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Abstract

New records of subtidal benthic marine algae from the State of Veracruz, the southern Gulf of Mexico, are
presented, which include 7 species and 2 forms. The material was collected from 6 sampling forays at 4 locations
between October 2013 and September 2017. The collection sites included the “Ana Elena” and “Riva Palacio”
shipwrecks and some poorly explored reefs in the State of Veracruz, Mexico. The morphological characteristics of
Hypoglossum simulans, Halymenia hancockii, Dictyota humifusa, Caulerpa sertularioides f. longiseta, Avrainvillea
levis f. translucens, Udotea caribaea, U. dixonii, U. unistratea, and Anadyomene saldanhae are described. Information
about the habitats and geographic distributions of these taxa is provided.
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Resumen

Se presentan nuevos registros de algas marinas bentonicas submareales del estado de Veracruz, sur del golfo
de México, que incluyen 7 especies y 2 formas. El material fue recolectado en 6 muestreos de 4 localidades, entre
octubre de 2013 y septiembre de 2017. Entre los sitios de recoleccion se encuentran los pecios “Ana Elena” y “Riva
Palacio”, asi como algunos arrecifes poco explorados en el estado de Veracruz, México. Se describen las caracteristicas
morfoldgicas de Hypoglossum simulans, Halymenia hancockii, Dictyota humifusa, Caulerpa sertularioides f. longiseta,
Avrainvillea levis f. translucens, Udotea caribaea, U. dixonii, U. unistratea y Anadyomene saldanhae. Se proporciona
informacidn sobre los habitats y la distribucion geografica de estos taxones.

Palabras clave: Pecios; Sistema arrecifal; Veracruz, Atlantico; Sur del golfo de México
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Introduction

The past few decades have witnessed a heightened
degree of phycological activity in the tropical and
subtropical Western Atlantic and in the Gulf of Mexico,
including the Caribbean coast of Mexico (Fredericq et al.,
2009; Mateo-Cid et al., 2006; Ortega et al., 2001; Wynne,
2017). Numerous new records have been reported from
Mexico, which is evidence that poorly known areas of
the coastline are being explored and inventoried. Benthic
marine algae of the southern Gulf of Mexico are described
in intertidal and subtidal marine habitats from Yucatan
to Tamaulipas (Ciudad Madero), including Campeche,
Tabasco, and Veracruz according to the “Ecorregiones
marinas de América del Norte” (Wilkinson et al., 2009).
The taxonomic diversity of Veracruz is rich and varied.
This means that Veracruz includes 44% of the algal
biodiversity of the Mexican coasts of the western Atlantic
(Ortega et al., 2001): 284 species, 55.3% corresponding
to Rhodophytan algae, 14.1% to Phaeophycean algae and
30.6% to Chlorophytan algae (Galicia-Garcia & Morales-
Garcia, 2007). However, the largest exploration in Veracruz
has been in the intertidal zone. In this paper, we explore the
subtidal zone that has had relatively little explored, namely,
the shipwrecks “Ana Elena” and the “Riva Palacio”. “Ana
Elena” was a fishing boat that ran aground on the Anegada
de Afuera Reef at a depth of 12 m, an event that occurred
almost 60 years ago. The “Riva Palacio” was a ship that
sank 10 years ago and now is an artificial reef at a depth of
35 m. Along with sub-tidal regions of non-emergent reefs:
Segunda Laja (5 m deep) near Chachalacas to the north of
the Veracruz Reef System [SAV] and the Pantepec Reef
(27 m depth) north of the Tuxpan River estuary in the
Lobos-Tuxpan Reef System [SAL] (Fig. 1).

Material and methods

Specimens were collected from 6 sampling forays at
4 locations between October 2013 and September 2017,
using scuba diving (SCUBA). The samples were preserved
in a 4% formalin solution neutralized in seawater, while
other samples were preserved as herbarium specimens.
For morpho-anatomical observations 20 pm-thick sections
were made with a standard microtome. Small portions
were stained with a solution of HCl-acidified 1% aniline
blue and then mounted in a solution of Karo® corn syrup
/water 70:30 with a trace of phenol added to prevent fungal
growth (Tsuda & Abbott, 1985). Only the antheridial sorus
of D. humifusa was mounted directly on EM metal stubs
and dried. The mounted samples were then coated with gold
and observed using SEM (Hitachi SU1510). Appropriate
literature was used to identify the material (De Clerck,

Figure 1. Reefs systems of the Southwestern Gulf of Mexico:
Sistema Arrecifal Lobos Tuxpan [SALT], Sistema Arrecifal
Veracruzano [SAV] and Arrecifes de los Tuxtlas [AT] (Ortiz-
Lozano et al., 2013).

2003; Horta et al., 2003; Littler & Littler, 1990, 1991,
1992, 2000; Oliveira-Filho, 1969; Santos & Nunes, 2015;
Taylor, 1960; Womersley & Shepley, 1982; Wynne et al.,
1989). All specimens are deposited in the Herbarium of
the Universidad Nacional Auténoma de México (MEXU).

