A peer-reviewed open-access journal

ZooKeys 341:77-106 (2013)

doi: 10.3897/zookeys.341.5816 $ZOOI<€VS

+
www.zookeys.org Launched to accelerate biodiversity research

Sea anemones (Cnidaria,Anthozoa,Actiniaria) from
coral reefs in the southern Gulf of Mexico

Ricardo Gonzilez-Muifioz'"2, Nuno Simoes',
José Luis Tello-Musi?, Estefanfa Rodriguez*

| Unidad Multidisciplinaria de Docencia e Investigacion en Sisal (UMDI-Sisal), Facultad de Ciencias, Uni-
versidad Nacional Auténoma de México (UNAM); Puerto de Abrigo, Sisal, Yucardn, México, C. P 97356
2 Posgrado en Ciencias del Mar y Limnologia, UNAM; Instituto de Ciencias del Mar y Limnologia, Circuito
Exterior, Ciudad Universitaria, Ciudad de México, C. P 04510 3 Laborarorio de Zoologia, Facultad de Estu-
dios Superiores Iztacala (FES-1), UNAM; Avenida de los Barrios 1, Los Reyes Iztacala, Estado de México, C. P
54090 4 American Museum of Natural History, Division of Invertebrate Zoology, Central Park West at 79th
Street, New York, NY 10024, USA

Corresponding author: Ricardo Gonzdlez-Murioz (ricordea.gonzalez@gmail.com)

Academic editor: L. van Ofiwegen | Received 18 June 2013 | Accepted 10 September 2013 | Published 8 October 2013

Citation: Gonzdlez-Mufioz R, Simoes N, Tello-Musi JL, Rodriguez E (2013) Sea anemones (Cnidaria, Anthozoa,
Actiniaria) from coral reefs in the southern Gulf of Mexico. ZooKeys 341: 77-106. doi: 10.3897/z0okeys.341.5816

Abstract

Seven sea anemone species from coral reefs in the southern Gulf of Mexico are taxonomically diagnosed
and images from living specimens including external and internal features, and cnidae are provided. Fur-
thermore, the known distribution ranges from another 10 species are extended. No species records of sea
anemones have been previously published in the primary scientific literature for coral reefs in the southern
Gulf of Mexico and thus, this study represents the first inventory for the local actiniarian fauna.
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Introduction

Sea anemones (order Actiniaria) are among the benthic and sessile invertebrates in-
habiting the southern Gulf of Mexico (SGM) coral reefs. Nevertheless, sea anemones
are typically overlooked in assessments of coral reefs biodiversity due to the poor taxo-
nomic knowledge available on local species. Although some studies provide records of
sea anemone species from some coral reefs in the SGM (Gonzdlez-Solis 1985, Rosado-
Matos 1990, Gonzdlez-Mufoz 2005, Vélez-Alavéz 2007, CONANP 2006), formal
taxonomic identification was beyond their scope. Thus, no inventory of sea anemones
has been previously published in the primary scientific literature for coral reefs in the
SGM. The present contribution documents 17 species from 15 coral reefs of the Verac-
ruz Reef System (VRS), and five coral reefs of the Campeche Bank, Yucatdn Peninsula
(Figure 1). Taxonomic diagnoses with images of living specimens, including external
and internal features, and cnidae are provided for seven species: Anemonia sargassensis
Hargitt, 1908; Anthopleura pallida Duchassaing and Michelotti, 1864; Bunodosoma
cavernatum (Bosc, 1802); Isoaulactinia stelloides (McMurrich, 1889); Actinoporus el-
egans Duchassaing, 1850; Lebrunia coralligens (Wilson, 1890); and Calliactis tricolor
(Le Sueur, 1817). The other 10 species were recently diagnosed in an inventory of the
Mexican Caribbean sea anemone fauna (Gonzilez-Mufoz et al. 2012); however, here
we extend their distribution range for coral reef localities in the SGM (Table 1). Those
species are: Bunodeopsis antilliensis Duerden, 1897; Actinostella flosculifera (Le Sueur,
1817); Bunodosoma granuliferum (Le Sueur, 1817); Condylactis gigantea (Weinland,
1860); Lebrunia danae (Duchassaing & Michelotti, 1860); Phymanthus crucifer (Le
Sueur, 1817); Stichodactyla helianthus (Ellis, 1768), Aiptasia pallida (Agassiz in Verrill,
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Figure 1. Map of the Southern Gulf of Mexico, indicating the localities sampled in this study.
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Table I. Distribution of sea anemones found on the coral reefs of SGM in the present study. The symbol
“x” indicates localities of previous but not published records, “*” indicates new records for the locality

found in the present study, and “t” indicates new records for Mexico.
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Bunodeopsis antilliensis Duerden, 1897 * X
Actinostella flosculifera (Le Sueur, 1817) | * | x| * *lx 1 1 * *
Anemonia sargassensis Hargitt, 1908 * * * * L
Anthopleura pallida Duchassaing & .
Michelotti, 1864
Bunodosoma cavernatum (Bosc, 1802) T | * | * | * K * *
Bunodosoma granuliferum (Le Sueur, 1817) * *
Condylactis gigantea (Weinland, 1860) ** x| *
Loaulactinia stelloides (McMurrich, 1889) T | * * * *
Aiptasia pallida (Agassiz in Verrill 1864) | * | x | * * 1 * R
Bartholomea annulata (Le Sueur, 1817) x| x e * B B B
Ragactis lucida (Duchassaing & N . . .
Michelotti, 1860)
Lebrunia coralligens (Wilson, 1890) X * | x x| *|*F|* T
Lebrunia danae (Duchassaing & .
Michelotti, 1860)
Actinoporus elegans Duchassaing, 1850 * * * 1
Calliactis tricolor (Le Sueur, 1817) T * *
Phymanthus crucifer (Le Sueur, 1817) x| * R S Bl Bl * | x * * | x
Stichodactyla helianthus (Ellis, 1768) xR * | x | * | x X

1864); Bartholomea annulata (Le Sueur, 1817); and Ragactis lucida (Duchassaing &
Michelotti, 1860) (Figure 2). Although these 17 species have a widespread geographic
distribution in the Caribbean Sea and Gulf of Mexico (Fautin and Daly 2009, Fautin
2013), this study represents the first inventory of sea anemones of coral reefs in the
SGM. The aim of this contribution is to encourage biological and ecological research
on sea anemones of the coral reefs of the SGM by facilitating identification work.

Methods

Observations and collections of specimens were done at 20 coral reef localities of the
SGM during 2009-2011 (Figure 1). Habitats sampled include sandy patches, seagrass
meadows, rocky pavement, coral rubble, and coral patches in several zones of coral
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Figure 2. A Bunodeopsis antilliensis B Actinostella flosculifera € Bunodosoma granuliferum D Condylactis

gigantea E Aiptasia pallida ¥ Bartholomea annulata G Ragactis lucida W Lebrunia danae | Phymanthus
crucifer ) Stichodactyla helianthus.

reefs, and depth and habitat characteristics were recorded. Specimens were collected by
hand, either by snorkeling or SCUBA diving, using a small shovel, and hammer and
chisel. Collected specimens were transferred to the laboratory and maintained in an
aquarium to photograph their color in life. Specimens were relaxed using 5% MgSO,
seawater solution and subsequently fixed in 10% formalin in seawater. Measurements
provided for pedal disc, column, oral disc and tentacles were obtained from living and
relaxed specimens. Fragments of selected specimens were dehydrated and embedded
in paraffin. Histological sections 6-10 um thick were stained with hematoxylin-eosin
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(Estrada et al. 1982) or Ramén and Cajal’s Triple Stain (Gabe 1968). For cnidae ex-
amination, squash preparations of small amounts of tissue of two specimens from each
species (tentacles, actinopharynx, filaments, column, and if present, marginal projec-
tions, acrorhagi, acontia and pseudotentacles) were examined using a Nikon Labo-
phot-2 light microscope (1000x oil immersion), photographed and haphazardly meas-
ured. Nematocyst terminology follows Mariscal (1974) and Ostman (2000).
Specimens were deposited in the Collection of the Gulf of Mexico and Mexican
Caribbean Sea (Registration code: YUC-CC-254-11) of the Unidad Multidisciplinaria
de Docencia e Investigacion en Sisal (UMDI-Sisal) at the Universidad Nacional Auténo-
ma de México (UNAM), and in the American Museum of Natural History (AMNH,
accession number 65822). We followed the taxonomic classification and synonymies
implemented in Fautin (2013) with modifications from Rodriguez et al. (2012). Taxa
are arranged in families in alphabetical order. The diagnosis of each species is based on
the features observed in the collected specimens. The synonym list for each species only
contains reference to the first citation of the species by a particular name. The number
of specimens examined of each species per locality is indicated in the material examined.
Figure 1 displays the coral reef localities sampled in this study. Table 1 indicates previous
and new records of the species observed and collected at each coral reef locality; Table 2
includes size ranges of length and width of cnidae capsules for each studied species.

