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Turbinaria foliosa sp. nov. (Fucales, Phaeophyceae) from the
Sultanate of Oman, with a census of currently recognized

species in the genus Turbinaria
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SUMMARY

Turbinaria foliosa sp. nov. is described on the basis of
several collections made from Dhofar, Sultanate of
Oman. The new species is known only from southern
Oman, a region of the northern Arabian Sea that is
strongly impacted by the upwelling from the summer-
time monsoon. It is distinguished from other species of
the genus by the shape of the leaves and by their loose,
non-congested arrangement. Air vesicles, embedded in
the leaves, may be present, but more often are absent.
A census of the currently recognized species in the
genus Turbinaria is provided. Reference is made to
Sargassum turbinarioides and Sargassum turbinati-
folium. These species possess discrete blades and
spherical vesicles and thus conform to Sargassum.

Key words: brown algae, Fucales, marine algae, new
species, Omani flora, taxonomy, Turbinaria, Turbinaria
foliosa.

INTRODUCTION

In recent years, the benthic marine algal flora of the
southern coast of the Sultanate of Oman, northern
Arabian Sea, has been receiving greater attention. The
publication of a number of newly described taxa and
new records for this region has resulted (Nizamuddin
and Campbell 1995; Wynne 1998, 1999a,b, 2000,
2001a,b, 2002; Wynne and Jupp 1998; Wynne and
Leliaert 2001; Wynne and de Jong 2002).

Turbinaria is characterized as having radially
branched, monopodially developed axes, bearing leaves,
or ‘laterals’ that have the form of firm, more or less
peltate or turbinate structures (Fritsch 1959). The
habit of most species is a stiff, compact, cone-like
aspect. Typically, these ‘leaf-vesicles’ are stipitate,
turbinate or obpyramidal, and crowned with a peltate
lamina (Harvey 1860). In all of the currently known
species of Turbinaria, the lateral is terminated by a
more or less triangular or rectangular, flat or concave
outer face, with possibly one or two edges of teeth,
depending on the species. The proximal part of the leaf
is terete in most species, but is ridged or winged in

some species. Leaves in most species of Turbinaria have
an air vesicle embedded within the peltate enlargement.
Thalli are usually attached by a well-developed system of
spreading hapterous branches emanating from the main
axes. Short, densely branched receptacles arise on the
upper sides of the stalks of the leaves.

The only two previous records of Turbinaria from
Oman are for two formae of Turbinaria ornata (Turner)
J. Agardh, namely, f. ecoronata W. R. Taylor (Wynne
and Jupp 1998) and f. evesculosa (E. S. Barton) W. R.
Taylor (Wynne 2001a). Several collections of a distinc-
tive Turbinaria were made at the end of the monsoon
seasons of 2000 and 2001, both as attached and as
drift specimens. This alga is described herein as
Turbinaria foliosa sp. nov.

MATERIALS AND METHODS

The specimens were gathered by SCUBA diving as well
as by shore-collecting, both attached in shallow water
and as drift material. Approximately 50 erect speci-
mens were examined in this study. Most of the collec-
tions were processed as herbarium specimens the
same day; smaller amounts were preserved in 5%
formalin in seawater. Specimens were deposited in the
Natural History Museum, London (BM), the Herbarium
of the University of Michigan (MICH), and the Natural
History Museum of Oman, Muscat (ON). Additional
pressed specimens were deposited in other herbaria as
cited. Photocopies of the typus of Sargassum turbinar-
ioides Grunow and accompanying protologue material
in the Naturhistorisches Museum Wien (W) were exam-
ined. Herbarium abbreviations are according to Holm-
gren et al. (1990).

