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Abstract

Thirteen species of benthic marine algae are reported as
new to the mid Atlantic Azores archipelago, and the stat-
us is confirmed for five other species. Some of the new
records fall within their overall distributional range. The
discovery of seven species (Codium taylon!, Digensa
simplex, Gelidiella tinerfensis, Gelidiopsis intricata, Lau-
rencia microciadia, Papenfussiella kuromeo, Phyliophora
gelidioides) represents a northern extension in their
Atlantic distributional range, The archipelago is the west-
ern limit of Papenfussiells kuromao and Phyllophora geli-
diofdes in the Atlantic Ocean. Ascophylurm nodosum,
common as drift, was found for the first time attached to
rocks on Graciosa lsland and Caulerpa webbians is con-
firmed as a recent immigrant to the archipelago. Four
species are removad from the flora.

Keywords: Azares; benthic maring macroalgae;
kiogeography; morphology; taxenomy,

Introduction

The isolated mid Atlantic Azores archipelage of nine
izlands, the Formigas islets and nearby sublittoral banks
and sea-mounts are located (from the nearest point in
the archipelago) approximately 1200 km from Europe and
1900 km frorm Newfoundland. It has = moderately rich
bentnic maring algal flora with 368 species thus far
recarded (Tittley and Mato 2008). Intensive fieldwork at
locations not praviously studied and taxenamic review of
difficult groups continue to add new records to the flora
ie.qg., Afonso-Carrillo et al, 2006, Parente et al. 2008). The
present paper adds 12 species new 1o the Azores marine
algal flora and the status of 5 other species records s
reviewed, Four species are removed frem the flora.

Materials and methods

The algae referred to in this paper were collected during
field studiss at eulittoral and sublittoral levels down 1o
30 m on many of the islands of the archipelageo. Field-
work was undertaken during all sezsons of the year
Material collected was either fixed in 5% formalin sea-
water or was pressed and dried and when necessary pre-
pared as microscope slides by staining with aniline blue
and parmanently mounted using Karo® corn syrup (Best
Foods, Englewaod Cliffs, MJ, USA). Dried specimens
from earlier collections were re-hydrated and prepared
for microscopic @xamination as above. All specimens
were given an individual registration number and depos-
ited in the herbaria of the University of the Azores (LIA)
and Matural History Museum (BM). Momenclatural and
taxonomic status and some distributional information
used here follow AlgaeBase {January 2008; Guiry and
Guiry 2008). For information on distribution, we refer 1o
published floras and checklists (e.g., Scuth and Tittley
1888, Maggs and Hommersand 1993, Afonso-Carillo and
Sansdn 2000, Meto et al. 2001).

Results

Systematic account, new species records

Chlorophyta, Ulvophyceae, Cladophorales, Clado-
phoraceae: Cladophora pellucida {Hudson) Kiitzing
Daescribed and illustrated by van den Hoek (1963, pp.
215-218, figures 696, 697, 702); Bradie et al. (2007, pp.
164-166, figure 77); Cabioc’h et al. (2006, p. 75, figure
10).

Azores specimens are stiff, 32-98 mm tall, grass to
dark green attached by a complex system of rhizoids
from  which erect, uniseriate, branched filaments
(163—173 pm in width) arize. Basal cells are 143 um in
width and to 820 pm in length longer elsewhers). Growih
is by apical divisions giving an acropetal organization of
branches with single-celled internodes. The apical cell is
41-61 pm wide and 255-520 pwm long. Branches are cut
off apically on cells at acute angles by oblique cross
walls, Branching is pseudodichotomous on upper parts
but appearing verticilate lower down the axis, Fertile
matarial has not been observed in the Azores. Clado-
phora pellucida grows at eulittoral levels on opan rocks
and in pools. Mever abundant, this species was only
found mostly in late spring {June) and once in autumn.

Cladophors peliucida is widely distributed in the Atlan-
tic Ocean (reland to Cape Verde lslands and Brazil),
Mediterranean Sea, Indian and Pacific Oceans.

Specimens examined: Azores: Graciosa, Santa Crug,
21.06.2006, GAW-0B-23 (UA); Graciosa, Praia, 24.06.
2006, GRW-08-205  {UA);  Graciosa, Carapacha,
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26.08.2008, GRW-06-260 (UA); S8 Miguel, Mosteiras,
05.06.2004, SMG-04-134 (UA); S3c Miguel, Mostairas,
19.09.2005, SMGE-05-2683 (UA): Santa Maria, Ponta do
Castelo, 10.08.2005, SMA-05-104 [UA); Santa Maria,
Baia da Boca da Ribeira Seca, 10.06.2005, SMA-05-148
(LA,

Bryopsidophyceae, Bryopsidales, Codiaceae: Codium
taylorii P.C. Silva  Described and illustrated by Silva
(1960, pp. 510-513, plates 112, 118-120); Littler and
Littler (2000, pp. 354, 3558); John et al. (2003, p. 38, figure
TABL :

Plants erect, spongy, green, more or less terete, to
a5 rm tall and arising from a prostrate base. The thallus
is irregularly dichotomously branched to 4 orders;
branches are somewhat flattened at the dichotamies and
measure (21-3-(4) mm wide and have blunt tips. Utricles
are cylindrical and not constricted, (140)-250-(250) p.m
wide, (400}-585-{700) wrm long. Hair scars prasent, 2 per
utricle, varicusly placed usually (100)-145-(200) wm
below the utricle tip. The thickness of the utricle walls
[(3)=10={12.2) pm] distinguishes this species from other
eract Codiurm species in the Azores. Filaments varied in
width from 15 to 50 wm. Ferile material was nat
cbsarved in the Azores. Plants were found in rock pools
at lower mid-littoral levels on moderately wave-axposed
shores and also at shallow sublittoral levels (5 m depth).

