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Abstract — The red algal genus Predaea (Rhodophyta, Nemastomataceae, Nemastomaiales)
currently comprizses M) species found in tropical to temperate waters worldwide, The species
going under the name Predaca feldmannii (Nemastomalaceae, Nemastomatales) in (he
Azores is here reduced to subspecies rank as P. feldmarenii subsp. azorica on the basis of
comparative morphology and ricl. sequence analysis. The evidence presented here includes
a phylogenelic tree inferred from chloroplast-encoded rbel. sequences of selected members
of the Memagtomatales, P feldmannti subsp. azorice shares with P feldmannii subsp.
feldmannii linear-oblong outer cortical cells, dichotomously branched cortical fascicles, a
large number of auxiliary nutritive cells per clusier, and gonimohblast initiation from the
incoming connecting filament near its pont of fusion with the auxiliary cell. Differences
include a sac-like, lobed thallus and occasional lateral cells on the carpogonial branch in the
Azorean subspecies, versis a subcylindrical. subdichotomous habit with marginal lobes, and
lack of lateral cells on the carpogonial branch in £ Feldmariii subsp. feldmannil, The known
distribution of P. feldmanniti subsp, feldmannii is worldwide in tropical regions and so far
F. feldrearnii subsp. azarica is known only from the Azores,

Arores [ Nemastomataceae ! Nemastomatales | North Atlantic / Predaca [ rbel. |
REodophyia

Résume — Predoea feldmannii subsp. azorica (Nemastomataceae, Nemastomatales), une
nouvelle sous-cspice d'algnes rounges (Rhodophyia) des Agores. Le penre & algues rouges
FPredaea (Rhodophyta, Nemastomalacées, Nemastomatales) comporte  acivellement
M especes habitant les mers tropicales el lempérées du monde entier, Lespice connue
sous le nom de Predoca feldmannii aux Agores est réduite ici au rang d'une SOUS-CEPEcE,
P, feldmannii subsp. azorics, sur la base de I'analyse morphologique comparative et le
séquengage du géne rbcl. Les donndes présentées ici incluent un arbre phylogénétique des
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fquences rbel., qui montre la position évolutive de U'espice des Agores par rapport i celles
‘autres régions. P feldmanmil sous-cepéee arorion est caractérisée, comme |a sous-gspiéce
* feldmannii subsp. feldmarni, par des cellules corticales externes lindaires-oblongues, des
weicules corticaux dichotomes, un grand nombre de cellules nuiritives auxiliaires, et le
éveloppement du gonimoblaste & partic du filament de connexion prés du point de fusion
vee la collule auxiliaire, Les différences pour la sous-espéce acordenne incluent un thalle
shé et en forme de sac, un rameau carpogonial occasionnellement portant des cellules
wérales, vis-fi-vis d'un thalle subcylindrigue et subdichotome avec lobes marginaus ; pour
" feldmannit subsp. feldmannii, Mabsence de cellules latérales sur la rameau carpogenial.

Jlantique nord [ Les Agores | Nemastomataceae | Nemastomatales | Predaea | rbel. |
thodophyta

INTRODUCTION

The red algal genus Predaea De Toni s unique among  the
lemastomataceae in having small clusters of nutritive cells lanking the
enerative auxiliary cell (Feldmann, 1942; Womersley, 1994). Species of Predaca
re distinguished by their habit, shape of outer cortical cells, presence or absence
f gland cells, number and shape of carpogonial branch cells, number and
rrangement of nutritive cells adjacent to auxiliary cells, and site of origin of the
onimoblast mitial (Kraft & Abboti, 1971; Verlaque, 199); Sanson er al, 1991;
Terpds ef al, 2004; Table 1)

Five species of Predaca are presently reported throughout the North
wtlantic Ocean: P feldmannii Bergesen from the Azores (Fredericq et af., 1992;

leto, 1994; Tittlev & MNeto, 1994), and P heismanii Kraft (Lawson er af,, 1995; -

laroun er al., 2002}, £, masonii De Toni (Lawson e al., 1995; Haroun ¢ al., 2002),
" olfivieri Feldmann (Haroun e af, 2002) and P. pusilla Feldmann { Lawson et af.,
995, Haroun er al, 2002) from the Canary Islands. The latter species is also
resent in the Gull of Mexico (Gavio er al, 2005). P. feldmannii, together with
Temastora confusiem Kraft & John and fonoa marginifera (1. Agardh) Masuda
: Guiry, are the only reported representatives of the Nemastomataceae in the
wrores [Larkum, 1960; Fredericy et al., 1992; Neto, 1994; Tittley & MNeto, 1994).