RESULTS

The plants of T. foliosa sp. nov. are dark brown and
usually 6-15 cm in height, sometimes to 25 cm tall.
Erect axes (Fig. 1) tend to be simple, percurrent,
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bearing leaves solitary or in clusters (on short
branches), loosely spaced along the length of the main
axis. Some plants have lateral branches in the lower
half of the main axes, these branches bearing three to
eight leaves. Main axes are 3-4 mm in diameter. The
erect axes are attached by a holdfast consisting of a
loosely organized mass of hapterous axes arising from
the lower 1-3 cm of the main axis. These haptera are
1 mm in diameter and are irregularly branched, the
branch tips attaching to the rock substratum. The
individual leaves (Figs 2,3) are firm in texture,
23-26 mm long and 20-25 mm wide when fully
expanded, winged close to the base, flattened, with
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Fig. 1. Turbinaria foliosa. 1. Holo-
type (coll. 09092001-04-02).
Liquid-preserved specimens prior
to being pressed.

dentate margins, with the abaxial surface of the leaf
often retroflexed. Leaves have a projection on their
adaxial surface (Figs 4-9). The extent of the develop-
ment of this projection is variable. Sometimes (in
younger plants) the projection is merely a ‘flap’ of
tissue extending outward (Figs 13-17). In more mature
plants, leaves have a well-developed projection that
extends perpendicularly from the adaxial surface of the
leaf. The outer edges of this projection are rounded or
angular, the margins being serrate (Figs 5-9). One
edge of the rim of the projection is confluent with the
distal edge of the leaf (Fig. 12). Sections of the
projections reveal them to range from solid to hollow.
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Figs 2, 3. Turbinaria foliosa. Close-up views of leaves of Holotype.

In some, the hollow region is very small (Figs 18,19),
and in others, there is a more obvious air vesicle
embedded in the projection (Figs 10,11). Receptacles
were not present.

Diagnosis
Turbinaria foliosa M. J. Wynne sp. nov.

Plantae atrofuscae, plerumque 6-15cm altae, inter-
dum 25 cm altae, caules subsimplices et percurrentes,
interdum ramis lateralibus in dimidio inferiore axis
principalis; axes principales 3-4 mm in diametro, per
hapteron laxe ramos dispositos affixi, 1 mm in diam. et
irregulariter ramosos; folia singulatim vel in collectione
(in ramis brevibus) laxa secus longitudinem axis princi-
palis portata; singula folia firma, 23-26 mm longa et
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20-25 mm lata ubi plene expansa, prope basem alata,
complanata, marginibus dentatis, pagina abaxiali folii
retroflexa; folia interdum pneumatocysta inclusa, in
parte distali paginae adaxalis; receptacula adsunt.

Plants dark brown, usually 6-15 cm tall, at times to
25 cm tall, axes subsimple and percurrent, sometimes
with lateral branches in the lower half of the principal
axis; principal axes 3-4 mm in diameter, attached by a
holdfast with loosely arranged branches, 1 mm in
diameter and irregularly branched; leaves borne singly
or in clusters (on short branches), loosely spaced along
the length of the main axis; individual leaves firm,
23-26 mm long and 20-25 mm wide when fully
expanded, winged close to the base, flattened, with
dentate margins, with the abaxial surface of the leaf
often retroflexed; receptacles absent.

Holotypus: Sultanate of Oman. Western side of Wadi
Zeid (Hoon’s Bay) 16.944967°N, 54.80402°E, east
of Mirbat, Dhofar: 9.ix.2001, leg. G. Richards and
M. Wynne 09092001-04-02, attached to boulders at
3-5-m depth and in drift. Deposited in MICH.

Isotypes: deposited in BM, GENT, ON, PC, and US.

Etymology: ‘foliosa’ alludes to the broadly foliose
appearance of the leaves rather than the more common
modified turbinate or peltate appearance in other
species of the genus.

Additional collections. Type locality: 10.ix.2000,
leg. G. Richards and M. Wynne 10092000-03-21,
attached at 3-5-m depth and in drift (BM, MICH, ON).
Exposed shoreline between Hino and western side of
Wadi Zeid (= Hoon's Bay) (16.953817°N, 54.780350°E),
east of Mirbat, Dhofar: 28.ix.2001, leg. G. Richards
and M. Wynne 28092001-25-02, attached, shallow
water. Deposited in BM, MICH, ON, and US.