Results
Systematic treatment

Order Actiniaria Hertwig, 1882

Suborder Nynantheae Carlgren, 1899
Infraorder Thenaria Carlgren, 1899
Superfamily Actinoidea Rafinesque, 1815
Family Actiniidae Rafinesque, 1815
Genus Anemonia Risso, 1826

Anemonia sargassensis Hargitt, 1908
http://species-id.net/wiki/Anemonia_sargassensis

Figure 3, Table 2

Anemonia sargassensis Hargitc 1908: 117-118.
Anemonia antillensis Pax 1924: 94, 99—100, 119.
Anemonia sargassiensis [sic]: Carlgren 1949: 50.

Material examined. Alacranes reef (22°31'35"N, 89°46'05"W; two specimens), Cayo
Arenas reef (22°07'05"N, 91°24'17"W/; three specimens), La Gallega reef (19°13'20"N,
96°07'39"W; two specimens), Ingenieros reef (19°08'41"N, 96°05'22"W/; two specimens).


http://species-id.net/wiki/Anemonia_sargassensis
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Figure 3. Anemonia sargassensis. A Live specimen in natural habitat B Oral view € Pedal disc view

D Cross section through distal column showing mesenteries; arrows indicate siphonoglyphs E Detail
of cross section through distal column showing a siphonoglyph F Detail of retractor and parieto-
basilar muscles G Longitudinal section through margin showing acrorhagi and marginal sphincter
muscle H Longitudinal section through base showing basilar muscles I Cross section through ten-
tacle J-U Cnidae.— acrorhagi: } small basitrich K basitrich L holotrich; actinopharynx: M small
basitrich N microbasic p-mastigophore; column: O basitrich; filaments: P basitrich Q microbasic
b-mastigophore R microbasic p-mastigophore; tentacle: S small basitrich T basitrich U spirocyst.
Abbreviations.— acr: acrorhagi, bm: basilar muscle, e: epidermis, fo: fosse, g: gastrodermis, la: larvae,
Im: longitudinal muscle, m: mesoglea, mp: marginal projection, od: oral disc, pd: pedal disc, pm:
parietobasilar muscle, rm: retractor muscle, s: siphonoglyph, sp: sphincter, t: tentacle. Scale bars:
A-C: 10 mm; D-I: 200 pm; J-U: 25 pm.
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Diagnosis. Fully expanded oral disc and tentacles 9-50 mm in diameter. Oral disc
smooth, 4-22 mm in diameter, wider than column, dark-orange, brownish, greenish
or dark-red, with white or yellowish endocoelic radial stripes tapering from tentacle
bases (Figure 3A, B); mouth bright orange or pink (Figure 3B). Tentacles hexamerously
arranged in 4-5 cycles (48-76 in number), moderately long (to 6-19 mm length),
smooth, slender, tapering distally, inner ones longer than outer ones, contractile, dark-
orange to reddish, sometimes with whitish or yellowish tips and pink or purple flashes
(Figure 3A—C). Fossa well marked (Figure 3G). Poorly marked endocoelic marginal
projections, 17-35, forming acrorhagi (Figure 3G), with holotrichs and basitrichs.
Column cylindrical, short, smooth, 5-11 mm in diameter and 5-12 mm in height,
dark-orange to dark-red. Pedal disc well-developed, 6-16 mm in diameter, wider than
column (Figure 3C), bright-orange or pink. Mesenteries irregularly arranged in four cy-
cles: first and second cycles perfect, others imperfect; more mesenteries proximally than
distally (82—89 and 44—48 pairs respectively in specimens examined). Directives absent,
5—6 siphonoglyphs in specimens examined (Figure 3D, E). Gametogenic tissue not
observed in specimens examined. Larvae observed in coelenteron of one specimen ex-
amined (Figure 3E). Retractor muscles diffuse to restricted; parietobasilar muscles weak
with short mesogleal pennon (Figure 3F). Basilar muscles well-developed (Figure 3H).
Marginal sphincter muscle endodermal, diffuse (Figure 3G). Longitudinal muscles of
tentacles ectodermal (Figure 31). Zooxanthellae present. Cnidom: basitrichs, holotrichs,
microbasic 4- and p-mastigophores and spirocysts (Figure 3]-U; see Table 2).

Natural history. Anemonia sargassensis inhabits shallow waters of the lagoon reef
zone, often above 7halassia testudinum blades, but is also found under stones and coral
gravel, between 0.5-2 m. It is often reported on floating Sargassum (Carlgren and
Hedgpeth 1952). Asexual propagation by longitudinal fission is common (Carlgren
and Hedgpeth 1952) and bifurcated tentacles can occur (Hargitc 1908, 1912, Pax
1924, Corréa 1964, present study).

Distribution. Western Atlantic, from the northern coast of USA and Caribbean
Sea, to the northern coast of Brazil (Carlgren and Hedgpeth 1952, Varela 2002, Zam-
poni et al. 1998).

Remarks. Of the 20 valid species of Anemonia, four species have been recorded in
the Gulf of Mexico and Caribbean Sea (Fautin 2013): A. sargassensis, A. melanaster (Ver-
rill, 1901), A. depressa Duchassaing & Michelotti, 1860, and A. elegans Verrill, 1901. The
anatomy described for A. sargassensis is conflicting mainly in the presence of directives,
siphonoglyphs, and marginal projections (e.g. Hargitt 1908, 1912, Pax 1924, Field 1949,
Carlgren and Hedgpeth 1952). Just as in Field (1949), Carlgren and Hedgpeth (1952), and
Corréa (1964), we did not find directives in our specimens but 5-6 siphonoglyphs were
present. Although some authors suggest that A. sargassensis and A. melanaster are synony-
mous (Cairns et al. 1986, Ocafia and den Hartog 2002, Wirtz et al. 2003), further studies
are necessary to establish the current taxonomic status of both species. Differences between
the other two species of the genus in the region, A. depressa and A. elegans, and A. sargassensis
are not clear based on the scarce information available and also require further revision.
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Genus Anthopleura Duchassaing & Michelotti, 1860

Anthopleura pallida Duchassaing & Michelotti, 1864
htep://species-id.net/wiki/Anthopleura_pallida
Figure 4, Table 2

Anthopleura pallida Duchassaing and Michelotti 1864: 32-33; P1. V, fig. 10.
Anthopleura Pallida [sic]: Duchassaing 1870: 20.

non Gyractis pallida Boveri, 1893: 251-252.

Actinioides pallida: Duerden 1897: 453.

Actinoides pallida: Verrill 1900: 558.

Bunodactis stelloides catenulata Verrill, 1905: 263.

non Anthopleura pallida Carlgren, 1949: 53.

Anthopleura catenulata: Cairns, den Hartog and Arneson 1986: 177-178; PL. 51.

Material examined. Alacranes reef (22°22'54"N, 89°40'59"W/; four specimens).

