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The order Zoantharia is known for its chaotic taxonomy and difficult morphological identification. 
One method that potentially could help for examining such troublesome taxa is DNA barcoding, 
which identifies species using standard molecular markers. The mitochondrial cytochrome oxidase 
subunit I (COI) has been utilized to great success in groups such as birds and insects; however, 
its applicability in many other groups is controversial. Recently, some studies have suggested that 
barcoding is not applicable to anthozoans. Here, we examine the use of COI and mitochondrial 16S 
ribosomal DNA for zoanthid identification. Despite the absence of a clear barcoding gap, our results 
show that for most of 54 zoanthid samples, both markers could separate samples to the species, 
or species group, level, particularly when easily accessible ecological or distributional data were 
included. Additionally, we have used the short V5 region of mt 16S rDNA to identify eight old (13 
to 50 years old) museum samples. We discuss advantages and disadvantages of COI and mt 16S 
rDNA as barcodes for Zoantharia, and recommend that either one or both of these markers be 
considered for zoanthid identification in the future.
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INTRODUCTION

Zoanthids are hexacorallian anthozoans belonging to 
the order Zoantharia. This order is a good example of a tax-
onomically problematic group (Burnett et al. 1997). All 
zoanthids, with the exception of the genus Savalia, do not 
secrete a skeleton (Haeussermann, 2003). Numerous mor-
phological identification criteria have been proposed over 
the last two centuries, ranging from color, sphincter muscle 
anatomy (Lwowsky, 1913), tentacle number (Herberts, 
1972), type and distribution of nematocysts (Ryland and 
Lancaster, 2004). Thus, depending on the authors, original 
species descriptions were based on different characters. 
Moreover, the type specimens are often unavailable for fur-
ther analyses (poorly conserved, lost or destroyed). This sit-
uation has greatly contributed to the abandonment, for the 
most part, of zoanthid taxonomic studies, even though 
zoanthids are present in almost all marine environments.

The recently developed concept of DNA barcoding has 
been highly publicized. This method of organism identifica-
tion using standardized molecular markers (Tautz et al., 
2003, Hebert et al., 2003) offers interesting possibilities for 

helping to identify organisms by using genetic information in 
cases where morphology alone is insufficient, due to the 
existence of cryptic taxa or lack of suitable specimens 
(Hebert et al., 2003). Fields to which barcoding can be 
potentially applied are very diverse, ranging from biodiver-
sity assessments (Bucklin et al., 2004) to traceability of com-
mercialized organisms (Ward et al., 2005), through to the 
linking of different life stages (Hebert et al., 2004a). The key 
innovative aspect of barcoding is the choice of one or a few 
standardized markers used for interspecific discrimination. 
Usually partial cytochrome oxidase subunit I (COI) 
sequences are used as barcodes. While some groups like 
birds (Hebert et al., 2004b) and insects (Hajibabaei et al., 
2006) are well suited for barcoding utilizing COI, the appli-
cability of this marker to many other animal phyla has not yet 
been well tested. Additionally, different problems resulting 
from the use of mitochondrial markers or unclear species 
concepts (Rubinoff, 2006), intraspecific variation (Meyer and 
Paulay, 2005) and methodological issues (Brower, 2006) 
have been shown to potentially confound barcoding efforts. 
These studies show the dangers of generalisation and the 
necessity of case studies.

