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New additions to the Azorean algal flora, with ecological
observations on rhodolith formations

Edgar F. ROSAS-ALQUICIRA!:23, Rafacl RIOSMENA-RODRIGUEZ3, Ruben P. COUTO2# and Ana I. NETO!.2
(1) CIIMAR (Centro Interdisciplinar de Investigagdo Marinha e Ambiental), Universidade do Porto,
Rua dos Bragas, 289 - 4050-123 Porto, Portugal
() Secgdo de Biologia Marinha, Departamento de Biologia, Universidade dos Azores, Rua Mde de Deus 58, Apart. 1422,
P- 9502, Ponta Delgada, Sdo Miguel, Azores, Portugal
() Programa de Investigacion en Botanica Marina, Departamento de Biologia Marina, Universidad Autonoma de Baja
California Sur, Apartado postal 19-B, La Paz B. C. S. 23080 México

(4) CIRN (Centro de Investigacio de Recursos Naturais), Universidade dos A¢ores, Rua Mde de Deus, Apart. 1422,

9501-801 Ponta Delgada, Sao Miguel, Azores, Portugal
Corresponding author: E. F. Rosas-Alquicira. Fax: +351296 650 100. E-mail: alquicira@uac.pt

Abstract: Non-geniculate coralline algae are abundant and ecologically important in the Azorean littoral, although they have
been investigated only sporadically. This paper is the first report on the occurrence of Neogoniolithon brassica-florida,
Lithophyllum crouanii and Phymatolithon calcareum as rhodoliths in the Azores (the first two in Ilhéu de Vila Franca, Sao
Miguel Island, and the third at Lajes do Pico, Pico Island). At each sampling site area and percent cover of rhodoliths were
estimated along their depth distribution range, and for each species rhodolith density, branch density, and sphericity were deter-
mined. Rhodoliths were distributed between 2 and 4 m depth, and differences were found in the percent cover between sites,
and in rhodolith density, maximum length, branch density and sphericity between species, with higher values for
Neogoniolithon brassica-florida. Sphericity differences may result from differences in growth characteristics between species.

Résumé : Additions aux algues des Agores et observations écologiques des formations de rhodolithes. Les algues corallines
non-géniculées sont abondantes et écologiquement importantes sur le littoral des Agores mais seul un petit nombre d’études
a ¢té dédié a ces espéces. Ce papier est le premier signalement de Neogoniolithon brassica-florida, Lithophyllum crouanii
et Phymatolithon calcareum aux Agores. Les deux premiéres espéces ont été trouvées a Ilhéu de Vila Franca (ile de Sdo
Miguel), et la troisiéme a Lajes do Pico (ile du Pico), et toutes sont des rhodolithes. Les respectives aires et pourcentages
de couverture ont été estimés en fonction de la profondeur a chaque site. La densité des rhodolithes, la densité des branches,
et la sphéricité ont été déterminées. Les individus étaient répartis entre 2 et 4 m de profondeur, couvrant une aire relative-
ment petite a chaque site. Il y avait des différences en pourcentage de couverture entre les sites, et parmi les espéces dans
la densité en rhodolithes, la longueur maximale, la densité des branches, et la sphéricité, Neogoniolithon brassica-florida
ayant les valeurs plus élevées. La différence de sphéricité est probablement le résultat de caractéristiques de croissance
différentes selon les espéces.
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Introduction

Taxonomy of non-geniculate coralline algae from the NE
Atlantic coast has been well developed (see Adey &
McKibbin, 1970; Irvine & Chamberlain, 1994), and
rhodolith forming species have received considerable
attention as these form extensive communities over a wide
depth range. However, it remains an information gap
regarding species distribution, ecology, and habitat
functionality (Konar et al., 2000).

Non-geniculate coralline algae constitute an important
substrate for epiphyte adhesion at the low intertidal and
subtidal levels in the Azorean rocky littoral. Although there
are only a few papers that report the presence of corallines
in the area (see Neto, 1994), a total of 25 non-geniculate
species have been previously listed. However, taxonomic
problems still exist with unresolved taxa and unconfirmed
records.

