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Abstract
The zoantharian Isaurus tuberculatus Gray, 1828 is highly variable in its morphology, and considered pantropical.
As it is a shallow water and zooxanthellate species, its wide distribution has been questioned, and it is likely that the
Atlantic and Indo-Pacific populations are distinct species. Here we update the distribution of this species in Brazil and
provide the first description of the microanatomy and cnidom of populations in the South Atlantic. Along the Brazilian
coast, the species is distributed from Ceará to Bahia, and is also in the Fernando de Noronha archipelago.
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Introduction
The genus Isaurus Gray, 1828 (Zoantharia: Zoanthidae) is characterized by zooxanthellate, recumbent
(non-erect) polyps with no mineral incrustations on the
column or the coenenchyme (Low et al. 2016). Isaurus
tuberculatus Gray, 1828 is the type species of the genus,
described from museum material of unknown origin.
Over 20 species have been ascribed to this genus (Fautin
2006; Low et al. 2016), but only three are currently recognized as valid: I. tuberculatus (pantropical), I. maculatus

Muirhead & Ryland, 1985 from Fiji, and I. cliftoni (Gray,
1867) described for Western Australia and Fiji (Muirhead & Ryland, 1985; Reimer and Sinniger 2022).
Four Isaurus species were synonymized with I. tuberculatus: I. duchassaingi (Andres, 1884) (Caribbean), I.
spongiosus (Andres, 1877) (East Africa), I. asymmetricus Haddon & Shackleton, 1891 (Australia), and I. elongatus Verrill, 1928 (Hawaii) in the last revision of the
genus (Muirhead and Ryland 1985). These species were
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previously differentiated based on size, quantity, and distribution of tubercles, as well as polyp size and subtle
differences in cnidae size. However, high intraspecific
variability in morphology, according to local conditions,
and an overlap of measurements among these species are
apparent. Thus, Muirhead and Ryland (1985) argued that
there was no justification for keeping the taxa separate.
This synonymization resulted in a pantropical geographic distribution of I. tuberculatus extending in the
Pacific from Hawaii to Perth (Western Australia), and
in the Atlantic northwards to Bermuda (Muirhead and
Ryland 1985). Since Muirhead and Ryland’s (1985),
many new locations in the Atlantic have been reported:
Ascension Island (Brown et al. 2016), Brazil (Grohmann and Peixinho 1995; Soares et al. 2011; Santos et
al. 2016; Gondim et al. 2020), Canary Islands (Riera et
al. 2014; López et al. 2019), Cape Verde (Reimer et al.
2010), Cuba (Varela et al. 2002; Diez and Campos-Castro 2016), Curaçao and Saint Eustatius (Montenegro et
al. 2020), Saint Helena (Santos et al. 2019), Florida, USA
(Reimer et al. 2012), Caribbean Colombian and other
areas in the Caribbean (Acosta et al. 2005), São Tomé
and Principe (Wirtz 2018), and Mexican Caribbean (Fautin and Daly 2009). In the Indo-Pacific, additional locations have been reported from Palau (Santos and Reimer
2018), India (Khushali et al. 2014; Kumari et al. 2017),
Taiwan (Reimer et al. 2011b), Hawaii (Forsman et al.
2012), Vietnam (Reimer et al. 2015), Indonesia (Sinniger et al. 2005), New Caledonia (Laboute and Richer de
Forges 2004), Moluccas and Lembeh Strait (Reimer et al.
2014), Gaum (Paulay et al. 2003), and Japan (Reimer et
al. 2008a), and in the Indian Ocean, from the east coast of
South Africa (Risi 2014; Risi and Macdonald 2015). The
global distribution of the species can be accessed through
the World Register of Marine Species at https://www.
marinespecies.org/aphia.php?p=taxdetails&id=101058.
Curiously, many of these authors affirmed that this
species was easily identified by the presence of tubercles and curved polyps or by the comparison of molecular sequence data with material from Japan, previously
identified as I. tuberculatus (e.g., Reimer et al. 2012;
López et al. 2019; Santos et al. 2019). However, complete
morphological or microanatomical descriptions of specimens were lacking in these studies, which do not contribute much to the understanding of the morphological
variation in I. tuberculatus or the delimitation of species
within the genus (e.g., Grohmann and Peixinho 1995;
Varela et al. 2002; Brown et al. 2016).
The wide distribution of I. tuberculatus has been
attributed to Zoanthinae larvae (typical of the family
Zoanthidae) having a long planktonic stage, up to 190
d (Polak et al. 2011). However, this has been reported
only in Palythoa tuberculosa, the most widespread species in the Indo-Pacific. Isaurus tuberculatus has never
been recorded outside of tropical and subtropical zones,
which is a common distribution pattern found in zoantharian species associated with endosymbiotic Symbiodiniaceae zooxanthellae (Reimer et al. 2008b; López et
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al. 2019). Thus, some authors have suggested that Atlantic and Pacific populations are very likely separate species (Reimer et al. 2008b, 2012; Montenegro et al. 2020).
Although molecular studies have been carried out with
the aim of defining the phylogeny of the genus, the two
mitochondrial markers used so far are inadequate to distinguish species within a genus. Furthermore, specific
primers for zoantharians from faster evolving markers,
such as ITSrDNA, do not work for Isaurus (Reimer et al.
2008b; Risi and Macdonald 2015). Therefore, the genus,
and particularly I. tuberculatus sensu lato, requires a
comprehensive revision, which should include a detailed
description of the external morphology, microanatomy,
and cnidom, as well as the use of other relatively fastevolving DNA markers, to characterize morphological
variation among populations.
Here, we update the geographic distribution of I.
tuberculatus along the Brazilian coast and also describe
three populations in northeastern Brazil. The microanatomy and cnidom of I. tuberculatus are described for the
first time from South Atlantic populations. The potential separation of Atlantic and Indo-Pacific populations
as different species is discussed.