Such problems with barcoding are potentially very prob-
lematic for Anthozoa, due to the high conservation in antho-
zoan mitochondrial genes (Shearer et al. 2002). Hebert et 
al. (2003) tested only 17 cnidarians for COI barcoding and 
concluded that this marker was not suitable for Anthozoa. 
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More recently, Shearer and Coffroth (2008) re-examined the 
situation for scleractinians in detail and showed that 
sequence conservation makes it impossible to use COI 
alone to identify most scleractinian species. Huang et al. 
(2008) also demonstrated that utilizing only COI may not be 
useful for identifying anthozoans. However, molecular tech-
niques have been shown to be useful in resolving phyloge-
netic relationships within and between different anthozoan 
orders (Daly et al. 2003; Sanchez et al., 2003; Fukami et al., 
2004; Chen et al., 2002; Berntson et al., 1999). In 
Zoantharia, mitochondrial and nuclear molecular markers 
have been used to clarify the phylogeny of the order (Sinni-
ger et al., 2005; Reimer et al., 2006a) as well as to describe 
new zoanthid species (Reimer et al., 2006b). In an attempt 
to identify zoanthid species based on standardized molecu-
lar markers, in this study we compared partial sequences of 
two mitochondrial genes, cytochrome c oxidase subunit I 
(COI) and the large mitochondrial ribosomal subunit (mt 16S 
rDNA gene) from different zoanthids. We tested both mark-
ers, utilizing numerous zoanthid representatives of the most 
common genera and new zoanthid taxa still in the process 
of being described. We compare the results obtained to 
other data such as ecological, geographical, and morpholog-
ical characters and discuss the applicability of these mark-
ers as potential barcodes for zoanthids.

MATERIALS AND METHODS

Sixty-two zoanthid samples of different origins were analyzed 
in our study. For each zoanthid genus and/or family studied, we 
used the type species or typical representative species (Epizoanthus
arenaceus and E. paguricola for family Epizoanthidae, Parazoanthus
axinellae for genus Parazoanthus and family Parazoanthidae, 
Savalia savaglia for genus Savalia, Palythoa tuberculosa for family 
Sphenopidae, and Zoanthus spp. for the family Zoanthidae). Details 
on locality, depth, and collecting date are available in the supple-
mentary material (Table S1 http://dx.doi.org/10.2108/zsj.25.1253.s1).

To amplify COI, we used the universal primers LCO1490 and 
HCO2198 (Folmer et al., 1994), and for mt 16S rDNA, we modified 
the primers 16Sar and 16Sbr (Palumbi et al., 1996). Two additional 
primers were designed to amplify the short variable region of mt 
16S rDNA designated V5 (Sinniger et al., 2005): V5a (5’-ATTCG-
TAGTGAAGATGCTAC-3’) and V5r (5’-TCGCCCCAACCAAACT-
GTCC-3’). DNA extractions, PCR, and sequencing were performed 
as described in Sinniger et al. (2005). Additional sequences were 
obtained from Reimer et al. (2007) (EMBL ALIGN_001072). All 
sequences are deposited in GenBank under the accession numbers 
shown in Table S1 (Supplemental Material).

Sequences were manually aligned by using BioEdit (Hall, 1999) 
and analyzed with maximum likelihood (ML) implemented in the 
program PhyML (Guindon and Gascuel, 2003). ML analyses were 
performed with a GTR nucleotide substitution matrix, a gamma 1 
invariant model with eight categories, estimated α-parameter, and 
estimated frequencies of amino acids. Sinniger et al. (2005) clearly 
demonstrated the basal position of Epizoanthidae within zoanthids. 
To conserve the limited number of informative sites, we did not 
include outgroups other than Epizoanthidae. Distance tables for 
both markers are available as supplementary material (Tables S2 
http://dx.doi.org/10.2108/zsj.25.1253.s2 and S3 http://dx.doi.org/
10.2108/zsj.25.1253.s3, Supplemental Material)

RESULTS

Cytochrome oxidase I
Fifty-four sequences were used to obtain a nucleotide 

alignment with 531 sites. Intraspecific variation was 

observed only in P. gracilis/tunicans (detailed below), while 
all the other species with multiple samples possessed iden-
tical sequences (Table S2, Supplemental Material). The COI 
tree (Fig. 1) distinguished the family Epizoanthidae from the 
rest of the zoanthids; this result was confirmed by large 
distance values between species of Epizoanthus and other 
zoanthids (0.116–0.1671; Table S2, Supplemental Material). 
All the different species can be distinguished with interspe-
cific distances ranging from 0.0019 to 0.0368. Epizoanthus
paguricola and another undescribed species, Epizoanthus
sp. “sub-Antarctic”, are separated from each other only by a 
single nucleotide difference (distance: 0.0019); however, 
clear morphological and ecological differences between 
these two species leave no doubt as to their specific status.