As far as it is known, rhodolith concentrations in the
Azores occur only in two protected bays, Ilhéu de Vila
Franca on S3o Miguel Island and Lajes do Pico on Pico
Island. However their species composition is unknown and
descriptive morphological and ecological information
remains incomplete.

This paper therefore aims to: i) evaluate the distribution
and percent cover of rhodoliths in those bays; ii) describe
the species composition and iii) determine the density,
growth form, branch density and sphericity of each species.

Materials and methods

Sampling and field work

The bays of Ilhéu de Vila Franca (Sdo Miguel Island,
37°42°30”N, 25°26°52W, 8000 m?) and Lajes do Pico
(Pico Island, 38°23°26™N, 28°15°06”"W, 5000 m2) are both
shallow (2 to 4 m depth) and sheltered (Fig. 1). Their
seabed is of sand with sparse rocks.

Sampling was designed to evaluate rhodolith distribu-
tion, percent cover, composition and morphology. The total
area of rhodolith concentration was measured (length x
width) and the maximum and minimum depths within this
area were recorded. Sampling took place along four 20 m
long parallel transects separated by 10 m. On each transect
four points were selected randomly to evaluate rhodolith
percent cover using 25 x 25 cm quadrats, following the
point intercept method of Hawkins & Jones (1992). All
rhodoliths inside each quadrat were collected for species
identification and morphological characterization.

Laboratory procedures

The collected material was air dried and/or fixed in 4% N-
formalin in seawater and incorporated into Phycological
Herbarium of Departamento de Biologia, Universidade dos
Agores, Portugal (AZB).

From each rhodolith collected, permanent slides were
made for optical microscopy following the method of
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Figure 1. The Azores archipelago (scale bar: 100 km) and location of the study sites (scale bar: 150 m).
Figure 1. L’archipel des Agores (Echelle : 100 km), localisation des sites d’¢tude (Echelle : 150 m).
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Riosmena-Rodriguez et al. (1999); fractured fragments
were prepared for scanning electron microscopy (SEM)
following Woelkerling (1988). Morphological and
anatomical observations also followed Woelkerling (1988).
For each species, diameter and length measurements were
taken from 30 randomly selected epithallial, subepithallial
and vegetative cells. Diameter and height or length
measurements were taken from 10 randomly selected
sporangial chambers and tetrasporangia for each species.
All measurements were taken with the software
AxionVision LE 4.2 from digital photographs.

The longest (L), shortest (S), and intermediate (I)
dimensions of all specimens collected were measured with
a Vernier caliper (+/- 0.01 cm) to calculate rhodolith
sphericity according to the method of Sneed & Folk (1958).
Growth form was recorded and branch density estimated
through the number of tips larger than 1 or 2 mm in
diameter in five 1 cm? squares randomly located on the
rhodolith surface (Steller & Foster, 1995).

Results

Species account and spatial distribution

Rhodoliths covered a small area of bays’ seabed, 6.56%
(525 m2) at Ilhéu de Vila Franca and 6.12% (306 m?2) in
Lajes do Pico. Three species were identified:
Neogoniolithon brassica-florida (Harvey) Setchell et
Mason and Lithophyllum crouanii Foslie in Ilhéu de Vila
Franca; Phymatolithon calcareum (Pallas) Adey and D.L.
McKibbin in Lajes do Pico. Specimens were larger, more
numerous and more densely distributed at IThéu de Vila
Franca than at Lajes do Pico (Table 1). Neogoniolithon
brassica-florida (n = 22) was the dominant species at [lhéu
de Vila Franca and Phymatolithon calcareum (n = 7) was
the only species present at Lajes do Pico. A single specimen

Table 1 Rhodolith abundance and morphology (mean =+
standard deviation).