Diagnosis. Fully expanded oral disc and tentacles 10-19 mm in diameter. Oral
disc narrow, smooth, 3-8 mm in diameter, pale green or gray (Figure 4A). Tentacles
hexamerously arranged in three cycles (24 in number), smooth, slender, relatively short
(to 4-9 mm), tapering distally, inner ones longer than outer ones, contractile, whitish
or gray, translucent, oral side with opaque white roundish spots (Figure 4A, B). Fosse
well marked (Figure 4E). Column cylindrical, relatively elongate, 3-6 mm in diameter
and 6—12 mm in height, with 12 longitudinal rows of verrucae from mid-column to dis-
tal margin (Figure 4B, G). Twelve endocoelic marginal projections forming acrorhagi
(Figure 4B, E) with holotrichs, basitrichs, microbasic p-mastigophores, and spirocysts.
Pedal disc well-developed, 4-8 mm in diameter, slightly wider than column (Figure
4B). Pedal disc and column white to pale green (Figure 4B). Mesenteries hexamerously
arranged in 2—3 cycles: only first cycle perfect or first two cycles perfect and third imper-
fect; same number of mesenteries distally and proximally (12-32 pairs in specimens ex-
amined). Only first two cycles fertile (except directives); gonochoric (?), only spermatic
cysts observed in specimens examined (Figure 4F). Two pairs of directives each attached
to a well-developed siphonoglyph (Figure 4C). Retractor muscles diffuse; parietobasilar
muscles well-developed with short mesogleal pennon (Figure 4D). Basilar muscles well-
developed (Figure 4H). Marginal sphincter muscle endodermal, weak and diffuse (Fig-
ure 4E). Longitudinal muscles of tentacles ectodermal. Cnidom: basitrichs, microbasic
b- and p-mastigophores, holotrichs, and spirocysts (Figure 41-X; see Table 2).

Natural history. Anthopleura pallida inhabits the intertidal to shallow subtidal
zone attached to coral on sandy shores, at 0.5 m. It is azooxanthellate and it broadcast
spawns (Daly and den Hartog 2004).

Distribution. Western Atlantic, from Bermuda (Verrill 1900) to Virgin Islands
(Duchassaing and Michelotti 1864). This is the first record for the coast of Mexico;
found in Alacranes reef (see Table 1).
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Figure 4. Anthopleura pallida. A Oral view B Lateral view € Detail of directives and siphono-
glyph D Cross section through proximal column E Longitudinal section through margin showing

acrorhagi and marginal sphincter muscle F Detail of spermatic cysts G Longitudinal section through
distal column showing one verruca H Longitudinal section through base showing basilar muscles
I-X Cnidae.— acrorhagi: | small basitrich J basitrich K holotrich L spirocyst; actinopharynx: M small
basitrich N basitrich O microbasic 4-mastigophore P spirocyst; column: Q small basitrich R basitrich
S spirocyst; filament: T basitrich U spirocyst V microbasic p-mastigophore; tentacle: W' basitrich
X spirocyst. Abbreviations.— acr: acrorhagi, bm: basilar muscle, c: column, d: directives, fo: fosse, mp:
marginal projection, od: oral disc, pd: pedal disc, pm: parietobasilar muscle, rm: retractor muscle,
s: siphonoglyph, sc: spermatic cyst, sp: sphincter, t: tentacles, vr: verruca. Scale bars: A-B: 10 mm;
C-H: 200 pm; I-X: 25 pum.
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Remarks. Currently there are three valid species of Anthoplenra in the Gulf of
Mexico and Caribbean Sea: Anthopleura krebsi (Duchassaing & Michelotti, 1860),
Anthopleura texaensis (Carlgren and Hedgpeth, 1952), and A. pallida (Daly and den
Hartog 2004). Anthopleura pallida is distinguished mainly in column color and shape,
and the arrangement of verrucae in rows, only present from the margin to the mid-
column (Daly and den Hartog 2004). However, in A. krebsi and A. texaensis, the
column is stout rather than elongate, and the verrucae are arranged in rows along the
entire column length, from margin to limbus (Daly and den Hartog 2004). Although
we found the marginal sphincter muscle diffuse rather than circumscribed-diffuse, all
other features including external and internal anatomy and cnidae fit well with the
redescription of A. pallida by Daly and den Hartog (2004).

Genus Bunodosoma Verrill, 1899

Bunodosoma cavernatum (Bosc, 1802)
htep://species-id.net/wiki/Bunodosoma_cavernatum

Figure 5, Table 2

Actinia cavernata Bosc 1802: 221-222.
Urticina cavernata: Duchassaing 1850: 9.
Bunodes cavernata: Verrill 1864: 17-18.
Phymactis cavernata: Andres 1883: 448.
Bunodosoma cavernata: Verrill 1899: 45.
Anthopleura cavernata: Cary 1906: 51.
Bunodosma cavernata: Daly 2003: 92.

Material examined. La Gallega reef (19°13'20"N, 96°07'39"W/; thirteen specimens),
Ingenieros reef (19°08'41"N, 96°05'22"W/; two specimens).

Diagnosis. Fully expanded oral disc and tentacles to 20-38 mm in diameter. Oral
disc 10-22 mm in diameter, smooth, brown-yellowish, brown-reddish or pale olive-
green, sometimes with white or yellowish radial stripes in endocoelic spaces of first
two or three tentacular cycles (Figure 5A, B). Tentacles hexamerously arranged in five
cycles (about 96 in number), smooth, simple, conical, moderately long (3—5 mm in
length), tapering distally, inner ones longer than outer ones, contractile, olive-green, red-
dish or pale-orange (Figure 5A, B), often with white or yellowish spots on oral side and
sometimes with purple flashes. Deep fosse (Figure 5I). Forty-eight endocoelic rounded
marginal projections forming acrorhagi (Figure 5C, I) with holotrichs and basitrichs.
Column cylindrical, 12-22 in diameter and 7-15 mm in height, densely covered with
rounded vesicles, arranged in 96 longitudinal rows from margin to limbus (Figure 5C,
G). Pedal disc well-developed, 12-19 mm in diameter (Figure 5C). Column and pedal
disc light-brown, orange, reddish, yellowish or olive-green. Mesenteries hexamerously
arranged in four cycles (48 pairs in specimens examined): first, second and some mesen-
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Figure 5. Bunodosoma cavernatum. A Live specimen in natural habitat B Oral view C Lateral view

D Detail of directives; notice siphonoglyph E Cross section through proximal column showing oocytes
F Cross section through tentacle G Longitudinal section through column showing vesicles H Longi-
tudinal section though base showing basilar muscles | Longitudinal section through margin showing
acrorhagi and marginal sphincter muscle J-T Cnidae.— acrorhagi: J basitrich K holotrich; actinopharynx:
L basitrich M microbasic p-mastigophore; column: N small basitrich O basitrich; filament: P basitrich
Q microbasic 4-mastigophore R microbasic p-mastigophore; tentacle S basitrich T spirocyst. Abbrevia-
tions.— acr: acrorhagi, bm: basilar muscle, c: column, d: directives, e: epidermis, fo: fosse, g: gastrodermis,
Im: longitudinal muscles, m: mesoglea, mp: marginal projection, o: oocyst, od: oral disc, pd: pedal disc,
pm: parietobasilar muscle, rm: retractor muscle, s: siphonoglyph, sp: sphincter, t: tentacle, vs: vesicles.
Scale bars: A-C: 10 mm; D-I: 200 pm; J-T: 25 pum.
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teries of third cycle perfect, others imperfect; same number of mesenteries distally and
proximally. All mesenteries fertile (except directives); gonochoric; oocytes and spermatic
cysts well-developed in specimens collected in January and May (Figure 5E). Two pairs
of directives each attached to a well-developed siphonoglyph (Figure 5D). Retractor
muscles strong and restricted; parietobasilar muscles well-developed with a relatively long
free mesogleal pennon (Figure 5E). Basilar muscles well-developed (Figure 5H). Mar-
ginal sphincter muscle endodermal, strong and circumscribed (Figure 5I). Longitudinal
muscles of tentacles ectodermal (Figure 5F). Zooxanthellae present. Cnidom: basitrichs,
microbasic 4- and p-mastigophores, holotrichs and spirocysts (Figure 5]-T; see Table 2).

Natural history. Bunodosoma cavernatum inhabits shallow waters, attached to
rocks and coral rubble, in the lagoon zone; between 2—-6 m.

