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Eight records of secaweeds are reported new to the mid-Atlantic Azores archipelago.
Coelothrix irregularis and Lejolisia sp. fall within their overall distributional range.
Sebdenia rodrigueziana and Syringoderma floridana have their north-western limit of dis-
tribution there. The islands represent the western limit of occurrence for Antithamnionella
boergesenii, Aphanocladia stichidiosa, Sebdenia dichotoma, and Codium effusum. The pre-
sent and previous papers in this series reveal the extension in range distribution to the west
of many of the new records found in the Azores, raising the question as to why the western
Atlantic acts as a barrier to dispersal. The new records presented here increase the current
total of species recorded on the Azores to 385 (55 Chlorophyta, 74 Heterokontophyta
(Phaeophyceae), and 256 Rhodophyta), showing that this isolated island group supports a
relatively rich benthic marine algal flora.
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2010; Couto et al. 2011; Leo6n-Cisneros et al.
2011). In the present paper, further species are

The Azores archipelago, lying isolated in the mid-
Atlantic, nearly 1200 km from Europe, is com-
posed of nine islands, the Formigas islets and
nearby sublittoral banks and sea-mounts. These
rocky islands, of relatively recent volcanic origin,
are spread over a distance of 500 km from east to
west. With a warm temperate climate, the Azores
have a moderately rich benthic marine algal flora
with 370 species (Tittley et al. 2009). Since then,
taxonomic revision of herbarium material and
intensive fieldwork at locations not previously
studied continues to add new records to the flora
which now totals 377 (Rosas-Alquicira et al.
2009; Athanasiadis & Neto 2010; Parente et al.

added as new to the Azorean marine algal flora.

MATERIAL AND METHODS

The algae considered in this paper were collected
during field studies at eulittoral and sublittoral
levels down to 30 m on several of the islands of
the archipelago. Fieldwork was undertaken
throughout the year. Material collected was either
fixed in 5% formalin seawater or was pressed and
dried. When necessary microscope slides were
made by staining with 1% aqueous aniline blue,
fixed with 1% HCIl and permanently mounted
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using Karo® corn syrup (Best Foods, Englewood
Cliffs, NJ, USA). Dried specimens from earlier
collections were re-hydrated and prepared for
microscopic examination as above. All specimens
were given an individual registration number and
deposited in the herbarium of the University of
the Azores (AZB). Nomenclatural and taxonomic
status and distributional information used here
follow AlgaeBase (Guiry & Guiry [cited 2011]).

RESULTS

Systematic account, new species records

CHLOROPHYTA
Bryopsidophyceae, Bryopsidales, Codiaceae:
Codium effusum (Rafinesque) Delle Chaije

Described and illustrated in Ardré (1970, pp.
505-506); Afonso-Carrillo & Sansén (1999, pp.
136); Cabioc’h et al. (2006, pp. 194, figure 168)
and Braune (2008, pp. 84, figure 19.4).

A green pulvinate, felty mat that grows closely
adherent to the substratum. The thallus has a lax
and spongy consistency, and comprises a pseu-
doparenchyma of siphonous filaments, the utri-
cles of which are easily squashed apart. The utri-
cles have a flat apex with rounded corners and are
800-1200 um long and 50-120 pm wide. Hairs
are situated 80 um behind the apex of the utricle;
as many as 12 hair scars were observed in the
Azores material. Codium effusum is distinguished
from C. adhaerens C. Agardh by its larger utri-
cles (more than 1 mm long), and from C. coral-
loides (Kiitzing) P.C. Silva, which is more mamil-
late, cerebelliform, and less firmly attached to the
substratum.

The species grows on rocks, in pools and crev-
ices, at eulittoral and sublittoral levels to 5 m
depth and was found commonly in summer.

Codium effiusum occurs widely in the Mediter-
ranean Sea, in the North Atlantic in mainland
Portugal and the Madeira and Canary archipela-
gos, as well as in the Indian and Pacific Oceans
(Guiry & Guiry [cited 2011]). In the North
Atlantic Ocean, Portugal represents its most
northern occurrence, while the Azores are at its
western limit of occurrence.

Specimens examined: Pico: Lajes de Pico, 03-
07-2007, PIX-07-77 (AZB), PIX-07-111 (AZB);
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16-07-2007, PIX-07-785 (AZB); Baia de Canas,
31-07-2007, PIX-07-1403 (AZB).