Ecology: The shoreline with the only two collection
sites of the new Turbinaria is subjected to heavy surf
exposure during the summertime monsoon. Hoon's Bay
(the type locality) is a sheltered cove, but still experi-
ences great swells. These plants, reaching 25 cm in
height, were growing attached at 3-5 m and were also
found cast up. A noteworthy feature of the ecology of
T. foliosa is that the plants occur in very localized
patches, colonizing openings in a ‘canopy’ of other,
larger and more dense, brown algae such as Nizamud-
dinia zanardinii (Schiffner) P. C. Silva. At times plants
were growing on the tops of boulders, elevated above
the seabed, possibly a vantage point above the shading
from other algae.The second site, between Hoon’s Bay
and the town of Hino, is a very rocky, wave-battered
stretch of coastline, and here the plants were growing
in very shallow tide pools, almost exposed. These
plants were only 12-14 cm in height. This size differ-
ence is pointed out, despite the collections being made
in the same month, the smaller stature apparently
being correlated with the more exposed conditions of
this site.
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Figs 4-11. Turbinaria foliosa. 4. Side-view of leaf. 5-9. Adaxial and abaxial views of leaves, some with air vesicles. 10. Cut-open leaf
with air vesicle. 11. Half of a cut-open leaf. Holotype.
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Figs 12-19. Turbinaria foliosa. 12. Cluster of leaves showing the position of the inflated projection. 13-16. Various leaves with minimally
developed projections. 17. Abaxial view of leaf. 18. Side-view of same leaf in 17, but now cut open. 19. Side-view of a different cut-open
leaf. 12-16: coll. 10092000-03-21; 17-19: coll. 28092001-25-02.
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DISCUSSION

Lamouroux (1825) is credited with validating the
genus Turbinaria, when he recognized several Sections
in his earlier treatment (Lamouroux 1813) of Fucus at
the generic rank. The second Section of Fucus was
delineated as Turbinaria and distinguished as having
leaves that were ‘turbinées et vésiculeuses’ (turbinate
and vesiculose). The only named species included in
the second Section of Fucus was Fucus turbinatus
Linnaeus. Although Turbinaria is a widespread tropical
genus, it is relatively species-poor in comparison with
the closely related genus Sargassum, which contains
‘nearly 500 described species’ distributed in temper-
ate and tropical regions (Yoshida 1983, 1989). Some
17 species are currently assigned to Turbinaria (see
Appendix 1). Roughly half of these species have fairly
broad distributions in tropical waters, but the other half
have quite restricted regional distributions. The habit
of T. foliosa differs from the great majority of species in
the genus, which is that of an erect axis attached to the
substratum, with a densely branched hapterous system
and with compactly arranged leaves giving a conical
appearance, for example, the species depicted by
Jaasund (1976). There is some evidence that the
growth form is correlated with the habitat. According
to Tsuda (1972), two growth forms of T. ornata are
present in Guam. A turgid, unbranched or sparingly
branched form reaching only up to 10 cm in height and
with relatively large leaves (10-15mm wide) is
restricted to the exposed reef margins, whereas a
looser, profusely branched form reaching up to 40 cm
in height and with relatively smaller leaves (7-10 mm
wide) is restricted to the protected inner reef flats.
Another species with a relatively loose, open habit is
Turbinaria parvifolia (Tseng and Lu 2000, pl. I,
fig. 1), but the leaves in that species are quite small
and have a definite turbinate shape. Other workers
have demonstrated the effect of the environment on
morphology and reproductive status. In a study of
T. ornata in French Polynesia, Payri (1984) observed
that specimens in a more exposed site had decreased
branching, smaller overall size, less individual weight,
but larger holdfasts than specimens in sheltered and
moderately exposed sites. The dwarfed (exposed)
plants became reproductive earlier. In the reefs of
Tahiti, T. ornata showed invasive characteristics, its
broad morphological variability correlated with its high
ecological tolerance (Stiger and Payri 1999). Wave
action controlled both its thallus and phenological
plasticity, greater exposure on the reef resulting in
thallus size reduction and reproductive enhancement.
Barton (1891) thought that the leaf was ‘reduced to
its simplest form’ in Turbinaria murrayana and Turbi-
naria tricostata, two species that lacked vesicles, but
had a leaf terminating in a shield or disc supported by
a petiole, thus, a leaf with a peltate appearance. The
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leaves in other species were complicated by the addi-
tion of a vesicle, or the petiole was ridged or winged in
some species. Turbinaria foliosa appears to be conserva-
tive in the sense that its leaves are the least turbinate
or peltate in the genus. The shape of the leaf in the
new species is the feature that distinguishes it from
other species in the genus. In the morphological range
of the leaves in T. foliosa, one can envision a series
leading from a flat, foliose leaf toward the turbinate
leaf shape that characterizes most Turbinaria species.
One can also see in T. foliosa a gradation in the
development of the air vesicle, with solid projections to
projections with a minimal air space, to projections
with a conspicuous air vesicle.