Methods
Between 2003 and 2019, several Isaurus tuberculatus colonies were collected from three locations along
the northeastern coast of Brazil (Fig. 1). Collecting of
specimens was conducted under the collecting permit
SISBIO 15691-1 obtained from ICMBio, Ministério de
Meio Ambiente, Brazil. The colonies were located on
coastal reefs in tidal pools in the intertidal zone or in
shallow water (<2 m). The region has a tropical climate
with a rainy period (March to August) and a dry period
(September to February) with annual rainfall varying
between 1250 and 2000 mm (Macedo et al. 2004). When
possible, the colonies were photographed in the field
and 2–10 polyps were collected. Most collected specimens were fixed in 10% formaldehyde, but some were
fixed in 70% alcohol for micro-anatomical analyses. All
voucher specimens were deposited in the Cnidaria Collection of the Museu de Oceanografia Petrônio Alves
Coelho, Universidade Federal de Pernambuco, Brazil
(MOUFPE-CNI).
The samples were measured and examined for the
external and internal morphology (e.g., color pattern,
polyp form, size and distribution of tubercles, number
of tentacles, presence of gametic tissue). The cnidom
was characterized for at least two individuals from each
location. Measurements of cnidae were made from preserved material; small pieces of tissue were smeared on
slides and examined using a microscopy at 1000× magnification. We scanned through the slides and haphazardly chose 20 capsules of each type (when possible) to
measure to generate a range. The classification follows
Schmidt (1974) and are presented as range, mean, and
standard deviation. The histological process follows the
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Figure 1. Distribution of Isaurus tuberculatus along the Brazilian coast and location of studied populations. Black circles = previous published records; gray circles = previous unpublished records (gray literature); red circles = new records, studied populations. Abbreviations
and sources of data: CE = Ceará (Morandini et al. 2006; Rabelo and Matthews-Cascon 2007; Soares et al. 2011); RN = Rio Grande do Norte
(Gondim et al. 2020); FN = Fernando de Noronha Archipelago; PB = Paraíba (Gondim et al. 2020); PE = Pernambuco (Laborel 1970; Gondim
et al. 2020); AL = Alagoas (Gondim et al. 2020); BA = Bahia (Grohmann and Peixinho 1995; Gondim et al. 2020).

pattern for Zoantharia (Swain and Swain 2014) and the
slides (7–8 µm) were stained with hematoxylin-eosin
stain.
We also gathered data on the external morphologies
of other populations along the Brazilian coast and compared these with previously published data on I. tuberculatus in other locations throughout its distribution global
area. All the currently accepted synonyms were considered (following Muirhead and Ryland 1985). To update
the distribution of I. tuberculatus along the Brazilian
coast, all the literature, including gray literature (conference abstracts and theses) was reviewed. Only material recorded, confirmed, or identified by specialists in
Anthozoa was used.

Results
Isaurus tuberculatus Gray, 1828
Figures 2, 3, Table 1
Synonym list. See Muirhead and Ryland (1985). We
consider I. tuberculatus (sensu lato) to include all the
currently accepted synonyms for the species, based on
the article by Muirhead and Ryland (1985) and the most
recent revision of the genus (Reimer et al. 2008b).
Material examined (New records). BRAZIL – Pernambuco • Porto de Galinhas; 08°33′33″S, 034°59′00″W;
2 m; 9.VI.2001; C.D. Perez leg.; MOUFPE-CNI 921

– Pernambuco • Guadalupe; 08°37′48″S, 035°07′30″W;
1–2 m; 4.III.2003; D.A. Vila-Nova, C.D. Perez leg.;
MOUFPE-CNI 922 – Pernambuco • Serrambi; 08°33′S,
35°01′W; intertidal; 19.IV.2014; P.B. Gomes, C.D. Perez
leg.; MOUFPE-CNI 923.
Diagnosis. Isaurus with varying number of characteristic large tubercles over the body surface. Polyps lacking
tubercles occur uncommonly amongst those, presumably clone mates, having the usual distribution of tubercles. Crown tubercles (Larson and Larson 1982) forming
a characteristic and definite edge to the capitulum; body
tubercles usually arranged in longitudinal series (according to Muirhead and Ryland 1985).
Identification. We identified our samples as I. tuberculatus, although there is much variation in size, coloration, and tubercle distribution between locations,
colonies, and polyps of the same colony. There is a large
overlap in the measurements, without clear differentiation between populations. Thus, the description will be
presented as a set, joining all populations and highlighting the most notable differences, when present.
Colony descriptions. All the collections were carried
out during day and the polyps had retracted tentacles
in the typical posture, bent parallel to the substrate, as
described for I. tuberculatus, (Fig. 2A–D). The polyps
were attached with a thin coenenchyme, but individual
polyps were also observed.
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Figure 2. Variability of Isaurus tuberculatus colonies in populations in northeastern Brazil. A–D. Samples from Serrambi. E. Morphological
difference between Serrambi (smaller) and Guadalupe (larger) samples. F. Detail of the tubercle crown in a sample from Guadalupe. Scale
bars: A, B, D = 20 mm; B, E = 10 mm; F = 5 mm.

In Porto de Galinhas the colony was composed of
15 polyps unconnected or loosely connected by coenenchyme. The greenish-gray polyp coloration was mixed
with the background. The colony was on the inner reef
border and polyps were fixed in an area near the sandy
bottom. The Guadalupe colonies were larger (between
13 and 25 individuals) and very close to one another.
The recumbent, non-erect polyps overlapped, creating a
tangled appearance. The polyps were fixed in a reef plateau or on the inner edge, in shallow areas (between 1.5
and 2 m). The polyps were brown or cream colored, the
smaller ones presented a lighter coloration. In Serrambi a
greater variety of colonies was observed. For some, their
size and appearance were similar to the colonies in Porto

de Galinhas and Guadalupe, but they had over 50 polyps (Fig. 2A, B, D). Only one colony was smaller and
was fluorescent green with approximately 12 polyps (Fig.
2C). It was attached in tidal pools in the reef plateau in
the intertidal zone.
External morphology. Polyps were 1.0–4.5 cm long
(Fig. 2E), 0.3–0.8 cm in diameter at the base, and 0.3–
1.0 cm in diameter at the capitulum. When fixed, all the
polyps were yellow-cream-colored with paler tubercles.
The column presented concentrated tubercles, mainly in
the dorsal region. Some polyps also presented tubercles
in the ventral portion, but in lesser quantities. In all the
colonies, there were smaller, generally paler polyps with

This study

Source

Holotrich II

b-rhabdoid

28–33.6 × 9.2–11.6

11.6–14.4 × 3.5–4.8

26.4–28.2 × 4.8–5*

Holotrich II

p-rhabdoid B

Spirocyst

25.6 –28.2 × 5.2–6

25.2 × 6*

p-rhabdoid A

b-rhabdoid

Spirocyst

Size of colonies

34–41

34–42

1–4.5

0.3–1.0

399–532

No. of tentacles

No. of mesenteries

Polyp length (cm)

Polyp diameter (cm)

Mesogleal tickness (µm)

Yellow-cream, brown,
green

20–3.3

12–50 polyps

Spirocyst

Colour

13.9 (10.4) × 2.4

b-rhabdoid

Tentacles

14.6–16 × 5.8–6.5

26.1–28 × 2.9–3.5*

Holotrich I

Pharynx

b-rhabdoid

12.6–14.6 × 6.5–7.1

Holotrich I

FILAMENTS

12–15.6 × 4.8–7.2

12–15.6 × 1.2–3.6

Holotrich I

Mesenteries

12–16.8 × 6–10.8

23.2–38.4 × 10.8–14.4

Holotrich I

Column

Brazil

Locality

NA

NA

Up to 7

NA

NA

yellowish-brown;