Tableau 1. Abondance et morphologie des rhodolithes
(moyenne =+ écart type).

N. brassica-florida P. calcareum

(Ihéu de Vila Franca) (Lajes do Pico)
n=22 n=7

Rhodolith cover (%) 7.25+1.79 1.50 £0.95
Rhodolith density 24.00 + 8.16 6.00 +3.82
(rhodoliths.m-2)

Maximum length (mm) 5.10 +0.21 1.26 £0.73
Branch density

(branches.cm2) 24.00 = 1.11 1.07 £0.74

of Lithophyllum crouanii was seen and collected at Ilhéu de
Vila Franca.

All rhodoliths were monospecific and nucleated, with
nucleus smaller than 50% of the whole specimen’s volume.

Brief species description

Neogoniolithon brassica-florida (Harvey) Setchell &
Mason (1943) sensu Penrose (1996).
(Table 2, Figs 2 & 3)

Lumpy growth form (Fig. 2A), ranging from 3.18 to 8.14
cm; a single layer of epithallial cells, 9.04-9.26 (mean =
9.15) um in diameter and 4.68-4.89 (mean = 4.78) pum in
length, with rounded distal walls (Fig. 2B); sub-epithallial
cells 8.51-9.15 (mean = 8.83) um in diameter and 4.36-4.57
(mean = 4.46) pum in length; cell fusions and intercalary
trichocytes present (Fig. 2C); internal construction
monomerous (Fig. 2D) consisting of a single system of
branched, laterally cohering, filaments that collectively
contribute to a ventral or central situated core and a
peripheral region where portions of core filaments or their
derivatives curve outwards towards the thallus surface,
with each filament composed of cells 1.26 — 7.54 (mean =
2.74) pm in diameter and 2.39-8.82 (mean = 5.39) um in
length; uniporate conceptacles extremely large and usually
visible to the naked eye; tetrasporangial chambers 180-237
pum in diameter and 100-112 pum in height; pore canal lined
by several cells oriented more or less parallel to the thallus
surface and protruding laterally into the pore canal (Figs
3A, Al); conceptacle roof 8 cells thick; mature tetra -
sporangia 28-40 um in diameter and 40 - 68 pum in length;
male chamber 297 um in diameter and 198 um in height,
spermatangial filaments unbranched, formed on the
chamber floor, walls and roof (Figs 3B, B1).

Lithophyllum crouanii Foslie (1898) sensu Chamberlain
et al. (1988)
(Table 2 & Figs 4)

Encrusting growth form (Fig. 4A), unbranched, 2.8 cm in
size; epithallial cells flattened (Fig. 4B) with 9.51-13.7
(mean = 10.7) um in diameter and 4.45-6.92 (mean = 5.95)
um in length; subepithallial cells 7.79-11.61 (mean = 9.46)
pm in diameter and 6.31-10.5 (mean = 8.83) um in length;
secondary pit connections present (Fig. 4B); internal
construction dimerous with postigenous filament cells
horizontally aligned (Fig. 4B) measuring 5-8.54 (mean =
6.57) um in diameter and 5.42-8.97 (mean = 6.94) um in
length; primigenous filaments composed of non-palisade
cells (Fig. 4C) 5.83-7.92 (mean = 7.29) pum in diameter and
5.42-12.31 (mean = 8.71) wm in height; tetrasporangial
conceptacles uniporate; tetrasporangial chambers globose
80-130 um in diameter and 80-100 pm in height; tetra-
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Figure 2. Neogoniolithon brassica-florida, vegeta-
tive morphology and anatomy (longitudinal sections: B,
C & D). A. Lumpy growth form. B. Rounded distal wall
epithallial cells (arrow). C. Intercalar trichocytes
(arrow) and cell fusion (double arrow). D. Monomerous
growth with a central core (double arrow) and
peripheral filaments toward thallus surface (arrow).
Scale bar: 1 cm (A) and 10 um (B-D).

