, 3/9/1960, leg. 
Humm & Aziz (DUKE). Boca Chica Key, off beach, 31/3/1951, leg. Killip 41096 

MAP 4 

Geographical distribution of Cl. catenata. Closed circles: specimens investigated. 
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(MICH). Summerland Key, ca 1 m depth, leg. Dawes, 8/8/1964 (U SF no 68569). 
Big Pi ne Key, off Long Beach, 20/4/1951, leg. Killip 41233 (MICH). Ibidem, 
Ziegner, beach east side of Key, 22/4/1952, leg. Killip 42038 (MICH). Ibidem, 
Long Beach, 23/3/1952, leg . Killip 42043 (MICH). Key West, 2/1850, as 
Blodgettia confervoides, det. Harvey, in Collection Prof. L.R. Gibbes (NY). 
Ibidem, c. 1895-96, leg . Snyder (MICH). Ibidem, leg. Messina, as Cl. 
fuliginosa, det. Collins, in Collins, North American Algae no 75 (NY; L 
951/246/139; AHFH). Ibidem, off South Beach, 2/3/1951, leg. Killip 41067 
(MICH). To the s. off Key West, depth c. 5 m, on coarse shell, leg. Dawes 2703 
(USF). 

Dry Tortugas. Three collections from herb. of W.R. Taylor, 1924-1925, nos 
291, 586, 676 (C; NY). 

Bahamas. Eight Mile Rock, Great Bahama, 5/2/1905; Rose Island near New 
Providence, 27/1/1905; Silver Cay near Nassau, 8/4/1904; North Cat Cay, 
15/4/1904; The Bight, Cat Island, 22/1111907; Great Ragged Island, dredged in 
10-20 m. water, 24/12/1917; near Southeast Point, Mayaguana, 9/12/1907; 
above 7 specimens collected by Howe as nos 3677, 3377, 3038, 3189, 5055, 5809, 
5449 in "North American marine algae distributed from the herbarium of the 
New Vork Botanical Garden" (NY; BM; C). Nassau, 2/1895, leg. Snyder 
(MICH). 

Turks and Caicos Islands. Malcolm Road, 19/12/1907, leg. Howe, in "North 
Am. mar. algae distributed by the New Vork Botanical Gard. no 5682 (L; NY). 
Grand Turk, Cockburn Town, w. side of island, 11/2/1954, leg. Proctor, c. 30 
cm deep, in crevices of submerged reef (IJ no A 2223). 

Cuba. Habana, type of Cl. fuliginosa Kütz. (L 937/186/94). "Cuba orientalis", 
1859-60, as Blodgettia confervoides, in "plantae cubenses wrightianae 14" 
(NY). Bahia Mariel (Pinar del Rio Province), drift on outer shore, 8/5/1949; 
ibidem, sandy bay bottom, 8/5/1949; 4 miles w. of Siboney, Oriente Province, 
corallimestone coast with light surf, 17/5/1949; the above three collection in 
E.Y. Dawson, Algae of Cuba, Herb. A. Hancock Found. nos 7551, 7519, 7682 
(L; MICH; AHFH). Isla de Pinos, Playa de Herradura, Playa Colombo, Playa 
de Bibijagua, 1952-1953, leg Killep nos 43177, 43117 in Plants of Cuba from 
Smithsonian Inst., U.S. Nat. Herb . (L; MICH). Oriente Province: Cable Beach 
at Naval Operating Base; Playa de Uvero, drift; wave washed coastal terrace 
between Rio Yateras and Baitiquiri, in sink hole; leg. Jervis, 1950-1951, nos 306, 
307, 933A, 1357-0 in "Plants of Cuba distr. by Bot. Gard. Univ. Michigan" 
(MICH; AHFH). Grand Cayman Island. N. side near Grape Tree Point, sandy 
lagoon protected by reef, 18/4/1956, leg. Proctor (IJ no A 2479). 

Jamaica. St. James: Montego Bay, coast e. of, 28/3/1920, leg. Maxon & Killip 
no 1620 (NY); Ibidem, Doctor's Cave, on sand, 20/8/1944, leg. Barry (IJ nr A 
111; MICH). Portland: Manchioneal, washed up beach, 13/8/1950, leg. Von der 
Porten (IJ, no 1257); Innes Bay (IJ no A 2400); Port Antonio, 16/3/1946, leg. 
Barry (IJ no A 348); Long Bay, 14/2/1956, leg. Stearn (BM); Browns Bay, 
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5/3/1956, leg. W.R. Taylor, 56-93 (AHFH). St. Thomas: Prospect, on stones in 
shallow water, 3/7/1965, Green & Powell no 139 (IJ A 4912). Kingston, 2/1896, 
leg. Hansen, in herb. Boergesen (C). Point Morant, 8/3/1909, leg. Howe, in 
"North Am. marine algae distr. by New York Bot. Gard." no 6200 (NY). Lime 
Cay, off Port Royal, on stone, leg. Von der Porten, 22/5/1950 (IJ no A 770 and 
A 772). St. Catherine: off Healthshire Hills, dredged from 20 m, 30/3/1956, leg. 
W.R. Taylor no 56-319, (MICH; IJ). 

British Honduras. Silk Caye, growing on coral in shallow water, 7/5/1938, leg. 
Schipp, no A 90 (MICH). 

Haiti. Jérémie, n. coast of southern peninsuia, "on wave-worn and eroded reefs 
of limestone and conglomerate at la Pointe, exposed to heavy seas but with some 
Turbinaria pools; specimens mostly from shallow but very rough water", 
6/5/1941, leg. Bartlett, no 17891, in "Plants of the Republic of Haiti distributed 
by the Herb. of the Univ. of Michigan" (L; AHFH). Rocky point east of Tierra 
Baja Rd., He de Tortue, 21/3/1937, leg. Schmitt & Lunz, no 19, in "West Indian 
Algae of the Smithsonian Hartford Exped. to West-Indies 1937". 
Dominican Republic. Saona Island, s.e. end, off lighthouse at Punta Caiia, 
12/4/1965, at depth of 2.5-3 m, leg. Randall e.a., no 5096a (NY; L). 

Puerto Rico. San Juan, on rocks, low littoral, 4/6/1903, leg. Howe, in "North 
Am. marine algae distr. by the New York Bot. Gard." no 2314 (L). Santurce, 
San Juan, on low littoral rocks, 15/5/1903, leg. Howe, in "North Am. marine 
algae distr. by the New York Bot. Gard." no 1825 (NY; K; C). East of mouth of 
Guanica Harbor, dredged in 9-12 m water, 23/6/1915, in "North Am. marine 
algae distr. by the New York Bot. Gard". no. 7081 (NY). Patillas, on rocks, 
gravelly beach, near outlet of river, 25/4/1958, leg. Blomquist & Almodovar no 
3245 (L; NY). 

Virgin Islands. St. Croix: Rust op Twist, 27/1/1906, Lime Tree Bay, 24/1/1906, 
White Bay, 7/2/1906; all three leg. Boergesen, no 1444, 1373, 1556 (C). St. 
Thomas, Water Island, 17/12/1905, leg. Boergesen, no 1042 (C). 

Barbuda. Two Feet Bay, surf swept terrace, leg. Wagenaar Hummelinck, 
10/7/1955 (L 962/66/508). 

St. Kitts. Conaree Beach, 0.15-0.6 m depth, attached to rocks, lightly covered 
with shifting sands, 28/3/1959, leg. Proctor (IJ). 

Guadeloupe. Les Saintes, Terre de Haut, Anse Rodriguez, 5/5/1930, leg. Hamel 
no 711 (L; MICH; AHFH). 

Martinique. Trinité, 3/1930, leg. Hamel no 64 (L; BM; NY). 

Curaçao. Surf platform along severely wave-battered N.E. coast, in deep littoral 
pool with Sargassum polyceratium, 8/2/1973, leg. van den Hoek 73/41 (GRO). 

Aruba. Cove at Punta Basora, on intertidal rocks, 10/4/1939, leg. W.R. Taylor, 
no 530 (AHFH). 
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6. CLADOPHORA CORALLICOLA Boerg. 

Nomenc/ature Cladophora coral/icola Boergesen, 1913, p. 21-22. 
Type in herb. Boergesen (C), "America Hili midt over Whistling Island. 
Vesten de af Thatch Island over Lindster Bay - midt paa Mary's Point - north 
of St. Jan", in Algae marinae ex insulis danicis Indiae Occidentalis, iter tertium, 
1905-1906, no 2059 (2041 is from the same place and also belongs to this 
species). 

Description (Figs 69-75) 

Thallus a dense, up to 2.7 cm high cushion that is whitish green by the coral 
sand contained in it, not radially built, but composed of intricately intertwined, 
stiff, of ten curved, irregularly organized branch systems. Filaments stiff as a 
result of the thick cell walls, of ten curved and then with the majority of laterals 
on the convex side; both ends of a curved filament are often each attached to the 
substrate by a rhizoid sprouting from a basal cell pole (Fig. 75). Growth mainly 
by divisions of apical cells. Each branch is laterally and mostly slightly 
subterminally inserted with a vertical to steeply inclined wall cutting it off from 
the pare nt cell and with a wide angle (45 - almost 95°). Older cells may give off a 
second, third and sometimes even a fourth branch. Points of ramification on one 
cell at the apical cell pole and then often opposite (Fig. 74). 

Cells tend to become increasingly club-shaped with age; often they have an 
undulating, or curved outline particularly so if they are part of curved, 
decumbent filaments. There were no indications for an easy inversion of polarity 
(sprouting of rhizoids from apical cell poles, and of laterals from basal cell 
poles). The diameter of basal cells is about 0.8-2.4 x that of apical cells. 

The cell contents are den se and dark green. 
Diameter of apical cells (50 - )65-80( - 100) JLm, length/width ratio 5.5 - 7.5. 

Diameter of ultimate branches 65-100 JLm, l/w ratio 4.5-9. Diameter of main 
axes 80-120 JLm, l/w ratio 5-10. 

Ecology 

Cl. coral/icola was collected twice from a deph of 30 m off America HilI, St. 
John, Virgin Islands, where it was found growing upon dead corals and shells as 
a low, den se cover (Boergesen, 1913). 

Systematic position 

Cl. coral/icola, by its thallus structure, thick cell walls and growth habit is 
distinctly related to the Mediterranean species Cl. echinus. Points of similarity 
are the stiff, often curved filaments with secondary attachment by rhizoids 
sprouting from basal cell poles; the lateral and often slightly subapical insertion 
of the braches by vertical or steeply inclined cross walls; the thick lamellated cell 
walls; and the dense dark green contents. Cl. echinus differs from Cl. coral/icola 
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MAP 5 

Geographical distribution of the following 6 species: 1. Cl. longicellulata; 2. Cl. corallicola; 3. Cl. 
crispuia; 4. Cl. chlorocontracta; 5. Cl. intertexta. Closed circles: specimens investigated. 

by being almast twice as thick. The dimensions of Cl. corallicola are more in the 
range of the freshwater Cl. aegagropila (L.) Rabenh., another narrow relative of 
bath species. 

Geographical distribution (Map 5, na 2) 

St. John, Virgin Islands (see above). 
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Chapter XIII 

Section 5. Dorsiventrales nova sectio 

Nomenclature. The type and only known species is Cl. intertexta Collins. 

Description 

Plants stiff, composed of coarse creeping, stolon-like filaments bearing erect 
filaments. Growth mainly by divisions of apical cells . The cells remain cylindrical 
in outline and do not or only little increase in width with age. The creeping 
filaments have a distinct dorsiventral architecture. In principle three (but often 
only one or two) branches may arise from the ventral and proximal side of the 
cell of a creeping filament; their points of ramification lie in a plane 
perpendicular to the cell axis . The middle branch is always a rhizoid, the two 
lateral branches are either upward curving erect filaments or also downward 
growing rhizoids. 

Description 

Plantae rigidae ex filamentis grossis stoloniformibus constantes filamenta 
erecta ferentibus. Increscentia praecipue divisionibus cellularum apicalium. 
Cellulae cylindraceae vetustiores non-incrassatae. Filamenta stoloniformia dorsi
ventralia ex cellulis constructa in latere proximo-ventrali uno duo tres ramos 
crescentes in filamenta erecta sive rhizoidea ferentibus. 

7. CLADOPHORA INTERTEXTA Collins 

Nomenclature. Cl. intertexta Collins, 1901, p. 243. Isotypes studied from L, C, 
NY, in Collins, Holden & Setchell, Phycotheca boreali-americana no 818, from 
the vicinity of Manchioneal, Jamaica, VII/1900, forming mats on the bottom of 
pools, collected by Mrs C.E. Pease and M.E. Butler. 

Description (Figs 76-83) 

Thalli pale green, forming matted tufts of coarse creeping intertwmmg 
filaments with numerous erect filaments. Thallus with a unique organization 
which is not shared, as far as known, by any other Cladophora species. Thallus 
composed primarily of creeping, stolon-like main axes which grow by divisions 
of conspicuous apical cells. Probably intercalary cell divisions also take place. 
The cells remain cylindrical and do not or only little increase in diameter with 
age. Each cell, after being cut off from the apical cell, at some distance from the 
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apex, may give off from the vent ral (lower) side of its proximal cell pole three 
branches who se points of ramification lie approximately in a short row 
perpendicular to the cell axis (Figs 77, 78). The middle branch is always a 
downward growing branched rhizoid, the lateral branches are either upward 
curving filaments, or also downward growing rhizoids. The upward curving 
filaments are about equal, or unequal in length; they are very distinctly 
constricted on the points of insertion on the main axis; they leave distinct small 
circular scars (as do rhizoids) when they have been brok en off (Figs 79, 82). The 
basis of such an upward growing filament mayalso give off a downward growing 
branched rhizoid (Figs 81, 82). On the ventral side of a proximal cell pole, one or 
two elements of the above mentioned branching triplets may be lacking. Upward 
growing filaments mayalso develop into new creeping main axes and th us 
become capable of branching in the above described way. Although the youngest 
branches are found nearest to the apices of the axes, they are not arranged in a 
distinct acropetal sequence, which is altogether difficult to unravel because of the 
entanglement of the filaments. The dorsiventral architecture is emphasized by the 
slight upward curvature of the cells of the main axes. Branching rhizoidal 
systems creeping over the substrate may give off new filaments (Fig. 80). The 
rhizoids attach to any substrate available: fragments of sheIls; stones; and other 
filaments of the mat thus causing the formation of an almost inextricable tangie. 

Diameter of apical cells 210-315 I-'m, length/width ratio 3-3.5. Diameter of 
ultimate branches 210-400 I-'m, length/width ratio 1.5-7.5 . Diameter of main 
axes 280-490 I-'m, length/width ratio 2-4. Thickness of cell walls c. 18-30l-'m. 

Ecology 

Little is known about this species' ecology. It is reported to form matted tufts 
on the bottom of pools (Taylor, 1960), or to grow in dumps on sand (see below, 
section geographical distribution). 

Systematic position 

The distinct dorsiventral architecture and the branching from the proximal cell 
pole are unique for Cl. intertexta, which therefore is placed in the new section: 
Dorsiventrales (see above). 

Geographic distribution (Map 5, no 5) 

Cl. intertexta is only known from Jamaica where it seems to be rather rare. 
The following two collections were investigated: Near Manchioneal, 7/1900, leg. 
Pease & Butler, as Cl. intertexta Collins mscr., in Collins, Holden & SetchelI, 
Phycotheca Bor.-Am. no 818, isotypes of Cl. intertexta (L; NY; C). Lime Cay, 
off Port Royal, rare, dumps, on sand, east side near shore, 27/5/1950, leg. Amy 
von der Porten, det. W.R. Taylor as Cl. intertexta (IJ no A 781). 
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Chapter XIV 

Section 6. Boodleoides van den Hoek 

Nomenc/ature. The type and only known species in Cl. liebetruthii Grunow (see 
van den Hoek, 1963, p. 59). 

Description 

Plants dark green, composed of irregularly branched short-ce lied filaments, 
the branches wide-angled, laterally and sometimes slightly subterminally inserted 
with a vertical to steeply inclined wall cutting it off from the pare nt cello Apical 
cells of ten terminate in hapteroid discs or rhizoid-like structures; such discs may 
also be formed on the sides of apical poles of intercalary cells . As these discs and 
rhizoids are mostly attached to other filaments the thallus grows into a three
dimensional net-like structure (resembling the two-dimensional network of 
Microdictyon) . The cells are generally cylindrical in outline and do mostly not 
increase much in thickness with increasing distance from the apices (the thickest 
parts of the axes are C. 1.5 - 2.5 X as thick as the apical cells). 

Species ranged under the section 

Only Cl. liebetruthii is at present known for this section . 

8. CLADOPHORA LlEBETRUTHII Grunow 

Nomenc/ature. See van den Hoek, 1963, p. 59. 

Further synonyms. Cl. piscinae Collins & Hervey, 1917, p. 46. Isotype in L, in 
Collins, Holden & SetchelI, Phycotheca boreali-americana no 2165, in a stone 
fishpond with still salt water, Godet Island, 30.XI.I915, leg . Collins. This is dark 
green (light green when still living) material of Cl. liebetruthii (Figs 84-86). 

CI.frascatii Collins & Hervey, 1917, p. 49. Isotypes in C, L, MICH, in Collins, 
Holden & SetchelI, Phycotheca boreali-americana, Algae of Bermuda, no 2164, 
in low, matted tufts in pools near Frascati hotel, 11.1.1914, leg. Hervey (Figs 87, 
88). 

Description (Figs 84-95) 

Thalli dark green (when dried often dark brown), forming 1-4 cm high 
compact matted tufts; or growing as scattered plants entangled in mixed algal 
turfs; or forming indefinite entangled masses in protected pools. 
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Plants showing a predominantly irregular organization mostly without distinct 
main axis, with characteristically wide-angled ramifications. Y oung terminal 
branch-systems may show amore or less distinct acropetal organization; such 
branch-systems are often distinctly refract (Figs 88, 89). Growth by divisions of 
apical cells, but predominantly by intercalary cell divisions, which may result in 
the formation of quite long, unbranched stretches of filament (Fig. 84). 

One node may bear up to 2 (rarely 3) laterals. Most laterals are at first 
laterally , sometimes even slightly subapically inserted at the apical pole of the 
parent cell, but the basal cells of the later als may become fused, at their basal 
poles, with the adjacent ce lis of the axis when still young. Apical cells of ten 
terminate in short hapteroid discs or rhizoid-like structures by means of which 
they are attached to filaments of the same thallus. On the side of apical poles of 
intercalary cells, where these are in contact with other filaments, such hapteroid 
discs are also formed (Figs 90-92,93). In this way the thallus grows into a three
dimensional net-like structure (resembling the 2-dimensional network of 
Microdictyon). The dark green cells contain a dense parietal layer of mutually 
overlapping chloroplasts (Fig. 95) part of which contain bilenticular pyrenoids. 
Also the internal protoplasmic meshwork of the cells generally contains many 
chloroplasts, which causes this network to be very prominent under the 
micro scope (Fig. 93). 

The diameter of the thickest part of the axis is c. 1.5 - 2.5 x that of the apical 
cells. 

Apical cells cylindrical with a rounded tip; or tape ring to a blunt or pointed 
tip; or en ding in alobed attachment di sc (Fig. 92) or more or Ie ss rhizoid-like 
(Fig. 91). 

Diameter of apical cells (45-66) - (55-90) Jtm, length/width ratio 
(3-5) - (1.5-3); diameter of ultimate branches (50-90) - (66-90) Jtm, l/w 
ratio (2-3)-(1.3-2.5); diameter of main axes (60-120)-(80-125) Jtm, l/w 
ratio (1.5-3) - (0.8-2.5). Thickness of the cell walls in the ultimate branches is 
about 1-2 Jtm . 

Ecology 

In the coral reef along the southwest coast of Curaçao Cl. Iiebetruthii was 
encountered several times in deep algal vegetations on the steep forereef slope 
between depths of 40 to 65 m (van den Hoek et al., 1978). This suggests the 
species to prefer low light intensities. However, other specimens have been 
collected from a tide pool (the type material of Cl. frascatii Collins) and a 
fishpond (type material of Cl. piscinae Collins), and it is not indicated wh ether or 
not these specimens grew under reduced light conditions. 

Geographic distribution (Map 6) 

Cl. Iiebetruthii belongs to the amphiatlantic tropical-to-warm temperate 
distribution group (van den Hoek, 1979). Along American coasts it is restricted 
to the tropics, whereas along African and European coasts it extends into the 
warm temperate region (Canaries; Mediterranean). This distribution pattern is 

70 



• . , 

• 
' .. 

• I 

· ..... Joo '. 
.' 

. . .. ~. ~ 

" . 

20° 

10° . 
" . .. 

MAP 6 

Geographical distribution of Cl. liebetruthii (c1osed circ1es: specimens investigated , see also van den Hoek , 1963) and Cl. pachyderm a (open circ1es: see van 
den Hoek , 1963). Open circ1es with arrow: Novaja Zem'la . 

.~ 
. : 



shared with Cl. coe/othrix, Cl. socio/is and Cl. /aetevirens, and at least 27 other 
benthic seaweed species (van den Hoek, 1979). 

The following specimens have been investigated: 

Bermuda. Harrington Sound, 3/1914, leg. Hervey, as Cl. utricu/osa in Collins, 
Holden & Setchell, Phyc. Bor.-Am. no 2014 (mixed with another unknown 
species) (K). Bermuda, 1915, in herb. Collins (NY). Godet Island, in still salt 
water, stone fish pond, 30/11/1915, leg. Collins, isotype of Cl. piscinae Collins 
& Hervey, in Collins, Holden & Setchell, Phyc. Bor.-Am. no 2165 (L) . In low 
matted tufts in pools near Frascati Hotel, 11/1/1914, leg. Hervey, in Collins, 
Holden & Setchell, Phyc. Bor.-Am. no 2164 (L). Bermuda, 23/1/1911, leg. 
Hervey, as Cl. repens in herb. Collins (NY). 

Bahamas. Frozen Cay, Berry Islands, under shelving rocks, low littoral, 
30/1/1905, leg. Howe, in "North American marine algae distributed from the 
herb. of the New York Bot. Gard." no 3566 (NY). 

Cuba. Tomas Barrera expedition, dredged near Cabanas , station 16, 8/6/1914, 
leg. Henderson & Bartsch, no 529 (US). 

Jamaica. S.W. Cay, Morant Cay, S. point on cay, 6/1950, leg. Lewis (IJ no A 
1133). Pedro Cays, Middle Cay, 21/6/1955, leg. Lewis (IJ no A 2301). 

Curaçao. Klein Piscadera, s.w. coast, steep fore-reef slope, 50 m depth, 5/1975, 
leg. van Buurt. See also van den Hoek et al. (1978). 

72 



Chapter XV 

Section 7. Cladophora 

Nomenclature. See van den Hoek, p. 110. 

Description 

Thalli consisting of long, mostly long-celled, unbranched main filaments, or 
main filaments with few pseudodichotomous branchings, without or with few 
(sometimes many) mostly irregularly scattered branchlets. A branch, when 
young, is almost laterally inserted with a steeply inclined wall cutting it off from 
the pare nt cell, but when old with an oblique to almost horizontal wall (apical 
insertion). Old filaments are easily transformed into chains of apically swollen 
akinetes . 

Growth by divisions of the long apical cells, but predominantly by intercalary 
cell divisions. The thickest part of the main filaments are c. 1.5-5 x as thick as 
the apical cells. A mostly poorly developed rhizoid grows only at the basal end of 
the basal cello Plants forming loose-Iying or floating indefinite masses . 
Reproduction probably mainly by fragmentation (formation of zoids so far has 
only been observed, on rare occasions, in the freshwater species Cl. rivularis, cf. 
van den Hoek, 1963, p. 115). 

Species ranged under the section 

Two marine species are presently ranged under the section, namely Cl. 
Iiniformis and Cl. globulina, which latter species also occurs in freshwater. Both 
species have an extremely wide, tropical to cold temperate distribution along 
both sides of the Atlantic Ocean. 

Two purely freshwater species are ranged under the section, namely Cl. 
rivularis (L.) van den Hoek (1963, p. 113) and Cl. fracta (Müll . ex Vahl) Kütz. 
(van den Hoek, 1963, p. 199). Originally I attributed Cl. fracta (as Cl. fracta var. 
fracta) to the section Glomeratae (van den Hoek, 1963, p. 199). I considered it as 
a non-acropetally organized, floating variety of the acropetally organized Cl. 
fracta var. intricata (Lyngbye) van den Hoek (1963, p. 202). I now think that Cl. 
fracta var. intricata is a freshwater species separate from Cl. fracta var. fracta. 
When young, this species has a distinct acropetal organization (van den Hoek, 
1963, Figs 647-651) and it reproduces by asexual biflagellate zoospores. Only 
older plants may grow into Cl. fracta-like floating masses. The correct name 
available for this species is Cl. bruzelii Kützing (van den Hoek, 1963, p. 202). Cl. 
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bruzel/ii is a delicate freshwater counterpart of Cl. dalmatica (section 
Glomeratae). It can also be considered as a "delicate edition" of Cl. glomerata 
(L.) Kütz. 

Identification of species ranged under the section Cladophora 

The differences between the two marine species of the section Cladophora are 
listed in Table 6. The differences between Cl. liniformis and floating or loose
lying plants of Cl. vagabunda and Cl. vadorum are listed in Table 12 (p. 159). 

Table 6. Differenees bet ween the marine species of the seetion Cladophora 

Cl. liniformis 

I. Diam. of apical eells (15-20)
(33-45) Jlm, IIw ratio (8-10) - (8-20) 
(in akinete filaments down to 4.5) 

2. Diam. of main filaments (32-48)

(60-85) Jlm, IIw ratio (3.5-20)
(5- 15) 

3. Main filaments not unbranehed over 
long stretehes; with regularly spaeed 
ramifieations 

9. CLADOPHORA LlNlFORMIS Kütz. 

Cl. globulina 

I. Diameter of apical eells (9-13)
(16-21.5) Jlm, IIw ratio (3-5)-(4.5-7) 

2. Diam. of main filaments (9-15)( - 45) ~ 
(16-27)( -38) Jlm, 11w ratio (3-8)-(4-10) 

3. Main filaments mostly unbranehed 
over long stretehes, with widely 
seattered, laterally inserted of ten short, 
thorn-like branehlets . 

Nomenclature. See van den Hoek, 1963, p. tw. 

Description (Figs 96-100; 109-112) 

Thalli forming pale to dark green inde fini te felty mats loose-lying on intertidal 
sand and mud often among salt marsh phanerogams, or floating in salt marsh or 
mangrove pools, of ten in brackish water; or forming part of mixed vegetations 
of loose-lying algae (of ten Enteromorpha spp.) in protected places . Individual 
plants do not become very long (up to c. 10 cm). 

Plants having an irregular organization, mostly consisting of pseudo
dichotomously branching main axes (Figs 96, 109) sometimes of one axis without 
pseudodichotomy (Fig. 110) which may bear or not rows of branch lets of almost 
equallength (Fig. 96) or with irregularly scattered branchlets (Fig. 109). 

Growth by division of the mostly long apical cells, but predominantly by 
intercalary cell divisions, both followed by cell elongation and cell enlargement. 
The branches, when young, are each al most laterally inserted with a steeply 
inclined wall cutting it off from the parent cell; in older branches this wall may 
grow into an oblique to almost horizontal position. The basal cells of older 
branches may be very shortly fused, at their basal poles, with adjacent cells ofthe 
axis, particularly so in old plants who se cells have been transformed into apically 
swollen akinetes (Figs 111, 112). 

The maximum number of branches on one node is 1 (very exceptionally 2). The 
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angle of ramification is mostly large (c. 40°-80°) and hence the branches are 
spreading. 

Cells becoming with age larger and of ten longer, but frequent intercalary 
divisions may keep them rat her short. The cells remain cylindrical in vigorously 
growing plants , but in dense mats the cells are transformed into distinctly club
shaped akinetes (Figs 111,112). 

The diameter of the thickest part of the axis is c. (1.5 - )2-3( - 4) x that of the 
apical cells. Apical cells mostly long and cylindrical, the ends tapering to an 
obtuse tip. 

Plants loose-Iying or floating, mostly with a feebly developed basal rhizoid 
(Textfig. 1.7, Fig. 94). 

Diameter of apical cells (15-20) - (33-45) I-'m, length/width ratio 
(8-10) - (8-20) (in akinete-filaments down to 4.5); diam. of ultimate branches 
(16-32) - (40- 75) I-'m, length/width ratio (4-8) - (5-15); diam. of main axes 
(32-48) - (60-85) I-'m, length/width ratio (3 .5-20) - (5-15). Thickness of cell 
walls in ultimate branches < I I'm, in akinetes 2-4 I-'m . Rapidly growing 
almost unbranched filaments may have a l/w ratio of c. 2-4 over long 
stretches; these resem bie much the freshwater species Cl. rivularis (L.) van den 
Hoek (1963, p. 133). 

Ecology, form range, and culture 

Cl. liniformis is a species from sheltered marine and estuarine habitats; it 
forms floating masses in lagoons and ponds, and loose-Iying mats on intertidal 
sand and mud, of ten among saltmarsh phanerogams, and often with other algae, 
for in stance Enteromorpha species. Living material has been collected from a 
loose-Iying mixture of algae on the sandy bottom of a protected bay on the 
Caribbean Island of Curaçao (Sint Michielsbaai, s. w. coast of Curaçao, 
14/V 11968) . Here it grew entangled with mainly Enteromorpha chaeto
morphoides and Cl. globulina (Figs 96, 97). This pale green material was very 
delicate (diameter of apical cells 15-20 I'm, length/width ratio 8-10; diam. of 
ultimate branches 16-32I-'m, I/w ratio 4-8; diam. of main axes 32-48I'm, I/w 
ratio 3.5-20). Two months old unialgal cultures consisted of typical Cl. lini
formis plants (1.5-3 cm high) with the same organization as the original 
material, but more robust (diam. apical cells 27- 42I-'m, l/w ratio 8-28 x; diam. 
of ultimate branches 27-62, l/w ratio 5-13 x; diam. of main axes 36-84 I-'m, 
l/w ratio 3-lOx) (Figs 98-100) . These cultures were indistinguishable from 
cultures isolated from European material (van den Hoek, 1963, table 15, p. 
114-115). 

Reproduction 

As far as known, Cl. liniformis only reproduces by fragmentation . Formation 
of zoids, or empty zoidangia have not been observed so far. Cells of old material 
are easily transformed into thick-walled, club-shaped akinetes (Figs 111, 112). 
Such plants much resem bie the freshwater species Cl. fracta (Müll. ex Vahl) 
Kütz. (van den Hoek, 1963). 
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Systematic position 

Cl. /iniformis is placed in proximity or Cl. globu/ina and the freshwater species 
Cl. rivularis (L.) van den Hoek (1963). These two latter species are, when actively 
growing, virtually unbranched, or they bear scattered branchlets. This absence of 
an architecture in the branching-pattern is thought to be characteristic of the 
section Cladophora (cf. van den Hoek, p. 110). 

Cl. /iniformis, in particular more densely branched plants with a zig-zag 
structure (Figs 96, 99, 109) of the main axes, may show some resemblance to 
floating plants of Cl. vagabunda and Cl. vadorum. However, well developed 
plants of Cl. vagabunda in their distal parts mostly show a more or less distinct 
acropetal organization; Cl. vadorum is coarser than Cl. /iniformis. See table 12, 
p. 159 which lists the differences between Cl. vadorum, Cl. vagabunda and Cl. 
/iniformis. Moreover , Cl. vagabunda has often more than one branch sprouting 
from one and the same node. 

The point should be stressed, however, that old floating Cladophora plants 
transformed into rows of akinetes, and which start new growth by proliferation, 
are difficult, if not impossible, to identify to species. 

Geographic distribution (Map 7) 

Cl. /iniformis belongs to the amphiatlantic tropical-to-temperate distribution
group (van den Hoek, 1979). It has an extremely wide distribution which covers 
cool temperate, warm temperate and tropical shores. 

The following collections have been investigated: 

Québec. Grande Rivière, Co. Gaspé, under the bridge, sheltered, brackish water, 
8/8/1966, leg. Cardinal (herb. Cardinal no 3872). 

Massachusetts. Mattapoisett, floating in marsh pools, 30/5/1905, as Cl. expansa 
in Collins, Holden & Setchell, Phyc. Bor .-Am. no 1280 (MICH; K). Wood's 
Hole, "in fossis subsalsis" , leg. Farlow, as Cl. expansa in Farlow, Anderson & 
Eaton, Algae exsicc. Am. Bor. no 210 (MICH). Wood's Hole, Little Harbor, 
8/9/1928, leg. det. W.R. Taylor, as Cl. graci/is expansa Farlow (NY). 

Connecticut. Bridgeport, Cook's Point, 16/4/1893, in "Cryptogamic Herb. 
Harvard Univ. I. Holden Collection" (MICH). Bridgeport, marsh pond, 
27/4/1890, as Cl. expansa in "Cryptogamic Herb. Harvard Univ. I. Holden 
Collection" (MICH). Bridgeport, in brackish marsh pools, 30/5/1893, leg. 
Holden, as Cl. expansa in Collins, Holden & Setchell, Phyc. Bor.-Am. no 121 
(K; MICH). Charles Island, near Mil ford , forming felty mats on sandy mud 
among Spartina near high water mark, occurring in late autumn and winter, 
13/11/1898, leg. Holden, as Cl. magdalenae in Collins, Holden & Setchell, Phyc. 
Bor .-Am. no 572 (K). 

Virginia. Seaford, on mud between ti de levels, by Vork River, 17/4/1942, leg. 
Mengel & Strickland no 1116 (F). Beaufort, on tidal flat up Newport River, 
brackish water, 20/6/1938, leg. Blomquist no 11 351 (DUKE). Beaufort, Mullet
Pond, slightly brackish, Shackleford Bank, 27/6/1938, leg. Blomquist (DUKE). 
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Florida. Mouth of Crystal River, drift material, 14/11/1964, det. leg. Dawes no 
1946, as Cl. crispuia (USF). Cedar Key, intertidal on stakes near the shore, 
opposite the municipal wharf, 22/1/1949, leg. Drouet & Nielsen no 11136 (F). 
Alabama, Gasgue, Bon Secours Bay, 13/6/1949, leg. Nielsen, no 1395 (F). 

Mississippi. Biloxi, south shore of Back Bay, intertidal on sand, 15/12/1948, leg. 
Drouet, no 10021 (F). 

Louisiana. Wild Life Pond, adrift on sandbeach, sa!. 21 %0, temp. 23°C, 
9/5/1970, leg. Kapraun 725-1 (GRO). Yermilion Bay, attached, masses of 
sparsely branched filaments, 16/4/1970, sa!. 7%0, temp. 23°, leg. Kapraun 
(GRO). 

Bermuda. Warwick, in a brackish pond, 1/1922, leg. det. Hervey as Cl. nitida 
(NY). Hamilton Island, Mangrove Lake, abundant, in firmly woven mats, det. 
leg. Bernatowicz no 53-535, as Cl. crispuia (L). 

Jamaica. Manchester Parish, floating patches in open pool of Great Swamp east 
of Alligator Pond, 22/3/1956, leg. W.R. Taylor no 56-682 (Herb. W.R. 
Taylor). 

Bahamas. Frozen Cay, Berry Islands, floating in brackish pond, leg. Howe, 
30/1/1905. 

Curaçao. St. Michielsbaai, S.w. coast, sheltered bight, mixed vegetation of loose
lying algae, Cl. /iniformis entangled with Enteromorpha chaetomorphoides and 
Cl. globu/ina, 14/5/1968, leg. van den Hoek, 68/25. 

10. CLADOPHORA GLOBULINA (Kütz.) Kütz. 

Nomenclature. See van den Hoek, 1963, p. 118. Cl. globu/ina has been described 
from fresh water in Europe. As marine populations do not show any 
morphological difference from freshwater populations, they are provisionally 
considered to belong to the same species. However, cultures of marine material 
in freshwater media and of freshwater material in seawater media are needed to 
further substantiate this taxonomic decision. If · marine populations are 
considered to belong to a separate species, then the name Cl. sordida Kütz. 
would be appropriate. This name was given by Kützing to brackish water 
material from the vicinity of Trieste (van den Hoek, 1963, p. 120; p. 121, table 
18). 

Description (Figs 101-108, 113) 

Thalli forming mostly loose, light to grass green, delicate, somewhat lubricous 
strands, often entangled with other algae. Plants consisting mostly of long 
delicate, unbranched to sparsely branched filaments with widely scattered 
branchlets. Growth al most exclusively by divisions of intercalary cells and 
subsequent cell elongation. Intercalary porti ons of a filament may be suddenly 
much thicker than the remaining part (Fig. 108). The branchlets generally have a 
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lateral and of ten slightly subapical insertion (Figs 101, 108, 113). The cross walls 
cutting off the branchlets from the axis are of ten slightly dislocated into the basal 
cells of the branch lets (Fig. 108). Branchlets often have a thorn-like appearance, 
owing to the slightly pointed apical cells (Fig. 113). The main filaments only 
exceptionally branch by pseudodichotomies. Older filaments may be 
transformed into chains of apically swollen akinetes O:ig. 102). The maximum 
number of branches on one node is one (very exceptionally, in culture, 2, cf. van 
den Hoek, 1963). The angle of ramification is wide (c. 40-80°) and hen ce the 
branchlets are spreading. 

The diameter of the main filaments is c. 1.3-2.5( - 5) x that of the apical 
cells. 

Mostly rhizoids cannot be detected in field material, but a feebly developed 
basal rhizoid is present in some cultures (van den Hoek, 1963, Fig. 391). 

Diameter of apical cells (9-13)-(16-21.5) ILm, l/w ratio (3-5)-(4.5-7); 
diam. of ultimate branches (9-15)-(16.5-30) ILm, l/w ratio (2-5)-(3.5-7); 
diam. of main axes (9-15)( -45)-(16-27)( -38) ILm, l/w ratio (3-8)-(4-10). 

Ec%gy, form range and culture 

Cl. g/obulina has been found entangled with other algae (mainly Entero
morpha spp) forming loose, floating masses in sheltered marine and brackish
water localities. Material from a sheltered bight (St. Michielsbaai, s. w. coast of 
Curaçao, spring 1968, van den Hoek 68/25) was brougth into culture (Figs 101, 
102, 106, 107). This material was mostly very delicate (diam. of main filaments 
9-15 ILm, but with thicker stretch es of up to 45 ILm in diameter). In 2 months old 
cultures the morphology was similar to that of the original material. The cultures 
consisted of 1.5-2.5 cm large fluffs of curly, intertwined, almost unbranched 
filaments, whose diameters were, however, greater than those of the original 
material (15-20) - 25) ILm, l/w ratio (1.5 - )(2-5). 

Reproduction 

Reproduction by zoids, or empty zoidangia have never been observed (see also 
van den Hoek, 1963). This suggests that vegetative fragmentation is the main, if 
not the only means of propagation. 

Systematic position 

Cl. g/obulina shows a deceptive likeness to Rhizoc/onium riparium (Roth) 
Harv. The latter species, however, never forms thorn-like branchlets at the apical 
cell poles of filaments, but only laterally inserted rhizoidal branchlets. Akinetes 
of Cl. g/obulina show a much more pronounced apical swelling than those of 
Rhizoc/onium (Fig. 102). 

Cl. g/obu/ina, when branched, much resem bles Cl. Iin iform is, but is clearly 
much more delicate. Moreover, Cl. Iinlformis has a much more pronounced 
tendency for ramification than Cl. g/obulina. 
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Geographic distribution (Map 8) 

Only two collections from widely distánt localities along the North Atlantic 
coasts of America have been studied. Probably the species has been overlooked 
so far or has been confused with Rhizoc/onium riparium. 

The following two collections have been investigated: 

Massachusetts. Castle Neck near Ipswich, saltmarsh pond, with Ruppia, 
entangled in dense masses of floating algae mainly composed of Enteromorpha 
ralfsii, 23/8/1962, leg. van den Hoek (Fig . 113). 

Curaçao, Netherlands Antilles. St. Michielsbaai, sheltered coast along s.w. 
shore, loose algal masses, floating above sandy bottom at 2-4 m depth, mainly 
composed of Enteromorpha chaetomorphoides entangled with Cl. globulina, 
14/5/1968, leg. van den Hoek 68/25 (GRO) (Figs 103-105). 
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Chopter XVI 

Section 8. Rupestres Kütz. 

Nomenclature. See van den Hoek, 1963, p. 60. 

Description 

Plants eomposed of a distinet main axis bearing several main laterals which 
remain mostly shorter than the main axis with whieh they form pseudodicho
tomies or -trichotomies (sometimes the laterals are as long as or longer than the 
axis). The axis and main laterals are lined by of ten unilateral rows of branchlets 
of different ages, the younger ones interealated between older ones. Growth pre
dominantly by interealary eell divisions; new branch lets are of ten initiated below 
new interealated erosswalis. In young and well growing plants of some species the 
branchlets in the apical region may be formed in a distinetly aeropetal sequenee, 
but the first interealary eell divisions and interealated branchlets mostly appear 
close to the apex. Eaeh branch is apieally inserted with an oblique wall eutting it 
off from the pare nt eell; this wall soon grows into an almost horizontal position. 
The basal eells of older laterals are fused, at th~ir basal poles, with adjacent eells 
of the axis and main laterals. With inereasing distanee from the apiees the eells 
beeome distinetly broader. The thickest parts of the main filaments are mostly 
about 2 - 4 times as thiek as that of the apical eells (4 - 9 x in Cl. chloro
contracta). 

Distally the filaments of ten end in rows of short, of ten barrel-shaped 
zoidangia but norm al vegetative eells mayalso be transformed into zoidangia. 

The plants are attaehed by branehed rhizoids growing from the basal end of 
the basal eells and eells close to the basal eells. 

Species ranged under the section 

At present 11, all marine, species are known for the seetion Rupestres. Cl. 
hutchinsiae (Dillw.) Kütz. and Cl. batters;; van den Hoek are only known from 
warm-temperate European eoasts, whereas Cl. rupestris, Cl. ruchingeri, Cl. 
sericea and Cl. albida are known from temperate Atlantic eoasts of North 
Arnerica and Europe. Cl. pseudorupestris, Cl. montagneana, Cl. brasiliana, Cl. 
chlorocontracta and Cl. jongiorum oecur on tropical Arnerican-Atlantie eoasts 
(with 2 species extending onto warm-temperate coasts). 
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Identijication of species ranged under the sectio Rupestres 

For practical reasons, the section Rupestres can be divided into two subgroups: 
(I) the "robust subgroup", and (2) the "delicate subgroup". The species of the 
"robust subgroup" are about 2 - 4 times thicker than the species of the 
"delicate subgroup". The differences between the two subgroups are listed in 
Table 7. Cl. hutchinsiae (Dillw.) Kütz. is a still robuster species of this section 
(van den Hoek, 1963, p. 60). 

The differences between the species of both subgroups are listed in Tables 8 
and 9 (pp. 84 and 85). 

Differences between Cl. montagneana and Cl. jongiorum participating in 
aegagropiloid aggregates predominantly composed of the latter species, are listed 
in Table 10 (p. 119). 

Table 7. Differences between the "robust subgroup" and the "delicate subgroup" of the section 
Rupestres. 

"Robust subgroup" 

I. Diam. of apical cells c. (20 - ) 
25-80 "m. 

2. Diam. of ultimate branches (20 - ) 
25-100 "m. 

3. Diam. of main axes c. (50-) 
70-200 "m. 

11. CLADOPHORA RUPESTRIS (L.) Kütz. 

"Delicate subgroup" 

I. Diam. of apical cells c. 10-25 
( - 40) "m. 

2. Diam. of ultimate branches c. 10-25 
(- 50) "m . 

3. Diam. of main axes c. 15-60 
(-135) "m. 

Nomenclature. See van den Hoek, 1963, p. 64. 

Description (Figs 114-119) 

Thalli forming dark green, stiff, broom-like tufted plants with dense, 
appressed ramification, c.5 - 10 ( - 20) cm high. 

Plants having an irregular organization with a distinct axis bearing several 
main later als which remain mostly shorter than the main axis with which they 
form pseudodichotomies or-trichotomies. Only rarely may the axis and main 
laterals bear terminal, indistinctly acropetally organized branch systems (Fig. 
114) with branchlets gradually increasing in length into 'basipetal direction but 
mostly this acropetal organization is early disturbed by intercalary growth. The 
axis and main branches are mostly lined with rows of appressed branchlets of 
varying age, younger ones intercalated bet ween older ones (Figs 1I5, 116). 

In fertiIe plants the distal parts of fertile filaments are distinctly thicker than 
non-fertile filaments; the zoidangia, however, are usually only slightly swollen. 
The distal branches may disintegrate by sporulation and the thallus may thus be 
reduced to the axis and main filaments, which can secondarily proliferate by 
giving off new branches. At first these young proliferations ramify densely, of ten 
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Table 8. Differences between species of the "robust subgroup" of the section Rupestres. 