Descriptions

For Veracruz, including the SAV, we report here 7
species and 2 forms of seaweeds assigned to 7 genera,
7 families, 5 orders and 3 classes of Rhodophyta,
Ochrophyta, and Chlorophyta. In the section of the genus,
previous records of Veracruz are included, except in the
genus Hypoglossum in that there are no previous species
for Veracruz, so those of the southern Gulf of Mexico are
included.

Phylum Rhodophyta
Hypoglossum Kiitzing

Species previously reported from the southern Gulf
of Mexico —Campeche Banks, Yucatan— (Mateo-Cid
et al., 2013): Hypoglossum hypoglossoides (Stackhouse)
Collins & Hervey, Hypoglossum subsimplex M.J. Wynne,
Hypoglossum tenuifolium (Harvey) J. Agardh.

Hypoglossum simulans M.J. Wynne, I.R. Price & D.L.
Ballantine, 1989: 31, figs 12-26.

Figure 2.

Taxonomic summary
Type locality: let de Pigeon, Malendure, west side of
Basse-Terre, Guadeloupe, West Indies.
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Figure 2. Hypoglossum simulans. A, Apical organization “type 2”; B, branching arising from the central axial cell row; C, smooth and
undulate blade margins with marginal rhizoids; D, tetrasporangial sorus along midline of blade; E, tetrasporangial sorus occupying
the central region of the blade invading the central axis; F, cross-section of the blade (proximal and middle region).

Holotype: MICH.

Description: laminar thallus, mostly prostrate, delicate,
pale pink, 1-3 cm high. Blades are linear or oval, 1-2
cm long and 1-2.5 mm wide, monostromatic except for
the midline; irregular branching arising from the central
axial cell row; blade margins smooth and undulate with
marginal rhizoids; each segment from the divisions of
the apical cell (primary-cell row) produces 4 pericentral
cells, of which the pair of lateral pericentral cells continue
to grow out producing second-order cell rows, some of
which produce abaxially the third-order cells rows; thus
all these divisons forming the blade; the lateral pericentral
cells 40-65 pm wide and 140-175 um long; blades with
pointed apices and a prominent apical cell; not all cells
of the second-order rows producing cells of the third
order; absence of cells from intercalary divisions (apical
organization type 2; Wynne et al., 1989); formation of rows
of hexagonal cells extending towards the thallus margin;
isodiametric cells near the margin. Rhizoids are attached

to the substrate by small discs or pads and blade margins
also forming multicellular rhizoids. Tetrasporangial sori
occupying the central region of the blade (the midline and
adjecent lateral areas), thus producing an elongate sorus
(275-374 x 760-856 um); tetrasporangia spherical, 40-60
pum in diameter.

References: Wynne et al. (1989); Wynne (2014).

Specimens  examined: Veracruz: “Ana Elena”
shipwreck, Anegada de Afuera Reef (19°10°07.76” N,
95°51°39.12” W), 12 m deep, Coll. J. L. Godinez Ortega,
March 21, 2014 (NI-1779), May 27, 2014 (NI-1683,
MEXU=2287) and February 21, 2015 (NI-1781).

Habitat: epiphytic on Dictyota humifusa Hornig,
Schnetter & Coppejans, Jania pumila J.V. Lamouroux and
Lobophora variegata (J.V. Lamouroux) Womersley ex E.
Oliveira, at depth of 12 m.

Distribution in  western  Atlantic:  Bahamas,
Guadeloupe (Guiry & Guiry, 2019), State of Veracruz,
Gulf of Mexico.
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Remarks

We dismiss Hypoglossum tenuifolium since its habit
is of an erect form, contrary to the decumbent form of
H. simulans. Our material also cannot be H. subsimplex
because the arrangement of the apical blade in that species
is of type “1” (all the cells of second-order rows produce
rows of the third order), the sorus not discrete in length but
elongated by some distance and the tetrasporangia at each
side of the midline; and the tetrasporangia do not come
from lateral pericentral cells, as in the case of H. simulans.
Hypoglossum simulans was previously mis-identified as
H. hypoglossoides by Godinez-Ortega et al. (2015). Thus,
in this study we correct the identification of the same
material collected from the “Ana Elena” shipwreck, where
figure 2 in Godinez-Ortega et al. (2015) shows that not
all cells of the second-order rows (“2”) produce third-
order rows. That feature points to a species identification
other than H. hypoglossoides. The production of marginal
rhizoids in abundance in fig 3A (in Godinez-Ortega et
al., 2015), the tetrasporangial sorus occupying the central
region of the blade invading the central axis and the lack
of cortex along the midline are all evidence that this
material is to be determined as H. simulans instead of
H. hypoglossoides, which has a well-developed midrib
with abundant cortication, a feature that is not observed
in figure 2A, and the sori are strongly corticated on both
sides of the central axis, arranged in the upper regions of
the blades, and the tetrasporangia do not invade the central
axis, contrary to what is shown in figure 2C.

Halymenia C. Agardh, nom. cons.