Figure 2. Neogoniolithon brassica-florida,
morphologie et anatomie végétatives (sections
longitudinales: B, C & D). A. Forme de croissance
grumeleuse. B. Cellules épithéliales de la paroi distales
arrondies (fleche). C. Trichocytes intercalaires (fleche)
et fusion cellulaire (double fléche). D. Croissance
monomérique avec le noyau central (double fléche) et
les filaments périphériques vers la surface du thalle
(fleche). Echelle : 1 cm (A) et 10 pm (B-D).

Table 2 Comparative summary of information on tetrasporangial conceptacles for Neogoniolithon brassica-florida, Lithophyllum
crouanii and Phymatolithon calcareum from different geographical areas. Values are given in pm.

Tableau 2. Résumé comparatif d’information sur les conceptacles tétrasporocytes de Neogoniolithon brassica-florida, Lithophyllum
crouanii et Phymatolithon calcareum provenant d’aires géographiques différentes. Les valeurs sont données en pm.

Species Site Chamber diameter = Chamber height  Resource information
Neogoniolithon Azores 180 - 237 100 - 112 The present study
brassica-florida Indonesia 650 - 800 175 - 225 Verheij, 1994
Australia 670 - 1050 nd Ringeltaube & Harvey, 2000
370 - 600 200 - 360 Harvey et al., 2006
590 - 820 370 - 820 Penrose, 1996
Mexican Caribbean 550 - 900 200 - 340 Mateo-Cid & Pedroche, 2004
Lithophyllum Azores 80 - 130 80 - 100 The present study
crouanii Denmark 92 - 116 nd
British Isles
(type specimen) 167 150
British Isles 85 (135) - 180 55(90) - 120 Chamberlain et al., 1988
120 (140.5) - 161 81 (117.5) - 130
Gulf of Maine 130 (145) - 160 70 (90) - 97
Phymatolithon Azores 274 - 364 170 - 204 The present study
calcareum British Isles 350 nd Woelkerling & Irvine, 1986
230 - 250 117 - 130 Irvine & Chamberlain, 1994
Atlantic coast of France 120 - 250 50 - 60 Irvine & Chamberlain, 1994;
Mendoza & Cabioch, 1998
Atlantic coast of Spain 126 - 190 58-89 Adey & McKibbin, 1970
Mediterranean Sea 180 - 245 85 -140 Basso, 1994
Alaska 80 - 200 80 -170 Konar et al., 2006




E.F. ROSAS-ALQUICIRA, R. RIOSMENA-RODRIGUEZ, R.P. COUTO, A.I. NETO 147

Figure 3. Neogoniolithon brassica-florida, reproductive
anatomy (longitudinal sections). A. Tetrasporangial conceptacle.
Al. Pore canal lined by cells oriented more or less parallel to
thallus surface (arrow). B. Male conceptacle. Bl. Detail of
spermatangial filaments on the chamber roof conceptacle. Scale
bar: 10 um.

Figure 3. Neogoniolithon brassica-florida, anatomie repro-
ductrice (sections longitudinales). A. Conceptacle tetrasporangial.
Al. Canal de pore entouré de cellules orientées plus ou moins
parallélement a la surface du thalle (fléche). B. Conceptacle male.
B1. Détail de filaments spermatocystes vers le plafond de
conceptacle. Echelle : 10 pm.

sporangial conceptacles roof not protruding above thallus
surface and 2 to 4 cells thick; floor of mature chambers
usually 6 or more cells below thallus surface; tetra -
sporangial conceptacle pore canal lined by cells that project
somewhat into the pore canal but do not completely
occluded the pore (Fig. 4D); mature tetrasporangia 20-30
pum in diameter and 35-45 pm in length.