Codium  taylori ocours elsewhere in Macaronesia
(Ganary Islands and Madeira) and widely in the trapical
and subtropical Atlantic ([Bermuda and MNarth Caroling)
and Indian Oceans,

Specimens examined: Azores: 580 Miguel, S&o Rogque,
15.09.1999, 5MGE-99-831 (UA), Pico, S3o Matsus,
09.07.2007, PIX-07-503 (UA); Pico, Fonte, 10.07.2007,
PIX-07-543 (UA); Pico, 340 Rogue, 28.07.2007, PIX-07-
1377 (LAY Pico, Porto do Calhaw, 01.08.2007, PIX-07-
1503 (LA,

Ochrophyta, Phaeophyceae, Ectocarpales, Chorda-
riaceae: Myriactula rivulariae (Suhr)  Feldmann
Described and illustrated by Feldmann {1937, pp.
268-274, figures 1, 2); Fletcher (1987, pp. 156-158, fig-
ure 31).

The thallus comprises epiphytic, minute cushions or
tufts to 800 wm high, The lower part of the thallus is
pseudoparenchymatous and composed of densely
packed filaments, di- or trichotomausly branched, com-
prising colorless cells (10-26x6-15 wm) containing a
few discoid chloreplasts (Figure 1). These cells become
smaller above and give rise terminally ta slightly curved
or straight multicellular pigmented paraphyses, repro-
ductive organs, and/or hyaline hairs §-13 pm wide. The
paraphyses are closely packed and gelatinous, compris-
ing & basal layer of rectangular or guadrate, barrel-
shaped cells, but terminally less swollen and smaller
{10-26x5-13 wm). Unilocular sporangia (36—102x15=
28 pm) are pyriform, sessile or on 1-celled pedicels. Plu-
rlocular sporangia (485-640x5-8 m) are uniseriate on
1-2-called pedicels. Myriactula rivularae grows in pools,
where it is epiphytic on Cystoseira and Sargassum
Species,

Myriactula rivulariae is widely distributed in caold and
warm-temperate Atlantic Ocean waters southwards from

Figure 1 Myvizciuls rivulanas: unilocular sporangia (1) and pig-
mentad paraphyses (7).
Scale bar=100 jum.

Scotland and the western Baltic, and in the Mediterra-
nean Sea,

Specimens examined: Azores: Sdoc Miguel, Sio
Vicente, 0B.07.1996, SMG-05-57 (UA); Sao Miguel, Sdo
Vicente, 16.06.1998, SMG-98-749; 530 Migusl, Mostei-
ros, 06.07.1998, SMGE-98-007/8/10 (WA S3o0 Miguel,
Mosteiros, 17.08.1988, SMGE-98-1024/5/6 (U&): Sao
Miguel, Mosteiros, 21.04.1993, SMG-99-793/4 (UA): Séo
Miguel, Maia, 08.04.1999, SMG-88-732 (LIA),

Papenfussiella kuromo (Yendeo) Inagaki Described
and illustrated by Inagaki (1958, p. 128, figures 35-39);
Martin et al. (1996, p. 165, figures 1=8),

Plants are light to dark brown, solitary, arising from
small discoid holdiasts, branched, solid, cord-shaped,
mucilaginous and tomentose, to 135 mm long. The thal-
lus has a multizxial structure with a medulla composed
of longitudinal, parallel filaments surrounded by a cortex
of long and shart assimilatory filaments (Figura 2). Shart-
er filaments are determinate to 10 cells long, slightly
curved and measure 10-20:5-8 wm; longer indatarmi-
nate filaments are up to 64 cells long and cells measure
12-35x10-15 pm. Cells contain several discoid chloro-

Figure 2 Papenfussiela kuromo: transverse section shawing
unilocular sporangia (1), shert (2) and lang (3] assimilatory
filaments.

Scale bar=100 pm.
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plasts each with a pyrenoid. Unilocular sporangia are
formed on the basal part of assimilatory filaments and
are clavate to ovoid measuring 38-100:15-33 wm | larg-
er than those described from specimens from the Canary
Islands that measured {35)-62-68x10-25 pwm; Martin et
al. 1996]; plurilocular sporangia have not been obsarved
on the erect thallus. Fapenifussielfa turomo grows at
eulittoral levels epilithically, and epiphytically on Cysto-
seira spp.

Papenfussielz kuromo is known from the Canary and
Salvage Islands, Japan, and China.

Specimens examined: Azores: Feial, Porto  Eira,
11.02.2006, BMODO7YE2311 (BM); Graciosa, Baia de
Santa Catarina, 30.06.2006, GRW-06-485 (U4}, Gracio-
sa, Baia das Caldeirinhas, 04.07.2006, GRW-06-G49
(UA) Graciosa, Baia das Caldeirinhas, 04.07.2008, GRW-
06-662 (UA); Graciosa, Porto Afonso, 05.07.2006, GRWW-
0G-587 (UA); Graciosa, Porto Afonso, 07.07.2006, GRW-
0B-731; S0 Miguel, Populo, 25.04.1890, SMGE-90-95d
(UA); Sdo Miguel, Maia, 08.04,1999, SMG-28-T2B (LA);
S0 Miguel, Maia, 09.03.2006, SMG-05-87 (UA), Sao
Miguel, S8o Vicents, 20.03.2002, SMGE-02-73 (UA).

Fucales, Fucaceae: Ascophyllum nodosum (Linnaeus)
Le Jolis  Described and illustrated by Baardseth (1970,
pp. 1:1-1:5, figures 1-3); Cabioc'h et al. (2006, p. 100,
figure 43).