Cl. pseudorupestris 
(Figs 129-132) 

I. Plants forming dark green 
compact 5-6 cm high cushions. 

2. Main branches often opposite, 
apressed; of ten longer than 
axis, ending in distally thickened 
rows of zoidangia. 

3. Up to 2 branches per node. 

4. Thickness of cell walls in 
ultimate branches 2-6 I"m. 

5. Diam. apical cells 32-40 
(-48) I"m, I/w 4-8. 

6. FertiIe plants with distally 
thickened rows of slightly 
swollen zoidangia. 

7. Distribution: only known from 
Barbados (Carribbean). 

Cl. rupestris 
(Figs 114-119) 

I. Plants forming dark green 
stiff, broomlike, den se tufts 
(0.5-10 cm high). 

2. Main branches of ten opposite, 
appressed; shorter than main 
axis. 

3. Up to 5 branches per node . 

4. Thickness of cell walls in 
ultimate branches (2.5 - ) 
5-10 I"m. 

5. Diam. apical cells (40-50)
(65-80) I"m, I/w (3.5-7)-(2-5). 

6. Fertile plants with distally 
thickened rows of slightly 
swollen zoidangia. 

7. Distribution: arctic to cold 
temperate along American 
shores (also warm temperate 
along European shores). 

Cl. ruchingeri 
(Figs 120-127) 

I. Plants forming long (up to 
20-100 cm), undulating coarse 
dark green to grass-green hair
Iike or rope-Iike bundies. 

2. Main branches not opposite. 

3. Up to 1 branch per node. 

4. Thickness of cell walls in ultimate 
branches 2-4 I"m. 

5. Diam. apical cells (24-32)
(39-65) I"m, l/w (6-11)
(4-7) . 

6. FertiIe plants with terminal 
chains of slightly swollen 
zoidangia. 

7. Distribution: cold to warm 
temperate a10ng American shores 
(tropical in W. Africa). 

Cl. sericea 
(Figs 138-143) 

I. Plants forming light to 
grass-green (seldom dark 
green) densely branched, 
penicillate tufts. 

2. Main branches rarely opposite. 

3. Up to 3 branches (of ten 2) 
per node. 

4. Thickness of cell walls in 
ultimate branches < 0.5-2 I"m. 

5. Diam. apical cells (20-30)
(40-70) I"m, I/w (3-9)
(3-7). 

6. Fertile plants with terminal 
chains of distinctly swollen 
barrel-shaped zoidangia. 

7. Distribution: cold to warm 
temperate. 



Table 9. Differences between species of the " delicate subgroup" of the section Rupestres. 

Cl. albida Cl. montagneana Cl. jongiorum Cl. brasiliana Cl. chlorocontracta 
(Figs 133, 139) (Figs 145-173) (Figs 217-227) (Figs 174-2(0) (Figs 202-210) 

I. Thalli tufted, 1-7( - 15) I . Thalli tufted, of ten I I. Thalli up to a few mm I. Thalli when full-grown up I. Thalli tuffed, 2-5 mm 
cm high, ± spongy to peni- to several cm high but up high and spongy when at- to 30 cm long, delicate, lu- high, pale green, deli-
cillate, pale green to dark to 30 cm, delicate , hair- tached; or forming 2-7 bricous, hair-like, grass- cate, somewhat lubricous 
green . like, grass-green to dark mm, sometimes up to 3 cm green . penicillate tufts . 

green. large, dark green to oli-
vaceous aegagropiloid 
balls. 

2. Distal parts of full- 2. Distal parts of full- 2. Distal parts of plants 2. Distal parts of plants un- o 2. Distal parts of plants 

grown plants densely grown plants unbranched, densely branched, axes branched, or with unilateral with dense penicillate 
branched with of ten refract straight, Rhizoclonium- c10thed with mostly short, rows of more or less scatte- rarnification, of ten 2-3 
to refracto-falcate but also like, or scarcely I to 6 - celled, pointed red somewhat curved bran- long appressed lateraIs 
straight acropetally to ir- branched, or lined with somewhat thorn-like, of- ches with indistinct acro- from I node; these later-
regularly organized branch of ten unilateral rows of ten slightly curved, to petal sequence near tips. als unbranched or with 
systems, the latter ones more or less scattered, all sides spreading more or less dense uni-
mostly composed of uniIa- straight branchlets of branchlets, in tips of lateral rows of branch-
teral rows of straight varying age intercalated attached plants sometimes lets (irregular organi-

branchlets of varying age bet ween each other . showing acropetal se- zation). 

intercalated bet ween each quence. 

other. 

3. eells relatively short 3. eells relatively short 3. eells relatively short 3. eells relatively long 3. eells of intermediate 
(l / w ratio of apical cells (l/w ratio of apical (l / w ratio of apical cells (l / w ratio of apical cells length (I / w ratio op api-

1-7; of ultimate branches ce lis 1.5-10; of ultimate 0.5-3 .5; of ultimate 6-15; of ultimate cal cells 3-7;of ulti-
1-7; of main axes 2-5) . branches 1-6; of main axes branches 2-3.5; of main branches 5-18; of main mate branches 2-10; of 

0.8-5). axes 0.5-3.5). axes 3-12). main axes 2.5-16). 

4. Apical cells cylindri- 4. Apical cells tapering 4. Apical cells distinctly 4. Apical cells long, cylin- 4. Apical ce lis tapering 

cal or tapering to ob- to an obtuse tip. tapered , almost conical, drical with rounded or to obtuse tip. 

tuse tip. with small obtuse tip. slightly tapered tips . 

5. Small polygonal chloro- 5. Small polygonal chloro- 5. Small polygonal chloro- 5. Small polygonal chloro- 5. One perforated, lobed 
plasts forming a c10sed plasts forming a c10sed plasts forming a c10sed plasts forming a c10sed to parietal chloroplast 
to open, reticulate pa- to open, reticulate pa- parietal layer. open reticulate parietal which is of ten contracted 
rietal layer . rietal layer. layer. along the cellular axis 

in older cells . 

6. Distribution: warm to 6. Distribution: tropical 6. Distribution: tropical 6. Distribution: tropical. 6. Distribution: tropical. 
cool temperate . to warm temperate. to warm temperate. 



with slightly acropetally organized tips, later the branches grow more apart by 
intercalary growth. 

Growth predominantly by intercalary cell divisions and subsequent cell 
elongation and cell enlargement. The frequent intercalary cell divisions may 
result in the formation of roWS of relatively short cells (Fig. 116). Each branch is 
apically inserted with an oblique wall cutting it off from the parent cell; this wall 
soon groWS into an almost horizontal position (Figs 114, 116). The basal cells of 
older laterals are fused, at their basal poles, with adjacent cells of the axis (or 
main lateral). With increasing age a node may bear 2,3,4 and sometimes even 5 
laterals. The angle of ramification is generally small (20-30°) and hence the 
branches are appressed. Rather characteristic are pairs of opposite, thick-walled, 
appressed branches which are fused, at their basal poles with the adjacent cell of 
the axis (or main branch) (Fig. 1I7). 

The cells are always densely filled with chloroplasts, thus giving the plants a 
dark green colour. eells becoming with age larger and often longer, but frequent 
intercalary divisions keep the cells mostly rather short. The diameter of the 
thickest part of the axis is c. (1.5 - )2-3( - 4) times that of the apical cells. Apical 
cells slightly tapering with a blunt tip, or cylindrical with a tapering, blunt tip. 

Plant attached by branching basal rhizoids sprouting from the basal cells and 
cells in the basal region. Bundies of descending rhizoids and thick-walled cells in 
the basal region may coalesce and form a polysiphonous axis (Fig. 1I8). The 
rhizoids of separate plants may coalesce and form together a common 
attachment disc (Fig. 119). 

Diameter of apical cells (40-50) - (65-85) JLm, length/width ratio 
(3.5-7)-(2-5); diameter of ultimate branches (43-70)-(65-100) JLm, 
length/width ratio (2.5-5)-(2-5); diameter of main axes up to 90-200 JLm, 
length/width ratio 1.5-7. 

The cell walls are characteristically thick causing the stiffness of the filaments. 
Thickness of cell-walls in ultimate branches (2.5 - )5-10 JLm, in main filaments c. 
15-50 JLm. 

Ecology and form range 

Cl. rupestris is a common and readily recognizable species (even with the 
unaided eye) growing attached to shaded rocky substrates, such as on overhangs 
and in the undergrowth of Fucus vesiculosus, F. serratus and Ascophyllum 
nodosum vegetations. It also groWS luxuriantly in intertidal pools fully exposed 
to the sun, and this indicates that the species is not bound to low light intensity 
but rather to intertidal pi aces which are kept moist during low water. Cl. 
rupestris also penetrates into the sublittoral down to a depth of 20 m, depending 
on water transparency. It grows in exposed as weil as protected stations. 

Cl. rupestris also penetrates into brackish water; for in stance does it occur in 
the Baltic wh ere it finds its limit at about 5%0 S in the Bothnian Gulf. For 
further particulars, see van den Hoek (1963). 
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Reproduction and life-history 

The available evidence points to the usual alternation between isomorphic 
sporophyte generations (producing quadriflagellate meiospores) and 
gametophyte generations (producing biflagellate isogametes) (van den Hoek, 
1963). In English (Patel, in Godward, 1966) and Icelandish material (Wik
Sjöstedt, 1970) the haploid number of chromosomes was 12, the diploid number 
24. In French material this was 6 and 12 respectively (according to S. Jónsson, in 
Wik-Sjöstedt, 1970). The karyotype shows resemblance to that of Cl. sericea 
(Wik-Sjöstedt, 1970», and this is in accordance with both species' close affinity. 

Geographic distribution (Map 9) 

Cl. rupestris belongs to the amphiatlantic temperate distribution group (van 
den Hoek, 1979). Along European shores it has a warm temperate to cool tem
perate distribution, along American shores a cool temperate distribution. It 
extends into the Arctic, wh ere it has been encountered along the coast of West
Greenland (Map 9). It has not been recorded from the Canadian Arctic (Lee, 
1980). The southern limit of Cl. rupestris approximates the 23°-25°C summer 
isotherm, and this probably means that this species is not ab Ie to survive 
temperatures higher than about 23-25°C. Apparently Cl. rupestris is not capable 
of surviving the extremely high summer temperatures along the American warm 
temperate coast. The northern limit is probably situated at the 2 - 3°C summer 
isotherm, th us it is probably restricted by a minimum temperature for growth 
and reproduction during the Arctic summer. 

Cl. rupestris is also known from the N. pacific, but only from Japanese coasts 
(see characteristic pictures and description in Sakai, 1964) and not from 
American Pacific coasts (Abbott & Hollenberg, 1976). Cl. rupestris also occurs 
on temperate coasts of the southern hemisphere (New Zealand, subantarctic 
Gough Island, see van den Hoek, 1979). 

With very few exceptions the specimens investigated were identified as Cl. 
rupestris, which species has always been easily recognized and mostly correctly 
identified. Therefore a limited selection of specimens is enumerated. 

Greenland. Godhavn, leg. Vahl, 6/1834 (S). Godhavn, leg. Berggren 
(S).Sukkertoppen, 11/7/1886, leg . Rosenvinge, in "Plantae groenlandicae a 
Museo Bot. Hauniense distributae" no 230a (KIEL). 

Newfoundland. Flowers Cove, shaded sides of rocks at low water and below, 
usually covered with fuci, 26/6/1957, leg. Wilce no 100 (MICH). Seal Point near 
Flowers Cove, abundant in shaded areas and under fuci, 6/6/1957, leg. Wilce 
(MICH). Channel, on rocks in tide pool, 6 to 8/1901, leg. Howe no 708, det. 
Collins (NY; C) . 

Nova Scotia. Mahone Bay, leg. Hamiltion, det. Collins (NY). Yarmouth, on 
rocks in tide pool, 6/1901, leg. Howe no 336, det. Collins (NY; C). Near Digby, 
7/1901, leg. Howe no 483,det. Collins (NY). 

Maine. Cape Rosier, on rocks between tide marks, 7/1899, in "North Am. 
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Marine Algae determined by F.S. Collins published by the Cambridge Botanical 
Supply Company" no 78 (NY). Ibidem, 7/1897, leg. Collins, in Collins, Holden 
& SetchelI, Phyc. BOL-Am. no 728 (K; C). Ibidem, 7/1899, leg. det. Collins (C). 
Casco Bay, Cedar Ledge, 7/1904, leg. det. Collins, herb. Collins (NY). 

New Hampshire. Hampton, 7/1884, leg. det. Collins (NY). 

Massachusetts. Cape Ann, leg. Averill, 5/1875 (NY). East Point, Gloucester, 
3/8/1882, herb. Collins (NY). Magnolia, 21/6/1802, herb. Perry (NY). Ibidem, 
9/1903, from herb. Farlow (C). Nahant, presented by Mrs W.R. Pitt (NY). 
Wood's Hole, 7/1900, herb. Collins (NY). 

12. CLADOPHORA RUCHINGERI (Ag.) Kütz. 

Nomenc/ature. See van den Hoek, 1963, p. 75. 

Further synonyms. Cl. gracilis (Griffiths ex Mackay) Kützingf. elongata Collins 
1902, p. 122. Isotypes in L, K, NY, in Collins, Holden & SetchelI, Phycotheca 
Boreali-Americana no 725, from Spectacle Island, Penobscot Bay, Maine, on 
Zostera in tide pool, 1. VII. 1899, leg. Collins, "extends horizontally in the quiet 
water of the pool to a length of a meter or even more" (Fig. 123). 

Description (Figs 120-127) 

Thalli forming grass-green to dark green or glaucous (sometimes light green), 
10-40 cm or even more than 100 cm high, undulating, coarse hair-like or rope
like strands. Light green, dried plants have a silky appearance. 

Plants having an irregular (non-acropetal) organization, with distinct main 
axes which bear several strongly developed main laterals forming pseudo
dichotomies with the axes (Figs 121, 123, 125). The axis and the main laterals 
may be lined with mostly short, straight branchlets, which may form unilateral 
rows or which may grow into all directions (Figs 121, 123, 124, 127). Particularly 
in long, vigorously growing plants the axis and main laterals bear only scattered 
branchlets or are unbranched over long stretches (Figs 121, 125). Distally, 
filaments may end in long rows of only slightly swollen zoidangia. 

Growth almost exclusively by intercalary cell divisions and subsequent cell 
elongation and cell enlargement; many new cells may each give off a branch at 
their apical poles, thus giving rise to the above rows of branchlets, younger 
branchlets produced from younger nodes, intercalated between older branchlets 
produced from older nodes (Fig. 124). Only one branch per node is produced. 
Each branch is apically inserted at first with an oblique cell wall cutting it off 
from the parent cell; this wall grows soon into an almost horizontal position (Fig. 
122). The basal cells of older laterals are fused at their basal poles, with adjacent 
cells of the axis (Fig. 122). The angle of ramification is small (45 0 or less); the 
main laterals are more or less appressed. 

Cells becoming with age distinctly larger and longer. The diameter of the 
thickest parts of main axes is about 2.5 - 4 times th at of apical cells. Apical cells 
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cylindrical with a tapering, obtuse tip, or tapering from the base with an ob tu se 
tip. 

Plants attached by branched basal rhizoids sprouting from the basal cell and 
other cells in the basal region. Diameter of apical cells (24':""32)-(39-65) /Lm, 
length/width ratio (6-11 )-(4-7); diameter of ultimate branches (24-48)
(42-75) /Lm, length/width ratio (3-8)-(2-5); diameter of main axes (50-80)
(70-110) /Lm, length/width ratio (3.5-8)-(2-4). The cell walls are rather thick; 
thickness of cell wal Is in ultimate branches c. 2-4 /Lm, in main axes 2-6 /Lm. 

Ecology and form range 

Cl. ruchingeri forms long, undulating hair- to rope-like bundies in large rock 
pools, as weil on open sea coasts as along more protected coasts, where plants 
may grow attached to shells and stones embedded in sandy bottoms. Young, 
more densely branched plants resem bie quiet-water forms ("Cl. gracilis" -like 
plants) of Cl. sericea, but when older grow into the long, rat her coarse, sparsely 
branched plants characteristic of Cl. ruchingeri. This has been confirmed with 
cultures isolated from material collected at Hoek van Holland, Netherlands (van 
den Hoek, 1963, p. 75-76). 

Systematic postion 

Cl. ruchingeri is a characteristic representative of the section Rupestres (Cf. 
Table 8, p. 84). 

Geographic distribution (Map 10) 

On the basis of specimens investigated Cl. ruchingeri was at first thought to 
have a warm to cool temperate distribution (van den Hoek, 1979), but additional 
records from W. Africa indicate an amphiatlantic tropical-to-temperate 
distribution. Probably the narrowly related Cl. pseudorupestris (only known 
from Barbados) can be considered as derived from Cl. ruchingeri. 

The following specimens have been investigated: 

Prince Edward Island (Canada). Morrisey Cove, as epiphyte, 2-4 m depth, c. 15 
cm long, dark green hair-like, sparsely branched, 30/8/1976, leg. Hooper 
(GRO). 

Maine. Harspwell, in rock pools near low water mark, rather exposed shore, 
11/7/1908, det. leg. Collins, as Cl. gracilis in Collins, Holden & SetchelI, 
Phycotheca Bor.-Am. no. 1528 (L). Penobscot Bay, Spectacle Island, "extends 
horizontally in the quiet water of the pool to a length of a meter, or even more" , 
1/7/1899, leg. det. Collins, as Cl. gracilis f. e/ongata Collins ms. in Collins, 
Holden & SetchelI, Phycotheca Bor.-Am. no. 725 (K). Casco Bay, Falmouth 
Foreside, 20/8/1927, leg. R. Weikert, det. Howe as Cl. gracilis (NY). Cape 
Rosier, forming extensive loosely floating masses in large shallow rock pools, 
10/7/1901, det. leg. Collins, as Cl. gracilis f. expansa Farlow in Collins, Holden 
& SetchelI, Phycotheca Bor.-Am. no. 981 (MICH; L). 
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Massachussetts. Wood's Hole, Fisheries Pier, 12/8/1950, det. leg. Bernatowicz 
no 185, as Cl. graei/is (L). Wood's Hole, 8/1900, det. leg. Collins, as Cl. gracilis 
(NY). Wood's Hole, Nobska Point, 25/8/1929, det. leg. W.R. Taylor, as Cl. 
graeilis (MICH). Ibidem, 15/6/1927, det. leg. K.M. Drew no 1176, as Cl. graeilis 
(BM). Wood's Hole, Pine Island, 14/7/1944, leg. Croasdale, dat. W.R. Taylor 
as Cl. gracilis (AHFH; herb. W.R. Taylor). Ibidem, 14/7/1944, leg. Croasdale, 
det. W.R. Taylor as Cl. expansa (herb. W.R. Taylor; AHFH). Wood's Hole, 
Devil's Foot Island, 24/7/1946, leg . Doty no 6750 (NY; AHFH). Wood's Hole, 
Spindie Rocks, attached, 28/7/1927, leg. K.M. Drew no 1262 (BM). Ibidem, 
about 1.20 m below low tide level, 6/8/1946, leg. Doty no 6688 (AHFH) . 
Falmouth, Great Pond, attached to shell, silty sand bottom, 1.2 m, 30/5/1953, 
det. leg. Conover, as Cl. graeilis (MICH). Buzzard's Bay, Angelica Pt., 
26/7/1961, det. leg. W.R. Taylor as Cl. graeilis (AHFH). Buzzard's Bay, Black 
Rock, 2/8/1944, det. leg. W.R. Taylor as Cl. graei/is f. expansa (L; herb. W.R. 
Taylor). Ibidem, 28/7/1960, det. leg. W.R. Taylor as Cl. graei/is (AHFH). 
Hadley Harbor, Dukes County, 14/7/1946, leg. Doty no 6599 (AHFH). Revere 
Beach, 6/1879, det. leg. Collins as Cl. graeilis (NY). Ibidem, 13/10/1878, det. 
leg. Collins as Cl. fracta (NY). 

Connecticut. Bridgeport, 5/1890, collection Holden, as Cl. graeilis (MICH). 
Long Island Sound near New Haven, Aug.-Nov. 1873, det. leg. Eaton, as Cl. 
rudo/piana in Alg. Mar. Am.-Bor. Orientalis (K). 

North Carolina. Fort Fisher, on sea wall "The Rocks", 15/3/1941, leg. 
Williams (DUKE). 

Georgia. Sapelo Island, Nanny Goat Beach, tide pool, 30/3/1968, leg. R.L. 
Chapman no 13-38 (GRO). 

Texas. Port Aransas, exposed rocks, jetty, three characteristic light green 6-7 cm 
high silky plants, 29/4/1969, leg. Edwards (GRO) (see also Edwards, 1970). 

Ghana. West Tema Rocks, on sand covered rocks at MTL, and above, 
moderately exposed situation, 8 cm high grass green characteristic plants, 
9/12/1970, leg. det. John no. 6485 as Cl. ruchingeri. Ibidem, on rocks, on the 
lower eulittoral, 10 cm long, dark to grass green characteristic plant with 
sporulating terminal filaments, 16/5/1970, leg. Seku (GC 6423; GRO). 
Prampram, Sponge pt., drift, 18/1/6969, leg. Miss Enin (GC 6160; GRO). 

13 . CLADOPHORA PSEUDORUPESTRIS nov . spec. 

Description (Figs 129-132) 

Thalli forming 5-6 cm high, dark green, rat her stiff, proximally compact, 
distally somewhat looser cushions (Fig . 128). 

Plants having an irregular organization with a distinct axis, bearing several 
main often opposite laterals which may be about as long as or longer than the 
main axes with which they form pseudodichotomies or pseudotrichotomies. The 
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axis and main laterals become distally thicker and end in rows of sligthly swollen 
zoidangia. The axis and main branches are lined with rows of appressed 
unilateral or multilateral branchlets of varying age, younger ones intercalated 
between older ones. 

Growth predominantly by intercalary cell divisions and subsequent cell 
elongation and cell enlargement. The frequent intercalary cell divisions may 
result in the formation of rather short cells. Each branch is apically inserted with 
an oblique wall cutting it off from the parent cell; this wall soon grows into an 
almost horizontal position. The basal cells of older laterals are fused, at their 
basal poles, with adjacent cells of the axis (or main lateral). 
Older nodes bear at most 2laterals. Rather characteristic are, in the distal part of 
the plant, pairs of opposite, appressed braches which are fused, at their basal 
poles, with the adjacent cell of the axis (or main branch). The angle of 
ramification is small: c. 15-45°. 

Cells becoming with age larger and of ten longer, but frequent intercalary 
divisions keep the cells mostly rather short. The diameter of the thickest part of 
the axis is c. 2-3.5 times that of the apical cells. Apical cells gradually tapering 
with a blunt tip. 

Plant attached by branching bas al rhizoids sprouting from the basal cells. 
Diameter of apical cells 32-40( - 48) /Lm, length/width ratio 4-8; diameter of 

thickened distal fertile filaments 56-64 /Lm, length/width ratio 2-4; diameter of 
ultimate branches 32-72 /Lm, length width ratio 3-7; diameter ofaxis 88-104 
/Lm, length/width ratio 3.5-9. The cell walls are rather thick; 2-6/Lm in ultimate 
branches, and 6-16 /Lm in main axes (as measured in resoaked herbarium 
materiai). 

Descriptio typi 

Thalli 5-6 cm alti, atrovirides, subrigidi, compacto pulvinati. Ordinatione 
irregulari, non-acropeta, axe insigni principales saepe oppositos frequenter axem 
excedentes. Axis et rami pseudodichotomias et pseudotrichotomias formantes. 
Axis et rami principales distaliter incrassati et terminati seriebus non-ramosis 
zoidangiorum paulo inflatorum. Axis et rami principales seriebus ramellorum 
appressorum longitudine diversa. 

Increscentia praecipue divisionibus intercalaribus et elongatione ampli
ficationeque cellularum. 

Rami apicaliter inserti ad angulum acutum (c. 15-45°). Cellulae basales 
ramorum veterurn in parte basali cellulis finitimis axium coalitae. Nodi axis et 
ramorum principalium usque ad duo ramos saepe oppositos ferentes. 

Diameter partis latissimae axis c. 2-3.5 x diam. cellularum apicalium. 
Cellulae apicales attenuatae apice obtuso. Thallus fixus rhizoideis orientibus e 
basi axis. Diameter cellularum apicalium 32 - 40( - 48) /Lm, longitudo/diameter 
2-4; diameter ramorum extremorum 32-72 /Lm, long.ldiam. 3-7; diameter 
serium zoidangiorum terminalium 56-64 /Lm, long.ldiam. 2-4; diameter axium 
88-104 /Lm, long.ldiam. 3.5-9. Crassities parietum cellularum in filamentis 
extremis 2-6 /Lm, in axibus 6-16 /Lm. 
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Typus collectus in ora insulae Barbados. Legit. A. Viekers. Typus depositus in 
herbario kewense (K; hodie BM). 

Type. The type is a specimen collected at Barbados by A. Viekers, and 
deposited in the herbarium of Kew Gardens (now: British Museum) as Cl. 
flexuosa Harv. in "Algues de la Barbade" no 25. Other collections distributed as 
no 25 in "Algues de la Barbade" belong to Cl. montagneana (herb. Collins, NY; 
C). This latter species is pictured as Cl. flexuosa in Viekers & Shaw (1908, pI. 15). 
The tufted, dark green macroscopie appearance of the type shows some 
superficial resemblance to the macroscopie habit of Cl. montagneana as collected 
by Viekers, and this is possibly the re as on why she overlooked Cl. 
pseudorupestris as a separate species. 

Systematic position 

Cl. pseudorupestris is narrowly related to two other more or less rigid, dark 
green representatives of the section Repustres with intermediate cell dimensions, 
namely Cl. rupestris and Cl. ruchingeri. It is most related to Cl. ruchingeri, from 
whieh it differs by its opposite pairs of main laterals (TabIe 8). Cl. ruchingeri has 
a tropieal to temperate distribution. 

Geographic distribution (Map 10) 

The only collection known is the type from Barbados. 

14. CLADOPHORA SERICEA (Huds.) Kütz. 

Nomenclature. See van den Hoek, 1963, p. 77. 

Further synonyms. Cl. gracilis (Griffiths ex Mackay) Kützing var. tenuis Thuret 
ex Farlow, 1881, p. 55. Type in PC, herb. Thuret, from Cherbourg (France), as 
Cl. gracilis var. tenuis nobis, det. leg. ThuretiBornet 21/7/1856. In contrast to 
Farlow's opinion this is not a synonym of Cl. vadorum Areschoug, and 
consequently not, and this in contrast to Collins' opinion, of Cl. gracilis var. 
vadorum (Areschoug) Collins, 1909b, p. 343. 

Cl. gracilis (Griffiths ex Mackay) Kützingf. subflexuosa Collins 1909b, p. 343. 
Isotypes in L, MICH, NY, in Collins, Holden & SetchelI, Phycotheca boreali
amerieana no. 1530, from South HarpsweIl, Maine, in rock pools, 16 VII 1908, 
leg. Collins. 

Description 

Thalli varying from light (or pale) green to grass green (more seldom dark 
green); forming a few cm high denseiy tufted plants to c. 20 cm (sometimes 30 
cm) high light green silky tufts or dark green somewhat coarser tufts. 

Plants having an acropetal to irregular organization in their distal parts, with a 
distinct axis bearing several main laterals which remain mostly shorter than the 
axis with whieh they form pseudodichotomies. In weil growing plants the axis, 
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and the upper main laterals may bear terminal, somtimes slightly refract 
acropetally organized branch systems (Fig. 143), while the lower main later als 
end in irregularly organized branch systems with intense intercalary growth and 
which bear mostly, often unilateral, rows of branchlets of varying age, the 
younger ones intercalated between older ones. More of ten, however, the initially 
acropetal organization in the distal branch-systems is disturbed by intercalary cell 
divisions and intercalated new branchlets and thus turns into an irregular 
organization (Figs 138, 142). In plants from protected stations this irregular 
organization is typical. In fertiIe plants, the distal parts of filaments show intense 
intercalary cell divisions leading to the formation of moniliform rows of barrel
shaped zoidangia (Figs 138, 142). Old thick-walled filaments may proliferate by 
giving off rows of about equally developed, of ten opposite brachlets (cf. Figs 
191, 192, 194, 195 in van den Hoek, 1963). 

Growth predominantly by intercalary cell-divisions and subsequent cell
elongation and cell-enlargement. Frequent intercalary cell-divisions may cause 
the cells of the proximal parts of these axes to become relatively short (Fig. 140). 
Each branch is apically inserted with an oblique wall cutting it off from the 
parent cell; this wall may soon grow into an almost horizontal position. The 
basal cells of older laterals may be fused, at their basal poles, with adjacent cells 
of the axis (or main lateral). With increasing age a node may bear 2, 3 and rarely 
4 laterals. The angle of ramification is mostly small: 45°-30°. Cells becoming 
with age larger and often longer, but the frequent intercalary divisions keep the 
cells mostly rather short. The diameter of the thickest part of the axis is 
(2 - )2.5-4( - 5.5) times that of the apical cells. Apical cells distinctly tape ring to 
almost conical with an obuse tip, of ten giving short branches a more or less 
thorn-like apparance, especially in more robust plants (Figs 138, 141). 

Plants attached by branching basal rhizoids sprouting from the basal cells and 
cells close to the basal cells. 

Diameter of apical cells (20-30)- (40-70) /lm, length/width ratio (3-9)-(3-7); 
diameter of ultimate branches (20-45)-(51-85) /lm, length/width ratio 
(3- 10)-(2-5); diameter of main axis (50-100)-(120-170) /lm, length/width 
ratio (3.5-8)-(2-5.5). Thickness of the cell walls in ultimate branches c. 0.5-2 
/lm, in main axes c. 2-6 /lm . 

Ecology and form range 

Cl. sericea is particularly common in intertidal rock pools; it also occurs in the 
undergrowth of Fucus serratus and on shaded overhangs higher up in the 
intertidal belt. In these stations young weil growing plants may have an acropetal 
organization. In fertiIe plants intense intercalary growth in the distal parts results 
in the formation of long terminal chains of distinctly swollen zoidangia. In more 
protected stations, such as large protected tide pools or lagoons, the axis and 
main laterals may be densely lined with of ten unilateral rows of branchlets of 
varying age intercalated bet ween each other. Such plants form bright green to 
pale green up to 20-30 cm long undulating tufts. Cl. sericea, like Cl. vagabunda, 
also occurs in estuarine habitats, for instance salt marsh pools. For a fuller 
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treatment of these aspects, and of culture results and data on reproduction, see 
van den Hoek (1963, p. 80-82). 

Taxonomic position 

Cl. sericea is a characteristic representative of the section Rupestres. Con
fusion of quiet-water forms of Cl. sericea with Cl. ruchingeri is easily possible: 
the differences between these two species are tabulated in Table 8 (p. 84). 

Along European shores Cl. sericea comprises populations reproducing by 
biflagellate isogametes (produced by gametophytes) and quadriflagellate 
zoospores (produced by sporophytes) on the one hand, and populations 
reproducing only by asexual biflagellate zoospores on the other hand. These two 
types of population could not be differentiated on morphological grounds. They 
were distinguished as Cl. sericea var. sericea and Cl. sericea var. biflagellata van 
den Hoek, respectively. 

Wik -Sjöstedt (1970) observed that the karyotype of Cl. sericea var. biflagellata 
(the morphology of six pairs of chromosomes) is very si mil ar to that of var. 
sericea and this evidently supports the concept that both taxa are narrowly 
related. According to this author, in Cl. sericea var. biflagellata haploid zoids 
give ri se to plants where haploid nuclei dominate in most of the vegetative cells. 
Before formation of the zoids there is diploidization of the nuclei. Then meiosis 
takes place and biflagellate zoids are produced. 

As I only investigated herbarium material of Cl. sericea from America I do not 
know which varieties occur along eastern American coasts. 

Geographic distribution (Map 11) 

Cl. sericea belongs to the amphiatlantic temperate distribution group and 
occurs along both sides of the Atlantic Ocean in both the warm and cold 
temperate regions (Textfig. 2; van den Hoek, 1975). According to Lee (1980) it 
extends, as subtidal populations, into the Canadian Arctic, but material iden
tified by this author as Cl. sericea (from Coronation Gulf, Anchor Island, Aug. 
1973, no. 6971) belongs to Acrosiphonia, as do 7 ot her specimens brought to 
Cladophora . 

Cl. sericea also occurs in the northern Pacific Ocean, namely along temperate 
Japanese shores, as appears from the characteristic figures and description in 
Sakai (1964, as Cl. gracilis). It is also recorded from temperate American Pacific 
shores by, among others, Abbott and Hollenberg (1976), but their description 
and figure are not entirely conclusive. Cl. sericea is also known from the 
temperate zone of the southern hemisphere (van den Hoek, 1979). One example 
is a specimen from Bahia Tandy, Straits of Magellan (Figs 138-140) (AHFH no. 
58895, Hassler expo no. 2023; 8 cm high tuft, diam. of apical cells 32-40 ( - 48) 
/lm, lIw ratio 2-3; diam. of ui ti mate branches 40-56 /lm ( -105 /lm in swollen 
zoidangia), lIw ratio 1-3; diam. of main axis 100-130 /lm, lI~ ratio 1.5-7). 

The following specimens have been investigated: 

Newfoundland. Brown Pt, Gros Morne Park, 49°50'N 57°52'W, open coast, 
exposed, very common on rocks, Mytilus and algae in tide pools, from mid high 
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to low shore, some plants fertile, 6/8/1973, leg. Hooper et al., 11683 (GRO). 
Conception Bay, near Topsail, 12-19/8/1901, leg. Howe no 857, as Cl. graeilis 
in herb. Collins (NY). Burges, rock pools above low tide level, 13/9/1926, leg. 
Fogg no 14252 (MICH). Clarenville, 9/8/1899, leg. Mol, as Cl. expansa in herb. 
Collins (NY). English harbour, east inner lagoon, sheltered estuarine loc., plants 
common, found free-living and tangled with Aseophyllum, Chondrus erispus 
etc. in lowshore pools & the upper subtidal, 19/8/1972, leg. Hooper, no. 9911 
(GRO). 

Québec. Anse au Griffon, Gaspé, leg. Campagna, no 12158 & 12166 (MICH). 
Pointe à la Garde, Co. Bonaventure, sheltered brackish water, 6/8/1964, leg. 
Cardinal (herbier Cardinal no 115). Port Daniel, Co. Bonaventure, wave
exposed, 3/7/1%5, leg. Cardinal (herb. Cardinal no 1995). Ibidem, in a 
supralittoral rockpool, wave-exposed, 2/7/1967, leg. Cardinal (herb. Cardinal 
no 4998). Bonaventure, 5/8/1964 (herb. Cardinal67). Saint-Jean-Port-Joli, Co. 
L'Islet, Québec, high-littoral rock pool, 7/9/1967, leg. Cardinal (herbier 
Cardinal no 5358). Saint-Roch-des-Aulnais, Co. Kamouraska, upper littoral, 
6/9/1967, leg. Cardinal (herb. Cardinal no 5349). Iles de la Madeleine, Pointe au 
Loup, 20/7/1966, leg. Emerson-Quesnel (herb. Cardinal 4482). Iles de la 
Madeleine, Anse aux Oeufs, 1.5 - 3 m depth, 7/7/1966 (herb. Cardinal no 
4456). 

New Brunswick. Pointe Canot, Lamèque, Co. Gloucester, washed up, 
10/8/1964, leg. Cardinal (herb. Cardinal no 308). Maisonnette, ± sheltered, 
16/8/1964, leg. Cardinal (herb. Cardinal no 321). Ile de Shippegan, Petite
Rivière, on littoral pebbles, ± sheltered, 10/8/1967, leg. Cardinal (herb. 
Cardinal no 5100). Meadow Brook Cove, Campobello 7/1902, from herb. 
Farlow (S). 

Nova Scotia. Halifax, as Cl. glauseseens in herb. Harvey (TCD). Ibidem, as Cl. 
glaueeseens in herb. Hookerianum (K). Mahone Bay, leg. Hamilton, as Cl. 
graei/is in herb. Collins (NY). Yarmouth, in high tide pools, forming thin mats, 
22-29/6/1901, leg. Howe, det. Collins as Cl. graeilis (L). Kingsport in tide 
pools, 9/7/1901, leg. Howe, det. Collins as Cl. laetevirens (NY; C). 

Maine. Bailey's Island, Harpswell, 18/7/1902, as Cl. refraeta in herb. Collins 
(NY). Ragged Island, Casco Bay, Harpswell, 14/7/1903, as Cl. hirta in herb. 
Collins (NY). Ibidem, 7/1900, leg. Holden, as Cl. f1exuosa in herb. Collins (NY). 
South Harpswell, 3/7/1903, loose masses in pools, as Cl. graei/is var. expansa 
Farlow in herb. Collins (NY). Ibidem, 6/7/1902, as Cl. graei/is in herb. Collins 
(NY). Ibidem, basin above old tide mill, 17/7/1902, herb. Collins (NY). Casco 
Bay, Falmouth Foreside, 25/7/1927, leg. Weikert, det. Howe as Cl. graei/is 
(NY). Prouts Neck, 7/1883, leg. Stanford Brown (NY). 

New Hampshire. Portsmouth, as Cl. glaueeseens in herb. Harvey (TCD). Little 
Braishead, 4/5/1907, as Cl. graeilis in herb. Collins (NY). 

Massachussetts. Cape Ann, Pigeon Cove, 8/1890, leg. Snyder (MICH). 
Marblehead, tide pool, 4/7/1900, as Cl. glaueeseens in Collins, Holden & 
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SetchelI, Phyc. Bor.-Am. no 817 (K; NY). Medford, 22/5/1884, det.leg. Collins, 
as Cl. gracilis (L). Mattapoisett, on hard, dayey shore at high water mark, 
26/9/1908, as Cl. crystallina in Collins, Holden & SetchelI, Phyc. Bor.-Am. no 
1518 (L; MICH). Magnolia, leg. Clarke, from herb. Farlow, as Cl. gracilis in 
herb. Collins (NY). Nahant, leg. Mudge, as Cl. glaucescens in herb. Harvey 
(TCD). Wood's Hole, 17/8/1892, leg. Curtis (NY). Wood's Hole, Pine Island, 
14/7/1944, leg. Croasdale, det. W.R. Taylor as Cl. gracilis (L). Falmouth, 1881, 
leg. Farlow, as Cl. gracilis in Farlow, Anderson & Eaton, Algae exsicc. 
Am.-Bor. no 209; 2 specimens, one specimen is Cl. sericea, the other one Cl. 
vagabunda (L). W. Falmouth, 16/7/1879, as Cl. gracilis, in herb. Collins (NY). 
Great Pond, Falmouth, w. shore among Zostera beds, attached to shell and 
Zostera, 6/4/1953, det. leg. Conover no 53-61, as Cl. gracilis (MICH). Ibidem, 
attached to shell, pebble, other algae, east shore mid-basin, 10/5/1953, det. leg. 
Conover no 53-60, as Cl. flexuosa (MICH). Black Rock, Buzzard's Bay, tide 
pools, 2/8/1944, det. leg. W.R. Taylor, as Cl. gracilis subflexuosa Collins? 
(herb. W.R. Taylor; AHFH). 

Rhode Island. Newport, in half-tide pools, 6 to 7/1899, leg. Simmons, as Cl. 
hirta in Collins, Holden & SetchelI, Phyc. Bor.-Am. no 726b(K;C). 

Connecticut. New Haven, 9 to 11/1871, leg. Eaton, as Cl. glaucescens in "Algae 
marinae Am. Bor. Orientalis" (MICH). Bridgeport, 2/6/1889, from herb. 
Holden in herb. Collins (NY). Ibidem, from "Cryptogamic Herb. Harvard 
Univ., I. Holden Collection", as Cl. crystallina, in herb. Collins (NY). 
Bridgeport, Fairweather Island, 13/8/1890, from "Cryptogamic Herb. Harvard 
Uni v . I. Holden Coll." as Cl. rudolphiana (NY). Bridgeport, leg. Holden, as Cl. 
gracilis in Collins, Holden & SetchelI, Phyc. Bor.-Am. no 1527, "form 
approaching Cl. gracilis" according to Collins (K; MICH). Bridgeport, growing 
below low-water mark, 4/7/1891, as Cl. flexuosa in Collins, Holden & SetchelI, 
Phyc. Bor.-Am. no 1076a (MICH). Woodmont, in ti de pool, 25/5/1892, leg. 
Holden, in Collins, Holden & SetchelI, Phyc. Bor.-Am. no. 1529 (L,K; Figs 142, 
143). 

New York. Long Island, Carnassie, as Cl. albida in herb. Pike (NY). Long 
Island, College Point, as Cl. gracilis in herb. Averill (NY). Orient Point, Long 
Island, 8/1913, leg. Zatham no 2 CI.flexuosa (NY). Hurlgate, Yellow Hook Bay 
and Harbor of New York, 1850, leg. Durant as Cl. falcata Duby, "no 200 
distributed from the herb. New York Bot. Gard." (MICH). Fort Hamilton, New 
York Bay, leg. Hooper, as Cl. glaucescens in herb. Haryey (from same station a 
specimen of Cl. albida collected by Hooper under the name of Cl. glaucescens) 
(TCD). Fort Hamilton, New York Bay, leg. Snyder, 1895-1896 (MICH). New 
York Bay, 21/6/1881, leg. Anderson no 40 as Cl. fracta (NY). Battery, New 
York, as Cl. laetevirens in herb . Pike (NY). Hunter's Island, tide pool, New 
York City, 30/3/1902, leg. Howe no 1115, as Cl. gracilis (NY). "On rocks near 
low water mark; rather abundant at Fort Hamilton, Yellow Hook and Hurlgate 
Bay and Harbor of New York", leg. Durant, 1850, as Cl. rudolphiana in herb. 
New York Bot. Gard. no 198 (NY). 
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New Jersey. Atlantic City, 5/1886, herb. Collins (NY). Beesly's Point, 5/1854, as 
Cl. glaucescens in herb. Harvey (TCD). 

Chesapeake Bay. As Cl. falcala in herb. Collins (NY). 

North Carolina. Fort Fisher, small tufts from coquina rock at low tide levels, 
26/7/1949, leg. Williams no 256 (MICH). 

Georgia. Sapelo Island, Hight Pt. Beach, in tidal zone, 30/3/1968, leg. R.L. 
Chapman no B-29 (GRO). 

15 . CLADOPHORA ALBIDA (Huds.) Kütz. 

Nomenc/ature. See van den Hoek, 1963, p. 94. 

Further synonyms. Cl. glaucescens (Griffiths ex Harvey) Harvey var. pectinella 
Harvey, 1858, p. 77-78. Type in TCD, herbarium Harvey, from Charleston, 
Sou th Carolina (Fig. 144). 

Cl. morrisiae Harvey, 1858, p. 78. Type in TCD, in herbarium Harvey, from 
Elsinborough, Delaware; 3 c. 10 cm high light to pale green plants of Cl. albida 
(Fig. 133). 

Cl. albida (Huds.) Kütz. var. refracta Thuret ex Collins, 1902, p. 119-120. In 
Ie Jolis, 1863, p. 60 (without description). No type has been indicated, but mate
rial under this name in Thuret's herbarium (PC) belongs to Cl. albida. This 
material agrees with Collins' concept. 

Cl. flexuosa (Müll.) Kütz. f. densa Collins, 1902, p. 121. Collins incorrectly 
cites the species name as Cl. flexuosa (Griffiths) Harvey (cf. van den Hoek, 1963, 
p. 77). Isotypes in MICH and K, in Collins, Holden & Setchell, Phycotheca 
boreali-americana no 979 from Newport, Easton's Point , in a pool at half tide, 
3/8/1901, leg . Mrs. W.C. Simmons: c. 5 cm high, grass green compact plants of 
Cl. albida partly with acropetally organized ultimate branch systems. 

Description (Figs 133-137, 144) 

Thalli varying from dark green, via grass green, to light green or pale green; 
forming small, up to 1-3 cm high spongy globules on low-littoral wave-washed 
rocks and in shallow tide pools on such rocks; or up to c. 7 cm high (sometimes 
up to 15 cm high) more or less delicate and more penicillate plants in more 
protected places such as deep rock pools. 

Plants having an acropetal (Fig. 136) to irregular (Figs 134, 135) organization 
in their distal parts, with a distinct axis bearing several main laterals which 
remain mostly shorter than the axis with which they form pseudodichotomies. 
In well-growing plants the axis, and the upper main laterals may bear terminal 
mostly refract to refracto-falcate acropetally organized branch systems (Fig. 
136), while the lower main laterals end in irregularly organized branch systems 
with intense intercalary growth and which bear mostly unilateral rows of 
branchlets of varying age, the younger ones intercalated bet ween the older ones 
(Fig. 135). Both types of terminal branch system are connected by intergrades in 

100 



one and the same plant (Figs 135, 136). In other plants, (e.g. when growing in 
protected stations; or when young shoots arise from old thick-walled filaments) 
the axis and all main laterals end in irregularly organized branch-systems with 
intense intercalary growth and which bear unilateral or multilateral rows of 
branchlets of varying age, the younger ones intercalated between older on es (Fig. 
144). Also old thick-walled filaments may proliferate by giving off rows of about 
equally long, of ten opposite, branch lets (Fig. 133). In acropetally organized 
terminal branch systems intercalary cell divisions start mostly close to the apex, 
often already in the Ist to 3rd internode, and younger branches may be 
intercalated between older ones below intercalated cross-walls. 

Growth predominantly by intercalary cell divisions and subsequent cell 
elongation and cell enlargement. Each branch is apically inserted with an oblique 
wall cutting it off from the parent cell; this wall may later, in older laterals, grow 
into an almost horizontal position. The basal cells of older laterals may be fused, 
at their basal poles, with adjacent cells of the axis (or main lateral). With 
increasing age, one node may bear 2, sometimes even 3 laterals. The angle of 
ramification is c. 45 0 or somewhat more. eells becoming with age larger and 
often also longer, but the frequent intercalary cell divisions keep the cells mostly 
rather short. The diameter of the thickest part of the axis is about 2-3(-4) times 
that of the apical cells. Apical cells gradually tapering to an obtuse tip, but 
swollen and broadly rounded in branch-systems which are in the process of being 
transformed into zoidangia. Fertile branch systems end in rows of short, swollen 
zoidangia (Figs 136, 137). 