Species previously reported from Veracruz (Galicia-
Garcia & Morales-Garcia, 2007; Ortega et al., 2001):
Halymenia echinophysa Collins & M. Howe, Halymenia
elongata C. Agardh, Halymenia pseudofloresii Collins &
M. Howe, Halymenia rosea M. Howe & W.R. Taylor.
Halymenia hancockii W.R. Taylor, 1942: 98, pl. 3: fig.
6; pl. 14.

Figures 3-5

Taxonomic summary

Type locality: Galera Point, Colombia.

Holotype: UC; isotype: MICH.

Description: blades small, pink to red, 0.7-9 cm tall,
to 20 mm wide, lanceolate to oval blades and sometimes
bifurcate, entire margins, rounded apices; thallus 52-65um
thick. Medulla of thallus composed of few longitudinal
lax filaments, 3-7 um in diameter, connected to cortical
cells of 3 or 4 arms, without stellate ganglia; single-
layered cortex, cells 6-8 pm in diameter and 4-7 pum in
width, angular-rounded, almost square and compact. Stipe
short to 3 mm long and 153-300 um in diameter, discoid
holdfasts. Tetrasporangia are ovoid, cruciately divided,
6-8 um in diameter, 4-7 um high, scattered among cortical
cells. Cystocarp rounded, 212-663 pm in width and 162-
227 in height, swollen on the surface of the leaf, irregular
or rounded carpospores, 8-10 um in diameter.

References: Dawes and Mathieson (2008); Schneider
(1975); Schneider and Searles (1991).

Figure 3. Halymenia hancockii. A-C, Habit of thalli; D, cross-section of the blade.
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Figure 4. Halymenia hancockii. A-C, Tetrasporangial blade, cross sections of the blade, showing cruciately divided tetrasporangia

(arrows).

Specimens examined: State of Veracruz: near C50
“Riva Palacio” shipwreck (19°12°38.5” N, 96°03°13.0”
W), 27 m deep, Coll. P. Ramirez Garcia, September 26,
2015 (NI-2388), September 28, 29, 2016 (NI-2738, 2733,
2734, 2735), October 28, 2016 (NI-2635, 2637, 2638,
2736, 2737, July 28, 2017 (NI-2739), September 27, 2017
(NI-2725).

Habitat: on rock and nylon rope at a depth of 27 m.

Distribution in western Atlantic: Bermuda, Florida,
Georgia, North Carolina, South Carolina, Cuba, Colombia
(Guiry & Guiry, 2019); State of Veracruz, Gulf of Mexico.

Remarks

This alga was described on the basis of 2 collections
(at 22 and 24 m) from Colombia, Galera Point being the
type locality (Taylor, 1942). It was later reported from 17-
55 m deep, from the southeastern United States (Schneider
& Searles, 1991), Bermuda (Schneider, 2003), and Cuba
(Suarez et al., 2015); however, it was not known in the
southern Gulf of Mexico and particularly on the coast
of Veracruz. An evident characteristic that separates H.
hancockii from the species reported in the southern Gulf
of Mexico is the absence of ganglionic cells in the medulla
and its small size 0.7-9 cm, in addition to the presence of a

single layer of cells in the cortex. There are also differences
in the shape of the algae under study (lanceolate, oval),
which differs with Halymenia echinophysa (lobed), H.
elongata (cylindrical), H. pseudofloresii (foliose), H. rosea
(oval to rounded); H. rosea is similar to H. hancockii in
size, shape and margin but different due to the presence of
ganglionic cells and the cortex of 1-3 layers of cells. Blades
of Halymenia hancockii are attached to hard substrates but
also to the shells of living populations of the snail Strombus
alatus, a habitat not reported for H. hancockii. It continues
to be a rare taxon with small populations and minor size
unlike other species of this genus (Schneider et al., 2010).
Schneider et al. (2010) pointed out with molecular bases
that Halymenia pseudofloresii is the species distributed on
the coasts of the western Atlantic (Bermuda), and H. floresii
seems to be restricted to coasts of Europe (Wynne, 2017).

Dictyota J.V. Lamouroux, nom. cons.

Species previously reported from Veracruz (Fredericq
etal., 2009; Galicia-Garcia & Morales-Garcia, 2007; Guiry
& Guiry, 2019; Ortega et al., 2001): Dictyota bartayresiana
J.V. Lamouroux, Dictyota ciliolata Sonder ex Kiitzing,
Dictyota crenulata J. Agardh, Dictyota guineénsis
(Kiitzing) P. Crouan & H. Crouan, Dictyota implexa
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Figure 5. Halymenia hancockii. A, Carposporophytic blade; B, C, cross-section of blade with enlarged cystocarps; D, cross section

of the stipe.

(Desfontaines) J.V. Lamouroux, Dictyota menstrualis
(Hoyt) Schnetter, Horning & Weber-Peukert, Dictyota
mertensii (C. Martius) Kiitzing, Dictyota pulchella Hornig
& Schnetter.

Dictyota humifusa Hornig, Schnetter & Coppejans in
Hornig et al. 1992: 57, fig. 6.

Figures 6, 7

Taxonomic summary

Type locality: Punta Chengue,
Departamento del Magdalena, Colombia.

Holotype: COL.

