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The microfilamentous green alga Uronema curvatum is widely distributed along the western and eastern coasts of the north

Atlantic Ocean where it typically grows on crustose red algae and on haptera of kelps in subtidal habitats. The placement of

this marine species in a genus of freshwater Chlorophyceae had been questioned. Molecular phylogenetic analysis of nuclear-

encoded small and large subunit rDNA sequences reveal that U. curvatum is closely related to the ulvophycean order

Cladophorales, with which it shares a number of morphological features, including a siphonocladous level of organization

and zoidangial development. The divergent phylogenetic position of U. curvatum, sister to the rest of the Cladophorales, along

with a combination of distinctive morphological features, such as the absence of pyrenoids, the diminutive size of the

unbranched filaments and the discoid holdfast, warrants the recognition of a separate genus, Okellya, within a new family

of Cladophorales, Okellyaceae. The epiphytic Urospora microscopica from Norway, which has been allied with U. curvatum,

is revealed as a member of the cladophoralean genus Chaetomorpha and is herein transferred to that genus as C. norvegica

nom. nov.
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Introduction

Green algae display a wide diversity of thallus
organization, ranging from flagellate or coccoid
unicells to colonial forms and various levels of
multicellular organization. This morphological
variation has been the basis for conventional
green algal classification (Round, 1984). For exam-
ple flagellates were commonly grouped in the order
Volvocales, coccoids in the Chlorococcales, and
unbranched filaments in the Ulotrichales (Bold &
Wynne, 1985). Ultrastructural work, comparative
biochemistry and life-history studies have demon-
strated that a filamentous nature (and various
other vegetative features) are independently
derived in different lineages within the green
algae (Mattox & Stewart, 1984). Molecular sys-
tematics have largely corroborated these findings,
showing that convergent evolution is responsible
for the presence of unbranched filaments in dis-
tantly related green algal lineages, such as the

chlorophytan classes Ulvophyceae (Ulothrix
Kützing, Urospora Areschoug and Chaetomorpha
Kützing) and Chlorophyceae (Microspora Thuret,
Oedogonium Link, Uronema Lagerheim), and the
streptophytan classes Klebsormidiophyceae
(Klebsormidium Silva, Mattox & Blackwell) and
Zygnematophyceae (Spirogyra Link and other
genera) (Lewis & McCourt, 2004; Pröschold &
Leliaert, 2007). Most notably, the genus Ulothrix,
which is often regarded as the morphological
archetype of the unbranched uniseriate filamen-
tous morphology, has been shown to be polyphy-
letic, with its various members belonging to
different green algal classes (O’Kelly, 2007).
Although the phylogenetic position of numerous

unbranched filamentous species has now been
resolved based on ultrastructural and molecular
evidence (e.g. Booton et al., 1998; Leliaert et al.,
2003; O’Kelly et al., 2004), several taxa have
remained largely unstudied. Amongst them are
the marine microfilamentous species Uronema
curvatum Printz and Urospora microscopica
Levring.
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The genus Uronema (Lagerheim, 1887) is char-
acterized by unbranched filaments of uninucleate
cells with a single chloroplast and 1–4 pyrenoids
(Chaudhary, 1979). The filaments are attached by
a basal discoid gelatinous holdfast, and apical cells
are typically acuminate. Thalli reproduce asexually
by zoospores, one (sometimes two) being formed
per cell. The genus is currently placed in the chlor-
ophycean order Chaetophorales, based on ultra-
structural evidence and 18S rDNA sequence data
(Booton et al., 1998). Uronema includes about
17 species (Guiry & Guiry, 2009), all but two
restricted to freshwater or damp terrestrial habi-
tats. The only marine species are the North
Atlantic U. curvatum and the south-west Pacific
U. marinum Womersley, both inconspicuous algae
that have probably passed unnoticed in many
investigations. Uronema curvatum was originally
described from Trondheim Fjord, Norway
(Printz, 1926), and has since been reported from
scattered localities along the eastern and western
coasts of the north Atlantic Ocean (Feldmann,
1954; Rueness, 1977; South & Tittley, 1986;
Rueness, 1992; Kornmann & Sahling, 1994;
Maggs & O’Kelly, 2007). The species grows in
subtidal habitats on non-calcified crustose red
algae (such as Peyssonnelia Decaisne and Cruoria
Fries), crustose cyanobacteria on pebbles, and on
haptera of kelps. Uronema curvatum differs from
the freshwater representatives of the genus in
zoosporangial and apical cell morphology, and its
generic placement has been debated by Rueness
(1992) and Kornmann & Sahling (1994), who
suggested a relationship with the Cladophorales
or Ulotrichales (Acrosiphoniales).
Urospora (Areschoug, 1866) is a genus of cold