Distribution. Western Atlantic, from North Caroline to Barbados; along the Car-
ibbean Sea and Gulf of Mexico (Carlgren and Hedgpeth 1952); and Caroline Islands,
Micronesia (Bosc 1802). This is the first record for the coast of Mexico; found in the
VRS (see Table 1).

Remarks. Currently four valid species of Bunodosoma have been reported in the
Gulf of Mexico and Caribbean Sea (Gonzdlez-Mufioz et al. 2012, Fautin 2013):
B. cavernatum, B. granuliferum (Le Sueur, 1817), B. kuckenthali Pax, 1910, and B.
sphaerulatum Duerden, 1902. Bunodosoma cavernatum differs from B. granuliferum
because it lacks the distinct chromatic pattern of the column with alternating pale and
dark longitudinal bands but also based on molecular evidence (reviewed in Gonzélez-
Muioz et al. 2012). Our specimens show that the circumscribed marginal sphincter
muscle tends to split in two parts as suggested by Carlgren (1952) (Figure 5I). The
distinction between B. sphaerulatum and B. kuekenthali and their Caribbean congeners
are not clear based on the information available.

Genus Isoaulactinia Belém, Herrera-Moreno & Schlenz, 1996

Isoaulactinia stelloides (McMurrich, 1889)
http://species-id.net/wiki/Isoaulactinia_stelloides
Figure 6, Table 2

Aulactinia stelloides McMurrich 1889: 28-31.

Aulactinia stella: Duerden 1897: 454—455.

Bunodella stelloides: Verrill 1899: 43—44.

Bunodes stella: Duerden 1898: 455.

Bunodactis stelloides: Verrill 1900: 556.

Anthopleura catenulata: Cairns, den Hartog and Arneson 1986: 177-178; PL. 51.
Anthopleura carneola: Cairns, den Hartog and Arneson 1986: 177-178; PL. 51.
Lsoaulactinia stelloides: Belém, Herrera-Moreno and Schlenz 1996: 77-88.

Material examined. La Gallega reef (19°13'20"N, 96°07'39"W; six specimens).
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Diagnosis. Fully expanded oral disc and tentacles to 24-38 mm in diameter. Oral
disc smooth, slightly wider than column, 9-11 mm in diameter, light- or olive-green,
sometimes with small white stripes near tentacles bases (Figure 6A, B). Tentacles hex-
amerously arranged in four cycles (about 48 in number), simple, smooth, moderately
long (9-14 mm in length), conical, tapering distally, inner ones longer than outer ones,
contractile, olive-green with white bands along entire length (Figure 6A, B). Deep fosse
(Figure 6G). Twenty-four endocoelic marginal projections (Figure 6C, G) with ba-
sitrichs and macrobasic p-mastigophores. Column cylindrical, 8-12 in diameter and
13-22 mm in height, with approximately 48 longitudinal rows of verrucae along entire
column, but more conspicuous distally (Figure 6C). Pedal disc well-developed, 9-16
mm in diameter (Figure 6C). Column, verrucae, and pedal disc light-brown or beige
(Figure 6C). Mesenteries hexamerously arranged in three cycles (24 pairs in specimens
examined): all cycles perfect; same number of mesenteries distally and proximally. First
and second cycles fertile (except directives); hermaphroditic (?), only oocytes observed in
specimens examined (Figure 6E). Developing polyps in coelenteron (Figure 6F). Two
pairs of directives each attached to a well-developed siphonoglyph (Figure 6D). Retrac-
tor muscles strong and restricted; parietobasilar muscles well-developed with relatively
long and thick free mesogleal pennon (Figure 6E). Basilar muscles well-developed (Fig-
ure 6H). Marginal sphincter muscle endodermal, strong and circumscribed, palmate
(Figure 6G). Longitudinal muscles of tentacles ectodermal (Figure 61). Zooxanthellae
present. Cnidom: basitrichs, microbasic /-mastigophores, macrobasic and microbasic
p-mastigophores, and spirocysts (Figure 6]-Y; see Table 2).

Natural history. [soaulactinia stelloides inhabits shallow waters in the lagoon reef
zone, at 1-2 m, near Actinostella flosculifera, Stichodactyla helianthus, and the zoanthid
Palythoa caribaeorum (Duchassaing & Michelotti, 1860). It lives with the column bur-
rowed in the sand but the pedal disc attached to rocks and coral rubble. Although we
only observed developing oocytes in the two specimens histologically examined, 7. szel-
loides has been reported as a simultaneous hermaphroditic, internally brooding, often
with developing polyps in the coelenteron (Belém et al. 1996, Daly and den Hartog
2004); the latter have also been observed in the present study (Figure 6F).

Distribution. Western Atlantic, from Bermuda to Barbados, and along the Carib-
bean Sea (Belém et al. 1996, Daly and den Hartog 2004). This is the first record for
the coast of Mexico; found in the VRS (see Table 1).

Remarks. Currently Isoaulactinia has two valid species (Daly 2004, Fautin 2013):
I hespervolita Daly, 2004, and L. stelloides. According to Daly (2004) L hespervolira dif-
fers from 1. stelloides in having an unmarked oral disc and tentacles, spinose holotrichs
in the column and being gonochoric rather than hermaphroditic. In addition, 7. /es-
pervolita has a reddish-orange to greenish-brown column, oral disc and tentacles; ap-
proximately 80 tentacles arranged in up to five cycles, and macrobasic p-mastigophores
only in the column and tentacles (Daly 2004). We found additional microbasic -
mastigophores in the actinopharynx of /. szelloides but they were not abundant (Table
2). This category of nematocyst has not been previously reported in the actinopharynx
of either of the species (Belém et al. 1996, Daly and den Hartog 2004).
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Figure 6. Isoaulactinia stelloides. A Live specimen in natural habitat B Oral view € Lateral view D Detail

of directives showing a siphonoglyph E Cross section through proximal column F Detail of brooded juve-
nile G Longitudinal section through margin showing marginal sphincter muscle and marginal projection
H Longitudinal section though base showing basilar muscles | Cross section through tentacle J-Y Cni-
dae.— marginal projection: J small basitrich K macrobasic p-mastigophore; actinopharynx: M basitrich
N macrobasic p-mastigophore O microbasic p-mastigophore P long, curved basitrich; column: Q small
basitrich R macrobasic p-mastigophore; filament: S small basitrich T basitrich U macrobasic p-mastigo-
phore V microbasic b-mastigophore W' microbasic p-mastigophore; tentacle: X basitrich Y spirocyst.
Abbreviations.— b: brooded juvenile, bm: basilar muscle, ¢: column, d: directives, e: epidermis, fo: fosse,
Im: longitudinal muscle, m: mesoglea, mp: marginal projection, o: oocyst, od: oral disc, pd: pedal disc,
pm: parietobasilar muscle, rm: retractor muscle, s: siphonoglyph, sp: sphincter, t: tentacle, vr: verrucae, z:
zooxanthellae. Scale bars: A-C: 10 mm; D-I: 200 pm; J-Y: 25 pm.
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Family Aliciidae Duerden, 1895
Genus Lebrunia Duchassaing & Michelotti, 1860

Lebrunia coralligens (Wilson, 1890)
http://species-id.net/wiki/Lebrunia_coralligens
Figure 7; Table 2

Hoplophoria coralligens Wilson 1890: 379-386.
Lebrunea coralligens: Duerden 1898: 456—457.
Lebrunia coralligens: Stephenson 1922: 288.

Material examined. Isla Verde reef (19°13'26"N, 96°05'56"W; three specimens); Isla
Sacrificios reef (19°10'36"N, 96°05'39"W/; three specimens).