Plants comprise strap-shaped thalli to 0.5 m long (in
the Azores) with bladders along the main axis and
branches; primary branching is dichotomous, secondary
branching bilateral. Globular receptacles are formed on
small lateral branchlets and contain mature male and
female conceptacles; plants dicecious. Ascophylium
hodosum occurs commenly in the Azores as drift plants
with & single attached record for the island of Graciosa,

Ascophylum nodosum is widespread in the northern
Morth Atlantic Ocean.

Specimens examined: Arores: Faial, 04.07.1965,
BMOOOEZ3041 (BM); Faial, 06.08.1285, BMOODEIZ040
{BM); Faial, Cais de Santa Cruz, 26.09.1971, BMOOOG-
12832 (BM); Corve, Porto da Areia, BMODDB33042 (BM);
Faial, Monte de Guia, 20.07.1988, BMO00D54147; Flores,
Fontz Delgada, 04.08.1995, BMOO0044469 (BM); Gracio-
za, Porto Afonso, 14.06.2004, GRW-04-148 (UA); Gra-
ciosa, Porto Afonso, 14.06.2004, GRW-04-149 (UA)
(3raciosa, Porto Afonso,14.06.2006, BMOODBO4907 (BW);
Sao Miguel, Praia do Papulo, 05.05.19380, SMGE-80-36
A), 31.05,2003, SMGE-03-131 (UA).

Rhodophyta, Florideophycideae, Gelidiales, Gelidiel-
laceae: Gelidiella tinerfensis Seocane-Camba  De-
scribed and illustrated by Secane-Camba (1977, pp.
127134, figures 1=4),

Small blackish-red, wiry, turf-forming plants that grow
to 19 mm tall. Erect and prostrate filiform axes are
attached to the substratum by rhizoidal filaments, Axes
are branched and measure 1 mm in diameter. Axes have
a distinct apical cell, are pseudoparenchymatous with an
obwious cortex and medulla; rhizines arg absent in the
medulla and surface cortical cells are irregularly
arranged, Tetrasporangial specimens were collectad in
March 2004 tetrasporangia develop in slightly swallen

terminal =or, are tetrahedrally divided and measure
A0 wm in diameter. Gelidialla finerfansis graw on aulittoral
rocks and among other species in lower eulittoral multi=
specific turfs,

The species was formerly known only from the Canary
Islands and the new Azores record extends its known
distributicnal range,

Specimens examined: Azores:  Flores, Cedros,
03.2004, FLO-92-25 (UA); Graciosa, Lagoa, 22.06.2008,
GHRW-068-135 [UA), Graciosa, Carapacho, 28.08.2008,
GRW-06-254, HIS-08-62 (UA);, Graciosa, Carapacho,
26.06.2006, GRW-06-279 {UA); Santa Maria, S8o0 Lou-
rengo, 06.08.2005, SMA-05-59 (UA).

Gigartinales, Phyllophoraceae: Phyflophora gelidio-
ides P. Crouan et H. Crouan ex Karsakoff Described
by Karsakoff (1896, pp. 290-291); Afonso-Carrille and
Sansan (2000, p. 76).

Plants grow to 20 mm in height and consist of flat-
tened, subdichatomously divided blades borne an cylin-
drical stipes arising singly or in clusters from a discoid
basa, In section, the thallus, 179 pm across, has a multi-
axial structure with 2 medulla of large cells (30=40 um in
diameter) surrounded by a cortex of smaller pigmented
cells that measure 4x6 or 68 wm in surface view. Our
specimens wara sterile. Plants grew at low eulittoral lev-
els in erevices on apen rock often amaong other algae.

Phyflaphora gelidioides was formerly known only from
the Canary Izlands and the new Azores records extend
its distributional range,

Specimens examined: Arores:
24.06.2006, GRW-08-198; Sao
19,02.2003, SMG-03-82 (UA).

Graciosa,
Miguel,

Praia,
Lagoa,

Rhodymeniales, Lomentariaceae: Gefidiopsis intrica-
ta [C. Agardh) Vickers Described and illustrated by
Morris {1987, p. 240, figures 10, 11); Afonso-Carrillo and
Sanson (2000, p. B6).

Erzet thalli arise from a stoloniferous base and farm
mat-like growths to 10 mm high of subsylindrical to com-
pressed, subdichatomous to imeqularly branched inter-
twining fronds that anastomose occasicnally. Fronds are
255 wm across in transverse section and have a multi-
axial structure with a cortex compaosed of an outer layer
of cuboidal cells surrounding  progressively  larger,
increasingly elongate cells and a medulla composed of
loosely aggregated selongated filaments in a thin gelati-
nous matrix. Rhizoids to 214 wm wide are laterally insert=
ed on the thallus. Gelidiopsis intricata grew in the algal
turf at lower sulittoral levels.,

Gelidiopsis infricata has been recorded in the Atlantic
Ogean from Madeira, the Canary |slands, Bermuda, the
Caribbean Basin, and Brazil; it also cccurs in the Indian
and Pacific Oceans.

Specimens examined: Azores: Fiores, Ponta Delgada,
06.07.1888, FLO-89-113 {UA); 580 Miguel, Faial da Terra,
18.04,2003, SMG-03-T7 {JA).

Ceramiales, Ceramiaceae: Halurus egquisetifolius
[Lightfoot) Kitzing Described and illustrated by
Maggs and Hommersand {1893, pp. 172175, figurs 56);
Cabioc'h et al. (2008, p. 118, figure 78).
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Thalli to 20 mm long, formed of 2 somewhat cartila-
ginous main axis that bears whorls of uniseriate, ecorti-
cate, dark red filaments measuring 38 pm in width, The
thallus is irregulariy and repeatedly branched and the
whorled ramuli are short, incurved and di-trichetamously
Branched. Cells of whorled ramuli are narrow (5 wm wide)
at the apical region and gradually increase and double
their size towards the bass (basal cells to 10 wm wide).
An uncommon alga In the Azores, found only once on
rock at sublittoral levels,

Thiz zpecies cccurs in the Atlantic Ocean from the
British Isles to the Canaries. and in the Mediterranean
Sea.

