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a b s t r a c t

The discrimination between the several species of the genus Actinia occurring in the Northeastern
Atlantic and Mediterranean has been made analyzing morphological characters, with emphasis on
external coloration patterns and morphology of cnidom structures. In Iberia, the occurrence of more
than two species of Actinia has been suggested, but its validity is yet to be confirmed. In this paper, the
identity of the species of the genus Actinia occurring along the Atlantic Iberian coast is investigated,
analyzing morphological and molecular procedures. For this purpose, genetic data was collected from
140 individuals and two genetic markers were amplified and sequenced (the nuclear 28S and the
mitochondrial 16S ribosomal genes). The genetic identification was corroborated by morphological
analysis of individuals representing each of the genetic groups found. This procedure led to the
identification of three species occurring in the studied area – Actinia equina (L.), A. fragacea Tugwell
and A. schmidti Monteiro, Sole-Cava & Thorpe.

© 2021 Published by Elsevier B.V.
1. Introduction

The genus Actinia L. is one of the most diversified and
widespread of the Anthozoa (Fautin, 2016). It comprises 62 extant
species, according to WORMS (Daly and Fautin, 2020). One of
its most ubiquitous species, the beadlet sea anemone Actinia
quina (L.), is considered to live in rocky intertidal and subtidal
reas, down to depths of 20 m. It is characterized by highly
ariable coloration patterns, with tentacles being plain and the
olumn plain or mottled, ranging from red, brown and orange
o green colors. Historically, this species was known to occur
rom North Russia and the Baltic Sea to tropical West African
aters, including also the archipelagos of Madeira, Azores and
anaries, South Africa, the Mediterranean and Black Sea, the Red
ea and the Far East (Stephenson, 1935; Manuel, 1981; Cha et al.,
004). In the last decades, several morphotypes or populations
f A. equina have acquired distinct taxonomic statuses – e.g. A.
ragacea Tugwell corresponding to a red or dark-red morphotype
ith a spotted column (Carter and Thorpe, 1981); A. prasina Gosse

n the Isle of Man, a local green morphotype (Solé-Cava and
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Thorpe, 1987); A. schmidti Monteiro, Sole-Cava & Thorpe, in the
Mediterranean; and A. ebhayiensis Schama et al., 2012 in South
Africa. In Macaronesia, three other species were described: Actinia
sali Monteiro, Sole-Cava & Thorpe in Cape Verde, A. nigropuctata
den Hartog & Ocaña in Madeira and Canary Islands and A. virgata
Johnson, from Madeira. Species identification is relatively easy in
live individuals with non-plain coloration patterns in the body
column. However, for species displaying monochromatic patterns
(red, orange, green or brown), species identification has been
carried out using morphological analysis of specific characters
(namely means and ranges of length and width of different types
of nematocysts within different body regions) or genetic data
(allozimes) (e.g. Monteiro et al., 1997; Ocaña et al., 2005; Schama
et al., 2012). The recent identification of so many species within
this genus and the existence of a diffuse literature on this field
resulted in some uncertainties on the distribution limits for each
species (including A. equina), and on the diversity within this
genus in several geographic areas.

A previous study on the genetic analyses of the genus Actinia
from the Portuguese mainland coast (using a fragment of the 28S
gene) revealed the existence of two distinct genetic groups, one
very common and the other rarer (Pereira et al., 2014). Almost all
morphotypes were present in both groups, which were separated

https://doi.org/10.1016/j.rsma.2021.101648
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Fig. 1. Sampling site locations. Pie charts represent morphotype’s proportions (different colors represent different color morphotypes; spotted red represents A.
ragacea). Total N is presented per location (between parenthesis is the number of samples new in this study).. (For interpretation of the references to color in this
igure legend, the reader is referred to the web version of this article.)
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y 24 mutations in a parsimony network, with the same magni-
ude of the distance found between different species. The same
tudy suggested that the two species, A. equina and A. fragacea,
ere not valid species, at least along the Portuguese coast, and
hat some level of cryptic speciation was present in this area,
s the distance between the two genetic groups was compatible
ith distinct species (average uncorrected p distance between the
wo genetic groups was 1.5%). Other genetic studies of this genus
re still lacking. In fact, there are no sequences available from the
8S gene of any species apart from the ones studied in Pereira
t al. (2014), which is one of the molecular markers widely used
n the phylogenetic studies in this taxonomic groups (Daly et al.,
010).
The present study aims to clarify the number of taxonomic