Diagnosis. Fully expanded oral disc and tentacles to 18-22 mm in diameter. Oral
disc smooth, 3-5 mm in diameter, beige and translucent (Figure 7B). Tentacles hex-
amerously arranged in 3—4 cycles (about 24-52 in number), moderately long (about
5-8 mm length), tapering distally, inner ones longer than outer ones, contractile, gray
or beige, translucent, with tips whitish or yellowish and scattered bluish dots along the
entire length (Figure 7B, C). Column short, smooth, 3-6 mm in diameter and 6-10 mm
in height, bright-brown with faint stripes corresponding to mesenterial insertions. Col-
umn distally with 4-6 outgrowths (pseudotentacles). Pseudotentacles branched, ending
in globular-shaped vesicles with batteries of macro- and micro-basic p-amastigophores
and basitrichs; bluish with gray or brown circle in center (Figure 7A—C). Pedal disc well-
developed, circular, 3-7 mm in diameter, light brown or beige, translucent (Figure 7C).
Mesenteries hexamerously arranged in 23 cycles (12-24 pairs in specimens examined):
first cycle perfect and sterile, others imperfect and fertile; more mesenteries proximally
than distally (two and three cycles, respectively). Hermaphroditic (Figure 7G). Two pairs
of directives each attached to a well-developed siphonoglyph (Figure 7D). Retractor mus-
cles diffuse, strong; parietobasilar muscles with short and thick mesogleal pennon (Figure
7E, F). Basilar muscles relatively poorly developed (Figure 7H). Marginal sphincter mus-
cle absent. Ectodermal longitudinal muscles in distal column. Longitudinal muscles of
tentacles ectodermal (Figure 71). Zooxanthellae present (Figure 7F). Cnidom: basitrichs,
macrobasic and microbasic p-amastigophores, and spirocysts (Figure 7]-V; see Table 2).

Natural history. Lebrunia coralligens inhabits narrow fissures of live coral with
only the end of the pseudotentacles visible, between 3—6 m. During the day, the ten-
tacles remain contracted and the pseudotentacles fully expanded allowing the zooxan-
thellae (particularly abundant in this area) to capture sunlight; at night the situation is
the opposite, allowing tentacles to capture food (Sebens and DeRiemer 1977).

Distribution. Western Atlantic, from Bahamas to Brazil, and along the Caribbean
Sea (Wilson 1890, Manjarrés 1978, Acuna et al. 2013, Varela 2002, Herrera-Moreno
and Betancourt 2002). Lebrunia coralligens has been recorded in the Mexican Carib-
bean (Jorddn-Dahlgren 2008), and in the VRS (Gonzilez-Munoz 2005, see Table 1).
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Figure 7. Lebrunia coralligens. A Live specimen in natural habitat B Oral view C Pedal disc view

D Cross section through distal column showing a siphonoglyph E Detail of retractor muscles F Detail
of parietobasilar muscles G Detail of a mesentery showing oocytes and spermatic cysts H Longitudinal
section through base showing basilar muscles I Cross section through tentacle J-V Cnidae.— actin-
opharynx: J small microbasic p-amastigopore K microbasic p-amastigophore; column: L small basitrich
M small microbasic p-amastigophore; filament: N small microbasic p-amastigophore O microbasic
p-amastigophore; tentacle: P basitrich Q microbasic p-amastigophore R small microbasic p-amastigo-
phore S spirocyst; pseudotentacle: T basitrich U microbasic p-amastigophore V macrobasic p-amasti-
gophore. Abbreviations.— bm: basilar muscle, d: directives, e: epidermis, Im: longitudinal muscle, o: oo-
cyst, od: oral disc, pd: pedal disc, pm: parietobasilar muscle, ps: pseudotentacle, rm: retractor muscle, s:
siphonoglyph, sc: spermatic cyst; t: tentacle, z: zooxanthellae. Scale bars: A—C: 10 mm; D-H: 200 pm;
I: 100 um; J-U: 25 pm; V: 20 pm.
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Remarks. Currently there are two valid species of Lebrunia, both of them distrib-
uted in the Western Adlantic (Fautin 2013). They differ in the branched pseudoten-
tacles: those of L. danae are long and dark-brown whereas those of L. coralligens are
shorter, bright bluish-gray, with rounded ends (Gonzalez-Munoz et al. 2012).

Family Capneidae Gosse, 1860
Genus Actinoporus Duchassaing, 1850

Actinoporus elegans Duchassaing, 1850
http://species-id.net/wiki/Actinoporus_elegans
Figure 8, Table 2

Actinoporus elegans Duchassaing 1850: 10.
Actinoporus Elegans [sic]: Duchassaing 1870: 21.
Aureliana elegans: Andres 1883: 289.

Material examined. La Gallega reef (19°13'20"N, 96°07'39"W/; one specimen).

Diagnosis. Fully expanded oral disc and tentacles up to 52 mm in diameter. Central
part of oral disc smooth, narrow, to 16 mm diameter, beige; mouth oval with a well-
developed conchula (Figure 8C). Tentacles small, vesicle-like, arranged in double radial
rows covering almost entire oral disc, on endocoelic and exocoelic spaces, 24-26 ten-
tacles per double row; reddish or pinkish rows of tentacles alternating with pale brown
rows (Figure 8A-D). Deep fosse (Figure 8G). Column elongated, funnel-shaped, to 60
mm in height, wider distally than proximally; column diameter: distally 38 mm, mid-
column 27 mm, proximally 13 mm (Figure 8E). Column with longitudinal rows of
vesicles (6—8 vesicles per row) distally (Figure 8B, E). Pedal disc well-developed, narrow,
19 mm in diameter. Column and pedal disc white to pale-brown; mesenterial inser-
tions visible distally (Figure 8E). Mesenteries irregularly arranged in three cycles (28
pairs in specimen examined): first cycle perfect, others imperfect. Gametogenic tissue
not observed in specimen examined. Two pairs of directives, only one pair attached to a
single well-developed siphonoglyph. Retractor muscles strong, circumscribed, with main
muscle lamella divided in two parts; parietobasilar muscles strong with thick mesogleal
pennon (Figure 8F). Basilar muscles well-developed (Figure 8H). Marginal sphincter
muscle endodermal, strong and circumscribed, pinnate (Figure 8G). Longitudinal mus-
cles of the tentacles ectodermal (Figure 81). Zooxanthellae absent. Cnidom: basitrichs,
microbasic p-mastigophores, and spirocysts (Figure 8]—P, Table 2).

Natural history. Actinoporus elegans inhabits sandy bottoms, at 1-2 m; the col-
umn is burrowed in the sand but the pedal disc is strongly attached to rocks. When
disturbed, it contracts the oral disc suddenly, completely burrowing the entire body.

Distribution. Western Atlantic, from the northern coast of Brazil to Guadeloupe,
Jamaica, and Curagao (Corréa 1973), and Cape Verde Islands (Wirtz 2009). This is
the first record for the coast of Mexico; found in the VRS.
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® od

Figure 8. Actinoporus elegans. A Fully expanded specimen in natural habitat B Partially contracted speci-
men in natural habitat € Oral view D Detail of double rows of tentacles E Lateral view F Cross section
through proximal column, showing retractor and parietobasilar muscles G Longitudinal section through
column margin showing marginal sphincter muscle H Longitudinal section through base showing basilar
muscles | Longitudinal section through tentacles J-P Cnidae.— actinopharynx: J basitrich K microbasic
p-mastigophore; column: L basitrich; filament: M basitrich N microbasic p-mastigophore; tentacle: O basi-
trich P spirocyst. Abbreviations.— bm: basilar muscle, e: epidermis, f: filament, fo: fosse, g: gastrodermis, Im:
longitudinal muscle, m: mesoglea, od: oral disc, pd: pedal disc, pm: parietobasilar muscle, rm: retractor mus-
cle, sp: sphincter, t: tentacle, vs: vesicles. Scale bars: A-C, E : 10 mm; D: 2 mm; F-I: 200 pm; J-P: 25 pm.

Remarks. Currently there are two valid species of Actinoporus: A. elegans and A.
elongatus Carlgren, 1900 (Fautin 2013). Actinoporus elongatus is reported for India,
Mozambique and Australia (Carlgren 1900, Menon 1927, Clayton and Collins 1992),
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and it lacks the longitudinal rows of vesicles in the distal column of A. elegans (Car-
lgren 1900, Corréa 1973). Additional color patterns observed for A. elegans in coral
reefs off the coast of Venezuela include tentacles and oral disc almost completely white
with dark-brown stripes, or completely bright orange (unpublished data).