water, marine green algae characterized by an
unbranched filamentous gametophyte composed
of multinucleate cells with a parietal reticulate
chloroplast, and a unicellular, club-shaped, unin-
ucleate sporophyte (Codiolum phase). The uniseri-
ate gametophytes are attached to the substratum
by multicellular rhizoids arising from the basal
cells. Urospora has a complex nomenclatural
history and the taxonomic position of the genus
has long been uncertain (Lokhorst & Trask,
1981). The genus has been placed in the
Cladophorales or Siphonocladales based on the
multinucleate cells (Wille, 1890; Rosenvinge,
1893; Setchell & Gardner, 1920; Printz 1932)
but is now recognised as a close relative of
Acrosiphonia J. Agardh and Spongomorpha
Kützing in the ulvophycean order, Ulotrichales,
based on morphological, ultrastructural and life-
history features, and molecular data (Jorde, 1933;
Kornmann, 1963; Floyd & O’Kelly, 1984; van
Oppen et al., 1995; Jónsson, 1999; Lindstrom &
Hanic, 2005). The genus includes about 12 species

worldwide (Guiry & Guiry, 2009), four of which
are common along western European shores
(Lokhorst & Trask, 1981). The epiphytic
U. microscopica from Norway has been distin-
guished from other species in the genus by its
minute filaments (Levring, 1937). Since its descrip-
tion, the species has remained largely unnoticed
and its systematic position uncertain (Rueness,
1992; Lein et al., 1999).
In the present study we assess the phylogenetic

position of the enigmatic microfilamentous species,
U. curvatum and U. microscopica, by molecular
phylogenetic analysis of nuclear-encoded small
and large subunit rDNA sequences.

Materials and methods

Specimens of U. curvatum, growing as epiphytes on
Peyssonnelia dubyi P.L. Crouan & H.M. Crouan, were
collected from Vega (county of Nordland, Norway)
on 26 October 1990 (Rueness, 1992). Specimens
of U. microscopica, growing epiphytically on
Cystoclonium purpureum (Hudson) Batters at a depth
of 3–5m, were collected from Busepollen in Austevoll
(county of Hordaland, Norway) in September 1994.
Unialgal cultures of both species were obtained as
described in Rueness (1992), and have been deposited
in the Culture Collection of Algae and Protozoa
(CCAP) as CCAP 455/1 (U. curvatum) and CCAP
504/1 (U. microscopica). Specimens were examined
with a Nikon Eclipse TE 300 (Nikon Co., Tokyo,
Japan) and Olympus BX51 (Olympus Co., Tokyo,
Japan) bright field light microscopes. Photographs
were taken with a Nikon DS-5M or Olympus E410 dig-
ital camera mounted on the microscope. Pyrenoids were
stained with Lugol’s iodine. DAPI nuclear staining was
performed as described by Rueness (1992).

Molecular phylogenetic analyses were based on
nuclear-encoded small subunit (SSU) and partial large
subunit (LSU) rDNA sequences. DNA extraction,
PCR amplification and sequencing were performed
as described in Leliaert et al. (2007). Taxa for
which new sequences were generated are listed
in Table S1 (see supplemental material available at
http://www.informaworld.com/mpp/uploads/leliaert_et_al.
_supplementary_material.pdf). Sequences have been
deposited in EMBL/GenBank under accession numbers
FN257507- FN257512.