Description: thallus consisting of delicate blades and
stipe, prostrate, creeping, forming a densely interwoven
clump, to 2.0 cm high; thallus light brown, commonly
blue-iridescent throughout, although the iridescence is not

Santa Marta,

banded; branching irregular to somewhat dichotomous,
angle of branches 70-90°. Blades strap-shaped, 0.7-2-1
mm wide, 68-85 pm thick; apices broad and rounded. The
species possesses a single-layered medulla, composed of
square to rectangular cells, 47-59 pm thick x 60-68 um,
in parallel rows. Surface hairs tufted, scattered, seldom
present. Adherent to the substrate by marginal rhizoids,
without evident attachment discs. Antheridial sori scattered
without invading the apices with 8-10 antheridia with stalk
cells. Sporangia were not observed.

References: Hornig et al. (1992); Littler and Littler
(2000).

Specimens examined: State of Veracruz: “Ana Elena”
shipwreck, Anegada de Afuera Reef (19°10°07.76” N,
95°51°39.12” W), 12 m deep, Coll. J. L. Godinez Ortega,
March 21, 2014 (NI-2093).
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Figure 6. Dictyota humifusa. A, Habit of thallus; B, C, blade tips with apical cells; D, surface cells; E, F, rhizoids from blade margins;
G, antheridial sorus; H, antheridial sorus (SEM).

Figure 7. Dictyota humifusa. A, B, Cross section of the blade; C, D, cross section of blade bearing antheridia with paraphyses.
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Habitat: On a ship hull at a depth of 12 m.

Distribution in western Atlantic: Florida, Bermuda,
Belize, southern Caribbean, western Caribbean (Littler &
Littler, 2000, Guiry & Guiry, 2019); State of Veracruz,
Gulf of Mexico.

Remarks

Dictyota humifusa is separated from all species
reported for Veracruz by its prostrate form and irregular
branching, contrary to the erect form and the regularly
dichotomous branching of the other species recorded from
this State. Thalli of D. bartayresiana can occur in patches
that are fixed to the substrate anywhere; however, our
material cannot be that species because of its large size
(10-15 cm), and D. humifusa just reaching 2 cm in length.
It also does not resemble D. ciliolata or D. crenulata; those
species have dentate margins, an absence of superficial
proliferations and regular dichotomous ramification.
Dictyota guineénsis is separated from D. humifusa by
its medulla composed of 2 layers of cells. Although
D. mertensii, D. menstrualis and D. pulchella display
iridescence just like D. humifusa, those species cannot be
considered because of their larger thallus sizes and regular
branching. Dictyota implexa differs from D. humifusa by
its regularly dichotomous branching, its twisted branches
and a branch that narrows towards the apex. Although
D. humifusa has been confused with D. friabilis Setchell
because of its size, smooth margin without proliferations
and its decumbent growth form, it is different from the
studied species due to its irregular branching and absence
of hairs. It was Bula-Meyer’s (1994) opinion that these
2 species were conspecific; Littler and Littler (2000, as
D. pfaffii Schnetter) and De Clerck (2003), however,
maintained D. friabilis as taxonomically distinct from D.
humifusa.

Phylum Chlorophyta
Caulerpa J.V. Lamouroux

Species previously reported from Veracruz (Fredericq
et al.,, 2009; Galicia-Garcia & Morales-Garcia, 2007,
Guiry & Guiry, 2019; Ortega et al., 2001): Caulerpa
ambigua Okamura, Caulerpa chemnitzia (Esper) J. V.
Lamouroux, Caulerpa cupressoides (Vahl) C. Agardh,
Caulerpa mexicana Sonder ex Kiitzing, Caulerpa
microphysa (Weber Bosse) Feldmann, Caulerpa prolifera
(Forsskal) J.V. Lamouroux, Caulerpa racemosa (Forsskal)
J. Agardh, Caulerpa sertularioides (S.G. Gmelin) M.
Howe, Caulerpa sertularioides f. brevipes (J. Agardh)
Svedelius, Caulerpa sertularioides f. farlowii (Weber
Bosse) Borgesen, Caulerpa sertularioides f. longiseta
(Bory de Saint-Vincent) Svedelius, Caulerpa verticillata
J. Agardh, Caulerpa webbiana Montagne.

Caulerpa sertularioides f. longiseta (Bory de Saint-
Vincent) Svedelius, 1906: 114-115, fig. 10.
Figure 8

Taxonomic summary

Type locality: not specified.

Description: frond erect to 21 cm high, feather-like,
20-28 mm wide with a naked stalk 2-4 cm long, frequently
forked, distichous. Branchlet opposite, cylindrical, 230-
400 um diam, 7-14 mm long, upcurved or straight; bluntly
pointed apex. Central axes flattened above, cylindrical
below, 1-2 mm diam. Long stolons, 1.8-2.0 mm diam;
rhizoids crawls, 300-400 um diam. The stolon branches
into fine rhizoids.

References: Littler and Littler (2000); Svedelius
(1906); Taylor (1960).