HETEROKONTOPHYTA
Phaeophyceae, Syringodermatales,
Syringodermataceae:
Syringoderma floridana E.C. Henry

Described and illustrated in Henry (1984, pp.
419-426, figure 4) and Haroun et al. (1993, pp.
131-132, figure 4).

Small flabellate thalli that grow to 20 mm tall
and comprise a monostromatic blade which nar-
rows to a short stipe attached to the substratum by
a mat of rhizoids; the blade is often divided into
wedge-shaped segments and may bear a darkened
apical fringe. Fertile material has not been found
in the Azores.

Thalli are slightly larger than those found in the
Canary Islands (15 mm) but are within the size
range of original collections from Florida (10-25
mm; Henry 1984; Dawes & Mathieson 2008).

The species grew in sandy, rocky habitat at 24
m depth and was found only once in summer. The
occurrence of S. floridana at this depth contrasts
with its original discovery in Florida and subse-
quently in the Canary islands at much greater
depths (to 90 m, Henry 1984; Haroun et al. 1993).

The species is known from the warm temperate
and tropical regions of the Atlantic Ocean; the
Azores record represents its northern limit of dis-
tribution.

Specimens examined: Pico: Sdo Caetano, 26-
07-2007, PIX-07-1279A-B (AZB).

RHODOPHYTA
Florideophycideae, Sebdeniales, Sebdeniaceae:
Sebdenia dichotoma Berthold

Described and illustrated in Codomier (1973,
pp. 98-102, figures 1-3), Diaz-Villa et al. 2004,
pp- 167-176) and Berecibar et al. (2009, pp. 223,
figures 19-20).

Thalli are red to brownish yellow fronds, carti-
laginous and with smooth margins, erect, to 210
mm high, terete to compressed and irregularly
dichotomously branched, attached to the substra-
tum by a single basal holdfast. Dichotomous
segments are 1-2mm long, branched at angles of
45-90°. The thallus is 553-1293 um thick and
comprises a three-layered cortex and a lax me-
dulla. The outer cortex has one layer of densely



pigmented, rounded (3-8 um in diameter) to ellip-
tic (6x14 pum) cells. A subcortex comprises two
layers of cells, the outer 4-16 pm in diameter, the
inner 18-70 um in diameter. The medulla is
formed of filaments 10-20 um in diameter, and
stellate cells 24-92 um in diameter. Gland-like
cells are absent. Cruciate tetrasporangia (26 um
diameter) were observed on a single specimen
collected in August.

This species was found occasionally in spring
and summer 5 to 18 m deep in sandy, rocky
places.

Sebdenia dichotoma is widely distributed in the
Mediterranean Sea (Balearic islands, Corsica,
Spain, Italy and Egypt) but is uncommon in the
Atlantic Ocean, being reported only for the Ca-
nary islands (Diaz-Villa et al. 2004) and mainland
Portugal (Berecibar et al. 2009). The Azores re-
cord lies close to its northern limit of occurrence
in the Atlantic Ocean and is its western limit.

Specimens examined: Sio Miguel: Sao
Vicente, 29-07-1993, SMG-93-131A (AZB); 23-
09-1993, SMG-93-28; 16-08-1994, SMG-94-249
(AZB); Sdo Vicente, 16-07-1994, SMG-94-178
A-C (AZB); Sao Roque, 27-04-1995, SMG-95-16
(AZB); Lagoa (Piscinas), 25-07-1996, SMG-96-
372 A-E (AZB); Mosteiros, 12-03-2007, SMG-
07-02 (AZB). Pico: Madalena, 24-07-2007, PIX-
07-1200 (AZB).

Sebdenia rodrigueziana (Feldmann) Codomier
ex Athanasiadis

Described and illustrated in Haroun et al.
(2003, pp. 128, figure 129) and Berecibar et al.
(2009, pp. 223-224, figures 21-23).

Thallus of red-pinkish to violet fronds, soft,
erect, 130 mm high, more or less cartilaginous
and mucilaginous, cuneate and flattened, 384-622
pm thick, with proximally smooth margins and
attached to the substratum by a basal holdfast.
The cortex comprises a single layer of isodiamet-
ric cells 3-8 um in diameter and is densely pig-
mented. The subcortex has an outer layer of ellip-
tical cells 8-18 pm in diameter, and an inner hya-
line layer of polyhedral cells, 22-53 pm in diame-
ter. The medulla is lax and composed of stellate
cells, 31-65 um in diameter, cylindrical filaments
9-20 um in diameter and gland-like cells. The
latter are pedicellate, 16-36 um in diameter and
occur centrally in the medulla. Smaller and sessile

gland-like cells, 6-24 um in diameter, have been
observed on the medullary filaments. Fertile ma-
terial was not observed.