NA

10–19 × 2–3

13–17 × 3–5.5

11–19 × 3–5

9–12 × 3–6

22–33 × 10.5–13

Muirhead & Ryland 1985

Townsville

I. tuberculatus

NA

NA

NA

NA

NA

NA

NA

13.5–16 × 2.5–4.5

14.5–22 × 2.5–4

14–18.x 53–5

10.5–13.5 × 4.5–5.5

22–26 × 6–8

Muirhead & Ryland 1985

Western Australia

NA

NA

1–4

NA

NA

Green or greyish

NA

12–22 × 2–3

15–20 × 2.5–5

10.5–17 × 2.5–5

8.5–12 × 3–5

19.1–30 × 6.5–10

Muirhead & Ryland 1985

Fiji

300–600

1–7

0.2–3.3

35–42

NA

NA

NA

14.5–24.5 × 2–4

13–23 × 2–3.6†

12.7–19.2 × 1.8–4.5†

31 × 10

9–12 × 3.6–5,4

16.4–27 × 7.3–9.5

Carlgren 1939

South Africa

NA

0.6–0.8

Up to 4

NA

NA

NA

NA

14–28 × 2–4

22–24 × 3–4†

22–24x3–4 †
4–4.5 × 15.5–19†

10–14 × 4.5–5

23–32 × 10–12

I. spongiosus
Herberts 1972

Madagascar

NA

Up to 9

Up to 7

Up to 40

50

Brownish and white,
green

Up to 5 polyps

16–26 × 2–4

16–24 × 2–4

18–23 × 4–5‡

10–15 × 4–6

19–26 × 3–4

15–17 × 3–5 ‡

10–28 × 4–10

30–36 × 10–12

Hawaii

NA

NA

NA

NA

NA

NA

NA

9–18 × 2–3

17–19.5 × 4–4.5§

16–18 × 2.5–4.5 §

10–11.5 × 4.5–5.5

22–26 × 6–8

Muirhead & Ryland 1985

I. elongatus
Walsh & Bowers 1971

Hawaii

NA

NA

NA

NA

NA

NA

NA

19

36

8.5–10.5 × 3.5–5

23 × 10

Pax & Müller 1957

Vietnam

I. asymmetricus

NA

0.6–0.8

4–5

NA

38–42

Grey-green, brown,
yellow

2–200 polyps

Larson & Larson, 1982**

Belize

I. duchassaingi

Table 1. Morphological data and size range of length and width (µm) of the cnidae of Isaurus tuberculatus in Pernambuco (northeastern Brazil) and other locations in the world (according to Muirhead and Ryland,
1985). * = visible in only one specimen; ** = cnidom not available; † = as microbasic mastigophores; ‡ = as microbasic p mastigophores; § = as rhabdoids.
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a smooth column and without tubercles (Fig.2F). However, several specimens within the same colony may not
present a crown. All the polyps in the fluorescent colony
in Serrambi presented tubercles arranged in longitudinal
rows, although they formed notable circular rings (transversal rows) around the entire scapus, causing a transversally wrinkled appearance. Some of the Serrambi polyps
apparently lack a tubercle crown (Fig. 2E).
Internal anatomy and microanatomy. Column. A thin
cuticle covers the ectoderm of the column (12–48 µm).
Thin ectoderm (52.5–84 µm) discontinuous, forming
cellular “islands”, separated by mesoglea bridges. Within
the islands are ectodermal cells, zooxanthellae (6–8.4
µm), and holotrichs. Thick mesoglea (399–532 µm; Fig.
3A) along the entire length of the scapus; the mesoglea
becomes thicker in the region of the capitulum where the
crown of tubercles is formed. This characteristic is present in the larger polyps in Porto de Galinhas, Guadalupe
and Serrambi. However, the small polyps and polyps of
the fluorescent colony in Serrambi present a capitulum
without a tubercle crown.
The ectoderm is thicker in the regions next to the
tubercle in cross-sections (105–147 µm). In the tubercles only the mesoglea undergoes thickening (maximum
thickness 1330 µm; Fig. 3E). In longitudinal sections, on
the convex side of the column, the mesoglea has endodermal invaginations resulting in lacunae and canals
alternating with the tubercles. Due to these projections,
the mesoglea is thinner in these areas (up to 532 µm) of
the column. There are no invaginations on the concave
side, and the mesoglea has an almost constant thickness.
Thin endoderm, simple (12 µm), rich in glandular cells,
zooxanthellae and nematocysts.
Tentacles 34–41. Thick ectoderm with epidermal
cells, spirocysts, and nematocysts. Mesoglea with many
longitudinal fibers and endoderm with many zooxanthellae (up to 9.6 µm) and nematocysts.
Pharynx. Extremely pleated lengthwise. Thick ectoderm with glandular cells and nematocysts. Absence
of zooxanthellae. Mesoglea thinner at the siphonoglyph, where the ectoderm is thicker and there are no
nematocysts.
Sphincter. Simple but well-developed mesogleal
sphincter, occupying almost the whole mesoglea at the
distal part. It is only possible to visualize the sphincter of the polyps from Guadalupe and Serrambi (brown
colony). Both coincide with the description proposed by
Swain et al. (2015), as an orthogonally reticulate mesogleal sphincter muscle. Unfortunately, there was a processing issue with the material from the fluorescent
colony in Serrambi and it was not possible to obtain adequate sections for the visualization of the sphincter.
Mesenteries 34–42, with variation within the same
colony and between locations. Weak retractor musculature located close to the insertion of the mesentery in the
body wall (Fig. 3D). In the mesenteries, cellular islands
and rounded lacunae appear in the thickening of the
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mesoglea. In these lacunae there are large clustered glandular cells. Macroseptum with thin mesoglea, endoderm
with glandular cells, spirocyts, nematocysts and zooxanthellae. In the basal part, the septa anastomose and form
a network of anastomoses in the center or in the periphery. Filaments provided with glandular and nematocyst
cells.
Gametogenic tissue. Only specimens collected in
Porto de Galinhas in 2001 presented gametes. The polyps are hermaphrodites (Fig. 3B). The spermatic cysts
measure 62.5–103.6 µm (Fig. 3F). Different sized oocytes
were visualized on the same polyp, showing asynchrony
in gamete development. There were already mature
oocytes with a maximum size of 217.1 µm (Fig. 3G).
Cnidom. The samples collected in Pernambuco,
northeastern Brazil (western South Atlantic Ocean), presented a greater diversity of cnidae types compared to
specimens from the Pacific Ocean (Table 1). Furthermore, there was also a high variation in the size of cnidae in the Brazilian populations, which were larger, on
average.
Comparison with other locations. The size, tubercle
distribution, coloration, number of mesenteries, and tentacles of the polyps in this study were within the variability previously recorded for I. tuberculatus sensu lato
(Table 1). The fluorescent colony collected in Serrambi
was more distinct, but still within the previously known
range of variation. In contrast, the cnidom was more
diverse and had greater average sizes when compared
to the specimens from the Pacific Ocean. Unfortunately,
there are no cnidom data for the other Caribbean material (previously described as I. duchassaingi) to allow for
a comparison.
Duerden (1900) noted that Carlgren (1896), when
describing representatives of Isaurus, discovered that
as a rule, the smooth concave part of the column corresponds to the dorsal side of the polyp. However, in the
description of the I. duchassaingi specimens from Porto
Rico, this pattern was not verified, as tubercles were also
observed on the dorsal side (Duerden 1900). In the material from the Brazilian coast, two patterns occurred. In
some polyps, the smooth concave part was observed
without tubercles, coinciding with the dorsal part of the
polyp. However, in the same colony, other polyps had
tubercles around the whole column, with only the most
proximal part of the polyp being smooth. Juvenile polyps
and those on the lower part of the colony, which were
covered by other polyps, were generally smooth or with
non-prominent tubercles. More exposed polyps were
covered by algae and had large tubercles on the convex
surface, facing “upwards”. Whereas more erect polyps
commonly presented tubercles around the whole column.
Distribution of I. tuberculatus in the western South
Atlantic (Fig. 1). Grohmann and Peixinho (1995) reported I. tuberculatus in the South Atlantic based on
specimens collected in Bahia, northeastern Brazil. However, Laborel (1870) had previously reported this species
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Figure 3. Internal anatomy and microanatomy of Isaurus tuberculatus from Northeastern Brazil. A. Cross section through scapus showing
the thick mesoglea. B. Cross section of a fertile specimen showing oocytes and spermatic cysts. C. Detail of the proximal scapus. D.
Cross section of the scapus showing the mesoglea thicker than ectoderm. E. Cross section of the scapus through a tubercle showing the
thicker mesoglea. F. Detail of a fertile mesentery showing spermatic cysts. G. Detail of a mature oocyte. Abbreviations: m = mesoglea; oo
= oocyte; cs = spermatic cyst; ec = ectoderm; mt = mesoglea adjacent to the tubercle; me = mesentery. Scale bars: A, B, F = 100 μm; C =
500 μm; D, E = 200 μm; G = 50 μm.
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at Cabo de Santo Agostinho (Suape and Gaibu) in Pernambuco (as Isaurus sp. cf. I. tuberculatus). This species was later recorded in Ceará (Morandini et al. 2006;
Rabelo and Matthews-Cascon 2007; Soares et al. 2011).
More recently, Gondim et al. (2020) reviewed material
deposited in the zoological collection at the Federal University of Paraíba (UFPB) and listed I. tuberculatus from
several locations in Northeastern Brazil (Rio Grande do
Norte, Paraíba, Pernambuco, Alagoas, and Bahia). None
of these studies provided a complete description of the
material. Only the the external morphology of the samples from Bahia were described (Grohmann and Peixinho
2005). Ratto and Castro (1994) presented an abstract at
the Brazilian Zoology Conference, in which they described the morphology and microanatomy of I. tuberculatus from Ceará (Cabo de Itarema), Rio Grande do Norte
(Peroba, Timbau do Sul, Ponta de Cibaúma, Baía Formosa, Cabo do Bocopari), Pernambuco (Ponta de Serrambi, Ponta do Sirinhaém, Praia de Atalaia in Fernando
de Noronha), and Bahia (Itaparica Island, Morro de São
Paulo, Santa Cruz de Cabrália, Abrolhos). Unfortunately,
this research was never published, and the abstract contained very little information. An unidentified species of
Isaurus has also been reported for the archipelago of Fernando de Noronha (Pires et al. 1992), which Ratto and
Castro (1994) considered to be I. tuberculatus. However,
Santos et al. (2019) thought I. tuberculatus to be absent
in Fernando de Noronha, although Santos et al. (2016),
in their review of the order Zoantharia in Brazil, cited I.
tuberculatus from the archipelago, although failed to record its presence in the coastal zone of Pernambuco (Laborel 1970). This article increases the distribution of I.
tuberculatus in other locations and updates the distribution previously registered for the species along the Brazilian coast (Fig.1).