Superfamily Metridioidea Carlgren, 1893
Family Hormathiidae Carlgren, 1932
Genus Calliactis Verrill, 1869

Calliactis tricolor (Le Sueur, 1817)
htep://species-id.net/wiki/Calliactis_tricolor
Figure 9, Table 2

Actinia tricolor Le Sueur 1817: 171.

Actinia bicolor Le Sueur 1817: 171.

Cereus bicolor: Milne-Edwards 1857: 273.

Adamsia tricolor: Milne-Edwards 1857: 281.

Adamsia Egletes [sic] Duchassaing and Michelotti 1864: 40.
Adamsia egletes: Duchassaing and Michelotti 1866: 134.
Calliactis bicolor: Verrill 1869: 481.

Adamsia sol McMurrich 1893: 183.

Adamsia bicolor: Andres 1883: 179.

Adamsia tricolor Andres 1883: 180.

Calliactis tricolor: Haddon 1898: 457.

Material examined. Alacranes reef (22°31'35"N, 89°46'05"W/; eight specimens), Ser-
pientes reef (21°26'22"N, 90°28'25"W; five specimens).

Diagnosis. Fully expanded oral disc and tentacles 948 mm in diameter. Oral disc
smooth, wider than column, 3-20 mm in diameter, pale-brown translucent, with small
white stripes in endocoelic spaces, sometimes forming a white ring; some specimens also
with pink flashes (Figure 9A). Mouth bright yellow, orange, or white; often with purple
ring around lips (Figure 9A). Tentacles hexamerously arranged in 5-6 cycles (96-192 in
number), smooth, thin, short (2.5-15.5 mm), inner ones longer than outer ones, con-
tractile (Figure 9A, B), tapering distally, pale-brown with a longitudinal row of white
dots along entire length (Figure 9A, B); some specimens also with bright-pink flashes
mainly at tips. Column trumpet-shaped in extended position, dome-shaped when con-
tracted, 5-24.5 mm in diameter and 4-31 mm in height, divided into narrow, smooth
capitulum and wrinkled-texture scapus (Figure 9B). Capitulum pale-brown to yellow-
ish, scapus bright to dark orange often with small white stripes or white flashes slightly
above limbus (Figure 9B). Pedal disc well-developed, circular to irregular, wider than
column, 6-36 mm in diameter, with mesenterial insertions visible, pale-brown and
translucent (Figure 9C). One or two rows of cinclides proximally, near limbus; dark-red
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Figure 9. Calliactis tricolor. A Oral view B Lateral view € Pedal disc view D Specimens on hermit crab shell

E Detail of directives showing a siphonoglyph F Cross section through proximal column G Longitudinal sec-
tion through margin showing the marginal sphincter muscle H Longitudinal section through base showing
basilar muscles I Cross section through tentacle J-Q Cnidae.— acontio: J basitrich; actinopharynx: K basitrich
L microbasic p-mastigophore; column: M small basitrich; filament: N basitrich O microbasic p-mastigophore;
tentacle: P basitrich Q spirocysts. Abbreviations.— ac: acontia, bm: basilar muscle, c: column, ca: capitulum,
ci: cinclides, e: epidermis, g: gastrodermis, Im: longitudinal muscle, m: mesoglea, od: oral disc, pd: pedal disc,
rm: retractor muscle, sc: scapus, sp: sphincter, t: tentacle. Scale bars: A-D: 10 mm; E-I: 200 pm; J-Q: 25 pm.

or brown (Figure 9B). Mesenteries hexamerously arranged in four cycles; same number
of mesenteries proximally and distally (to 48 pairs in specimens examined): first cycle
perfect, others imperfect; third and fourth cycles poorly developed, without filaments
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or acontia. Gametogenic tissue not observed in specimens examined. Two pairs of di-
rectives each attached to a well-developed siphonoglyph (Figure 9E). Retractor muscles
weak and diffuse; parietobasilar muscles poorly developed (Figure 9E, F). Basilar mus-
cles poorly developed (Figure 9H). Marginal sphincter muscle mesogleal, strong, trans-
versally stratified (Figure 9G). Longitudinal muscles of tentacles ectodermal. Acontia
numerous, bright orange (Figure 9C), with basitrichs. Zooxanthellae present. Cnidom:
basitrichs, microbasic p-mastigophores, and spirocysts (Figure 9]-Q; see Table 2).

Natural history. Calliactis tricolor typically dwells on the shells of living hermit crabs
often carrying more than one individual (Figure 9D), between 10-30 m. This peculiar
symbiotic relationship has been widely studied (reviewed in Gusmao and Daly 2010).

Distribution. Western Atlantic, from the northern coast of USA to the northern
coast of Brazil, along the Caribbean Sea and Gulf of Mexico (Carlgren and Hedgpeth
1952, Zamponi et al. 1998). This is the first record for the coast of Mexico; found in
Serpientes and Alacranes reefs.

Remarks. Of the 18 valid species currently considered as valid of Calliactis, only
two have been reported in the Gulf of Mexico and Caribbean Sea (Fautin 2013): Calli-
actis polypus (Forsskal, 1775) and C. #ricolor. These two species differ in the color of the
cinclides, white in C. polypus and dark-red in C. #ricolor (Gusmao 2010). In addition,
C. tricolor is distributed almost exclusively in the western Atlantic whereas C. polypus
has a wide distribution range, being found in the Red Sea, Hawaii, French Polynesia,
Australia, South Africa, East Africa, Maldives, Cape Verde Islands, Japan, Galapagos,
and Louisiana (Gusmao 2010, Fautin 2013).

Acknowledgments

This work was partially supported by a grant from the Comisién Nacional de Ciencia y
Tecnologia (CONACyT) to R.G. for studies in the Postgraduate Program of Ciencias del
Mar y Limnologfa (PCMyL, UNAM), and by CONACyT-SEMARNAT-108285 and
DGAPA-PAPIME-PE207210 (UNAM) projects to N.S. All specimens were collected
under consent of Mexican law, collecting permit approved by Comisién Nacional de Ac-
uacultura y Pesca (Number 07332.250810.4060). We thank the Secretaria de Marina Ar-
mada de México (SEMAR), the Comisién Nacional de Areas Naturales Protegidas (CO-
NANTP) and the staff at the Parque Nacional Arrecife Alacranes for their helpful assistance
during field work. Dr. Horacio Pérez-Espana (Instituto de Ciencias Marinas y Pesquerias
de la Universidad Veracruzana) provided support for field work; Dr. Leopoldina Aguirre-
Macedo and M.S. Ratl Simd (Centro de Investigacién y Estudios Avanzados Unidad Mé-
rida, Instituto Politécnico Nacional), and M.S. Maribel Badillo-Alemdn (UMDI-Sisal)
provided access and support to histological facilities; M.S. Gemma Martinez-Moreno,
Dr. Patricia Guadarrama-Chdvez (UMDI-Sisal), B.S. José Antonio Martinez-Pérez, and
B.S. Héctor Barrera-Escorcia (FESI-UNAM) helped with lab work and provided sup-
port in the microscopy lab; M.S. Alfredo Gallardo-Torres (UMDI-Sisal), B.S. Alejandro
Cérdova, B.S. Noé Salgado-Ortiz (FESI-UNAM), Professor Ariel Rolén, M.S. Geraldine



102 Ricardo Gonzdlez-Murioz et al. | ZooKeys 341: 77-106 (2013)

Garcia, M.S. Manuela Muhlia, M.S. Fernando Lazcano (PCMyL, UNAM) helped in the
field, and Dr. Anastazia Banaszak helped with the English version of this paper. Com-

ments of Dr. Lee van Ofwegen and one anonymous referee improved this manuscript.

References

Acuna FH, Garese A, Excoffon AC, Cortés ] (2013) New records of sea anemones (Cnidaria:
Anthozoa) from Costa Rica. Revista de Biologfa Marina y Oceanografia 48(1): 177-184.
doi: 10.4067/50718-19572013000100015

Andres A (1883) Le Attinie. Coi Tipi der Salviucci, Roma, 460 pp.

Belém M]J, Herrera A, Schlenz E (1996) On Isoaulactinia stelloides (McMurrich, 1889), n. gen.,
n. comb. (Cnidaria; Actiniaria; Actiniidae). Biociéncias 4(2): 77-88.