Plants attached by branched basal rhizoids sprouting from the basal cells and 
cells close to the basal cells (Fig . 135). 

Diameter of apical cells (12-18)-(24-40) /lm, length/width ratio 
(2.5-7)-(1-3); diameter of ultimate branches (12-20)-(25-40) /lm, 
length/width ratio (3-7)-(0.8-2); diameter of main axes (20-40)-(30-80) /lm, 
length/width ratio (2-7)-(2-5). 

Ecology and form range 

Cl. albida is common in the intertidal belt of rocky shores. In wave-exposed 
stations it forms smalI, up to about 5 cm high spongy tufts in the lower intertidal 
belt; such tufts may unite into continuous mats. Higher up in the intertidal belt it 
occurs in the undergrowth of larger algae (Fucus vesiculosus, Ascophyllum 
nodosum) or in tidal pools . The habit of such open coast plants is mostly spongy, 
and the plants are very pale and slender, when growing in sunny rock pools. In 
protected stations (e.g. large protected pools) the plants tend to be penicillate 
(and not spongy or crisp), because the terminal branch-systems tend to be 
straighter and less recurved or incurved. 

Cl. albida also occurs in brackish water, for instance in the Baltic and French 
mediterranean lagoons where salinity may be as low as 10%0. 

For a fuller treatment of the ecology of Cl. albida, see van den Hoek (1963, p. 
99-100). 
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Systematie position 

Cl. albida is a characteristic representative of the section Rupestres. Quiet
water forms of Cl. albida are difficuIt to differentiate from Cl. montagneana, a 
tropical to warm-temperate species with which the cool- to warm-temperate Cl. 
albida shows a distributional overlap along the coast of the Carolinas and along 
the northern coasts of the Gulf of Mexico (compare map 12 with map 13). 
However, Cl. albida is, at its southern boundary, a winter to spring species, 
where Cl. montagneana is a spring to summer species. The differences between 
five delicate representatives of the section Rupestres are summarized in the table 
9 (p. 85). See, for further comments on the similarity between Cl. albida and Cl. 
montagneana, the section on Cl. montagneana. 

Along European coasts Cl. albida comprises populations reproducing by 
biflagellate isogametes (produced by gemetophytes) and quadriflagellate 
zoospores (produced by sporophytes) on the one hand, and populations 
reproducing only by asexual biflagellate zoospores on the other hand. These two 
types of populations could not be sufficiently morphologically differentiated and 
were distinguished as var. albida and var. biflage/lata van den Hoek, 
respectively. Wik-Sjöstedt (1970) found that the karyotype of Cl. albida var. 
biflage/lata (the morphology of six pairs of chromosomes) is similar to that of the 
Cl. albida var. albida gametophyte and this observation is in accordance with a 
close relationship between both taxa. Moreover , the karyotypes of Cl. albida 
gametophytes (12 chromosomes) and sporophytes (24 chromosomes) from 
Wood's Hole were similar to karyotypes of European Cl. albida var. albida. 

As I only investigated herbarium material of Cl. albida from America, I do not 
know wh ether or not the var. biflage/lata occurs along the eastern American 
coasts. 

Geographie distribution (Map 12) 

Cl. albida belongs to the amphiatlantic temperate distribution group and it 
occurs on both sides of the Northern Atlantic Ocean mainly in the warm- and 
cold-temperate regions (van den Hoek, 1975, 1979). This species indubitably 
occurs in the Northern Pacific Ocean, namely along temperate Japanese shores, 
as appears from the characteristic figures and the description in Sakai (1964). It is 
also recorded from temperate American Pacific shores, but the descriptions and 
figures do not permit a definite conclusion (Abbott & Hollenberg, 1976). 

The following specimens have been investigated: 

New Brunswick. Shippegan Island, Petite-Rivière, on littoral pebbles, sheltered, 
10/8/1967, leg. H. Cardinal (herb. Cardinal no. 5102). 

Maine. All specimens from Maine in herbarium Collins (NY). Penobscot Bay, 
Spectacle Island, upper rockpool, 7/1895, as Cl. f1exuosa. Penobscot Bay, 
Camden, leg. Hooper, as Cl. refraeta. HarpsweIl, 11/7/1905, as Cl. albida var. 
refraeta. Ibidem, 7/1902, as Cl. refraeta. Ragged Island, HarpsweIl, 7/1903, as 
Cl. f1exuosa "small form". Pemaquid Point, 18/7/1901, as Cl. albida var. 
refraeta. Kennebunk Port, 7/1883, as Cl. albida var. refraeta. 

102 



-, 
....... ~ -I~: ~

1 . 1 : 
...... . ... ' .. 
- '~ . ..... . ' ,': "" , 

i ~ •. ~ 

MAP 12 

00' . :" 

... .. 

~oo 

'0 0 

" 

4Ia ' 
... ,.. ,. 

. .... . 

'. . ..• 

~o 

. .•.. 

. ..• . 

Geographical distribution of Cl. albida. Closed circles : specimens investigated . For European records, see van den Hoek, 1963, map 8. 

.. . 

...... ,.. 
~. 



Massachusetts. Salem Harbor, tide-pool, "on Florideae", as Cl. laetevirens in 
herb. Collins (NY). Marblehead Neck, 17/8/1902, as Cl. albida var. refracta in 
herb. Collins (NY). Northport, tide pool, 8/1887, herb. Collins (NY). 
Mattapoisett, marshes, 3/5/1905, as Cl. expansa in herb. Collins (NY). 
Magnolia, leg. Clarke, as Cl. albida var. refracta in herb. Collins (from herb. 
Farlow) (NY). Ibidem, Kettle Island, 8/1903, leg. det. Farlow as Cl. refracta (C). 
Nahant, shallow upper tide pool, 18/6/1900, leg. Collins, as Cl. glaucescens in 
Collins, Holden & SetchelI, Phyc. Bor.-Am., no 817 (K). Nahant, 4/7/1881, as 
Cl. glaucescens in herb. Collins (NY). Nahant, high tide pools, East Point Rocks, 
leg. Webber (GRO). Little Nahant, 5/7/1880, leg. Farlow, as Cl. refracta in 
herb. Collins (NY). Wood's Hole, 8/1881, leg. Farlow, as Cl. refracta in 
Anderson & Eaton, Alg. Exsicc. Am. Bor. no 207 (K) and no 206, as Cl. 
flexuosa (K). Wood's Hole, Spindie & Grassy Isl.leg. Croasdale, 8/7/1944, det. 
W.R. Taylor as Cl. albida (herb. W.R. Taylor). New Bedford, Sconticut Point, 
13/7/1927, det. leg. W.R. Taylor as Cl. refracta (MICH). New Bedford, Black 
Rock, tide pool, 8/4/1925, leg. det. W.R. Taylor as Cl. gracilis subflexuosa 
Collins (MICH). Falmouth, Great Pond Estuary, attached to shell and pebble, 
20/5/1956, det. leg. Conover as Cl. gracilis f. tenuis Farlow (MICH). Elisabeth 
Islands, Nashewena Isl. rocks, 2/7/1963, det. leg. W.R. Taylor as Cl. refracta 
(herb. W.R. Taylor). Naushon Isl., Tarpaulin Cove, 13/7/1961, det. leg. W.R. 
Taylor as Cl. albida refracta (herb. W.R. Taylor). Martha's Vineyard, leg. 
Blodgett, from herb. Averill, as Cl. refracta (NY). Ibidem, Gay Head, 
21/7/1925, det. leg. W.R. Taylor as Cl. albida (NY). Ibidem, Gay Head, 
19/7/1961, leg. det. W.R. Taylor as Cl. albida var. refracta (herb. W.R. Taylor; 
AHFH). Revere Beach, on stones at low water mark, 10/6/1894, leg. Collins, as 
Cl. albida var. refracta in Collins, Holden & SetchelI, Phyc. Bor .-Am. no 720 (K; 
MICH). 

Rhode Island. Olney, in herb. Kützing, det. Harvey as Cl. refracta, det. Kützing 
as Cl. curvula (L). Watch Hili, 8/1873, leg. Eaton (NY). Portsmouth, 
14/6/1883, as Cl. refracta in herb. Collins (NY). Newport, from herb. 
Hookerianum, 1867, as Cl. refracta (K). Newport, in tide pools, leg. Simmons, 
as Cl. refracta in herb. Collins (NY). Newport, below low water mark, as Cl. 
flexuosa in Collins, Holden & SetchelI, Phyc. Bor.-Am. no 1076b (K; MICH). 
Newport, Easton's Point, in pools at half tide, 31/8/1901, leg. Simmons, as Cl. 
flexuosa in Collins, Holden & SetchelI, Phyc. Bor. -Am. no 979 (K; MICH). 
Newport, tide pools, 7/1898, leg. Simmons, as Cl. refracta in Collins, Holden & 
Setchel, Phyc. Bor.-Am. no 573 (K). Block Island, 6/7/1882, leg. J.S. Brown no 
177, as Cl. uncialis (NY). 

Connecticut. Bridgeport, as Cl. crystallina in "Cryptogamic Herb. Harvard 
Univ. I. Holden Collection" (MICH). Ibidem, 5/6/1902, as Cl. albida var. 
refracta in Herb. Collins (NY). Ibidem, 26/5/1889, from herb. Holden, as Cl. 
flexuosa in herb. Collins (NY). Bridgeport, Seaside Park, 27/7/1890, as Cl. 
albida var. refracta in "Cryptogamic Herb. Harvard Univ. I. Holden Collection 
(MICH). Ibidem, 14/6/1890, as Cl. albida var. refracta in "Cryptogamic Herb. 
Harvard Univ. I. Holden Collection" (MICH; AHFH). Bridgeport, Long Island 
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Beach, 1/6/1890, as Cl. albida var. refracta in "Cryptogamic Herb. Harvard 
Univ. I. Holden Collection" (MICH). Middle Ground Light, Long lsland 
Sound, 14/7/1895, as Cl. albida var. refracta in "Cryptogamic Herb. Harvard 
Univ. I. Holden Collection". 

New Vork. Long lsland, Carnassie, as Cl. albida in herb. Pike (mixture with Cl. 
sericea) (NY). Long lsland, Montauk Pt, 19/8/1937, leg. Wend Ier (NY). Coney 
lsland, 5/1875, in herb. Averill (NY). New Vork Bay, 2/6/1878, as Cl. refracta 
in herb. Pike (NY). New Vork Bay, leg. Pike, as Cl. glaucescens in herb. Harvey 
(TCD) . Fort Hamilton, New Vork Bay, leg. Hooper, as Cl. glaucescens in herb. 
Harvey (TCD). 

Delaware. Elsinborough. Type of Cl. morrisiae Harvey (TCD). 

North Carolina. Four collections from Beaufort: Shakelford Banks, 13/3/1938, 
leg. det. Biomquist as Cl. refracta no 11279 (DUKE). Fort Macon N. break
water, common, leg. T.A. & A. Stephenson, 4/1947, no BM(N)22, det. Papen
fuss as Cl. delicatuia (BM). Idem, det. Papenfuss as Cl. refracta, no 
BM(N)21(BM). Idem, from S. breakwater , det. Papenfuss as Cl. delicatula, no 
BM(S)19(BM). 

Sou th Carolina. Charleston, leg. Gibbs, type of Cl. glaucescens var . pectine/la 
Harvey in herb. Harvey (TCD) . 

Georgia. Vicinity Sapelo Island: intertidal pool on Commodore Island on rubble 
strewn beach, 3 and 4/1968, leg. R. Chapman no 13 -19 (GRO); growing 
attached to tree stumps in intertidal pools on Cabretta Beach, 3 to 4/1968, leg. R. 
Chapman B 16 - B40. 

Florida. Wilson's Beach, Alligator Harbour, 28/3/1949, leg. Madsen et al. 
(FLAS; MICH). 

Texas. Corpus Christi, at Water Street, 12/2/1939, leg. det. C.T. Reed as Cl. 
fascicularis, no 200 (L; MICH). Port Aransas, on exposed rocks of jetty, 
22/2/1969, leg. det. Edwards as Cl. albida (GRO). Ibidem, jetty, 2-9 cm high 
dark green plants with refract tips, 20/1/1969, 8/3/1969, leg. det. Kapraun as 
Cl. albida (GRO). 

16. CLADOPHORA MONTAGNEANA Kütz. 

Nomenclature. The name Cl. montagneana Kützing, 1847, p. 166, was given by 
Kützing to Conferva brachyclados Montagne, 1842, p. 13, because the new 
combination Cladophora brachyclados (Mont.) Kütz. would be a later homonym 
of Cl. brachyclados (Kütz.) Kützing, 1845, p. 216, which is, in its turn, a 
synonym of Cl. rivularis (L.) van den Hoek, 1963, p. 113. Consequently, the type 
of Cl. montagneana is th at of Conferva brachyclados Montagne. Two isotypes 
of the latter name are preserved at K, which are probably fragments of the same 
material. One specimen (H 3875/67-56) bears the following annotations in 
manuscript "Ex herb. Berk. 6/89B" and "Conferva brachyclados Montag. 
Cuba"; the other specimen (H 3875/67-57) bears a stamp "Herbarium 
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hookerianum" and an annotation in manuscript "Conferva brachyc/ada 
Montag. Cuba Herb. Montagne". Both specimens are 3-4 cm long dark green 
tufts of the species which is currently known as Cl. delicatuia Montagne, 1850, 
and which is a synonym of Cl. montagneana Kütz., 1847 (Fig. 173a). There is 
some uncertainty in literature (cf. Taylor, 1960, p. 93) about the question 
whether or not this material is of marine or fresh water provenance; 
however, the type very clearly belongs to a marine species. Cl. brachyc/ados 
(Montagne) Harvey, 1858, p. 81. - Non Conferva brachyc/ados (Kützing) 
Crouan, 1867, p. 125. - Non Cl. montagnei Kützing, 1849, p. 415. - Non 
Aegagropila montagneana (Kützing) Kützing, 1854, p. 14 (= Cl. montagnei 
Kütz.). The type from Cuba (given to Kützing by Montagne) not seen, but the 
figure (Tab Ie 65 in Kützing, 1854) clearly depicts a plant of Cl. catenata (L.) 
Kütz. emend. van den Hoek. 

Cl. de/icatula Montagne, 1850, p. 302. Type in PC, collected by Leprieur in 
French Guyana; 2 c. 10 cm high, hair-like, undulating, dark green plants with 
scattered ramification (Figs 146a, b, 147). Isotype in L (937/186-68), in herb. 
Kützing. 

Cl. polyacantha Montagne, 1850, p. 302. Type in PC, collected by Leprieur in 
French Guyana. Three c. 7 cm high dark green robust plants composed of main 
filaments bearing thorn-like branchlets. 

Cl. stricta Crouan frat. ex Schramm & Mazé, 1865, p. 83 (De-Toni, 1889, p. 
352). As Cl. stricta Kützing, 1853, p. 28, Tab. 80 in Mazé & Schramm, 1870-77, 
p. 57. Material in K, in Mazé, Algae guadeloupenses, 4ter, 2e série, from Baillif 
("embouchure de la Rivière des Pères, galets ensablés, en Avril") belongs to Cl. 
montagneana. Cl. stricta Kütz. is an Acrosiphonia - species. 

Description (Figs 145-173) 

Thalli forming rat her smalI, one to several cm high, sometimes up to 30 cm 
high, dark to dull green or grass-green, of ten rather compact, delicate, hair-like, 
of ten somewhat lubricous tufts. 

Plants having an irregular (non-acropetal) organization; with distinct main 
axes which mostly bear one to several strongly developed primary main laterals 
forming pseudodichotomies with the axes (Figs 146, 147, 150, 151, 158). The axis 
and the primary main laterals may be lined with mostly short, straight 
branchlets, which mostly from unilateral rows but which mayalso grow into all 
directions (Figs 145, 148, 149, 150, 161, 173a). 

Particularly in larger, vigorously growing plants (in nature as weil as in 
culture) the axis and main laterals may be unbranched over long stretches (Figs 
146, 147, 158, 159, 169, 170). Growth almost exclusively by intercalary cell 
divisions and subsequent cell elongation and cell enlargement; many new cells 
may each give off a branch at their apical poles, thus giving rise to rows of 
branch lets , younger branchlets (produced from younger nodes) intercalated 
bet ween older branch lets (produced from older nodes). Mostly only one branch 
is produced per node, but from some nodes a second, and in stiff, small plantlets 
even a third branch may be produced (Figs 162, 165). Points of ramification on a 
cell always at the apical cell pole and then opposite, adjacent, sometimes serial. 
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Each lateral is at first apically (Figs 150, 163, 173a) or laterally and then even 
slightly subapically (Figs 157, 163, 167) inserted with a steeply inclined to oblique 
cell wall cutting it off from the parent cell; this wall may later in older laterals 
grow into an almost horizontal position (Figs 151, 162). The basal cells of older 
laterals may be fused, at their basal poles, with adjacent cells of the axis (Figs 
151, 162). The angle of ramification of the short branch lets is mostly 45 0 or more 
whereas the main laterals are mostly more or less appressed (Fig. 146). 

Cells becoming with age distinctly larger but not (or rarely) longer because of 
the frequent intercalary divisions. In vigorously growing plants the cells are 
mostly cylindrical, but groups of cells grown from one pare nt cell (in axes and 
main laterals) may be distally broader (Figs 145b,c, 149b). In small stiff plantlets 
the thick-walled cells (which are akinetes) are of ten more or less distinctly club
shaped (Figs 151, 160). 

The diameter of the thickest parts of the main axes is about (1.5 - )3-4( -7) 
times that of apical cells in small, stiff plantlets; and (1.3 - )2-3( -4) in long 
vigorously growing plants. Apical cells mostly short and distinctly tapering with 
an obtuse tip (Figs 162, 163) to gradually tapering (Figs 161, 168), or cylindrical 
to somewhat swollen (preceding sporulation, Figs 171, 172). Zoidangia swollen, 
mostly short, often forming long moniliform rows. Sporulation reduces the 
plants to the basal parts which may proliferate again. Plants attached by 
branched basal rhizoids sprouting from the basal cells and other cells in the basal 
region (Figs 151, 161). The rather short cells (low length/width ratio) are quite 
characteristic . 

Diameter of apical cells (13-25)-(18-30)( -42) JLm, in smalI, stiff plants; 
length/width ratio (1.5-3)-(3-5); diameter of ultimate branches in such plants 
(13-28)-(18-30)( -53) JLm, length/width ratio (1-2.5)-(2-4); diameter of 
main axes in such plants (36-55)-(25-50)( - 135) JLm, length/width ratio 
(0.8-3)-(2-4). The cell walls of such stiff plants, which consist for the greater 
part of akinetes, are comparatively thick: the thickness of cell walls in ultimate 
branches is often 1-3 JLm, in main axes 4-7 JLm. 

Diameter of apical cells (10-14)-(16-36) JLm in vigorously growing plants, 
length/width ratio (4-10)-(2-8); diameter of ultimate branches in such plants 
(10-14)-(16-36) JLm, length/width ratio (3.5-6)-(1.5-4); diameter of main axes 
(20-41)-(20-52)( - 90) JLm, length/width ratio (2-4)-(1.5-5). Thickness of cell
walls in vigorously growing plants c. 0.5-1 JLm in ultimate branches, c. 1-4( - 8) 
JLm in main axes. 

Ecology, form range and cultures 

The morphological range of Cl. montagneana can be appreciated by 
comparing smalI, up to 0.5 cm high, stiff, thick-walled, dark green natural plants 
with the vigorously growing grass-green, delicate, somewhat lubricous plants 
obtained from them in culture. Compare, for instance, Figs 149-156 with Figs 
157-161; and Figs 162-165 with Figs 166-172. These cultured plants grew, 
within about one month, into up to 5 cm high tufts composed of a distinct main 
axis with few main laterals; in some cultured plants the main axis was lined, in 
the lower part, by rows of branchlets of varying leng th (Figs 158, 161, 167), in all 
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plants the axis and the main lateral filaments had distally developed into long, 
unbranched, Rhizoc/onium-like filaments. In the original material the cell 
contents were dense and contained, a.o., numerous discoid overlapping 
chloroplasts (Fig. 156). In the cultured plants the chloroplasts were not entirely 
covering the walls (Fig. 173), and this reflects the grass-green colour of these 
plants in contrast to the dark green colour of the original material. The 
measurements are tabulated below. 

Cl. montagneana: van den Hoek. 73/30 natural material cultures 
(Figs 149-156) (Figs 157-161) 

height of plants up to 0.5 cm up to 5 cm 
diameter of apical cells 21-32( -42) "m 16-24( -36) "m 
length/width ratio 2-5 2.5-5 
diameter of ultimate branches 21-32(-53)"m 16-24( - 36) "m 
length/width ratio 2-5 1.5-4( -7.5) 
thickness of cell walls 1.2-4"m 0.7-I"m 
diameter of main axes 37-71( -105) "m 20-52"m 
length/width ratio 1-5 1.5-5 
thickness- of cell walls 4-10 "m 1-8"m 

Cl. montagneana: van den Hoek. 73120 (Figs 162-165) (Figs 166-173) 

height of plants up to 0.5 cm up to 5 cm 
diameter of apical ce lis 13-20 "m 16-20 "m 
length/width ratio 2-3.5 3.5-5( -10) 
diameter of ultimate branches 13-40 "m 16-24"m 
length/width ratio 1.5-4 2.5-7 
thickness of cell walls 1.3-4"m 0.5-I"m 
diameter of main axes 47-135 "m 26-56"m 
length/width ratio 1-4 2-8 
thickness of cell walls 4-7"m- 1-3(-6) "m 

The above listed cultured plants much resem bie vigorously growing grass
green, somewhat lubricous plants from nature, for instance the up to 30 cm high, 
grass-green, lubricous and undulating tufts growing attached to a wall, at the 
water surface, in a protected station of Santa Marta Baai, Curaçao (Fig. 145a, 
van den Hoek 68/46). This material was extremely delicate and cultured plants, 
which kept the morphology of the original plants were thicker than the original 
material (Figs 145b, c). 

Cl. montagneana: van den Hoek 68/46 

height of plants 
diameter of apical cells 
length/width ratio 
diameter of ultimate branches 
length/width ratio 
diameter of main axes 
length/width ratio 
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natural material 

up to 30 cm 

1O-14"m 
4-10 
1O-14"m 
3.5-6 

20-40 "m 
1.5-4 

cultures 

up to 4 cm 
10-25 "m 
2-6 

10-27 "m 
1.5-5 
18-60 "m 
0.8-7 



Sm all , stiff, dark green plants may originate in nature when large plants 
disintegrate basipetally by sporulation. Mature plants end in long, moniliform 
rows of swollen zoidangia (Figs 146,171,172). After sporulation the plants are 
reduced to the basal remnants, which are composed of thick-walled, often 
somewhat distally swollen cells (akinetes) with or without row of branchlet~ (Figs 
148a, b, 149, 150, 166). 

Cl. montagneana occurs in the form of small and long tufts, in shallow more 
or less protected water in bays, but it has also been found growing, though 
infrequently, in the coral reef along the s. w. coast of Curaçao at depths of 1 to 15 
m (van den Hoek, 1969; van den Hoek et al., 1978). Twice it was found growing 
as scattered plantlets in 2-5 mm large aegagropiloid balls which were mainly 
composed of Cl. jongiorum (Figs 162-165). Such balls were united into 
aggregates of about 1-3 cm diameter, and formed dense loose masses drifting 
above the 5-10 m deep sandy bottom of the lagoon Awa di Oostpunt among the 
seagrass Syringodium (Sept. 1969, van den Hoek 69/64; and 28/1/1973, van den 
Hoek 73/28). 

Systematic position 

Cl. montagneana is a characteristic representative of the section Rupestres, 
with its pronounced intercalary growth and rows of short laterals of varying age 
intercalated between each other. Cl. montagneana is of ten difficult to distinguish 
from four other delicate species of the section Rupestres. The smalI, stiff 
plantlets are rather difficult to distinguish from Cl. albida. However, Cl. 
montagneana never exhibits the distinct acropetally organized, refract to 
refracto-falcate terminal branch systems of well-growing Cl. albida. In its 
morphological range, Cl. montagneana is a delicate parallel of Cl. ruchingeri. Cl. 
jongiorum differs from Cl. montagneana by several details but further by a 
persistent capacity for profuse ramification (its laterals never grow - as laterals 
of Cl. montagneana do in nature as weIl as in culture - into long unbranched 
Rhizoclonium-like filaments). Cl. brasiliana differs from Cl. montagneana 
mainly by its much longer cells. Cl. chlorocontracta nov . spec. differs from Cl. 
montagneana by its compact, penicillate ramification, but mainly by the fact that 
its cells contain only one parietal chloroplast which is, moreover, contracted 
along the cellular axis in many cells. The differences between these 5 species are 
listed in table 9 (p. 85). 

The possibility should not be excluded th at some European collections, 
formerly (van den Hoek, 1963, p. 94-110) interpreted as "quiet-water forms" of 
Cl. albida actually belong to Cl. montagneana. For instance, the types of Cl. 
chlorothrix Kützing 1845, of Cl. tenuis Kützing, 1845, both from the coasts of 
the Adriatic Sea, strongly suggest that they belong to Cl. montagneana. Another 
example is material from Arcachon (S.W. France; see van den Hoek, 1963, table 
12, p. 105, and Figs 277-279). If th is would be true, then the names Cl. 
chlorothrix Kützing 1845 or Cl. tenuis Kützing 1845 would have priority over Cl. 
montagneana Kütz. 1847. However, to reach a firmer conclusion it is necessary 
to study living collections and cultures of Cl. montagneana-like material from 
southern Europe. 
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Geographic distribution (Map 13) 

Cl. montagneana belongs to the amphiatlantic tropical distribution group (see 
Chapter V). It is quite common along tropical shores of both sides of the Atlantic 
Ocean, and it extends into the warm-temperate region along American shores. 

The following collections have been investigated: 

North Carolina. Cape Lookout jetties, growing on sun-exposed surface of rocks 
intermittently exposed at low tide, 18/8/1946, leg. L.G. Williams (F 1212361). 

Florida. St. Augustine, retaining waU between Fort Marion and bridge on U .S.I, 
2/1/1950, leg. Madsen a.o. (F 1340581). Key West, leg. Hall, as Cl. crystallina in 
Collins, Holden & Setchell, Phycotheca Bor.-Am. no 723 (NY). Tarpon Center 
Breakwater near Venice, 12/5/1950, leg. Harris, det. Humm as Cl. delicatuia 
(FLAS 4919). Wilson's Beach, Alligator Harbor, Franklin County, 4/1949, leg. 
Drouet (FLAS, no 1023a). 

Texas. Port Aransas, summer, on rocks, jetty (see Edwards, 1970). 

Costa Rica. Portette, near Lim6n, 15-20/7/1932, leg. Stork (LA). 

Bahamas. Bimini, seawater fish ponds outside Lerner Laboratory, 18/11/1948, 
leg. det. Humm, as Cl. delicatula (FLAS no 4921). Ibidem, forming green hair 
on stones and shells high in the intertidal zone along beach near Lerner 
Laboratory pier, 25/3/1948, det. leg. Humm, as Cl. glaucescens (AHFH 21428). 
New Providence, Nassau, leg. Palmer, det. Phinney as Cl. gracilis, in "Algae 
Bahamenses" no 87 (NY). 

Cuba. Isotype of Cl. montagneana Kütz. (see above under "nomenclature"). 

Haiti. Port Salut, 7/1/1929. In "Plants of Haiti, Herb. New York Bot. Gard." 
det. Phinney as Cl. delicatula (NY). 

Jamaica. 1900, as Cl. trichocoma in herb. Collins, det. Phinney as Cl. delicatuia 
(NY). Port Antonio, 7/1891, leg. Pease & Butler, det. Phinney as Cl. refracta 
(NY). Parish St. Thomas, Happy Grove near Hector's River, 21/8/1954, leg.det. 
Farr, as Rhizoclonium hookeri (IJ no A2228). 

Puerto Rico. Patillas, graveUy beach, near outlet of river, 16/1/1964, leg. 
Almodovar & Rosado no 4935 (NY). 

Guadeloupe. Anse du Marigot, "flottant," Oct., as Cl. macallana in Mazé, 
Algae guadeloupenses no 1998 (K). Baillif, "embouchure de la rivière des Pères 
blancs, galets ensablés", March, as Cl. albida var. in Mazé, Algae 
guadeloupenses no 325, 2me série (K). Ibidem, as Cl. stricta in Mazé, Algae 
guadeloupenses 4 ter, 2me sér. 

Barbados. Maxwell, 30/12/1898, as Cl. flexuosa in Vickers, Algues de la 
Barbade, no 25 (herb. Collins NY; C). 

Trinidad. Taparo Point, often dominant on top of rocks, 7/1961, leg. 
Richardson no 1111 (BM). Ibidem, shallow intertidal pool, on small stones, 0.1 
m depth, leg. det. Richardson no 1122/2/1, as Cl. delicatula (BM). 
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French Guiana. Cayenne, on rocks, isotype of Cl. delicatula Montagne (see 
above, section on nomenclature) (L 937/186/68). 

Venezuela. Cubagua Island, very common on intertidal rocks, shore collections 
from ledges and scattered coral rocks on a sandy beach, det. leg. W.R. Taylor 
14/4/1939, as Cl. delicatula (AHFH). 

Curaçao. Santa Marta inner bay, on stone walls of former salines at water 
surface, 19/5/1968, leg. van den Hoek 68/46 (GRO). Playa Grandi, Wacawa, w. 
shore of inner bay, on shingle beach (68/156) and Rhizophora-roots among 
Bostrychia (68/155), 12/6/1968, leg. van den Hoek (GRO). Awa di Oostpunt, 
5-10 m deep sandy bottom in lagoon among Syringodium, loose masses 
composed of 2-5 mm large aegagropiloid balls mainly composed of Cl. 
jongiorum, but with little Cl. montagneana, 28/1/1973, leg. van den Hoek 
73/28. St. Jorisbaai, protected s. end, shingle beach at water level, together with 
Cl. conferta, Spyridia filamentosa a.o., leg. van den Hoek no 73/30. 

Ghana. Kokrobit, mid tide level and above, 1 cm high, grass-green dense tufts, 
11/2/1969, leg. John no 6278 (GC; GRO). Paradise Beach near Tema, small 
delicate light green tufts on sheltered to moderately exposed rock in mid-and 
eulittoral zone, 26/1/1971, leg. John no 6492 (GC; GRO). Ibidem, tufts growing 
on sand covered rocks in sheltered situations (c. 1 cm high dense tufts), leg. John 
no 6493 (GC; GRO). Prampram, light green, spongy material composed of 
thick-walled akinetes and densely filled cells, 11/11/1958 leg. Lawson no A 1361. 

Togo. Lomé, upper eulittoral zone on natural rocks on sheltered side of 
breakwater, c. 2-3 cm high dark green somewhat lubricous delicate tufts, leg. 
John & Lawson no. 6586. According to the collectors the material is often mixed 
with Cl. albida. Possibly more robust plants reduced to basal parts ofaxes are 
meant (GC; GRO). 

Nigeria. Tarkwa-Bay Lagos, 3 cm high dark green hair-like tufts of thick-walled 
akinete filaments, 1/1956, leg. Mrs. Steentoft no . 159 (GC; GRO). 

Angola. North of Luanda, I. I. P.A. jetty, growing over sand-scoured beach 
rocks, c. 5 cm long dark green hair-like bundie, 12/2/1974, leg. det. John, 
Lawson & Price, no. 8049, as Cl. albida. Barra do Cuanza, turf at base of large 
sand-scoured boulder, 5/2/1974, det. leg. John, Lawson & Price, no. 8103, as 
Cl. albida (see also Lawson et al., 1975). 

17. CLADOPHORA BRASILIANA Martens 

Nomenclature. Cl. brasiliana Martens, 1870. The type is preserved at C. It is 
provided with the following annotations: "Herb. G. v. Martens", and in 
manuscript: "Cladophora brasiliana, Lagoad Rodriguez, Rio de Janeiro" (Figs 
196-201). An isotype is preserved at W, no. 15423 with the following annotation 
"Lagoa Rodriguez bei Rio de Janeiro". 
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Description (Figs 174-201) 

Thalli varying from 1 cm high dark green, delicate, lubricous (when dried 
adhering) tufts, to 10-30 cm high grass-green, lubricous, delicate, undulating 
hair-like bundies; in habit similar to vigorously growing Cl. montagneana. 

Plants having an irregular (non-acropetal) organization; with distinct main 
axes which bear one to several strongly developed main laterals, mostly in the 
basal region (Figs 177, 183, 194, 196). The axis and main laterals may be lined 
with short slightly curved branchlets, shorter ones intercalated between longer 
ones (Figs 181, 194-198). However, the distal part of the axis and main laterals 
may remain unbranched or bear few scattered branchlets (Figs 174, 180, 182, 
183). Growth predominantly by intercalary cell divisions and subsequent cell 
elongation and cell enlargement. Rather exceptionally, from one node a second 
branch may be produced (Figs 179, 2(0). 

Points of ramification on a cell always at the apical cell pole. Each branch is at 
first apically (Figs 174, 198) or laterally and then even sometimes slightly 
subapically (Fig. 178) inserted with a steeply inclined to oblique wall cutting it off 
from the parent cell; th is wall may later, in older laterals, grow into an almost 
horizontal position (Figs 177, 189). The basal cells of older laterals may be fused, 
at their bas al poles, with adjacent cells of the axis. The angle of ramifaction is 
mostly 45° or more. 

eells becoming with age distinctly larger but not, or rarely, langer because of 
the frequent intercalary divisions, and remaining mostly cylindrical in outline. 
The diameter of the thickest parts of the main axes is about 2.5-4.5 times that of 
apical cells. Apical cells long, cylindrical with rounded or slightly tape red tips. 
Plants attached by branched basal rhizoids sprouting from the basal cells and 
other cells in the basal region (Figs 177, 183, 186,201). From the rhizoids riew 
erect filaments may arise (Figs 183, 186). The rather long cylindrical cells (high 
length/width ratio) are quite characteristic. 

Diameter of apical cells (12-20)-(16-24)( - 32) Ilm, length/width ratio 
(6-10)-(8-15); diameter of ultimate branches (12-20)-(16-32) Ilm, length/ 
width ratio (5-12)-(7-18); diameter of main axes (16-58)-(26-68) Ilm, 
length/width ratio (4-12)-(3-10). Thickness of cell-walls of ultimate branches 
about 0.5-1Ilm, of main axes 0.5-5 Ilm. 

Ecology, form range and culture 

The few data available suggest that Cl. brasilia na is a species from shallow 
protected water, but one specimen attributed to th is species has been dredged 
from a depth of 18 m off Jamaica (see below). 

Material of only one collection has been brought into unialgal culture (Figs 
174-182). In about one month the fragments grew into c. 4 cm high grass-green 
sparingly branched plants (Figs 183-193) with intense intercalary growth, and 
with either the main laterals and axis remaining unbranched and Rhizoc/onium
like, or with short branches lined along the axes (Figs 183, 186). The ce lis were 
relatively long (much long er than in comparable cultures of Cl. montagneana, 
compare Figs 184, 185, 189-193 with Figs 161, 167). The apical cells remained 
cylindrical. 
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Reproduction 

The above mentioned culture produced quadriflagellate zoospores in long, 
slightly swollen zoidangia. They contained eyespots, and their size was 13-14 x 
6-8 "m (Figs 187, 190). 

Systematic position 

Cl. brasiliana belongs to the section Rupestres and is narrowly related to four 
other delicate members of this section. The differences are listed in Table 9 
(p. 85). 

Geographic distribution (Map 14). 

The following investigated specimens are attributed to Cl. brasiliana: 

Jamaica. St. Catherine Parish, dredged from 18 m depth off Hellshire Hills, 
30/3/1956, leg. W.R. Taylor no 56-335a (MICH). Palisadoes, harbour side, leg. 
V.J. Chapman, 18/5/1954, no. 1881, as Cl. heteronema (IS no A 1881) . 

... . Joo 
..... .. 

MAP 14 

Geographical distribution of Cl. brasiliana. Closed circles : specimens investigated. C10sed circle with 
arrow: specimen from Rio de Janeiro. 
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Martinique. Fort de France, on Thalassia leave, 4/1930, det. leg. Hamel, as Cl. 
crystallina (mixture with Cl. vagabunda) (L 940/284/50). 

Brazil. Rio de Janeiro, salt water near botanica I garden "Lagoa Rodriguez", 
type of Cl. brasiliana Martens (C). 

Curaçao. St. Jorisbaai, protected s. shore, shingle beach, water level, 28/111973, 
leg. van den Hoek 73/31. 

18. CLADOPHORA CHLOROCONTRACTA nov. spec. 

Description (Figs 202-213) 

Thalli 2-5 mm high, pale green, delicate, somewhat lubricous, penicillate 
tufts. 

Plants having an irregular (non-acropetal) organization with a main axis which 
bears in its basal region several radiating main laterals which are about equally 
developed as the main axis (Fig . 202). Axis and main laterals in distal direction 
richly branched, with 1,2, 3, sometimes 4 long branches on one node (Figs. 202, 
206). The long apical ends of the filaments may be unbranched, or lined with few 
scattered short branchlets (Fig. 209), or lined with rows of short branchlets of 
varying lengths intercalated between each other (Figs 202, 206). Most distal ends 
of longer filaments end in rows of slightly swollen zoidangia (Figs 206, 208). 

Growth almost exclusively by intercalary cell divisions and subsequent cell 
elongation and cel! enlargement. Each branch is apical!y inserted with an oblique 
wal! cutting it off from the pare nt cel!; this wal! may later, in older laterals, grow 
into an almost horizontal position (Figs 207,208). The basal cel!s of older laterals 
may be fused, at their basal poles, with adjacent cel!s of the axis (or ma in 
laterals). The angle of ramification is mostly smal!, c. 25°-45°. 

Cells becoming with age distinctly larger and longer, remaining cylindrical in 
outline. The diameter of the basal thickest parts of the main axes is about 4-9 
times th at of the apical cel!s. 

In the distal parts of the filaments (which are in the process of being 
transformed into zoidangia) the cel!s contain each one parietallobed and incised 
chloroplast with bulges into the cel! interior (Fig. 204). In older vegetative cells 
the chloroplast is characteristically concentrated along the central axis of the cel!. 
The chloroplasts contain numerous pyrenoids of the bilenticular type (Fig. 205). 
Apical cel!s gradual!y tapering into an obtuse tip. 

Plants attached by branched basal rhizoids sprouting from the basal cel! (Figs 
202, 210). The relatively short cells in the distal par!s of the plants, and the 
relatively long cells in the proximal parts seem to be characteristic. 

Diameter of apical cel!s 9-14( -17) p,m, length/width ratio 3-7; diameter of 
ultimate branches 9-17( - 29) p,m, length/width ratio 2-10; diameter of main 
axes 21-85 p,m, length/width ratio 2.5-16. Thickness of cel! wal!s in ultimate 
branches c. 0.5-1 p,m, in main axes c. 1-6 p,m. 

Descriptio typi 

Thalli 2-5 mm alti, pal!ide virides, penicillati, tenues, plusminusve lubrici. 
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Ordinatione irregulari, non-acropeta; axe insigni ramos principales in regione 
basali ferente. Axis et rami principales in directione distali dense ramosi uno 
nodo unum duo tres interdum quattuor ramos longos ferente. Filamenta 
terminalia longa non-ramosa sive ramellis sparsis, sive seriebus ramellorum 
longitudine diversa plerumque zoidangiorum seriebus terminata. 

Increscentia praecipue divisionibus intercalaribus et elongatione 
amplificationeque cellularum. 

Rami apicaliter inserti ad angulum acutum (c. 25°-45°). Cellulae basales 
ramorum nequeunt vel possunt paulum coalescere cellulis finitimis axium. 
Cellulae versus thalli basin longiores et latiores, cylindraceae. Diameter partis 
basalis axium c. 4-9 x diam. cellularum apicalium. Cellulae apicales 
attenuatae. Thallus fixus rhizoideis orientibus e basi axis. 

Cellulae distales uno chloroplasto parietali lobato et perforato pyrenoidibus 
bilenticularibus; cellulae proximales chloroplasto secus cellulae axim contracto. 

Diameter cellularum apicalium 9-14(-17) "m, long.ldiam. 3-7; diam. 
ramorum extremorum 9-17( - 29) "m, l./d. 2-10; diam. axium 21-85"m, l./d. 
2.5-16. Crassities parietum cellularium in filamentis extremis 0.5-1 "m, in 
axibus principalibus 1-6 "m. 

Typus collectus in ora sinus nomine "Bullenbaai" insulae Curaçao. Legit C. 
van den Hoek 4-11-1973. Typus depositus in herbario Groningano (GRO). 

Type. The type has been collected from the shallow (c. 2 m) coral reef along the 
s.w. coast of Curaçao, growing on coral debris as a part of the inconspicuous 
algal vegetation in the shallow reef community (with the coral Acropora pa/mata 
(Lamarck) and the crustose coralline Porolithon pachydermum (Weber v. Bosse 
et Fosl.) Fosl. as dominants (cf. van den Hoek et al., 1978) (van den Hoek 73/35, 
4/2/1973; GRO). 

Systematic position and culture 

Cl. ch/orocontracta is a characteristic representative of the section Rupestres, 
and it is narrowly related to several other delicate species in this section (C/. 
montagneana, Cl. brasiliana, Cl. jongiorum, Cl. a/bida). Cl. ch/orocontracta 
seems to be characterized by its rather dense penicillate ramification, and in this 
it resembles Cl. sericea, of which it is a delicate parallel (in the way Cl. 
montagneana is a delicate parallel of Cl. ruchingen). However, the most 
characteristic feature is the contraction of the chloroplast along the cellular axis 
in older cells. In distal cells this chloroplast is parietal and appears to be a 
perforated, lobed cylinder, in contrast to the numerous smalI, polygonal 
chloroplasts forming a parietal layer or reticulum in most other Cladophora
species. Cl. pygmaea Reinke is reported to have a comparable chloroplast which 
does, however, not contract along the cellular axis (Reinke, 1889). 

Four fragments isolated from natural material grew, in about 1 month, into 
2-7 cm long plants composed of a main axis bearing in its basal reg ion numerous 
main laterals. Axis and main laterals had developed into long, mostly 
unbranched filaments, partly ending in chains of zoidangia (Figs 212, 213). The 
plants grew from quite extensive basal systems (Fig. 212). The chloroplasts 
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appeared to be contracted along the cellular axes (Fig. 211). Apparently in 
culture Cl. ehloroeontraeta shares a tendency for reduced ramification with Cl. 
montagneana and Cl. brasiliana. The ce lIs of the cultured plants were much 
longer than in the natural material (diam. of apical cells 14-20 JLm, length/width 
ratio 6-12; diameter of ultimate branches 14-20 JLm, length/width ratio 12-20 
(3-5 x in zoidangia); diameter of main axes 20-48 JLm, length/width ratio 
6-23) . It is not known whether this sparsely branched expression also occurs in 
nature (in Cl. montagneana and Cl. brasilia na sparsely branched plants do occur 
in nature). 

Cl. ehloroeontraeta can only be recognized with certainty on the basis of living 
material. Perhaps, if a better insight in the morphological range will be obtained 
on the basis of more living collections and cultures, it will be possible to identify 
herbarium-collections belonging to this species. The herbaria studied certainly 
contained a few specimens which resembied Cl. ehloroeontraeta. Only one 
example of these specimens will be described. It is material collected by M.A. 
Howe at Ponce, Puerto Rico (22/6/1903), where it was growing on wooden piles 
in the intertidal belt. In has been distributed as no. 2540 in the "North American 
Marine algae distributed by the herbarium of the New Vork Botanical Garden" 
(NY; C). It consists of 3-7 cm high, dark green, delicate, adhering, penicillate 
plants. Habit and architecture are similar to those of the type of Cl. ehloro
contraeta; only the colour is darker and the ce lIs are shorter (compare Figs 
214-216 with Figs 206-209). The apical cells are 12-18 JLm in diameter (- 25 JLm 
in zoidangia), the length/width ratio is 1.5-3; the ultimate branches are 16-30 
JLm in diameter, the length/width ratio is 1-2; the main axes are 28-50 JLm in 
diameter, the length/width ratio is 1-4. The angle of ramification is smalI: 
mostly c. 20-300

• 

Geographie distribution (Map 5, no 4). 
Only the type locality on Curaçao. 

19. CLADOPHORA lONGlORUM van den Hoek 

Nomenc/ature. See van den Hoek, 1969. 

Deseription (Figs 217-230) 

Thalli diminutive up to 2 mm high spongy dark green plantlets growing 
attached to rocky substrates, or 2-7 mm large dark green to olivaceous 
aegagropiloid balls (Fig. 227) united into loose, c. 1-3 cm large aggregates, or 
1-3 cm large compact spherical dark green aegagropilas. 

Plants composed of a distinct main axis, which is straight in attached 
specimens (Figs 217, 218), but irregularly bent in aegagropiloid specimens (Figs 
222,226). One to few main laterals may sometimes form pseudodichotomies with 
the axis (Fig. 226). The axis (and the main laterals) are densely clothed with 
mostly short, 1- to 6-celled pointed, somewhat thorn-like, and often slightly 
curved branch lets (Figs 217,226) the longer ones bearing in their turn branch lets 
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of the seeond order (Figs 217, 218, 226). In straight, attaehed specimens of ten a 
quite clear aeropetal organization is reeognizable, the branchlets inereasing in 
length into basipetal direction (Figs 217,218). Growth takes plaee by divisions of 
the pointed apical eells and subsequent vigorous eell enlargement and eell 
elongation which results in the formation of strongly tapering axes and 
branchlets. Also interealary eell divisions are frequent, and younger branchlets 
may be interealated between older ones below interealated cross walls (Figs 218, 
225, 226). Branchlets are generally not unilateral, but spreading to all sides. 
Of ten two branchlets arise from one node. Up to four branches may arise from 
one node. Branchlets may arise quite close to the apical eell; often from the 2nd 
to 3rd eell below the apical eell in aegagropiloid plants (Figs 222-226), and even 
from the first eell below the apical eell in attaehed plants (Figs 217-218). Eaeh 
branch is inserted with a steeply inelined to oblique wall eutting it off from the 
parent eell; this wall may later grow into an almost horizontal position. The basal 
eells of laterals may be fused, at their basal poles, with adjacent eells of the axis. 
The angle of ramification is wide: 45°-90°. 