Discussion
If all the synonyms proposed and accepted so far are considered, Isaurus tuberculatus sensu lato, is possibly the
most widely distributed zooxanthellate zoantharian species. It has been recorded in the western Atlantic from
Bahia, Brazil (13°S), to Bermuda (30°N). It occurs at several oceanic islands in the Atlantic, from Santa Helena
(15-16°S) to the Canary Islands (28°N). The absence of
records of I. tuberculatus along the west coast of Africa
is likely due to the lack of studies in this area; this region
has the largest knowledge gap for the order Zoantharia in
the Atlantic (Santos et al. 2019). In the Indian and IndoPacific Oceans, I. tuberculatus is also widely distributed
in tropical and subtropical regions, occurring off the east
coast of South Africa west to southern Asia and Australia, and north to Kochi, Japan (32°30’N).
The wide distribution of this species could be a result
of its extended larval stage. Although there are no data
on I. tuberculatus larvae, some representatives of the
suborder Brachycnemina have Zoanthinae larvae with
long planktonic lifespans (Polak et al. 2011). However,
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no larvae of Zoanthidae have been collected in waters
with temperatures lower than 18 °C (Ryland et al. 2000),
which may limit their dispersion. Additionally, it is common to have sister species in the Pacific and Atlantic,
partly explained by the recent closing of the Isthmus of
Panama (Reimer et al. 2012). However, there are no other
zoantharian species nor zooxanthellate coral that inhabit
both the Atlantic and Indo-Pacific (Reimer et al. 2012).
All the Brazilian populations were in shallow reef areas
(<2 m), the majority of which were intertidal. Although
I. tuberculatus has been reported at depths of 15–20 m in
the Caribbean (Larson and Larson 1982; Montenegro et
al. 2020), other species of Isaurus are commonly found
at shallower depths (Reimer et al. 2008).
In the current classification, I. tuberculatus is the
single valid species of the genus present in the Atlantic Ocean. Along the coast of the Americas, the species
occurs widely from Central America and the Caribbean,
whereas in Brazil it is limited to the northeastern coast
of the country. Although other zoantharians of the family Zoanthidae, such as Zoanthus species, occurs south
to São Paulo (23°S) (Santos et al. 2016), the most southern record of I. tuberculatus is at Pituba, Bahia (13°S)
(Grohmann and Peixinho 1995). This confirms the tropical distribution of the genus and the absence of I. tuberculatus at less than tropical temperatures (Reimer et
al. 2008a). At most tropical Brazilian oceanic islands,
includinging the São Pedro and São Paulo Archipelago,
Atol das Rocas, Trindade, and Martim Vaz, I. tuberculatus has not been found (Echeverría et al. 1997; Amaral
et al. 2002; Santos et al. 2020). This could be due to its
cryptic habit, since this species has a similar coloration to
its surrounding background (gray, brown, cream, green),
in addition to its limited abundance in some of its areas
of occurrence (e.g., Japan: Reimer et al. 2011a; Brazil:
present study). Conversely, the quantity of records of I.
tuberculatus in various locations in recent decades, suggests that even with small colonies, this species appears
to be common and widely distributed. This is confirmed
by the number of records of the species (>60) from several localities on citizen science sites such as iNaturalist
(https://www.inaturalist.org/).
The analyzed Brazilian samples presented variations in external morphology, especially in size, coloration, and distribution of tubercles, but these are within
the range reported for I. tubercualtus sensu lato and also
within the range of variation observed in samples of I.
tuberculatus sensu stricto (excluding synonyms such as
I. duchassaingi, I. assymetricus, I. spongiosus, and I.
elongatus). Green-gray and brown/cream polyps similar
to the colonies in northeastern Brazil are known from
several locations such as the east coast of Africa (Ortiz
and Lalana 1988 as I. duchassaingi; Branch 2017 as I.
spongiosus), Santa Helena (Santos et al. 2019), Fiji, and
Australia (Muirhead and Ryland 1985). The fluorescent
green pattern observed in Serrambi is also known in
Japan, where the color of colonies (white, red, purple, or
gray) is associated with the environment (Reimer 2007).
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The high morphological plasticity of this species, mainly
in coloration and size, has been discussed in detail by
Larson and Larson (1982), Muirhead and Ryland (1985),
and Reimer et al. (2008b). Cluster size and the presence
or absence of coenenchyma connecting the polys are
variable in I. tuberculatus. In Belize (as with I. duchassaingi), some clusters reach 700 polyps with clumps of
more than 100 individuals. However, smaller clusters are
more common, as observed in Brazil.
Microanatomical aspects such as mesoglea thickness and the number of mesenteries were more homogenous in our studied populations, but too few specimens
may have been studied. These characteristics also present inter-populational variation worldwide (see Reimer
et al. 2008b). The cnidom of our study populations were
more diverse and were larger than previous descriptions.
Herberts (1972) and Muirhead and Ryland (1985) stated
that the size of the cnidom is uniform within a genus
and does not serve to distinguish species. However, our
observation highlights the necessity of observing this
characteristic more closely. Unfortunately, few complete
published descriptions of the cnidom of I. tuberculatus populations exist, and our data is the first for South
Atlantic populations.
The presence of tubercles in the polyp column has
been considered the main characteristic of this species,
permitting its easy recognition. Of the three species recognized in the genus, I. cliftoni does not present tubercles, but it shares other characteristics of the genus, such
as the absence of incrustations, presence of zooxanthellae, colonial habit, and polyps that may not be connected
by stolon (Muirhead and Ryland 1985). The number and
arrangement of tubercles contributes to the separation of
I. maculatus and I. tuberculatus. The former has smaller
and more numerous tubercles, arranged in circular series
without the formation of a differentiated crown between
the capitulum and scapus, which is the opposite in I.
tuberculatus (Muirhead and Ryland 1985; Thakkar et
al. 2018). Although this was confirmed in our Brazilian
material and in the population descriptions of I. tuberculatus around the world, the high intraspecific variation of
this characteristic should be noted. Some I. tuberculatus
juvenile specimens may not have tubercles and present a
smooth column instead (e.g., Japan: Reimer 2007; Porto
Rico: Duerden 1900; Brazil: this study). The tubercle
crown may be absent or indistinguishable (Larson and