One of the best studied Nemastomataceae is Predaea feldmannii, a
recies first described by Bergesen (1950) from St Helena and subsequently
sported from other loeations worldwide, such as Atlantic Georpia and North
‘arolina, USA (Schneider & Searles, 1991), the Greater Antilles and Lesser
atilles (Littler & Littler, 2000), Venczuela (Ganesan, 1990), Brasil (Guimaries
: Horta, 2004}, the Azores (Fredericq er al., 1992: Neto, 1994; Tittley & Neto,
294}, the Cape Verde Islands (John et af., 2004; Prud’homme van Reine er al.,
005}, Ghana {Lawson & John, 1987; John ef al, 2004), and also along the Indian
Jeean coast of South Africa (De Clerck et al., 2005).

The archipelago of the Azores, located in the North Atlantic Ocean, is
reanized into three separate groups encompassing nine volcanic islands and
averal small islets (Neto, 2000). Floristic studies have revealed a mixed Mora with

strong component of cold water species topether with a few tropical amd
ihtropical elements (Neto, 1997). While examining numerous collections
bizined from multiple taxonomic survevs to clarify the classification of the
lemastomatales in the Azores, some interesting morphological characteristics

Tabbe 1. Comparison of Predoea species. Adapted from Kraft & Abbort (1971} and Kajimura {1987, 1995)
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were observed in P feldmannii specimens collected from two islands. The present
| paper assesses the status of morphological and ecological observations and the
i phyvlogeny of P. feldmannii from the Azores.,

MATERIALS AND METHODS

The studied Predaea specimens were collected beginning inl %90 from
various locations in the Archipelago of the Azores. Predaea species were observed
and collected from May to September, in both intertidal and subtidal habitats (1o
a depth of 35 m). Additional samples from the Herbarium of the University of the
Azores, Ghent University Herbarium (GENT) and the Herbarium of the
University of Louisiana at Lafayette (LAF) were used for comparison,

Reference collections were made by preserving samples in a 5%
formalin/seawater solution, pressing them on herbarium sheets or drying
specimens in silica-gel. The collections are deposited in the Herbarium of the
Department of Biology, University of the Azores. The code numbers of the more
representative specimens are given in the text.

Leitz Diaplan and Olympus BX60 light-microscopes were used 1o
ohserve vegetative and reproductive characters. Microscope slides of squash
mounts were stained with 1% aniline blue with Hel acidification, and mounted
in 50% Karo corn syrup-water solution containing a few drops of phenol.
Photomicrographs were taken using Olympus DPS0 and Polaroid DMC-1E digital
CHIMETAS,

DNMNA samples were prepared using the DNeasy Plant Minikit (Qiagen,
Valencia, CA). Silica gel dried specimens and extracted DNA samples are
deposited at the University of Louisiana at Lafayette and stored at =20"C. Plastid-
encoded rbvel. was selected to infer a phylogeny of Predaea, Protocols for DNA
extraction, gene amplification and sequencing are described in Gavio & Frederi
(2002)., PCR primers (F7-R733, F57-R357, Fod5-R1150, F993-RebeSstart) an
sequencing primers (F7, F57, Fad5, FOO3, R376, R557, R753, R1150, RrbcSstart)
are listed i Lin er al. (2001) and Gavie & Fredericg (2002).

A total of 25 rbel. sequences were used in this study, including 19 newly
generated sequences and 6 sequences downloaded from Genbank., Newly
gencrated DMNA sequences are deposited in GenBank (Table 2). For the
Memastomataceae dataset, Schizymeniaceae representatives were used as the
outgroup, Oulgroup species in the phylogenetic analyses were selected based on
phylogenetic findings of a global analysis of Nemastomatales (Gavio e al, 2005)
The information about taxa, collection sites and collectors is listed in Tahle 2.

The generated rbcl. sequences were compiled, edited and aligned using
| Sequencher software (Gene Codes Corp., Ann Arbor, M1, USA) and exported for
phylogenetic analysis in PAUP* v.4.0 beta 10 (Swofford, 2003) and MacClade v.4
(Maddison & Maddison, 2000). Because some rhel. sequences used in this study
were incomplete at the 5° coding region of the gene, the dataset was restricted to
the last 1360 bp of the 1467 rbel coding region.