A ‘Turbinaria sp.’ was described from Palau Islands
(Western Caroline Islands) by Ajisaka and Kilar (1990)
as co-occurring with T. ornata. The hemi-peltate blades
of Turbinaria sp. were what distinguished it from other
species in the genus. Vesicles were usually absent, but,
when present, were located on the basal parts of
marginal blades. Their plants were fertile; the race-
mose receptacles were attached to the upper sides of
the blade stalks. Ajisaka and Kilar (1990) noted some
similarity between the ‘ordinal blades’ of Turbinaria sp.
to the cauline blades of T. ornata. It was uncertain
whether these two entities represented distinct species
or not. In regard to the Omani situation, T. foliosa was
growing without any other Turbinaria at its two collec-
tion sites. Turbinaria ornata f. ecoronata was reported
from Muscat, the Gulf of Oman (Wynne and Jupp
1998), and T. ornataf. evisculosa was reported from Al
Hallaniyah Island off the Dhofar coast (Wynne 2001a).

The new species appears to be most closely related to
Turbinaria triquetra (J. Agardh) J. Agardh in Kitzing and
Turbinaria papenfussii W. R. Taylor (Taylor 1964), both
species with distributions restricted to the Red Sea. The
leaves in those two species are strongly alate, but their
leaves are triquetrous and strongly turbinate, unlike the
more foliose nature of the leaves in T. foliosa.

