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Abstract
We describe the presence of the non-native Pacific ophiuroid species Ophiothela mirabilis on the island of St. Kitts, federation of St. Kitts and
Nevis. Individuals were found in various states of asexual reproduction on common Caribbean sea fans (Gorgonia ventalina) at two locations.
Definitive identification was based on morphological features and sequencing of the 18s ribosomal RNA gene. The mitochondrial CO1 gene was also
sequenced to assist in future Atlantic population studies of this invasive species. The coloration of the individuals as well as their current distribution
suggest they are of a single lineage connected to the initial Brazilian invasion site, possibly vectored by shipping. Histological examination of G.
ventalina tissue colonized by O. mirabilis found no changes to indicate direct parasite-induced damage to the host. Further study is needed to
understand rate and route of invasion and the impact on its host species.
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Introduction
The six-armed epizoic ophiuroid Ophiothela mirabilis (Verill
1867) [1] was once restricted to the Indo-Pacific and Eastern Pacific
[2,3]. Like other members of its genus, O. mirabilis undergoes
asexual reproduction through fission across the disk, where
daughters are produced though the regeneration of severed arms
[2]. It was first described in the Atlantic sea of Brazil in 2000, and
by 2012 it was also observed in the Leeward Antilles, the Windward
Islands of the Lesser Antilles, and French Guiana [1,3-5].

Methods and Results

In July 2019, Ophiothela mirabilis were found in Cockleshell Bay
(1713’42N, 6237’52W), on the southeast peninsula of St. Kitts, in
a nearshore gorgonian hard-bottom habitat. The ophiuroids were
found on only five (<5%) common Caribbean sea fans Gorgonia
ventalina (Figure 1a), typically at low densities, involving less
than 10 individuals per sea fan. Mouths of the brittle-stars were
positioned towards the inner non-flattened (nonplanar) surface of
the gorgonian branches and branchlets, in close approximation to
the location of polyps (Figure 1b) [1,6]. Specimens were collected

from Cockleshell Bay by taking ~2cm biopsies of the gorgonian
host where O. mirabilis were present using titanium scissors.
While some brittle stars fractured during sampling, morphological
characteristics indicative of asexual reproduction were evident,
including division in coloration, presence of underdeveloped arms,
and presence of a partial disc (Figures 1c-d). The brittle stars had
a disk diameter of ~2mm, arm spines used to attach to their host,
and a fused disk with multiple nodules (Figure 1d). All showed
vibrant yellow-orange coloration unlike their Pacific counterparts,
but similar to those in Brazil [5] and in other Caribbean sites [3,4].
Taken together, these morphological features were consistent with
O. mirabilis [6].
Secondary confirmation of positive identification was
performed through sequencing of the 18s ribosomal RNA gene
which showed 100% match to an existing GenBank sequence
from the native range of O. mirabilis (MH310835). Five whole
brittle stars were used in separate DNA extraction representing 5
individual samples. Total DNA was extracted using a GeneMATRIX
kit (EURx, Poland) following the tissue protocol. DNA was eluted
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in water and stored frozen prior to PCR amplification. For small
subunit ribosomal DNA (SSU rDNA) amplification, the universal
forward primers 18e 5′ ctg gtt gat tct gcc agt and 390f 5′ aga ggg
agc ctg aga aac g were used in combination with the reverse primer
870r 5′ gtt gag tca aat taa gcc gca [7]. The mitochondrial CO1 gene
was amplified using two primer sets: 1) LCO-ech-mf 5′ caa caa
amc aya agg aca tcg g with CO1eR1-mf 5′ gcw cgw gta tca acr tcc
at, both modified from Layton et al (2016) [7,8]. CO1-164echF 5′
agt aat ggt aac agc tca cgc a with CO1-1100echR 5′ tat gtg tca tga
agt gct ac, both designed for this study to be brittle star specific
primers from known echinoderm sequences in NCBI. All PCR were
performed in 20 μL volumes containing dNTPs 0.2 mM, primers 0.8
μM, Taq polymerase 0.02 U/μL, 2 μL 10× buffer PCR and distilled
water to achieve the correct final volume. PCR conditions were
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the same for all PCR reactions: initial denaturation at 98°C 5 min,
followed with 40 cycles (95°C for 30 s, 55°C for 45 s, 72°C for 1 min)
with a final extension at 72°C 7 min. PCR products were purified
using a GeneMATRIX PCR products extraction kit (EURx, Poland)
and sent to an external lab for DNA sequencing. Bidirectional
sequencing, using the same primers, was performed on all positive
PCR products of the expected sizes for four individual brittle
stars. All generated sequences were compared to NCBI’s GenBank
using the nucleotide Basic Local Alignment Search Tool (BLAST)
to confirm an echinoderm origin. Sequences were then checked
for chromatogram clarity using the BioEdit program [9], and then
aligned using ClustalX [10]. Consensus sequences were generated
by eye from the alignments and edited in BioEdit.

Figure 1: 1a. Gorgonia ventalina heavily colonization by Ophiothela mirabilis at Cockleshell Bay, St. Kitts, July 2019; b. Closer view of a
Gorgonia ventalina heavily colonization by Ophiothela mirabilis at Cockleshell Bay, St. Kitts, July 2019. Note that mouths of the brittle-stars are
positioned towards the inner surface of the gorgonian branches and branchlets where polyps are located. Bar = 2mm; c. Biopsy of Gorgonia
ventalina including attached Ophiothela mirabilis viewed under a dissecting scope. The brittle stars have three or six arms and a ~2mm disc
with small nodules (arrowhead). incomplete discs indicate recent fission. Bar = 1.5mm; d. Ophiothela mirabilis viewed under a dissecting
scope. Note differential coloration and presence of underdeveloped arms (arrow) indicative of asexual reproduction. Arrowhead indicates arm
spines. Bar = 1mm; e. Gorgonia ventalina heavily colonized by Ophiothela mirabilis at Shitten Bay, St. Kitts, November 2019.