Specimen examined: Azores: Formigas, western side,
02.07.1991, FOR-91-48 (UA),

Menosporus pediceflatus (J.E. Smith) Salier De-
scribed and illustrated by Maggs and Hommersand
(1923, pp. 190-192, figure 62).

Thalli of uniserate filaments that grow in dense tufts
and consisting of fastigiately to divaricately branched
erect axes 35 mm high, attached to the substratum by
tanglec rhizoidal holdfasts. The cells of the main axes are
cylindrical or inflated at both ends, the basal anes to
433 pwm in diameter; apical cells are mucronate, Branch-
ing is irmegularly alternate or pseudodichotomous. Rhi-
zoidal cells, 38-71 pm across, emearge from lower ends
of basal cells. Unicellular propagules are ovoid to pyri-
farme measuring 51-112x31-92 wm and developed on
the upper ends of laterals on pedicels formed by a single
obconical c2ll (Figure 3). Gamatangla and tetraspaorangia
have nat been observed in the Azores. Never abundant,
this species was only found in early summer growing in
pools and a2t shallow subtidal levels,

Monogporus  pedicellatus is widely  distributed in
Europe from southern Morway to the Canaries and in the
Mediterransan Sea.

Specimens examined: Azores: 330 Miguel, Mosteiros,
03.06.2004, SMG-04-137 (UA), Sao0 Miguel, Lagoa
18.07.1997, SMG-37-204 (UA).

Figure 3 Monosporus pedicellatus: branched filaments with
prapagules (1).
Soale bar=100 wm.

Dasyaceae: Eupogodon planus [C. Agardh) Kiitzing
Described and illustrated by de Jong et al, (1997, pp.
435-439, figures 25-40).

Azores plants are erect (elsewhers subprostrats),
23-55 mrm high, dichotomeusly to imegularly branched,
consisting of several irregular and entangled, branched
main axes up to 765 wm in width arising from a central
holdfast. Axas bear short spine-like branches, are terete
to slightly flattened, and randomly produce detemminate
ramelli from each polysiohonous segment of an indeter-
minate axis. Pseudolaterals are pigmented, monosipha-
nous except at the extrame base. Four 1o five periaxial
cells surround the axial cell row, but are obscured in the
lower region by dense cortication. Tatrahedral s paorangia,
B1:x82 to §1x102 pm, are formed in successive whorls
on short adventitious branches. A single specimen was
collected in Jure in a pool on the west coast of Sdo
Miguel Island.

Eupocgadon planus is known from the Canary Islands,
Mediterransan Sea, and, doubtiully, the Pacific Ocean.

Specimen examined: Azores: Sao Miguel, Mosteiros,
05.06.2004, SMG-04-125 (UA).

Rhodomelaceae: Digenea simplex (Wulfen) C.
Agardh  Described and illustrated by John et al, {2003,
Pp- 93-94, figure 26C, plate 6E).

Plants comprised erect palysiphonous cylindrical thalli,
15-40 mm high, axes 183 .m in diameter with few inde-
terminate branches and clathed with short determinate
laterals, The thallus has a parenchymatous cortex with
spirally arranged branchlets 0.8-2 mm long and some-
times lacking cortication. Pericentral cells 7-8, obscured
in primary axes by a cortex. This is a rare species in the
Azores and was anly found on the Formigas |slets in rock
pools in early summer (June),

Digenea simolex is known from the tropical and warm
temperate Atlantic Ocean (the Canaries, West Africa,
Cape Verde Islands, Brazil, Bermuda, Caribbean Sea),
Mediterranean Sea, Indian and Pacific Qceans,

Specimens examined: Azores: Formigas Islets, Ponta
Morte, 05.08,1990, FOR-90-46 (UA) Formigas Islets,
Ponta Oeste, 06.05,1990, FOR-80-104 (UA); Formigas
Islets, Baia Este, 08.06,1990, FOR-90-180 (UA).

Laurencia microcladia Kitzing Described and illus-
trated by Furnari et al. (2001, pp. 353-358, figures
J35=39).

Erect, sparingly branched plants 15-45 mm high are
pyramidal in shape and arise from a stoloniferous base,
Branches are 0.5-1 mm wide, cylindrical to slightly com-
pressed. The ultimate branchiets are truncate, slightly
narrower than ather branches and with blunt apices. The
thallus is composed of 2-3 layers of small cortical calls
{26230 to 3136 pm in surface view) sumounding larger
medullary cells that measure B1x133 wm; the cortical
cells have secondary pit connections and the medullary
cells have lenticular thickenings. The species was recard-
ed once in late spring at lower sulittoral levels,

Laurencia microcfadia is known in the Macaronesian
region of the Atlantic Ocean (Madeira to Cape Verde
Islands), also West Africa, Brazil, Bermuda, and the Car-
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ibbean Sea, Elsewhers, it occurs in the Mediterranean
Sea, Southeast Asia and Samoa in the Pacific Ocean.

Specimen examined: Azores: Santa Maria, Baia de 580
Lourango, 06.08.2005, SMA-05-48 [LIA).

Confirmed records

Chlorophyta, Bryopsidophyceae, Bryopsidales, Cau-
lerpaceae: Caulerpa  webbiana Montagne De-
scribed and fllustrated by Littler and Littler (2000, pp.
37B=379); Afonso-Carillo and Sanson (2000, p. 134).
Caulerpa webbiana grows at infralittoral levels to 10 m
depth in Horta Harbor and the nearby Monte de Guia
caldeira on the island of Faial. For distributional infor-
maticn, see Guiry and Guiry (2008).

Specimans examined: Azores: Faial, Horta Harbor -
Fonte dos Radares, 10.10.2002, BMOOO304908 (BM);
Faial, Horta Harbor - Ponta da Doca, 09.02.2008,
ERMO00804900 (BM).