ntities of the genus Actinia occurring along the Iberian Peninsula,
ncreasing the number of individuals analyzed and expanding
he sampling area. Here, genetic analyses of fragments of the
uclear 28S and the mitochondrial 16S ribosomal genes are com-
lemented by morphological analysis of cnidom structures from
epresentative individuals from each of the genetic groups found,
llowing for a combined morphological and genetic identification
f the species.

. Materials and methods

Tissue samples were collected from 140 individuals, from 11
ocations, which were originally identified by inspection of ex-
ernal morphology and coloration (as defined by Schmidt, 1972;
caña et al., 2005) (Fig. 1). These included 103 Actinia spp. (plain
2

xternal color) and 37 A. fragacea (body column red with yellow
pots) (Table 1). A small clip was taken from the pedal disk of
he anemones that easily cicatrize and regenerate the extirpated
issue, hence minimizing harmful consequences for the animals.
amples were preserved in 96% ethanol and tissue vouchers were
eposited in the collections of MARE-ISPA. Total genomic DNA
as extracted with the REDExtract-N-Amp kit (R4775, Sigma-
ldrich) following the manufacturer’s instructions. A total of 1012
p of the nuclear DNA fragment coding for the ribosomal 28S
ubunit was amplified using the primers LSU D1D2 FW1 (5′-AGC
GA GGA AAA GAA ACT A-3′) and LSU D1D2 Rev1 (5′-TAC TAG

AAG GTT CGA TTA GTC-3′) (Sonnenberg et al., 2007) and the
following thermal cycling protocol: 94 ◦C for 2 min, 45 cycles of
[94 ◦C 20 s, 52.5 ◦C 20 s, 72 ◦C 90 s], 72 ◦C for 8 min. For the
amplification of a fragment of the 16S mtDNA gene (434pb), the
primers ANEM 16A (5′- CAC TGA CCG TGA TAA TGT AGC GT-3′)
and ANEM 16B (5′-CCC CAT GGT AGC TTT TAT TCG-3′) (Geller and
Walton, 2001) and the following thermal cycling protocol was
used: 94 ◦C for 2 min, 35 cycles of [94 ◦C 30 s, 46 ◦C 45 s, 72 ◦C
1 minute], 72 ◦C 10 min. The nuclear 28S gene (both directions)
and the mitochondrial 16S gene (reverse only) fragments were
sequenced in a 3700 ABI DNA sequencer using the Big Dye termi-
nator DNA sequencing kit (Applied Biosystems). Chromatograms
were visually checked for quality and detection of anomalies
and sequences were posteriorly edited using CodonCode Aligner
v5.0.1 (CodonCode Corporation, USA). Clustal X (Thompson et al.,
1997) was used for sequence alignment, including all previously
published sequences from the same locations (Genbank Accession
Nos. KP065497-KP065560, KP065565-KP065587 and KP090856-
KP090932; Pereira et al., 2014; Table 1). Sequences of individuals
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umber of samples per sampling site location and species for the 28S gene analysis.
Species Region Sampling site Coordinates 28S gene 16S gene

This study (N and
GenBank accession
numbers)

Published
sequences
(N and GenBank
accession numbers)

N (pooled
data)

This study (N and
GenBank accession
numbers)

Published
sequences
(N and GenBank
accession numbers)

N (pooled
data)

A. spp.

Northwestern
Spain

A Coruña 43◦ 22′08′′N, 8◦
24′31′′W

14 (MW506591 –
MW506616;
MW506713;
MW506714)

14 13 (MW506390 –
MW506402)