Two alignments were created for phylogenetic
analyses. The first one was assembled to assess the phy-
logenetic position of U. curvatum and U. microscopica
within the Chlorophyta. This alignment consisted of 30
SSU sequences, including other Uronema and Urospora
representatives and exemplar taxa from a broad repre-
sentation of chlorophytan classes for which SSU
sequences have been deposited in GenBank. Two prasi-
nophycean algae were used as outgroup taxa. Although
no sequence data are available for the type species of
Uronema (U. confervicola Lagerheim) and Urospora
(U. mirabilis Areschoug), there is indirect evidence that
Uronema belkae Lokhorst and Urospora neglecta
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(Kornmann) Lokhorst & Trask (included in our phylo-
genetic analyses) are closely related to the types of the
respective genera. Schlösser (1987) showed that the
autolysin of U. confervicola reacts in bioassays on strains
of U. belkae, suggesting that the two species are closely
allied (Pröschold & Leliaert, 2007). Urospora mirabilis is
currently regarded as a synonym of Urospora penicilli-
formis (Roth) J.E. Areschoug, which has been found to
be related to U. neglecta based on 18S rRNA gene
sequence data (Lindstrom & Hanic, 2005).

Based on the results of the phylogenetic analysis
inferred from the SSU alignment, a second dataset of
partial LSU sequences was assembled and analysed to
examine the phylogenetic position of the two species
within the Cladophorales with more confidence. In the
Cladophorales, partial LSU sequences (first ca. 500 bp)
are known to be more phylogenetically informative
than SSU sequences (Leliaert et al., 2003). The LSU
alignment consisted of 20 cladophoralean sequences
with Caulerpa Lamouroux and Chlorodesmis Harvey &
Bailey (Bryopsidales), Acrosiphonia (Ulotrichales) and
Ulva Linnaeus (Ulvales) as outgroup taxa. Sequences
were aligned using MUSCLE (Edgar, 2004), and
inspected visually.

Evolutionary models for the two alignments were
determined by the Akaike Information Criterion
in PAUP/Modeltest 3.6 (Posada & Crandall, 1998;
Swofford, 2002). Both datasets were analysed with max-
imum likelihood (ML) and Bayesian inference (BI),
using PhyML v2.4.4 (Guindon & Gascuel, 2003) and
MrBayes v3.1.2 (Ronquist & Huelsenbeck, 2003) respec-
tively. The SSU dataset was analysed under a general
time-reversible model with a proportion of invariable
sites and gamma distribution split into four categories
(GTRþIþG4). The LSU alignment was analysed under
a general time-reversible model with gamma distribu-
tion, split into four categories and no separate rate
class for invariable sites (GTRþG4). BI analyses con-
sisted of two parallel runs of four incrementally heated
chains each, and 4 000 000 generations with sampling
every 1000 generations. A burnin sample of 2000 trees
was removed before constructing the majority rule con-
sensus tree. For the ML trees, the reliability of internal
branches was evaluated with non-parametric bootstrap-
ping (1000 replicates).

Results

Morphology

Thalli of U. curvatum form minute epiphytic turfs
of curved, uniseriate, unbranched filaments, com-
posed of 3–10 cells, 100–180mm long (in culture,
filaments may grow up to 100 cells and 700 mm
long), diameter increasing towards the apex
(Figs 1, 2). Thallus is dull, yellowish green in
colour. Filaments are attached to the substratum
by a basal discoid holdfast. Vegetative cells are
subcylindrical, 3.5–6.0 mm in diameter at the base,
increasing to 7–10 mm at the apex, 1.5–6.0 times as
long as broad, up to 21mm long. The chloroplast
is parietal and lobed, and occupies most of the

cell wall (Figs 4–6); transmission electron micros-
copy showed that more than one chloroplast might
be present per cell (Rueness, 1992); pyrenoids are
absent (Fig. 5). Cells are multinucleate, containing
(1�) 2�4 (�8) nuclei (Fig. 11). Thalli become
reproductive before the filaments reach about
10 cells (in culture, unattached filaments may
become longer). Prior to differentiation into spor-
angia, cells contain 8–16 (�32) nuclei (Rueness,
1992). Zoids develop by transformation of apical
and subapical cells into slightly swollen zoospor-
angia (Figs 3, 7); (8�) 16�32 zoids are formed per
cell, which emerge through a domed pore in the
upper part of the cell, on the outer face relative
to the curvature of filaments (Figs 7, 8) (Rueness,
1992). In culture, spores may germinate within
the parent cell (Figs 9, 10). Filaments that were
isolated into unialgal culture in 1990 have since
been reproducing asexually by spores.
Thalli of Urospora microscopica (Figs 12–21)