Specimens examined: state of Veracruz: near C50
“Riva Palacio” shipwreck (19°12°38.5°” N, 96°03°13.0”’
W), 27 m deep. Coll. David Carmona, September 26, 2015

Figura 8. Caulerpa sertularioides f. longiseta. Habit of thallus.
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(NI-2387); Coll. P. Ramirez Garcia, 14 April, 2016 (NI-
2726); Pantepec Reef (40°42°46.021 N, 74°0°21.388”’ W),
17 m deep. Coll. J. L. Godinez Ortega, September 29, 2015
(NI-2337, 2408).

Habitat: on fine sand at a depth of 27 m.

Distribution in western Atlantic: Caribbean, Cuba,
Martinique, Brazil, Venezuela (Guiry & Guiry, 2019);
Veracruz, Gulf of Mexico.

Remarks

Caulerpa sertularioides 1is separated from the 10
species reported for Veracruz by its unmistakable
feather-like arrangement. However, the 3 forms of C.
sertularioides have different characteristics. Blades of
forma brevipes are 1-5 cm long and sessile, with opposite
branchlets (pinnules) and rarely forked branches. Blades of
forma farlowii are 5-10 cm long with radially arranged and
somewhat curved branchlets, whereas C. sertularioides
f. longiseta has branchlets opposite, cylindrical, needle-
shaped (2-5 mm long) straight or slightly curved and
apices blunty pointed. Caulerpa sertularioides f. longiseta
was reported by Taylor (1960) from Mexico and other
regions of America on the basis of blades with a naked
stipe 1-3 cm long, and the whole thallus reaching 18 cm in
height, not infrequently forked, distichous or occasionally
tristichous. Similarly, Littler and Littler (2000) maintained
this distinction for this forma but pointed out that the
dichotomies can be to 2-4 orders. Caulerpa sertularioides
f. longiseta is a taxon reported for the southern Gulf of

Mexico (Espinoza-Avalos et al., 2015), even for Veracruz
(Galicia-Garcia & Morales-Garcia, 2007); however, its
large size in Veracruz stands out, as well as growing in
subtidal waters (21 m deep). There is a previous record of
a specimen found in shallow water from the Campeche
littoral (Ortega, 1995), and its size was smaller (only 7
cm), with a naked stipe and a single dichotomy.

Avrainvillea Decaisne

Species previously reported from Veracruz (Fredericq
et al., 2009; Galicia-Garcia & Morales-Garcia, 2007;
Guiry & Guiry, 2019; Ortega et al., 2001): Avrainvillea
longicaulis (Kiitzing) G. Murray & Boodle, Avrainvillea
nigricans Decaisne.

Avrainvillea levis f. translucens D.S. Littler & M.M.
Littler, 1992: 394, fig. 11.

Figure 9

Taxonomic summary

Type locality: Great Blue Hole, Lighthouse Reef Atoll,
Belize.

Holotype: US.

Description: thallus robust, solitary, erect, seldom
branched, to 6 cm high. Translucent margins gray-green
to yellow-green. Blade is flabellar to reniform, to 3.5 cm
wide, 4 cm long and 1.4 mm thick, flat, smooth, with a
fibrous texture, loosely woven, smooth; margins smoothly
rounded, base shallowly lobed; with absent or indefinite
zonation; medullary siphons to 23 pm diam., with rounded

Figure 9. Avrainvillea levis f. translucens. A, Aspect of thallus; B, smaller siphons intermixed with larger siphons (slightly moniliform);

C, stipe siphons.
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apices, slightly moniliform to straight, intermixed with
fine colorless siphons, 7-9 pm diam., slightly moniliform,
rarely cylindrical, with a diameter of 7-9 um; cortex
lacking. Stipe is cylindrical to slightly flattened to 5 mm
diam., to 1.8 cm long, siphons of the stipe are slightly
moniliform to straight, 20 pm diam.; surface siphons 7
pm diam., slightly moniliform to cylindrical. Reproductive
specimens were not observed.

References: Littler and Littler (2000), Santos and
Nunes (2015).

Specimens examined: state of Veracruz: Segunda laja,
near Chachalacas (19°29°9.913” N, 96°18°33.271” W).
Coll. J. L. Godinez Ortega, 17 April 2016 (NI-2732).

Habitat: on sand, at a depth of 5 m., with Dictyopteris
and Centroceras as epiphytes.

Distribution in western Atlantic: Bahamas, Western
Caribbean (Littler & Littler, 2000), State of Veracruz, Gulf
of Mexico.

Remarks

The samples studied are in agreement with the description
of this forma of the species by Littler and Littler (1992,
2000), although the specimens studied by those authors
showed considerably larger sizes compared to those in this

study. Our material cannot be 4. nigricans or A. longicaulis
because of the large size of those species (30 cm and 14 cm,
respectively); however, 4. levis f. translucens (6 cm high)
is more similar to A. longicaulis by its moniliform siphons
and lack of cortex in the distal region, but that species
has siphons that reach up to 70 um in diameter, unlike
forma translucens with siphons to 23 pm in diameter. In
the opinion of Santos and Nunes (2015) A4. levis M. Howe
has been confused with 4. elliottii A. Gepp & E.S. Gepp
(Florida), although in that species the presence of a blade
with well-defined zonation that have a leathery texture,
small appressorium to secure it to the substrate and a thicker
blade distinguishes it from A. levis with its very thin blade
lacking zonation and with a large appressorium.