Bosc LAG (1802) Historie Naturalle des Vers. Chez Deterville, Paris, 300 pp.

Boveri T (1893) Das Genus Gyractis, eine radial-symmetrische Actinienform. Zoologische
Jahrbiicher Abteilung fiir Systematik 7: 241-253.

Cairns S, den Hartog JC, Arneson C (1986) Class Anthozoa (Corals, Anemones). In: Sterrer W,
Schoepfer-Sterrer C (Eds) Marine Fauna and Flora of Bermuda. John Wiley and Sons, New
York, 164—194.

Carlgren O (1893) Studien iiber nordische Actinien. Kungliga Svenska Vetenskapsakademiens
Handlingar 25: 1-148.

Carlgren O (1899) Zoantharien. Hamburger Magalhaensische Sammelreise 4: 1-48.

Carlgren O (1900) Ostafrikanische Actinien. Gesammelt von Hern Dr. F. Stuhlmann 1888
und 1889. Mittheilungen aus dem Naturhistorischen Museum 17: 21-144.

Carlgren O (1932) Die Ceriantharien, Zoantharien und Actiniarien des arktischen Gebietes. In:
Fritz-Rémer, Fritz-Schaudinn, August-Brauer, Walther-Arndt (Eds) Eine Zusammenstellung
der arkdischen Tierformen mit besonderer Beriicksichtigung des Spitzbergen-Gebietes auf
Grund der Ergebnisse der Deutschen Expedition in das Nordliche Eismeer im Jahre 1898.
Gustav Fischer, Jena 6: 255-266.

Carlgren O (1949) A survey of the Ptychodactiaria, Corallimorpharia and Actiniaria. Kunglia
Svenska Vetenskapsakademiens Handlingar, series 4, 1: 1-121.

Carlgren O (1952) Actiniaria from North America. Arkiv fiir Zoologi 3(30): 373-390.

Carlgren O, Hedgpeth JW (1952) Actiniaria, Zoantharia and Ceriantharia from shallow water
in the northwestern Gulf of Mexico. Publications of the Institute of Marine Science, Uni-
versity of Texas, 2, 143-172.

Cary LR (1906) A contribution to the fauna of the coast of Louisiana. Gulf Biologic Station
Bulletin 6: 50—59.

Clayton PD, Collins JD (1992) Reproduction and feeding ethology of a tropical, intertidal sand-
dwelling anemone (Actinoporus elongatus, Calgren, 1900). Hydrobiologia 237(1): 31-38.
doi: 10.1007/BF00008425

Comisién Nacional de Areas Naturales Protegidas, CONANP (2006) Programa de Conser-
vacién y Manejo Parque Nacional Arrecife Alacranes. Secretarfa del Medio Ambiente y
Recursos Naturales, México.


-19572013000100015
http://dx.doi.org/10.1007/BF00008425

Sea anemones (Cnidaria, Anthozoa, Actiniaria) from coral reefs... 103

Corréa DD (1964) Corallimorpharia e Actiniaria do Atantico Oeste Tropical. Universidade
de Sio Paulo, Tese, Brasil.

Corréa DD (1973) On the sea anemone Actinoporus elegans Duchassaing. Publications of the
Seto Marine Biological Laboratory 20: 157-164.

Daly M (2003) The anatomy, terminology, and homology of acrorhagi and pseudoacrorhagi in
sea anemones. Zoologische Verhandelingen 345: 89-101.

Daly M (2004) Anatomy and taxonomy of three species of sea anemones (Cnidaria: Anthozoa:
Actiniidae) from the Gulf of California, including fsoaulactinia hespervolita n.sp. Pacific
Science 58(3): 377-390. doi: 10.1353/psc.2004.0030

Daly M, den Hartog JC (2004) Taxonomy, circumscription, and usage in Anthopleura (Cnidar-
ia: Anthozoa: Actiniaria) from the Gulf of Mexico and the Caribbean. Bulletin of Marine
Sciences 74(2): 401-421.

Duchassaing P (1850) Animaux Radiaires des Antilles. Plon Fréres, Parfs, 33 pp.

Duchassaing P, Michelotti G (1860) Mémoire sur les Coralliaires des Antilles. Imprimerie
Royale, Turin, 89 pp. doi: 10.5962/bhl.title.11388

Duchassaing P, Michelotti G (1864) Supplément au mémoire sur les Coralliaires des Antilles.
Imprimerie Royale, Turin, 112 pp.

Duchassaing P, Michelotti G (1866) Supplément au mémoire sur les Coralliaires des Antilles.
Memorie Reale Accademia delle Scienze di Torino 8(2): 97-206.

Duchassaing P (1870) Revue des Zoophytes et des Spongiaires des Antilles. Chez Victor Mas-
son et Fils, Paris, 52 pp.

Duerden JE (1895) On the genus Alicia (Cladactis), with an anatomical descrip-
tion of A. costae, Panc. Annals and Magazine of Natural History 15: 213-218. doi:
10.1080/00222939508677871

Duerden JE (1897) The actiniarian family Aliciidae. Annals and Magazine of Natural History
20: 1-15. doi: 10.1080/00222939708680594

Duerden JE (1898) The Actiniaria around Jamaica. Journal of the Institute of Jamaica 2: 449-465.

Duerden JE (1902) Report of the Actinians of Porto Rico (Investigations of the aquatic re-
sources and fisheries of Porto Rico by the U. S. Fish Commission Steamer Fish Hawk in
1899). Bulletin of the U. S. Fish Commission 20: 323-374.

Ellis J (1768) An account of the Actinia sociata, or clustered animal-flower, lately found on
the sea-coast of the new-ceded islands. Philosophical Transactions of the Royal Society of
London 57(2): 428—437.

Estrada-Flores E, Peralta L, Rivas P (1982) Manual de Técnicas Histol6gicas. AGT, México, 146 pp.

Fautin DG, Daly M (2009) Actiniaria, Corallimorpharia, and Zoanthidea (Cnidaria: Anthozoa)
of the Gulf of Mexico. In: Felder D, Camp D (Eds) The Gulf of Mexico, Origin, Waters,
and Biota, Vol. 1. Texas University Press, College Station, Texas, 349-364.

Fautin DG (2013) Hexacorallians of the World. http://geoportal.kgs.ku.edu/hexacoral/anem-
one2/index.cfm [accessed 25 May 2013]

Field LR (1949) Sea Anemones and Corals of Beaufort, North Carolina. Duke University
Press, Durham, 39 pp.

Forsskdl P (1775) Descriptiones Animalium Avium, Amphibiorum, Piscium, Insectorum, Ver-
mium; Quae in Itinere Orientali Observait. Mélleri Copenhagen, 164 pp.


http://dx.doi.org/10.1353/psc.2004.0030
http://dx.doi.org/10.5962/bhl.title.11388
http://dx.doi.org/10.1080/00222939508677871
http://dx.doi.org/10.1080/00222939508677871
http://dx.doi.org/10.1080/00222939708680594
http://geoportal.kgs.ku.edu/hexacoral/anemone2/index.cfm
http://geoportal.kgs.ku.edu/hexacoral/anemone2/index.cfm

104 Ricardo Gonzdlez-Murioz et al. | ZooKeys 341: 77-106 (2013)

Gabe M (1968) Technique Histologique. Massou et Cie, Paris, 1113 pp.

Gonzdlez-Mufioz RE (2005) Estructura de la comunidad de anémonas del arrecife La Galleguilla,
Veracruz. Universidad Nacional Auténoma de México, Tesis, México.

Gonzélez-Mufoz RE, Simées N, Sdnchez-Rodriguez J, Rodriguez E, Segura-Puertas L (2012)
First inventory of sea anemones (Cnidaria: Actiniaria) of the Mexican Caribbean. Zootaxa
3556: 1-38.

Gonzélez-Solis MA (1985) Composicién y estructura poblacional de las anémonas de Isla
Verde, Veracruz. Instituto Politécnico Nacional, Tesis, México.