form straight or curved, uniseriate, unbranched
filaments up to 1750 mm long, composed of cylin-
drical cells, 10–20 mm in diameter (Fig. 12). Thallus
is bright, grass green in colour. Filaments are
attached to the substratum by a basal, hyaline,
lobed holdfast (Figs 12, 18). Cells contain a parie-
tal, lobed chloroplast with several pyrenoids (ca. 5)
(Figs 14, 15). Cells are multinucleate, containing
four axially arranged nuclei (Figs 16, 17). Zoids
develop by transformation of apical and subapical
cells into zoosporangia; 10–35 zoids are formed per
cell, which emerge through a domed pore in the
middle part of the cell (sometimes subapical
or sub-basal) (Figs 19–21). Filaments that were
isolated into unialgal culture in 1994 have since
been reproducing asexually by spores.

Molecular phylogeny

Specifications of the SSU and LSU sequence align-
ments and evolutionary models applied are given
in Table S2 (http://www.informaworld.com/mpp/
uploads/leliaert_et_al._supplementary_material.pdf).
Phylogenetic analysis of the SSU dataset resulted

in a chlorophytan tree with a poorly resolved back-
bone, in which the monophyly of the Ulvophyceae,
Chlorophyceae and Trebouxiophyceae, and the
relationships among these classes were weakly
supported (Fig. 22). Even so, the phylogenetic
positions of U. curvatum and U. microscopica
could be determined with high support. Uronema
curvatum is unrelated to the freshwater U. belkae
(or any other member of the chlorophycean
order Chaetophorales), but instead sister to the
Cladophorales. Urospora microscopica is not
allied with U. neglecta or any other member of
Ulvales but is placed within the cladophoralean
clade.
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Phylogenetic analysis of the Cladophorales
LSU alignment resulted in three well–supported
clades, termed the Cladophora, Siphonocladus
and Aegagropila clades (Fig. 23). Concordant
with the SSU tree, U. curvatum is sister to the
Cladophorales with high support. Urospora
microscopica falls within the Cladophora clade.
It is most closely related to Chaetomorpha,
although its exact phylogenetic position could not
be determined with satisfactory statistical support.

Discussion

The placement of the marine species U. curvatum
in a genus of freshwater Chlorophyceae had been
questioned. Rueness (1992) examined the species
in culture, and suggested a relationship with

the cladophoralean genera Chaetomorpha and
Rhizoclonium, or with the ulotrichalean Urospora,
based on the multinucleate cells. Kornmann &
Sahling (1994) formally transferred the species to
Urospora based on zoospore morphology, but this
transfer was not widely adopted (Bartsch &
Kuhlenkamp, 2000; Nielsen & Gunnarsson, 2001;
Maggs & O’Kelly, 2007). The present study shows
that U. curvatum is closely allied to the ulvophy-
cean order, the Cladophorales.
Uronema curvatum shares a number of ecological

and morphological features with the green macro-
algal order, the Cladophorales. Like most members
of this order, U. curvatum occurs in benthic
marine coastal habitats. The assumption that the
Cladophorales are an originally marine clade,
which successfully invaded freshwater habitats at

Figs 1–11. Uronema curvatum (¼Okellya curvata, comb. nov.). Figs 1, 2. Field-collected sample, growing as an epiphyte on a
red crust, on the haptera of Laminaria hyperborea (diameter of filaments 7–8mm). Figs 3–11. Cultures. Fig. 3. Terminal
sporangium with spores. Figs 4, 5. Vegetative filaments showing chloroplasts before and after staining with iodine solution

(no pyrenoids are visible). Fig. 6. Irregular surface of chloroplast. Figs 7–10. Terminal sporangia with spores, some of which
germinate in situ. Arrows indicate exit pore. Fig. 11. DAPI-stained vegetative cells with two to four nuclei.