Larson 1982; Brazil: this study), and the number and distribution of tubercles can vary, being exclusively present
on the convex side of the polyp or also on the concave
side, with a varying quantity in each row (Khushali et al.
2014). The variation within the same cluster found in the
Brazilian populations suggests that the formation, size,
and distribution of tubercles are more related to local
environmental conditions at a micro scale. Short-term
studies (<10 days) in aquaria, revealed a loss in coloration and reduction in tubercles in I. tuberculatus individuals kept in the dark, with a posterior recuperation
after exposure to light. This high intraspecific plasticity
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can represent a greater adaptive ability to changes in the
environment (Todd 2008), which likely contributes to the
wide distribution of I. tuberculatus.
The first reproductive data for this species were provided by Duchassaing de Fonbressin and Michelotti
(1860), revealing the presence of female gametes. Later,
in material from Bermuda, McMurrich (1889) found hermaphroditic polyps. Other authors also described the
distribution of gametes in mesenteries in species now
synonymous with I. tuberculatus (e.g., I. duchassaingi in
Belize: Larson and Larson 1982), describing polyps with
only female gametes and hermaphroditic polyps. However, many studies found no gametes (e.g. Varela et al.
2002; Khushali et al. 2014; Thakkar et al. 2018). Among
the populations we studied, only Porto de Galinhas colonies presented gametes (oocytes and spermatic cysts),
with hermaphroditic polyps. The small quantity of fertile colonies in this species may suggest a dominance
of asexual reproduction, which has its focus on maintenance of colonies and the local population. This was
observed in populations in Belize (identified as I. duchassaingi), which formed numerous clusters (Larson
and Larson 1982). For some Zoanthus species (closely
related to Isaurus), the increase in colony fragmentation and clone production is associated with a low level
of recruitment and larval dispersion in the reefs of South
Africa (Ryland 2015). The investment of I. tuberculatus in asexual reproduction may explain the formation
of its colonies but does not explain the supposed pantropical distribution without high larval production. In
addition to the dispersal of larva, the adult phase may be
dispersed on natural or artificial floating objects. Isaurus
tuberculatus was found attached to a nylon mooring line
in Palau (Santos and Reimer 2018) and may be dispersed
by rafting. However, temperate and cold waters beyond
the limitations of this species’ tolerance may be a barrier and may restrict is successful dispersal (Reimer et
al. 2008a).
Approaches using zooxanthellae may help to identify cryptic species and to delimit species (Risi and Macdonald 2015). However, populations of I. tuberculatus
in Japan, Cape Verde Islands, and West Africa (Reimer
2008b; Reimer et al. 2011a; Risi 2014; Risi and Macdonald 2015) present Symbiodinaceae of the subclades
C1/C3 (currently Cladocopium). Several species in this
group are highly generalist and are also found in other
zoantharian genera (Reimer et al. 2008b).
South Atlantic populations I. tuberculatus coincide
with descriptions of specimens from the Indo-Pacific,
identified as I. tuberculatus, but also with Caribbean
specimens described originally as I. duchassangi, a species that was reported in many locations throughout the
Caribbean until it was synonymized with I. tuberculatus.
According to Larson and Larson (1982), I. duchassaingi
shows much variation in the size, coloration, and number of polyps in clusters, as well as tubercle distribution
and microanatomical aspects. Similar variation has been
noted in Indo-Pacific populations (especially from Japan)
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of I. tuberculatus sensu stricto (Reimer et al. 2008b) and
in I. tuberculatus sensu lato (including I. elongatus, I.
assymetricus, and I. spongiousus; Muirhead and Ryland
1985). As such, western South Atlantic populations can
certainly be identified as I. tuberculatus, but it is not possible, using morphology, to determine if they are closer to
Caribbean populations previously identified as I. duchassaingi or with Indo-Pacific populations.
The co-specificity between Atlantic and Indo-Pacific
populations has been questioned by various authors
(Reimer et al. 2008a; Montenegro et al. 2020). As previously discussed, the elevated variability within clusters
and between populations, both in the Atlantic (confirmed
in this present study) and in the Indo-Pacific does not
permit the separation of species. Until now, molecular studies with populations in Florida, Cape Verde
Islands, Saint Helena, and West Africa found congruence between the sequences collected and the I. tuberculatus populations in Japan (Reimer et al. 2010, 2012;
Risi and Macdonald 2015; Santos et al. 2019). However,
results differed according to the molecular marker used,
and although the molecular analyses indicated co-specificity, the authors of these studies acknowledged the
improbability of this based on the absence of a zooxanthellate species inhabiting the Atlantic and Indo-Pacific.
The material from Japan has been used as a reference for
the species, used to confirm the identification of material collected elsewhere. Unfortunately, Guadaloupe (the
type locatity of I. duchassaingi), other Caribbean, and
South Atlantic samples have not been included in any
molecular study. For I. tuberculatus, the type locality is
unknown and there has never been a redescription of the
holotype. If I. tuberculatus sensu lato is determined to
be a species complex, it will be important to consider the
characteristics of the type material in order to describe
the taxonomic entity that will carry the binomial.
With the morphological data presented here, it is not
possible to determine whether the populations of the
South Atlantic are closer to the populations of the Caribbean (previously described as I. duchassaingi) or with
those of the Indo-Pacific (described as I. tuberculatus).
Nevertheless, considering the great variability found
in this study and already recorded for this species and
the absence of zoantharian zooxanthellae distributed
throughout the three oceans, we suggest that Atlantic
populations are distinct from the Indo-Pacific populations. Perhaps I. duchassaingi should be reinstituted to
group these populations, or maybe more than one species exists in the Atlantic. A revision of the genus is
urgently required, with microanatomical descriptions
and a molecular analysis using fast-evolving markers
from a large number of populations throughout the purported geographic distribution of the species. Until this
has been done, to avoid increasing the number of synonyms and nominal taxa in the genus, we prefer to maintain the Brazilian populations as I. tuberculatus in the
broadest sense.