Rhodophyta, Florideophycideae, Gigartinales, Phyllo-
phoraceae: Ahnfeltiopsis devoniensis (Greville) Silva
et DeCew  Described and illustrated by Cabioc’n et al.
(2008, p. 144, figure 119); Maggs et al. (1982, pp.
214-232, figures 5-57), The species grows on rocks at
lower eulittoral and sublittoral fringe levels as oocasional
tufts. For distributional information, see Guiry and Guiry
{2008).

Specimens examined: Azores: Graciosa, Fenals,
08072006, GRW-08-760 (UA); Sao Miguel, Populo,
10.06,1989, SMGE-BS-DE (UA), S&o Miguel, Populo,
10.06.19849, SMG-89-24 (UA); S8o0 Miguel, 380 Rogue,
15091999, BMOOOTE9428 (BM); 580 Miguel, Sio
Vicente, 21.07.1997, SMG-97-244; 380 Miguel, \Vila
Franca, 22.07.1297, SMG-97-203; S8c Miguel, Sao
Rogque, 29.05.2003, SMG-03-130 (UA).

Ceramiales, Ceramiaceae: Halurus flosculosus [J.
Ellis) Maggs ef Hommersand Described and illus-
trated by Maggs and Hommersand (1883, pp. 175178,
figure 57); Cabioc'h et al. (2006, p. 113, figure 69). Halu-
rus flosculosus grew on shaded rocks and in pools. Far
distributional information, see Guiry and Guiry (2008).

Specimens examined: Azores: Graciosa, Fenais,
29.06.2008, GAW-06-738 (UA): Graciosa, Porto Afonso,
07.07.2008, GRW-05-738 (UA); Sao0 Miguel, Mosteiros,
05.06.2004, SMG-04-130 (UA), S2c Miguel, Maig,
09.03.2005, SMG-05-77 (UA). These confirm a record
from Flores in 1995 (Tittley et al., 1998) not vouchead by
SPECIMEens.

Delesseriaceas: Drachiella minuta (Kylin) Magas et
Hommersand Described and illustrated by Kylin
(1924, p. 56, figure 44&); Maggs and Hommarsand (1883,
pp. 236-238, figure T4). Plants grew at low eulittoral lev-
els epiphytic on larger algae and epilithic. For distribu-
tignal information, ses Guiry and Guiry (2008).

Specimens examined: Azores: S83o Miguel, Caloura,
05.02.2003, SMG-03-10 (UA) S8c Migusl, Caloura,
25.02.2003, SMGE-03-48 (UA); S2c Migusl, S&o Antonio,
21.03.2002, SMG-02-119 {UA). These confirm a record
by Ardré et al. (1973) for which voucher specimens are
not available.

Rhodomelaceae: Erythrocystis montagnei (Derbés et
Solier) P.C. Silva Described and illustrated by De
Masi and Gargiulo (1982, pp. 113=117, figures 1-5);
Jahn et al. (2003, p. 94). Not uncommonly hemiparasitic
an Osmundes, Chondrophyous and Laurencia spp. at
I eulittoral levels. For distributional information, see
Guiry and Guiry (2008),

Specimens examined: Azores: Graciosa, Santa Cruz,
21.06,2006, GRW-08-13 (UA);, Graciosa, Saoc Mateus
{Praia), 13.06.2004, GRW-04-142 (UA); Graciosa, Baia
das Calderinhas, 04.07.2008, GRW-06-655 (UA); S0
Miguel, Mosteiros, 05.06.2004, SMG-04-126 (UA); Santa
Maria, Emissoras, 20.086.2005, SMA-05-183 [UA); Santa
Maria, lIhéu da Vila, 28.06.2005, SMA-05-211 [UA).

Excluded species

The filamentous red alga and obligate epiphyte on Asco-
phvllum nodosum, Palysiphonis lancss (Linnasus) Tandy,
has been incorrectly referred to the Azores (John 1874,
Meto 1994), although drift A, nodosum ooours commoenly,
The non-native brown alga Colpomenia peregrinag Sau-
vageau introduced to Eurcpean waters in the early 20th
century has also not been confirmed for the Azores and
Colpomenia sinuoss (Endlicher) Derbés st Solier (distin-
guished by a different shape of the sporangial sori) is
loeally commaon; the C. peregrina records are probably
misidentifications. Therg is alzo no evidence that the
green alge Cledophora rupestris (Linnaeus) Kiitzing
ocours in the Azores and previous recards unconfirmed
by specimens are probably Gladophora prolifera (Roth)
Kitzing that is widespread and commaon (of. Neto et al.
2006). Al bullate forms of Codium have proved to be
Codium efisabethiae 0.C. Schmidt (cf. Meto et al. 2008);
records of the superficially similar Codiurm bursa are
probably misidentifications.

Discussion and conclusion

The new records and confirmations comprise 12 Rhodo-
phyceae, 3 Phasophyceas, 2 Bryopsidophyceas, and 1
Ulvophyceas, continuing the predominance of Rhodo-
phyceae in the flora as elsewhere in Macaronesia. The
determination of Phyllophora gelidicides is provisional as
the species is poorly known in Macaronasia. The strong
warm-waler floristic and ecelogical affinity with the algal
fiora of the nearer Macaronesian islands (cf. Tittley and
Meto 2006) iz supported by the new records discussed
here and also by a new species describad from the
Azores and other Macaronesian islands, Bofrvociagia
macaranesica Afonso-Carrillo, Sobrino, Tittley et Neto
iAfonso-Carrillo et al, 2008),

Of the 13 species recorded new to the Azores and the
4 confirmed, 7 show extensions in distributional range.
The discovery of Codium fapionl, Digenta simplax,
Gelidiopsis intricata, Gelidium  tinerfensis, Laurencia
microciadia, Pspenfussiells kuromo, and Phpllophora
gelidinides in the Azores extends northward their distri-
butional ranges in the hMacaronesian region and the
Atlantic Ocean. The record of Eupogodon planus repra-
sents a western extension in its distributional range. The
Azores records of other species (Cladophora peliucida,
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Erythrocystis montagnel, Halurus eguisetifolivs, Halurus
floscwiosus, Monosporus pediceliaius, and Myriaciula
rivilariag) are within their distributional ranges.