Phylogenetic analyses were conducted with the Maximum Parsimony
(MF) and Maximum Likelihood (ML) algorithms as implemented in PAUP, and
the Bavesian inference (BI) as implemented in MrBaves 3.0 (Huelsenbeck &
Ronguist, 2001; Hall, 2001). Parsimony trees obtained under the Fitch criterion of
equal weights for all substitutions (Fitch, 1971) were inferred from a heuristic
search, excluding uninformative characters eonsisting of 1000 random seguence
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additions holding 10 trees at each step, MULPARS and tree-bisection-
reconnection (TBR) algorithms with the MULTREES (saving multiple trees) and
STEEFPEST DESCENT oplion. Consistency (CI) and retention (RI) indices were
calculated (Kluge & Farris, 1989). Support for nodes in the MP and ML analyses
were assessed by caleulating bootstrap proportion (BP) values (Felsenstein, 1985)
based on 1000 and 1080 resamplings, respectively.

The optimal models of sequence evolution to fit the data alignment
estimated by hierarchical tilc-elihocug ralio tests performed by Modeltest v.3.6
(Posada & Crandall, 1998) was the GTR + 1 + G { General Time Reversible maodel
with a proportion of invariable sites and gamma distribution split into
4 categories) for the data set. The Akaike Information Criterion (AIC)
parameters were as follows: assumed nucleotide frequencies A = 0.30; C = 0,15
G =0.21; T = 0.34; substitution rate matrix A-C substitutions = 128, A-G = 4.29,
AT = 260, C-G =129, C-T = 12.32, G-T = 1.0; proportion of sites assumed to be
invariable = 06474 and rates for variable sites assumed to follow a gamma
distribution with shape parameter = 3.5505. These likelihood parameters were
also applied in the Bayesian analysis,

The ML phylogram was inferred in PAUP using the General Time
Reversible model from trees generated by a heuristic using an “as is” sequence
addition option,

For the Bayesian analysis, four chains of the Markov chain Monte Carlo
were tun, sampling 1 tree every 100 generations for 2,000,000 generations starting
with a random tree for the rbell data sets. The first generations were discarded as
the “burn in" period to reach equilibrium. A 50% consensus tree (majority rule
as implemented by PAUP*) was computed from the trees saved after the “burn
in" point, 18500 generations. Reliability of the Bayesian consensus tree is given by
the frequency at which each node appears among all saved trees afier the “burn
in” generation. This frequency corresponds to the posterior probahility of the
clades (Hall, 2001 ).

RESULTS

Morphology of Predaea feldmannii from the Azores

Habit and vegetative strucure. Erect plants of Predaea feldmannii from
the Azores are up to 17 cm tall, light pink to rosy red, some with greenish patches,
very gelatinous, slippery, soft, delicate and slippery sack-like masses, irregularly
lobed in more than one plane, sub-cylindrical 1o broadly flattened, bearing few to
many bullate projections (Figs 1-3). The thallus is epilithic, attached to the
substratum by a small discoid holdfast without an obvious stipe (Figs 1-3). Plants
of P feldmanmii from Madagascar (Figs 4a-c) superficially resemble specimens
from the Azores.

The cortex is composed of radiating subdichotomously  branched
filaments of elongated, deeply pigmented cells (Figs 5-6). From the medulla to the
surface, branching becomes muore pronounced and cortical cells are gradually
smaller in size (Figs 5-6, 10, Surface cells are linear-oblong, sometimes forming
hair-like structures (Fig. 7). Gland cells were not observed, Medullary filaments
are elongated and sparsely branched (Figs 5-6). Numerous X-shaped cells (Fig. &)
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Figs 1-4. Prednea feldmannti subsp. arorica. Habits. L Holotype, a female gametophyie [rom
Graciosa Tsland, GRW-04-804, bar = 2 cm. 2. Tsalype, specimen from Craciosa, GRW-06-R09,
bar = 1 cm. 3 Male gametophyte from Sio Miguel, SMG-94-141, bar = | cm. 4 Predaes
feldmannii from Madagascar, HEC1509%a, b, ¢, bar = 1 ¢m

are present in the lax medulla. Cortical and medullar filaments are embedded in
a pelatinous matrix,