The second part of the COI tree grouped families 
Parazoanthidae (genera Parazoanthus and Savalia
(Gerardia)), Sphenopidae (genus Palythoa), and Zoanthidae 
(genera Acrozoanthus and Zoanthus). Due to the short size 
and high conservation of the sequences used, the topology 
of this large clade was unresolved. Nevertheless, putative 
species could be easily distinguished from one another. 
Among Parazoanthidae sensu stricto, three species 
(Parazoanthid “Chile”, Parazoanthid “CORSARO72”, and 
Parazoanthid “Cape Verde”) had sequences considerably 
divergent from other parazoanthids (distances: 0.021–
0.0612). In two cases, molecular distances are supported by 
clear differences in ecology. Parazoanthid “CORSARO72” 
grows associated with hexactinellid sponges, and 
Parazoanthid “Cape Verde” is associated with antipatharians.

Within the same family, nine species currently assigned 
to genus Parazoanthus are all associated with sponges, but 
their phylogenetic position could not be resolved. Except for 
P. parasiticus from the Caribbean and an undescribed 
obligately sponge-associated species from Sulawesi 
(Parazoanthus sp. 3 “Sulawesi”), which had identical 
sequences and could not be distinguished, all the other spe-
cies could be identified using this marker. Among these 
species, two very divergent specimens were found, 
Parazoanthus sp. “Senegal” and P. puertoricense (distances
from other Parazoanthus: 0.0171–0.0509; Table S3, 
Supplemental Material).

Genus Savalia was represented by three specimens 
with identical COI sequences that were clearly distinct from 
other parazoanthids (0.0133–0.0429); the specific status of 
these zoanthids will be discussed below (see Discussion).

A clade comprising P. tunicans and P. gracilis formally 
belongs to Parazoanthidae, however as suggested in Sinniger 
et al. (2005) and Reimer et al. (2008), this clade may repre-
sent a different family and therefore is referred to here as 
“Parazoanthidae”. The molecular divergences of “Yellow 
polyps” and an undescribed zoanthid from Madagascar 
(zoanthid “302”) were supported by clear morphological 
distinctions. Four potentially different species form the sister 
group to these two zoanthids: two Caribbean samples (P. 
tunicans and P. aff. tunicans), P. gracilis, and an undescribed 
species from Madagascar (Parazoanthus sp. “Mada1”). The 
two Caribbean samples, previously considered as morpho-
types of P. tunicans, did not have the same sequence 
(distance difference=0.0057; see supplementary material), 
and one sample identified as P. gracilis from New Caledonia 
also had a different sequence than other P. gracilis specimens 
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Fig. 1. Maximum-likelihood tree based on an alignment (531 bp long) of mitochondrial COI gene sequences. Numbers above or below 
branches are bootstrap support values>50%. Thick branches indicate identical sequences.
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(distance: 0.0038) (see Supplemental Material).
In the brachycnemic family Sphenopidae, Palythoa

heliodiscus was clearly divergent from the other Palythoa
species (distances: 0.0095–0.0114). While all five samples 
from P. tuberculosa and P. mutuki had identical sequences, 
Palythoa psammophilia showed a single nucleotide differ-
ence from species of the P. tuberculosa-mutuki complex. In 
family Zoanthidae, the situation was also very clear. The two 
Zoanthus species appeared more closely related to each 
other than to Acrozoanthus, and each species was distinct.