The species considerad in this study show three main
glabal distribution patterns; none are endemic to the
Azores, The distributions of Ahnfeltiopsis devoriensis,
Ascophylivm nodosum, Drachiella minuta, Erythrocystis
montagnel, Gelidieila finerfensiz, Halurus equizelifolus,
Halurus flosculosus, Myractula rvulanae, Monosporus
pedicaflafus, and Fhyllophora gelidiaides are mostly
restricted to the Atlantic Ocean and Mediterranean Sea.
Of thase, Gelidiella tinerfensis and Phyifophora geli-
dinices are known only from Macaronesia. Caulerpa
webbiana, Cladophora pellucida, Codivm tayior, Digenea
simplex, Eupogodon planus, Gelidiopsis intricata, and
Laurencia microciadia are more widespread and many
ocour in the Atlantic, Indian, and Pacific Oceans. Fapen-
fussialla kuramo has a disjunct distribution (Macaronesia
and Japan).

Cardigos et al. (2008) reported the cccurrence of the
pan-tropical Cawlerpa webbiana on Faial in 2002 and it
i likely that its appearance there was relatively recent
(cf. Tittley and Meto 1994). Cardigos at al. (200&) sug-
gested that its appearance in Horta harber may have
involved an anthropogenic vector, although its presence
on Madeira and in the Canary Islands suggests the pos-
sinility of natural dispersal to Faial. The tropical Halimeda
tuna (J. Ellis et Solander) JV. Lamouroux was recorded
by Fralick and Hehre (1990) ance in the 19805 in 2 tide
pool on the island of Flores in the Azores, but has not
been found since then and may have been a natural
ephemeral ccourrence since it oocurs in the Canary Isles.
Unlike H. tuna and like Cawlerpa species elsewhera, C.
webbiang has become a permanent component of the
local flora; its native or non-native status remzins
uneertain,

The record of Ascophylium nodasurm on Graciosa con-
firmed the surmise by Baardseth (1970} that it graw
attached in the Arares, Ascophwlium acours only in the
Morth Atlantic Ocean, northward to the Arctic region and
southward to narthern Portugal {Ardre 1970} and to Dala-
ware (Humm 1979 where it is common. Schneider and
Searles {1981) found it in North Carclina just north of
Cape Hatteras where it aocourraed rarely as typical plants
and also as a form that resembled the ecad mackaw
(Murner) Helmes et Batters. Further south, A, nodasum
has baen reported only as drift from Madeira (Meto et al.
2001), the Canary Islands (Haroun et al. 2001), south of
the eguator {John 1974), Bermuda, the Sargasso Sea
iHumm 1879), Venezuela and Brazil north of the equatar
(dohn 1874). Orift material has also been found in the
Pacific Ocean {San Francisco Bay) probably derived from
discarded seafood packing and a population of ecad
mackayi became established theres; it was subseguently
eradicated (Miller et al. 2004), In July 2004, A, nodosum
was collected attached in the Azores for the first time at
Porto Afonso on the island of Graciosa at mid-aulittaral
levels, in a deep sheltered cleft between large boulders
on a moderately wave-exposed shore, A reinvestigation
of the site in July 2006 failed to re-locate the population.

The small Morth Carclina population of typical Asco-
phyllum nogasum at latitude 35.5° N is south of its south-

ern lirmit in northern Portugal at 41.75° N and the Azores
gt 39° M. The mean summer surface sea temperatures at
these locations are 25°C, 16°C, and 20°C, respectively
(Morten et al, 1388), A, nodosum has a wide temperature
talerance of 0°C-28°C with optimal growth at arcund
15°C (Lining 1930). The Azores mean annual tempera-
ture range of 13°C-20°C is within the temperature tol-
arance of Ascophylum and close to the optimum growth
temperatura, |ts absence in the Azores is unlikely to be
caused by temperature but by factors, such as wave-
exposure, grazing, and propagule input. The shelterad
habitat requirements for variety mackay are absent in the
Azores. The origin of drift A. nodosum in the Azores is
uncertain. Drift material of 4. nodosum reaching the
Azores often has fertile male and female conceptacles,
and thus there is the possibilty of sexual reproduction
and the formation of a small population. Tittley (1988)
and Bartsch and Kuhlenkamp (2000) showed its suc-
cessful spread over short distances in the southern Marth
Sea, including the island of Helgoland 60 km from the
continental mainiand fallowing the creation of suitable
habitats and probably involving drift material which is
common there, Ascophyiium grows on the isolated Farae
islands 350 km from Scotland and 450 km from lceland
wheres it is also present (Tittley et al. 2005).

Feference to Gymnogangrus crenuiaius by Schmidt
11931 may have been Ahnfeltiopsis devoniansis as cysto-
carps are referred to rather than carpotetrasporangia.
The two species were racorded as occupying similar
habitats in the Azores and the species wera not always
recognized as separate entitizs (of. Dikon and Irvine
1977). The Azores ocourrence is within the overall distri-
butional range of A. devoniensis.

The present study raises questions as to the dispersal
of species 1o the mid Atlantic Azores archipelago; it sug-
gests natural and anthropogenic vectors involving pro-
pagule spread, rafting, and perhaps ship fouling. Qur
records show a considerable natural ephemeral compo-
nent of the flora, as some of the species discussed have
been found on a single occasion only. The current total
of spacies racorded from the Azores stands at 54 Chla-
rophyta, 72 Ochrophyta (Phasophyceag), and 243 Rhao-
dophyta, 368 in total, and will increase with future
taxonomic and floristic studies.