Udotea J.V. Lamouroux

Species previously reported from Veracruz (Galicia-
Garcia & Morales-Garcia, 2007; Guiry & Guiry, 2019;
Ortega et al., 2001): Udotea cyathiformis Decaisne,
Udotea flabellum (J. Ellis & Solander) M. Howe, Udotea
spinulosa M. Howe.

Udotea caribaea D.S. Littler & M.M. Littler, 1990:
211, fig. 2.

Figure 10

Figure 10. Udotea caribaea. A, Habit of thallus; B, distal siphons; C, blade siphons; D, stipe siphons.
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Taxonomic summary

Type locality: northwestern Tobacco Range, Belize.

Holotype: US.

Description: thallus consisting of delicate blades,
white green, slightly calcified to 8 cm in height. Blade to
6 cm high and 7 cm wide, zonation present, to 1 mm thick;
ecorticated, siphons without lateral appendages of 39-54
um diam., sometimes constricted above the dichotomies.
Cylindrical stipe, to 8 mm high and 2 mm wide; there is a
difference between the stipe and the blade. Stipe siphons
of 43-84 um diam., di-trichotomic lateral appendages with
short obtuse apices to 10 pm in diameter. Tangled rhizoids.
Reproduction not observed.

References: Acosta-Calderon et al. (2018); Collado-
Vides et al. (2009); Littler and Littler (1990, 2000).

Specimens examined: state of Veracruz: near C50
“Riva Palacio” shipwreck (19°12°38.5” N, 96°03°13.0”
W), 28 m deep. Coll. P. Ramirez Garcia, September 27,
2017 (NI-2724A).

Habitat: on fine sand at a depth of 28 m.

Distribution in western Atlantic: Florida, Bermuda,
Belize, Panama, southern Caribbean, western Caribbean,
Brazil (Guiry & Guiry, 2019; Littler & Littler, 2000);
Veracruz, Gulf of Mexico.

Remarks
Udotea caribaea is separated from U. cyathiformis by
its cup-shaped thalli and from U. flabellum by the presence

of cortex and coriaceous texture. Udotea spinulosa
contrasts with U. caribaea by presenting continuous lateral
siphons. In U. caribaea the shape of the blade and the
siphons coincide with that reported by Littler and Littler
(2000); however, there is a clear demarcation between the
stipe and the leaf, in addition to not being totally calcified.

Udotea dixonii D.S. Littler & M.M. Littler, 1990: 220,
fig. 8.

Figure 11

Taxonomic summary

Type locality: on the east side of Curlew Cay, Belize.

Holotype: US.

Description: thallus consisting of a coriaceus fan-
shaped blade, green, calcified to 8 cm high, occasionally
solitary and to 1 mm in thickness. Blade to 6 cm high and
6 cm wide, zonation present, to 2 mm thick; corticated,
siphons of 19-42 um diam., opposite lateral appendages in
2 vertical rows with swollen knobs apices of short pedicels.
Cylindrical stipe, to 5 mm high and 3 mm wide; there is a
difference between the stipe and the blade. Stipe siphons of
47-80 pm diam., di-trichotomous lateral appendages with
short, fingerlike, flattened apices to 10 um in diameter.
Tangled rhizoids. Reproduction not observed.

Reference: Acosta-Calderon et al. (2018); Collado-
Vides et al. (2009); Littler and Littler (2000).

Specimens examined: State of Veracruz: near C50
“Riva Palacio” shipwreck (19°12°38.5” N, 96°03°13.0”

Figure 11. Udotea dixonii. A, Habiat of thallus; B, blade siphons; C, reproductive siphons of the blade; D, stipe siphons.
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W), 28 m deep. Coll. P. Ramirez Garcia, September 27,
2017 (NI-2720).
Habitat: on fine sand at a depth of 28 m.
Distribution in western Atlantic: Florida, Belize,
Panama, southern Caribbean, western Caribbean, Brazil
(Guiry & Guiry, 2019; Littler & Littler, 2000); Veracruz,
Gulf of Mexico.

Remarks

The shape of the thallus and siphons (blade and stipe)
coincides with that reported for this species by Littler and
Littler (1990; 2000). The lateral appendages of the blade
are swollen (Fig. 11B) and in some zones (Fig. 11C) could
correspond with the reproductive structures, still unknown
for this species. These swollen appendages in U. dixoni
differ from those in U. cyathiformis, U. flabellum and U.
spinulosa.

Udotea unistratea D.S. Littler & M.M. Littler, 1990:
240, fig. 21.

Figure 12, 13

Taxonomic summary

Type locality: on the east side of Carrie Bow Cay,
Belize.

Holotype: US.