Some species of Sargassum have leaves with dupli-
cated margins such that they form distal pockets or
cups. The distal leaf margins are cup-shaped in Sar-
gassum duplicatum Bory and Sargassum turbinati-
folium Tseng et Lu, whereas they form two rows of
serrations in Sargassum cristaefolium C. Agardh and
Sargassum crassifolium J. Agardh (Ajisaka et al. 1997;
Trono 1997). Yet, in these species, the leaves with
duplicated margins and sometimes turbinate shapes
are separate from the vesicles. This presence of differ-
entiated leaves and vesicles is what places them in
Sargassum and not in Turbinaria. In addition, accord-
ing to Tseng and Lu (1997) S. cristaefolium,
S. crassifolium, and S. duplicatum all have discoid
holdfasts, thus different from the branching hapterous
holdfast of T. foliosa. The vesicles in S. crassifolium
range from narrowly alate to having broad wings
(phyllocystous) (Ajisaka et al. 1997).
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There are two species of Sargassum with specific
epithets that allude to Turbinaria, namely, S. turbinar-
ioides Grunow (1915) and S. turbinatifolium Tseng
and Lu (1979). In regard to S. turbinarioides, Ajisaka
et al. (1997) stated that a search for the type speci-
men in Vienna (W) ‘was unsuccessful’. They further
stated that, in their opinion, because Grunow’s original
description does ‘not clearly describe the material at
hand, we choose to use the name S. turbinatifolium.’
Thus, they treated reports of S. turbinarioides by
Pham-Hoang (1967) and by Trono (1992) as
S. turbinatifolium for the purported reason that the
continued used of the name S. turbinarioides ‘does not
contribute to stable taxonomy’. Yet, they ignored the
fact that Grunow’s description of S. turbinarioides
(Grunow 1915) is as complete as for any other species
of Sargassum that he described. But more to the point,
Dr R. Haroun was able to locate S. turbinarioides in W
and sent me photocopies of the material labeled
‘Typus’. There are three specimens bearing the eti-
quette ‘Noumea, New Caledonia, November 1884 leg.
A. Grunow’, along with Grunow’s handwritten Latin
description and his sketches of axes, leaves, vesicles
and receptacles. Grunow (1915) described the plants
to be up to 36 cm long, with crowded and spreading
branches, and leaves to be small (1 cm long, 6 mm
broad), polymorphic, strongly dentate, costate, some-
times broadly cuneate, obtuse, seminerved or nerveless
and dilated suddenly from a rather long stalk into a
broad, oblique, subinvolute, dentate blade. Vesicles
were described as spherical, 6 mm in diameter, awnless
or crowned with a small subfoliaceous apiculum, borne
on a flat petiole, whereas receptacles were androgy-
nous, subfastigiate-paniculate or subcymose, spinulose.
Tseng and Lu (1979, 1999) described plants of their
S. turbinatifolium to be 35-40cm tall, the axes
bearing small but rigid turbinate leaves (8-10 mm
long, 5-8 mm wide), with strongly conduplicate upper
parts with sharp teeth. Vesicles were said to be
spherical, 4-5 mm in diameter and winged, and recep-
tacles were androgynous and ancipitate. Although the
many shared characteristics of S. turbinarioides and
S. turbinatifolium are obvious, both of these species
belong to Sargassum in that the spherical vesicles and
the leaves are discrete entities typical of the genus.
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APPENDIX |
Currently recognized species of Turbinaria

Turbinaria condensata Sonder in Kiitzing (1860)
[type locality: ‘in mari chinensi']; tax. syn.: Turbinaria
dentata E. S. Barton (1891) [type locality: Macassar,
SW Celebes 1., Indonesial. This synonymy was pro-
posed by Gepp and Gepp [née Barton] (1908). Icon.:
Kutzing (1860, pl. 69: Il); Barton (1891, pl. 54,
fig. 5, as T. dentata); Taylor (1964, pl. 2, figs 18-28).

Turbinaria conoides (J. Agardh) Kiitzing (1860);
basionym: Turbinaria vulgaris J. Agardh var. conoides
J. Agardh (1848) [syntype localities: on the shores of
India, China, Ceylon, and Western Australial; tax. syn.:
Turbinaria heterophylla Kitzing (1860) [type locality:
Sunda Strait, between the islands of Sumatra and
Javal. This synonymy was proposed by Taylor (1964).
Icon: Kitzing (1860, pl. 69: I) Icon.: Kiitzing (1860,
pls 66: Il, 69: |, as T. heterophylla); Barton (1891,
pl. 54, fig. 1); Taylor (1964, pl. 2, figs 1-8); Pham-
Hoang, 1969, fig. 3.53); Jaasund (1976, fig. 100);
Trono and Ganzon-Fortes (1980: 55); Lu and Tseng
(1983, pl. 121, fig. 3); Verheij and Prud’homme van
Reine (1993, pl. 12, fig. 9); Coppejans et al. (1995,
fig. 36); Ismail (1995, fig. 8.26); Calumpong and
Mefiez (1997: 138); Trono (1997, fig. 98); Tseng and
Lu (2000, pl. 1, fig. 3).