Acknowledgements

e Matural History Mussum, London is acknowladged for finan-
cial support far studies in the fiald, This work was also partially
funded by CIRN-Centro de Invastinacio de Recursas Maturais,
Fundacio para a Cléncia e a Tecnolegia. Marlane Terra and
Ruben Couwto (UA) are thanked for their help in the fiald and
laboratory. Frederico Cardigos Direccdo Regional do Ambdente,
Haorta, Faial, is thanked for information on Caulorpa webblana
and for voucher specimeans.

References

Afonsc-Carrilla, J. and M. Sansdan. 2000, Algas, hongos v fanend-
gamas mannas de las lslas Canaras. Clava analitica. Edi-




I Tittley el al.: Marine algal flora of the Azores: additions and amendments 3 13

fion 2. Servicia de Publicaciones Universidad de Iz Laguna,
La Laguna. pp. 254,

Adonzo-Carrille, J., C. Rodriquaz-Prieta, F Boisset, C. Sabring,
I Tittley and Al Meto. 2004, Botrrockadia chigieana and
Botryocladia macaranesice sp. nov. (Rhodymeniaceas, Rho-
dophyta) from the Mediterranean and eastern Atlantic, with
a discussion on the closaly related genus nvinea, Fhycologia
451 277T-282.

Ardre, F 1970, Contribution a 'etude des algues marines da
Portugal. |. La Flore. Acta Biol. Portugaliae 8. 10: 137555,

Ardra, ., C.-F. Boudourasgus and J. Cehioc'h, 1973, Mate pré-
lirninaire sur la mission “BioAgores" du MO, Jean Charcot
{Algolagie). Bull. Soc. Phyeol, France 18: 30-32,

Baardseth, E. 1970, Synopsis of biological data an the knobbed
wrack Ascophylium nodosum (Linnaeus) Le Jolis, FAQ Fish-
eries Syropsis No. 38 Aew. T: v, T:7-9: 8,

Barisch, | and R. Kuhlenkamp. 2000, The macroalgas of Hel-
goland [Morth Sea) an annotated list of records between
1845 and 1999, Helgs!, Mar Res. 54; 180-189,

Brodia, J., C.A. Maggs and DM, John. 2007, Green seaweeds
of Bratain and Irefand. Britizh Phycological Sociaty, Dunmurmy.
PR, 242,

Cabioc'h, J., J.-F. Fles'h, A La Teguin, C.-F. Boudourasgua, A
Meinesz and M. Verlague, 2006, Guide des algues dos mers
o' Eurnpe, Editicn 2, Delaqhau;ﬂ and Miestle, Paris. pp. 272,

Cardigos, F, F Tempera, 3. Avila, J. Gongalves, A, Colage and
R.5. Santoz. 2006, Mon-indigenous marne species of the
FAzores, Helgol, Mar, Res. &3 180-168.

Da Masi, F. and G.0M. Gargiule, 1382, Observations & propos de
la blologie de Eryifrocystls montagrel (Derb. et Sol) Silva
(Bhodophyta). Aliania 250 113-117.

de Jong, Y.5.0.M., W.F. Prud’homme van Reine and G.M. Lok-
horst. 1987, Studias on Dasyaceas |, A revision of the ganera
Eupagadon and Dipterociadia gen. nov, (Ceramiales, Ahodo-
phyta). Bot. Mar 400 421-450.

Dion, RS, and LM, Irvine, 1977, Seawssds of the British isles,
Volurne 1. Bhodophyta, Part 1. introduction, Nemaliales,
Gigartinatas. British Museumn (Matural Histary), Londan. pp.
¥, 251.

Feldmann, .J. 1937, Les alguss marines de |3 cote des Alberes,
I=lll. Cyanaphyedas, Chloraphycéas, Phadophyedes. RAet
Aigal, 9: 141-333, plates 8-17.

Flatcher, R.L. 1987, Seawseds of the Britizh isies. Volume 3.
Fucophvoass (Phasophiyceas). Part 1. Brtish  Musaum
[Matural History), London. pp. x, 359.

Fralick, R.A. and E.J. Hehre, 1980, Observations on the marine
flora of the Azores Il An annotated chacklist of the Chlaro-
phwta from the Azores, Arguipélage, Life Earth Sci. 8: 11-17.

Furnari, G., M. Gormaci and D. Seric, 2007, The Laurencia com-
plax (Fhodophyta, Rhodomalaceas) in the Mediterranean
Sea: an overview. Cryptogam. Algol. 22: 331-374.

Guiry, .0, and G.M Guiry 2008, AlgseSase, World-wide alsc-
rronic publication, National University of Ireland, Galway.
http/fwwew.algaebase.org. Accessed January 2008,

Haroun, A.J., C. Gil-Rodriguez, J, Diaz de Castra and W.F. Pru-
d'hamme van Reine. 2001, A& checklist of the marine plants
from the Canary Islands, Bot Mdar 45 139-1649.

Humm, H.J, 1979, Manne algae of Virginia. Special papers in
maring science no. 3, Virginia Institute of Manne Scienca,
Gloucestar Point. University Press Virginia, Charlotteville, Wa.
PR, wiill, 263,

[Magaki, K.1. 1288, A systematic study of the order Chordarialas
from Japan and its vicinity. 5ol Pap. lnst. Algal. Res., Fac.
Science, Hokkaida imp, Univ 4; B7-197,

Jakin, DML 1874, New records of Ascopfifium nedosurn (L) Le
Jal, from the warmer parts of the Atlantic Ccean. J. Phyoall
Tz 343-244,

Jahm, DAL, GW. Lawson and G.K. Ameka. 2003, The marnnsa
macroalgas of the wopical West Africa subregion, Nove Hed-
wigiz Beif. 125 1-V, 1-217,

Karsakoff, M. 1856, Sur deux Floridées nouwvelles pour |2 flore
des Canaries. Ann. Sc. MNal, ([Bot) Ser. 8, 4: 281-291.