13

North Portugal Gaia 41◦ 06′01′′N, 8◦
39′39′′W

53
(MW506617 –
MW506648;
MW506715
− MW506788)

14 (KP065513;
KP065530
–KP065533;
KP065552 –
KP065560)

67 53 (MW506403–
MW506455)

14
(KP090861–
KP090863,
KP090866,
KP090909–
KP090917,
KP090929)

67

Central Portugal

Baleal 39◦ 19′28′′N, 9◦
21′39′′W

5 (KP065546
–KP065550)

5 5(KP090856–
KP090858,
KP090860,
KP090876)

5

Cabo Raso 38◦ 42′33′′N, 9◦
29′11′′W

19 (KP065503–
KP065511;
KP065520
–KP065529)

19 17 (KP090890 –
KP090894,
KP090896 –
KP090900,
KP090902 –
KP090908)

17

Ericeira 38◦ 58′09′′N, 9◦
25′15′′W

2 (KP065502;
KP065551)

2 1(KP090889) 1

Mindelo 38◦ 49′45′′N, 9◦
28′07′′W

12 (KP065497 –
KP065501;
KP065514–
KP065519;
KP065512)

12 11(KP090878–
KP090888)

11

South Portugal

Praia da Luz 37◦ 05′11′′N, 8◦
43′31′′W

18
(MW506663 –
MW506690;
MW506789 –
MW506796)

18 18(MW506456 –
MW506473)

18

Olhos de Água 37◦ 05′26′′N, 8◦
10′53′′W

7
(MW506649 –
MW506662)

7 7(MW506474 –
MW506480)

7

Portimão 37◦ 06′30′′N, 8◦
31′31′′W

KP12 (065534
–KP065545)

12 12 (KP090867 –
KP090875,
KP090930
–KP090932)

12

Southern Spain Tarifa 36◦ 00′28′′N, 5◦
36′20′′W

11
(MW506691 –
MW506712)

11

A. fragacea

Northwestern
Spain

A Coruña 43◦ 22′08′′N, 8◦
24′31′′W

8
(MW506517–
MW506532)

8 8
(MW506481 –
MW506488)

8

North Portugal Gaia 41◦ 06′01′′N, 8◦
39′39′′W

16
(MW506533 –
MW506564)

2(KP065584;
KP065585)

18 15
(MW506489 –
MW506503)

1(KP090928) 16

Central
Portugal

Baleal 39◦ 19′28′′N, 9◦
21′39′′W

2 (KP065565;
KP065567)

2 1(KP090918) 1

Cabo Raso 38◦ 42′33′′N, 9◦
29′11′′W

8 (KP065574 –
KP065581)

8 5(KP090922 –
KP090926)

5

São João do
Estoril

38◦ 41′17′′N, 9◦
21′19′′W

2 (KP065582;
KP065583)

2 1(KP090927) 1

Mindelo -
Sintra

38◦ 49′45′′N, 9◦
28′07′′W

6 (KP065568 –
KP065573)

6 3(KP090919–
KP090921)

3

South Portugal Portimão 37◦ 06′30′′N, 8◦
31′31′′W

13
(MW506565 –
MW506590)

2 (KP065586;
KP065587)

15 13 (MW506504 –
MW506516)

2(KP090864,
KP090865)

15
s
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a
a
A
w
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3

t
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presenting heterozygous indels were manually phased follow-
ing the procedure described in Sousa-Santos et al. (2005). Ar-
lequin software package version 3.01 (Excoffier and Schneider,
2005) was used to reconstruct the individual alleles (haplotypes)
present, using the ELB algorithm (28S). Relationships among hap-
lotypes were analyzed with a parsimony network estimated by
the software TCS version 1.18 network (using default parameters,
95% confidence) (Clement et al., 2000).