Gosse PH (1860) A History of the British Sea-Anemones and Corals. Van Voorst, London,
362 pp. doi: 10.5962/bhl.title.3997

Gusmao LC (2010) Systematics and evolution of sea anemones (Cnidaria: Actiniaria: Horm-
athiidae) symbiotic with hermit crabs. Dissertation The Ohio State University, 360 pp.
doi: 10.1016/j.ympev.2010.05.001

Gusmio LC, Daly M (2010) Evolution of sea anemones (Cnidaria: Actiniaria: Hormathiidae)
symbiotic with hermit crabs. Molecular Phylogenetics and Evolution 56: 868-877.

Haddon AC (1898) The Actiniaria of Torres Straits. Scientific Transactions of the Royal Dub-
lin Society 6(2): 393-520.

Hargite CW (1908) Notes on a few coelenterates of Woods Hole. Biological Bulletin 14: 95-120.
doi: 10.2307/1535721

Hargitt CW (1912) The Anthozoa of the Woods Hole region. Bulletin of the Bureau of Fisheries
788(32): 221-254.

Herrera-Moreno A, Betancourt L (2002) Especies de anémonas (Coelenterata: Actiniaria, Cor-
allimorpharia, Zoanthidea y Ceriantharia) conocidas para la Hispaniola. Universidad IN-
TEC, Santo Domingo, Revista Ciencia y Sociedad 27: 439-453.

Hertwig R (1882) Report on the Actiniaria dredged by H. M. S. Challenger during the years
1873-1876. Report on the Scientific Results of the Voyage of the H. M. S. Challenger
during the years 1873-76 (Zoology) 6: 1-136.

Jorddn-Dahlgren E (2008) Arrecifes Coralinos de Cozumel. In: Mejia LM (Ed) Biodiversidad
Acudtica de la Isla de Cozumel. Plaza and Valdéz—UQROO, 418 pp.

Le Sueur CA (1817) Observations on several species of the genus Actinia; illustrated by figures.
Journal of the Academic of Sciences of Philadelphia 1: 149-154, 169-189.

Manjarrés GA (1978) Nuevos encuentros de actinias (Hexacorallia) en la regién de Santa Mar-
ta, Colombia. Anales del Instituto de Investigaciones Marinas Punta Betin 10: 127-132.

Mariscal RN (1974) Nematocysts. In: Muscatine CL, Lenhoff H (Eds) Coelenterata Biology.
Academic Press Inc., London, 129-178.

McMurrich JP (1889) The Actiniaria of the Bahama Islands. W.I. Journal of Morphology
3: 1-80. doi: 10.1002/jmor.1050030102

McMurrich JP (1893) Report on the Actiniz collected by the United States Commision
Steamer Albatross during the winter of 1887-1888. Proceedings of the United States Na-
tional Museum 16 (930): 119-216. doi: 10.5479/5i.00963801.16-930.119

Menon KR (1927) Subclass Zoantharia (except Scleractiniae). Bulletin of Madras Government
Museum (Natural History Section) 1(1): 31-40.


http://dx.doi.org/10.5962/bhl.title.3997
http://dx.doi.org/10.1016/j.ympev.2010.05.001
http://dx.doi.org/10.2307/1535721
http://dx.doi.org/10.1002/jmor.1050030102
http://dx.doi.org/10.5479/si.00963801.16-930.119

Sea anemones (Cnidaria, Anthozoa, Actiniaria) from coral reefs... 105

Milne-Edwards H (1857) Historie Naturelle des Coralliaries ou Polypes Proprement Dits, vol. 1.
Librairie Encyclopédique de Roret, Paris, 326 pp.

Ocana O, den Hartog JC (2002) A catalogue of Actiniaria and Corallimorpharia from the Ca-
nary Islands and from Madeira. Arquipélago. Boletim da Universidade dos Agores. Cien-
cias Bioldgicas e Marinhas 19: 33-53.

Ostman C (2000) A guideline to nematocysts nomenclature and classification, and some notes
on the systematic value of nematocysts. Scientia Marina 64: 31-46.

Pax F (1910) Studien an westindischen Actinien. Zoologische Jahrbiicher 2: 157-330.

Pax F (1924) Actiniarien, Zoantharien und Ceriantharien von Curagao. Kungliga Zoologisch
Genootschap Natura Artis Magistra (Amsterdam) 23: 93-122.

Rafinesque CS (1815) Analyse de la Nature ou Tableau de 'Univers et des Corps Organisés.
Rafinesque CS, Palerme, 224 pp.

Risso A (1826) Historie Naturelle des Principales de 'Europe Méridionale. Paris, 5: 284-290.

Rodriguez E, Barbeitos M, Daly M, Gusmio LC, Hiussermann V (2012) Toward a natural
classification: phylogeny of acontiate sea anemones (Cnidaria, Anthozoa, Actiniaria).
Cladistics 1: 1-18.

Rosado-Matos MJ (1990) Patrones de diversidad, distribucién y utilizacién del espacio de las
anémonas y zoanthidos (Coelenterata: Anthozoaria) de Veracruz. Universidad Nacional
Auténoma de México, Tesis, México.

Sebens KP, DeRiemer K (1977) Diel cycles of expansion and contraction in coral reef antho-
zoans. Marine Biology 43: 247-256. doi: 10.1007/BF00402317

Stephenson TA (1922) On the classification of Actiniaria. Part III. Definitions connected with
the forms dealt with in Part II. Quarterly Journal of Microscopical Science 66: 247-319.

Varela C (2002) Nuevas consignaciones de Actiniarios (Anthozoa: Actiniaria) para aguas cubanas.
Revista de Investigaciones Marinas 23: 233-234.

Vélez-Alavéz M (2007) Anemofauna de la planicie arrecifal de Isla Verde, Veracruz. Universi-
dad Nacional Auténoma de México, Tesis, México.

Verrill AE (1864) Revision of the Polypi of the eastern coast of United States. Memoirs of the
Boston Society of Natural History 1: 1-45.

Verrill AE (1869) Review of the corals and polyps of the west coast of America. Transactions
of the Connecticut Academy of Arts and Sciences 1(6): 377-558.

Verrill AE (1899) Descriptions of imperfectly known and new actinians, with critical notes
on other species, II. American Journal of Science and Arts 7: 41-50. doi: 10.2475/ajs.
s4-7.37.41

Verrill AE (1900) Additions to the Anthozoa and Hydrozoa of the Bermudas. Anthozoa.
Transactions of the Connecticut Academy of Arts and Sciences 10(2): 551-572.

Verrill AE (1901) Additions to the fauna of Bermudas from the Yale Expedition of 1901, with
notes on other species. Transactions of the Connecticut Academy of Arts and Sciences
11(1): 15-62.

Verrill AE (1905) The Bermuda Islands. Part IV. Geology and paleontology, and Part V. An
account of the coral reefs. Transactions of the Connecticut Academy of Arts and Sciences

12: 45-348.


http://dx.doi.org/10.1007/BF00402317
http://dx.doi.org/10.2475/ajs.s4-7.37.41
http://dx.doi.org/10.2475/ajs.s4-7.37.41

106 Ricardo Gonzdlez-Murioz et al. | ZooKeys 341: 77-106 (2013)

Weinland DF (1860) Uber Inselbildung durch korallen und Mangrovebiische im mexikanis-
chen Golf. Wiirttembergische Naturwissenschaftliche Jahreshefte 16: 31-44.

Wilson HV (1890) On a new actinia, Hoplophoria coralligens. Studies at the Biological Labora-
tory of the John Hopkins University 6: 379-387.

Wirtz P, Ocafia O, Molodtsova TN (2003) Actiniaria and Ceriantharia of the Azores (Cnidaria
Anthozoa). Helogolinder Marine Research 57: 114-117. doi: 10.1007/s10152-003-0146-2

Wirtz P (2009) Thirteen new records of marine invertebrates and two of fishes from cape Verde
Islands. Arquipélago, Life and Marine Sciences 26: 51-56.

Zamponi MO, Belém M]J, Schlenz E, Acufa FH (1998) Distribution and some ecological
aspects of Corallimorpharia and Actiniaria from shallow waters of the South American
Adtlantic coasts. Physis 55: 31-45.


http://dx.doi.org/10.1007/s10152-003-0146-2