Figure 4. Lithophyllum crouanii, vegetative morphology and
vegetative/reproductive anatomy (longitudinal sections: B, C &
D). A. Encrusting growth form. B. Postigenous filaments cells
horizontally aligned, epithallial cells flattened (double arrow) and
secondary pit connection (arrow). C. Dimerous construction, with
primigenous filaments composed of non-palisade cells (double
arrow) and postigenous filaments (arrow). D. Tetrasporangial
chamber globose, with floor located more than four cells below
thalli surface (arrow) and a pore canal lined by cells oriented more
or less parallel to thallus surface (double arrow). Scale bar : 1 cm
(A) and 10 um (B-D).

Figure 4. Lithophyllum crouanii, morphologie végétative,
anatomie végétative/reproductrice (sections longitudinales: B, C
& D). A. Forme de croissance encroutante. B. Cellules des
filaments postigenes alignées horizontalement, cellules
¢épithéliales aplaties (double fleche) et connection secondaire
(fleche). C. Croissance dimérique, avec filaments primigénes pas
composées de cellules en palissade (double fleche) et postigénes
filaments (fleche). D. Conceptacle avec base située plus de quatre
cellules en dessous de la surface des thalles (fleche) et canal de
pore entouré de cellules orientées plus ou moins parallelement a
la surface du thalle (double fleche). Echelle : 1 cm (A) et 10 um
(B-D).

Phymatolithon calcareum (Pallas) Adey & D.L.
McKibbin, 1970
(Table 2, Figs 5 & 6)

Lumpy growth form (Fig. 5A), ranging from 1.92 to 3.02
cm; epithallial cells with outermost rounded walls 6.53-
9.18 (mean = 7.25) um in diameter and 5.1-7.21 (mean =
6.17) pm in length; subepithallial cells (Fig. 5B) shorter
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than those immediate inward from which they were
derived, 4.58-5.32 (mean = 5.32) um in diameter and 4.62-
7.3 (mean = 6.34) pum in length; cells of adjacent filaments
linked laterally by cell fusions (Fig. 5C); construction
monomerous (Fig. 5D) consisting of a single system of
branched, laterally cohering, filaments that collectively
contribute to a ventral or central situated core and a
peripheral region where portions of core filaments or their
derivatives curve outwards towards the thallus surface,
with each filament composed of cells 2.5-8.14 (mean = 5.3)
pm in diameter and 6-16.92 (mean = 11.21) um in length;
carpogonial conceptacle with mature carpogonial branches
(Figs 6A, Al); tetrasporangial conceptacles multiporate
(Fig. 6B); tetrasporangial chambers 274-364 pum in
diameter and 170-204 um in height; mature tetrasporangia
up to 92.13-96 um in diameter and 68-72 um in length.

Figure 5. Phymatolithon calcareum, vegetative morphology
and anatomy (longitudinal sections: B, C & D). A. Lumpy growth
form. B. Size gradient of the subepithallial cells (epithallial cell -
arrow; subepithallial cell - double arrow). C. Cell fusion. D.
Monomerous growth with a central core (double arrow) and
peripheral filaments toward thallus surface (arrow). Scale bar: 1
cm (A), 10 um (B, D) and 2.5 um (C).

Figure 5. Phymatolithon calcareum, morphologie végétative
et anatomie (sections longitudinales: B, C & D). A. Forme de
croissance grumeleuse. B. Gradient de taille des cellules sub-
¢épithéliales (cellules épithéliales - fleche; cellules subépithéliales-
double fléche). C. Fusion cellulaire. D. Croissance monomérique
avec un noyau central (double fleche) et filaments périphériques
vers la surface du thalle (fleche). Echelle : 1 cm (A), 10 pm (B,
D) et 2.5 um (C).

Figure 6. Phymatolithon calcareum, reproductive anatomy
(longitudinal sections). A. Carpogonial conceptacle. Al. Detail of
mature  carpogonial  branches (trichogyne-arrow). B.
Tetrasporangial multiporate conceptacle containing mature
tetrasporangia (arrow) with apical plug (double arrow). Scale bar:
10 pum.