In order to validate morphologically the taxonomic status of
ach of the genetic groups identified, 10 individuals of Actinia
pp. were collected in the rocky intertidal area of Parede (Central
ortugal: 38◦41′17′′N, 9◦21′19′′W). A small tissue clip of each
ndividual was collected and preserved in 96% ethanol. The in-
ividuals were anesthetized with menthol crystals and preserved
n 8% formalin. DNA was extracted from tissue clips, using the
rotocol described above, which allowed for the identification
f the respective molecular haplogroup. Two individuals of each
aplogroup found in this study and in Pereira et al. (2014) were
3

elected and their general morphology was studied by means
f a stereo dissecting microscope. Nematocysts were examined
nd studied with a light microscope equipped with a Nomarski
ifferential interference contrast optic system. The classification
nd terminology of nematocysts followed that of Schmidt (1972),
s adapted by den Hartog (1980) and den Hartog et al. (1993).
fter being fixed in the formaldehyde solution, the individuals
ere stored in 70% alcohol in the collections of the Museo del
ar de Ceuta (MMC-270 to MMC-275).

. Results and discussion

Sequences from the fragment of the 28S nuclear gene ob-
ained from the 140 individuals (GenBank accession numbers
rom MW506517 to MW506796), revealed 15 different haplo-
ypes, 12 of which were previously found by Pereira et al. (2014).
hen combining present and previously published sequences,
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Fig. 2. Maximum parsimony haplotype networks (28S and 16S dataset).. (For interpretation of the references to color in this figure legend, the reader is referred to
the web version of this article.)
the two haplogroups described by Pereira et al. (2014) were re-
covered in a parsimony network (Fig. 2). The most common hap-
logroup includes samples from plain color morphotypes (Actinia
pp.) and from A. fragacea (Haplogroup 1). This group includes
enetic sequences separated by 4 mutational steps and several
hared sequences between morphotypes. Haplogroup 2 includes
ostly plain color morphotypes, and a small proportion of A.

ragacea. Both haplogroups include brown, green and red Actinia.
n fact, red plain morphotype displays group 1 haplotypes in
orthwest Spain (n = 1), north (n = 18), central (n = 16) and
outh Portugal (n = 4), and group 2 haplotypes in northwest
pain (n = 8), north Portugal (n = 3), south Portugal (n = 9)
nd south Spain (n = 11). Plain brown morphotype display group
haplotypes in north (n = 18) and central Portugal (n = 1)

nd group 2 haplotypes in northwest Spain (n = 3), north (n
9), central (n = 5) and south Portugal (n = 5). Finally, plain

reen morphotype display group 1 haplotypes in north (n =

1), central (n = 16) and south Portugal (n = 2) and group 2
aplotypes in northwest Spain (n = 2) and north (n = 8) and
outh Portugal (n = 17). Considering these results, the same
ryptic speciation found in Pereira et al. (2014) is found, and both
roups display color polymorphism, which cannot be used as a
pecies discriminant character.
The fragment of 434bp of the mitochondrial 16S gene (Gen-

ank accession numbers MW506390-MW506516), pooled with
he previously available data, recovered only two 16S haplo-
ypes in 200 individuals, separated by one mutation (Fig. 2).
ne of these haplotypes includes almost all the individuals be-
onging to 28S haplogroup 2 (except for one specimen of A.
ragacea collected in Central Portugal). The other haplotype in-
ludes mostly specimens of 28S haplogroup 1 (plain color Actinia
nd A. fragacea), but 6% belongs to 28S haplogroup 2.
Morphological analyses on the homotrichs capsules (type of

ematocyst located into the Acrorhagi with the tube arranged
pirally all along the capsule) from individuals belonging to the
wo haplogroups (Fig. S1) show that haplogroup 1 is composed
4

of individuals compatible with A. equina and A. fragacea and the
haplogroup 2 with A. schmidti, all expected to be found in Por-
tuguese coast from the results of previous morphological studies
(den Hartog and Ocaña, 2003; Ocaña et al., 2005). Specimens of
Actinia belonging to haplogroup 1 based on 28S gene sequences
(voucher specimen ACEQCPN49 and ACEQCPN55) have slender
homotrichs never reaching 4 µm in diameter, as expected for this
species. In contrast, specimens belonging to haplogroup 2 consid-
ering 28S gene sequences (voucher specimens ACEQCPN49 and
ACEQCPN53) have coarse homotrichs thicker and reach at least
4 µm (see Ocaña et al., 2005). In these haplogroup 2 samples, p-
mastigophores B1 were present in the filaments. Although nema-
tocyst measurements are considered to lack taxonomic utility in
many groups of Cnidaria, these characters have been found useful
in discriminating species in this particular genus by previous
studies (e.g. Ocaña et al., 2005).