Bgrgesen (1932) initially applied the name Turbina-
ria turbinata (Linn.) Bgrgesen nom. illeg. to this entity,
but later (Bgrgesen 1933) he realized that the combi-
nation had already been proposed (Kiintze 1898) for
the Linnean concept based on Hans Sloan’s Jamaican
material.

forma laticuspidata W. R. Taylor (1964) [type local-
ity: Cebu Island, Cebu Province, the Philippines].
Icon.: Taylor (1964, pl. 2, figs 9-12).

forma retroflexa W. R. Taylor (1964) [type locality:
Tandayong lIsland, Pangasinan Province, the Philip-
pines]. Silva et al. (1987) stated that this forma is
invalidly published because an illustration was not
provided at that time.

Turbinaria crateriformis W. R. Taylor (1966) [type
locality: Diani Beach, 20 miles S. of Mombasa, Kenyal.
Icon.: Taylor (1966, text-figs 14-19, pl. 1, fig. 1);
Jaasund (1976, fig. 101).

Turbinaria decurrens Bory de Saint-Vincent (1828)
[type locality: ‘Flottants...entre les Tles de la Société et
la Nouvelle-Guinée'l; tax. syn.: Turbinaria vulgaris J.
Agardh nom. illeg. (1848). The name T. vulgaris is
illegitimate in that it was initially superfluous because

M. J. Wynne

one of the varieties included in it by J. Agardh was var.
decurrens (Bory de Saint-Vincent) J. Agardh, an entity
previously recognized as a species. lIcon.: Turner
(1807-1808, pl. 24, fig. b); Kutzing (1860, pl. 68: [;
pl. 68: Il as ‘Turbinaria triquetra fide Taylor 1964);
Taylor (1964, pl. 1, figs 22-8); Pham-Hoang (1969,
fig. 3.48); Jaasund (1976, fig. 104); Coppejans et al.
(1995, fig. 37); Ismail (1995, fig. 8.28); Trono
(1997, fig. 99). According to Taylor (1964), the many
records of T. decurrens from the Red Sea apply to
T. triquetra.

Turbinaria denudata Bory de Saint-Vincent (1828)
[syntype localities: various sites in the Pacific and
Indian oceans and the Caribbean Seal. J. Agardh
(1848) and Barton (1891) interpreted T. denudata to
be a heterogeneous collection of taxa, including Turbi-
naria ornata, Turbinaria conoides, and Turbinaria turbi-
nata. That fact caused Silva et al. (1987) to point out
that T. denudata should be lectotypified on the basis
of authentic specimens in PC and depending on the
specimen chosen, T. denudata would become a
synonym of T. turbinata or displace either T. conoides
or T. ornata. Dr Bruno de Reviers located a total of
three syntype specimens in Bory’s herbarium now
located within the Thuret-Bornet herbarium in PC. All
three had been determined by Bornet to be T. ornata.
(i) Nr. TAB060 collection by d’'Urville at Otaiti (French
Polynesia) and by Lesson at Bora Bora (French Poly-
nesia) in 1825. This is consistent with pg. 118 of the
protologue. (ii) Nr. TA8062 collected by Lesson in
1825 at Concepcién, Chile. This is consistent with
pg. 118 of the protologue. (iii) Nr. TA8063 collected
by d'Urville in 1825 at Concepcién, Chile. This is
consistent with p. 118 of the protologue.

One significant problem is that two of these three
collections were allegedly made in Chile, but the genus
Turbinaria does not occur in Chile (Ramirez and
Santelices 1991). Thus, chosing Nr. TA8060 (which
has specimens from two sites) as the lectotype would
seem reasonable, but the fact that T. denudata has
been regarded as being heterogeneous would argue for
treating it as a nomen ambiguum. In light of the Code’s
admonition in its preamble to retain stability and to
avoid ambiguity (Greuter et al. 2000), nomenclature
would be best served by rejecting the name T. denudata.

var. javanica Montagne (1857) [type locality:
Batavia = Jakarta, Java, Indonesial.