Figure 6. Phymatolithon calcareum, anatomie reproductive
(sections longitudinales). A. Conceptacle femelle. Al. Détails des
rameaux carpogoniaux matures (tricogyne-fleche). B.
Conceptacle tétrasporocyte multiporé contenant des tétraspores
matures (fleche) avec bouchon apicale (double fleche). Echelle :
10 pm.
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Figure 7. Rhodolith sphericity, Neogoniolithon brassica-
florida (®), Lithophyllum crouanii (+) and Phymatolithon
calcareum (*). Each point is the sphericity of one rhodolith (some
times more than one rhodolith, when the index values were the
same) (N. brassica-florida, n = 22; L. crouanii, n = 1; P,
calcareum,n =17). S, I and L correspond to shortest, intermediate,
and longest dimensions (cm) of each individual. Equations shown
were used to determine placement along each respective axis.
Plants nearest the apex are most spheroidal.

Figure 7. Sphéricité des rhodolithes, Neogoniolithon brassica-
florida (@), Lithophyllum  crouanii (+) et Phymatolithon
calcareum (*). Chaque point est la sphéricit¢ d’un rhodolithe
(parfois plus d’un rhodolithe, quand les valeurs de I’indice sont
les mémes) (N. brassica-florida, n = 22; L. crouanii n = 1; P,
calcareum n="7). S, I et L correspondent aux dimensions les plus
courtes, intermédiaires et les plus longues (en cm) de chaque
individu. Les équations montrées ont été utilisées pour déterminer
les positions le long de chaque axe respectif. Les algues les plus
proches de 1’apex sont les plus sphériques.

Morphology

Rhodoliths of Neogoniolithon brassica-florida and
Lithophyllum crouanii were more spherical than those of
Phymatolithon calcareum (Fig. 7) and also larger and more
densely branched (Table 1).

Discussion

The non-geniculate coralline algae Neogoniolithon brassi-
ca-florida, Lithophyllum crouanii and Phymatolithon
calcareum are reported for the first time for the Azores
archipelago, all growing as rhodoliths.

Despite some differences in cell size, plants collected in
the Azores generally correspond to descriptions and

drawings by Adey & McKibbin (1970), Woelkerling &
Irvine (1986), Irvine & Chamberlain (1994), Penrose
(1996) and Mendoza & Cabioch (1998) for material
collected at other locations.

Anatomically Neogoniolithon is much closed to
Spongites, the distinction being made only by reproductive
features, namely spermatangia position and origin of goni-
moblast filaments (Penrose, 1996). The presence in the
Azorean specimens of male material allowed a positive
determination of Neogoniolithon. Azorean plants posses
large conceptacles which protrude conspicuously above the
surrounding thallus surface, a feature that according to
Penrose (1996) corresponds to N. brassica-florida.

Anatomically Lithophyllum is closed to Titanoderma.
Azorean material was identified as Lithophyllum by having
primigenous filaments composed of non-palisade cells,
following the concept of Lithophyllum sensu stricto (Irvine
& Chamberlain, 1994). Distinguishing features of
Lithophyllum crouanii from other species of the same
genus present in the Atlantic are: i) dimerous internal
construction with horizontally aligned postigenous filament
cells; ii) globose tetrasporangial chambers; iii) tetra-
sporangial conceptacles roof not protruding above thallus
surface; and iv) the size of tetrasporangial conceptacles.
Lithophyllum corallinae (Crouan & Crouan) Heydrich
1897b is the closest species, but has larger tetrasporangial
conceptacles and a thallus surface not obviously and more
or less completely terraced as a consequence of applanate
branch development (see Woelkerling & Campbell, 1992).

Phymatolithon calcareum distinguishes from other
species of the genus by having a branched thallus (Irvine &
Chamberlain, 1994).