Mitochondrial 16S rDNA
An alignment containing 636 sites and 54 sequences 

was analyzed. The length of the sequences varied from 
429–540 bp. The topology of the mt 16S rDNA tree was very 
similar to the COI tree, although deep nodes were generally 
less supported, resulting in a less-resolved topology than 
the COI tree (Fig. 2). However, this did not interfere with the 
efficiency to distinguish zoanthid species. Like COI, 16S 
clearly distinguished Epizoanthus species from each other, 
as well as Epizoanthus from the rest of the zoanthids, with 
interspecific distances ranging from 0.0037–0.0487 and dis-
tances with other zoanthids ranging from 0.1412–0.2218 
(Table S3, Supplemental Material). Moreover, Epizoanthus
species had longer sequences (524–540 bp) than other 
zoanthids (429–515 bp), with the exception of the “yellow 

Fig. 2. Maximum-likelihood tree based on an alignment (636 bp long) of mitochondrial 16S rRNA gene sequences. Numbers above or below 
branches are bootstrap support values>50%. Thick branches indicate identical sequences.
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polyps” sequence (528 bp).
The parazoanthid “Chile” and Savalia spp. appeared 

clearly separated from the other Parazoanthidae (distances: 
0.0142–0.0802). The two Savalia species had identical 
sequences.

The other species clustered within a large unresolved 
clade containing six independent branches. Two single-
species branches represent respectively the hexactinellid-
associated parazoanthid from the Mediterranean Sea (COR-
SARO 72) and the antipatharian-associated parazoanthid 
“Cape Verde” (distance from other parazoanthids: 0.0165–
0.0802). Parazoanthidae in the wider sense of the term 
comprises five of the six branches. The sponge-associated 
zoanthids are respresented as two independent branches. 
The first branch comprising P. puertoricense and 
Parazoanthus sp “Senegal” is clearly separated from other 
Parazoanthus species (distances: 0.02–0.0508). The 
remaining sponge-associated zoanthids group together; 
among these, only P. axinellae and P. anguicomus had 
identical sequences and could not be distinguished from 
each other.

The clade “Parazoanthidae” (see COI results section for 
explanation) is composed of two main clades. The “yellow 
polyps” and an undescribed zoanthid from Madagascar 
(Zoanthid “Mada1”) are separated from the other 
Parazoanthidae (including the sister clade) by distances 
ranging from 0.0170–0.0689. The second clade (distance 
from other Parazoanthidae: 0.0191–0.0759) includes 
species associated with hydrozoans and one specimen 
found on a dead antipatharian skeleton (Parazoanthus
Mada 1). An intraspecific distance of 0.0063 was observed 
between P. gracilis from Sulawesi and conspecific speci-

mens from New Caledonia (n=2) and Japan. Additionally, P. 
tunicans had a sequence identical to that of most P. gracilis
specimens. Another sample (Parazoanthus aff. tunicans) 
that was morphologically different from P. tunicans also has 
a unique sequence.

Brachycnemic species (Sphenopidae and Zoanthidae) 
are separated from the other zoanthids by distances of 
0.0238–0.1748. Sphenopidae is represented by four species 
(Palythoa heliodiscus, P. psammophilia, P. mutuki and P. 
tuberculosa). Within Palythoa, interspecific variation ranged 
from 0.0022–0.0131. In family Zoanthidae, three species 
belonging to two genera were analyzed: Zoanthus gigantus, 
Z. kuroshio, and Acrozoanthus australiae. No intraspecific 
variation was observed, and interspecific distances varied 
from 0.0065–0.0130.

V5 region of the mt 16S rDNA
When analysing the 16S sequence data, the V5 region 

(150–250 bp) of this gene was seen to have very informative 
genus-specific indels of relatively short length (Fig. 3). We 
used this region to examine zoanthids from museum sam-
ples that contained old and degraded DNA for which 
sequences of COI or large fragments of 16S could not suc-
cessfully be obtained. The two oldest samples from which 
the V5 region was successfully amplified were collected in 
1958. We also amplified sequences from samples collected 
in 1971, 1972, 1988, 1990, 1991, 1993 and 1995. Our 
sequences did not present any particular substitutions that 
would suggest artifactual mutations due to age or conserva-
tion methods. The main groups observed with phylogenetic 
analyses using 16S are visible in the alignment of the V5 
region, and two new specific indels in this region were found 