Pre-and early post-fertilization structures. Plants are dioecious. Presumed
functional carpopenial branches (darkly staining and thus proiein-rich) are
3-celled, borne laterally and singly on inner cortical cells which serve a5
supporting cells (Figs 8-10). The basal cell is barrel-like with a bulbous-like base
(Figs 8-10); the hypogynous cell is spherical (Figs 8-10) and may occasionally bear
one lateral cell (Fig. 9), and the carpogonium is conical terminating in a rather
straight trichogyne (Figs 8-10). Abortive carpogonial branches are recognized by
seplate trichogynes. After presumed fertilization, connecting filament formation
from the carpogonium was nal observed. Auxiliary cells (Figs 11-12) are
transformed inner cortical cells spatially remote from carpogonial branches.
Larger than ordinary cortical cells, an auxiliary cell is casily recognizable by the
clusters of numerous globose nutritive cells flanking it (Figs 11-14). These
nuiritive cells are cut off by cortical cells connecied to the auxiliary cell (Figs
11-16). Auxiliary cells are far more numerous than carpogonial branches.

Post-fertilization  structures. An  incoming connecting  filament  may
remain unbranched (Fig. 13) or may branch (Fig. 14} before fusing partly with an
auxiliary cell. After the incoming connecting filament diploidizes an auxiliary cell,
it continues its course as the outgoing connecting filament can diploidize other
auxiliary cells. A portion of the non-septate connecling filament produces a bulge
{Fig. 15) when approaching the auxiliary cell to transfer the diploid nucleus, Near
the point of fusion, a gonimoblast initial is cut off from the auxiliary cell and
develops outwardly into a linear filament of cells by transverse division (Fig. 16).
Further longitudinal divisions of these cells (Fig. 17} lead to a pear-shaped mass
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Figs 3-10. Predaca fefdmannit subsp. azorica. Female gametophyte. 5 Cortex and medulla, bar =
100w, 6. X-shaped medullairy cells (arrow), bar = 40 pm. 7. Hair-like structure {arrow).
originating from surface cell, bar = 25 pm. & Unfertilized 3-celled carpogonial branch, composed
of basal cell (be), hypogynous cell (he) and carpogoniom (cp) with trichogyne (t). bar = 25 pm.
9, Young carpogonial branch with lateral sterile cell {prmow) on hypogynous cell, bar = 25 pm.
1, Unfertilized 3-celled carpogonial branch, composed of basal cell (be), hypogynous cell (he)
and carpogonium (cp) with trichogyne (t), bar = 25 pm,

of gonimoblast cells, all of which mature into carposporangia. The mature
carposporophyte (Fig. 18) is subspherical in shape and consists of 2 or more
distinct Inbes that mature sequentially. Mature carpospores are ovoid (Fig, 18).
No pericarp or involucral filaments were observed. Carpospores are released
through the cortex with no noticeable pore.

Spermatangia were found in patches scatlered over the thallus, nrisi,ng
from surface cortical cells (Figs 19-20) with pairs of small, colorless rounded
spermatia cut off from spermatangial parent cells (Fig. 20). Tetrasporangia were
not seen.
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Figs 11-16. Predaer feldmanmi subsp, azorica. 1L Young auxiliary cell {armow) flanked by voung
nutritive cells, bar = 4 pm, 12 Mature auxiliary cell {arrow) and nointive cells. bar = 20 pm.
13 Incoming connecting [lament (ic) moking bulge {arrow) with auxiliary cell at point of [usion,
bar = 40 pm. 14, Branched connecting Glament (armow), auxiliary cell (ac) and nuatritive cells,
bar = 40 pm. 15 Presumably diploidized auxiliary cell with bulge {arrow), incoming connecting
filament {ic), and nutritive cells, bar = 40 ym. 16, Three-celled gonimoblast filament {arrow)
ariginating from auxiliary cell (ac), and nuintive cells, bar = 40 pm

Ecology

P. feldmannii from the Azores is a rare alga growing on rocky platforms
or in dense algal assemblages covering cobbles at depths of 10-27 m. Thalli were
alsa found epizoically on empty carapaces of Megabalunus sp. Blastophysa
rhizopus Reinke (Figs 21-22), a green algal endophyte is commonly found
growing among cortical filaments, resulting in a green sheen of infested specimens

(Bucher & Norrs, 1992).