F. Leliaert et al. 490

D
o
w
n
l
o
a
d
e
d
 
B
y
:
 
[
U
n
i
v
e
r
s
i
t
e
i
t
 
G
e
n
t
]
 
A
t
:
 
0
7
:
5
4
 
1
1
 
D
e
c
e
m
b
e
r
 
2
0
0
9



least twice independently (Hanyuda et al., 2002),
is reinforced by the phylogenetic position of
U. curvatum, sister to the rest of the Cladophorales.
Morphologically, U. curvatum shares the typical

siphonocladous level of organization of the
Cladophorales, i.e. multicellular thalli composed
of multinucleate cells. The number of nuclei in cla-
dophoralean species is highly variable and gener-
ally proportional to cell size. Most cladophoralean
taxa have relatively large cells (ranging from sev-
eral mm to several mm across) with hundreds or
even thousands of nuclei, arranged in cytoplasmic

domains (Kapraun & Nguyen, 1994). The cells of
U. curvatum typically contain 2–4 nuclei (Rueness,
1992; Maggs & O’Kelly, 2007), comparable to
numbers found in Rhizoclonium riparium (Roth)
Harvey, which has cell dimensions of the same
order of magnitude (mostly 5–20 mm in diameter)
(Leliaert & Boedeker, 2007).
Thallus organization in the Cladophorales

ranges from branched or unbranched uniseriate
filaments to more complex architectural types
(one notable exception being the coccoid
Spongiochrysis in the Aegagropila clade, Rindi

Figs 12–21. Urospora microscopica (¼Chaetomorpha norvegica, nom. nov.), culture. Fig. 12. Filament with basal cell with
attachment disc. Fig. 13. Apical portion of filament with sporangia and lateral exit pores. Fig. 14. Parietal, lobed chloroplast.
Fig. 15. Cell showing pyrenoids following staining with iodide solution. Figs 16, 17. The same filaments after DAPI-staining as

seen under light field and fluorescence microscopy, showing multinucleate cells with four nuclei in axial arrangement (note one
spore attached outside the filament and a few spores left in sporangium). Fig. 18. Lobed attachment disc with germinating
spores. Fig. 19. Sporangia with exit pore (top filament) and start of exit pore formation (bottom filament, arrow)

(fixed material, without cell contents). Figs 20, 21. Sporangia with spores, red eye spot visible (arrows).
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et al., 2006). Unbranched filamentous thalli,
assigned to Chaetomorpha or Rhizoclonium, have
evolved from branched forms several times inde-
pendently within the Cladophorales (Hanyuda
et al., 2002; Leliaert et al., 2003). Uronema
curvatum thus represents another unbranched
filamentous lineage of the Cladophorales. It
attaches to the substratum by a basal discoid hold-
fast and hence differs from most Cladophorales,
which are attached to the substratum by branched
or unbranched rhizoids that develop from basal
or intercalary cells. The diminutive Cladophora
pygmaea Reinke also attaches by a similar basal
discoid holdfast. Based on this feature it was
placed in a separate section of the genus by
van den Hoek (1963), but a molecular phylo-
genetic study refuted the separate placement of
C. pygmaea and showed that mode of attachment
is not an evolutionarily conserved character and
has little taxonomic value above the species level
(Leliaert et al., 2009).

Uronema curvatum shares the typical zoidangial
development and exit aperture of the
Cladophorales: after vegetative growth ceases,
the apical cells swell slightly and the cytoplasm is
divided into zoids that are dispensed through
a domed pore at the upper end of the cell. Some
cladophoralean taxa display variation in zoidan-
gial morphology. For example, in Wittrockiella
Wille (Aegagropila clade) the spores are released
through extremely elongated exit tubes, resembling
colourless hairs (Leliaert & Boedeker, 2007), and
many taxa of the Siphonocladus clade have large
cells that form numerous, lateral exit pores
(Hori, 1994).
The chloroplast of U. curvatum is parietal and

lobed, and lines most of the cell wall. In contrast,
the cells of most other Cladophorales contain
numerous chloroplasts interconnecting by deli-
cate strands to form a continuous layer or a pari-
etal network. In some taxa, such as Rhizoclonium
riparium (Roth) Harvey, cells contain a single or