Fig. 3. Alignment of sequences of the V5 region of the mitochondrial 16S rRNA gene from selected zoanthid representatives, including old 
museum samples (bold).
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in old samples of Parazoanthidae.
The first indel groups three epizoic zoanthids growing on 

gorgonians from the deep Antarctic Sea (Parazoanthidae 
“Antarctic” 1, 2, and 3). The second indel corresponds to a 
South Pacific zoanthid epizoic on gorgonians (Parazoanthidae
“S-Pacific”). Among other sequences, we were able to place 
an Epizoanthus sp. collected deep in the Indian Ocean 
(Epizoanthus “335”) close to the two deep Mediterranean 
Epizoanthus. An Australian zoanthid collected in 1972 
(Parazoanthus sp. “1972”) was identified as a Parazoanthus
sensu stricto (closely related to the type species of the 
genus, P. axinellae) and had a sequence identical to that of 
another sample collected more recently (1999) in Tasmania 
(Parazoanthus sp “Tasmania 2”). In the same area of the 
world, another unidentified sample (Parazoanthus sp 
“Tasmania 1”) had the same sequence as P. elongatus from 
Chile and New Zealand, previously analyzed with COI and 
16S.

DISCUSSION

Utility of COI and/or mt 16S rDNA
Our results show that, despite the absence of a clear 

barcoding gap (in a few cases, different species showed 
identical sequences; in one situation, specimens assigned to 
the same species showed sequence variation), both the COI 
and 16S markers are useful for identifying zoanthid at least 
to the species-group level. While in some cases these mark-
ers failed to clearly discriminate between closely related 
species or species complexes (27/34 species identified with 
both markers independently and 31/34 with the combination 
of the two markers), when other simple sampling data such 
as geographic or environmental information were included, 
a specific identification was obtained even in problematic 
cases (33 out of 34 species [=94%] identified with COI and 
all 34 species [=100%] with 16S). Moreover, described spe-
cies for which multiple specimens (n>2) were available for 
COI/16S showed no intraspecific variation (E. illoricatus, 
n=3/3; E. arenaceus, n=3/3; S. savalia, n=3/3; Parazoanthus 
axinellae, n=4/4; P. parasiticus, n=3/3; Palythoa tuberculosa,
n=17/32; Z. kuroshio, n=12/3). The potential intraspecific 
variability observed in one species is discussed below.

The utilisation of COI has some important technical 
advantages when compared to 16S. COI is more easily 
amplifiable with universal primers than 16S (see Materials 
and Methods). Moreover, the absence of any insertions or 
deletions in COI facilitates automatic alignment of the 
sequences obtained. On the other hand, 16S sequences 
also present distinct advantages. They are slightly more 
variable in zoanthids than COI and possess insertions and 
deletions (indels), which are a source of additional taxo-
nomic information. While indels are not always advanta-
geous in aligning sequences, the information contained in 
these variable regions is very clear and allows easy and 
rapid distinction between different zoanthid supraspecific 
clades (Fig. 3). Consequently, if an ambiguous site in a COI 
sequence (for example due to degraded DNA or antique 
samples) interferes with species identification, the informa-
tion contained in insertions is clear even in the case of 
relatively poor-quality sequences. This may be particularly 
important when dealing with old museum samples (e.g., 
holotypes and/or paratypes). As shown by our analyses of 

the V5 region (Fig. 3), short insertions are more easily 
obtainable than entire 16S or COI sequences, and thus are 
more applicable when dealing with old, deteriorated, or 
formalin-fixed samples.

Problematic situations
There were three cases where only one marker, but not 

the other, could distinguish between congeners. For example,
although Palythoa tuberculosa and Palythoa mutuki had 
identical COI sequences, they were distinguishable with 
16S. Conversely, no distinction could be made between 
Parazoanthus axinellae and P. anguicomus with 16S, while 
their COI sequences were different. Another example was 
the sponge-associated Parazoanthus parasiticus that could 
not be distinguished from Parazoanthus sp.3 “Sulawesi” in 
the COI tree; these species were clearly different in the 16S 
tree. However, in these cases, species could be distin-
guished by at least one marker, showing that these two 
markers complement each other very well.