Muolecular sequence data

Ming distinct species of Predees worldwide were wdentified in this study
on the basis of comparative rbcl. sequence analysis (Fig, 23). Rbel sequences
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Figs 17-22. Predaea feldmannii sithsp. azorica. 17, Carposporophyte. Branched gonimohlast
filament {arrow} on nuxiliary eell {ac), bar = 20 pm. 1% Carposporophyte. Mass of
carposporangia (ca), har = 50 pm. 19, Male gametophyte. Forlion of male gametophyte, showing
terminal spermatangial parent cells bearing terminal spermatangia, bar = 40 pm. 20 Male
gametophyte. Parent cells bearing terminal spermalangia, bar = 100 pm, 21, 22, Thallus
infestation with the green alga Hiastopfiysa rhizopus, bar = 40 pm.

between the P. feldmannii specimens of the Azores and the Caribbean samples
showed 1.5-1.9% uncorrected sequence divergence, Sequences from sam ples from
the Caribbean (Panama and Puerto Rico) and the Indian Ocean (Madagascar)
revealed 0L8% sequence divergence among one ancther. The samples from the
Azores are sister to both P feldmannnii from Caribbean Puerto Rico and
Fanama, and from Indian Ocean Madagascar. The P. feldmannii clade in lurn is
sister to an undeseribed species from the Campeche Banks, Mexico, in the SW
Gulf of Mexico (Fig. 23). In addition, three other undescribed species from the
Gulf of Mexico arereported here, which are different from P weldii and
P laciniosa from Hawail, and from P, feldmannii. These species will be described
i a separate paper.
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Fig. 23. Single-most parsimonious tree inferred from chloroplast-encoded ribcl. sequences
showing the position of Predaes species in the Nemastomataceae using Schizymeniaceae ag the
outgroup. Number at nodes represent MP and ML bootstrap values and Payesian pasterior
probabililies.

DISCUSSION

Rbel sequence divergence greater than 2% in representatives of the
Nemastomatales has been referred to as separate species (Gavio e al, 205),
Sequence divergence between P, feldmannii samples from the Azores, on the one
hand, and the Caribbean (Panama and Puerto Ricoy and the Tndian Ocean
(Madagascar). on the other hand, is large enough (0.8%) to identify distinct
subspecies. The following two subspecies are proposed;
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Predaea feldmannii Borgesen subsp. feldmannii
Borgesen F., Dansk Botanisk Arkiv, 14 (8), p. 7 (1950),

Predaea feldmannii Borgesen subsp. azorica Gabriel, subsp. nov,

Dingnosis: Ut in Predaea feldmarnii subsp. feldmannii sed thallo lobate, interdum
cellulis lateralibus in filo carpogoniali

As in Predaea feldmannii swbsp. feldmannii, but with sac-like, lobed
thallus, and occasional lateral cells on the carpogonial branch.

Type locality: Graciosa (Azores), approximately 30 m depth.

Holotype: Female gametophyte, Graciosa Island, GRW-06-804, deposited at the
Iniversity of the Azores Herbarium, collector Nuno Alvaro, June 2006,

Tsotype: University of Lovisiana at Lafayette Herbarium, LAF-06-809.

Etymology: The name refers to the Azores.

Distribution: NFE Atlantic; Azores (Fredericg er al, 1992, Neto, 1994; Tittley &

Neto, 1904, all reported as P, feldmanii),

Specimens examined: 50 Mignel: SMG-90-237, SMG-01-14, SMG-96-14, SMG-97-220,

SMG-01-45, SMG-01-46, SMG-01-47, SMG-01- 48, SMG-03-151, SMG-06-103, Graciosa:

GRW.-06-804d, GRW-06-800, GRW.-06-811, GRW-06-812, GRW-06-814, GRW-06-518,

GRW-06-820. All specimens located in the University of the Azores Herbarium {see Tahle 3

for full details).