The diameter of the thiekest parts of the main axes is about 2.5-6 x th at of 
the apical eells. The apical eells are distinetly tapered, almost conical with a small 
obtuse tip (Fig. 221). 

The short eells are quite eharaeteristic. In the axes, the eells are often slightly 
distally broader. The eell walls are quite thick and eause the stiffness and rather 
crisp texture of the plants. 

Plants attaehed by basal branehing rhizoids sprouting from basal eells, and 
basal poles of laterals in the basal reg ion (Fig. 219). In aegagropiloid aggregates 
plants are of ten divided into fragments by the death of interealary eells; 
seeondary rhizoids sprout from the basal poles of eells adjacent to these dead 
eells (Figs 222, 224). 

Diameter of apieal eells (8-16)-(9-20) j.tm, length/width ratio 
(2-3)-(0.5-3.5); diameter of ultimate branches (12-18)-(13-29) j.tm, lengthl 
width ratio (2-3)-(2-3.5); diameter of main axes (28-48)-(23-52)( -96) j.tm, 
length/width ratio (1.5-3.5}-(0.5-3.5). Thickness of eell walls in ultimate 
branches 1-3 j.tm, in main axes 1.5-5 j.tm. 

Ecology and form range 

Five of the six investigated eolleetions of Cl. jongiorum are aegagropiloid 
aggregates oeeurring in proteeted bays. One specimen, the nomenclatural type, 
consists of diminutive up to 2 mm high plant lets growing attaehed to fragments 
of dead eoral in the eoral reef along the s. w. eoast of Curaçao, Netherlands 
Antilles. It is likely that the species, in its attaehed form, has been overlooked so 
far beeause of its diminutive size. The architecture of the attaehed specimens is 
mueh more regular than that of plants in aegagropiloid aggregates and may then 
even be aeropetal (eompare Figs 217, 218 with Figs 222-226). This is 
understandable as the aegagropilas are eontinuously rolled over the bottom of a 
bay, and this eauses apparent damage to the plants whieh reaet af ter the death of 
interealary eells, with fragmentation and seeondary proliferation. Therefore, the 
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architecture shown by the attached plants is quite characteristic, though not or 
hardly realized in plants of aegagropiloid aggregates. 

Systematic position and culture 

Cl. jongiorum is one of the delicate members of the section Rupestres. It 
sometimes resem bles smalI, stiff plants of Cl. montagneana. Aegagropiloid 
aggregates coUected from the bottom of the lagoon Awa di Oostpunt, Curaçao 
(both in September 1969 and on 28/1/1973) we re predominantly composed of 
Cl. jongiorum, but also contained smalI, stiff Cl. montagneana plants (compare 
Figs 222-226 with 162-165). The differences between the plants of both species 
in these aegagropiloid aggregates are listed in Table 10. 

Table 10. Aegagropiloid aggregates of mainly Cl. jongiorum, but with few Cl. montagneana plants. 
Differences between both species: 

Cl. montagneana 
I. Main axes mostly straight or 

slightly undulating. 
2. Axes often without branches over 

longer di stances . 
3. eell walls of main axes thicker 

(4-8"m) 
4. eell contents darker. 

Cl. jongiorum 
I. Axes crisp and curved around each 

other thus forming entangled masses. 
2. Axes always lined with all-sided 

branchlets . 
3. eell walls of main axes thinner 

(1.5-3 "m). 
4. eell contents lighter. 

The last 2 characters indicate th at Cl. montagneana occurs in these aegagro
piloid aggregates in the form of akinete filaments which are sometimes lined with 
young proliferation (Fig. 163). 

Cultures isolated from both species grew, in a period of about I month, into 
completely different plants. Fragments of Cl. montagneana grew into up to 4 cm 
high plants composed of one axis with few ma in laterals which grew into long, 
unbranched, Rhizoc/onium-like filaments, or which were lined with shorter 
branches of various age intercalated among each other (Figs 166-173). One 
fragment of Cl. jongiorum grew into an 1.8 cm high plant with a much more 
pronounced capacity for ramification (Figs 228-230) (other isolates were 
unsuccessful). This cultured plant, which was infected with a unicellular green 
alga, had up to 3 branches per node, and branches which were often curved 
backwards. However, the cells were much longer than in the original material 
and the apical ce lis much thicker (diameter apical cells 20-28 I-'m, length/width 
ratio 9-15; diameter of ultimate branches 20-32 I-'m, length/width ratio 5-13; 
diameter of main axis 32"':'50 I-'m, length/width ratio 3-15). Moreover, part of 
the cells were transformed into akinetes indicating exhaustion of the medium. 

This is also a good example of the deceiving similarity which isolated samples 
may show of species whose complete morphological ranges are quite distinct. 

The differences bet ween Cl. jongiorum and four other delicate representatives 
of the section Rupestres are listed in Table 9 (p. 85). 
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Geographical distribution (Map 15) 

The few data available suggest that Cl. jongiorum belongs to the "tropical 
Western Atlantic distribution group" (van den Hoek, 1979), but extends into the 
warm-temperate Gulf of Mexico. 

The following collections were investigated: 

Florida. Franklin Co., shallow water near Wilson's Pier, St. Theresa, 3/9/1954, 
forming 2 mm large dark green plants, leg. Morrill, det. Humm, as Cl. 
brachyc/ona (DUKE). 

Jamaica. Calabash Bay, up to 3 cm large, dark green, spongy, compact, 
aggregate, 20/5/1954, det. leg. V.J. Chapman, as Cl. hamosa (IJ no A 1925). 
Alligator Pond Bay, 1-3 cm large compact spherical aegagropilas, mixed with 
Cl. conferta, det. leg. V.J. Chapman, as Cl. hamosa (IJ A 1877) . 

MAP 15 
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Geographical distribution of Cl. jongiorum. Filled circ1es: specimens investigated . 
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Dominican Republic. Beata Island, protected station, dredged, leg. Ostenfeld, 
det. Boergesen, as Cl. sp. Material not seen, but Boergesen's (1924) illustration 
and description are quite characteristic. 

Curaçao, Netherlands Antilles. Boca Santa Marta, s.w. coast, growing attached 
to fragments of dead coral at a depth of c. 10 m, van den Hoek 68/49. Awa di 
Oostpunt, lagoon with circulating water, sandy bottom at depth of 5-10 m, 
among Syringodium filiforme, forming loose masses composed of several mm 
large aegagropiloid balls, September 1969 (van den Hoek 69/46) and 28/1/1973 
(van den Hoek 73/28) (GRO). 
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Chopter XVII 

Section 9. WilleelIa (Boerg.) nov. stat. 

Nomenclature. The type and only known species is Cl. ordinata (Boergesen) van 
den Hoek, 1979; see also van den Hoek & de Rios, 1972. WilleelIa Boergesen, 
1930, pp. 155-158 (as a genus). 

Description 

Plants eomposed of a distinet main axis forming pseudotrichotomies (rarely: 
pseudodichotomies) with its main laterals. The axis and main laterals are lined by 
pairs of opposite (almost) equally developed branchlets of different ages, the 
younger pairs interealated between older pairs. Sometimes a node bears a third 
shorter branchlet, or a third, sometimes even a fourth pair of shorter branchlets. 
All branchlets in one plane (which may be slightly spirally twisted). 

Growth by divisions of conical apical eells but predominantly by interealary 
eell divisions; new pairs of branch lets are oft~n initiated below new interealated 
cross walls. In the distal parts the pairs of branchlets may be formed in a 
distinetly aeropetal sequenee, but the first interealary eell divisions and 
interealated branchlet pairs may appear close to the apex. Eaeh branch is apieally 
inserted with an oblique wall eutting it off from the parent eell; this wall soon 
grows into an almost horizontal position. The basal eells of older laterals are 
fused, at their basal poles, with adjacent eells of the axis and main laterals. With 
inereasing distanee from the apiees the eells beeome distinetly broader. The 
thiekest parts of the main filaments are about 3-7 x as thick as apical eells. 
Normal vegetative eells are transformed into zoidangia. Eaeh zoidangium with 
one or two opposite, apically situated pores. Aeeording to Boergesen (1930) the 
plants are attaehed by branehed rhizoids sprouting from the basal end of the 
basal eell; several plants may arise from a cluster of rhizoids (according to 
Krishnamurthy, 1960, the plant is attaehed by a basal eell ending in alobed 
disciform holdfast). 

Descriptio 

Thalli axis pseudotrichotomias (rarissime: pseudodiehotomias) ramis 
prineipalibus formans. Axis et ram i principales seriebus parium ramellorum 
oppositorum longitudine (sub) aequali in uno plano dispositorum, in parte distali 
organisationem aeropetam exhibentibus. Nodi axis et ramorum principalium 
usque ad duo (interdum tres) paria ramellorum oppositorum ferentes. 
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Increscentia divisionibus cellularum apicalium acutorum, sed praecipue 
divisionibus intercalaribus. Cellulae basales ramorum vete rum in parte basali 
cellulis finitimis axium coalitae. Diameter partis latissimae axis c. 3-7 x diam. 
cellularum apicalium. Thallus fixus rhizoideis orientibus e basi axis. 

20. CLADOPHORA ORDINATA (Boerg.) van den Hoek, 1979 

Nomenclature. WilleelIa ordinata Boergesen, 1930, pp. 155-158. The type in C, 
from Dwarka, Okha Port, N.W. India, 23/1/1928, leg. Boergesen (Figs 
235-237). Cl. ordinata (Boergesen) van den Hoek, 1979, p. 380. See also van den 
Hoek & de Rios, 1972. 

Description (Figs 231-237). 

Thallus rigid, dark green, to c. 5 cm high. Main axis distinct, forming 
pseudotrichotomies (rarely: pseudodichotomies) with its older laterals. 

Growth by divisions of the apical cells as well as by divisions of intercalary 
cells. The peripheral branch systems are mainly acropetally organized, although 
the first intercalary cell divisions and intercalated laterals appear near the apex 
(e.g. below the fourth or the ninth primary cross wall; see Figs 231, 234, arrows 
i). Each new apically formed cell, when arrived at the position of mostly the third 
to fifth (sometimes the second) cell from the apex, is capable of giving off a pair 
of characteristically opposite and more or less equally developed laterals . At 
increasing distance from the apex a cell may give off a second pair of opposite 
and more or less equally developed laterals (Figs 234, 235), sometimes even a 
third pair (Fig. 23). 

Laterals generally lie in one plane so that the thallus is more or less fan-shaped, 
but occasionally th is plane is slightly spirally twisted. The angle of ramification 
varies mostly between 40° and 50°. The lower portions of the basal cells of the 
laterals are more or less fused with the lower portions of the adjacent cell of the 
axes. The peripheral parts of the plants disintegrate by sporulation. Sporangia 
open by 1 or 2 opposite apical pores. In some parts the plants do not have an 
acropetal organization; the axes are set with opposite pairs of short 
approximately equally developed laterals (Fig. 233). This type of organization is 
most probably the result of regeneration ofaxes which are left over from 
disintegration of peripheral branch systems by sporulation. Apical cells conical, 
with an apical thickening of the cell wall (Figs 232, .236). Diameter of cells 
basipetally increasing; in basal reg ion c. 3-7 times th at of the apical cells. Cell 
walls stiff, from c. 5-10 Ilm in apical cells to c. 15-35 Ilm in the main axes. 
Diameter of apical cells 35-90 Ilm, length/width ratio 2-3, ultimate branches 
50-120 Ilm, length/width ratio 2-3, main axes 135-220 Ilm, length/width ratio 
2-4. 

Ecology 

Very little is known about the ecology of Cl. ordinata. In the sole Atlantic 
American station it has been found growing attached to stones in an area of 
moderate wave action at a depth of about 1-2 m. 
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Systematic position 

Recently this species has been recorded for the first time from American 
Atlantic coasts under the name of WilleelIa ordinata Boergesen (1930) 
(Cumarebo, Estado Falcon, Venezuela, 14/6/1968, leg. Angel Gonzales no 19) 
(van den Hoek and Rios, 1972). There are only slight differences between the 
specimen from Cumarebo and Boergesen's (1930, 1934) descriptions and figures, 
and the holotype (Botanica I Museum of the University, Copenhagen. In: Algae 
marinae Indiae Orientalis, or 5563, leg. F.B. Boergesen 23/1/1928; loc. Dwarka, 
Okha Port). These differences are considered to he within the range of one and 
the same species. Apart from the fact that the holotype is slightly more slender 
than the material from Cumarebo. 

Material from Cumarebo Holotype 

l. First intercalary Below 4th to 9th Below 2nd to 6th 
eell division. primary cross wal!. primary cross wal!. 

2. First pair of laterals. On (2nd-)3rd-Sth cell On (Sth-)7th-14th cell 
below apicaI cello below apical cello 

3. Maximum number of 2 3 
pairs of laterals. 

Cl. ordinata in its general architecture much resembles Cl. rupestris and Cl. 
sericea, from which species it differs mainly by the equal to subequal 
development of opposite branches arising from one and the same node and the 
fact that ramifications tend to be in one plane. Moreover , single ramifications 
are rare in Cl. ordinata. However, opposite and subequal branchlets mayalso 
occur in several species of the section Rupestres (Cl. jongiorum, see Figs 217, 
218; Cl. sericea, see Figs 191 and 192 in van den Hoek, 1963; Cl. albida, see Fig. 
298 in van den Hoek, 1963). Therefore, the above special features of Cl. ordinata 
are thought to be insufficient to regard it as belonging to a separate genus, 
WilleelIa. WilleelIa is here considered as a section of the broadly conceived genus 
Cladophora. This section is apparently narrowly related to the section Rupestres. 

Only one other species has been described for WilleelIa: W. japonica Yamada 
& Segawa (Chihara, 1965; Segawa, 1938). It differs from Cl. ordinata by the 
position of the first pair of laterals, which arises from the first to third ceII below 
the apical ceII (cf. above Tabie). With regard to the position of the first pair of 
laterals the material of Cl. ordinata from Cumarebo takes an intermediate 
position between W. japonica and the holotype of Cl. ordinata, and therefore it 
is questionable whether W. japonica can be considered a species separate from 
Cl. ordinata. 

Geographic distribution (Map 13) 

Cl. ordinata belongs to the amphiatIantic tropical distribution group (Chapter 
V). The records (specimens investigated and literature records) suggest that it is 
widely distributed along tropical AtIantic and Indopacific shores. 

Records from Atlantic shores. 
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Venezuela. Cumarebo, Estado Falcon, growing attached to stones in an area of 
moderate wave act ion at about 1-2 m depth, 14/6/1968, leg. A. Gonzales no 19 
(GRO). Santa Marta (Schnetter, 1978). 

Ghana (Lawson & Price, 1969). 

Records from Indopacific shores. 

Cape Comorin, S. India (Krishnamurthy, 1960). Okha Port, Dwarka, N.W. 
India (Boergesen, 1930). Isipingo and Port Shepstone, Natal, S. Africa (Papen
fuss & Egerod, 1957). S. Japan (Segawa, 1938; Chihara, 1965). 
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Chapter XVIII 

Section 10. Glomeratae Kütz. 

Nomenclature. See van den Hoek, 1963, p. 122. 

Description 

Plants composed of pseudodichotomously branching main filaments ending in 
acropetally organized branch systems which are of ten falcate to refracto-falcate, 
but may be also straight. Growth mainly by divisions of the apical cells followed 
by pronounced cell enlargement. Towards the base the segments cut off by the 
apical cells increasingly divide by intercalary cross walls; these intercalary 
divisions are also followed by cell elongation and cell enlargement. At these 
intercalary cross wall secondary branches may arise, and if they do, they disturb 
the regularity of the acropetal organization. Each branch is apically inserted with 
an oblique wall cutting it of from the parent ceU; this wall soon grows into an 
al most horizontal position. The basal cells of older laterals are generally fused, at 
their basal poles, with adjacent cells of the axis and main laterals. With 
increasing distance from the apices the cells become in most species distinctly 
broader. The thickest parts of the main filaments varies from about 1.3-1.7 x as 
thick as th at of the apical cells in Cl. crispuia to about (2.5 - )4-6( - 9.5) in Cl. 
vagabunda. 

In fertile plants the vegetative cells of the distal distinctly acropetal branch 
systems are transformed into more or less swollen zoidangia thus reducing the 
plants to the basal parts of ma in filaments. Plants attached by basal branching 
rhizoids sprouting form the basal cell and cells close to the bas al cello 

In sheltered water, where plants tend to form floating masses, the intercalary 
growth tends to be more pronounced than in open coast situations, and 
consequently the acropetal organization tends to fade into and irregular one. 
Generally in well-growing, young attached plants in sheltered conditions the 
acropetal organization remains distinct in dis tal parts of the plant. In floating 
plants the dis tal branch-systems mostly still present a distinct acropetal 
organization. In old floating plants, which are more or less transformed into 
chains of akinetes, or reduced by sporulation to main filaments, the original 
organization is of ten difficult to "reconstruct" and hence the systematic position 
difficult if not impossible to determine. 
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Species ranged under the section 

At present 8 species are attributed to this section. Cl. lehmanniana (Lindenb.) 
Kützing (cf. van den Hoek, 1963, p. 122), Cl. laetevirens, Cl. crispuia, Cl. 
vagabunda and Cl. dalmatica are characteristic marine representatives of the 
section . Cl. lehmanniana is only known from European coasts. Cl. crispuia is 
only known from the Caribbean Island Barbados, and the latter three species 
occur on both sides of the Atlantic Ocean. The marine species Cl. parriaudii and 
Cl. vadorum are brought to the section Glomeratae with some hesitation, as 
these species do not have a very pronounced tendency for an acropetal 
organization. Cl. vadorum occurs on both sides of the Atlantic Ocean, whereas 
Cl. parriaudii is known from only a limited number of European stations (van 
den Hoek, 1963, p. 198). Cl. glomerata (L.) Kütz. (van den Hoek, 1963, p. 162) 
and Cl. bruzelii Kütz. (van den Hoek, 1963, p. 202, as Cl. fracta var. intricata) 
are characteristic freshwater-representatives (see also remarks under the section 
Cladophora, heading "species ranged under the section"). 

Identification of species ranged under the section Glomeratae 

The differences between the five species of the section Glomeratae are listed in 
Table 11 (p. 128). 

The differences between floating and loose-lying plants of Cl. vagabunda, Cl. 
vadorum and Cl. Iiniformis (section Cladophora) are listed in Table 12 (p. 159). 

The differences bet ween Cl. laetevirens and Cl. submarina (section 
Xanthochlora) are listed in Table 17 (p. 186). 

21. CLADOPHORA LAETEVIRENS (Dillw.) Kütz. 

Nomenc/ature. See van den Hoek, 1963, p. 128. 

Further synonyms. Cl. mexicana Crouan fr at. ex Schramm & Mazé, 1865, p. 38 
(De-Toni, 1889, p. 353). Mazé & Schramm, 1870-1877, p. 66. Type in K, in 
Mazé, Algae guadeloupenses no 160, He sér., from Marie Galante "plage du 
grand bourg, flottant en lanvier". The type is a c. 13 cm high grass-green plant 
of Cl. laetevirens. 

Cl. catenatoides Crouan frat. ex Mazé & Schramm, 1870-1877, p. 65 (nomen 
nudum). Type in K, in Mazé, Algae guadeloupenses, no. 576, "Anse Bertrand, 
Porte de I 'Enfer, vit avec Ie Cl. luteola Cm. en Septembre". 
This material is composed of two 2Y2-3 Y2 cm high Cl. laetevirens plants over
grown by blue-green algae and largely reduced to main axes. 

Description (Figs 238-261) 

Thalli grass-green, light green or pale green; forming c. 0.5- 5 cm high spongy 
pompons or rather dense penicillate plants on low littoral wave washed rocky 
shores and in shallow tide pools on such shores; or up to 20 cm high plants 
composed of main filaments ending in penicillate tufts in more or less sheltered 
submerged stations (e.g. large tidal pools). 
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Table 11 . Differences between the species of the section Glomeratae 

Cl. crispuia (Figs 262, 263). 

I. Thalli forming stiff, curly, 
hairy masses, composed of 
strongly spiralling inter
woven filaments. 

2. diameter of apical ce lis 
40-55 firn, I/ w ratio 5-11, 
plants mostly with a strict 
acropetal organization in 
the distal parts. 

3. Towards the base, the cells 
hardly increase in diameter . 
Diam. of thickest parts of 
main axes c. 1.3-1.7 x 
that of apical cells . 

Cl. laetevirens (Figs 238-261) 

I . Thalli forming small 
spongy, to 20 cm high peni
cillate tufts . 

2. diam. of apical cells 
(37-53)-(51-105) (-150) 
/lm, I/ w ratio (3.5-11)
(2-3). Plants mostly with a 
strict acropetal organization 
in the distal parts. 

3. Towards the base, the cells 
do increase but not con
siderably in diameter. 
Diam. of basal part of main 
axes c. 1.5-3.5 x th at of 
apical cells. 

Cl. vagabunda (Figs 264-294) 

I. Thalli forming small 
spongy, to 30 cm high peni
cillate tufts with many fas
cicles, or floating plants 
mostly without distinct 
fascicles. 

2. diam. of apical cells 
(24-50)-(48-75) (-140) 
/lm, IIw ratio (4-6)
(1.5-4) in attached plants 
with strict acropetal organi
zation in the distal parts; 
(20-36)-(42-60) /lm, IIw 
ratio (5-11)-(2-10) in 
floating or loose-Iying 
plants with less strict 
acropetal to irregular 
organization. 

3. Towards the base the cells 
increase considerably in dia
meter. In plants with strict 
acropetal organization the 
diam. of the basal part of 
the main axes is c. 4-6 x 
that of apical cells; in loose 
and floating plants with a 
less strict acropetal orga
nization c. 2.5-6 x. 

Cl. dalmatica (Figs 295-312) 

I. Thalli forming small 
spongy, to 10 ( - 20) cm 
high penicillate tufts . 

2. diameter of apical cells 
(14-18)-(21-32) /lm, IIw 
ratio (4.5-13)-(2-6). Plants 
mostly with a strict acro
petal organization in the 
distal parts. 

3. Towards the base, the cells 
increase considerably in dia
meter. Diam. of basal part 
of main axes c. 3-5 x that 
of the apical cells. 

Cl. vadorum (Figs 313-317) 

I . Thalli forming 5-30 cm 
high, coarse, flexuous 
bushes or dense floating 
masses . 

2. diameter 9f the mostly very 
long apical cells (30-50)
(35-60) firn, I/w ratio 
(11-21)-(4-20). Plants with 
an indistinctly acropetal to 
irregular organization, also 
in the distal parts. 

3. Towards the base, the cells 
do increase, but not 
considerably in diameter . 
Diameter of basal part of 
main axes c. 2-4 x that of 
the apical cells. 
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Cl. crispuia (Figs 262, 263) . 

4. The maximum number of 
branches on one node is 
mostly 2 (sometimes 3). 

5. Apical cells cylindrical with 
rounded, rarely somewhat 
tapered tips. 

6. It is unknown whether the 
plants grow attached to 
solid substrates or other 
algae or are loose-lying. 

Cl. laetevirens (Figs 238-261) 

4. The maximum number of 
branches on one node is 
mostly 2 (sometimes 3). 

5. Apical cells cylindrical with 
rounded tips, rarely 
somewhat tapered. 

ti. Plants generally growmg 
attached to solid substrates 
in exposed to sheltered 
marine stations. 

Cl. vagabunda (Figs 264-294) 

4. The maximum number of 
branches on a node is 
mostly 4 (sometimes 5) in a 
plant with strict acropetal 
organization, mostly 2, 
sometimes 3, in a plant with 
indistinct to irregular orga
nization. 

5. Apical cells cylindrical with 
mostly tapered tips to 
almost conical in robust 
plants with strict acropetal 
organization . 

6. Plants growing attached to 
solid substrates in exposed 
and sheltered stations; in 
very sheltered, estuarine 
conditions also forming 
loose-lying or floating 
masses. 

Cl. dalmatica (Figs 295- 312) 

4. The maximum number of 
branches on a node is 
mostly 4 (sometimes 5) . 

5. Apical cells mostly 
cylindrical (sometimes 
slightly tapering) . 

6. Plants generally growing 
attached to solid substrates 
in exposed to sheltered 
marine stations. 

Cl. vadorum (Figs 313-317) 

4. The maximum number of 
branches on a node is 
mostly 2 (sometimes 3). 

5. Apical cells mostly long, 
cylindrical, with rounded to 
tapered tips. 

6. Species of protected, mostly 
estuarine habitats, growing 
attached to solid substrates 
but of ten forming extensive 
floating masses. 



Thallus consisting of pseudodichotomously and -trichotomously branching 
main filaments ending in acropetally organized branch systems, which may be 
falcate (Figs 245, 238, 253) to refract (Fig. 246) or whose filaments may be 
straight or almost so (Figs 240, 250). Growth by divisions of the apical cells 
followed by pronounced cell elongation and cell enlargement. Towards the base 
the segments cut off by the apical cells increasingly divide by intercalary cross 
walls, the first intercalary division taking place in about the 5th-9th(-14th) cell 
below the apical cello Towards the base of the plant, the main axes may show 
considerable growth by intercalary cell divisions (Figs 254, 255); secondary 
branches may arise at some distance from the apex at intercalary cross walls. By 
intensive sporulation the terminal branch systems may disintegrate and the 
thallus may thus be reduced to the robust main axes which may continue to grow 
by intercalary cell divisions (Figs 252, 260), and which may thus grow into 
robust, of ten distally broadened main filaments (Figs 215, 256). These latter 
filaments may proliferate by giving off robust branches, mostly in irregular 
sequence, and these branches may, in their turn, disintegrate by sporulation (Figs 
257,258). 

Each new cell af ter being cut off from the apical cell in an acropetally 
organized branch system gives off a branch at its apical pole, mostly when it has 
become the Ist-4th (-6th) cell below the apical cello At increasing distance from 
the apex in an acropetally organized branch system, a cell may give off a second 
and sometimes a third branch (Figs 238, 250). Points of rarnification on a cell 
always at the apical cell pole, and th en mostly at the same side and not serial. 
Branches are inserted at the apical cell pole by an oblique wall cutting it off from 
the parent cell; with age this wall may become alrnost horizontal. On old, 
proliferating axes the number of branches per ceD may be as high as 4 (Fig. 251). 

The angle of rarnification is mostly 45° or more, but sometimes (in densely 
tufted plants) the branches are more appressed. The bas al cells of older laterals 
are generally partly fused with adjacent cells of the axis (Figs 245, 246). 

In acropetal branch systems, cells in basipetal direction become distinctly 
longer and broader, mostly remaining cylindrical or becoming at their apical po Ie 
somewhat broader, and they become divided by intercalary cross walls (Figs 245, 
246, 253). In fertile acropetal branch-systems in which zoidogenesis generally 
starts from the apices, the cells may each be apically somewhat swollen (Figs. 
238, 250). Old, proliferating axes with numerous intercalary divisions are of ten 
distally broadened (Figs 251, 256-259). 

The diameter of the basal part of the main axes is about 1.5-3 .5( - 5) times 
that of the apical cells in acropetally organized plants; in plants reduced to 
distally broadened main axes this ratio may arnount to about 0.6-2 X. Apical 
cells cylindrical with rounded tips, rarely somewhat tapered, when growing into 
zoidangia often distinctly club-shaped (Figs 238, 250). 

Plants attached by basal branching rhizoids sprouting from the basal and 
subbasal cells. Diameter of apical ce lis in acropetally organized plants 
(37-53)-(51-105) JLm, length/width ratio (3.5-11)-(2-4). Diameter of ultimate 
branches in acropetally organized plants (48-70)-(51-105) JLm, l/w ratio 
(4-9)-(2-4.5). Diameter of main axes (53-100)-(150-205) JLm, l/w ratio 
(3-9)-(4-11) . 
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In plants composed of distally broadened main axes with proliferating 
branches the apical cells may vary from 50-150 J!m in diameter, and the 
length/width ratio from 1-4. 

The thickness of the cell walls in ultimate branches may be 0.5-1 J!m, in main 
axes 1-4 J!m. 

Ecology, form range and culture 

Cl. laetevirens is a quite common component of the eulittoral "chlorophycean 
subzone" and of the adjacent "eulittoral rhodophycean turf of Laurencia 
papil/osa" below it in the narrow intertidal belt along wave-washed limestone 
coasts of Curaçao (van den Hoek, 1969). Here it forms 0.5-1.5 cm high pale- to 
grass-green somewhat spongy pompons composed of acropetally organized 
branch systems with strongly incurved apices (Figs 238, 240, 245, 250, 253). In 
this form it also participates in the chlorophycean mats (of mainly Enteromorpha 
sp., Ulva sp., and Cl. dalmatica) growing on rocks which are regularly covered 
and uncovered by sand, and which can be rapidly colonized by these 
Chlorophyceae during the periods when they are not covered by sand. 
Comparable compact, spongy growth forms participating in low chlorophycean 
mats and rhodophycean turfs occur in the narrow intertidal belt of rocky 
Mediterranean shores (van den Hoek, 1963). 

It is also quite common, though never abundant, in the shallow (O-c. 2 m) 
coral reef of Curaçao, in the form of small (up to c. I cm high) penicillate plants. 
It is in this habitat th at plants were discovered which were reduced, by 
sporulation, to main axes with conspicuous intercalary growth and which were 
distally broadened (Figs 251, 256-260). Such plants would hardly be 
recognizable as Cl. laetevirens if part of the same plants did not show acropetal 
organization (Fig. 257). Moreover, some vegetative isolates were brought into 
unialgal cultures and grew, in about three weeks, into much more slender 
acropetally organized plants (Fig. 261; compare with Fig. 240). 

Cl. laetevirens was also encountered, though infrequently, in the Thalassia 
testudinum meadows with rich algal diversity in the entrances of inner bays of 
Curaçao. It did not seem to penetrate far into these inner bays (van den Hoek et 
al., 1972). 

The above distribution data suggest that Cl. laetevirens prefers high light 
intensities. However, it appeared to be quite common (thc;lUgh never abundant), 
as small plants in the coral reef along the S.W. coast of Curaçao down to a depth 
of 40 m; even at a depth of 55-65 m it was encountered (van den Hoek et aL, 
1978). Apparently Cl. laetevirens (just as Cl. dalmatica) can grow in a wide range 
of light conditions. lts abundance in the lower littoral zone (and that of other 
Chlorophyceae such as Cl. dalmatica and Enteromorpha spp.) is apparently 
caused by the capacity of these algae to rapidly colonize this instabIe habitat af ter 
a period of calm weather and low water causing the death of the intertidal 
vegetation. In more or less sheltered habitats, such as large intertidal pools, or 
sheltered submerged stations, Cl. laetevirens can be as high as 10-20 cm. Such 
plants have been collected in the Caribbean, and they are quite common along 
warm temperate European shores. 
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The variability of acropetally organized plants (not disintegrated by 
sporulation) can be appreciated from Figs 238-250, which illustrate plants 
growing in one large, 0.5 m deep rock pool on the n.e. coast of Curaçao (Boca 
Grandi, 6/1/1973, van den Hoek 73/3). This pool is sheltered from the force of 
waves, but its water is regularly replenished. lts bottom was sand covered and 
with many loose stones covered by a turf of mainly Jania capillacea and 
Cladophoropsis membranacea. The branch systems were all acropetally 
organized; some were more or less straight or only slightly falcate (Figs 239,240, 
250); others strongly refract (Fig. 246), and most quite strongly falcate (Fig. 245). 
There was a graded series in robustness, the diameter of the apical cells varying 
from (37-53)-(51-102) ",m, the thickest diameter being reached by a plant with 
swollen apical zoidangia (Figs 238, 241). The chloroplast arrangement varied 
from a closed layer to an open reticulum (Figs 242, 244). 

Cladophora plants which are reduced by sporulation to their main axes are 
of ten difficult or impossible to identify, as the characteristic architecture of 
terminal branch systems is removed. One example is a 5-8 cm high grass-green 
plant, collected on Bermuda by H.A. Cross (Herb. Collins, as Cl. brachyclona, 
NY). This plant belongs probably to Cl. laetevirens (the apical cells have a form 
and dimensions as in Cl. laetevirens). It consists of old main axes bearing young, 
of ten opposite proliferations (Figs 254, 255). Comparable old plants bearing 
young opposite proliferations are known for various other species (e.g., Cl. 
hutchinsiae (Dillw.) Kütz., Cl. sericea (Huds.) Kütz., Cl. vagabunda (L.) van den 
Hoek, cf. van den Hoek, 1963). 

Reproduction 

Fertile plants were regularly observed, but the zoids produced by them were 
only twice more precisely studied. Plants appeared to produce either smaller 
biflagellate zoids (Fig. 249) or larger quadriflagellate zoids (Fig. 247) and th is 
suggests alternation between gametophytic and sporophytic generations, as in 
European material (van den Hoek, 1963). Before spore release, the zoids are 
contracted along the axis of the zoidangium (Fig. 248). This pre-release 
arrangement of the zoids differs considerably from th at in, e.g., Cl. coelothrix 
and Cl. catenata, where the zoids are massed in a dark perforated cylinder at the 
apical pole of the zoidangium (compare Fig. 248 with Figs 24, 47-49). 

Systematic position 

Cl. laetevirens is narrowly related to Cl. vagabunda and Cl. dalmatica. Cl. 
laetevirens is the most robust of the three species, Cl. vagabunda is less robust, 
whereas Cl. dalmatica is delicate and of ten somewhat lubricous. The three 
species overlap each other considerably in their dimensions. This is because each 
species may vary from pale green, relatively thin specimens in sunny localities to 
dark green thick specimens in more shaded (and/or eutrophied) localities. Where 
the three species grow together for instance in intertidal chlorophycean zones, or 
in rockpools, they are generally quite easy to be separated from one another. Cl. 
lehmanniana (Lindenb.) Kütz. is a still thicker relative of the above th ree species, 
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occurring along warm temperate European coasts (van den Hoek, 1963). It was 
not encountered along East-American coasts. The differences between Cl. 
laetevirens, Cl. vagabunda and Cl. dalmatica are listed in Table 11 (p. 128). 

The differences bet ween Cl. laetevirens and Cl. submarina are listed in Table 
17 (p. 186). With the latter species it may show a superficial resemblance. 

Geographical distribution (Map 16). 

Cl. laetevirens belongs to the amphiatlantic tropical-to-warm temperate 
distribution group, and it is limited, along American Atlantic coasts, to the 
tropical Western Atlantic Region, whereas it extends in Europe up to about the 
northern boundary of the warm temperate Mediterranean-Atlantic region (van 
den Hoek, 1975; 1979). 

The following collections have been studied: 

Bermuda. Harrington sound, leg. Hervey, as Cl. fascicularis is Phycotheca Bor.
Am. 2163 (L). Bermuda, 1915, as Cl. brachyclona in herb. Collins, leg. H.A. 
Cross (NY) (see above, section on ecology, form range and culture). 

Jamaica. Portland, Port Antonio, on rocks ne ar shore, 16/4/1946, leg. Barry, 
det. W.R. Taylor as CI.fascicularis, in "Flora of Jamaica no A 349b" (MICH). 

Puerto Rico. Aguadilla, on rocks at low-water mark, 12/6/1903, leg. Howe, det. 
Collins as Cl. utriculosa, in "North American marine algae distr. by New York 
Bot. Gard. no 2384" (NY; L). 

Virgin lslands. Leg. Boergesen, without species name and number, in Algae 
marinae ex Insulis danicis lndiae occidentalis, iter primum (C). 

Guadeloupe. The following collections all in Mazé, Aigae guadeloupenses (K). 
Marie Galante, récif des Bassie, floating, Febr., as Cl. ruchingeri (no 1196 and 
1217). Marie Galante, plage, Grand Bourg, floating, Febr., as Cl. mexicana 
Crouan. mscr. (no 160, 2me série). Saintes, Anse du Marigot, "flottant à la 
lame", as Cl. anisogona (no 862). Moule, Vieux Bourg, floating, Febr., as Cl. 
ruchingeri (no 1467). Marie Galante, Récifs des Bassie, Pointe de Doyon, 
floating, Oct., as Cl. ruchingeri (no 1479). Gosier, Anse de la Saline, in sand, 
July, as Cl. obtusata Zanard. (no 480). Gosier, Plage de la Saline, floating, July 
(no 481). Anse Bertrand, Porte de l'Enfer, living with Cl. luteola Crouan (= Cl. 
submarina Crouan!), Sept., as Cl. catenatoides Crouan (no 576). 

Barbados. Valentia, 4/1/1899, as "Cl. hutchinsiae in A. Vickers, Aigues de la 
Barbade no 21" (NY). Hastings, 9/2/1903, as "Cl. sericea in A. Vickers, Aigues 
de la Barbade no 23" (NY). Barbados, winter 1898-1899, as Cl. fascicularis f. 
gracilior in herb. A. Vickers (L. 937/186/15). 

Curaçao. St. Michielsbaai, s.w. coast, 14/4/1968, intertidal beach rock, leg. van 
den Hoek no. 68/22 & 68/21 (GRO). Bullenbaai s.w. coast, shallow coral reef, 
depth 1-2 m., 1/1973, leg. van den Hoek no . 73/35 (GRO). Boca Grandi, n.e. 
coast, large protected rock pool, 6/1/1973, leg. van den Hoek no. 73/3 (GRO). 
See also van den Hoek 1969 (in high littoral rock pools along the n.e. coast Cl. 
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laetevirens has been partly confused with Cl. submarina in this paper), van den 
Hoek et al. 1972, 1975, 1978. 

Colombia. Near Cape La Vela, n.lat. 12°04'30", w.long. 72° 14'45", dredged at 
9 m depth, 8/4/1939, leg. W.R. Taylor 8/4/1939 (no 39-274) (MICH). 

Ghana. Pram pram , light green 1.5 cm high spongy pompons with refracto
falcate acropetally organized branch systems, in lower part of Pilayella zone, 
28/4/1956, leg. det. Lawson no A 1129 as Cl. albida? (GC; GRO). Tema, 1.5 cm 
high spongy pompons, mixed with Cl. coelothrix, 1211/1956, leg. Lawson no A 
1059 (GC; GRO). 

22. CLADOPHORA CRISPULA Vickers 

Nomenclature. Cl. crispuia Vickers, 1905, p. 56; Vickers & Shaw, 1908, p. 19, pI. 
XVI. Type in L (HLB 937/186-58), from Kendal Point, Barbados (Figs. 262, 
263). 

Description (Figs 262, 263) 

Thalli dark to grass-green, forming irregular, dense, spongy masses up to 6 cm 
in diameter of stiff curly hairs resembling Chaetomorpha capillaris (Kütz.) 
Boerg. 

Thallus consisting of strongly spiralling and interwoven, pseudodicho
tomously and sometimes pseudotrichotomously branching main axes en ding in 
acropetally organized branch systems with strongly incurved tips (Fig. 262). The 
natural aspect of the strongly spiralling and interwoven filaments obscures the 
thallus architecture (Fig. 263) which can only be observed after disentangling and 
stretching a part of the thallus (Fig. 262; see also the excellent fig. XVI in Vickers 
& Shaw, 1908). Growth by divisions of the apical cells followed by pronounced 
cell elongation but only limited cell enlargement. At increasing distance from the 
apical cells the segments divide by intercalary cross walls. Each new cell in an 
acropetally organized branch system af ter being cut off from the apical cell, gives 
off a branch at its apical pole, mostly when it has become the Ist to 3rd cell below 
the apical cello At increasing di stance from the apex, a cell may give off a 2nd 
and exceptionally a 3rd branch. Point of ramification in a cell always at the 
apical cell pole and then mostly at the same side and not serial. Branches are each 
inserted at the apical cell pole by an oblique to vertical wall cutting it off from the 
parent cell and which may later grow into an almost horizontal position. The 
angle of ramification is usually more than 45° and often approaches 90°. The 
basal cells of older laterals are generally partly fused with adjacent cells of the 
axis. 

At increasing distance from the apices cells be co me distinctly long er but hardly 
broader, remaining cylindrical in outline; and they become divided by intercalary 
cross walls. The diameter of the thickest parts of the main axes is about 1.7-1.3 
x th at of the apical cells. Apical cells cylindrical with rounded, rarely somewhat 
tapered, tips. The material does not contain zoidangia. It appeared impossible to 
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disentangle from the material the plants' bases; rhizoids were not observed, but 
their presence should not be excluded. 

Diameter of apical cells 40-55 ILm, length/width ratio 5-11; diameter of 
ultimate branches 45-60 ILm, length/width ratio 3-5; diameter of main axes 
55-70 ILm, length/width ratio 5-8. 

Ecology 

The above description is based upon material collected on 29/1211902 by 
Vickers and Shaw at Kendal Point, Barbados. As this material is included in the 
original description (Vickers, 1905, p. 56) and as a nomenclatural type has not 
yet been indicated, this material is here designated as the type. Kendal Point is 
described by Shaw (in Vickers & Shaw, 1908, p. 8) as a more than 1 km long 
beach protected against the eastern winds by a cliff en ding in SQuth Point. How 
it grows - attached to rocks or other algae, or loose-Iying - is not indicated. 
The growth habit suggests th at it might grow entangled with other algae, as does 
Chaetomorpha capillaris. The species was collected twice at Kendal Point (winter 
1898/99 and Dec. 1903). The herbarium at C contains a specimen labelled "A. 
Vickers - Algues de la Barbade. 24. Cl. crispuia Vickers. Valentia 17 Avril 
1903". This material, which is not mentioned in Vickers & Shaw 1908, is a 6 cm 
large curly plant, completely identical to the material from Kendal Point. 

Systematic position 

Cl. crispuia is narrowly related to Cl. laetevirens, with which species it shares 
the same thallus architecture, the same dimensions, and the cylindrical apical 
cells. It differs, however, from Cl. laetevirens by its stiff, curly, "Chaetomorpha 
capillaris" -like habit. It is unlikely that it is merely a growth form of Cl. 
laetevirens, for in that case comparable growth forms and intermediates could 
have been expected along the coasts of Curaçao where Cl. laetevirens is a 
common species (as it is probably elsewhere in the Caribbean, where it has 
presumably been overlooked so far). Cl. crispuia seems to belong to the group of 
highly specialized species with stiff, curved filaments with which they grow 
entangled in other algae, or forming loose, aegagropiloid masses on the bottom 
of more or less sheltered bays. Such species are Cl. battersii van den Hoek, and 
Cl. retrojlexa (Bonnemaison ex Crouan) van den Hoek from European coasts 
and Cl. blomquistii van den Hoek from the Gulf of Mexico. The first species 
belongs to the section Rupestres and is narrowly related to Cl. sericea (van den 
Hoek, 1963), the two other species be long both to the section Longiarticulatae 
and are narrowly related to Cl. prolifera (van den Hoek, 1963 and this work). Cl. 
crispuia belongs to the section Glomeratae and is narrowly related to Cl. 
laetevirens. Parallel evolution has probably brought about these stiff, curly 
species with strongly curved or hooked apices. 

Geographical distribution (Map 5, no 3) 

Cl. crispuia is so far only known from Barbados (Caribbean). Records from 
other stations are misidentifications. For instance the records by Boergesen 
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(1913) from the Virgin Islands, are incorrect, and refer to loose-lying, rolled mats 
of Cl. socialis (see under Cl. socialis). Other misidentifications can be found by 
way of the index. 

23. CLADOPHORA VAGABUNDA (L.) van den Hoek 

Nomenclature. See van den Hoek, 1963, p. 144. 

Further synonyms. Cl. fascicularis (Mertens ex Agardh) Kützing, 1843, p. 268 . 
Conferva fascicularis Mertens ex C.A. Agardh, 1824, p. 114. Fragment of type 
material in L (HLB 937/281-392) from Frölich, collected in the West-Indies. 
This material is a robust plant of Cl. vagabunda, with compact, acropetally 
organized fasciculate branch-systems (Fig. 291). 

Cl. sertularina (Montagne) Kützing, 1849, p . 396. Conferva sertularina 
Montagne, 1850, p. 200. Montagne's basionym was published after the 
publication of Kützing's "new combination" . Three type-specimens are 
preserved at PC. They are c. 5 cm high dark-green, old plants of Cl. vagabunda, 
reduced to old main axes with new, robust proliferations. Non Conferva 
sertularina C.A. Agardh, 1824, p. 117, which is a synonym of Cl. dalmatica 
Kütz. (cf. van den Hoek, 1963, p. 186). 

Cl. mauritiana Kützing, 1849, p. 399. Type in L (HLB 937/106-104), from 
Mauritius, sent by Harvey to Kützing with the annotation "C. fascicularis, 
Mert.?" The type consists of several fragments of Cl. vagabunda with 
acropetally organized ultimate branch systems. 

Cl. fascicularis f. denudata Crouan frat. ex Mazé & Schramm, 1870-77, p . 59 
(nomen nudum). Two specimens of the three cited by Mazé and Schramm were 
found in K, in Mazé, Algae guadeloupenses, no. 330, from Désirade, Anse des 
Galets, "en Janvier"; and no 334, from Capesterre, "plage du bourg, en Mars". 
Both specimens are Cl. vagabunda-plants largely reduced to the main filaments 
by sporulation. 