Check List 18 (4)

Acknowledgements
We thank Rebecca Nimrah Umeed de Souza to translate
the manuscript. We thank the reviewers, the subject editor, Dr. Sergio Stampar, and the copy editor, Robert Forsyth, for comments and suggestions that improved the
quality of this manuscript. We are grateful to a curious
young man, Felipe Gomes dos Santos, who, only 6 years
old, found the species in Serrambi. EPL thanks Capes
(Coordenação de Aperfeiçoamento de Pessoal de Nível
Superior) for funding her post-graduation fellowship.
This study was financed in part by Capes, Finance Code
001.

Authors’ Contributions
Conceptualization: CP, PBG, ÉPL. Data curation: CP.
Formal analysis: ÉPL, DVN. Supervision: PBG. Validation: PBG. Writing – original draft: DVN, ÉPL. Writing
– review and editing: CP, PBG.

References
Acosta A, Sammarco PW, Duarte LF (2005) New fission processes in
the zoanthid Palythoa caribaeorum: description and quantitative
aspects. Bulletin of Marine Science 76 (1): 1–26.
Amaral FD, Hudson MM, Silveira FL, Migotto AE, Pinto SM, Longo
LL (2002) Cnidarians of Saint Peter and St. Paul Archipelago,
northeast Brazil. In: Proceedings of 9th International Coral Reef
Symposium, Bali, Indonesia, 567–572.
Andres A (1877) On a new genus and species of Zoanthina malacodermata (Panceria spongiosa sp. n.). Quarterly Journal of Microscopical Science 17: 221–226.
Andres A (1884) Die Actinien. Fauna und Flora des Golfes yon Neapel 9: 1-460.
Branch G (2017) Two oceans: a guide to the marine life of southern Africa. Struik Nature, Cape Tour, South Africa, 1089 pp.
Brown JK, Downes RJ, Mrowicki EL, Nolan AJ, Richardson F, Wirtz
SP (2016) New records of marine invertebrates from Ascencion
Island (Central Atlantic). Arquipelago, Life and Marine Sciences
33: 71–79.
Carlgren O (1896) Annual report on the anthozoans for 1892 and
(1893). Archiv für Naturgeschichte 62: 145–180.
Carlgren, O (1939) Actiniaria, Zoantharia e Madreporaria. A Zoologia
da Islândia 2 (8): 1–20.
Diez YL, Campos-Castro A (2016) Soft corals (Anthozoa: Corallimorpharia, Actinaria and Zoantharia) from southeastern of Cuba, and
its distribution in Marine Protected Areas. Revista Investigaciones Marinas 36 (2): 80–93.
Duchassaing de Fonbressin P, Michelotti J (1860) Mémoire sur les coralliaires des Antilles. Mémoires de l’Académie des Sciences de
Turin 19 (2): 279–365.
Duerden, JE (1900) Jamaican Actiniaria. Part II—Stichodactylinæ
and Zoantheae. Scientific Transactions of the Royal Dublin Society 7: 133–208.
Echeverría CA, Pires DO, Medeiros MS, Castro CB (1997) Cnidarians
of the Atol das Rocas, Brazil. In: Proceedings of the 8th International Coral Reef Symposium 1, Panama City, Panama, 443–446.
Fautin DG (2006) Hexacorallians of the world—sea anemones, corals,
and their allies http://hercules.kgs.ku.edu/hexacoral/anemone2/
index.cfm. Accessed on: 2022-01-30.
Fautin DG, Daly M (2009) Actiniaria, Corallimorpharia and Zoanthidea (Cnidaria) of the Gulf of Mexico. In: Felder DL, Camp
DK (Eds.) Gulf of Mexico origin, waters, and biota: biodiversity,
volume 1. Texas A&M University Press, College Station, Texas,