Urospora neglecta AY476821

 Acrosiphonia duriuscula AB049418

 Ulva rigida AJ005414

 Pseudoneochloris marina U41102

 Ulothrix zonata Z47999

 Pseudendoclonium akinetum DQ011230

 Ignatius tetrasporus AB110439

 Oltmannsiellopsis viridis D86495

 Acetabularia acetabulum Z33461

 Caulerpa sertularioides AF479703

 Trentepohlia aurea AB110783

Uronema curvatum

Cladophora horii AB078731

Valoniopsis pachynema AM498765

Urospora microscopica

Chaetomorpha linum AB062702

 Oedogonium cardiacum U83133 

 Scenedesmus obliquus X56103 

Stigeoclonium helveticum U83131

 Fritschiella tuberosa U83129

Uronema belkae AF182821

 Cylindrocapsa geminella U73471 

Protosiphon botryoides U41177

Paulschulzia pseudovolvox U83120

Chlamydomonas reinhardtii M32703

Oocystis solitaria AF228686 

Closteriopsis acicularis Y17470

Chlorella vulgaris X13688 

Picocystis salinarum AF125167

Nephroselmis olivacea X74754
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Fig. 22. ML tree of the core chlorophytes (Ulvophyceae, Trebouxiophyceae, Chlorophyceae), rooted with two prasinophytes,
inferred from SSU nrDNA sequences. The phylogenetic position of Uronema curvatum (¼Okellya curvata, comb. nov.) and
Urospora microscopica (¼Chaetomorpha norvegica, nom. nov.), along with other members of the two genera are shown.
Maximum likelihood bootstrap values (>50) and Bayesian inference posterior probabilities (>0.90) are indicated at branches.

The branches leading to Acetabularia and Caulerpa are scaled 50% (�) and 25% (��).
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few parietal, lobed chloroplasts, similar to U. cur-
vatum (Leliaert & Boedeker, 2007). Uronema cur-
vatum differs from other Cladophorales by the lack
of pyrenoids, although TEM observations by
Rueness (1992) suggest the presence of starch
grains inside the chloroplasts. In other
Cladophorales most of the chloroplasts in a cell
contain a single pyrenoid. The majority of species
have bilenticular pyrenoids, i.e. each pyrenoid
consists of two hemispheres, separated by a single
thylakoid and each hemisphere is capped by a
bowl-shaped starch grain. This pyrenoid structure
was initially thought to be uniform within the
order (Jónsson, 1962; van den Hoek et al., 1995),
but several exceptions to this pattern have been
reported, mainly in species of the Aegagropila
clade (Matsuyama et al., 1998; Miyaji, 1999;
Hanyuda et al., 2002).
Another marine species ofUronema,U. marinum,

has been described as an epiphyte on green
and (non-crustose) red seaweeds in shallow
subtidal habitats from southern and western
Australia, the Great Barrier Reef, Lord Howe
Island, Micronesia and Hawaii (Womersley, 1984;
Abbott &Huisman, 2004; Kraft, 2007). This species
resembles U. curvatum in size, cell dimensions and
mode of attachment, but differs in having one or
two pyrenoids per cell. The taxonomic position
of U. marinum remains undecided at this stage,

and the name is retained pending molecular
investigations.
The micro-filamentous species, U. microscopica,

was described from Osund, Norway, growing
epiphytically on Nitophyllum Greville and
Cystoclonium Kützing (Levring, 1937). Since its
original description, the species has remained lar-
gely unnoticed (Lein et al., 1999). Rueness (1992),
who re-examined the type material, found that
U. microscopica differed from U. curvatum in cell
dimensions, straight filaments, and the position of
the sporangial pore, which is lateral or sub-basal
in U. microscopica versus subapical in U. curvatum.
In the present study we examined recent collections
and cultures of U. microscopica, which made it pos-
sible to investigate this species in more detail and
assess its phylogenetic position based on molecular
data. The phylogenetic analysis clearly shows that
U. microscopica is a member of the Cladophora
clade. The species seems to be most closely related
to Chaetomorpha, although the presence of four
nuclei and sporangia with a single lateral pore
would suggest a relationship with the R. riparium
complex (Leliaert & Boedeker, 2007).
Chaetomorpha is a marine genus of attached or

unattached unbranched macro-filaments. More
than 200 species and infraspecific taxa have been
described worldwide (Index Nominum Algarum),
of which only about 50 are currently accepted