Kylin, H. 1924, Studien Ober die Delessenacesn, Acta Univ Lun-
dansts, Ny Fdjd Aval 2, 20 1=111.

Littler, D.5. and M.M, Littler, 2000, Carbbean reef plants. Off-
Shore Graphics, Inc.. Washington, DC. pp. 542,

Lining, K. 1990, Sesweeds; fhefr environment, Diogeogranhy,
and ecaphysiofogy John Witey and Sons, New York, pp. vii,
527.

Maggs, C.A and MH., Hommersand. 1993, Seaweseds of the
Brinsh isies, Volumea 1, Rhadophyta, Fart 34, Ceramigies. The
Matural History Mussum, Landon. pp. ww, dd4,

Magegs, C.A., SE. Douglas, J. Fensety and C.J. Bird. 1992, A
molecular and morphological analysis of the Gymnogongrus
devonignsis (Rhodophyta) complax in the Morh Atlantic, J
Phyeal 28 214-232.

fartin, M.J., M. Sanscn and J. Reyes, 19526, Morphology and
anatomy of Papenfussislis kuromo [Ghordariacess, Phaso-
phivta) from the Canery lslands, Cryplogeam. Algal, 17
185=173.

Miller, AN, AL Chang, M. Consentino-Manning and G.M. Ruiz.
2004, A new rmcord and eradization of the nodhem Atlantic
alga Ascophwlum nodosum Phasophyoeae) from San Fran-
cisco Bay, Califomia, USA, J Phycol, 40: 1028-1031.

Mortan, B., J.G. Britton and A8, de Frias Martins, 1998, Coastal
accology of the Azores. Socledada Afonso Chaves, Ponta Del-
gada. pp. viii, 249,

Mata, Al 1984, Checklist of the benthic marine macroalgas of
the Azores. Amgulpdlage Ufe Marne Sci. 124: 15-34.

Mete, Al D.C Crave and R.J. Haroun, 2007, Checklist of the
benthic marine plants of the Madsiran Archipelago. Bot Marn
s 381 =414,

Meto, A, | Tittley and BM. Raposeire. 2006, Flora mannha do
littoral dos Agores Rocky shore maring fiora of the Azores,
Secrataria Hegional do ambiente e do Mar, Horta, pp. 158,

Maorris, R.E. 19687, The systematic position of Gelialopsis and
Cerstadictyen {Gigariinales, Rhodophyceas), genera naw fo
South Africa. S, AL J. Bof. 53:; 239-2486.

Parente, ML, Al Meto, R.L. Flatcher, M.C. Gil-Rodriguaz and
R.T. Haroun. 2006, Morphological studies of Hapalospangi-
dion macrocarpum and NMemoderma dnoitana (Phaeaphy-
caze) from the Selvagenz lslands (Madeira archigelago).
Arquipgiago Life Marine Sail 23A: 19-26.

Schmidt, O.C, 1337, Die marine Vegatation der Azaren i thren
Grundzigan dargestellt. Bibd, Bot. 24: ix, 1=116.

Sechneider, C.\W. and R.B. Searles. 1991, Seaweeds of the south-
aaztern Unidsd Siates Cape Hatleras o Cape Canaveral
Duka University Press, Durham, NC and Longon. pp. xiv,
353.

Segane-Camba, J. 1977, Sur une nouvells aspéce de Gelidiala
treuvida adx lles Canaries: Geldialla tnerfensis nov. sp. Bull,
Soc. Fhyool, France 22; 127-134,

Silva, RO, 1880, Codiurn (Chloraphyta) of the tropical westermn
Allantic. Nowva Hedeigia T: 487-536, plates 107-123.

South, G.R. and |, Tittley, 1986. A chectlist and distributional
index of the benthic manne algaa of the North Attantic Coean.
Huntzman Marine Laboratory and British hMuzeum (Matural
History), 5t Andrews and Londan, pp. 76.

Tittley, 1. 1986, Seawaed communitias of the arificial coastling
ol south eastern England 2. Open-sea shores. Trans, Kent
Figld Club T0: 55-67.

Titthey, 1. and Al Meta. 1854, "Expedition Azores 19887 Banthic
marine algae (seaweeds) recorded from Faial and Pico.
Arquipglago Life Marne Sci, 124: 1-13.

Tittley, 1. and AL Mate, 2005, The marine algal (ssawaed) flora
of the Azcres: additions and amendments. Sot. iar 48
248-255.,

Tittley, 1. and Al Meto. 2008. The marine algal flara af the
Azores: island isolstion or Atlantic stepping stones? Occas.
Pubd, Irish Biogeogr, Soc. 9; 40-54,




14 |, Tittley et al: Marine algal flors of the Azores: additions and amandments 3

Tittiey, 1., &1 Meto and W.F Farnham. 1995 Marirme algas of the
wsland of Flores, Azores: ecology and floristics. Bol. Mus.
Nduric, Funchal Sugpl. §: 463-479.

Tittlay, 1., R. Niglsan and . Gunnarsson. 2005, Relationships of
algal floras in Morth Atlantic islands llcaland, the Farcas, tha
Shetlands, the Orkneys), Ann. Sec. Sci. Fareansis Suopl, 47
33-52.

van den Hoek, ©. 1963, Revision of the European Species of
Cladophara, E.J. Biill, Lalden. pp. vil, 248, 55 platas.

Recaived 10 June, 2008; accepted 10 October, 2008

} PR