Lima et al. | Distribution and anatomy of Isaurus tuberculatus in Brazil
USA, 349–357.
Forsman ZH, Peyton KA, Knapp ISS, Toonen RJ (2012) Benthic surveys for the 2012 Waikīkī Beach sand replenishment project. University of Wellington, Victoria, New Zealand, 1–67.
Gondim AI, Christoffersen ML, Pereira-Dias TL (2020) Catalogue
of sponges, cnidarians, and echinoderms from Brazil based on
a historical inventory of the invertebrate Collection Paulo Young
(CIPY). Turkish Journal of Bioscience and Collections 4 (2): 30–
63. https://doi.org/10.26650/tjbc.20200099
Gray JE (1828) Radiata. In: Spicilegia Zoologica 1: 1–12.
Gray JE (1867) Notes on Zoanthinae, with the descriptions of some
new genera. Proceedings of the Zoological Society of London
1867: 233–240.
Grohmann PA, Peixinho S (1995) Isaurus tuberculatus (Cnidaria: Anthozoa: Zoanthidea), nova ocorrência para o Atlântico Sudoeste
tropical. Nerítica 9 (1–2): 19–22.
Haddon AC, Shackleton MM (1891) Actiniae I. Zoantheae. Reports
on the zoological collections made in the Torres Straits by A. C.
Haddon, 1888–1889. Scientific Transactions of the Royal Dublin
Society 4: 673–701.
Herberts C (1972) Contribution h l’étude écologique de quelques zoanthaires tempérés et tropicaux. Marine Biology 3: 127–136.
Khushali MP, Jyoti SK, Kinjal VP, Pradeep CM (2014) Occurrence of
zoanthid genus Isaurus from Saurashtra coast, Gujarat, India. European Journal of Zoological Research 3 (2): 1–5.
Kumari S, Zacharia PU, Sreenath KR, Kripa V, George G (2017) GIS
based mapping of zoanthids along Saurashtra coast, Gujarat, India. Journal of the Marine Biological Association of India 59 (2):
5–11.
Laboute P, Richer de Forges B (2004) Lagons et recifs de NouvelleCalédonie. Ed. C. Ledru. Nouméa, New Caledonia, 520 pp.
Laborel J (1970) Les peuplements de madreporaires des cotes tropicales du Bresil. Monograph. Annales de l’Universite d’Abidjan,
Abidjan, Côte d’Ivoire, 261 pp.
Larson KS, Larson RJ (1982) On the Ecology of Isaurus duchassaingi
(Andres) (Cnidaria: Zoanthidea) from South Water Cay, Belize.
In: Rützler K, Macintyre IG (Eds.) The Atlantic barrier reef ecosystem at Carrie Bow Cay, Belize, I: structure and communities.
Smithsonian Institution Press, Washington DC, USA, 475–488.
López C, Moreno S, Brito A, Clemente S (2019) Distribution of zooxanthellate zoantharians in the Canary Islands: Potential indicators of ocean warming. Estuarine, Coastal and Shelf Science 233:
1–25. https://doi.org/10.1016/j.ecss.2019.106519
Low MEY, Sinniger F, Reimer JD (2016) The order Zoantharia Rafinesque, 1815 (Cnidaria, Anthozoa: Hexacorallia): supraspecific
classification and nomenclature. ZooKeys 641: 1–80. https://doi.
org/10.3897/zookeys.641.10346
Macedo SJ, Muniz K, Montes MJF (2004) Hidrologia da região costeira e plataforma continental do estado de Pernambuco. In: Leça
EE, Leitão NS, Costa MF (Eds) Oceanografia: um cenário tropical. Bagaço, Recife, Brazil, 255–286.
McMurrich JP (1889) A contribution to the actinology of the Bermudas. Proceedings of the Academy of Natural Sciences of Philadelphia 41 (1): 102–126.
Montenegro J, Hoeksema BW, Santos ME, Kise H, Reimer JD (2020)
Zoantharia (Cnidaria: Hexacorallia) of the Dutch Caribbean and
one new species of Parazoanthus. Diversity 12 (5): 190. http://doi.
org/10.3390/d12050190
Morandini AC, Soares MDO, Matthews-Cascon H, Marques AC
(2006) A survey of the Scyphozoa and Cubozoa (Cnidaria, Medusozoa) from the Ceará coast (NE Brazil). Biota Neotropica 6 (2).
https://doi.org/10.1590/S1676-06032006000200021
Muirhead A, Ryland JS (1985) A review of the genus Isaurus Gray, 1828 (Zoanthidea), including new records from
Fiji. Journal of Natural History 19 (2): 323–335. http://doi.
org/10.1080/00222938500770241
Ortiz M, Lalana R (1988) Primer hallazgo de Isaurus duchassaingi
(Andres) (Coelenterata: Zoanthidea), en Cuba. Morfología, his-

859

tología y organismos asociados. Revista de Invertebrados Marinhos 9 (3): 15–22.
Paulay G, Puglisi MP, Starmer JA (2003) The non-scleractinian Anthozoa (Cnidaria) of the Mariana Islands. Micronesica 35 (36):
138–155.
Pax F, Müller I (1957) Zoantharien aus Viet-Nam. Mémoires du Museum national d’Histoire naturelle 16 (1): 1–40.
Pires DO, Castro CB, Migotto AE, Marques AC (1992) Cnidarios bentônicos do Arquipélago de Fernando de Noronha, Brasil. Boletim
do Museu Nacional, Nova Série 356: 1–21.
Polak O, Loya Y, Brickner I, Kramarski-Winter E, Benayahu Y (2011)
The widely-distributed Indo-Pacific zoanthid Palythoa tuberculosa: a sexually conservative strategist. Bulletin of Marine
Science 87 (3): 605–621. https://doi.org/10.5343/bms.2010.1088
Rabelo EF, Matthews-Cascon, HM (2007) Influência da luz no comportamento alimentar de Isaurus tuberculatus Gray, 1828 (Cnidaria: Zoanthidea) em condições de laboratório. Arquivos de Ciências do Mar 40 (2): 55–58.
Ratto CC, Castro CB (1994) Estudo macro e microanatômico de Isaurus tuberculatus (Cnidaria: Zoanthidea). In: XX Congresso Brasileiro de Zoologia, Rio de Janeiro, Brasil, 1–6.
Reimer JD (2007) Preliminary survey of zooxanthellate zoanthid diversity (Hexacorallia: Zoantharia) from Southern Shikoku, Japan.
Kuroshio Biosphere 3: 1–16.
Reimer J, Sinniger F (2022) World list of Zoantharia. Isaurus Gray,
1828. World Register of Marine Species. https://www.marine
species.org/aphia.php?p=taxdetails&id=100794. Accessed on:
2022-04-25.
Reimer JD, Hirose M, Wirtz P (2010) Zoanthids of the Cape Verde Islands and their symbionts: previously unexamined diversity in the
Northeastern Atlantic. Contributions to Zoology 79 (4): 147–163.
Reimer JD, Foord C, Irei Y (2012) Species diversity of shallow water zoanthids (Cnidaria: Anthozoa: Hexacorallia) in Florida. Journal of Marine Biology 2012: 856079. https://doi.org/
10.1155/2012/856079
Reimer JD, Poliseno A, Hoeksema BW (2014) Shallow-water zoantharians (Cnidaria, Hexacorallia) from the Central Indo-Pacific.
ZooKeys 444: 1–57. https://doi.org/10.3897/zookeys.444.7537
Reimer JD, Ono S, Sinniger F, Tsukahara J (2008a) Distribution of
zooxanthellate zoanthid species (Zoantharia: Anthozoa: Hexacorallia) in southern Japan limited by cold temperatures. Galaxea,
Journal of Coral Reef Studies 10 (2): 57–67.
Reimer JD, Ono S, Tsukahara J, Iwase F (2008b) Molecular characterization of the zoanthid genus Isaurus (Anthozoa: Hexacorallia)
and associated zooxanthellae (Symbiodinium spp.) from Japan.
Marine Biology 153: 351–363. https://doi.org/10.1007/s00227-0070811-0
Reimer JD, Hirose M, Yanagi K, Sinniger F (2011a) Marine invertebrate diversity in the oceanic Ogasawara Islands: a molecular examination of zoanthids (Anthozoa: Hexacorallia) and their Symbiodinium (Dinophyceae). Systematics and Biodiversity 9 (2):
133–143. https://doi.org/10.1080/14772000.2011.569034
Reimer JD, Obuchi M, Irei Y, Fujii T, Nozawa Y (2011b) Shallowwater brachycnemic zoanthids (Cnidaria: Hexacorallia) from Taiwan: a preliminary survey. Zoological Studies 50 (3): 363–371.
Reimer JD, Wee HB, Put Jr A, Hoeksema BW (2015) Zoantharia (Cnidaria: Anthozoa: Hexacorallia) of the South China Sea and Gulf
of Thailand: a species list based on past reports and new photographic records. Raffles Bulletin of Zoology 63: 334–356.
Riera R, Becerro MA, Stuart-Smith RD, Delgado JD, Edgar GJ (2014)
Out of sight, out of mind: Threats to the marine biodiversity of the
Canary Islands (NE Atlantic Ocean). Marine Pollution Bulletin 86
(1–2): 9–18. https://doi.org/10.1016/j.marpolbul.2014.07.014
Risi MM (2014) Molecular revision of Zoantharia (Anthozoa Hexacorallia) on the east coast of South Africa. Thesis. University of
KwaZulu-Natal, Durban, South Africa, 70 pp.
Risi MM, Macdonald AHH (2015) Possible synonymies of Zoanthus
(Anthozoa: Hexacorallia) species on the east coast of South Africa