The situation was much more problematic in two other 
cases. The first case concerns the genus Savalia, in which 
two species were indistinguishable by either the 16S or COI 
sequences. This situation may possibly be explained by the 
controversial systematics of this genus. The authors who 
originally described Parazoanthus lucificum (Cutress and 
Pequegnat, 1960) seemed to not be aware of the existence 
of Savalia savaglia, and examination of type and other P. 
lucificum specimens shows that this species corresponds to 
the genus Savalia (gorgonian associated, skeleton 
secretion). These conclusions are confirmed by molecular 
analyses (see Figs. 1 and 2), and therefore here we refer to 
this species as Savalia lucifica (Cutress and Pequegnat, 
1960). The main difference between these two species is 
the bioluminescence of S. lucifica. As symbiotic bacteria 
produce bioluminescence, this potentially environmentally 
induced character may not be a true “species” marker. 
Savalia lucifica and S. savaglia may be conspecific, 
although their distribution data (S. lucifica is found in the 
northeastern Pacific, S. savaglia in the Mediterranean) 
support the existence of distinct species. The taxonomic 
position of specimens of Savalia aff. savaglia from the 
eastern Atlantic is still under debate (e.g., Ocaña et al., 
2006). Although preliminary microsatellite and ITS rDNA 
data seem to distinguish between these three putative 
Savalia species (F. Sinniger, unpublished data), further 
studies are necessary to determine whether these differ-
ences are due to intra- or interspecific variation.

The second problematic case is the potential intraspe-
cific variability in hydrozoan-associated zoanthids. Only two 
zoanthids associated with hydrozoans have been formally 
described, Parazoanthus tunicans (Duerden 1900) from the 
Caribbean and P. gracilis (Lwowsky, 1913) from the Indo-
Pacific (Herberts [1972] referred Epizoanthus cnidosus Tis-
chbierek, 1929 as a synonym of P. gracilis). In our study, 
several different samples (n=6) of hydrozoan-associated 
zoanthids were analyzed. Two specimens originating from 
the Caribbean were morphologically and molecularly 
different from each other; one specimen corresponds to P. 
tunicans, whereas the other was larger and white (desig-
nated here P. aff. tunicans), and was previously identified as 
a morphotype of P. tunicans (Sinniger et al., 2005). These 
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data suggest that P. aff. tunicans is an undescribed species. 
Additionally, P. tunicans has COI sequences different from, 
but 16S sequences identical to, those of most P. gracilis.

Four samples of P. gracilis were analyzed, two speci-
mens from New Caledonia, one from Sulawesi, and one 
from Japan. Within P. gracilis, one specimen from New 
Caledonia had a unique 16S sequence, while an Indonesian 
specimen had a COI sequence different from those of the 
three other specimens. These divergences could indicate 
either the existence of cryptic species within this group, or 
variation in mitochondrial evolutionary rates within this 
group. More analyses are necessary to clearly understand 
this potential species complex/clade.

CONCLUSIONS

The levels of divergence observed among different spe-
cies support the use of COI and 16S sequences in zoanthid 
taxonomy. This molecular information has already been 
used in recent taxonomic descriptions and may be useful in 
the future for species or species-group identification. How-
ever, our results also show that molecular data should not 
be used alone in zoanthid identification, as such data may 
not distinguish some closely related species. Thus, from a 
strict barcoding perspective, neither marker is appropriate.

However, if easily accessible ecological, geographical, 
biological, and morphological data are integrated, we 
believe that using COI and/or 16S to barcode and help iden-
tify zoanthids is well worthwhile. The second objective of 
DNA barcoding, which is to help indicate potentially new 
taxa, is relatively well fulfilled with these two markers, the 
main problem being not evolutionary rate limitations but 
primarily the taxonomical ambiguities resulting from 
imprecise zoanthid species descriptions. We believe that the 
use of these new methods will greatly accelerate our under-
standing of zoanthid taxonomy and diversity as well as aid 
in the development of other new and perhaps more accurate 
methods of species identification in this group.
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