The specimens described above are in agree-
ment with that given by Berecibar et al. (2009)
but whose illustrations show a thallus with a cor-
date, not cuneate, habit and which also lacks the
typical sub-dichotomous tips.

Occasionally found in spring and summer at
low intertidal and sublittoral levels from 5 to 27
m deep in sandy, rocky places.

This species is distributed in the Mediterranean
Sea (Balearic islands, Corsica, Spain, Italy and
Greece). In the Atlantic Ocean it is known only
from the southern Macaronesian archipelagos
(Canary and Cape Verde; Guiry & Guiry [cited
2011]). The Azores are at the northern and west-
ern limits of occurrence in the Atlantic Ocean.

Specimens examined: S3o Miguel: Caloura,
03-05-1993, SMG-93-154 A-B (AZB); Sdo
Roque, 22-08-1995, SMG-95-209; 11-07-1996,
SMG-96-121A-B (AZB); Moagor, 12-07-1996,
SMG-96-147 (AZB); Sido Vicente, 15-07-1996,
SMG-96-186 A-I (AZB); 16-07-1996, SMG-96-
219 B (AZB); 18-07-1996, SMG-96-270 (AZB);
23-07-1996, SMG-96-340 A-H; 12-07-1997,
SMG-97-55 (AZB); 16-07-1997, SMG-97-147
(AZB); Maia, 21-07-1997, SMG-97-271 (AZB);
Ribeirinha, 29-06-1999, SMG-99-857 A-C
(AZB). Pico: Calheta do Nesquim, 12-07-2007,
PIX-07-676 (AZB), PIX-07-676 (AZB); Ca-
chorro, 20-07-2007, PIX-07-1064 (AZB); Séo
Caetano, 26-07-2007, PIX-07-1288 (AZB); Man-
henha, Piedade, 27-07-2007, PIX-07-1318
(AZB), PIX-07-1324 (AZB).

Rhodymeniales, Champiaceae:
Coelothrix irregularis (Harvey) Borgesen

Described and illustrated in Taylor (1967, pp.
488, plate 45, figure 3, plate 46, figure 4) and
Afonso-Carrillo et al. (1992, pp. 284-285, figures
3-4)

Terete thalli that grow to 20 mm high, bushy or
in cushions, loosely to densely entangled; the
terete branches are somewhat tapering, frequently
inter-adherent and fusing, 190-500 um in diame-
ter and partially hollow. The medulla comprises
longitudinal filaments and 4-5 layers of large
cells. Longitudinal filaments, to 12 pm in diame-
ter, run along the inner surface and bear inwardly-
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directed ovoid-clavate mucilaginous gland cells,
12-15 pm x 25 pm long, that project into the cav-
ity. Medullary cells (15-25 x 10-25 um) are cov-
ered by a single layer of small cortical cells (10 x
50um). Fertile material was not observed.

The studied material agrees with the descrip-
tion in Taylor (1967) although the medullary and
cortical cells are slightly smaller.

Coelothrix irregularis grew on open rocks, in
the low intertidal and sublittoral at 20-22 m
depth. It is an uncommon species that was found
at two locations on Pico and in Sdo Miguel in
summer.

This species is widely distributed in the Carib-
bean, Indian, Pacific and Atlantic Oceans, includ-
ing the Canary and Salvage islands (Guiry &
Guiry [cited 2011]).

Specimens  examined: Pico:  Manhenha,
Piedade, 04-07-2007, PIX-07-184A, HIS-07-85
(AZB). Sao Miguel: Maia, 02-06-2004, SMG-04-
154 (AZB).

Ceramiales, Ceramiaceae:
Antithamnionella boergesenii (Cormaci & G.
Furnari) Athanasiadis

Described and illustrated in Athanasiadis
(1996, pp. 104-105, figure 45 A-E).