For the mitochondrial CO1 gene, both sets of primers
successfully amplified the target gene which enabled us to build
a robust consensus sequence of 1070 base pairs from 4 of the 5
extracted individual DNA samples. This sequence was most similar
to Ophiothela spp. in BLAST searches, being 98.69% similar to O.

vincula over the entire sequenced region of 1070 bases. For the SSU
rDNA, a consensus sequence of 1169 base pairs was constructed
from amplifications from 4 of the 5 brittle stars. This sequence
was 100% identical to the sequence for Ophiothela mirabilis
(MH310835) over 692 bases of comparable sequence data. All
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sequences generated in this study have been submitted to Genbank
with the accession numbers MN961481.

One biopsy of apparently healthy sea fan tissues with attached
O. mirabilis was immersed in Z-Fix (Anatech Ltd) diluted 1:5 with
seawater. The biopsy was decalcified using Formical 2000 (StatLab,
McKinney, TX) 48 hours post fixation, then processed routinely for
histology, embedded in a planar orientation in paraffin wax (i.e.
oriented so that sections were parallel to the face of the sea fan),
sectioned at 4 µm, and stained with hematoxylin and eosin. No
microscopic pathology was identified in sea fan tissues associated
with the brittle star.
Cockleshell Bay was surveyed again in November, 2019, and
O. mirabilis persisted at roughly similar prevalence and intensity
among sea fans. During this time, the brittle stars were also
identified at Shitten Bay (17°13’14.30”N, 62°39’40.04”W), but were
not identified at Turtle Beach (17°14’03.26”N, 63°37’38.81”W),
Majors Bay (17°13’19.11”N, 62°38’49.80”W) or White House Bay
(17°14’58.78”N, 62°39’30.79”W). At Shitten Bay, the majority of sea
fans were colonized by the brittle stars.

Discussion

The observation of O. mirabilis in Kitts represents its
northernmost occurrence in the Caribbean Sea and the first report
of its invasion in the Leeward Islands of the Lesser Antilles. The
apparent spread to St. Kitts raises concern for its undetected
presence in surrounding islands and risk for full colonization of the
Greater and Lesser Antilles. There are two primary mechanisms
hypothesized for the spread of O. mirabilis throughout the Atlantic
including ship-borne [3,4] and planktonic larval dispersal [4,11].
Hendler and Brugneaux (2013) hypothesized that immediate
spread to the Leeward Islands of the Lesser Antilles would indicate
ship-borne dispersal rather than by oceanic circulation because
surface flow around St. Vincent, the nearest reported invaded site,
moves towards southern Caribbean areas. Interestingly, the two
colonized sites in St. Kitts have high recreational boat traffic relative
to other non-colonized sites surveyed on the southwest peninsula,
one being a hub for water taxi service to Nevis, the other being a
target location for chartered catamaran tours.

Morphologic plasticity complicates the taxonomy of Ophiothela
period to abbreviation, [11]. However, the coloration of O. mirabilis
in St. Kitts was similar to that observed on other Atlantic and
Caribbean locations, reinforcing the hypothesis that individuals
descended from a single common lineage, first observed in Brazil
[3]. Reproduction is believed to be predominantly fissiparous
and asexual, resulting in clonal progeny which could facilitate a
molecular approach to studying geographical spread. We sequenced
the mitochondrial CO1 gene in order to aid future studies examining
possible clonal populations of invasive O. mirabilis, their pattern
and route of spread, and whether single or multiple invasions have
occurred in the Caribbean region. In addition, specific primers have
been designed to allow better amplification of the CO1 gene of O.
mirabilis to aid in research and management across the region.
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At present, limited knowledge on the biology of O. mirabilis
precludes any meaningful speculation on its impact to the invaded
range. The number of O. mirabilis colonizing some sea fans in St. Kitts
resembles the density with which they are observed on gorgonians
in their native range [6]. This density of host colonization is
hypothesized to negatively impact host autotrophy and fitness
[1], although interactions with the host species have been poorly
studied. We histologically examined tissues of G. ventalina to which
O. mirabilis were attached and found no changes to indicate direct
parasite-induced damage to the host. However, colonization may
impact host health indirectly, and associations among colonization
and prevalence of mortality or disease in the host species should be
addressed with future research. In Brazilian waters, O. mirabilis is
an epizoite on at minimum 29 individual host taxa [5], a majority of
which are present in St. Kitts. In contrast, O. mirabilis has so far only
been observed on G. ventalina in St. Kitts, potentially representing
a host preference or an early stage of invasion where other hosts
have not yet been colonized. There is a paucity of data on the rates
of colonization in the Windward Islands as well as any ecosystem
effects since their initial reporting. Longitudinal surveys of hardbottom gorgonian habitat should be undertaken in St. Kitts and the
Windward Islands in order to determine the true rate of invasion
and host impact.
While the consequences of invasive O. mirabilis are presently
unknown, marine invasive species have impacted biodiversity,
environmental, and economic outcomes worldwide [12]. Further
study is needed to understand possible impacts of invasive O.
mirabilis on Caribbean reefs and to identify mitigations which
effectively limit its spread. Nearby islands should be aware of its
presence to enable early detection and to identify most susceptible
host species.
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