Neogoniolithon brassica-florida is commonly known
from the Mediterranean (Mannino et al., 2002), Indian
Ocean (Verheij, 1994), Pacific Ocean, Red Sea and S
Australia (Penrose, 1996; Ringeltaube & Harvey, 2000;
Harvey et al., 2006). It was recently recorded from the
tropical W Atlantic, as Neogoniolithon foslieie (Heydrich)
Setchell et Mason (Mateo-Cid & Pedroche, 2004). Its
occurrence in the Azores represents the first record for this
species in this archipelago, the Macaronesian region, and
the NE Atlantic Ocean. It may be more widely distributed
in the area.

Lithophyllum crouanii is widely distributed throughout
the N Atlantic (Irvine & Chamberlain, 1994) and for
Canary Islands (Afonso-Carrillo & Sanson, 1999). Its
occurrence in the Azores is within the overall distributional
range of the species. However, this species is here reported
for the first time as a rhodolith forming species.

Phymatolithon calcareum is widely distributed through-
out the NE Atlantic: the British Isles (Woelkerling & Irvine,
1986), Ireland (De Grave et al., 2000), France (Mendoza &
Cabioch, 1998) and Spain (Adey & McKibbin, 1970; Pefia
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& Barbara, 2008), in the Mediterranean, e.g. Italy (Basso,
1998) and in the NW Pacific (Konar et al., 2006), both
intertidal and subtidally. It has been reported as a rhodolith-
forming species for the Canary and Madeira Islands
(Afonso-Carrillo et al., 1985). Its occurrence in the Azores
is within the overall distributional range of the species.

Interestingly, Lithothamnion corallioides (P. and H.
Crouan) P. and H. Crouan 1867, reported for Cape Verde,
Canary and Madeira Islands, and recorded as rhodolith-
forming species in Madeira (Cabioch, 1974) and in the
Canary Islands (Afonso-Carrillo & Sansén, 1999) was not
found in the Azores.

The number of rhodolith-forming species in the Atlantic
and Mediterranean is variable, ranging from twelve in the
NE Atlantic (Adey & McKibbin, 1970; Irvine &
Chamberlain, 1994; Adey et al., 2005), six species in the
Mediterranean (Basso et al., 1996; Basso, 1998), a single
species in the NW Atlantic (Bird & Mc Lachlan, 1992) and
three species in the tropical NW Atlantic (Littler & Littler,
2000). In the Azores, the three species reported were not
abundant and had a sparse distribution (below 7%) when
compared maérl facies or rhodolith beds reported on other
locations, e.g. Spain (100%, Pefla & Barbara, 2008),
Ireland (5- 50%, De Grave et al., 2000). According to the
nomenclature of Steller et al. (2003), rhodolith habitats in
the Azores should thus be designated as sand with rhodolith
aggregations. The studied sites are very sheltered, which
might explain the low abundance of rhodoliths in
agreement with Marrack (1999) that suggests water motion
as a crucial factor for maintenance of rhodoliths.

Azorean rhodoliths are predominantly lumpy, although
differences were observed on rhodolith size and shape.
Neogoniolithon  brassica-florida  rhodoliths  were
predominantly spheroid, larger and more densely branched
than those of Phymatolithon calcareum, which were
predominantly ellipsoid. Variations in sphericity are
associated with water motion (Bosence, 1991), sediment
grain size (Bosence, 1983), depth (Steller & Foster, 1995)
and species internal structure and growth patterns (Sneed &
Folk, 1958; Basso et al., 2009). Since both studied
rhodolith habitats in the Azores are similar in terms of
hydrodynamics and depth, it is likely that the differences in
rhodolith shape are more related to internal factors such as
growth patterns, physiology and type of nucleus.

Phymatolithon calcareum is listed in Annex V of the EU
Habitats Directive (Council Directive 92/43/EEC) which
states that exploitation should be compatible with the
maintenance of a favourable conservation status (De Grave
et al., 2000). Although exploitation of this species in the
Azores is unlikely, conservation measures should apply
since its distribution is known only from a single bay at
Lajes do Pico.
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