 Chaetomorpha linum F170

 Chaetomorpha crassa AJ544767

 Chaetomorpha antennina F194

 Chaetomorpha sp. F169

 Chaetomorpha aerea FM205025

 Urospora microscopica

 Chaetomorpha melagonium L0793540

 Rhizoclonium riparium AJ544765

 Cladophora vagabunda AM503481

 Cladophora rupestris AJ544764

 Cladophora ordinata AJ544757

 Rhizoclonium africanum F131

 Cladophora pygmaea FM205040

 Cladophora pellucida FM205036

 Dictyosphaeria cavernosa AM503500

 Valonia aegagropila AM503531

 Siphonocladus tropicus AM503525

 Cladophora prolifera AM503471

 Cladophora horii AJ544728

 Wittrockiella lyallii UPN626

 Aegagropila linnaei EU655697

 Uronema curvatum

 Caulerpa racemosa AF479702

 Chlorodesmis fastigiata AF416396

 Acrosiphonia spinescens AJ544727

 Ulva fasciata AJ544726

85/.96

88/.97
100/1.00

67/-

50/.94

68/1.00
53/.93

50/-

66/.92

91/-

85/.97
86/.90

100/1.00

99/1.00

97/1.00
89/.92

75/.99

99/1.00

89/-

100/1.00

0.1

Cladophorales

Cladophora
clade

Siphonocladus
clade

Aegagropila
clade

Okellyaceae

Bryopsidales

Ulotrichales /
Ulvales

outgroup

Fig. 23. Maximum likelihood (ML) tree of the Cladophorales inferred from partial large subunit nrDNA sequences, showing
the phylogenetic position of Uronema curvatum (¼Okellya curvata, comb. nov.) and Urospora microscopica (¼Chaetomorpha

norvegica, nom. nov.). ML bootstrap values (>50) and Bayesian inference posterior probabilities (>0.90) are indicated
at branches.
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(Guiry & Guiry, 2009). Morphological features
used to delimit species within the genus are
growth form, cell dimensions and shape of the
basal attachment cell. However, the extensive
variability of these morphological characters,
depending on environmental conditions, accounts
for a great deal of taxonomic confusion, and the
genus is clearly in need of revision (Leliaert &
Boedeker, 2007).
Urospora microscopica differs from other mem-

bers of the genus Chaetomorpha in the diminutive
growth form, small cell size (10–20mm in diameter)
and low number of nuclei per cell. Most
Chaetomorpha species are much more robust,
forming macroscopic thalli with cells ranging
from ca. 60mm in diameter in C. ligustica
(Kützing) Kützing to one or several mm across
(e.g. C. melagonium (Weber & Mohr) Kützing,
C. coliformis (Montagne) Kützing). Only a few
other minute Chaetomorpha species have been
described. Chaetomorpha sphacelariae Foslie
(1881) is a diminutive epiphyte on Sphacelaria
Lyngbye from Norway, which has remained unno-
ticed since its original description. Chaetomorpha
minima Collins & Hervey (1917) has been morpho-
logically associated with C. sphacelariae. This spe-
cies from the north-west Atlantic Ocean and
Caribbean Sea also grows epiphytically on algae,
seagrasses and salt-marsh plants, and forms incon-
spicuous filaments, composed of long cells,
10–27 mm across (Schneider & Searles, 1991;
Dawes & Mathieson, 2008; Littler et al., 2008).
Another minute species, C. recurva Scagel (1966),
is found along the Pacific coast of North America
and forms minute thalli with filaments 6–10 mm
across. Given that morphological features, espe-
cially cell dimensions, are now known to be poor
indicators of phylogenetic relationships in the
Cladophorales (and green algae in general)
(Leliaert et al., 2007), these species will need to
be further examined using molecular tools to
assess their phylogenetic affinity.

Taxonomic conclusions

The divergent phylogenetic position ofU. curvatum,
sister to the rest of the Cladophorales, along with a
combination of distinctive morphological features
such as the absence of pyrenoids, the diminutive size
of the unbranched filaments and a discoid holdfast,
warrants the recognition of a separate genus within
a new family of Cladophorales:

Okellyaceae Leliaert et Rueness, familia nov.