860
with Pacific congeners. Systematics and Biodiversity 13: 93–103.
https://doi.org/10.1080/14772000.2014.968233
Ryland JS (2015) Size-defined morphotypes in Zoanthus (Hexacorallia: Zoantharia) populations on shores in KwaZulu-Natal, South
Africa. Zootaxa 3986 (2): 332–356. https://doi.org/10.11646/zoo
taxa.3986.3.4
Ryland JS, de Putron S, Scheltema RS, Chimonides PJ, Zhadan DG
(2000) Semper’s (zoanthid) larvae: pelagic life, parentage and
other problems. Hydrobiologia 440: 191–198.
Santos MEA, Reimer JD (2018) Rafting in Zoantharia: a hitchhiker’s guide to dispersal? Marine Pollution Bulletin 130: 307–310.
https://doi.org/10.1016/j.marpolbul.2018.03.041
Santos MEA, Kitahara MV, Lindner A, Reimer JD (2016) Overview of
the order Zoantharia (Cnidaria: Anthozoa) in Brazil. Marine Biodiversity 46: 547–559. http://doi.org/10.1007/s12526-015-0396-7
Santos MEA, Wirtz P, Montenegro J, Kise H, López C, Brown J, Reimer JD (2019) Diversity of Saint Helena Island and zoogeography
of zoantharians in the Atlantic Ocean: Jigsaw falling into place.
Systematics and Biodiversity 17 (2): 165–178. http://doi.org/10.10
80/14772000.2019.1572667
Santos ME, Faria-Junior E, Aued AW, Peluso L, Kitahara MV, Pires
DO, Zilberberg, C (2020) Benthic Cnidaria community in the oceanic archipelago of Trindade and Martin Vaz, southwestern Atlantic Ocean. Regional Studies in Marine Science 33: 100895.
https://doi.org/10.1016/j.rsma.2019.100895
Schmidt H (1974) On the evolution in the Anthozoa. In: Cameron AM,
Campbell BM, Cribb AB, Endean R, Jell JS, Jones OA, Mather P,
Talbot FH (Eds.) Proceedings of the Second International Symposium on Coral Reefs. The Great Barrier Reef Committee, Brisbane, Australia, 533–560.
Sinniger F, Montoya-Burgos JI, Chevaldonne P, Pawlowski J (2005)
Phylogeny of the order Zoantharia (Anthozoa, Hexacorallia)
based on the mitochondrial ribosomal genes. Marine Biology 147:

Check List 18 (4)
1121–1128. http://doi.org/10.1007/s00227-005-0016-3
Soares MO, Rabelo EF, Mathews-Cascon H (2011) Intertidal anthozoans from the coast of Ceará (Brazil). Brazilian Journal of Biosciences 9 (4): 437–443.
Swain TD, Swain LM (2014) Molecular parataxonomy as taxon description: examples from recently named Zoanthidea (Cnidaria:
Anthozoa) with revision based on serial histology of microanatomy. Zootaxa 3796 (1): 81–107. https://doi.org/10.11646/zoo
taxa.3796.1.4
Swain TD, Schellinger JL, Strimaitis AM, Reuter KE (2015) Evolution
of anthozoan polyp retraction mechanisms: convergent functional
morphology and evolutionary allometry of the marginal musculature in order Zoanthidea (Cnidaria: Anthozoa: Hexacorallia). BMC
Evolutionary Biology 15 (123): 1–19. http://doi.org/10.1186/s1286
2-015-0406-1
Thakkar N, Shah K, Shah P, Mankodi P (2018) Revision of Isaurus
sp. diversity through molecular investigation along the Saurashtra coast, Gujarat, India. International Journal of Zoology Studies
3 (1): 204–208.
Todd PA (2008) Morphological plasticity in scleractinian corals. Bio
logical Reviews 83: 315–337. http://doi.org/10.1111/j.1469-185X.
2008.00045.x
Varela C, Guitart B, Ortiz M, Lalana R (2002) Los zoantídeos (Cnidaria, Anthozoa, Zoanthiniaria), de la región occidental de Cuba.
Revista de Investigaciones Marinas 23 (3):179–184.
Verrill AE (1928) Hawaiian shallow water Anthozoa. Bulletin of the
Bernice P. Bishop Museum 49: 1–30.
Walsh GE, Bowers RL (1971) A review of Hawaiian zoanthids with
descriptions of three new species. Zoological Journal of the Linnean Society 50: 161–180.
Wirtz P (2018) New records of marine invertebrates from São Tome
and Príncipe (Eastern tropical Atlantic). Arquipelago- Life and
Marine Sciences 35: 41–46.