. feldmannii subsp. azorica shares with P. feldmannii subsp. feldmannii
linear-oblong outer cortical cells, dichotomously branched cortical fascicles, a
lavge number of auxiliary nutritive cells per cluster, and gonimoblast initiation
from the incoming connecting filament near the point of fusion with the auxiliary
cell. Differences include a sac-like, lobed thallus and occasional lateral cells on
the carpogonial branch in the Azorean subspecies, versus a subcylindrical,
subdichotomous habit with marginal lobes and the lack of lateral ceils on the
marpogonial branch in P. feldmannii subsp. feldmanrii (Kraft & John, 1976), The
sccasional presence of sterile cells in Azorean samples has not been described
before for P. feldmannii; however, these structures could have heen misidentified
15 ahorted carpogonial branches, Auxiliary cells generally occur at a dichotomy in
cortical filaments, but they have also been observed elsewhere in cortical
filaments. The presence of nutritive cell clusters cut off from cells adjacent to the
wiiliary cell separates P. huismanii from the rather similar Nemastoma confusum
Kraft & John (Sanson ef af., 1991).

The Azorean specimens may contain seplate hair-like structures prowing
utwardly from surface cells, These hairs could increase surface area for nutrient
iptake as reported for other taxa (DeBoer and Whoriskey, 1943) or could
unction as the origin of a new filament system,

Carpogonial branches of P. feldmannii var. indica are maostly 2-celled,
hough 3- or d-celled carpogonial branches were also observed. This differs from
he Ghana individuals of this species in which Kraft & John (1976} observed the
arpogonial branches to be invariably 3-celled (Balakrishan & Chawla, 1984).
cells in the carpogonial branch of P. feldmannii var. azorica are as in
" feldmansdi var. indica (Balakrishnan & Chawla, 19847, but show characteristic
lifferences in shape or size with P. feldmannii from Chana (Kraft & JTohn, 1976).
The only record of a carpogenial branch supporting cell se rving as an auxiliary cell
was reported by Krall & John (1976),

. feldmannii might be mistaken for P masendi, a species comprised of a
woad flat Blade that reaches up to 8 cm in height; however, £ Seldmannii is
nultilobate and at maturity reaches up to 30 cm [Schneider & Searles, 1901, In
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Table 3. List of the Azorean specimens of Predaen feldmanii examined here,

Cell fd. Coliection locality mnd depth Coflection date
SMOG-ME21T7 530 Miguel, Azores 1980
EMG-91-14 Hio Roque, S50 Migus], Azores G.Jul 1991
{712 mi depih)
SMIG-U6-141 Moagor, S0 Mipael, Arores 12 Jul 1949%
15-14 m depth)
SMOG-T7-220 530 Miguel, Azores 1447
SMG-01-45 Porto de Santa Irin, S80 Mipucl, I8 Tun J0

Azores (3-10 m depth)

SMGHH 46 Pario de Santa Tria, S0 Miguel, 28 Jun 2001
Azores (310 m depth)

SMG-01-47 5MG.0147 Borto de Santa Irin, 550 Miguel, 2R Jan 200

Azores (3-10 m depth)

SMG-01-48 SMO 01 -48 Porio de Santa Tria, S50 Miguel, 28 Tun KN

Azores (310 m depih)

ShG-3-191 Viteleiro, Sio Miguel, Azores 7 Jul 2003
EMOG-04-103 Ribeirinh, 5o Miguel, Azores I, Giabriel, K. Leon-Cisneros
{34 m dhepih) & I Brum, 18 Sep 2006

GRW-06-8ik Graciosa, Arnres M. Alvaro, Jun 2006
GRW.-n-509 Graciosa, Amores M. Alvaro, Tun H6G
CrRW6-811 Crtactosn, Azores M. Alvaro, Tun 2006
CGRW06-812 Grneiosa, Azores M. Alvaro, Tun 206
GRW-n5-H14 Craciosa, Azores M. Abvars, Jun 2006
GRW-D6-818 Graricsa. Arores M. Alvaro, Jun 2006
GRW-6-520 Graciosa, Azores M. Alvarn, Tun 2006

addition, the outer cortical cells of P. masonii are moniliform and contain
occasional gland cells (Kraft & John, 1976), whereas the outer cortex of
F. feldmannii is composed of elongate and cylindrical cells lacking gland cells. The
carposporophyte of P. masonii consists of a single ovoid mass of CATpPOSPaOTES,
whereas that of P. feldmannii is comprised of one-to-three pear-shaped
gonimolobes (Schneider & Searles, 1975). Bargesen {1950) illustrates a connecling
filament that connects to, but continues on from the auxiliary cell, and a
continuation of the connecting filament is initiated by the auxiliary cell in North
Carolina specimens referred to as P. feldmannii (Schneider & Searles, 1975).