This paper provides evidence supporting the presence of A.
fragacea, A. equina and A. schmidti in the Iberian Peninsula. The
presence of these species in Iberia was previously been reported
by den Hartog and Ates (2011) from Ria de Arosa in Galicia in
Northwest Spain, although the authors stated that ‘‘Actinia equina
is a species complex’’. In the same paper, following Schmidt
(1972), the authors recognized the existence of two different sub-
species belonging to the Actinia genus: Actinia equina mediter-
ranea (now classified as A. schmidti, after the work of Monteiro
et al., 1997) and Actinia equina equina. However, they did not
identify which of them occurred in Galicia. With our results, the
occurrence of three Actinia species (A. fragacea, A. equina and A.
schmidtii) in Galicia was confirmed, as well as in northern, central
and south Portugal, although at different relative abundances.

The relation between the 28S haplogroups described in the
present study and the three taxonomic units was corroborated
by the morphological analysis. The discrimination between hap-
logroups confirmed that individuals from haplogroup 2 present
homotrichs and p-mastigophore B1 in the filaments, a morpho-
logical feature described for A. schmidti (Ocaña et al., 2005).
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n the other hand, individuals belonging to 28S haplogroup 1
ave acrorhagial homotrichs with the tube partially spiral and
bsence of p-mastigophore B1 in the filaments, characteristics of
morphological group defined by Ocaña et al. in 2005 which

ncluded A. fragacea and A. equina. Within 28S haplogroup 1,
urther discrimination between these two species can be made
ased on the distinctive color patterns. The absence of genetic
ifferentiation between A. equina and A. fragacea using this ge-
etic marker, although not expected, is a common phenomenon
n sea anemones. In fact, using the dataset of Daly et al. (2017) of
he same molecular marker, we found that among the 19 groups
f species of the same genera, three of them have an uncorrected
-distance lower than the one found between A. equina and A.
ragacea.

In this paper, it is shown that the 28S gene is clearly more
fficient than the 16S gene for species identification purposes. In
act, the 16S gene shows no interspecific diversity and no vari-
bility within one of the three species (A. equina) and very limited
iversity in the remaining two (A. fragacea and A. schmidti).
Nevertheless, these two species are genetically indistinguish-

ble in our parsimony network based on 28s gene, which is
onsistent with the view that A. equina and A. fragacea are very
losely related species, having diverged recently (Solé-Cava et al.,
994). The fact that 5% of A. fragacea samples (two individuals) are
laced in the same haplogroup as A. schmidti in the parsimony
etwork (haplogroup 2) can be an artifact due to misidentifi-
ation. However, it can also result from a higher level of color
olymorphism in this species than previously reported, which
hould be investigated and clarified in the future.
The fact that A. equina and A. schmidti are macroscopically

mpossible to distinguish, both presenting different color mor-
hotypes in the sampled areas, argues for the importance of
olecular data for species identification in conjunction with mor-
hological analyses. DNA barcoding, widely used in other tax-
nomic groups, has shown to have a restricted application on
ome groups of Anthozoa — the selected marker for barcoding
n animals, a mitochondrial DNA sequence (cytochrome oxidase
), has a very slow rate of evolution in some groups of Cnidaria
e.g. in corals; Shearer et al., 2002; Hellberg, 2006), while effective
n others (Stampar et al., 2014; Ortman et al., 2010). Other mark-
rs have been tested, but the efforts to find a universal Cnidaria
arker have not yet been successful (e.g. Worthington Wilmer
nd Mitchell, 2008; Dohna and Kochzius, 2015).
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