Cl. fascicularis f. glomerata Crouan frat. ex Mazé & Schramm, 1870-77, p. 59 
(nomen nudum). One specimen of the two cited by Mazé & Schramm was found 
in K, in Mazé, Algae guadeloupenses no 1730, from Ste Anne, "plage du bourg, 
en Avril". This is a 13 cm high, grass-green, fasciculate (Cl. glomerata-like) 
specimen of Cl. vagabunda. 

Cl. fascicularioides Crouan frat. ex Mazé & Schramm, 1870-1877, p. 59, 
nomen nudum. Type in K, in Mazé & Schramm, Algae guadeloupenses no 731, 
from Gosier , Anse Laverdure, "flottant, en Février". This is a 10 cm high, 
robust, fasciculate form of Cl. vagabunda. Other numbers cited by De-Toni and 
Mazé & Schramm (374, 1386) were not seen, but no 1356 (K) was also identified 
as Cl. fascicularioides, and appeared to be a comparable, 16 cm high plant of Cl. 
vagabunda. This specimen was from Moule ("fond du port, en Juin"). 

Cl. ovoidea Kützing f. crassicaulis Crouan frat. ex Mazé & Schramm, 
1870-1877, p. 59 (nomen nudum). Type in K, in Mazé, Algae guadeloupenses no 
767, from Gosier, Anse de la Saline, liet Diamant, "en Mars". 2 Fasciculate 
plants of Cl. vagabunda. Cl. ovoidea Kütz. is a synonym of Cl. sericea (Huds.) 
Kütz., see van den Hoek, 1963, p. 77 . 
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Cl. expansa (Mertens) Kütz. var. glomerata Thuret ex Collins, 1902, p. 123. 
Probably plants are meant with acropetally organized terminal branch systems. 

Description (Figs 264-294) 

Thalli grass-green, light green, or pale green, sometimes dark green; forming c. 
0.5-4 cm high spongy pompons on low littoral wave-washed rocky shores or in 
shallow tide pools on such shores; or up to 30 cm high plants composed of main 
filaments ending in penicillate tufts or bearing numero us distinct fascicles in 
moderately sheltered submerged habitats (e.g. large tidal pools, harbours, reef 
flat lagoons); or up to 30 cm large floating plants without distinct terminal tufts 
or fascicles in extremely sheltered lagoons or salt marsh pools. 

Thallus consisting of pseudodichotomously and pseudotrichotomously 
branching main axes or sometimes pseudotetrachotomously branching main axes 
(Figs 267, 272, 279, 280, 284, 291, 294), ending in acropetally organized branch 
systems which may be refract (Figs 264, 281, 282, 291) to falcate (Fig. 272) or 
whose filaments may be straight (Figs 267,275,289, 294). Growth by divisions of 
the apical cells followed by pronounced cell elongation and cell enlargement. 
Towards the base the segments cut off by the apical cells increasingly divide by 
intercalary cross walls. In plants from more or less open coasts intercalary cell 
divisions are infrequent in the terminal branch systems when not yet sporulating 
and which consequently show a conspicuous acropetal organization; the first 
intercalary cell division mostly takes place in the 9th-13 th cell below the apical 
cell (Figs 264, 267, 275, 281). In plants from very sheltered habitats (and in 
cultured plants) intercalary cell divisions are much more frequent also in the 
terminal branch systems which results in a less distinctly acropetal to irregular 
organization; the first intercalary cell division mostly takes place in the 3rd to 6th 
cell below the apical cell (Figs 265, 266, 268, 270, 283, 286-288, 289, 294). 
Towards the base of the plant the main axes may show considerable growth by 
intercalary cell divisions (Figs 280, 281, 284, 291). Secondary branches may arise 
at some distance from the apex at intercalary cross walls (Figs 281, 282, 289). 
Intensive sporulation may be preceded by subdivision of cells in terminal branch 
systems into short, swollen zoidangia (Fig. 291). By intensive sporulation the 
terminal branch systems may disintegrate and the thallus may thus be reduced to 
the robust main axes which may continue to grow by intercalary cell divisions 
(Fig. 285). These main axes may proliferate by giviog off robust branches mostly 
in irregular sequence (Figs 284, 285), and these may grow into new acropetally 
organized branch systems (Fig. 274). 

Each new cell af ter being cut off from the apical cell in terminal branch system 
gives off a branch at its apical pole, mostly when it has become the 2nd to 3rd cell 
below the apical cell in a branch system with strict acropetal organization (Figs 
264, 267, 272, 281, 282) and the 4th to 21 st cell below the apical cell in a branch 
system with less distinct acropetal to irregular organization (Figs 265, 268, 283, 
289,294). At increasing distance from the apex a cell may give off a 2nd, a 3rd, a 
4th and rarely even a 5th branch in branch systems with strict acropetal 
organization (Figs 267,275,279,291); a 2nd branch only in branch systems with 
a less strictly acropetal to irregular organization (Figs 265, 283, 290). Points of 
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ramification on a cell always at the apical cell pole, and then of ten at the same 
si de and not ser ia 1. Branches are inserted at the apical cell pole by an oblique wall 
cutting it off from the parent cell; with age this wall may become almost 
horizontal (Figs 265, 272, 270, 285). The angle of ramification varies from about 
25-45° in straight (Figs 267, 275), and 45°-60° in refract to falcate acropetally 
organized branch systems (Figs 264, 272). In branch systems with a less strictly 
acropetal to irregular organization the angle of ramification is c. 45° or more 
(Figs 265, 283, 289, 294). The basal cells of older laterals are generally partly 
fused with adjacent cells of the axis (Figs 272, 280, 281, 294). Cells in basipetal 
direct ion become distinctly longer and broader; old cells are of ten distally 
broader (Figs 272, 267) and akinetes may be distinctly club-shaped. Also in fertile 
branch systems, in which zoidogenesis generally starts from the apices, the cells 
(zoidangia) may be apically swollen. The diameter of the basal broadest part of 
the ma in axes is (2.5 - )4-6( - 9.5) x that of apical cells in plants with strict 
acropetal organization and 2.5-6 x that in plants with less strictly acropetal to 
irregular organization. 

Apical cells cylindrical with mostly tape red tips, to almost conical (in robust 
plants with strict acropetal organization) (Fig. 264), when growing into zoidangia 
often distally swollen. 

Plants attached by basal branching rhizoids sprouting from the basal and 
subbasal cells. 

Diameter of apical cells in plants with strict acropetal organization 
(24-50)( - 60)-(48-75)( - 135) /Lm, length/width ratio (4-6)( - 9)-(1.5-4). 
Diam. of ultimate branches in such plants (24-66)-(50-90)( - 160) /Lm, l/w ratio 
(2.5-4)( - 8)-(1.5-4). Diameter of main axes in such plants (120-210)
(170-250) (-350) /Lm, length/width ratio (2.5-6)-(2-7). 

In plants reduced to main axes bearing robust proliferations the diam. of the 
apical cells may reach values of 70-140 /Lm, the 1/w ratio 1.5-3; the diam. of 
ultimate branches 70-160 /Lm, the 1/w ratio 1.5-2; the diam. of the main axes 
200-300 /Lm, the 1/w ratio 1-3.5. 

In plants with a less strict acropetal to irregular organization (in very sheltered 
habitats) the diam. of the apical ce lIs is (20-36)-(42-60) /Lm, the 1/w ratio 
(5-11)-(2-10). The diameter of ultimate branches in such plants is 
(20-36)-(48-90) /Lm, the l/w ratio (3-10)-(2-6). The diameter of the ma in axes 
is (120-180)-(150-190) /Lm, the 1/w ratio (4-12)-(3.5-10). The thickness of the 
cell walls is c. 0.5 - 1 /Lm in ultimate branches, in main axes up to 7 /Lm. 

Ecology, form range and cultures 

The considerable architectural plas ti city of Cladophora vagabunda can be 
appreciated by comparing the morphology of natural plants having a strict 
acropetal fasciculate organization with that of unialgal cultures obtained from 
vegetative isolates of these plants (compare Fig . 264 with Figs 265, 266; Fig. 267 
with Figs 268-271; Fig. 272 with Fig. 273). In all th ree ex am pies plants composed 
of robust main axes and bearing compact falcate, refract or straight fascicles 
with strict acropetal organization have given rise to flexuous plants with a much 
less pronounced acropetal to even irregular organization. The reason is th at the 
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cultured plants have a much more pronounced tendency for intercalary growth 
than the original natural plants. In the three natural plants the first intercalary 
division takes place lower than the IOth ceU below the apical cell, in the cultured 
plants already in the 3rd to 7th cell below the apical cello This, and the fact that 
the cells tend to have a greater length/width ratio in culture, causes the laterals to 
grow wider apart than in the natura 1 plants. Moreover , the laterals remain much 
shorter than the part of the main axes distal to the point of ramification. In this 
way the organization becomes less distinctly acropetal, even if the laterals have 
been initiated in an acropetal sequence (which is generally the case). In their 
morphology, these cultured plants are indistinguishable from plants growing in 
very sheltered habitats, such as lagoons, and very sheltered bay habitats 
(compare Figs 265,266,268-271,273 with Figs 283, 289, 294). The above four 
ex am pies suggest that phenotypic plasticity (on the basis of the same genome) is 
sufficient to embrace all, widely varying, morphological expressions of Cl. 
vagabunda, varying from the strictly acropetally organized plants on open sea 
coasts to vaguely acropetally or sometimes even irregularly organized plants of 
extremely sheltered lagoons. In one case unialgal cultures isolated from a 
lagoonal plant with distinct to less distinct acropetal organization grew into very 
sparsely branched and irregularly branched plants (compare Fig. 282 with Figs 
286-288) with intense intercalary growth. This is possibly an indication th at the 
tendency for more pronounced intercalary growth by lagoonal populations may 
also have a genotypic base, such as this is the case in the quiet water form of 
freshwater Cl. glomerata (L.) Kütz., a narrow relative of Cl. vagabunda (cf. van 
den Hoek, 1963). More evidence on this topic is apparently needed. 

Investigations of plants in one and the same population mayalso give a good 
insight in the architectural plasticity . In this case architectural differences caused 
by differences in developmental stage may be encountered. For instanee, 
boulders on a sandy beach (in Playa Grandi, a bay entrance along the n.e. coast 
of Curaçao, Netherlands Antilles) were inhabited by 0.5-1 cm high plants of Cl. 
vagabunda. Some plants had a very strict acropetal organization (Fig. 275), and 
quite slender apical cells; these plants were in the process of intensive 
sporulation. Other plants consisted of main axes to which they were apparently 
reduced by sporulation of the original terminal branch systems (such as these in 
the plant figured in Fig. 285). These axes were bearing young proliferation with 
characteristically thick apical cells (Fig. 274). 

Another example are up to 25 cm long, grass-green plants growing attached to 
a stone wall of the former salines, at the water level, in the inner Santa Marta 
Bay, Curaçao (Netherlands Antilles). The plants varied from having compact 
acropetally organized, to more loosely acropetally organized terminal branch 
systems (Figs 282, 283). Other plants had lost their terminal branch systems by 
sporulation; the remaining robust main axes showed intensive intercalary cell 
divisions resulting in short cells and they were bearing short proliferations with 
very thick apical cells (Fig. 285). Such proliferations, when sprouting fr om very 
robust main axes, may grow into compact, short-celled, acropetally organized 
fascicles with very high cell-diameters. When in such fascicles zoidogenesis is 
preceded by intercalary cell divisions in terminal branches the ce lis become very 
short (see Figs 285, 291). 
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One plant (collected by Vickers, Barbados, Porter's, 13/2/1903, L 951/246/17) 
was composed of pseudodichotomously branching main axes with a distinct 
"zigzag" construct ion and terminating in acropetally organized branch systems 
with wide-angled ramification (Figs 279, 280). This plant, whose exact habitat is 
not indicated, much resembles the type of Cl. expansa (Mertens) Kützing (see 
Fig. 471 in van den Hoek, 1963) and it was possibly also free floating or loose
lying . 

The wide morphological range as here depicted for Cl. vagabunda from East 
American coasts largely coincides with th at found along European coasts (see 
van den Hoek, 1963). 

In the form of up to several cm high spongy pompons Cl. vagabunda is a 
common component of the "eulittoral chlorophycean subzone" and of the 
adjacent "eulittoral rhodophycean turf of Laurencia papil/osa" below it, in the 
narrow intertidal belt along wave-washed coral limestone coasts of Curaçao. 
Other important components of the chlorophycean subzone are Cl. laetevirens, 
Cl. dalmatica and Cladophoropsis membranacea (C. Ag.) Boerg. The spongy 
form is characterized by compact, acropetally organized plants with mostly 
incurved ("falcate") apices (van den Hoek, 1969). Comparable growth forms 
growing in the narrow intertidal belt are common along Mediterranean rocky 
shores (van den Hoek, 1963). Cl. vagabunda is also common on rocky surfaces 
being in close contact with sand by which they are regularly covered and 
uncovered. Cl. vagabunda is one of the species that are capable of rapidly 
colonizing the rock surfaces wh en these are not sand-covered. Cl. vagabunda is 
also common in intertidal pools; it appeared to participate in loose lying 
vegetations of Dictyota dichotoma and Spyridia filamentosa living on sandy 
bottoms at a depth of several meters in bights along the s. w. coast of Curaçao. It 
is also common in the shallow coral reef along the s. w. coast of Curaçao, though 
seldom abundant (van den Hoek et al., 1978). In shallow bay stations of Curaçao 
the species was encountered as up to 30 cm high acropetally organized plants 
(Figs 282-285). 

The above dis tri but ion data suggest Cl. vagabunda to prefer high light 
intensities, but actually it appeared to occur regularly though never abundantly 
in the coral reef of Curaçao down to a depth of 40 m, and apparently this species 
is adapted to a wide range of light conditions (van den Hoek et al., 1975, 1978). 
The abundant occurrence of this species on intertidal rocks, or rocks lying in 
sand, is probably related to the ability of rapidly colonizing available substrates 
during short periods favourable for growth af ter the death of the vegetation by a 
previous calamity (low water and calm seas in the case of the intertidal belt; sand
cover in the case of rocks lying in close contact with sand). 

Reproduction 

Formation of zoids was regularly observed, but only once they were precisely 
investigated (Figs 276-278). These zoids appeared to be biflagellate gametes 
which actively copulated with gametes produced by different plants. Their 
dimensions were 7-11 x 4-5 J.Lm. These gametes had distinct eye-spots. They 
were, before release, characteristically congregated a10ng the axis of the 
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MAP 17 

Geographical distribution of Cl. vagabunda. Closed circles: specimens investigated of "open coast form". Open circles: specimens investigated of "quiet 
water form" . Closed circles with arrow: "open coast form" from Sa:o Paulo and Puerto la Paloma (Uruguay). Open circle with arrow: "quiet watr form" 
from Rio de Janeiro. Triangles: records from Boergesen (1925, as Cl. jascicu/aris); Lawson and John (1977, as Cl. jascicu/aris). Triangle with arrow: record 
from Liberia as Cl. vagabunda (De May et al., 1977). Closed triangle with arrow: specimens investigated from Cöte d'Ivoire, Ghana, Benin and W. 
Cameroun. For European records, see van den Hoek, 1963, map 13. 
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zoidangium, just as in Cl. dalmatica and Cl. laetevirens, and in contrast to, for 
instance Cl. catenata and Cl. coelothrix where the zoids are massed, before 
release, in a dark green, perforated terminal cylinder (see Figs 24, 47-49). For 
European Cl. vagabunda a regular alternation between isomorphic gametophytic 
and sporophytic generations has been established (van den Hoek, 1963). 

Systematic position 

Cl. vagabunda is narrowly related with Cl. laetevirens and Cl. dalmatica; all 
three species belong to the section Glomeratae, and they have highly similar 
thallus architectures. Apart from this, their ecological ranges are similar, with 
th is exception that Cl. vagabunda has a wider ecological range than the other two 
species by occurring frequently and of ten massively in very sheltered lagoons and 
salt marsh pools. The differences between the three species are listed in Table 11 
(p. 128). Cl. glomerata (L.) Kütz. is a freshwater counterpart of Cl. vagabunda 
from which it is impossible to distinguish on morphological grounds. The wide 
ranges of morphological variation in both species are also similar. However, Cl. 
glomerata differs from Cl. vagabunda, apart from its inability to grow in pure 
sea water (van den Hoek, 1963), by its purely asexual reproduction by biflagellate 
zoospores (van den Hoek, 1963). It is interesting that, according to Wik-Sjöstedt 
(1970) Cl. laetevirens and Cl. dalmatica (as Cl. oblitterata Söderström) appeared 
to have virtually identical karyotypes indicating close relationship, whereas Cl. 
glomerata had a different karyotype. She did not investigate Cl. vagabunda. 

Geographic distribution (Map 17) 

Cl. vagabunda belongs to the "amphiatlantic tropical-to-temperate 
distribution group" and occurs from the tropics to about 50° N latitude along 
American coasts and about 60° N latitude along European shores (van den 
Hoek, 1979). In the following account the "open coast form" (with strict 
acropetal organization, the terminal branch systems of ten forming distinct 
fascicles) and the "quiet water form" (with less strict acropetal to sometimes 
irregular organization and with pronounced intercalary growth) will be 
separately treated, as if they were two taxa. However, it should be realized that 
these morphological expressions form in reality a graded series. The "open coast 
form" inhabits not only rocky coasts exposed to surf (as small spongy plants) but 
also more sheltered habitats. Large fasciculate plants are formed, for instance, in 
"Iagoons" on reef flats inhabited by rich algal vegetations, or in the extensive 
shallows with scattered mangrove-thickets, such as these occur along the s. coast 
of Puerto Rico. The "quiet water" form is more common in extremely sheltered, 
muddy habitats (pools, ditches), but it mayalso develop in warm, high littoral, 
more or less sheltered rock pools. Young plants of the quiet water form mostly 
have a distinct acropetal organization . Map 17, which summarizes the 
distribution data of Cl. vagabunda, shows th at this species in its northern range 
has only been found in summer as its "quiet water form" (between 40°-50° N 
latitude). The reason of th is is probably that Cl. vagabunda can profit by the 
high summer temperatures (up to 25°C) reigning in shallow embayments, 
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lagoons and salt marsh pools. On the other hand, it must be capable of surviving 
low winter temperatures (O°C or somewhat lower) and even ice formaiion, 
probably in the form of akinetes or basal remnants (cf. van den Hoek, 1979). 

In the warm temperate and tropical parts of its geographic ranges both forms 
occur throughout the year. Tropical plants of the fasciculate open coast form 
have mostly been correctly identified as Cl. faseicularis (Mert.) Kütz., a synonym 
of Cl. vagabunda (L.) Kütz. (see above, section on nomenclature of Cl. 
vagabunda). 

The large majority of the numerous records of Cl. faseicularis from tropical 
seas are likely to refer to the fasciculate form of Cl. vagabunda although 
con fusion with Cl. laetevirens and Cl. dalmatica are quite well possible. No 
effort has been undertaken to enumerate these records. However, it is extremely 
likely that Cl. vagabunda is widely distributed and common in the tropical and 
warm temperate seas of the world. 

Cl. vagabunda is an extremely common species and consequently a multitude 
of specimens are present in various herbaria. It is not possible to mention all 
specimens studied extensively; only aselection will be mentioned more 
extensively for various reasons, for instance because they are historically 
important or to show taxonomie confusions. Such confusions mostly refer to 
quiet water forms. See, however, distribution data on Cl. laetevirens and Cl. 
dalmatica which have also been confused with Cl. vagabunda (as Cl. 
faseicularis). 

The following specimens have been investigated: 

Québec, Gaspé. Estuaire de la Grande Rivière (port), brackish water, sheltered, 
21/8/1967, leg. Cardinal 5037 "quiet water form" (Herbier Cardinal). 

Nova Scotia. Halifax Harbor on stones near l.t.m., McNabs Island, 2-7/9/1901, 
leg. Howe no 1015, det. Collins as Cl. graeilis, "quiet water form" with 
acropetal organization (Figs 289-290). Yarmouth, in high tide pool, 23/5/1901, 
leg. Howe no 334, "quiet water form" (NY). 

Massachusetts. Marblehead, dense floating mass in high warm tide pool, 
12/9/1881, leg. det. Collins, as Cl. fracta f.flavescens "quiet water form" (NY). 
Wood's Hole, 8/1881, "quiet water form", as Cl. glaucescens in Farlow, 
Anderson & Eaton, Algae exsicc. Am. Bor. no 205 (MICH). Ibidem "quiet water 
form", as Cl. flexuosa in Farlow, Anderson & Eaton, Algae exsiec. Am. Bor. no 
206 (MICH). Ibidem, Penzance, pools near harbor, 13/8/1904, quiet water 
form, as Cl. expansa in Herb. Bradley Moore Davis (MICH). Ibidem, Penzance, 
ditch, attached to stones in mud, 8/1904, quiet water form, in Herb. Bradley 
Moore Davis (MICH). Falmouth, 1881, as Cl. graeilis in Farlow, Anderson & 
Eaton, Algae exsicc. Am. Bor. no 209 (1 plant Cl. vagabunda, I plant Cl. 
sericea). Nantuckett, near the shore, Hummock Pond, beach end, 17/7/1938, 
quiet water form, W.R. Taylor (MICH). 

Connecticut. Bridgeport, in muddy marsh pool, 7/1891, quiet water form, as Cl. 
graeilis in Collins, Holden & Setchell, Phycotheca Bor .-Am. no 724 (K, L) (Figs 
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292-294). Ibidem, on grass staiks and musseis in shallow marsh pool, 
16/8/1891, "These specimens represent the first stage of the plant, attached to 
sticks, stones etc. Later it forms loose, floating masses represented by N. 121, 
P .B.A.", 1-1 \12 cm high acropetally organized plants, as Cl. expansa in Collins, 
Holden & SetchelI, Phycotheca Bor .-Am. no 977 (MICH; K). Ibidem, marsh 
pools, 4/7/1890, quiet water form, as Cl. flexuosa in I. Holden collection (NY). 
Ibidem, Cook's Point, 4/6/1890, quiet water form, as Cl. groeilis in I. Holden 
collection (MICH, AHFH). Stratford, Fresh Pond (brackish), 7/9/1901, quiet 
water form with distinct acropetal organization, as Cl. expansa var. glomerata 
Thur. in Collins, Holden & SetchelI, Phycotheca Bor.-Am. no 1027 (L, MICH). 

New Vork. New Vork Sound, leg. Calverly, as Cl. glaucescens in herb. Harvey, 
open coast form (TCD). At Hurlgate, Yellow Hook, Staten Island and ot her 
places, on rocks and algae at half-tide mark, Bay and Harbor of New Vork, 
1850, leg. Durant, open coast form, distr. as Cl. rupestris from the herb. New 
Vork Bot. Gard. no 197 (AHFH). 

New Jersey. Atlantic City, quiet water form, as Cl. groeilis var. tenuis in herb. 
Collins (NY). 

Delaware. 1 mile s. of Cape Henlopen, n. of Rehoboth beach, in a shallow 
brackish pond behind the beach, 24/58/1948, quiet water form, leg. Drouet & 
Louderback 8574 (F). 

Maryland. Saltmarsh s. of Jenkins Creek, Cris field , 23/7/1940, quiet water 
form, leg. det. Drouet no 2637, as Cl. expansa (S). 

Chesapeake Bay. Open coast form, as Cl. fa/cata in Herb. Collins (NY). 

Virginia. Cape Charles, jetties at s. end of Main Str., 28/9/1945, open coast 
form, det. leg. Humm, as Cl. hutchinsiae (AHFH 22310; DUKE). Lynnhaven 
Inlet, 25/9/1944, open coast form, leg. deWitt, det. Humm as Cl. hutchinsiae 
(FLAS). Norfolk, Mason Creek, brackish water, 25/11/1965, quiet water form, 
leg. det. Rhyne no 82, as Cl. cf. albida (US). 

North Carolina. Beaufort, e. shore of Piver's Island, 3/1954, "open coast 
form", leg. det. Humm as Cl. faseicularis (DUKE). Ibidem, adrift ne ar 
laboratory pier, 16/4/1946, open coast form, leg. det. Humm as Cl. flexuosa 
(AHFH 22345). Ibidem, Muller Pond, 25/4/1908, quiet water form, leg. det. 
Hoyt as Cl. flexuosa (herb. Collins, NY; DUKE). Fort Fisher, on rocks, 
21/1/1941, open coast form, leg. Williams (DUKE); Ibidem, 25/8/1949, open 
coast form, leg. det. Blomquist as Cl. faseicularis (DUKE). Ibidem, in surf, c. 30 
cm below spring low tide, 26/7/1949, open coast form, leg. det. Williams 257 as 
Cl. faseicularis (AHFH). Ibidem, 10/7/1960, open coast form, leg. det. Humm 
as Cl. faseicularis (DUKE). 

Georgia. Vicinity of Sapelo Island, High Point Beach among marine grasses in 
intertidal zone, open coast form, leg. R. Chapman no B - 34 (GRO). Wilmington 
Island, edge of floating dock, 22/8/1968, open coast form, leg. R. Chapman no 
C-I77 (GRO). 
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Florida. 26 specimens belonging to the "open coast form" from: Matanzas 
River; Rockledge; Virginia Key near Miami; Bears Cut, Biscaye Bay; Garden 
Key; Key West (10 collection); Dry Tortugas; Vanderbilt Beach near Naples; 
Venice Jetty, Sarasota; Anna Maria Island Pier; Mullet Key Blockhouse; 
Remmington Beach, St. Peterburg; Culter, Dade County; Shore of Santa Rosa 
Sound near Fort Walton; the majority of them as Cl. fascicularis (DUKE, F, K, 
L, MICH, NY, USF). 

9 specimens belonging to the "quiet water form" from: Channel along road 
from Homestead to Key Cargo, attached to shells on muddy bank and free 
floating; Alligator Harbor, from margin of Long Pond in marsh; St. Joseph Bay 
on old pilings in a tidal stream; shore of Pensacola Bay; Shore of Sant a Rosa 
Sound; Panama City bay; muddy shore of Choctawatchee Bay at east end of 
Santa Rosa Island, intertidal in Santa Rosa Sound near Fort Walton (GRO, 
DUKE, F). None of the 9 specimens were identified to species level. 

Louisiana. 2 specimens belonging to the "open coast form": Off Grand Isle, 
attached to submerged structures; Grand Isle, low littoral, on jetty etc., ca 5-10 
cm high dark green plants, in January almost entirely reduced to main axis but 
mostly with characteristic acropetally organized fascicles, 8/1/1970, sal. 20%0 
temp. 11°C; 9/11/1970, sal. 31%0 temp. 22°C; 23/11/1970, sal. 20%0, temp 
15°C (leg. det. Kapraun 320 as Cl. vagabunda; GRO). South of Chenier 
Caminada, on a log on the shore of the Gulf of Mexico, leg. Drouet (MICH; F). 
1 specimen belonging to "quiet water form": shallow water of a tidal stream in 
marsh 10 miles s.w. of Lake Pont Chartrain, leg. Drouet (F). Cameron, jetty, 
low littoral, c. 5 cm high, acropetally organized plants, 6/9/1969, sal. 21 %0, 
temp. 23°C, leg . Kapraun 304-1,2 (GRO). 

Texas. 17 specimens belonging to the "open coast form" from: Rockport 
(GRO); Port Aransas (3x leg. Reed, MICH, F; 4x leg. Edwards, GRO; Ix leg. 
Kapraun, GRO); Corpus Christi (leg. Reed, F); Baffin Bay (leg. Reed, F, 
MICH); Brazos Santiago (leg. Runyon, F); Boca Chica (2x, MICH), almost all 
identified as Cl. fascicularis. 

3 specimens belonging to the "quiet water form" from: La Quinta (as Cl. 
glaucescens, leg. Reed, F); Goose Island (as Cl. glaucescens, leg. Reed, F); 
Foulton Harbor (as Cl. vagabunda), leg. Edwards, GRO). 

Mexico. Vera Cruz, as Conf. fascicularis in herb. Kützing (L 937/253/537). 4 
other specimens all belonging to "open coast form", from Vera Cruz (DUKE); 
Progreso, Yucatan (MICH); Sisal, Yucatan (F); and Alélcran Reef (DUKE). All 
specimens as Cl. fascicularis . 

Belize. Punta Gorda, on drift wood, open coast form, leg. Schipp, no 32 
(MICH). 

Costa Rica, Atlantic side. Puerto Vargas, reef flat; inner habor of Portete; both 
of the "open coast form", leg. det. Dawson as Cl. fascicularis (AHFH). 

Bermuda. Harrington Sound, 3/1890, leg. Wadsworth, 3/1890, "open coast 
form", det. Collins as Cl. utriculosa (NY). Ibidem. s.side, 20/5/1913, leg. 
Harvey, open coast form, as Cl. fascicularis in herb. Collins (MICH). 
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Bahamas. Berry Islands, Great Harbor Cay, 2/2/1905, leg. Howe, "open coast 
form", det. Collins as Cl. fascicularis, in North Am. Mar. Algae distr. by New 
York Bot. Gard. no 3655 (NY). Great Bahama, Eight Mile Rock, 6/2/1905, leg. 
Howe, open coast form, det. Collins as Cl. fascicularis, in North Am. Mar. 
Algae distr. by New York Bot. Gard. no 3702 (NY). 

Cuba. Bahia Matanzas, and Tarifa ne ar Nuevitas, 1949, "open coast form", leg. 
det. Dawson nos 7751 and 7606, det. W.R. Taylor as CI.fascicularis (L; MICH; 
AHFH). "Plantae cubenses wrightianae", "open coast form", as Cl. luteola 
Harvey, in herb. Lenormand (L). 

Jamaica. Ncar Sandy Bay, between Montego Bay and Lucea, 11/ 1 / 1907, leg. 
Howe, "open coast form", det. Collins, as Cl. fascicularis in Mar. Algae distr. 
by Herb. New York Bot. Gard. no 4955 (K; NY). N. shore of Kingston Harbor, 
27/12/1906, leg. Howe, "open coast form", det. Collins , as Cl. fascicularis in 
Mar. Algae distr. by Herb. New York Bot. Gard. no 4663 (K). 9 more specimens 
of "open coast form" from Boston Beach (K); Manchioneal head of harbor 
(MICH); Morant Bay (NY, MICH); Bowden, St. Thomas (MICH); Kingston, 
Palisadoes (MICH); Morant Cays (MICH; IJ), all 9 as Cl. fascicularis. 

Haiti. S. of Dame Marie towards Anse d'Hainault, surf-exposed sandy beach 
sloping to irregular bottom of sand and limestone, depth c. 1 m, 1/5/ 1941, leg. 
Bartlett no 17821, as Cl. fascicularis (L). Damassin and Port Salut, 1929, leg. 
Orcutt, "open coast form" (MICH). Etang saumatre near Gautier, floating in 
brackish water, 5/1942, leg. Holdridge no 1177, "quiet water form" (MICH). 

Puerto Rico. 31 specimens belonging to "open coast form": Santurce (L); San 
Antonio, rocks at 2-3 m depth (L); Aguadilla (K); Playa Guaniguella, Aguada 
(L); Punta Arenas, Mayaguez (GRO); Cabo Rojo, on rock between Punta 
Guaniquilla and Boquerón (L); Guanica harbor, Rhizophora (NY); Guanica, on 
rocks behind reef, depth 1.5-3 m, Bollena Bay (L); Guanica, Cayos San Jacinto 
(L); Guanica, on rocks near mangroves, 0.3-1 m depth (L); Guayana, Las 
Mareas Beach (GRO); Guayanilla, on rocks, Cayo Arena, in port of Ventana 
(L); Ponce, wooden piles at low-water mark (NY); Rincón, on Diginea, littoral 
(K); Aguirra, on rocks in front of mangroves, outer reef, Cayo Caribe, Jobos 
(L); Patillas, on gravelly beach near outlet of river (L); Humaçao, on rocks and 
in Thalassia meadow 0.3-1 .5 m depth, Cayo Santiago (L); Loiza Aldea, on rocks 
(L); Esperanza, Manati (L); Arecibo on rocks in strong surf, near light house, 
Punta Morrillos (NY); Playa Caracol, Arecibo (L); Culebra, on rocks, 
breakwater, c. 1.5-2.5 m depth, Flamingo Beach (L); near Jabucoa (from herb. 
Hauck in P. Sintensis, plantae portoricenses no A 93 (K). The large majority 
identified as Cl. fascicularis. Most imporant collectors; Diaz-Piferrer, 
Almodóvar & Rosado. 

Virgin Islands. St. Thomas, as Conferva fascicularis, Frölich (BM). St. Croix, 
Litte Princess, Jan ./Febr. 1892, leg. det. Boergesen as Cl. fascicularis in Algae 
marinae ex insulis danicis Indiae occidentalis (L; K). Ibidem, 23/2/ 1892, leg. det. 
Boergesen as Cl. heteronema, in Algae marinae ex insulis danicis Indiae 
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occidentalis, iter primum no 42 (K). Lime Tree Bay, 22/111906, leg. det. 
Boergesen as Cl. heteronema, in Algae marinae ex insulis danicis Indiae 
occidentalis iter tertium no 1353 (K). Coakley Bay, 11 and 22/111906, det. leg. 
Boergesen as Cl. fascieu/aris - heteronema in Algae marinae ex insulis danicis 
Indiae occidentalis iter tertium nos 1364 and 1368 (K). 

Guadeloupe. Ex. herb. Lenormand, as Cl. heteronema (NY). Ex herb. 
Lenormand, as Cl. fascieu/aris var. (L) (both "open coast forms"). The 
following 23 collections belonging to the "open coast type" in Mazé, Algae 
guadeloupenses (K). Mazé distinguished many different species within Cl. 
vagabunda. Moule, fond du port, Aug., as Cl. eek/oni Kütz., no 53, Ie sér.; 
Moule, Vieux Bourg, "à la plage sur sable", March, April, as Cl. eek/oni Kütz., 
no 53, 2e sér; Moule, "lagons de l'embouchure de la rivière du port, galets 
ensablés", on seagrass-Ieaf, April, as Cl. fascieu/aris, no 142 2me sér; Basse 
Terre, Rivière des Pères, "sur des galets du plage, eau chargée de sable", July, as 
Cl. ovoidea Kütz., no 241 2me sér; Moule, Vieux Bourg, "flottant à la lame," 
April, as Cl. mauritiana Kütz., no 243 2me sér; Pointe à Pitre, Het à Cochons, 
Cayes sous Ie vent, "parasite sur Hypnea", Oct., as Cl. sertu/arina Kütz., no 
265; Saintes, Anse du Marigot, "rochers ensablés du rivage", as Cl. maeallana 
Harv., no 303 2me sér; Moule, Vieux Bourg, "fond du port, madrépores 
découvertes à la marée," Febr., as Cl. crystallina Kütz., no 304 Ie sér.; Désirade, 
Anse des Galets, Jan., as Cl. fascieu/aris f. denudata, no 330; Capesterre, Plage 
du bourg, March, as Cl. fascieu/aris f. denudata, no 334; Gosier, Pointe 
Laverdure, "parasite sur Laurencia, flottant à la lame," July, as Cl. delieatu/a 
Mont.?, no 473; Gosier, Anse Laverdure, "flottant", Febr., as C/.fascieu/oides 
Crouan mscr., no. 731; Moule, "plage de la baie," Jan. as Cl. fascieu/aris, no 
711; Gosier , Anse de la Saline, Het Diamand, "madrépores ensablés," March, as 
Cl. ovoidea f. crassieau/is Crouan mscr., no 767; Canal, "plage du bord, 
flottant," April, as Cl. ovoidea Kütz. var., no 835; Moule, Pte de la Chapelle, 
"dans Ie sable", November, as Cl. eek/on i Kütz. var., no 918; Marie Galante, St. 
Louis, Febr. & March, as Cl. erucigera Grunow, no 1187; Moule, "fond du 
port", June, as Cl. fascieu/arioides Crouan, no 1356; Moule, "fond du port", 
flottant, August, as Cl. eek/oni Kütz. var., no 1466; St. Anne, "plage du 
bourg", August, as Conferva (C/ad.)fascieu/aris Kütz. f. g/omerata Crouan, no 
1730; Capesterre, "plage du bourg", flottant, January, as Cl. hospita Kütz. var. 
{3 nuda Kütz. no 1959; Capesterre, "plage du bourg, flottant à la lame", 
September, as Cl. eharoides Chauvin, no 1950. 

The following specimen rather a "quiet water form": Saintes (Anse du 
Marigot), "flottant", January, as Cl. ovoidea Crouan mscr., no 1633. 

Martinique. Trinité, 4/1930, leg. Hamel n. 110 1 more robust "open coast" 
specimen, 1 more delicate, pale specimen, probably "quiet water form" 
(MICH). The robust mat., as Cl. fascieu/aris, also in L. 

Barbados. 8 specimens belonging to "open coast" form, collected by Vickers on 
various points of the coast; 2 distributed in Collins, Holden & Setchell, 
Phycotheca Bor.-Am. no 1472 a, b (K; L). 2 specimens (open coast form) from 
herb. Gray (BM); 1 specimen (open coast form) from herb. Harvey as Cl. 
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bertolonii (BM). 1 specimen (open coast form) from Pelican Island, Carlisle Bay, 
17/4/1937 (MICH). 

Tobago. Buccoo Bay and Reef, floating, 20/4/1939, det. leg. W.R. Taylor no 
39-529, as Cl. fascicularis (MICH; AHFH). 

Trinidad. 3 specimens (open coast form) from Saline Bay, as Cl. fascicularis, 
collected by Richardson (L). S. end of Calliaqua Bay, Careenage, 8/3/1965, leg. 
Proctor A 5308 (IJ). 

Venezuela. Cubagua Island, led ges and scattered coral rock on a sand beach, 
14/4/1939, "open coast form", leg. det. W.R. Taylor no 39-443, as Cl. 
fascicularis (L; AHFH). Ibidem, leg. Freddy Lozada et al. no 4, 22/10/1979, 
"open coast form" (GRO). Tortuga Island, Punta Arenas, washed ashore, 
13/4/1939, det. leg. W.R. Taylor, as Cl. fascicularis (MICH; AHFH). Peninsuia 
de Paraguaná, 18/9/1979, leg. de Rios no 1442 (GRO). 

Curaçao, Netherlands Antilles. 7 collections (open coast form) from Boca 
Grandi (leg. Diaz-Piferrer, M) Playa Grandi, St. Michielsbaai (this work); Playa 
Abau, Blauwbaai (both leg. Diaz-Piferrer, MICH); Port of Curaçao (leg. 
Schoonhoven, 4/8/1907, L.). I collection belonging to "quiet water form": 
Santa Marta inner Bay, former salines, 19/5/1968, leg. van den Hoek (this 
work) . See also van den Hoek, 1969, van den Hoek et al., 1978. 

Colombia. 18 specimens, all belonging to "open coast form", collected by 
Schnetter (GRO; Giessen; COL) in the period 1967-1971 (see also Schnetter, 
1978); Punta Gallinas, on rocks at a depth of 0.5-1 m; Cabo de la Vela, 0.5 m 
depth; Riohacha; Santa Marta, Punta Brava, Santa Marta, Ensenada de 
Concha, eulittoral; Santa Marta, Punta la Loma; Puerto Colombia; Cartagena; 
Cartagena, Lago de Bocagrande; Tolu; Golfo de Morrosquillo, Punta Piedras, 
between Tolu and Covenas, on shallow rocks; Isla de Providencia, Isla San 
Andrés, Bahia de las Sardinas. 

Brazil. Sao Paulo, Villa Bella, Sept./Oct. 1925, leg. W.L. Schmitt, no 11 (NY) 
("open coast form"). Rio de Janeiro, Marapendi Lagon, leg. Gusmäo Pedrini, 
3/10/1978 ("quiet water form") . 

Uruguay. Puerto de la Paloma, leg. Müller-Melchers, 4/11/1947, open coast 
form (AHFH). Ibidem, leg. W.R. Schmitt no 278, open coast form (AHFH). 

Cöte d'Ivoire. Sassandra, growing on beach rocks associated with a good deal of 
sand, near moderately wave-sheltered jetty, 1-2 cm high dark green stiff tufts of 
plants reduced to main axis, with young proliferations, 29/12/1971, leg. det. 
John & Seku, no 6982, as Cl. vagabunda. 

Ghana. Axim on sand covered rocks, 1 cm high pompons of young plants, some 
with distinctly acropetal organization, 29/12/1955, leg. Lawson no A 993 (GC; 
GRO). Teshie, in tufts on lithothamnia, 13-18 cm long main axes, with ± 
reduced fascicles, 10/1/1955, leg . Lawson no A 916. 

Benin. Cotonou, upper eulittoral zone on exposed side of breakwater to east of 
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town, 1 cm high pompon, composed of plants reduced to main axes, with young 
proliferations , leg. John & Lawson no 6715 (GC; GRO). 

W. Cameroun. Debundscha Point, cast upon beach, pa Ie fasciculate plant, 
21/12/1953, leg. Lawson no A 829 (GC; GRO). Limbiak, lower midlittoral 
below Gelidium pusillum zone, 18/12/1953, leg. Lawson A 761 (GC; GRO). 

24. CLADOPHORA DALMATICA Kütz. 

Nomenc/ature. See van den Hoek, 1963, p. 186. 

Furthersynonyms. Cl. luteola Harvey, 1858, p. 81-82. Type in TCD herbarium 
Harvey, from Key West Florida, growing on littoral corals, leg . Harvey. The 
type consists of 4 characteristic Cl. dalmatica plants (Figs 305-307). 

Cl. crassicaulis Crouan frat. ex Schramm & Mazé, 1865, p. 36 (De-Toni, 1889, 
p. 353). Mazé & Schramm, 1870-1877, p. 62. Type in K, in Mazé, Algae 
guadeloupenses, no 658 from Moule, "fond du port". This is a 5 cm high, 
densely branched, acropetally organized plant of Cl. dalmatica whose falcate, 
ultimate branches have been largely emptied by sporulation. 

Cl. zostericola Crouan frat. ex Schramm & Mazé, 1865, p. 38 (De-Toni, 1889, 
p. 351). Mazé & Schramm, 1870-1877, p. 38. Type in K, in Mazé, Algae 
guadeloupenses no 375 , He sér ., from Pointe-à-Pitre, lIet à Cochons, "en 
Octobre" . The type consists of 0.5-1.5 cm high plants of Cl. dalmatica forming 
a den se growth on a leaf of Thalassia testudinum . 

Cl. gracillima Crouan frat. ex Schramm & Mazé, 1865, p. 38 (De-Toni, 1889, 
p. 352) . Mazé & Schramm, 1870-1877, p. 62. Type in K, in Mazé, Algae 
guadeloupenses no 272, Ie sér., from Moule, vieux bourg, "madrépores 
ensablés, en Février". This is a 13 cm high plant of Cl. dalmatica with distinct 
acropetal organisation. Non Cl. gracillima Kützing, 1849, p. 403 . This is a calm 
water form of Cl. albida (Huds.) Kütz., cf. van den Hoek, 1963, p. 95. Non Cl. 
gracillima Harvey, 1860, p. 304 (which belong possibly also to Cl. albida). 

Cl. caespitosa Crouan frat. ex Schramm & Mazé, 1865, p. 39. Is not mentioned 
in Mazé & Schramm, 1870-1877. Type material in K, in Mazé, Algae 
guadeloupenses, without number, "Vieux Fort, Anse Raby, rocher à la lame, en 
Novembre"; th is material consists of small Cl. dalmatica plants mixed with 
Schizothrix sp. - Non Cl. caespitosa Harvey, 1858, p. 47 (this belongs to Cl. 
catenata (L) Kütz. emend. van den Hoek, cf. p. 59). 

Description (Figs 295- 312) 

Thalli grass-green, light green or pale green, sometimes darkgreen; forming c. 
0.5- 2 cm high spongy pompons which may merge into carpets on low littoral 
wave-washed rocks and in shallow tide pools on such rocks, or delicate up to 10, 
sometimes even 20 cm high plants composed of main filaments ending in 
penicillate tufts in more or less sheltered, submerged stations . The delicate plants 
more or less lubricous, adhering to paper and glossy when dried. These two 
expressions are connected by intergrades. 
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Thallus consisting of pseudodichotomously and -trichotomously branching 
main axes (Figs 306, 307) ending in acropetally organized branch-systems which 
are of ten falcate or refracto-falcate (Figs 301,303,304,310), sometimes refract 
(Figs 296, 302, 309), or more or less straight with slightly curved apices (Figs 395, 
308). Growth by divisions of the apical cells, followed by pronounced cell 
elongation and cell enlargement. Towards the base the segments cut off by the 
apical cells increasingly divide by intercalary cross , walls, the first intercalary 
division taking place in about the fourth to eighth cell below the apical cello 
Towards the base of the plant, the ma in axes may show considerable growth by 
intercalary cell divisions (Figs 305-307, 312). Secondary branches may arise at 
some distance from the apex at intercalary cross walls (Figs 302, 309). By 
intensive sporulation the terminal branch systems may distintegrate and the 
thallus may thus be reduced to the robust main axes, which may give rise, by 
proliferation, to secondary acropetally organized branch systems (Fig. 301). 

Each new cell af ter being cut off from the apical cell gives off a branch at its 
apical pole, mostly when it has become the second to third cell below the apical 
cello At increasing distance from the apex a cell may give off a second, a third, a 
fourth and sometimes even a fifth branch. Point of ramification on a cell always 
at the apical cell pole, and then not serial. Branches are inserted at the apical cell 
pole by an oblique wall cutting it off from the parent cell; with age this wall may 
become almost horizontal. The angle of ramification is mostly C. 45° or more. 
The basal cells of older laterals are generally partly fused with adjacent cells on 
the axis (Figs 309, 305-307). 