Description: small thallus to 5 cm high, fan-shaped,
lightly calcified, with a delicate appearance, blue-green
to olive-green. Blade to 3 cm wide, 2 cm long, 0.1-0.4
mm thick; cortication absent; blade consisting of a single
layer of siphons, generally coarse, zonation faint; the
siphons of the blade are long, 82-155 um in diameter,
with constrictions above the dichotomies, lacking lateral
appendages, strictly aligned or parallel to one another,
dichotomies occurring equidistant from stipe; base of blade
fibrous. Stipe to 0.1-1 cm diam., 1-5 mm long, the siphons
of the stipe are 26-50 um in diameter; the appendages are
subdichotomously branched, and end in short digitiform
lobes, with blunt apices. Rhizoids fine, fibrous.

Reference: Littler and Littler (1990, 2000).

Specimens examined: State of Veracruz: “Ana Elena”
shipwreck, Anegada de Afuera Reef (19°10°7.20” N,
95°51°39.0” W), 12 m deep, Coll.: J. L Godinez Ortega,
4 October 2013 (NI-1189).

Habitat: rare in sand pockets on deep vertical walls;
at a depth of 8-12 m.

Distribution in western Atlantic: Florida, Belize,
Bahamas, Caribbean, Cuba, Jamaica, Martinique, Puerto
Rico, Virgin Islands (Guiry & Guiry, 2019), Veracruz,
Gulf of Mexico.

Figure 12. Udotea unistratea. A, Habit of thallus; B, distal siphons; C, stipe; D, attachment rhizoids.
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Figure 13. Udotea unistratea. A, B, Blade shipons; C, D, stipe
siphons.

Remarks

There are strong differences with the species cited
for Veracruz, mainly due to the absence of appendages
in blade siphons, except with U. cyathiformis, but that
species has a cup-shaped thallus. There is a similarity with
U. caribaea for presenting siphons on the blade without
appendages with constrictions above the dichotomies, but
U. unistratea contrasts with this species by the siphons
in the stalk, with short digitiform lobes. This species has
been reported at Santa Rosalia Lighthouse, Campeche,
from shallow waters (Callejas-Jiménez et al., 2005) and
the Campeche Bank between 30 and 49 m depth (Mateo-
Cid et al., 2013, Mendoza-Gonzélez et al., 2013). Littler
and Littler (2000) reported it on vertical walls between
24-46 m depth, which is more consistent with the Veracruz
record.

Anadyomene J.V.Lamouroux, nom. cons.

Species previously reported from Veracruz (Galicia-
Garcia & Morales-Garcia, 2007; Ortega et al., 2001):
Anadyomene stellata (Wulfen) C. Agardh.

Anadyomene saldanhae A.B. Joly & E.C. Oliveira,
1969: 30, figs 1-3.

Figures 14, 15

Figure 14. Anadyomene saldanhae. Habit of thallus.
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Figure 15. Anadyomene saldanhae. A: Apical segment, cells
between random veins; B, middle segment, polychotomous;
C, rhizoidal veins; D, cross section of the blade; E, foot-like
tentacula in adjacent cells.



J.L. Godinez-Ortega et al. / Revista Mexicana de Biodiversidad 90 (2019): e902719 14
https://doi.org/10.22201/ib.20078706e.2019.90.2719

Taxonomic summary

Type locality: Banco Dogareza, off the coast of
Victoria, Espirito Santo State, Brazil.

Holotype: SPF.

Description: thallus laminate, prostrate, delicate,
non-perforate, bright green, 1-2 cm high. Blades are fan-
shaped, 5-6 mm long and 4-5 mm wide, with a single
layer of cells; blades firm margins smoothly rounded;
marginal cells small, ovoid; veins (swollen cells) barely
visible, proliferous peripherally from the base, branching
polychotomous at distal segment; length of the middle
blade cells (0.38 x 0.11 mm) in width (0.21-0.35 mm) ratio
4:1. Interstitial cells small, ovoid, in a random arrangement.
Other interstitial cells showing foot-like tentacula typically
wedged between adjacent cells. Rhizoids not forming
stipes, lightly entangled, originating from basal veins,
generally suspended free or adhering to the substratum.

References: Alves et al. (2011); Bula-Meyer (1982);
Joly and Oliveira-Filho (1969); Littler and Littler (1991,
2000).

Specimens examined: State of Veracruz: “Ana Elena”
shipwreck, Anegada de Afuera Reef (19°10°07.76” N,
95°51°39.12” O), 12 m deep, Coll. J. L. Godinez Ortega,
March 21, 2014 (NI-1779), May 27, 2014 (NI-1683,
MEXU=2287) and February 21, 2015 (NI-1781).

Habitat: epiphitic on Dictyota humifusa, Jania pumila
and Lobophora variegata, at a depth of 12 m.

Distribution in western Atlantic: Bermuda, Florida,
North Carolina, Belize, Bahamas, Caribbean, Cuba,
Martinique, Brazil (Guiry & Guiry, 2019); Veracruz, Gulf
of Mexico.