Turbinaria elatensis W. R. Taylor (1965) [type
locality: 6 km S. of Elat, Sinai, Egypt, Red Seal. Icon.:
Taylor (1965, figs 1-11).

Turbinaria filamentosa Yamada (1925) [type locality:
Garanbi, Formosa/Taiwan]. Icon.: Yamada (1925, fig. 1).

Turbinaria gracilis Sonder (1845) [type locality:
Western Australial. Icon.: Kitzing (1860, pl. 70); Taylor
(1964, pl. 3, figs13-21); Pham-Hoang (1969,
fig. 3.52); Yoshida (1991, pl. 60); Huisman (2000,
p. 226).
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Turbinaria kenyaensis W. R. Taylor (1966) [type
locality: Diani Beach, 20 miles S. of Mombasa, Kenyal.
Icon.: Taylor (1966, text-figs 1-13, pls. 1, fig. 2);
Jaasund (1976, fig. 102).

Turbinaria luzonensis W. R. Taylor (1964) [type
locality: Mulanay, Luzon Island, Quezon Province, the
Philippines]. Icon.: Taylor (1964, pl. 2, figs 13-17).

Turbinaria murrayana E. S. Barton (1891) [type
locality: New Guineal. Icon.: Barton (1891, pl. 54,
fig. 2); Gepp and Gepp (1908, pl. 24, figs 25,26).

Turbinaria ornata (Turner) J. Agardh (1848; basio-
nym: Fucus turbinatus Linnaeus var. ornatus Turner
(1807-1808) [type locality: not stated]. Sargassum
turbinatum (Linnaus) C. Agardh var. ornatum (Turner) C.
Agardh (1821); Icon.: Turner (1807-1808, pl. 24,
figs c,d); Kitzing (1860, pl. 66: 1); Gepp and Gepp
(1908, pl. 24, fig. 27); Taylor (1950, pls 53: 2, 55: 2);
Dawson (1954, fig. 21); Taylor (1964, pl. 3, figs 1-6);
Pham-Hoang (1969, fig. 3. 49); Tsuda (1972, pl. 8,
figs 1-3); Sartoni (1975, fig. 12); Jaasund (1976,
fig. 105); Seagrief (1980, included on pl. 6); Trono and
Ganzon-Fortes (1980: 57); Lu and Tseng (1983,
pl. 122, fig. 1); Payri (1984, fig. 3); Verheij and
Prud’homme van Reine (1993, pl. 12, fig. 7); Coppe-
jans et al. (1995, fig. 38); Ismail (1995, fig. 8. 27);
Calumpong and Mefiez (1997: 137); Trono (1997,
fig. 100); Huisman (2000, p. 226); Payri et al. (2000,
p. 9, fig. 6; p. 149); Tseng and Lu (2000, pl. |, fig. 4).

var. ornata

forma cordata Pham-Hoang (1969) [type locality:
Viet Nam]. Icon.: Pham-Hoang (1969, fig. 3. 51).

forma ecoronata W. R. Taylor (1964) [type locality:
Strawn lIsland, Palmyra Atoll, central Pacific Ocean].
Icon.: Taylor (1964, pl. 3, figs 7-9).

forma evesiculosa (Barton) W. R. Taylor (1964);
basionym:  Turbinaria conoides var. evesiculosa
E. S. Barton (1891) [type locality: islands of Edam and
Enkhuizen near Batavia, NW coast of Javal. Icon.: De
Clerck and Coppejans (1996, figs 75,77); Wynne
(20014, fig. 32).

forma hainanensis W. R. Taylor (1964) [type local-
ity: Wenchang, Hainan Island, Chinal. lcon.: Taylor
(1964, pl. 3, figs 10-12).

var. prolifera Pham-Hoang (1969) [type locality:
Viet Nam]. Icon.: Pham-Hoang (1969, fig. 3.50).

var. serrata Jaasund nom. ined. According to Silva
et al. (1996), the name of this taxon remains invalid in
the lack of a Latin diagnosis (Jaasund 1976) and later
in the failure to designate a type (Jaasund 1977a,b).