Algae benthicae marinae, filamentibus simplicibus
erectis curvatis, disco basali ad substratum affixae.
Cellularum divisio intercalaris. Filamenta 3–8

cellulibus, usque 200�m longa (in cultura usque
100 cellulibus, 1mm longa), diametro dilatato
apicem versus. Cellulae apicales cylindricae obtusae,
cellulae intercalares cylindricae, 3–20�m latae,
(1�) 2–4 (�8) nucleatae. Chloroplastus parietalis,
pyrenoide absenti autem granis amyloideis.
Zoosporangia apicalia et subapicalia, zoosporibus
pluribus (8–32), e sporangioporo singulari emergen-
tibus. Thalli epiphytici super algas crustosas in zona
sublitorali.
Marine benthic algae forming minute tufts of

slightly curved, erect unbranched uniseriate fila-
ments, attached by a basal discoid holdfast.
Growth by intercalary cell divisions. Filaments
composed of 3–8 cells, up to 200mm long (in cul-
ture sometimes up to 100 cells and 1mm or more),
diameter increasing towards the apex. Apical cell
cylindrical with obtuse tip, intercalary cells cylind-
rical, 3–20 mm in diameter, containing (1�) 2�4
(�8) nuclei. Chloroplast parietal, lacking pyre-
noids but including starch grains. Multiple zoos-
pores (8–32) developing by transformation of
apical and subapical cells into zoosporangia, emer-
ging through a single pore in the upper part of the
cell. Thalli epiphytic on various crustose algae in
the subtidal zone.
TYPE GENUS: Okellya Leliaert et Rueness, gen.

nov.
Cum characteribus familia. Characters as for

family.
TYPE SPECIES: Okellya curvata (Printz) Leliaert et

Rueness, comb. nov.
BASIONYM: Uronema curvatum Printz, Algenveg.

Trondhjemsfj.: 233, pl. VII: figs 105–114 (1926).
ETYMOLOGY: Named in honour of Charles J.

O’Kelly for his pioneering and influential work
on green algal systematics.

Urospora microscopica is most closely related
to Chaetomorpha (type: Chaetomorpha linum
(O.F. Müller) Kützing) in the Cladophorales and
is therefore transferred to that genus. Since
the combination Chaetomorpha microscopica has
already been made by Meyer (1927) for a freshwa-
ter filamentous cladophoralean species (later trans-
ferred to Cladochaete Meyer & Skabitschevsky
and Chaetocladiella Meyer & Skabitschevsky),
a new specific epithet must be chosen.

Chaetomorpha norvegica Leliaert et Rueness,

nom. nov.

BASIONYM: Urospora microscopica Levring, Lunds
Univ. Årsskr. 2, 33(8): 30, fig. 2e–k (1937).
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RINDI, F., LÓPEZ-BAUTISTA, J.M., SHERWOOD, A.R. & GUIRY, M.D.

(2006). Morphology and phylogenetic position of Spongiochrysis

hawaiiensis gen. et sp. nov., the first known terrestrial member of

the order Cladophorales (Ulvophyceae, Chlorophyta). Int. J.

Syst. Evol. Microbiol., 56: 913–922.

RONQUIST, F. & HUELSENBECK, J.P. (2003). MrBayes 3: Bayesian

phylogenetic inference under mixed models. Bioinformatics, 19:

1572–1574.

ROSENVINGE, L.K. (1893). Grønlands Havalger. Medd. Grønland,

3: 763–981.

ROUND, F.E. (1984). The systematics of the Chlorophyta: an his-

torical review leading to some modern concepts. In The

Systematics of Green Algae (Irvine, D.E.G. and John, D.M.,

editors), 1–28. The Systematics Association Special Volume 27,

London, UK: Academic Press.

RUENESS, J. (1977). Norsk Algeflora. Universitetsforlaget: Oslo.

RUENESS, J. (1992). Field and culture observations on Uronema

curvatum Printz (Chlorophyta). Acta Phytogeogr. Suec., 78:

125–130.

SCAGEL, R.F. (1966). Marine algae of British Columbia and north-

ern Washington, Part I: Chlorophyceae (green algae). Bull. Natl.

Mus. Can., 207: 1–257.
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