Remarks

Anadyomene stellata is separated from A. saldanhae
by its size (10 cm) growing in shallow areas, erect aspect,
interstitial cells arranged in parallel, interstitial cells
H-shaped with each end having blunt forks straddling
adjacent rhizoids (rarely with tentacula). Vazquez-
Machorro et al. (2016) reported 4. saldanhae as a new
SAYV record; however, it was not described or illustrated.
Thus, we include this species in order to present its
description and illustration. The material analyzed and
identified as Anadyomene saldanhae from the State of
Veracruz matches the type material and the descriptions
and illustrations provided by Bucher et al. (1990), Littler
and Littler (1991, 1997, 2000) and Schneider and Searles
(1991).

Discussion

Nine new records are reported for Veracruz: 2 taxa of
red algae, 1 taxon of brown algae and 6 taxa of green algae.

These additions complement and enrich the marine algal
flora of Veracruz, in particular, the Veracruz Reef System
[SAV]. The 9 records increase the flora of the Gulf of
Mexico by 2% (Fredericq et al., 2009; Pedroche & Senties,
2003). Hypoglossum simulans and Halymenia hancockii
are rare and infrequent; so their record is interesting in
Veracruz (within the southern Gulf of Mexico; Schneider
& Searles, 1991). Hypoglossum simulans was originally
reported from the Antilles, and it is interesting to find it in
the Veracruzregion. These records from the Gulf of Mexico
are important in order to complete their distribution in
subtropical and tropical waters. Based on the great marine
regions, the southern Gulf of Mexico is separated from the
Caribbean. So the presence of a Caribbean plant indicates
that its geographical distribution is wider (Wilkinson et al.,
2009). The presence of a male plant of D. humifusa (with
anteridial sori) had not been reported in previous studies
of the area neither in the monograph of the genus Dictyota
from the Indian Ocean (De Clerck, 2003; Littler & Littler,
2000). Thus, this study complements the reproductive
knowledge of the species. The genus Caulerpa in Veracruz
includes 50% of the species reported for the Gulf of
Mexico (18 species; Fredericq et al., 2009). Caulerpa
sertularioides is a species that is widely distributed in
tropical waters, although its forma longiseta is larger
in size and widely branched and found only in waters
greater than 20 m deep (near the C-50 and Pantepec Reef).
Fernandez-Garcia et al. (2012) noted that thalli in shallow
areas with high solar radiation tended to be smaller with
thicker stolons, whereas at greater depths and with fine
sediments, the thalli are larger and the stolons fine and
more often branched. This adaptation appears to allow the
alga to bury itself more firmly in the sediments and to more
easily obtain nutrients. Avrainvillea and Udotea in Mexico
are mainly distributed in the Caribbean (Acosta-Calderon
et al., 2018; Ortega et al., 2001); however, there are now
6 species of Udotea recognized in Veracruz, duplicating
those previous records. The genus Avrainvillea in Mexico
is mainly distributed in the Caribbean (12 species; Littler
& Littler, 2000); the presence of this genus in the Gulf
of Mexico is infrequent (12%, A. levis, A. longicaulis,
A. nigricans; Fredericq et al., 2009) with its presence
recorded so far only from Veracruz in shallow waters
(A. longicaulis, A. nigricans). Littler and Littler (2000)
pointed out this forma as rare and restricted to deep water
(5-60 m). Avrainvillea levis forma translucens has been
recorded only a few times in the western Atlantic. The
genus Udotea in Veracruz includes 21% of the species
reported for the Gulf of Mexico (14 species; Fredericq et
al., 2009). Udotea caribaea, U. dixonii and U. unistratea
are reported from depths between 15-54 m depth (Littler
& Littler, 2000), depths that coincide with those found in
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Veracruz (18-28 m). Acosta-Calderon et al. (2018) pointed
out that Campeche is the boundary of the distribution of
Udotea in the Caribbean because the Yucatan Peninsula
is the physical barrier between the Caribbean and the
Gulf of Mexico. So the 3 species found in Veracruz are
interesting findings in subtidal waters that expand their
ranges. Acosta-Calderon et al. (2018) pointed out that U.
unistratea has affinities for depth greater than 7 m. Littler
and Littler (1990) reported it at 46 m and Ballantine et al.
(2011) at 70 m. Anadyomene saldanhae constitutes a new
record for SAV as a geographical distribution of species
with affinities with tropical regions and an amphi-Atlantic
distribution (Cape Verde and Caribbean Sea; Collado-
Vides et al., 2013). Previously, it had been reported only
from Florida and the Caribbean Sea (Littler & Littler,
2000). Collado-Vides et al. (2013) reported that A.
saldanhae from St. Croix (Virgin Islands, Caribbean Sea)
is closely related to 4. stellata from Florida. Anadyomene
saldanhae complements the geographical distribution of
species with affinities to tropical regions.

Considering the scarcity of studies on shipwrecks
and some poorly explored reefs, and the number of new
records, we assume that the reported algal diversity of
this region is still underestimated. Therefore, to have a
broader knowledge of this group of organisms, as well as
its species distribution, further floristic exploration in the
Gulf of Mexico is called for. Molecular studies are also
desirable to compare our populations with populations of
these species occurring elsewhere. Because fishing, diving,
and tourism are intensifying in the area, consideration
should be given to conservation efforts.
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