In Predaea the first ponimoblast initial is either apical and dirceted
toward the thallus surface as in P, weldii and P, pusilia; lateral as in P kraftiana,
P adriatica; and from the connccting filament as in P fefdmannii, P masonii,
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P ollivieri and P. subpeltata (Kraft & Abbott, 1971 Verlaque, 1990, Kajimura,
1995); Type of carpospore germination has been reporied as a diagnostic feature
in Predae; P. feldmannii (Lemus & Ganesan, 1977) belongs io the group that is
o&m osed of species whose carpospores form unipolar filaments (Verpés ef al.,
2003).

Although their habit similarities are strikin g, P weldii and P, feldmannii
have been distinguished by differences in nutritive cell number and the site of
gonimoblast initiation (Kraft & Abbott, 1971 Kraft & Iohn. 1976). As shown by
Balakrishnan & Chawla (1984) in P. feldmanmnii var. indica, by Bargesen (1950) in
the type from St Helena, and by Kraft & John (1976) in P. feldmannii from
Ghana, the lateral production of the gonimoblast initial is from a typical swelling
lormed at the junction of the con necting filament with the auxiliary cell. Coupled
with thallus shape, this post-fertilization feature is the main characteristic used o
Separate this species from others,

The Indian Ocean algal specimen represents a variety of this species,
. feldmannii var. indica Balakrishnan & Chawla (1984), a taxon described based
on the variable number of cells on the carpogonial branch and the uniformity of
their size and shape (see Table 1),

The life cycle of P. feldmannii never been elucidated, but studies in other
species of Nemastomataceae suggest an alternative filiform tetrasporophytic
phase. Culture studies are needed to confirm the life cycle phases of the genus.
Filiform tetrasporophytes have been obtained in culture for P feldmannii (Lemus
& Ganesan, 1977), P, kraftiana (Millar & Guiry, 1989), £ pusilie and P. ollivieri
(Athanasiadis, 1988; Verpés et al., 2004).

Nemastonta  confisum  was thought to be the so-called “male” of
F. feldmannii described by Bergesen from St Helena (Kralt & John, 1976).
However, this taxon may be a species of Predaea lacking auxiliary nutritive cells
(Gavio er al,, 2005).

Muost of the samples of £ Jeldmarii var. azorica were collected by Scuba
diving around the islands of Sio Miguel and Graciosa, usually at depths of less
than 30 m on rocky platforms surrounded by sand. Its seasonal vecurrence is from
early spring (May) io late summer (September), when the waler temperature is
about 20°C and storms are less frequent. The species inhabits the central and
eastern group of the Archipelago along the North or South Coast, showing o large
but discontinuous distribution. The lack of reports for the western group is
probably due 1o the paucity of relevant sampling,
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Observations on the rare alga Arnoldiella conchophila
V. Miller (Ulvophyceae: Cladophorales) from India
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Abstract - The rare alga Antoldieila conchophila V. Miller has been recorded from India. It
was found growing vigorously on snail shells (Pila globosa Swainson) in the Kangsabati, a
small river in the Purulia district of West Bengal, India. The thallus morphology was
investigated using light microscopy and compared with the known records for this species.

Arneldiella | Clidophorales [ Distribution / Morphology

Résumé — Ohservations sar une algne rare fronvée en Inde: Armoddiella conchophila
V. Miller {Ulvophyceae: Cladophoralesh. L'algue rare Arvcldiclla conchophila a éé
observée en Inde. Elle croissail vigoureusement sur des coquilles d'escargols (Prla globosa
Swainson) dans une petite rivigre (Kangsakati) du district de Purelia au Bengale occi-
dentale (Inde). La morphologic de cette algue a é1é etudide an microscope photonigque et
comparée avec les trouvailles antérienres,

Amoldiella { Cladophorales ¢ Distribution / Morphologie

INTRODUCTION

The genus Arnaldiella Eladuphoraies‘] was established by Miller {1928)
based exclusively on the type species, A. conchophifa V. Miller from lake
Pereslawl in central Russia. The specimens observed by Miller were found
growing on the surface of molluscan shells (Anedonta and Uneo), on which they
formed dark green crusis. Miller gave a detailed description of the unusual
morphology of the thallus, consisting in a one-layered creeping system formed by
the coalescence of prostrate threads from which denscely apposed, little branched
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