Turbinaria papenfussii W. R. Taylor (1964) [type
locality: Romia Islet, Dahlak Archipelago, Ethiopia,
Red Seal. Icon.: Taylor (1964, pl. 1. figs 1-9).

Turbinaria parvifolia Tseng et Lu (1983) [type local-
ity: Zhongjiandao, Xisha Islands, South China Seal.
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Icon.: Lu and Tseng (1983, pl.122, fig. 2); Tseng and
Lu (1983, pl. 1: 2, fig. 2; 2000, pl. Il, fig. 1); Verheij
and Prud’homme van Reine (1993, pl. 12, fig. 8).

Turbinaria tricostata E. S. Barton (1891) [type
locality: Guadeloupe, French West Indies, Caribbean
Seal. lcon.: Barton (1891, pl. 54, fig. 3); Littler et al.
(1989: 130); Littler and Littler (2000: 289).

var. weberae E. S. Barton (1891) [type locality:
islands of Edam and Enkhuizen near Batavia, NW coast
of Javal. Icon.: Barton (1891, pl. 54, fig. 4)

Turbinaria triquetra (J. Agardh) J. Agardh in Kitzing
(1849); basionym: Turbinaria vulgaris J. Agardh var.
triquetra J. Agardh (1848) [type locality: Red Seal; tax.
syn.: Fucus conoides Forsskal (1775) [non Turbinaria
conoides (J. Agardh) Kutzingl; Turbinaria membrana-
cea Ruprecht (1849) [type locality: Noweba, Gulf of
Elat, Sinai Peninsulal; tax. syn.: Turbinaria tetraedra
Ruprecht (1849) [type locality: EI Tor, Gulf of Suez,
Sinai Peninsulal. lcon.: Taylor (1964, pl. 1. figs 10-21).

Turbinaria turbinata (Linnaeus) Kuntze (1898);
basionym: Fucus turbinatus Linnaeus (1753) [type
locality: Jamaica; cf. Howe (1920)]; Sargassum tur-
binatum (Linnaeus) C. Agardh (1821); tax. syn.: Turbi-
naria trialata (J. Agardh) Kitzing (1860); basionym:
Turbinaria vulgaris var. trialata J. Agardh (1848) [syn-
type localities: in the Atlantic Ocean on the shore of
Brazil and the West Indies]; tax. syn.: Turbinaria
trialata var. havanensis Kitzing (1860) [type locality:
‘Havannah’]; this synonymy was proposed by Howe
(1920). Icon.: Kitzing (1860, pl. 67: 1). Icon.: Gmelin
(1768, pl. 5, fig. 1); Turner (1807-1808, pl. 24,
fig. a, non figs b—d); Taylor (1960, pl. 39, figs 3-b);
Littler et al. (1989: 130); Littler and Littler (2000:
291).

Turbinaria trialata, which was described from
syntype localities in the Western Atlantic (J. Agardh
1848), continues to be recognized by some workers
(Yamada 1950; Chiang 1962; Yoshida 1998; Tseng
and Lu 2000). Howe (1920) and Taylor (1960),
however, treated it as conspecific with T. turbinata.

The status of Turbinaria trialata var. capensis
Kiutzing (1860) [type locality: Cape of Good Hope,
South Africal is uncertain in that T. trialata is regarded
as conspecific with T. turbinata (Howe 1920). The
name T. trialata var. capensis persists in the literature
(Silva et al. 1996).

An invalid name: Turbinaria tanzaniensis Jaasund
nom. ined. According to Silva et al. (1996), the name
of this taxon remains invalid in the lack of a Latin
diagnosis (Jaasund 1976) and later in the failure to
designate a type (Jaasund 1977a,b). Coppejans et al.
(2000) reported this entity from Kenya, but the name
remains invalid.
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