Cells in basipetal direction become distinctly longer and broader mostly 
remaining cylindrical or distally somewhat broader, and become divided by 
intercalary cross walls (Figs 306, 307, 297). The diameter of the basal part of the 
main axes is about (2.5 - )3-5( -7) x th at of the apical cells. Apical cells 
cylindrical to slightly tapering, when growing into a zoidangium of ten distinctly 
c1ub-shaped. When sporulating, cells of the ultimate branches may be distinctly 
swollen. 

Plants attached by rhizoids sprouting from the basal and subbasal cells. 
Diameter of apical cells (14-18)-(21-32) Jtm, length/width ratio (4.5-13)
(2-6). In fertiIe robust specimens the fertiIe, swollen apical cells may some
times reach a diameter of 50 Jtm. Diameter of ultimate branches (14-27)
(21-42) Jt, l/w ratio (5-10)-(3-5). Diameter of main axes (25-65)
(30-40) Jtm, l/w ratio (8-14)-(2.5-10). Thickness of cell wall in ultimate 
branches 0.5-1 Jtm, in main axes 1-4 Jtm. 

Ecology, form range and culture 

Cladophora dalmatica is a very common species occurring at the water level 
and in shallow water of wave-washed as weil as of sheltered shores. It is one of 
the main components of the "eulittoral chlorophycean subzone" in the narrow 
intertidal belt on limestone rocks along the coasts of Curaçao (Netherlands 
Antilles). On flat rocky substrates, such as beach rock plates, th is vividly green 
zone may be 1-2 m broad. It is also common on rocky surfaces and boulders 
Iying in close contact with sand by which they are regularly covered and 
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uncovered. Cl. dalmatica (and some other Chlorophyceae, e.g. Enteromorpha 
and Ulva species) are able to rapidly colonize such rocky surfaces during the 
periods in which these rocks are not covered by sand. Other common 
chlorophycean species are here Cl. vagabunda, Cl. laetevirens, Boodlea 
composita and Cladophoropsis membranacea. Under shady overhangs this 
subzone is lacking (van den Hoek, 1969). In this wave-washed habitat, Cl. 
dalmatica forms spongy 1-1.5 cm large light green pompons with strongly 
incurved ("falcate") apices and compact acropetal branch-systems (Figs 301, 
304, 308, 310). Comparable growth forms growing at the water level are common 
along Mediterranean rocky shores (van den Hoek, 1963). Although Cl. dalmatica 
is most conspicuous in this "eulittoral chlorophycean subzone" it occurs 
frequently (though not abundantly) in the lower eulittoral rhodophycean turfs 
(mainly of Laurencia papil/osa, Centroceras clavulatum and Jania spp.) which 
form a zone below the chlorophycean subzone; in the upper sublittoral 
Sargassum polyceratium zone; in the shallow coral reef, and in other shallow
water vegetations along the open coasts of Curaçao (van den Hoek, 1969). 
Equally this species occurs frequently in shallow water vegetations of Thalassia 
testudinum in inner bays of Curaçao, where it grows attached to gravel on the 
bottom or to Thalassia leaves (van den Hoek et al., 1972) (Fig. 309). 

The above data suggest th at Cl. dalmatica prefers high light intensities, but 
actually th is species Gust as Cl. laetevirens) appeared to occur regularly in the 
coral reef along the s.w. coast of Curaçao down to a depth of 60-65 m (van den 
Hoek et al., 1978). Apparently this species can grow in a wide range of light 
conditions. lts abundance in the eulittoral chlorophycean subzone is not caused 
by a preference for high light intensity, but rather by its capacity to raiJidly 
recolonize this unfavourable habitat af ter a period of calm weather and low 
water lever causing the death of the littoral populations. 

Cl. dalmatica is also common in intertidal rock pools. In high-littoral sunny 
pools the acropetal plants can reach very thin diameters. In large tidal ponds and 
quiet shallow water the species may form up to 10 and sometimes even 20 cm 
high delicate, somewhat slippery plants composed of ma in filaments en ding in 
penicillate branch systems whose apices are not as strongly incurved as in the 
pompon-like plants. Af ter disintegration of the terminal branch systems by 
sporulation, the remaining main axes may continue to grow by intercalary cen 
divisions and to proliferate by the format ion of new, acropetally organized 
branch systems, which have a very distinct fascicle-like appearance (Fig. 301). 

Cl. dalmatica may grow epiphytically, especially on seagrasses (Thalassia 
testudinum in the tropics, and Zostera marina in temperate seas). 

The highly variabie intensity in the green colour is correlated with the degree of 
openness of the reticulum of chloroplasts, which is thin in pale green plants and 
much den ser and more closed in grass-green plants (cf Figs 297, 298). Also the 
colour intensity of the chloroplasts is variabie. 

The morphological range of Cl. dalmatica in relation to its ecological range is 
comparable to that shown along European shores. The common deep water 
occurrence along the coasts of Curaçao suggests that the species' depth range is 
in general much greater than the available collections suggest. 

152 



A unialgal culture was isolated once from material along the s.w. coast of 
Curaçao (pompon-like plant). In th ree weeks four 0.5-1 cm high pompon-like 
plants, not essentially differing in morphology from the original plants we re 
obtained (compare Fig. 310 with 311). 

Reproduction 

Fertile plants were regularly observed (Figs 295, 296, 302-304), but only once 
the zoids produced were more precisely studied (Figs 299,300). They appeared to 
be quadriflagellate zoids (14-21 x 6-9.5 Jtm). Other plants produced much 
smaller biflagellate zoids, and th is suggests the occurrence of an alternation 
between a zoospore-producing generation and an isogamete-producing one. This 
would agree with the life history of this species in Europe (van den Hoek, 1963, 
p. 191). 

Systematic position 

Cl. dalmatica is narrowly related to Cl. vagabunda (L.) van den Hoek and Cl. 
laetevirens (Dillw.) Kütz., which species are often found together with Cl. 
dalmatica. The differences between the th ree species are listed in Table 11 
(p. 128). Cl. dalmatica shows a morphological and ecological range which are 
largely comparable to those of Cl. vagabunda. This latter species, however, also 
extends far into brackish water and this in contrast to Cl. dalmatica. The 
similarity between Cl. dalmatica and Cl. vagabunda has led to much taxonomie 
confusion, as appears from the identifications of the herbarium collections of Cl. 
dalmatica investigated for this revision (see below). Moreover, the absence of a 
clear concept of the species-specifie architectures within Cladophora also 
resulted in confusion of Cl. dalmatica with species from other sections than that 
to which Cl. dalmatica, Cl. vagabunda and Cl. laetevirens belong (section 
Glomeratae Kütz.). 

Geographic distribution (Map 18) 

Cl. dalmatica belongs to the "amphiatlantic tropical-to-temperate distribution 
group", and consequently occurs from the tropics on both sides of the Atlantic 
Ocean to about 45° N latitude along American Atlantic coasts and almost 57° N 
latitude along European Atlantic coasts (van den Hoek, 1979). 

The following collections have been investigated: 

Massachusetts. Marbie Head, in tide pool, 4/7/1900, as Cl. glaucescens in 
Collins, Holden & SetchelI, Phycotheca Bor.-Am. nr 817 b (MICH). Cape Ann, 
Pigeon Cove, 7/1890, herb. of Mrs. Snyder, as Cl. glaucescens (MICH). Wood's 
Hole, Butler's Point, on rocks in sublittoral zone, 14/8/1904, det.leg. Collins, as 
Cl. albida in Collins, Holden & SetchelI, Phycotheca Bor.-Am . no 1227 (K) . 
Wood's Hole, 8/1881, leg. det. Farlow, as Cl. glaucescens, in Algae exsicc. Am. 
Bor. no 205 (K). Wood's Hole, Grassy Island, on Zostera leaf, 16/8/1928, as Cl. 
albida, in Herb. W.R. Taylor (MICH). Wood's Hole, Buzzard's Bay, Fish 
Hook, 15/8/1904, herb. of B.M. Davies (MICH). 
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Rhode Island. Watch HilI, 8/1883, as Cl. refracta, leg. det. Eaton in "Algae 
marinae Am. Bor." (K 3875/67). Olney, from herb. Hookerianum 1867 (K). 

Connecticut. Bridgeport, growing below low-water mark, 4/7/1891, leg. 
Holden, as Cl. flexuosa in Collins, Holden & SetchelI, Phycotheca Bor.-Am. no 
1076a (K). 

Virginia. Gwynn Island, s.e.beach, 30/5/1965,leg. J. Vogel (US). 

Florida. Lake Worth, 1895-96, as Cl. fascicularis, det. W.R. Taylor, in "Mar. 
Alg. collected by M.S. Snyder" (MICH). Miami, Biscayne Bay, s. shore of 
Dinner Key, 4/5/1949, as Cl. delicatula, det. leg. E.Y. Dawson no 7346 
(AHFH). Miami, on rocks, littoral, 18-21/3/1904, leg . Howe no 2757, det. 
Collins as Cl. flexuosa, in Herb. Collins (NY) . Ibidem, on floating stick, 
18-21/3/1904, leg. Howe no 2758, det. Collins as CI. flexuosa, in Herb. Collins 
(NY). Key West, growing on littoral corals, type of Cl. luteola Harvey, in herb. 
Harvey no 121 (TCD). Off Key West (81°55'/24°27') on co ar se shell, c. 5 m 
depth, 19-24/4/1965, as Cl. crispuia, det. leg. Dawes no 2704 (USF). Dry 
Tortugas, "Mar. algal collo by M.S. Snyder", C. 1895-96 (MICH). 

Mississippi. Ocean Springs, 8/1949, leg. Caylor (F). 

Texas. Corpus Christi, 25/7/1938, leg. Reed, no 95, as Cl. glaucescens in (F). 
Boca Chica, on Sargassum f1uitans washed as ho re on the beach, 1/5/1937, leg. 
Runyon (F). Foulton, beach, on rocks, 17/12/1967, as Cl. crystallina, det. leg. 
Edwards (GRO). Ibidem, exposed sea wall, 7/3/1969, as Cl. dalmatica, det. leg. 
Kapraun. Rockport, 25/8/1968, as Cl. crysta/lina and Cl. gracilis, det. leg. 
Edwards (GRO). 

Bermuda. Leg. Cross, 1915, as Cl. crystallina, det. Collins (NY). South shore, 
rock pool, 2/1912, leg. Hervey, as Cl. crystallina det. Collins, in Collins, Holden 
& SetchelI, Phycotheca Bor.-Am. no 1865a (Herb. Collins, NY). Shore of 
Harrington Sound, 3/5/1912, det. leg. Collins, as Cl. crystallina in Collins, 
Holden & SetchelI, Phycotheca Bor.-Am. no 1865b (K; L; NY; MICH). Ibidem, 
23/2/1916, leg. Hervey, as Cl. fascicularis in Collins, Holden & SetchelI, 
Phycotheca Bor.-Am. no 2136 (K). Ibidem, on littoral rocks, 7/7/1900, det. 
Collins as Cl. fascicularis in "Bermuda algae collected by M.A. Howe" no 140 
(NY). Gibbet Island, tide pools, 6, 7/1900, det. Collins as Cl. f1exuosa, in 
"Bermuda algae collected by M.A. Howe" no 32 (NY, C). St. George's Island, 
from rocks of islet at North Rock, 23/5/1956, leg. W.R. Taylor 56-740 (herb. 
W.R.Taylor, MICH). 

Bahamas. Grand Bahama, Smith's Point, on south shore, in 2 dm water, 
10/12/1905 as Cl. nitida in "North Am. marine algae distr. from herb. of the 
New Vork Bot. Gard." no 3793 (Herb . Collins, NY) . Bimini, in sea water fish 
ponds outside Lerner laboratory, 18/11/1948, as Cl. delicatula, det. leg. Humm 
(FLAS, no 4922). Great Exuma, Georgetown, tidal pond, 24/2/1905, leg. Howe, 
det. Collins as Cl. nitida, in "North Am. marine algae distr. from the New Vork 
Bot. Gard." no 4886 (NY). Exuma Harbor, Stockey Island, 26/2/1905, leg. 
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Howe, det. Collins, as Cl. nitida, in "North Am. marine algae distr. from the 
New Vork Bot. Gard:" no 4181. 

Jamaica. Kingston, Palisadoes, Harbour side, 18/5/1954, leg. det.· V.J. 
Chapman as Cl. f1exuosa (IJ no A 1878). Morant Cays, summer 1939, leg. V.J. 
Chapman det. V.J.C. & W.R. Taylor as Cl. f1exuosa (IJ no A 728). 

Grand Cayman Island. Old Isaac's, east end, along protected reef, barely 
sublittoral, 25/4/1956, leg. Proctor, det. W.R. Taylor as C/.faseicu/aris (IJ no A 
2525). 

Haiti. Torbeek, 1017/1929, leg. Orcutt no 9621 (MICH). 

Puerto Rico. Near Tallaboa, 22/3/1906, leg. Howe, det. Collins as Cl. 
faseicu/aris, in "North Am. marine algae distr. by the herb. of the New Vork 
Bot. Gard." no 4427 (NY). Guajataca, on rocks in pools along railroad tracks, 
16/4/1958, leg . . Blomquist & Almodovar (NY). 

Guadeloupe. Moule, fond du port, Dec., as Cl. faseicu/aris in Mazé, Algae 
guadeloupenses no 608 (K). Ibidem, Mareh, as Cl. crassicaulis Crouan mscr. in 
Mazé, Algae guadeloupenses no 658 (K). Moule, vieux bourg, "madrépores 
ensablés", Febr., as Cl. graeillima Crouan mscr. in Mazé, Algae guadeloupenses 
no 272, Ie série (K). Vieux Fort, Anse Raby, rocks at water level, Nov., as Cl. 
caespitosa Crouan mscr. in Mazé, Algae guadeloupenses s.n. Pointe-à-Pitre, Het 
à Cochons, Oct., as Cl. zosterico/a Crouan mscr. in Mazé, Algae guadeloupenses 
no 375. 

Curaçao. Various open coast and inner-bay stations (see above, section on 
ecology and van den Hoek, 1969; van den Hoek et al., 1972, 1978). 

Venezuela. Cayo Sal, Estado Falcón, on Tha/assia leaf, leg. Santiago Gómez no 
36 (GRO). 

Colombia. Santa Marta, Ensenada de Concha, 8/1/1967, leg. Schnetter no A 
207 (GRO) (see also Schnetter, 1978). 

Ghana. Prampram, Iower part of Py/aiella-zone, mixed with Cl. coelothrix, main 
axis (c. 150 JLm) with acropetally organized lateral falcate fascicles, 28/4/1956, 
leg. Lawson no A 1127 (GC; GRO). 

25. CLADOPHORA VADORUM (Areseh.) Kütz. 

Nomenclature. See van den Hoek, 1963, p. 141. 

Additiona/ synonyms. Cl. graei/is (Griffiths ex Mackay) Kützing var. vadorum 
(Areseh.) Collins, 1909b, p. 343. This is a nomenclatural synonym, as Collins 
based his variety, erroneously, on Cl. vadorum Areschoug. However, he actually 
introduced this varietal name for Cl. graei/isf. tenuis Thuret ex Farlow, 1881, p. 
55, which is a synonym of Cl. sericea (Huds.) Kütz. (see p. 93). Farlow thought, 
erroneously, that Cl. vadorum Areschoug was a synonym of Cl. graei/is f. tenuis 
Thuret ex Farlow. 
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Description (Figs 313-317) 

Thalli grass-green, light green, or pale green, forming up to 5-30 cm high 
rather coarse flexuous bushes when growing attached or dense floating masses. 
Thallus consisting of pseudodichotomously branching main axes ending in 
branch systems with a vaguely acropetal to irregular organization whose 
branches are straight or only feebly curved and unilaterally or multilaterally 
inserted in short rows. 

Growth by divisions of long apical cells followed by cell elongation and cell 
enlargement of the cut off segments. Towards the base these segments 
increasingly divide by intercalary cross walls and cause the laterals, which are at 
first initiated in acropetal sequence to grow widely apart. Secondary laterals are 
often intercalated bet ween the primary ones thus disturbing the acropetal 
organization. Also later als may be initiated in an irregular sequence thus also 
causing an irregular organization. The cells are mostly very long, as are the 
internodes, and this causes the branches to emerge quite widely spaced. Each new 
cell, af ter being cut off from the apical cell gives off a branch at its apical pole, 
mostly wh en it has become the 3rd-8th (sometimes up to the 18th) cell below the 
apical cello At increasing di stance from the apex a cell may give off a 2nd branch 
(and exceptionally, a third branch). 

Points of ramification of a cell always at the apical cell pole. Branches are 
inserted at the apical cell pole by an oblique wall cutting it off from th~ parent 
cell; with age this wall may become almost horizontal. The angle of ramification 
is wide (more than 45°). The basal cells of older laterals are generally partly fused 
with adjacent cells of the axis. 

Cells in basipetal direction become gradually broader; they remain cylindrical 
in outline except wh en cells are transformed into more or less club-shaped 
akinetes or distally swollen zoidangia (cf. van den Hoek, 1963, not observed in 
American material). The diameter of the broadest part of the main axes in the 
basal region is about (1.5 - )2-4( - 4.5) x that of the apical cells. Apical cells 
long, cylindrical with rounded to tapered tips . Diameter of apical cells 
(30-50)-(35-60) p'm, length/width ratio (11-21)-(4-20); diam. of ultimate 
branches (30-60)-(42-90) p.m, 1/w ratio (6-20)-(3-10); diam. of main axes 
(75-120)-(70-33) p'm, l/w ratio (2.5-10)-(3-8). 

Ecology, form range, culture 

Cl. vadorum is characteristic for protected, of ten estuarine habitats, where it 
may grow attached to stones, shells, pebbles and other solid substrates as plants 
up to 5 cm high, and where larger, up to 30 cm high plants start to float by 
oxygen development and may grow into extensive floating masses. Along the 
S.W. coasts of Curaçao, in a rather protected bight (St. Michielsbaai, 14/4/1968) 
Cl. vadorum participated in a mixed loose lying algal vegetation on the sandy 
bottom at a depth of C. 4 m. The dominant species of this vegetation were 
Spyridia aculeata and Dictyota dichotoma. Two other estuarine Cladophora 
species were also part of this vegetation, namely Cl. globulina (which was very 
abundant) and Cl. liniformis. Material of Cl. vadorum from this station was 
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isolated and brought into unialgal culture. A roughly one month old culture had 
clearly the features characteristic for Cl. vadorum. This will be discussed more 
extensively below. 

Systematic position 

Cl. vadorum has an architecture which much resembles that of the quiet water 
form of Cl. vagabunda from which it sometimes can be hardly distinguished. 
One method to discern both species is to compare plants of both species found in 
close proximity, and it was actually in this way that Cl. vadorum was discovered 
as a discrete entity in the brackish-water Étang de Salses along the French 
Mediterranean coast (compare van den Hoek, 1963, table 24, nr 4a with table 26, 
nr 1). Both species were forming here extensive floating masses, but Cl. vadorum 
was distinctly coarser than the delicate Cl. vagabunda plants found in the same 
station. The differences in the dimensions are summarized below. 

Étang de Salses, la Pointe, 24/ 9/ 1961 

Cl. vadorum Cl. vagabunda 

diam. apical cens 
I / w ratio 
diam. ultimate branches 
Jlw ratio 
main axes up to 
I / w ratio 

4O-60( -64) I'm 
6- 19 

43-80 l'm 
4-14 

150l'm 
2-9 

17-23I'm 
8-23 

18-30 1'm 
9-14 

80l'm 
5-14 

The differences we re maintained in culture, notwithstanding the fact that Cl. 
vagabunda was broader (with apical cells 30-35 ~m in diameter), in culture, than 
in its orginal material (see van den Hoek, 1963, table 25 no 4 and table 27 no 1). 
The differences between the cultures are listed below. 

Cultured material from Étang de Salses, la Pointe, 24/ 9/ 1961. 

Cl. vadorum 

diam. of apical cens 41-49 I'm, 
I l w ratio 11-23 

diam. of ultimate branches 38-54 
I l w ratio 6-10 

diam. of main axes up to 150 I'm, 
Jlw ratio 4-12 

Cl. vagabunda 

diam . of apical cens 30-35 I'm, 
I l w ratio 7-15 

diam. of ultimate branches 35 - 41 
Jlw ratio 5-8 

diam. of main axes up to 55 I'm, 
I l w ratio 7-15 

The range of vanatlOn in the dimensions of both species overlap to a 
considerable extent and actually plants growing in comparable conditions should 
be compared (for instance, pale relatively slender plants of both species floating 
at the water surface; or dark green, more robust plants growing in more or less 
shady places or in turbid water). The differences bet ween quiet water-forms of 
Cl. vadorum, Cl. vagabunda and Cl. Iiniformis (another species forming loose
Iying and floating mats in protected places, cf. p. 74) are listed in table 12 
(p. 159). 
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Table 12. Differences between floating and loose-Iying plants of Cl. vadorum, Cl. vagabunda (section 
Glomeratae) and Cl. liniformis (section Cladophora) . 

Cl. vadorum (Figs 313-317) 

I . Diameter of apical ceUs (30- 50)
(35-60) !lm, lIw ratio (11 - 21)- (4-20); 
apical cells tend to be rel. long and 
thick. 

2. Diam. of ult imate branches (30- 60) 
(42-90) !lm, I / w ratio (6-20)-(3-10); 
cells in ultimate branches tend to be rel. 
long and thick . 

3. Ultimate branch systems mostly show 
an irregular (sometimes vaguely 
acropetal) organization with few to 

many intercalary ceU divisions and 
intercalated branches . 

4. maximum number of branches per 
node 2( - 3) . 

5. Reproduction by zoids (emptied 
zoidangia) may be present. 

Cl. vagabunda (Figs 264-294) 

I. Diam. of apical cells (20- 36)- (42-60) 
!lm , I / w ratio (5 - 11)-(2-10): apical 
cells tend to be rel. thin and short; 
they may be also rel. thick (e.g . in 
proliferations from main filaments) but 
are then still shorter . 

2. Diam. of ultimate branches (20-36) 
(48 - 90) !lm, I / w ratio (3- 10)-(2- 6); 
cell s in ultimate branches tend to be rel. 
short and thin ; they may be also rel. 
thick (e.g . in proliferations from main 

filaments) but are then still shorter. 

3. Ultimate branch systems mostly show 
a rather distinct acropetal organization. 

4. maximum number of branches per node 
2 ( - 3). 

5. Reproduction by zoids (emptied 
zoidangia) regularly observed. 

Cl. liniforms (Figs 96-1(0) 

1. Diam. of apical cells (15 - 20)-(33 - 45) 
!lm, I / w ratio (8-10)-(8-20) : apical cells tend to 
be rel. long and thin. 

2. Diam . of ultimate branches (16-32)
(40-75) !lm, lIw ratio (4-8)-(5-15); 
ceUs in ultimate branches tend to be rel. 
long and thin. 

3. Ultimate branch systems with an 
irregular organization, mostly few 
branches irregularly scattered along 
main filaments. 

4. Maximum number of branches per node 
I (- 2) . 

5. Reproduction by zoids never observed . 
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One important difference between Cl. vadorum and Cl. vagabunda is the latter 
species' much greater morphological plasticity, even on the basis of the same 
genotype, in comparison to that of Cl. vadorum. lt varies from plants with 
fascicles composed of compact branch systems with strict acropetal organization 
to flexuous plants with a much less distinct acropetal organization. This 
difference is mostly difficult to appreciate in separate field collections although 
extensive field collections embracing younger and older plants may give quite a 
good insight in the morphological range even if they are growing in quiet 
conditions, because younger and smaller plants or vigorously growing distal 
parts of older plants mostly show a distinct acropetal organization in Cl. 
vagabunda and not in Cl. vadorum. 

Geographic distribution (Map 19) 

Cl. vadorum belongs to the amphiatlantic tropical-to-warm temperate 
distribution group, of which most species are restricted to the tropical Western 
Atlantic Region along American coasts but extend far into the warm temperate 
Mediterranean-Atlantic Region along the European coasts. However, Cl. 
vadorum is one of the comparatively few species which extends into the warm
temperate Carolina Region along American coasts where it finds its northern 
limit, as far as known on the basis of specimens studied, at about 35° N latitude 
(in Europe at about 60° N latitude) (van den Hoek, 1975, 1979). 
The following collections we re investigated: 

North Carolina. Carteret County, Bogue Banks, sound side, near Atlantic 
Beach, floating in brackish pond, 1118/1946, lèg . det. Blomquist, no 11364, as 
Cl. expansa (DUKE). 

Georgia. Vicinity of Sapelo Island growing attached to debris in brackish 
drainage ditch, March-April/ 1968, leg. det. Chapman, no F - 13 - B, as Cl. 
rudolphiana (GRO). 

Florida. Lake Worth, leg. M.S. Snyder, 1895-96, as Cl. indet. (MICH). Pasco 
County, Homosassa Bay, 27/1/1966, leg. Dawes no 3039 (USF). Bay County, 
intertidal on the shore by the bridge across the west arm of St. Andrews Bay, 
West Bay, 15/1/1949, leg. Drouet & Nielsen, 10872 (F). 

Mississippi. lntertidal in Biloxi Bay east of municipal docks, Ocean Springs, 
12/12/1948, leg. Drouet & Caylor, no 9889a (F) . 

Louisiana. On larger plants in the salt marsh between Chenier Caminada and 
Leesville, 26/ II / 1948, leg. Drouet & Viosca 9439 (F). In the salt marshes 
between Leesville and Chenier Caminada, floating masses, 26/11/1948, leg. 
Drouet and Viosca no 9445; idem, on piece of wood floating, no. 9452 (F) . 
Floating in a tidal stream in the salt marsh 10 miles southwest of Lake 
Pontchartrain beside U.S. highway no. 11,24/22/1948, leg. Drouet & Viosca no. 
9344 (F). 

Bermuda. Harrington Sound, leg. Hervey, 10/1914, as Cl. crispulo in Collins, 
Holden & SetchelI, Phycotheca Bor.-Am., Algae of Bermuda, no 2011 (L). 
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Bahamas. Eastern end of Mariguana, on stones in 3 dm water at low tide, leg. 
Hervey, in N. Am. mar. algae distr. by herb. New Vork Bot. Gard. no 5526 
(NY). 

Jamaica. Manchester Parish, floating patches in open pool of Great Swamp just 
east of Alligator Pond, 22/3/1956, leg. W.R. Taylor 56-682, as Cl. indet. 
(MICH). 

Curaçao. St. Michielsbaai, s.w. coast of Curaçao, protected, loose-Iying 
vegetation on sandy bottom at 4 m depth of Spyridia aculeata, Dictyota 
divaricata and Cl. globulina, 14/4/1968, leg. van den Hoek 68/25 (GRO). 

Gabon. Cap Esterias, light green and very large entangled masses on sheltered 
side of reef, very characteristic material, 10/12/1974, leg. John, Lawson & Price 
no 8542 as Cl. laetevirens? (GC; GRO). 
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Chapter XIX 

Section 11. Longi-articulatae Hamel 

Nomenc/ature. See van den Hoek, 1963, p. 208. 

Description 

Plants exclusively or almost exclusively composed of acropetally organized 
branch systems, mostly without but in one species (Cl. longicel/ulata) with a 
distinct main axis. Growth almost exclusively by divisions of conspicuous apical 
cells and by subsequent considerable cell elongation, and by cell enlargement in 
most species (not in Cl. longicel/ulata) . In th is way unicellular intern odes 
considerably increase in length in basipetal direction. These internodes may be 
(but are mostly not) divided by mostly one, sometimes two intercalary cross walls 
into shorter cells which mostly do not show subsequent elongation. Such 
intercalary divisions may occur in distal parts of fertile plants and di vide the cells 
into zoidangia; or in more proximal parts of vegetative plants in other species. 
Particularly more slender species show such intercalary divisions in internodes of 
more proximal parts of the plants. Each branch is either apically inserted with a 
feebly inclined to almost horizontal cross wall (Cl. pel/ucidoidea) or laterally and 
of ten somewhat subterminally inserted with a steeply inclined cross wall (Cl. 
prolifera, Cl. blomquistii, Cl. conferta; Cl. longicel/ulata takes an intermediate 
position). 

The ratio bet ween the diameter of the thickest parts of main filaments and that 
of the apical cells varies from about 0.5-1.5 in Cl. longicel/ulata to 2-4 in Cl. 
prolifera. Plants attached by basal branching rhizoids sprouting from the basal 
cell, and in some species also from bas al cells of laterals in the basal region of the 
plant. 

Species ranged under the section 

Ten marine Atlantic species are presently ranged under this section, which 
includes two subgroups: a) Relatives of Cl. prolifera and b) Relatives of Cl. 
pel/ucida. 

The first subgroup contains the species Cl. prolifera, Cl. conferta, Cl. 
nigrescens Zanard. ex Frauenf., Cl. retroflexa (Bonnemaison ex Crouan) van den 
Hoek, and Cl. blomquistii. Only Cl. prolifera occurs along both si des of the 
Atlantic Ocean; Cl. conferta and Cl. blomquistii are restricted to the American 
side; and Cl. nigrescens and Cl. retroflexa to the European side of the Atlantic. 
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Table 13. Differences between species of the section Longiarticulatae. 

Cl. prolifera (Figs 318-327) Cl. blomquistii (Figs 328-331) Cl. conferta (Figs 332-354) Cl. longicellutata (Figs 355-357) Cl. pellucidoidea (Figs 358-362, 365) 

I. Each branch laterally I . Each branch laterally I. Each branch laterally insert- I. Each branch at first almost I . Each branch apically 
inserted with a steeply inserted with a steeply ed with a steeply inc1ined laterally inserted with a inserted with a feebly 
inclined wall cutting it off inclined wall cutting it off wall cutting it off from the steeply inclined wall, which inclined to almost horizon-
from the parent cello from the parent cello parent cell o later may grow into a feebly tal crosswall cutting it off 

inclined position. from the parent cello 

2. Cells in basipetal direction 2. eells in basipetal direction 2. eells in basipetal direction 2. Cells in basipetal direction 2. eells in basipetal direct ion 
distinctly becoming longer not or hardly becoming becoming longer and becoming distinctly longer, becoming longer and 
and broader, exceptionally longer and broader, never broader, some of them but hardly or not broader, broader, some of them 
divided by intercalary walis. divided by intercalary walls. divided by an intercalary never divided by intercalary divided by I rarely 2 inter-
Diameter of basal cell is e. Diameter of basal eell is e. wal!. Diam. of thiekest part walls . Diam. of basal eells calary walis. Diam. of basal 
(I - )2-4 x that of apical Jfi -I x that of apical cells. of axis is e. (1 .5 - )2-2.5 0.5-1.5 x that of apical eells C. 1.5-3.5 x that of 
eells. ( - 3.5) x that of apieal eells. apieal eells . 

eells. 

3. Diam. of apieal cells 3. Diam. of apical cells 3. Diam. of apical eells 3. Diam. of apical eells 3. Diam. of apical cells 
(95-120)-(170-240) I'm , 150-230l'm, l/w ratio (25-32)-(37-45) I'm, I/ w (170-240)-(230-320) I'm, (50-80)-(70-95) I'm, I/ w 
I/ w ratio (7- 16)-(4.5-9). 4.5-14. ratio (3-9)-(2-5). I/ w (2-7)-(2-4) . (9-22)-(16-32). 

4. Up to 3( - 4) laterals per 4. Up to 6 laterals per node. 4. Up to 3 (sometimes 4) 4. Up to 3 (sometimes 4) 4. Up to 2 (rarely 3) laterals 
node. lateraIs per node. lateraIs per node. per node. 

5. Angle of ramification 5. Angle of ramifieation 5. Angle of ramification 5. Angle of ramifieation 5. Angle of ramifieation 
mostly < 45 0 . mostly >45°. mostly >45° but branches mostly > 45 0 . <30°. 

often curve upwards. 



Cl. prolifera (Figs 318-327) 

6. Rhizoids , which also sprout 
from the bases of older 
laterals , and the lower ends 
of older cells with regular 
annular constrictions. 

7. Plants without distinct main 
axis . 

8. Plants 2- IO( - 25) cm high, 
dark green , coarse, dense 
and stiff tufts growing 
attached to solid substrates 
(becoming dark brown 
when dried) . 

9. Widely distributed along 
tropical to warm temperate, 
European and American 
shores. 

Cl. blomquistii (Figs 328-331) 

6. Rhizoids, which do not 
sprout from the bases of 
older laterals, with 
irregularly undulating walls . 

7. Plants without distinct main 
axis . 

8. Plants 1-5 cm large, rigid, 
loose, aegagropiloid masses 
(dark brown when dried) . 

9. Known only from 2 lagoons 
in N.E. Gulf of Mexico . 

Cl. conferta (Figs 332-354) 

6. Rhizoids , which aJso sprout 
from the bases of older 
laterals, with irregularly 
undulating waJls . 

7. Plants without distinct main 
axis . 

8. Plants 1-5( - JO) cm high, 
dense, dark dull green tufts 
growing attached to solid 
substrates or forming loose 
"aegagropilas" . 

9. Widely distributed in pro
tected bays of Caribbean 
and African shores. 

Cl. longicellutata (Figs 355-357) Cl. pellucidoidea (Figs 358-362, 365) 

6. Rhizoids , which only sprout 
from the basal cell, with 
undulating walls . 

7. Plants with distinct main 
axis. 

8. Plants rigid , up to 10( - 50) 
cm high grass-green tufts 
growing attached to solid 
substrates . 

9. Only known from 
Bermuda. 

6. Rhizoids only from basal 
cell. 

7. Plants without distinct main 
axis. 

8. Plants forming 1.5-6 cm 
high, grass-green , penicillate 
tufts, growing attached 
to solid substrates. 

9. Known from 4 deep-water 
stations along tropical and 
warm temperate E . Arneri
can shores. 



The seeond subgroup eomprises Cl. pellucida (Huds.) Kütz. (including Cl. 
pseudopellucida van den Hoek), Cl. feredayi Harv., Cl. longicellulata, and Cl. 
pellucidoidea. The first two species oeeur along European shores, the third and 
fourth along American shores. 

Identification of the species ranged under the section Longiarticulatae 

The differenees between the 5 East American species ranged under the seetion 
Longiarticulatae are listed in table 13 (p. 164). The differenees between Cl. 
prolifera, Cl. blomquistii and Cl. retroflexa (an aegagropiloid species of the 
Longiarticulatae from Europe) are listed in table 14 (p. 172). The differenees 
between Cl. conferta and Cl. nigrescens (a narrowly related species from Europe) 
are listed in table 15 (p. 177). The differenees between Cl. longicellulata, Cl. 
pellucidoidea and Cl. pellucida (a narrowly related species from Europe and 
Southern Africa) are listed in table 16 (p. 181). 

26. CLADOPHORA PROLIFERA (Roth) Kütz. 

Nomenclature. See van den Hoek, 1963, p. 208. 

Description (Figs 318-327) 

Thalli dark green (when dried beeoming dark brown), forming 2-10 cm high 
(sometimes up to 25 cm high) dense, eoarse and stiff tufts of densely fascieulate 
plants sprouting from ereeping rhizoidal systems. 

Plants eomposed of aeropetally organized branch systems, without distinet 
main axis, but forming numerous pseudodichotomies, pseudotrichotomies or 
pseudotetraehotomies (Figs 318, 322, 326). Growth exclusively by divisions of 
the apieal ce lis and subsequent eell elongation and eell enlargement. In the apical 
region, the internodes may be divided into two zoidangia, the upper one mostly 
shorter than the lower one. These zoidangia open by several pores (Fig. 324). In 
the basal region, an internode is sometimes divided by an interealary eell division 
(Fig. 318). 

Eaeh new eell after being cut from the apical eell gives off a branch at its apical 
pole, of ten immediately it has beeome the subapical eell (Figs 320, 321). At 
inereasing distanee from the apex a eell may give off a seeond and sometimes a 
third (rarely a fourth) branch (Fig. 318). Eaeh branch is almost laterally inserted 
with a steeply inelined cross wall eutting it off from the parent eell. The angle of 
ramifieation is mostly rather small (45 0 or less) (Fig. 319). The basal eells of the 
older laterals are of ten fused, at their basal poles, with adjacent eells of the axes 
(Fig. 326). Cells in basipetal direction beeoming longer and often inereasingly 
club-shaped. In old plants, the basal poles of eells may have distinet 
protuberanees (which were, however, not seen in all plants) (Fig. 324a). The 
young basal eell inereases eonsiderably in size before the first apical eell-division. 
Old eells in the basal region eaeh give off a rhizoid with annular eonstrictions, 
which grows along the eell or eells below down to the sub stratum , where it 
ramifies (Figs 322, 326,327). The basal parts of old eells of ten also with annular 
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constrietions (Figs 318, 322). The diameter of the thickest part of the main axes 
(mostly the basal cell) is about (1 - )2-4 x that of the apical cells . Apical cells 
cylindrical to gradually tapering with rounded tips. 

Diameter of apical cells (95-120)-(170-240) ",m, length/width ratio 
(2-5)-(3-5.5). Diameter of ultimate branches (95-120)-(170-240) ",m, l/w 
ratio (2.5-4)-(3.5-7). Diameter of main axes in basal region 
(240-345)-(275-345) ",m, l/w ratio (7-16)-(4.5-9). Thiekness of cell wall of 
ultimate branches c. 2-10 ",m, in main axes (basal region) 15-40 ",m. 

For ranges of European material, see van den Hoek, 1963, Table 36 (p. 211). 
In the very robust type specimen of Cl. scoparia Kütz. (3.5 cm high plant) the 
apical cells are 130-175 ",m in diameter, the length/ width ratio is 7-18; the 
diameter of the ultimate branches is 130-175 ",m, the length/ width ratio 10-16, 
and the basal cells are up to 400 ",m thick, with a l/w ratio of up to 18. 

Ecology and form range 

Cl. prolifera occurs on shaded overhangs in shallow water, and it has been 
recorded from depths of 15-20 m, 30 m, and even 70 m. At its northernmost 
distribution boundary along American coasts (N. Carolina) it occurs on deep 
offshore reefs (Williams, 1951; Schneider, 1976). This indieates that Cl. pro/ifera 
is capable of growing in low light intensities. However, Cl. prolifera also occurs 
in full sunshine at moderate depth, and must be able to survive, or even grow and 
reproduce at high light intensities (see van den Hoek, 1963, p. 209). 

Cl. prolifera has a rather constant morphology, and consequently does (and 
did) not present many taxonomie problems. However, the diameters of the cells 
in the distal parts vary considerably, and this mainly in relation to age. In 
relatively young and sm all plants (e.g., 1 cm high) these cells are relatively thick 
and long (Figs 325, 326), to gradually diminish in size with continued growth of 
the plant, to reach the smallest diameters when the plants are about 10 cm high 
and end in very densely ramified terminal clusters (Figs 318-321). In young, 
small plants the diameter of the basal cells is about 1-2 x that of the apieal cells; 
in full-grown plants about 2-4 x . This reflects the fact that the basal parts of the 
main axes vary much less in diameter. 

Reproduction 

Observations on material from Europe point to a purely asexual reproduction 
by biflagellate asexual zoospores (size: 13-16 x 6.5-8 ",m). Before release, the 
zoids are accumulated at the apical poles of the zoidangia in an irregularly 
perforated parietal cylinder, much in the way as the zoids are accumulated before 
release in zoidangia of Cl. catenata (Fig . 324) (see van den Hoek, 1963, pp. 209, 
210). 

Geographic distribution (Map 20) 

Cl. prolifera belongs to the amphiatlantie tropieal-to-warm temperate 
distribution group. At its northern distribution boundary along Ameriean coasts 
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(N. Carolina) it is restricted to offshore reefs bathed, during winter, by relatively 
warm water (not col der than W°C). It does not occur in inshore waters which 
cool down to much lower temperatures during winter. Along European coasts 
Cl. prolifera also reaches its northernmost point where winter temperatures of 
the surface water are not much lower than woC. These distribution data suggest 
that Cl. prolifera is a warm water species whose northern boundary is set by the 
lowest temperature it is ab Ie to survive during the unfavourable winter season. 

Cl. prolifera is probably widely distributed in tropical and warm temperate 
seas. On the basis of descriptions and pictures the following literature records 
most likely refer to this species: South Africa (Papenfuss, 1943, as Cl. rugulosa 
Martens); Tanzania (Jaasund, 1977, as Cl. rugulosa); Thailand, Andaman Sea 
(Egerod, 1975, as Cl. rugulosa); Solomon Islands (Womersley & Bailey, 1970); 
Southern Japan (Sakai, 1964, as Cl. rugulosa); Costa Rica (Golfo Dulce) and 
Ecuador (Archipelago de Cólon) (Taylor, 1945). Small rhizoid-like processes 
(Fig. 324a) at the lower ends of cells in the basal region are no reason to 
differentiate Cl. rugulosa from Cl. prolifera (in contrast to Papenfuss and 
Chihara's (1975) opinion). 

The following specimens have been investigated: 

North Carolina. Reef off New River Inlet, 5-8 m deep, 19/6/1949, leg. Williams 
no 209 (LD; AHFH). Reef 2 miles n. of New River Inlet, abundant on rocks in 
about 4 m depth, 24/8/1946, leg. Humm & Phinney as Cl. prolifera (DUKE). 

Florida. Vero Beach, 29/5/1949, leg. Potter, det. Blomquist as Cl. catenata 
(DUKE). Stuart, Martin County, growing on oyster shells, leg. Brownett, det. 
Dawes as Cl. prolifera (USF no 68585). 

Puerto Rico. Aguadilla, on rocks at low water mark, 13/7/1903, leg. Howe no 
2404, det. Collins as Cl. prolifera (NY; K). Guajataca, on rocks, bottom of deep 
canal, below low tide, 16/4/1958, det. leg. Blomquist no. 3202 as Cl. catenata 
(NY; L). Guajataca, in ti de pools on flat rocky ledge, in st rong surf, 18/9/1963, 
leg . Almodovar & Rosado no 4858, det. Almodovar as Cl. catenata (NY; L). 
Yabucoa, EI Negro, on rocks in outlet of a dry creek, 22/1/1964, leg. Almodovar 
& Rosado, no 4972, det. Almodovar as Cl. catenata (L). Yabucoa, Guayanes 
Beach, rock in about 1 m depth, 23/3/1968, leg. Diàz-Piferrer (GRO). 

Guadeloupe. Capesterre, Plage de la Grande Rivière, July, as Cl. prolifera in 
Mazé, Algae guadeloupenses no 1917 (K). Gosier, Anse Laverdure, "à la plage", 
July as Cl. prolifera in Mazé, Aigae guadeloupenses no 472 (K). 

Martinique. Trinité, 1/4/1930, leg. det. A. & G. Hamel no 230, as Cl. prolifera 
(AHFH). 

Barbados. From herb. J.E. Gray (BM), Leg . "Governor Rawson & Miss Watts" 
from herb. Dickie 1884 (BM). Bathsheba, 6th June, as Cl. prolifera in Vickers, 
Aigues de la Barbade no 20 (NY). 

Tobago. May 1913, leg . Thaxter (US). 

Trinidad. Saline Bay, Toco Road, below L.W.M., along outer edge of reef with 
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Sargassum, common as isolated dumps, det. leg. Richardson no 92 as Cl. 
prolifera (BM). Saline Bay, on rock, 0.3 m depth, quite common among 
Sargassum, leg. det. Richardson, 5/11/1961 no 1038 as Cl. prolifera (BM; L). 
Morugo, Otho Point, infralittoral, 6/2/1958, leg. W.D. Richardson no 268 (L). 

Venezuela. Tagüao (cerca de Arrecife), Districto Federal, on rocky partially 
submerged platform, 21/2/1978, leg. José Fermin no 333 (GRO). 

Colombia. Castilletes, eulittoral, on beach rock, 22/2/1972, leg. Schnetter no A 
2073 (GRO). Santa Marta, Punta Brava, 25/3/1970, leg. Schnetter no A 623 
(GRO) (see also Schnetter, 1978). 

Brazil. Rio de Janeiro, "colI. & comm. M. Glaziou Recd. Sept. 1876 no 7909", 
as Cl. prolifera (K). Prov. Rio de Janeiro, Voyage d' Auguste de Saint-Hilaire de 
1816-1821, as Conferva catenata (PC). 

Senegal. Pointe des Almadies, near Dakar, leg. Lawson no A 701 (GC; GRO). 

Cöte d'Ivoire. Tabou, moderately wave-sheltered to wave-exposed situations, 
1/2/1972, leg. det. John 6909, as Cl. prolifera (GC; GRO). 

Ghana. Tema, 19/12/1956, Lawson, no A 1191 as Cl. prolifera? (GC; GRO). 
Pram pram , attached to sandy rocks, not completely exposed even at spring tides, 
5 cm high characteristic plant, 11/12/1950, leg. N.H.G. (GC; GRO). Vernon 
Bank, Kpone Bay, near Tema, depth of 10 m below low water, 15 cm high dark 
brown fasciculate plant, 27/1/1970, leg. John 63 31A (GC; GRO). Nyanyanu, 
2-3 cm high dark brown plant, 31/11/1969, leg. John no 6102 (GC; GRO). 

Angola. Praia San Antonio (Baia de Benguela), drift, 1/2/1974, leg. John, 
Lawson & Price, det. John as Cl. prolifera? (GC; GRO). 

27. CLADOPHORA BLOMQUISTU nov. spec. 

Description (Figs 328-331) 

Thallus rigid, wh en dried dark brown, forming loose-Iying aegagropiloid 
masses 2-5 cm in diam. 