Thalli to 1 mm tall are formed of rose red,
ecorticate, monosiphonous filaments with pro-
strate axes that bear erect branches. Branched to
three to four orders with whorls of four branches
on each axial cell (Fig. 1.1). The axial cells de-
crease in size towards the apex, measuring 150 x
35 pum at the base, 70 x 25 pm in the middle re-
gion and 10 x 10 pm near the apex. Whorl-
branches measured 150 pum long, with cells de-
creasing in size towards the apex; the basal cell
was generally smaller than the suprabasal cell (30
x 25 pum). Lens-shaped gland cells are cut off
laterally; fully developed gland cells lie on the
mother cell touching the next cell often at the
origin of a branch; two gland cells may develop
in sequence (Fig. 1.2). Fertile material was not
observed.

Antithamnionella boergesenii grew on a turf of
Corallina elongata J. Ellis et Solander and Jania
spp. over rocks, also in pools and crevices at
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lower eulittoral levels. An uncommon species
found only at two locations in summer.

This species is known from the western-
Mediterranean Sea (France, Italy), the Atlantic
Ocean (Spain, Mauritania) and the Canary, Cape
Verde, Madeira and Salvage islands (Guiry &
Guiry [cited 2011]). The Azores are at the west-
ern limit of occurrence.

Specimens examined: Pico: Santo Amaro
(Caisinho), 19-07-2007, PIX-07-968A (AZB);
Guindaste, 1-08-2007, PIX-07-1486 (AZB).

Rhodomelaceae:
Aphanocladia stichidiosa (Funk) Ardré

Described and illustrated in Rojas-Gonzalez &
Afonso-Carrillo (2003, pp. 75-82, figures 1-7).
Dark-brown, tufted, filamentous thalli grow to 9
mm in length and comprise prostrate (to 170 um
in diameter) and erect axes (Fig. 1.3). The thallus
is polysiphonous in structure, comprising an axial
cell surrounded by 4 periaxial cells. On the erect
system, the main axis is 110 pum wide at the base
and 40 um wide at the apex, and bears many short
cylindrical branchlets, helicoidally arranged.
Filaments are corticated with small cortical cells
between the periaxial cells and are attached to the
substratum by unicellular rhizoids developed
from the distal portion of the periaxial cells. Cells
of the prostrate axes are larger than those of the
erect system and measure 120 pm in length and
70 pum in width. Basal cells of the erect system
are 40 um in length by 30 pm wide and decrease
in size progressively to 25 pm in length by 15 pm
wide near the apices. Tetrasporangia (Fig. 1.3)
measured 15-17(-22) pm in diameter but were
found on only one specimen (PIX-07-1333,
AZB). They were smaller than those described by
Rojas-Gonzalez & Afonso-Carrillo (2003).

Aphanocladia stichidiosa grew on Corallina
elongata at low eulittoral level and on Sargassum
spp, Dictyota spp and Corallina elongata in the
sublittoral to 30 m depth in sandy, rocky places. It
was common in summer.

This species occurs in the Mediterranean Sea
and the Atlantic Ocean from Spain to Morocco
and the Canary islands (Guiry & Guiry
[cited 2011]). The Azores are at the western limit
of occurrence.



Fig. 1. 1.1) Antithamnionella boergesenii, habit showing branching and 1.2) lateral gland cells (scale bars=

20 um); 1.3 Aphanocladia stichidiosa, habit showing prostrate (p) and erect (¢) axes bearing tetrasporangia

(arrows; scale bar= 0.5 mm); 1.4. Lejolisia sp., habit showing prostrate (p) and erect (e) axes, and unicellu-
lar rhizoids (r) with digitate pads (arrow; scale bar= 80 pm).

Specimens examined: Pico: Madalena, 24-07-
2007, PIX-07-1197 (AZB); Sao Caetano, 26-07-
2007, PIX-07-1301 (AZB); Manhenha, Piedade,
27-07-2007, PIX-07-1333 (AZB), PIX-07-1334
(AZB). Terceira: Cinco Ribeiras, 16-07-2008,
TER-08-08 (AZB); Praia da Vitéria, 21-07-2008,
TER-08-10 (AZB).

Wrangeliaceae: Lejolisia sp. Bornet

Described and illustrated in Bornet (1859, pp.
91-92, plates I-II). Thallus filamentous, red, com-
prising small prostate and erect axes, 2 mm long,
attached to the substratum by unicellular rhizoids
with digitate pads, 28 pm long, 19 um wide (Fig.
1.4). Cells of the prostate axes are cylindrical, to
50 um long and 20 um broad, each giving rise to
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one or two erect axes of cells to 43 um long and
18 um broad. Fertile material was not observed
preventing specific identification (there are two
Atlantic species Lejolisia mediterranea Bornet
and Lejolisia exposita C.W. Schneider & Sear-
les).