Main axis indistinct, regularly forming pseudo-2-chotomies to pseudo-5-
chotomies with its laterals. Growth almost exdusively by divisions of the 
conspicuous apical cells and hardly by subsequent c~ll elongation. Distinct 
acropetal organization. Each new cell gives a lateral at its apical pole, almost 
exdusively already directly below the apical cell; even a second lateral of ten 
grows out from a new cell that is still in a subapical position (Fig. 328). At 
increasing di stance from the apex a cell may give off of a second, third, fourth 
and sometimes a fifth lateral (Fig. 328). Mostly the angle of ramification is wide: 
of the younger ramifications c. 45° or only slightly less, of the older ramifica
tions >45°. The apices mostly distinctly incurved. Young branches mostly 
inserted with a steeply indined wall which may but mostly does not grow into an 
almost horizontal position. The basal cells of the laterals are not or only slightly 
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fused, at their basal poles, with the adjacent cells of the axes. The cross walls 
cutting off the branches from the axis are of ten slightly dislocated into the basal 
cells of the branches (Fig. 330). 

Cells in basipetal direction not or hardly elongated and enlarged, and 
remaining cylindrical in outline (not or only slightly becoming club-shaped). The 
diameter of the basal cells is c. 0.8-1 x that of the apical cells. Apical cells 
cylindrical with rounded or slightly tapered and blunt tips. Rhizoids produced 
from the basal cell and basal pol es of the lowermost cells. The centre of an 
aegagropiloid balI consists of a tightly interwoven mass of rhizoids from which a 
number ofaxes radiate (Fig. 329). These rhizoids and lower ends of cells in the 
basal region with irregularly undulating walls (without regular annular 
constrictions). Diameter of apical cells 150-230 ILm, length/width ratio 4.5-14; 
diameter of cells in basal region 150-205 ILm, 1Iw ratio 7-23. Thickness of cell 
walls of apical cells c. 10-30 ILm, of cells in basal region up to 50 ILm. 

Descriptio typi 

Thallus rigidus, fuscus (in sicco!), aegagropilam diametro 2-5 cm formans, 
ordinatione acropeta sine axe insigni sed pseudodichotomias, - trichotomias, 
- tetrachotomias, - pentachotomias formans. Increscentia quasi solum 
divisionibus cellularum apicalium conspicuarum. Ex om ni cellula nova in polo 
apicali ramus oritur, plerumque iam sub cellula apicali; etiam duo rami ex cellula 
subapicali oriuntur. E cellula axiali vetustiori tres, quattuor, interdum quinque 
rami oriri possunt. Rami lateraliter inserti pariete ardue inclinato ad angulum 
45° et ultra patentes. Ramorum apices plerumque distincte incurvati. Cellulae 
basales ramorum nequeunt vel possunt paulum coalescere cellulis finitimis 
axium. Cellulae versus thalli basin non sive vix longiores latiores, plerumque 
cylindraceae (rarissime claviformes). Diameter cellulae basalis c. 0.8-1 x diam. 
cellularum apicalium. · Cellulae apicales cylindraceae apicibus rotundatis 
plusminusve attenuatis. Rhizoidea ex parte basali cellularum basalium et 
subbasalium oriuntur in centro aegagropilae fasciculum formantes. Rhizoida et 
partes inferiores cellularum basalium et subbasalium parietibus undulatis sine 
constrictionibus annuliformibus. Diameter cellularum apicalium 150-230 ILm, 
longitudol diameter 4.5-14; diam. cellularum in regione basali 150-250 ILm, lid 
7-23. Parietum crassities cellularum apicalium c. 10-30 ILm, cellularum in 
regione basali usque ad 50 ILm. 

Typus collectus in sinu nomine "Alligator Bay" prope St. Teresa, partibus 
septentrionalibus Floridae. Typum legerunt F. Drouet & C.S. Nielsen, 
31/1/1949, n. 11719. Typus servatus in "Cryptogamic Herbarium of the Chicago 
Natural History Museum" (F). Isotypi in "Herb. of the Univ. of Michigan" 
(MICH), et in "Muséum Nat. d'Hist. Nat., Lab. Cryptogamie, Paris" (PC). 

Type 2-5 cm large dark brown aegagropiloid balls, washed up on the shore of 
Alligator Bay, east of St. Teresa, Franklin County, Florida, leg. F. Drouet & 
C.S. Nielsen, 311111949, no 11719, det. W.R. Taylor as Cl. fuliginosa (Crypt. 
Herb. Chicago Nat. Hist. Mus.; F); lsotypes in Herb. of the Univ. of Michigan 
(MICH), and in the Mus. d'Hist. Nat., Lab. Cryptogamie, Paris (PC). 
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Ecology 

Cl. blomquistii is a free-living lagoonal form, known only from a few lagoons 
in the north-eastern corner of the Gulf of Mexico, along the coast of Florida. In 
its strictly aegagropiloid growth habit, which can only be realized in lagoonal 
habitats, it resem bles two warm temperate European species, namely Cl. battersii 
van den Hoek and Cl. retroflexa (Bonnem. ex Crouan) van den Hoek (1963). Cl. 
retroflexa is narrowly related to Cl. blomquistii, Cl. battersii not. 

Systematic postion 

Dr. H. Humm (Univ. of St. Petersburg, Florida) drew my attention to Cl. 
blomquistii, which he and Or. Aziz correctly considered as a new species to which 
they had given the provisional epithet "blomquistii" to honour the well-known 
American phycologist, H.L. Blomquist. 

Cl. blomquistii is a characteristic representative of the section Longiarticulatae 
Hamel, where it shows most resemblance to Cl. retroflexa (Bonnem. ex Crouan) 
van den Hoek. Both Cl. blomquistii and Cl. retroflexa are narrowly related to Cl. 
prolifera (Roth.) KOtz., which is an epilithic species occurring along warm 
temperate to tropical coasts on both sides of the Atlantic Ocean. It is likely that 
Cl. blomquistii and Cl. retroflexa are the result of parallel evolution of lagoonal, 
aegagropiloid species from Cl. prolifera as a common ancestor. 

With Cl. catenata (L.) KOtz. (= Cl. fuliginosa KOtz.) Cl. blomquistii shows 
only a superficial resemblance by the dark brown colour of dried specimens, the 
aegagropiloid habit, and the stiff, thick filaments. The thallus architecture of Cl. 
catenata is completely different. 

The differences between Cl. prolifera, Cl. blomquistii and Cl. retroflexa are 
listed in tab Ie 14. 

Table 14. Differenees between Cl. prolifera, Cl. blomquistii and Cl. retroflexa 

Cl. prolifera 
I. Not (or only incident

a1ly) aegagropiloid 
2. Angle of ramifieation 

mostly < 45°. 
3. Up to 3 laterals per 

node. 
4. Rhizoids and lower ends 

of basal eens with annular 
eonstrietions. 

Cl. blomquistii 
I. A1ways aegagropiloid. 

2. Angle of ramifieation 
mostly > 45°. 

3. Up to 6 laterals per node . 

4. Rhizoids with irregularly 
undulating wans, lower 
ends of basal eens 
without annular eon
strietions. 

Geographical distribution (Map 21) 

Cl. retroflexa 
I. A1ways aegagropiloid. 

2. Angle of ramifieation 
mostly > 45° . 

3. Up to 5 laterals per 
node. 

4. Without rhizoids, lower 
ends of basal eens 
without annular eon
strictions. 

Cl. blomquistii is the only Cladophora species belonging to the "warm
temperate North American" distribution group (van den Hoek, 1975, 1979). 
Recently, a number of other species endemic to this region and belonging to 
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other genera have been discovered on offshore reefs along the Carolinas 
(Schneider, 1976). The following collections have been investigated: 

Florida. Alligator Harbour, E. of St. Teresa (type mat., see above). Wayside 
Beach, Alligator Point, E. of St. Teresa, FrankIin County, 1/5/1949, leg. 
Madson, no 1543 (F). On bottom in shallow water of Cedar Key, Levy County, 
11/8/1949, no I, leg . Pierce, det. W.R. Taylor as Cl. prolifera (MICH). 

28. CLADOPHORA CONFERTA Crouan frat. ex Schramm & Mazé 

Nomenclature. Cl. conferta Crouan frat. ex Schramm & Mazé, 1865, p. 37 (De
Toni, 1889, p. 351) Mazé & Schramm, 1870-1877, p. 63. The following exsiccata 
are mentioned: Mazé, Aigae guadeloupenses, nos 253, I série; 656; 679; 701; 915; 
1037. Number 679 (from "Moule, plage de la baie") and 1037 (from "Moule, 
plage de la baie flottant en Octobre") were found in K, and appeared to belong 

o 
I 

... ...... ~~ 
-'. 

~ .. ~ 
i' .. . . 
. -., 

..... . 

". 30° ..... 

I, 
I 

I :" 

.:,;- ?Oo 

..... . . '0° 

-"', 

MAP 21 

Geographical distribution of Cl. blomquislii (open triangles : specimens investigated) and of Cl. 
pellucidoidea (open circles : specimens investigated) . 
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to the same species. No 679 has been indicated as the lectotype. No 1037 (Figs 
345-348, 350) belongs to the same species and can be considered as syntype 
material. Previously (van den Hoek, 1979) I have identified this species as Cl. 
uncinata Boergesen, which is a synonym. 

Cl. uncinata Boergesen, 1913, p. 20. Type in C, with the following annotations 
"specimen originale"; Algae marinae ex insulis Danicis Indiae occidentalis; 
Cladophora uncinata n.sp.; det. F.B.; leg. F. Boergesen iter tertium 1905-1906, 
no 1377; Insuia St. Croix, Lime Tree Bay, 24/1/1906" (see Figs 351-354). Cl. 
uncinata clearly belongs to the same species as Cl. conferta. 

Description (Figs 332-354) 

Thalli dark dull green (also wh en dried), forming 1-5( - 10) cm high dense 
tufts of plants sprouting from creeping rhizoidal systems; sometimes forming 
compact "aegagropilas". 

Plants composed of acropetally organized branch systems, without distinct 
main axis, but forming numerous pseudodichotomies and pseudotrichotomies 
(Figs 333, 336). Growth exclusively by divisions of the apical cells and by 
subsequent cell elongation and cell enlargement. Towards the base, the 
internodes may be divided into two cells by intercalary cell divisions; the upper 
cell is mostly shorter than the lower one (Figs 335, 337, 346, 348). Small 
intercalated branches may grow out at the these intercalary cross walls, but they 
hardly disturb the regularity of the acropetal organization (Fig. 335). In the basal 
region, internodes may consist of several cens (Figs 347,349,350). Each new cell 
after being cut off from the apical cell gives off a branch at its apical pole, of ten 
immediately it has become the subapical cell (Fig . 353) or otherwise when it has 
become the second to third cell below the apical cell (Figs 335-337). At 
increasing distance from the apex a cell may give off a second, a third, and 
sometimes even a fourth branch (Fig. 337). 

Each branch is almost laterally inserted with a steeply inclined cross wan 
cutting it off from the parent cello The angle of ramification is mostly rather 
wide (c. 45 0 or somewhat more), but the branches of ten curve upwards at a short 
distance from the point of ramification (Figs 346, 348). The basal cells of the 
laterals are not or only slightly fused at their basal pol es with adjacent cens of the 
axes. Cells in basipetal direction becoming longer (shorter wh en the intern odes 
are divided by intercalary divisions), and of ten somewhat club-shaped (Figs 346, 
348, 337). (The lowermost thick-walled cells, however, of ten with an irregularly 
cylindrical outline). Cells in the basal region thick-walled with irregularly 
undulating walls (Figs 336, 345, 351, 354). The diameter of the thickest part of 
the main axis is about (l.5 - ) 2-2.5( - 3.5) x that of the apical cells. Apical cells 
cylindrical or somewhat tapering, with rounded tips; sometimes hooked (Figs 
338, 352, 354). Plants attached by branched undulating rhizoids sprouting from 
the basal cell and the basal ends of branches near the basal cell (Figs 336, 345, 
349). 

The chloropiasts form a continuous parietal layer in which they overlap each 
other or a parietal reticulum with small meshes (Figs 339, 340). 
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Diameter of apical cells (25-32)-(37-45) /Lm, length/width ratio (3-9)-(2-5); 
diam. of ultimate branches (27-42)-(37-53) /Lm, l/w ratio (5-7 .5)-(3.5-5); 
diam. of main axes (32-68)-(48-95) /Lm, l/w ratio (4-8)-(2-5.5). Thickness of 
cell walls c. 0.5-1.5 /Lm in ultimate branches, up to c. 15 /Lm in lower parts of 
main axes. 

Ecology and form range 

Cladophora conferta seems to be limited to shallow, sheltered water of bays 
and lagoons, where it grows attached to hard substrates, such as shingle, and 
shells of the lamellibranchiate Isognomon alatum. On Curaçao (Netherlands 
Antilles) Cl. conferta was extremely common on relatively exposed wave-washed 
shingle-beaches of four inner bays; but it was lacking in the most sheltered, 
muddy parts of such bays (van den Hoek et al., 1972). One specimen (from 
Alligator Pond Bay, Jamaica, collected by V.J. Chapman, 20/5/1954, IJ) 

consisted of 1-3 cm large compact, spherical "aegagropilas", which also 
contained the quiet-water species Cl. jongiorum. Cl. conferta has a very 
characteristic morphology. The range of variation in the measurements of the 
description may be shown by different plants in one and the same population. It 
is questionable wheter or not the hooked ("uncinate") apical cells are 
characteristic for the species (Boergesen 1913, p. 20), as they occur occasionally 
in one plant, and are lacking in other plants. Plants with hooked apices seemed 
of ten to be used for the construct ion of the dwelling of a small polychaete. 

Reproduction 

Material collected in January 1973 in St. Jorisbaai, Curaçao, appeared to 
contain numerous fertile plants (Figs 335, 336, 341-344). All plants produced 
only biflagellate zoids, which failed to copulate (Fig. 344). Many empty 
zoidangia contained young germlings. These observations suggest that Cl. 
conferta reproduces by asexual biflagellate zoospores. The size of the zoospores 
varies from 10.6 x 7.4 /Lm to 13 .8 x 9 /Lm. Before release, the zoids were 
contracted along the axis of the apical part of the zoidangia (Figs 341, 342). 

Systematic position 

Cl. conferta is a narrow relative of Cl. prolifera, from which species it differs 
mainly by being much more delicate. Cl. conferta much resembles another 
delicate relative of Cl. prolifera, namely Cl. nigrescens Zanard. ex Frauenf., a 
species from European Mediterranean shores (see van den Hoek, 1963, p. 212). 
The differences bet ween both species are listed in table 15 (p. 177). 

Geographic distribution (Map 22) 

Cl. conferta belongs to the amphiatlantic tropical distribution group (chapter 
V) . The following collections have been investigated: 

Bermuda. South shore, in rock pool, 2/1912, leg. Hervey, as Cl. crystallina in 
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Geographical distribution of Cl. conferta. Closed circles: specimens investigated . Closed circle with arrow: specimen investigated from Ghana. 



Table 15: Differences bet ween Cl. conferta and Cl. nigrescens. 

Cl. conferta 

I . Af ter drying remaining dull 
dark green . 

2. Rhizoids sprouting from the 
bases of laterals near the basal 
cell o 

3. These rhizoids with undulating 
walls. 

4. Diam. of apical cells 25- 45 
/Lm ; of ultimate branches 27 - 53 
/Lm ; of main axes up to 95 /Lm. 

Cl. nigrescens 

I . After drying becoming dark brown . 

2. Rhizoids also sprouting from the 
bases of more distal laterals. 

3. These rhizoids with distinct annular 
constrict ion . 

4. Diam. of apical cells 40- 75 /Lm ; 

of ultimate branches 43 - 85 /Lm ; of 
main axes up to 200 /Lm . 

Collins, Holden & SetcheII, Phyc. Bor.-Am. no 1865a; this material is light 
green, instead of dark green, but further conforms to the description of Cl. 
eonferta (K) (Figs 332-334, 349). 

Caicos Islands. Malcolm Road, 19/ 1211907, leg. Howe, in "North American 
marine algae distr. by the herb. of the New York Bot. Gard ." no 5663 (NY). 

Jamaica. Portland Parish, Salt Creek Bay, e. of Jolly Point, 24/ 4/ 1956, leg . 
W.R. Taylor, no 56- 521 (Herb. W.R. Taylor). Parish St. Thomas, Retreat 
Bathing Beach, on stones, shallow water, 15/ 11/1957, leg. Pierce no 147, det. 
W.R . Taylor as C1.fascieularis (perhaps) (IJ). Alligator Pond Bay, 1-3 cm large 
spherical "aegagropilas", mixed with Cl. jongiorum, 20/ 5/ 1954, leg. det. V.J. 
Chapman, as Cl. hamosa (IJ no 1877). 

Puerto Rico. Boco de Congrejos, Isla Verde, on rocks in quiet shallow water, 
10/ 1941, leg. B10mquist no 12091 (DUKE) . 

Virgin Islands. St. Croix, Lime Tree Bay, sheltered, shallow water, 24/ 1/ 1906, 
leg. Boergesen, " iter tertium 1905- 1906 no 1377", type of Cl. uncinata Boerg. 
(C). 

Guadeloupe. Moule, Plage de la Baie, "flottant, en Octobre," as Cl. eonferta 
Crouan mscr. in Mazé, Algae guadeloupenses 1037 (K) . Idem, "en Décembre," 
no 679 (K). Moule, Vieux Bourg, Pointe de la Chapelle, "en Décembre," as Cl. 
eonfer/a Cm mscr . in Mazé, Algae guadeloupenses no 676 (K) . 

Trinidad. St. George, Carenage, s. end of Calliaque Bay, shallow sublittoral 
sand and mud with a few stones, 1 m deep, 8/ 3/ 1965, leg. Proctor & Cooley (IJ 
no A 5301). 

Curaçao, St. Jorisbaai, s. shore, shingle beach, on shells of Isognomon alatum, 
at water level, 1/1973, leg . van den Hoek no 73/ 30 (GRO) . See also van den 
Hoek et al., 1972. 

Venezuela. PeninsuIa de Paraguaná ("20 km entre Coro y distribuidor los 
Olivos"), on a platform of coral limestone, 18/ 9/ 1979, leg . de Rios no 1440 
(GRO) . 
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Ghana. East Tema, growing with Bood/ea composita, MTL, c. 1 cm high dark 
dull green fasciculate plants, 1218/1969, leg. John no 6192 (GC; GRO). 

29. CLADOPHORA LONGICELLULATA van den Hoek 

Nomenc/ature. See van den Hoek, 1969a. 

Descriplion (Figs 355-357, 363, 364) 

Thallus rigid, grass green, 2.5-10 cm (up to 50 cm according to Taylor, 1960) 
high. Main axis distinct, hardly ever forming pseudodichotomies with its laterals 
(Figs 355, 356, 364). Growth only by divisions of the apical cells and by 
subsequent cell elongation. Distinct acropetal organization. Each new cell gives 
off a lateral at its apical pole, of ten immediately it has become the subapical cell. 
At increasing di stance from the apex a cell may give off a second, third, and 
sometimes a fourth lateral (Fig. 356, arrows e, b) . The angle of ramification is 
mostly wide: 45°-90° . Each branch is at first almost laterally inserted with a 
steeply inclined wall cutting it off from the parent-ceIl, but later this wall may 
grow into a feebly inclined position. The basal cells ofthe laterals are not, or only 
slightly, fused at their basal poles with the adjacent cells of the axes. Cells in 
basipetal direction increasingly elongated, but hardly altering in diameter: the 
diameter of the basal cell is 0.5-1.5 times that of the apical cells. Axial cells as 
weil as apical cells cylindrical, the apical cells with rounded tips. Plants growing 
attached by branching rhizoids at the basis of only the axis (Fig. 363). No 
rhizoids grow from bases of older laterals. Adventitious clustered plants arise 
from the rhizoidal system. Diameter of apical cells (170-240)-(230-320) ILm, 
length/width ratio (2-7)-(2-4). Diameter of ultimate branches (170-240)
(230-320) ILm, length/width ratio (4-6)-(2-4). Diameter of main axes 
(140-170)-(350-420) ILm, length/width ratio (9-13)-(6-20). 

Ec%gy 

The species has been collected in shaded pi aces in shallow water (caves, 
underside of stones). 

Systematic position 

Cl. /ongicellu/ata is a characteristic representative of the section 
Longiarticu/atae. Material of Cl. /ongicellu/ata has been of ten identified as Cl. 
catenifera Kützing (see below, under "geographic distribution"). However, Cl. 
catenifera Kützing (1849, p. 390) has been described from plants collected at 
Cape of Good Hope and sent to him by Harvey. In Kützing's herbarium (L) no 
material from this locality could be traced. Harvey's herbarium (TCD), however, 
contains 6 specimens labelled "C/ad. catenifera Kütz. Sp. Alg. C/ad. pellucida 
C.B.S."( = Caput Bonae Spei). These specimens, therefore, can be considered 
type material of Cl. catenifera Kützing. These plants are characteristic robust, 
10-16 cm high specimens of C/adophora pellucida (Hudson) Kützing (see van 
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den Hoek, 1963, pp. 215-218). Therefore Cl. catenijera Kützing is synonymous 
with Cl. pellucida (Hudson) Kützing. 

The Ameriean material traditionally but incorrectly identified as Cl. catenifera 
Kützing, and here described as Cl. longicellulata, shows distinctive differences 
from Cl. pel/ucida, although both are members of the section Longiarticulatae. 
The differences bet ween Cl. pe/lucida, Cl. longicel/utata and the narrowly related 
Cl. pellucidoidea are listed in Table 16 (p. 181). 

Geographic distribution (Map 5, no I) 

Cl. longicel/ulata belongs to the tropieal Western Atlantic distribution group 
(van den Hoek, 1979) and is probably endemie to Bermuda. However, this 
species is recorded by Dawes (1974) from the w. coast of Fiorida, but I did not 
see this material. The following specimens have been investigated. 

Bermuda. Gravelly Beach, on walls and bottom of a cave, 29/ 4/ 1912, as Cl. 
catenifera in Collins, Holden & SetchelI, Phyc. Bor .-Am. no 2069 (L; the type). 
Gravelly Bay, scarce, on undersurfaces of stones barely immersed at low tide, 
22/5/1949, det. leg . Bernatowicz no 49-1796, as Cl. catenifera (MICH). Ibidem, 
a single plant under a rock in a tide pool, 11/4/1949, det. leg . Bernatowicz no 
49-737, as Cl. catenifera (MICH). St. David's Island, Red Bay, on rocks in 2-4 
ft of water at low tide, leg. Howe, June/July/1900, det. Collins, as Cl. 
catenifera, in "Bermuda Algae" no 282 and 294 (NY). East end of St. David's 
Island, Head of Red Hole, frequent small plants about low tide on shaded rocks 
among rusted debris, 19/11/1950, det. leg. Bernatowicz no 50-221 , as Cl. 
catenifera (MICH). Northeast shore of St. George's Island, a single plant on 
undersurface of a stone at low tide level, 8/5/ 1949, det. leg. Bernatowiez, no 
49-1630, as Cl. catenifera (MICH). South side of CastIe Island, on rocks about a 
foot below tide level, scarce, leg. del. W.R. Taylor & Bernatowicz no 49-495, as 
Cl. catenifera (MICH). 

30. CLADOPHORA PELLUCIDOIDEA nov. spec. 

Description (Figs 358-362, 365) 

Thallus grass-green, 1.5-6 cm high, forming penieillate tufts consisting of 
acropetally organized branch-systems without distinct main axis, but forming 
numerous pseudodiehotomies (Figs 358, 360). Growth almost exclusively by 
divisions of the apical cells and by subsequent cell elongation and cell 
enlargemenl. Towards the base, the internodes may be infrequently divided into 
2-3 cells by intercalary cell divisions; this is mostly the case in the basal internode 
(Figs 358-360, 365). 

Each new cell after being cut off from the apical cell gives off a branch at its 
apical pole, often immediately it has become the subapieal cello At increasing 
distance from the apex a cell may give off a second, and only very rarely a third 
or fourth branch (Fig. 365). Axis, first and second branch form a 
pseudotriehotomy (first and second branch neither opposite, nor serial). Each 
branch apically inserted with a feebly inclined to almost horizontal cross wall, at 
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an acute angle (30° or less) in the distal parts of the plant (Figs 358, 360), and 
laterally to apically and with a wider angle (45° or more) in the basal parts (Fig. 
365). The basal cells of the laterals are not, or only slightly, fused at their b.asal 
poles with adjacent ce lis of the axes. Cells in basipetal direction becoming longer 
(shorter when the internodes are divided by intercalary divisions), and remaining 
cylindrical in outline (they do not become club-shaped). The diameter of the 
basal cell is about 1.5-3.5 times th at of the apical cells. Apical cells tape ring and 
with an obtuse tip. Plants probably attached by rhizoids at the basis of the basal 
cell (the material collected has apparently been detached from its rhizoids). 

Diameter of apical cells (50-80)-(70-95) ILm, length/width ratio (9-22)
(16-32). Diameter of ultimate branches (50-80)-(70-95) ILm, lengtlwidth ratio 
(9-15)-(10-22). Diameter of main axes (70-130)-(85-260) ILm, length/width 
ratio (7-30)-(8-48). Thickness of cell walls in apical parts c. 1.5-41Lm, in basal 
parts 8-16 ILm. 

Descriptio typi (Figs 358, 359) 

Thallus laeteviridis 6 cm altus, penicillatus, ordinatione acropeta sine axe 
insigni sed pseudodichotomias numerosas formans. Increscentia praecipue 
divisionibus cellularum apicalium et elongatione amplificationeque cellularum. 
Internodi versus basin divisionibus intercalaribus sparsis. Ex omni cellula nova 
oritur ex polo apicali ramus, saepe iam sub cellula apicali. E cellula axiali unus, 
raro duo, rarissimo tres rami oriri possunt. Rami apicaliter inserti ad angulum 
acutum (30° sive minusquam 30°) patent es in thalli partibus apicalibus, sed 
lateraliter-apicaliter inserti ad angulum 45° sive plusquam 45° patentes in thalli 
partibus basalibus. Cellulae basales ramorum nequeunt vel possunt paulum 
coalescere cellulis finitimis axium. Cellulae versus basin thalli longiores 
(breviores post divisionem intercalarem) et latiores semper cylindraceae non 
claviformes. Diameter cellulae basalis c. 2-3.5 x diam. cellularum apicalium. 
Cellulae apicales attenuatae et obtusae. Diameter cellularum apicalium 50-75 
ILm, long./diam. 9-22. Diameter ramorum extremorum 50-751Lm, long./diam. 
11-15. Diam. axium 70-170 ILm, long./diam. 7-20. Crassitudo parietum 
cellularium in thalli partibus apicalibus c.l.5-3ILm, in thalli partibus basalibus c. 
12 ILm. 

Typus collectus in ora nomine "Bogue Beach" Caroliniae septentrionalis. 
Legit H.D. Hoyt, 6 VIII 1907. F.S. Collins typum deteminavit Cladophoram 
catenatam (?). Typus serv at us in "United Stat es National Herbarium, 
Smithsonian Institution, Washington D.C." (US). 

Type. Two c. 6 cm high, penicillate plants from Bogue Beach, Beaufort, North 
Carolina, collected by H.D. Hoyt, identified by F.S. Collins as Cl. catenata (?), 
and preserved in the U.S. National Herbarium, Smithsonian Institution, 
Washington D.C. (US). 
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Ecology and form range 

The data available suggest that Cl. pellucidoidea is a deep-water species. In the 
coral reef of Curaçao, small plants (Figs 360, 365) were regularly encountered in 
the "deep algal community" inhabiting the steep fore-reef slope between depths 
of 30 and 40 m. Excursions to still greater depths produced plants from 50-65 m. 
Few plants were found at a depth of 10 m (van den Hoek et al., 1978, as Cl. nov. 
spec. section Longi-articulatae). Two offshore collections from Apalachee Bay 
and Tampa Bay, Florida (see below under distribution) agree with this deep 
water preference. The species has probably a rather constant morphology (as 
have its narrow relatives), but the number of specimens investigated is, of course, 
limited. The grass-green colour is caused by a continuo us parietal layer of 
polygonal chloroplasts, some of these with bilenticular pyrenoids (Fig. 361). 

Reproduction 

Material from Curaçao was fertile and produced biflagellate 12-14 /lm large, 
rounded zoids, without eyespots (Fig . 362) . 

Systematic postion 

Cl. pellucidoidea is narrowly related to Cl. pellucida (Huds.) Kütz., a warm
temperate species from Europe and South Africa (van den Hoek, 1963, 1969, 
1979), and to Cl. longicellulata van den Hoek (1969), which is only known from 
Bermuda. The differences between the three species are listed in .table 16. 

Table 16. Differences bet ween Cl. pellucidoidea, Cl. pellucida and Cl. longicellulata . 

Cl. pellucidoidea 

I. Basal internode 
cylindrical , up to 140- 260 
pm broad, diam . 
c.I V,-3V, x that of 
apical cells, of ten with I 
or 2 intercalary transverse 
walls. 

2. Angle of ramification 
in apical parts < 30° , in 
basal parts 2: 45 ° . 

3. No distinct main axis . 
4. Diam. of apical cells 

50- 95 pm, I / w 9-32 . 

5. Up to 2 (rarely 3) 
branches per node. 

Cl. pellucida 

I. Basal internode 
club-shaped, up to 
250-600 pm broad, diam. 
c.3-10 x that of apical 
cells, without intercalary 
transverse walls . 

2. Angle of ramification 
mostly $ 30° . 

3. No distinct main axis . 
4. Diam. of apical cells 

55-255 pm, I / w 2- 34. 

5. Up to 4 (rarely 5) 
branches per node. 

Cl. longicellulata 

I. Basal in ternode 
cylindrical, up to 
170-420 pm broad, diam . 
c. V, -I V, x th at of 
apical cells . 

2. Angle of ramification 
45°-90° . 

3. Distinct main axis. 
4. Diam. of apical cells 

177-320 pm, I / w 2- 7. 

5. Up to 3 (rarely 4) 
branches per node. 

On the basis of cultural evidence Cl. pseudopellucida van den Hoek (1963) 
must be merged with Cl. pellucida. Cl. "pseudopellucida" isolates appeared to 
grow into Cl. pellucida plants in unialgal culture. This means that Cl. pellucida 
has an extremely wide range of apical cell diameters (not of basal cell diameters). 

The differences between Cl. pellucida and Cl. pellucidoidea are distinct and 
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pertain mainly to the morphology of the cells in the basal region and the number 
of branches per node. 

Geographical distribution (Map 21) 

Cl. pellucidoidea belongs to the tropical Western Atlantic distribution group 
(van den Hoek, 1979; chapter V of this book), but extends into the warm 
temperate region. The rather frequent occurrence in the deep co ral reef of 
Curaçao suggests that the species is much more common and has been 
overlooked so far. The following collections have been investigated: 

Curaçao. Netherlands Antilles. Spring 1975, 13 collections from the steep fore
reef slope, most of them between 30-65 m (van den Hoek et al., 1978). 

Appalachee Bay, Florida. E. of St. Mark's light, 15/7/1950, leg. H.J. Humm 
(FLAS). 
Tampa Bay, Florida. Offshore, Sept. 1974, leg. H.J. Humm (GRO). 

Bogue Beach, Beau fort , North Carolina (the type, see above). 
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Chapter XX 

Section 12. Xanthochlora nova sectio 

Nomenc/ature. The type and only known species is Cladophora submarina 
Crouan frat. ex Schramm et Mazé. 

Description 

Thalli yellow green, forming dense cushions or extensive mats. The distinct 
main axis mostly bearing in its basal region several about equally developed main 
laterals. The axis and main laterals bear secondary laterals which have arisen in 
an irregular, or indistinctly acropetal sequence, or which have arisen more or less 
simultaneously. Up to two laterals per node . Many nodes without laterals. 
Growth mainly by divisions of conspicuous apical cells (more rarely by 
intercalary divisions). Each branch is laterally inserted with a steeply inclined 
wall cutting it off from the parent cell, and with a rat her wide angle. The 
formation of this latter cross-wall is delayed . Cells in basipetal direction 
becoming hardly broader: the diameter of the basal cell (or other cells near the 
point of attachment) is c. 0.5-1.5 times that of the apical cells. The cells are long 
(Ilw ratio mostly bet ween 5-15). 

Descriptio 

Thalli compacti pulvinati luteovirides, axe insigni in regione basali plerumque 
aliquot ramos principales ferente. Axis et rami principales ramos secundarios 
subaequales, sive ramos secundarios ordinatione irregulari vel indistincte 
acropeta ferentes . Cellulae axium et ramorum principalium saepe sine ramis . 
Increscentia praecipue divisionibus cellularum apicalium conspicuorum. Rami 
lateraliter ad angulum latum inserti. Formatio dissepimenti basalis ram i tardata. 
Cellulae in directione basali haud latiores: diameter partis latissimae axis c. 
1.5-2.5 x diam. cellularum apicalium. Cellulae longae, longitudo/diameter c. 
5-15. 

29. CLADOPHORA SUBMARINA Crouan frat. ex Schramm & Mazé 

Nomenc/ature. Cl. submarina Crouan frat. ex Schramm & Mazé, 1865, p. 38 
(De-Toni, 1889, p. 351). Mazé & Schramm, 1870-1877, p. 65. Type in K, in 
Mazé, Algae guadeloupenses, no 8, 2e sér., from Moule, Anse de Grouyé, Porte 
de l'Enfer, "en Octobre, dans les dépressions naturelles de la falaise recevant Ie 
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bris des lames du large" . Previously (van den Hoek, 1979) I have identified this 
species as Cl. howei Collins, which is a synonym. 

Cl. luteola Crouan frat. ex Mazé et Schramm, 1870-1877, p. 65 (nomen 
nudum). Type in K, in Mazé, Algae guadeloupenses no 575, from Anse Bertrand, 
Porte d'Enfer; "assises calcaires battues par la lame, en Septembre". The type is 
a 2 Y2 cm high yell ow-green pompon characteristic for Cl. submarina. Non Cl. 
luteola Harvey, 1858, p. 81-82 (which is a synonym of Cl. dalmatica, cf. p. 150). 

Cl. crouanii Murray, 1889, p. 259, nomen novum for Cl. luteola Crouan frat. 
ex Schramm et Mazé. Cl. crouanii is, however, a later homonym of Cl. crouanii 
(Chauvin) Crouan, 1852, no 361, a synonym of Cl. lehmanniana (Lindenb.) 
Kütz. (cf. van den Hoek, 1963, p. 122-123). 

Cl. howei Collins, 1909a, p. 18. Type in NY, from Bermuda, Gibbet Island, 
tide pool, collected by M.A. Howe, 5/VI-7/VII/I900, no 33 (originally 
identified by Collins as Cl. luteola Harvey). The type consists of 12 c. 1 cm high 
typical yellow-green pompons. 

Description (Figs 366-390) 

Thallus characteristically yellow-green, forming compact 0.5-3 cm broad and 
up to 0.7 cm high compact cushions on intertidal rocks and somewhat looser 1-3 
cm high of ten extensive mats in rock pools at the upper surge level of wave
exposed tropical rocky shores. 

Plants having an irregular (non-acropetal) organization; with a distinct main 
axis which bears mostly in its basal region several primary main later als which are 
almost equally developed as the main axis and which have originated in a non
distinct acropetal sequence or roughly simultaneously (Figs 366, 371, 372, 381, 
382, 388, 389). This axis and the primary main laterals are dad with secondary 
laterals which are much short er than the primary laterals and which may have 
originated in an indistinct acropetal to irregular sequence or more or less 
simultaneously (Figs 367, 369, 371-374, 381, 382, 383-385). 

Growth mainly by divisions of conspicuous apical cells which are followed by 
no or only limited cell elongation and some very gradual cell enlargement. 
Towards the base these cells may each be rarely divided by one, sometimes two 
intercalary divisions (Figs 384, 385, 368). 

General!y each cel! (except the first and second cel! below the apical cel!) may 
give off sooner or later a branch at its apical po Ie (Figs 374, 383, 385). With 
increasing age a cel! may give off a second lateral. Points of ramification on a cel! 
always at the apical cell pole, and then opposite or adjacent, not serial. Cel!s may 
also fail to give off laterals, and in this way many-cel!ed unbranched internodes 
are formed (for instance in the basal parts of very compact cushions, see Figs 
368, 367, 388, 389). 

Each branch is laterally inserted with a steeply indined wal! cutting it off from 
the parent cel! and with a rather wide angle (mostly 45° or more), but often the 
branch curves upwards (Figs 368, 369). Formation of th is wal! cutting the lateral 
from the parent cel! is characteristical!y postponed, sometimes even to a moment 
when the lateral is already two-cel!ed (Fig. 374). The basal cel!s of the laterals are 
not, or only slightly fused at their basal poles with adjacent cel!s of the axes. 
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Cells in basipetal direction becoming hardly or not longer, and slightly broader 
and remaining cylindrical in outline. The diameter of the basal cell (or other cells 
near the point of attachment) is about 1.5-2.5 times that of the apical cells. 
Apical cells cylindrical to slightly tapering with an obtuse tip. 

Plants attached by an extensive branched basal rhizoidal system formed from 
the basal and subbasal cells (Fig. 370). Plants forming together compact cushions 
or mats arise from dense rhizoidal systems. 

Diameter of apical cells (30-54)-(48-80) JLm, length / width ratio 
(5-24)-(9-15). Diameter of ultimate branches (36-54)-(48-88) JLm, IIw ratio 
(6-12)-(5-10). Diam. of main axes (42-72)-(109-140) JLm, I/ w ratio 
(3-13)-(3-9). Thickness of cell walls in ultimate branches c. < 1-1.5 JLm, in 
main axes up to 3 JLm (IO JLm in basal region). 

Ec%gy, form range and culture 

Cl. submarina, in contrast to most other C/adophora species, has a very 
narrow ecological range. lt is characteristic for upper intertidal rockpools and 
the adjacent, continuously moistened rocks of severely battered tropical coasts. 
For instance, the seaward protruding bioerosional surf platform (composed of 
co ral limestone) along the severely battered northeast coast of Curaçao 
(Netherlands Antilles) is covered, along its landward edge, by numerous 
rockpools separated from one another by sharp ridges, and which are filled with 
splash water. Their bottom is covered by the typically yellow-green mats of Cl. 
submarina, which are of ten brownish by the associated blue-greens (mainly 
Dichothrix bornetiana). Somewhat lower on these of ten hardly accessible 
platforms flat rock pools are filled by mats of Cl. submarina and of 
C/adophoropsis membranacea. Other C/adophora species with much wider 
ecological ranges (C/. vagabunda, Cl. dalmatica) are of ten associated (cf. van 
den Hoek, 1969, incorrectly as Cl. laetevirens in vegetation type b2, p. 546, Fig. 
3) . 

In water trickles or along the rims of the pools Cl. submarina may form very 
compact cushions, in which the main axes are sparsely ramified in their basal 
parts (Fig. 368). The more loosely built mats in the pools are composed of plants 
with richer ramification in their basal parts (Figs 371-373, 388, 389). The 
morphology does not show much variation apart from the above mentioned 
variation in compactness. After sporulation, in which also intercalary cells may 
participate, the remaining parts of the plants start to proliferate, and this results 
in a disturbance of the organization (Fig. 390) . A non-unialgal culture, kept from 
20/2/73-2/ 4/73 did not grow much but retained, for instance, the characteristic 
postponement of the formation of cell walls separating a lateral from its parent 
cell (Fig . 392). 

Notwithstanding the extremely intense insolation the chloroplasts do not form 
the thin and open parietal reticulum one would expect under such conditions. 
Actually, the parietal network has only small meshes or is completely closed (Figs 
386, 387). The obvious yellowish colour is possibly caused by high contents of 
carotenoid pigments. Dried plants give off a yellow colour to the mounting 
paper. 
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Reproduction 

Twice reproduction was observed by biflagellate zoids (Figs 368, 375-378, 
379,380) (15.5-21 x 7-12 #Lm). As only this type of zoid has been observed in 
large numbers of plants, and as they grow into young germlings (Fig. 328), it is 
suggested that Cl. submarina has only asexual reproduction by biflagellate zoids. 
Before differentiation of the zoids the protoplast of the zoidangium forms, in a 
characteristic way, a dense dump somewhat below the apical pole of the 
zoidangium, the remaining part of which is filled with a vacuolate foam (Fig. 
375). From this dump the zoids are formed (Figs 377, 379). 

Systematic position 

Cl. submarina shows a superficial resemblance to some plants of Cl. 
laetevirens with a less distinct acropetal organization (especially cultured Cl. 
laetevirens, cf. van den Hoek, Figs 425-427). The differences are listed in Table 
17: 

Table 17. Differences between Cl. submarina and Cl. laetevirens. 

Cl. submarina (Figs 366- 390) 

I . Forming yellow-green dense 
pompons or moss-like mats. 

2. With a vaguely acropetal to 
irregular organization and straight 
to slightly curved tips. 

3. Insertion of branches lateral , 
branches cut off from the parent 
cell by a steeply inclined wall, 
whose formation is postponed for a 
considerable time. 

Geographic distribution (Map 23) 

Cl. laetevirens (Figs 238-260) 

I. F orming grass-green to pale green 
pompons (in the exposed places where 
Cl. submarina occurs) . 

2. With distinct acropetal organization 
and generally distinctly falcate 
tips. 

3. Insertion of branches apical, 
branches cut off from the parent cell 
by an al most horizontal wall, which 
is formed in an early stage of branch
formation. 

Cl. submarina belongs to the tropical Western Atlantic distribution group (van 
den Hoek, 1979, as Cl. howet) and is consequently only known to occur in the 
tropical Western Atiantic region (van den Hoek, 1975) .• 
The following collections of Cl. submarina have been investigated: 

Bermuda. Gibbet Island, in tide pool, 6 to 7/1900, leg. Howe no. 23, det. Collins 
as Cl. luteola Harv. (type of Cl. howei Collins). Spanish Rock, 24/3/1921, leg. 
Hervey no 28, in herb. Collins (NY). Devonshire Bay, South shore, 5/5/1933, 
leg. Rendie no 779 (BM). 

Bahama Islands. Bimini, rocks in shallow water, intertidal, ocean beach W. of 
Lerner Lab., 17/11/1948, leg. det. Humm, as Cl. corallicola Boerg. (DUKE). 
Little Galliot Cay, Exuma Chain, in tide pool, 20/2/1905, leg. det. Howe, as Cl. 
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lu/eola?, "returned unnamed by F.S. Collins", in North Am. Marine Algae no 
4042 (NY). Dollar Harbor, South Cat Cay, leg. det. Howe, as Cl. lu/eola?, 
"returned unnamed by F.S. Collins", in North American Marine Algae no 3296 
(NY). Silver Cay near Nassau, 8/4/1904, det. leg. Howe as Cl. lu/eola, "hardly 
determinable" (F.S. Collins), in North Am. Mar. Algae no 3030 (NY). Atwood 
(Samana) Cay, in a tide pool, 3/12/1907, leg. det. Howe, as Cl. lu/eola, in North 
Am. Marine Algae no 5266 (NY). 

Caicos Islands. Malcolm Road, in tide pools, 19/12/1907, leg. Howe, in North 
Am. Marine Algae no 5663 (NY). 

Puerto Rico. Santurce, San Juan, on low littoral rocks, 29/5/1903, det. leg. 
Howe as Cl. lu/eola, "returned unnamed by F.S. Collins", in North American 
Marine Algae no 2171 (NY). San Antonio, Playa el Jobo, littoral pools, 
30/6/1962, det. leg. Diáz-Piferrer, as Cl. lu/eola, in D.-P., Ficoteca 
Puertorriguena no 2501 (NY) . Esperanza, Manati, littoral pools, 8/6/1963, 
leg.det. Diáz-Piferrer, as Cl. lu/eola in D.-P., Ficoteca Puertorriguefia no. 2341 

MAP 23 

Geographical distribution of Cl. submarino. Closed circles: specimens investigated. 
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(NY). Boca Cangrejo, E. of San Juan, N. co ast of P.R., 29/11/1950, det. leg. 
Diáz-Piferrer, as Cl. luteola (DUKE). Ibidem, det. leg. Diáz-Piferrer, as Cl. 
luteola, in D.-P., "Colleccion Evangelina" 30143 (Herb. W.R. Taylor). Boca de 
Congrejos, Isla Verde, 19/10/1941, leg. Blomquist no. 12092 (DUKE). Ibidem, 
on rock above low water, 27/1/1942, leg. Blomquist (DUKE). 

Guadeloupe. Moule, Baie de Grouyé, Portes de l'Enfer, along the diff, Oct., as 
Cl. submarina Crouan mscr. in Mazé, Algae guadeloupenses 2e sér. 8 (K). Anse 
Bertr:md, Porte de l'Enfer, surf-battered limestone rocks, Sept., as Cl. luteola 
Crouan = Cl. crouanii Murray (type), in Mazé, Algae guadeloupenses no 575 
(K). 

Curaçao (Netherlands Antilles). Boca Tabla, wave-exposed n.e. coast, upper 
littoral rock pools on surf platform, 1/1973, leg. van den Hoek, no. 73/12 
(GRO). Ibidem, 8/2/1973, leg. van den Hoek no. 73/44, n.e. coast, ent rance to 
Playa Grandi, upper littoral rock pools on wave exposed surf platform, 1/1973, 
leg. van den Hoek 73/15 (GRO). N.e. coast, s.e. of Boca Grandi, in a 
comparable station, 22/5/1968, leg . van den Hoek, no. 68/68 (GRO) . 
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PLATE I 

Figs 1-2 C/. pachyderma, the type from Novaja Zeml'a, Malye Karmakuly, leg. Kjellmann, 26 VI 
1875 (redrawn af ter van den Hoek , 1963) . 
Figs 3-6 Cl. incompta, the type from near Cape Hom , leg. Davis, 1845 . 
Figs 7, 8 Cl. pygmaea, material from Shetland Isles , redrawn af ter Irvine at al., 1975 . 
Figs 9, 10 Type of Cl. scitula (Suhr) Kütz ., from " India occidentalis". Magnifications: all scales 200 
f'm . 
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PLATE 2 

Figs ll-17 Cl. coelothrix. ll-13 material from Hope Bay, Jamaica, 1900, leg. Mrs. C.E. Pease and 
Miss E. Butler, in herb . Collins (NY) . 14-17 material from Moule, récifs de la Couronne, 
Guadeloupe, as Cl. alyssoidea Menegh. in Mazé, A1gae guadeloupenses 1039(K); 17 habit. 
Magnifications : scales to Figs. ll - 16 200 ,..m; to Fig. 172 cm. 
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PLATE 3 

Figs 18-22 Cl. coelothrix. 18, 19,22 material from Bermuda, leg. Hervey, 1911, as Cl. repens in 
herb . Collins (NY) . 20, 21 material from Bermuda, leg . Hervey, 27 XII 1912, as Cl. corallicola in 
Collins, Holden & SetchelI, Phycotheca Bor.-Am . no 2010 (MICH) . Magnifications: scale to Fig 182 
mm; scales to Figs 19-22200 I'm . 
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PLATE 4 

Figs 23-29 Cl. coelothrix, material from Spaanse Water, Curaçao, forming mats on muddy bottom 
among mangrove roots, 1211 1973, leg. van den Hoek 73 / 48. 23 zoids . 24 three zoidangia, the lower 
two emptied, the upper one with an apically contracted cylindrical mass of zoids before release. 25, 26 
parietallayer of chloroplasts with pyrenoids. Magnifications: scales to Figs 23, 25, 26 10 /lm; to Fig . 
24 100 /lm; to Figs 27- 29 200 /lm . 
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PLATE 5 

Figs 30-40 Cl. socia/is . 34, 37-40 material from Boca Santa Martha , Curaçao, 30 m depth, on steep 
fore reef slope, 19-V-80, Van den Hoek 68/ 47. 39,40 zoidangia releasing quadriflagellate zoids, 37 
quadriflagellate zoids, 38 germling. 30-33 cultures of material from Spaanse Water, Curaçao, 
growing on muddy bottom among mangrove roots, together with Cl. coe/othrix and Cl. conferta, 12-
11-1973 leg . van den Hoek 73/ 48.4. 35, 36 material from Gosier, "flottant à I'embouchure du lagon" , 
as Cl. brasiliana in Mazé, Aigae guadeloupenses no 305 (K) . 36a material from St Croix, Virgin 
Islands, off Frederikssted, forming dull dark green, loose-Iying, c. 7 cm large spongy mass entangled 
among sea-grasses, 12-11-1906, leg. del. Boergesen no 1630, as Cl. crispu/a. Magnifications: scales to 
Figs 30-36a 200 ILm; to 37-40 10 ILm. 

197 



PLATE 6 

Figs. 41-56 Cl. catenata, material from heavily wave-battered terrace along northeast coast near 
Soca Tabla, Curaçao, 8-11-1973, leg. van den Hoek 73/ 41. 43 with terminal zoidangia. 47-49 
terminal zoidangia with irregularly perforated and lobed cylinders of contracted zoids before release; 
also with terminal attachment discs. 50 detail of cylinder showing six zoids before release. 51 
quadriflagellate zoospores. 53 biflagellate isogametes. 52 quadriflagellate planozygote. 46 filament 
apex ending in branced rhizoids. 54 parieial layer of chloroplasts with pyrenoids, on top the wall 
fungus, Blodgettiomyces, with hyphae and swollen cells. 55 pari eta I layer of chloroplasts. 56 
pulvinate fungal hyphae forming chains of conidia (see also hyphal cushion on apical cell in Fig 48) . 
Magnifications: scales to Figs 41, 43, 44 I mm; to Figs 42, 45, 46 200 "m; to Figs 47-49 100 "m; to 
Figs 50-56 10 "m. 
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PLATE 7 

Figs 57- 68 Cl. catenata. 57, 58 type of Cl. fuliginosa Kütz ., from Havanna, Cuba (L). 59-64 
material from Barbuda, Two Feet Bay, surf swept terrace, IO-VII-1955, leg. Wagen aar Hummelinck, 
del. Vroman as Cl. fuliginosa (L). 59 apical cell with terminal attachment discs . 64 the wall fungus 
Blodgettiomyces. 65-68 cultures of material depicted in Figs 41-56 . Magnifications : scales to Figs 
57-61,63,66- 68 1 mm; to Figs 62, 65 200 Jlm ; to Fig . 64 JO Jlm . 
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PLATE 8 

Figs 69-75 Cl. corallico/a. Type from vicinity of St. Mary's Point, off America Hili, St. Jan, Virgin 
Islands , leg. Boergesen (C). Magnifications: scales to Figs 69, 70, 74, 75 200 I'm, to Figs 71-73 100 
I'm . 
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PLATE 9 

Figs 76-83 Cl. intertexta, isotype from vicinity of Manchioneal, Jamaica, VII 1900, leg . Mrs C.E. Pease & Miss E. Butler, in Collins, Setchell & Holden, 
Phycotheca Bor.-Am. no 818 (L) . Magnifications: sc ales to all Figs 200 ILm . 
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PLATE 10 

Figs 84-95 Cl. liebetruthii. 84-86 Isotype of Cl. piscinae Collins et Hervey from a stone fish pool, 
Godet Island, Bermuda, 30 XI 1915, in Collins, Holden & SetchelI, Phycotheca Bor . -Am. no . 2165 
(L). 87 , 88 Isotype of Cl. frascatii Collins et Hervey, in low matted tufts in pools near Frascati hotel, 
11 1 1914, in Collins, Holden & SetchelI, Phycotheca Bor.-Am. no . 2164 (L) . 89-92 material from 
Bermuda, 23 11911, leg. Hervey, del. Collins as Cl. repens (NY) . 94-95 living material from deep 
fore reef slope, 50 m depth, Klein Piscadera, Curaçao, V-1975, leg. van Buurt. 93 note the 
pronounced protoplasmic meshes, which are densely filled with chloroplasts. 95 chloroplasts with 
pyrenoids, in parietallayer. Magnifications: scales to Figs 84-92200 "m; to Fig. 94 100 "m; to Fig. 95 
lO"m. 
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PLATE 11 

Figs 96-100 Cl. liniformis . 96, 97 material from St. Michielsbaai, sout hwest coast of Curaçao, in a 
vegetation of loose a lgae floating above the bottom of a protected bay, 14 V 1968, leg. van den Hoek 
68/25 . 98-100 cultures isolated from the above material. 
Figs 101 - 108 C/. globulina . 103- 105 material mixed with Cl. liniformis, from the above station. 101, 
102, 106- 108 cultures isolated from this material. 102 akinetes. Magnifications: scales to Figs 96, 100 
I mm ; to Figs, 97, 98,99, 104 200 JLm; to Figs 101 - 103, 105- 10850 JLm . 
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PLATEI2 

Figs 109-112 Cl. liniformis, from Mangrove Lake, Hamilton Island , Bermuda, in firmly woven 
mats, abundant, 28 VII 1953, leg. Bernatowicz no . 53-535, det. as Cl. crispuia (L), materiallargely 
transformed into akinetes. 
Fig. 113 Cl. globulina, from Castle Neck near Ipswich, Massachusetts, pool in salt marsh, 23 VIII 
1962, leg. van den Hoek . 
Figs 114- 119 Cl. rupestris, from Cape Rosier, Maine, VII 1897, leg. det. Collins as Cl. rupestris, in 
Collins, Holden & SetcheII , Phycotheca Bor.-Am. no . 728 (L) . 116 distal branch systems; 115 branch 
system in proximal plant part; 117 long axial cells in proximal part of plant; 119 basal disc formed by 
coalescense of rhizoids; 118 rhizoids coalesced with basal part ofaxis and thus forming a 
polysiphonous axis . Magnifications: scales to Figs 109, IlO I mm; to Figs 111-118 200 I'm; to Fig. 
1192 mm o 



PLATE 13 

Figs 120-127 Cl. ruchingeri. 121, 122, 124 from HarpsweIl, Maine, in rockpools near low water 
mark, rather exposed shore, II VII 1908, leg. del. Collins as Cl. gracilis, in Collins, Holden & 
SetchelI, Phycotheca Bor.-Am . no. 1528 (L). 123 lsotype of Cl. gracilis f. elongata Collins, from tide 
pool, on Zostera, Spectacle Island, Penobscot Bay, Maine, I VII 1899, in Collins, Holden & SetchelI, 
Phycotheca Bor.-Am . no . 725 (L) . 120, 126, 127 material from Wood's Hole at Fisheries Pier, 12 
VIII 1950, leg . del. Bernatowicz no. 185, as Cl. gracilis (L) . 125 material from Great Pond , 
Falmouth, Massachusetts, 30 V 1953, leg. del. Conover as Cl. gracilis (MICH). Magnifications: 
scales to Figs 120, 121 1 mm; to Figs 122- 127200 I'm . 



PLATE 14 

Figs 128-132 Cl. pseudorupestris, the type from Barbados, as Cl. flexuosa in Vickers, Algues de la 
Barbade no . 25 (K). 130 proximal part ofaxis . 128 habit. Magnifications: scales to Fig. 128 I cm; to 
Fig . 129200 I-Im; to Figs 130, 131 100 I-Im ; to Fig . 1322 mmo 
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PLATE 15 

Figs 133-137 Cl. albida. 133 type of Cl. mor.-isiae Harvey, from Elsinborough, Delaware (TCD). 
134, 137 material from Revere Beach, Massachusetts , on stones at low watermark, 10 VI 1894, leg. 
Collins, as Cl. albida in Collins, Holden & SetchelI, Phycotheca Bor.-Am. no. 720 (L). 135, 136 
material from Port Aransas, Texas, on expvsed rocks of jetty, 22 11 1969, det. leg . Edwards as Cl. 
albida (GRO). 136 branch systems in distal parts of plant; 135 branch systems in proximal part of 
plant. 
Figs. 138-143 Cl. sericea. 138-140 material from Bahia Tandy . Straits of Magellan, Hassler expo no. 
2023 (AHFH no. 5895); 141 material from South HarpsweIl, Maine, in rockpools, 16 VII 1908, leg. 
de!. Collins as Cl. graeilis f. subflexuosa Collins n.f. in Collins, Holden & SetchelI, Phycotheca 
Bor.-Am. no. 1530 (MICH, L, NY). 142, 143 material from Woodmont, Connectieut, on rocks at low 
water, in tide pool, 9 cm high grass-green plant, distal parts refract with moniliform sporulating tips, 
5 V 1892, leg. Holden, as Cl. graeilis in Collins, Holden & SetchelI, Phycotheca Bor.-Am. no . 1529 
(L, K). 
Magnifications: all scales 200 I'm . 
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PLATEI6 

Fig. 144 Cl. albida, type of Cl. glaucescens var. pectinella Harvey from Charleston, leg. Gibbs. 
Figs 145-160 Cl. montagneana. 145a material from Santa Marta Baai, Curaçao, 30 cm long grass
green, somewhat lubricous strands, in ponds of former salines, 19 V 1968, leg. van den Hoek. 145b, 
145c cultures isolated from the above material. 146 a,b, 147 isotype of Cl. delicatuIa Montagne, from 
Cayenne, French Guyana, in herb . Kützing (L). 148a, b material from Playa Grandi, bay on 
northeast co ast of Curaçao, forming up to I cm high tufts, at water level, on stones among 
Rhizophora roots, 12 VI 1968, leg. van den Hoek . 149-156 material from St. Jorisbaai, Curaçao, 
0.5-1.5 cm high stiff plantlets growing on shingle on water level, 28 I 1973, leg. van den Hoek 73/ 30. 
157-160 cultures grown from the above material. Magnifications: scales to Figs 144- 146, 148a, 
149-151 , 157, 160 200 I'm; to 147, 148b, 152-155, 158, 159 I mm; to 156 10 I'm. 



PLATE 17 

Figs 161-173 Cl. montagneana. Fig. 161 culture of material depicted in Figs 150-156 (van den Hoek 
73/30). Figs 162-166 material entangled in aegagropilas of Cl. jongiorum, lagoon Awa di Oostpunt, 
Curaçao, 28 I 1973, leg. van den Hoek 73/28 . 167-173 cultures isolated from the above material; 
171, 172 terminal zoidangia. 173a isotype of Cl. montagneana from Cuba, preserved at K; see chain 
of terminal zoidangia. Magnifications: scales to Figs 161-167, 171, 172 200 I"m; to Figs 168-1701 
mm; to Fig. 173 10 I"m. 
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PLATE 18 

Figs 174-185 Cl. brasiliana. 174-182 material from St Jorisbaai, Curaçao, on shingle at waterlevel, 
forming 10-30 cm high yellow green lubricous fluffs, 1-1973, leg. van den Hoek 73/31. 183-185 
cultures isolated from the above material. Magnifications: scales to Figs 174, 177, 184, 185200 "m; to 
Figs 175, 176 10 "m; to Figs 178, 17920 "m; to Figs 180-183 I mmo 
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PLATE19 

Figs 186-201 Cl. brasiliana. 186-193 cultures isolated from material depicted in Figs 174-185 (van 
den Hoek 73/ 31). 187 zoidangia; 188 parietal layer of chloroplasts with pyrenoids; 190 
quadrinagellate zoids; 201 lobed attachment disco Magnifications: sc ales to Figs 186, 194, 196, 197 
I mm; to Figs 187, 189, 191, 192, 195, 198- 201200 JLm; to Figs 188, 190 \0 JLm; to Fig. 19320 JLm . 
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PLATE 20 

Figs 202-213 Cl. ch/orocontracta. 202-210 type from Bullenbaai, S.W. coast of Curaçao, in 
Acropora pa/mata zone at a depth · of 1-2 m. 204 undivided parietal perforated chloroplast. 205 
chloroplast contracted along the axis of the cell. 208 terminal zoidangia. 211-213 cultures isolated 
from the above materiaI. 211 chloroplast contracted along cellular axis. Figs 214-216 plant possibly 
related with Cl. ch/orocontracta, from Ponce, Puerto Rico, on wooden piles in intertidal belt, 22 VI 
1903,leg. Howe no. 2540 (NY; C). Magnifications: scales to Figs 202,2121 mm; to Figs 204, 205, 211 
10 I'm; to Figs 206, 209, 213, 215, 216 200 I'm; to Figs 207, 208, 210 201'm. 
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PLATE 21 

Figs 217-230 Cl, jongiorum , 217-219 type from Boca Santa Marta, reef slope at c, 10 m depth, 19 V 1968, van den Hoek 68/ 49 (redrawn after van den 
Hoek, 1969), 220-226 material from lagoon Awa di Oostpunt, Curaçao, forming 2-5 mm large aegagropilas at a depth of 5-10 m in Syringodium 
meadow, 28 I 1973, van den Hoek 73/28. 228-230 culture isolated from the above material. 227 habit of aegagropila from Awa di Oostpunt, 
IX-1969, van den Hoek 69/ 46. Magnifications: scales to Figs 217-219, 222-226, 228 200 ",m; to Figs 220, 221, 23010 ",m; to Figs 227, 229 I mmo 
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PLATE 22 

Figs 231-237 C/o ordinata. 231 - 233 material from Cumarebo, Estado Falcon, Venezuela, growing 
attached to stones in moderate wave act ion at about 1-2 m depth, 14 VI 1968, leg . Angel Gonzales 
(GRO) . 235-237 type from Dwarka, Okha Port, India, 23 I 1928, leg . Boergesen (C) . 
Magnifications: scales to Figs 231,233-235,237200 I'm; to Figs 232, 236 100 I'm . 
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PLATE 23 

Figs 238-249 Cl. laetevirens material from Boca Grandi, wave exposed northeast coast of Curaçao, 
large rockpool, 0.5-1.5 cm high plants, 1 1973 leg. van den Hoek 73/ 3. 248 zoidangium just before 
release of zoids . 249 biflagellate gametes. 247 quadriflagellale zoospores . Magnificalions: scales 10 
Figs 238-241,245,246200 I'm; to Figs 242- 244, 247, 24910 I'm; 10 Fig. 24820 I'm. 
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PLATE 24 

Figs 250-255 Cl. laetevirens . 250 material from the same population as depicted in figs 238-249. 
figs 251 , 252 material from Sint Michielsbaai, Curaçao, on beach rock slightly below waterlevel, 
1-1.5 cm high pompons, plants reduced by sporulation to main axes which continue to become 
fertilized into basipetal direction, 14 IV 1968, leg. van den Hoek 68/22. 253 material from southwest 
coast of Curaçao, I cm high pompon, IV 1968, leg . van den Hoek 68/ 18. 254, 255 material from 
Bermuda, 5-8 cm high plants reduced by sporulation to main axes with partly opposite 
proliferations, leg. Cross, det. Collins as Cl. brachyclona (NY) . Magnifications: all scales 200 firn. 
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PLATE 25 

Figs 256- 261 Cl. laetevirens. 256-260 material from Sint Michielsbaai , Curaçao, on beach rock, low 
littoral , grass-green I cm high pompons, plants partly reduced by intensive sporulation to thick main 
axes with new, robust proliferations . 259 zoidangia. 261 culture isolated from above material. 
Figs 262-263 Cl. crispuia, isotype from Kendal Point , 29 XII 1902, in Vickers, Aigues de la Barbade, 
no. 24 (L) . Magnifications: scales to Figs 256-258, 260-263 200 Jtm ; to Fig . 259 100 Jtm . 
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Figs 264-273 Cl. vagabunda . 264 material from Sint Michielsbaai, southwest coast Curaçao , on low 
littoral beach rock plates, 2 Y2 cm high fasciculate plant, 14 V 1968, leg. van den Hoek 68/23 . 265,266 
cultures isolated from the above material. 267 material from Playa de Guaniguilla, Aguada, Puerto 
Rico, 2.5-6 cm high fasciculate plants, 22 IV 1968, leg. Diaz-Piferrer . 268- 271 cultures isolated from 
the last mentioned material. 272 material from Punta Arenas, Mayagüez, Puerto Rico, 7-30 cm high 
strongly fasciculate plants, 22 II 1968, leg. Diaz-Piferrer. 273 culture isolated from the last mentioned 
material. Magnifications : all scales 200 "m . 
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PLATE 27 

Figs 274- 281 Cl. vagabunda . 274- 278 material from Playa Grandi, bay on NE coast of Curaçao, 
growing on loose stones on sandy beach, 0.5 - 1 cm high plants, 23 I 1973, van den Hoek 73 / 18. 274 
plant reduced to main axes with newly proliferated branch systems . 275 young compact plant with 
strict acropetal organization . 276 zoidangium. 277 biflagellate gametes. 278 planozygote. 279, 280 
material from Barbados, Porter's, 13 11 1903, leg. Vickers (L) . 281 material from Cubagua Island, 
Venezuela, shore collections from ledges and scattered coral rocks on a sandy beach, 141V 1939,leg. 
det. W.R . Taylor, as C/. fascicularis . Magnifications: scales to Figs 274,275,279- 281 200 ,..m; to Fig . 
27620 ,..m; to Figs 277, 278 10,..m . 
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PLATE 28 

Figs 282-288. Cl. vagabunda. 282-285 material from Santa Marta Bay, Curaçao, growing attached 
to walls of former salines at water surface, up to 30 cm high light green plants, 19 V 1968, leg. van 
den Hoek 68/ 46. 286-288 cultures isolated from the above materiaI. Magnifications: all scales 
200J.Lm. 
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PLATE 29 

Figs 289-294 Cl. vagabunda. 289, 290 material from Halifax Harbor, Nova Scotia, 15 cm long, quiet 
water form with distinct acropetally organized ultimate branch systems and proliferations on main 
axes, IX 1901 , leg . Howe no . 1015, del. Collins as Cl. graei/is (K) . 291 Isotype of C/. faseicu/aris from 
"Westindien" , leg . Fröhlich, in herb. Kützing (L) . 292- 294 material from muddy marsh pool, 
Bridgeport , Connecticut, 20 cm large typical quiet water form , VII 1891, leg . Holden, as Cl. graeilis 
in Collins, Holden & SetcheII, Phycotheca Bor.-Am . no . 724. Magnifications: scales to Figs 289- 291 
200 I'm ; to Figs 292, 293 2 mm o 
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PLATE 30 

Figs 295- 312 Cl. dalmatica. 295-300 material from Boca Grandi, Curaçao, exposed northeast coast, 
in large rock pool, 1-5 dm deep, on loose stones in sandy bottom, up to 0.5 cm high plants, 611973, 
leg. van den Hoek 73/ 3. 299 quadriflagellate zoospore. 300 zoidangium. 297, 298 parietallayer of 
chloroplasts with pyrenoids. 301, 302 material from Playa Chikitu, southwest coast of Curaçao, low 
littoral on beach rock, 0.5- 1 cm high pompons, I 1973, leg. van den Hoek 73/ 13. 303 , 304 material 
from St. Michielsbaai, on beach rock plates, low littoral , I cm high pompons, 14 IV 1968, van den 
Hoek 68/ 16. 305-307 type of Cl. luteola Harvey, from Key West, growing on littoral corals, 6 cm 
high light green, acropetally organized plants (TCD). 306, 307 main axes showing intercalary 
divisions. 308 material from Playa Chikitu, southwest coast of Curaçao, beach rock, low littoral, 
1-1.3 cm high light green mats, 11 V 1968, leg. van den Hoek, 68/ 11. 309 material from St. 
Jorisbaai, Curaçao, on shingle beach just below water level, c. 2 cm high plants with very regular 
acropetal "organization, 18 11973, leg . van den Hoek 73/ 30. 310 material from St. Michielsbaai , on 
beach rock , low littoral , I cm high spongy pompon, 14 IV 1968, leg. van den Hoek 68/ 22. 311,312 
culture isolated from the last mentioned material. Magnifications : scales to Figs 295, 2%, 301-312 
200 I'm; to Figs 297- 300 10 I'm . 
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PLATE 31 

Figs 313- 317 Cl. vadorum. 313, 315, 316 from Great Swamp, just east of Alligator Pond , 
Manchester Parish, Jamaica, forming floating patches, 22 1111956, leg. W.R. Taylor no . 56- 682 (as 
Cl. indet) (MICH). 314, 317 material from Bermuda, Harrington Sound, X 1914, leg. del. Hervey , as 
Cl. crispuia in Collins, Holden & SetcheII, Phycotheca Bor .-Am . no . 2011. Magnifications : scales to 
Figs 313,314 I mm; to Figs 315- 317 200 I'm. 
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PLATE 32 

Figs 318-327 Cl. prolifera. 318-323 material from Trinidad, Saline Bay, on rock along sublittoral 
fringe, among Sargassum sp., in about 0.3 m at low water, dark green, c. 10 cm high fasciculate 
plants, 5 IX 1961, leg . W.O. Richardson no. 1038 (L). 324 terminal branch systems who se internodes 
are divided by intercalary walls into zoidangia (redrawn af ter van den Hoek, 1963). 324a smalI, 
rhizoid-like protuberances from basal pol es of cells in the basal region of a plant. Material from 
Tagüao, Venezuela, leg. Fermin, 21 II 1978, no. 333 (GRO). 325-327 material from Trinidad, 
Morugo, Otho Point, infralittoral, c. 3 cm high, young plant with robust distal branch-systems, 6 II 
1958, leg. W.O. Richardson no. 268 (L). Magnifications: scales to all Figs 200 !Lm. 



PLATE 33 

Figs 328-331 Cl. blomquistii, material from shore of Alligator Bay, east of St. Teresa, Florida, 31 I 
1949, leg. Drouet & Nielsen no . 11719 (F). 
Figs 332-334 Cl. conferta, material from Bermuda, in rock pool, south shore, 2 . .5 cm high light green 
densely branched plant, 11 1912, leg. Hervey, as Cl. crystallina in Collins, Holden & SetcheII, 
Phycotheca Bor.-Am. no. 186.5a. Magnifications: scales to all Figs 200 "m. 
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PLATE 34 

Figs 335-348 Cl. conferta. 335-344 material from St. Jorisbaai , Curaçao, shingle beach, just below 
water level, mainly on lsognomon, 0.5-1 cm high dull green densely branched plants, I 1973,leg. van 
den Hoek 73/30. 338 branch system with hooked apices. 339, 340 parietallayer of chloroplasts with 
pyrenoids. 341, 342 zoidangia with apically contracted zoids before release. 344 biflagellate zoids 
(zoospores?). 343 germlings from these zoids . 345-348 type of Cl. conferta from Moule, 
Guadeloupe, "Plage de la Baie, flottant" , 10 cm high dark dull green plant, in Mazé, Algae 
guadeloupenses no. 1037(K). 349 Basal system of plants pictured in Figs 332-334. Magnifications : 
scales to Figs 335-338, 345-349200 jtm; to Figs 339, 340, 343, 344 10 jtm; to Figs 341, 342 20 jtm. 



PLATE 35 
Figs 350-354 Cl. conferta. 350, 351 same material as in Figs 345-348. 352- 354 type of Cl. uncinata 
Boergesen from St. Croix, Virgin Islands, Lime Tree Bay, 3 cm high dark green tuft , 24 I 1906, leg. 
Boergesen no. 1377 (c). 

Figs 355- 357 Cl. longicellulata , isotype from Gravelly Bay, Bermuda, on walls and bot tom of cave, 
c. 5 cm high grass-green, stiff plants, 29 IV 1912, as Cl. catenifera in Collins, Holden & Setchell, 
Phycotheca Bor.-Am. no . 2069 (L). Magnifications : scales to Figs 350- 354, 357 200 /lm ; to Figs 355, 
356 I mm o 
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PLATE 36 

Figs 358-362 C. pellucidoidea. 358, 359 type from Bogue Beaeh, Beaufort , North Carolina, 6 VIII 
1907, leg . Hoyt, del. Collins as Cl. calenala? (US). 360-362 material from Klein Piscadera, Curaçao, 
deep fore reef slope (35 m depth), e. 1.5 cm high plant, V 1975, leg. van den Hoek 75/ 16. 361 parietal 
layer of chloroplasts with pyrenoids. 362 biflageUate zoid. 
Figs 363, 364 Cl. longicellulala, same material as pietured in Figs 355-357. 363 basal eeU with 
attaehment by rhizoids. Magnifications: scales to Figs 358-360 200 "m; to Figs 361, 362 10 "m; to 
Figs 363, 364 1 mm. 
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PLATE 37 

Fig. 365 Cl. pel/ucidoidea, same provenance as material pictured in Figs 360-362. 
Figs 366-373 Cl. submarino. 366-368 material from Soca Tabla, northeast coast of Curaçao, wave
battered limestone terrace, on the rims of rock pools filled with splash water, compact c. 7 mm high 
cushions, 8 11 1973, leg. van den Hoek 73/ 44.369-373 material from coast southeast of Soca Grandi, 
Curaçao, severely wave-battered limestone terrace, pools filled with splash water, 1-2.5 cm high 
yellow-geen mats , 22 V 1968, leg. van den Hoek no. 68/ 68 . Magnifications : scales to Figs 365, 366, 
368-370200 ILm; to Figs 367, 371-373 2 mm o 
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PLATE 38 

Figs 374-380 Cl. submarino. 374 same material as in Figs 369-373 . 375-378 material from same 
station and date as that in Figs 366-368, zoidangia, with zoids contracted in the apical part before 
release. 378 germling. 379, 380 material from wave-battered terrace, north of Playa Grandi, 
northeast coast of Curaçao, 8 11 1973, leg. van den Hoek 73/ 15. 379 zoidangium just before release of 
zoids . 380 biflagellate zoids (zoospores?). Magnifications: scales to Fig . 374200 !,m; to Figs 375-380 
20!,m. 



PLATE 39 

Figs 381-393 Cl. submarino. 381, 382 diagrams of development of branching patterns. 383-390 
material from coast east of Soca Grandi, northeast coast of Curaçao, wave-battered limestone 
terrace, pools filled with splash water, 1-2 cm high yellow-green mats, 11973, leg. van den Hoek no. 
73 / 5. 386, 387 parietallayer of chloroplasts with pyrenoids. 390 old plant dilapidated by basipetally 
proceeding sporulation. 391-393 cultures isolated from the above material. Magnifications : scales to 
Figs 383-385, 390-393 200 I'm; to Figs 386, 387 10 I'm; to Figs 388, 3892 mmo 
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Acrosiphonia J. Ag. 39, 42, 96, 106 
Aeplroplla (Kütz.) Hansg. 12, 16, 18, 19,20,31,33,58, 61 
Aegagropila montagneana (Kütz.) Kütz. S9, 106 
AfOnes Brand. 12, 19,20,31,33,41,42 
Anadyomene Larnour. 30, 33 , 3S 
Apjohnia Harv. 30, 34 
Blodgettia confervoides Harv . S9, 62, 63 
Blodgettiomyces borneti (Wright) J . Feldm. S9, 60 
Boodlea MUIT. 30, 32, 33 
Boodleoldes van den Hoek 12, 19,20,31,32, 33,34,69 
Chaetomorpha Kütz. 31, 33, 3S, 36 
Chaetomorpha capillaris (Kütz.) Boerg. 136 
Chamaedoris Mont. 30, 33, 34, 3S 
Cbamaetbamnlon (Reinke) van den Hoek 12, 19, 3S , 43 
Cladopbora (section) 12, 18, 19, 20, 3S , 73, 74 
Cladophora abbreviata Kütz. 39 
Cl. aegagropila (L.) Rabenh . S8, 66 
Cl. alblda (Huds.) Kütz. 14, IS, 17, 19,28,29,37,38,40,82, 8S, 99, UNI-I05, 109, lil, 112, 116, 

124, 13S, 14S, IS3 
Cl. albida (Huds.) Kütz. var. albida 102 
Cl. albida (Huds.) Kütz. var. biflagellata van den Hoek 102 
Cl. albida (Huds.) Kütz. var. refracta Thur. ex CoiJins 100, 102, 104, lOS 
Cl. alyssoidea Meneghini 47, SO 
Cl. alyssoidea Menegh. var. gracillima Crouan frat. ex Mazé & Schramm 47 , S2 
Cl. anisogona (Mont.) Kütz. 133 
Cl. basiramosa Schmidle 41, 42 
Cl. battersii van den Hoek 82, 172 
Cl. bertolonii Kütz. 149 
Cl. bicolor (Ag.) J . Ag. in Mazé & Schramm 39 
Cl. blomqulstll nov . spec. 17, 19, 2S , 136, 163, 164, 166, 170-173 
Cl. brachydados (Kütz.) Kütz. lOS 
Cl. brachydona Mont. ex Kütz. 120, 132, 133 
Cl. brasillana Martens 7, 8, 24, 37, 82, 8S, 109, 112-115,116, 117 
Cl. bruzelii Kütz. 73, 127 
Cl. caespitosa Crouan frat. ex Schramm & Mazé ISO, lSS 
Cl. caespitosa Harv . S9, ISO 
Cl. camerunica Pilger S2 
Cl. catenata (L.) Kütz. emend. van den Hoek 7, 8, 12, 13, 14, 16, 17, 24, 33, 37, 38, 49, S8, 59-64, 

106, 132, 143, ISO, 167, 169, 172, 180 
Cl. catenatoides Crouan frat. ex Mazé & Schramm (nom. nud .) 127, 133 
Cl. catenifera Kütz. 178, 179 
Cl. charoides Chauvin ex Mazé & Schramm (nom. nud.) 39, 148 
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Cl. cblorocontracta nov. spet. 7, 8, 16,24,66,82,85, 109, 115-117 
Cl. chlorothrix Kütz. 109 
Cl. coelotbrIl( Kütz. 7, Il, 12, IS, 16, 17, 18,26,27,33,37,38,46,47-52,53,55,57,72, 132, 

143,156 
Cl. conferta Crouan frat. ex Schramm & Mazé 7,16,17,19,25,26,37,57,112,120,163,164,166, 

173-178 
Cl. congesta Zanardini ex Frauenfeld 39 
Cl. congesta Crouan frat. ex Schramm & Mazé 39 
Cl. constricta Collins 39, 55 
Cl. coralllcola Boerg. 14, 15,24,37,38,49,50,58,59,61,65,66, 186 
Cl. crassicaulis Crouan frat. ex Schramm & Mazé ISO, 155 
Cl. crIspuia Vickers 19,24,38,54, SS, 57, 66, 78, 126, 127, 128,135-137, 155, 161 
Cl. crouanii (Chauvin) Crouan 184 
Cl. crouanii Murray 184, 188 
Cl. crucigera Grun . 39, 148 
Cl. crystallina (Roth) Kütz. SS, 99,104, lil, liS, 148, 155, 175 
Cl. curvula Kütz. 104 
Cl . cymopoliae Boergesen 29 
Cl. dalmatica Külz. 7, 8,10,12,13,14, IS, 17,27,37,40,47,74,127,128,131,132,133,137,141, 

143, 144, 150-156, 184, 185 
Cl. delicatuia Montagne 38, lOS, 106, lil, 1I2, 148, 155 
Cl. dichotomo-divaricata Crouan frat. ex Schramm & Mazé 39 
Cl. echinus (Bias.) Kütz. 58, 65 
Cl. eckloni (Suhr) Kütz. 148 
Cl. expansa (Mert. ex Jürgens) Kütz. 76,91,98, 104, 141, 144, 145, 161 
Cl. expansa (Mert. ex Jürgens) Kütz. var. glomerata Thur . ex Collins 138, 145 
Cl. falcata (Duby) Piccone & Dufour 99, 100, 145 
Cl. fascicularioides Crouan frat. ex Mazé & Schramm (nom. nud.) 137, 148 
Cl. fascicularis (Mert. ex Àg.) Kütz. 28, 38, 105, 133, 137, 142, 144, 145, 146, 147, 148, 149, 155, 

156,177 
Cl. fascicularis (Mert . ex Ag.) Kütz. f. denudata Crouan frat. ex Mazé & Schramm (nom. nud.) 

137, 148 
Cl. fascicularis (Mert. ex Ag.) Kütz. f. glomerata Crouan frat. ex Mazé & Schramm (nom. nud.) 

137, 148 
Cl. fascicularis (Mert. ex Ag.) Kütz. f. gracilior 133 
Cl. feredayi Harv. 166 
Cl. flavescens (Roth) Kütz. 39 
Cl. flexuosa (Müll.) Kütz. 98, 99,102,104, lil, 144, 145, 155, 156 
Cl. flexuosa (Müll .) Kütz. f. densa Collins 100 
Cl. flexuosa (Müll.) Kütz. f. floridana Collins 39 
Cl. fr acta (Müll. ex Vahl) Kütz. 39, 40, 73, 75, 91, 99 
Cl. fracta (Müll. ex Vahl) Kütz. f. flavescens (Roth) Collins 39, 40, 144 
Cl. fracta (MOII. ex Vahl) Kütz. f. marina Hauck 50 
Cl. fracta (Müll. ex Vahl) KOtz. var . intricata (Lyngbye) van den Hoek 73, 127 
Cl. frascatii Collins & Hervey 50, 69 
Cl. fuliginosa Kütz. 38, 59, 60, 62, 63, 171 
Cl. glaucescens (Griffiths ex Harv.) Harv. 98, 99,104,105, lil, 144, 145, 146, 153, 155 
Cl. glaucescens (Griffiths ex Harv .) Harv . var. pectinella Harv. 100, 105 
Cl. glebifera (Kütz.) Kütz. 47 
Cl. glebifera (Kütz.) Kütz. var. occidentalis Crouan frat. ex Mazé & Schramm (nom . nud .) 47,50 
Cl. globulina (Kütz.) Kütz. 7, 8, 15,27,37,73,74,75,76, 78-81,157 
Cl. glomerata (L.) Kütz. 74, 127, 140, 143 
Cl. gracilis (Griffiths ex Mackay) Kütz. 38, 90, 91, 98, 99, lil, 144, 145, 155 
Cl. gracilis (Griffiths ex Mackay) KOtz. f. elongata Collins 89, 90 
Cl. gracilis (Griffiths ex Mackay) KOtz. f. expansa (Farlow) Collins 40, 76, 90, 91, 98 
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Cl. gracilis (Griffiths ex Mackay) Kütz. f. subflexuosa Collins 93, 99, 104 
Cl. gracilis (Griffiths ex Mackay) Kütz. var. expansa Farlow 40 
Cl. gracilis (Griffiths ex Mackay) Kütz. var. tenuis Thur. ex Farl. 93, 104, 145, 156 
Cl. gracilis (Griffiths ex Mackay) Kütz. var. vadorum (Aresch .) Collins 93, 156 
Cl. gracillima Crouan frat. ex Schramm & Mazé ISO, 155 
Cl. gracillima Harv. ISO 
Cl. gracillima Kütz. ISO 
Cl. hamosa (Kütz.) Kütz. 120, 177 
Cl. heteronema (Ag.) Kütz. 57, 114, 147, 148 
Cl. hirta Kütz. 98, 99 
Cl. hospita Kütz. var. nuda Kütz. 148 
Cl. howei Collins 24, 38, 184, 186 
Cl. hutch insiae (Dillw.) Kütz. 47, 82, 83, 132, 133, 145 
Cl. inclusa Boerg. 56 
Cl. incompta Hooker & Harvey 33, 41, 42 
Cl. iDtertexta Collo 11, 12, 19,24,33,35,37,38,66,67,68 
Cl. jODKiorum van den Hoek 7, 8, 17, 18, 19,24,82,83,85, 109, 112, 116,117-121, 124, 175, 177 
CI.laetevireDs (Dillw.) Kütz. 7, 8,11,13,14,17,19,26,27,37,72,98,99,104,127,130-135,128, 

136, 141, 143, 144, 152, 153, 162, 185, 186 
Cl. lehmanniana (Lindenb.) Kütz. 127, 132, 184 
Cl. llebetruthil Grun. 7,12,13, 16, 17, 19,26,27,33,37,40,54,69-72 
Cl. liDlformis Kütz. 7, 8, 12, 17, 19,27,37,73,74-78,79, 127, 157, 159 
Cl. IODKicellulata van den Hoek 13, 19,24,66, 163, 164, 166, 178-179, 181 
Cl. luteola Crouan frat. ex Mazé & Schramm (nom. nud.) 127, 133, 184, 188 
Cl. luteola Harv. 147, ISO, 155, 184, 186, 187, 188 
Cl. macallana Harv. lil, 148 
Cl. magdalenae Harv. 76 
Cl. mauritiana Kütz. 137, 148 
Cl. mexicana Crouan frat. ex Schramm & Mazé 127, 133 
Cl. mODtaKDeaDa Kütz. 7, 8, IS, 18,25,26,37,38,40,59,82,85,102,105-112,113,116,117,119 
Cl. montagnei Kütz. 59, 106 
Cl. morrisiae Harv. 100, 105 
Cl. nigrescens Zanard. ex Frauenfeld 19, 163, 166, 175, 177 
Cl. nitida Kütz. 78, 155, 156 
Cl. obtusata Zanard. ex Frauenfeld 133 
Cl. ordlData (Boerg.) van den Hoek 11, 12, IS, 19,25,26,37, IlO, 123-125 
Cl. ovoidea Kütz. 137, 148 
Cl. ovoidea Kütz. f. crassicaulis Crouan frat. ex Mazé & Schramm (nom. nud .) 137, 148 
Cl. pachyderma (Kjellm.) Brand 12, 16, 19,25,35,37,41,42,71 
Cl. pachyderma (Kjellm.) Brand var. tenuis (Kjellm.) Brand 42 
Cl. parriaudii van den Hoek 127 
Cl. pellucida (Huds.) Kütz. 19,33, 35, 163, 166, 178, 179, 181 
Cl. pellucldoldea nov . spec . 7, 10, 12, 14, 18, 19,24,49, 163, 164, 166, 173, 179-182 
Cl. penicilIata Kütz. 40 
Cl. penicilIata Kütz. f. occidentalis Crouan frat. ex Mazé & Schramm (nom. nud.) 40 
Cl. piscinae Collins & Hervey 69, 72 
Cl. polyacantha Mont. 106 
Cl. prolifera (Roth) Kütz. 16, 17, 19,26,27,34,37,38,49,136,163,164,166-170,172,173,175 
Cl. pseudopellucida van den Hoek 166, 181 
Cl. pseudorupestris nov. spec . 82, 84, 90, 91-93, 94 
Cl. PYKmaea Reinke 12, 14, 16, 17,28,29,37,43,44,45,116 
Cl. refracta (Roth) Kütz. 98, 102, 104, lOS, lil, 155 
Cl. repens (J .G. Ag.) Harv. 38, 50, 52,72 
Cl. retroflexa (Bonnem. ex Crouan) van den Hoek 19, 136, 163, 166, 172 
Cl. rigidula Collins & Hervey 40 
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Cl. rigidula KUtz. 40 
Cl. rivularis (L.) van den Hoek 73, 75, 76, 105 
Cl. ruchingeri (Ag.) KUtz. 14, 15, 17,27,37,40,82,84,89-91,94, %, 109, 116, 133 
Cl. rudolphiana (Ag .) KUtz. 91, 99, 161 
Cl. rugu10sa Martens 169 
Cl. rupestris (L.) KUtz. 11 , 13, 14, 15, 16, 17, 19,28,29,37,38,49,82,83,84,86-89,124,145 
Cl. scitula (Suhr) KUtz. 39, 40 
Cl. scoparia KUtz. 167 
Cl. sericea (Huds.) KUtz. 11, 12, 15, 17,28,29,37,38, 39, 40, 82, 84, 87 , 90,93,95-100,116,124, 

132, 133 , 136, 156 
Cl. sericea (Huds .) KUtz. var. biflagellata van den Hoek 96 
Cl. sericea (Huds .) KUtz. var . sericea 96 
Cl. sertularina (Mont.) KUtz. 137, 148 
Cl. socIalis Kütz. 7, 8,13,17,18,26,27,37,39,46,48,49,52-57,72,137 
Cl. socialis KUtz. var. hawaiiana Brand 55 
Cl. sordida KUtz. 78 
Cl. strieta Crouan frat. ex Sehramm & Mazé 106, 111 
Cl. stricta KUtz. 106 
Cl. submarina Crouan frat. ex Sehramm & Mazé 7,8,11 , 12,16,17,19,24,37,38,60,127,133, 

183-188 
Cl. tenuis KUtz. 106 
Cl. thermalis Crouan frat. ex Schramm & Mazé 40 
Cl. trichocoma KUtz. 111 
Cl. (Spongomorpha) trinitatis KUtz. 40 
Cl. tropica Crouan frat. ex Schramm & Mazé 40 
Cl. uncialis (MUil.) KUtz. 104 
Cl. uncinata Boerg. 38, 174, 177 
Cl. utriculosa KUtz. 72, 133, 134, 146 
Cl. vadorum (Areseh.) KUtz. 7, 8, 17,19,26,27,37,76,93,127,128,156-162 
Cl. vagabunda (L.) van den Hoek 7,8,9,11,13, 14, 17,18,19,27,28,37,38,39,40,48,54,55, 

76,99,115,126,127,128,132,133,137-150,152,158,159, 161, 185 
Cl. virgatula Grun . 40 
Cl. zostericola Crouan frat. ex Schramm & Mazé 150, 156 
Cladophorales Haeckel 30, 31, 33, 34, 35, 36 
Cladophoropsis Boerg . 30, 32, 33, 35, 36 
Cloniophora Tiffany 40 
Conferva bicolor Mertens & Schwartz in Ag. 39 
Conferva brachyclados (KUtz.) Crouan 105 
Conferva brachyclados Montagne 105 
Conferva catenata L. 170 
Conferva fascicularis Mert. ex Ag . 146, 147 
Conferva flavescens Roth 39 
Conferva scitula Suhr 40 
Conferva sertularina Ag . 137 
Conferva sertu1arina Mont. 137 
Dictyosphaeria Dec. 36 
Dorsiventrales nov . seet. 12, 19,20,33, 35,67 
Ernodesmis Boerg . 30, 33, 34, 35 
Glomeratae KUtz. 12, 18, 19, 20, 35, 126-127, 128, 136, 143, 153 
Longi-articulatae Hamel 12, 18, 19, 20,33, 34, 35, 49, 136, 163-166, 178, 179, 181 
Microdictyon Dec . 30, 31, 32, 33, 69 
Pithophora Wittrock 39, 40 
Pseudostruvea Egerod 35 
Repentes KUtz . 12, 16, 18, 19,20,31,32,33, 46 
Rhizoclonium KUtz. 30, 31,33,35,36,108, 113,119 
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Rhizoclonium grande Boerg. 33, 35 
Rhizoclonium hookeri Kütz. 111 
Rhizoclonium riparium (Roth) Harv. 33, 35, 42, 79, 81 
Rupestres Kütz. 12, 18, 19, 20, 35 , 40,82, 83, 96, 102, 109, 114, 116, 119, 124 
Siphonocladales (Blackman & Tansley) Oltmanns 30, 36 
Siphonocladus Schm. 36 
Spongomorpha aeruginosa (L.) van den Hoek 40 
Struvea Sond. 30, 32, 33, 34, 35 
Valonia Ginn. 33, 34 
Valonia aegagropila Ag. 33, 34 
Valonia ventricosa J. Ag. 34, 35 
WilleeUa Boerg. (genus) 122 
Wllleella (Boerg.) nov. stat. (section) 12, 19, 20, 122-113 
Willeella japonica Yamada & Segawa 124 
Willeella ordinata Boerg. 123, 124 
Xanthochlora nov. sect. 12, 19, 20, 35, 183 
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