This entity was found only once growing on
Corallina elongata in eulittoral rock pools.
Specimen examined: Pico: Sdo Roque do Pico,
24-07-2007, PIX-07-1586A (AZB).

DISCUSSION

Schmidt (1931) in his first study of the marina
algal flora of the Azores listed 137 species. The
checklist and distributional index of the benthic
marine algae of the North Atlantic Ocean (South
& Tittley 1986) increased the total to 186 species
for the archipelago. The period of research activ-
ity since then has increased the number of species
to 377 (54 Chlorophyta, 73 Heterokontophyta
(Phaeophyceae) and 250 Rhodophyta). The new
records reported here comprise 6 Rhodophyta, 1
Heterokontophyta and 1 Chlorophyta, confirming
the predominance of Rhodophyceae in the flora,
as elsewhere in Macaronesia. The current total of
species recorded from the Azores stands now at
385 (55 Chlorophyta, 74 Heterokontophyta
(Phaeophyceae), and 256 Rhodophyta).

In general, most of the species discovered here
agree in description with those of previous work-
ers but in some cases there are differences and
these require further investigation. Several spe-
cies were discovered in shallow waters while
elsewhere they were known only from deep wa-
ters (e.g. Syringoderma floridana). The reason for
this is unclear but deep water habitats below 30 m
have not been surveyed in the Azores. A few sor-
ties using Remotely Operated Vehicles (ROV)
have revealed the existence of deep water algal
communities down to at least 100 m (cf. Tittley et
al. 2001).

The strong warm-water floristic and ecological
affinity with the algal flora of the nearer
Macronesian islands (cf. Afonso-Carrillo et al.
2006; Tittley & Neto 2006; Tittley et al. 2009) is
supported by the new records discussed here. Of
the 8 species recorded new to the Azores, Sebde-
nia rodrigueziana and Syringoderma floridana
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extend north their distributional range in the
Macaronesian region and the Atlantic Ocean.
These species together with Antithamnionella
boergesenii, Aphanocladia stichidiosa, Sebdenia
dichotoma, and Codium effusum extend their dis-
tributions westward. The remaining species are
within their distributional range.

Species such as Antithamnionella boergesenii,
Aphanocladia stichidiosa, Coelothrix irregularis,
Lejolisia sp., and Syringoderma floridana (some
with a wide geographical distribution), probably
have been overlooked until now because of their
small size (less than 50 mm). Many of them are
rarities and ephemeral component of the flora.

The present discovery of Sebdenia dichotoma,
and of S. rodrigueziana, recently reported for
southern Macaronesia (Haroun et al. 2002) and
mainland Portugal (Berecibar et al. 2009), join
other species previously considered as endemic to
the Mediterranean Sea (e.g., Eupogodon planus
(C. Agardh) Kiitzing and Bryopsis cupressina
J.V. Lamouroux), which are now known to be
present in the Atlantic Ocean on the Azores and
the Canaries; the latter also in Senegal (Tittley &
Neto 2005; Tittley et al. 2009).

It is surprising that Codium effusum had not
been reported previously in view of the extent of
spread of the green pulvinate, felty mats observed
at some localities. This species was probably con-
fused with C. adhaerens, the only other encrust-
ing species of Codium in the archipelago. Both
species grow in the same habitat and are distin-
guished only by examination under the micro-
scope. The records of new species presented in
this paper show the overall mixed nature of the
marine algal flora of the Azores with elements
shared with other Macronesian archipelagos, the
Mediterranean Sea, Atlantic Europe, and sub-
tropical and tropical Atlantic America.

A feature that emerges from the present and
earlier papers of this series (Tittley et al. 2001,
2009; Tittley & Neto 2006) is the extension in
range distribution to the west of many of the new
records found in the Azores. This raises the ques-
tion as to why some species are amphiatlantic and
why the Atlantic seemingly acts a barrier for oth-
ers? Our approach has been at the alpha taxo-
nomic level but we recognize that investigations
at the molecular level will both resolve taxonomic
difficulties and help clarify our understanding of



the development and evolution of the Azorean
marine algal flora and its floristic relationships.
The present series of studies has shown clearly
that this isolated island group has a relatively rich
benthic marine algal flora of almost 400 species.
Many collections await examination and it is
likely that this number will be increased, particu-
larly following the taxonomic study of material of
the red orders Corallinales, Ceramiales and Ne-
maliales.
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