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Abstract

The snowflake coral Carijoa riiseiis one of the most invasive and successfully adapting species in the
coastal marine environment. This species can disperse through ballast waters or fouling on the hull of
ships, which allows it to expand very quickly to areas where it is not native. Recently C. riisei was
identified in the Porto Grande Bay in Sao Vicente island in Cabo Verde Islands. We analysed
mitochondrial and nuclear DNA sequences from specimens collected at this locality to determine the
potential origin of this invasion. Lack of genetic variation in both mitochondrial and nuclear genes
suggest a very recent invasion (bottleneck effect) but did not permit to establish its origin with total
confidence.

1. Introduction

Carijoa riisei (Duchassaing and Michelotti, 1860) is a colonial octocoral (Alcyonacea: Clavulariidae)
characterised by bright orange colour, and commonly known as snowflake coral. The species was
described from the US Virgin Islands as Clavularia riisei Duchassaing and Michelotti, 1860 (incorrectly
spelt in the original publication as "C. rusei") and later considered native from the Caribbean and Western
tropical Atlantic, ranging from Florida to Brazil (Bayer, 1961; Kahng et al., 2008). However, recent
molecular analyses of specimens collected around the globe have shown that instead C. riiseiis most
likely native to the Indo-Pacific region and that only recently it has spread into the Atlantic and the eastern
Pacific (Concepcion et al., 2010).

A genetic-based approach to determine the origin of the snowflake corals introduced in the Hawaiian
waters indicated that Carijoa is native to the Indo-Pacific Concepcion et al. (2008, 2010). Early invaders
arrived most likely in the late 1960s at O’ahu Island and the first confirmed records of snowflake corals
date from 1972 on the biofouling communities of Pearl Harbor (Jokiel, 2008). On the West African coast,
the first record C. riiseiis an unconfirmed observation from the Sherbro Island in Sierra Leone (Bayer,
1961). More recently, it has been reported for the Gulf of Guinea where it was identified on the Principe
Island in 2004 and Santana islet, in the eastern coast of the Sdo Tomé Island, during a National
Geographic expedition in 2006 (Concepcion et al., 2010). In 2006 Carijoa sp. was photographed in
Senegal, on the Madeleine island, from the mangroves on Saloum, and recently at the Séminole bank at a
depth of 27 m (Patrice de Voize, pers. comm.). In Cabo Verde, the snowflake coral started to be regularly
observed on the floating structures previously occupied by sedentary organisms and native corals,
coinciding with the building of new marinas and the increased frequency of game fishing boats and
yachts docking (E. Lopes, pers. obs.).

Although the archipelago of Cabo Verde has very low primary productivity, it contains a high diversity of
marine ecosystems with several endemisms (Almeida et al., 2015). In coastal ecosystems of Cabo Verde,
several hard coral species occur forming small clusters (called ‘coralline communities’) inside shallow or
protected warmer bays. This natural habitat fragmentation results in the diversification of some groups
of organisms associated with those habitats, as in the case of coastal reef fishes, the endemic Conus
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(Cunha et al., 2014), Fissurela (Cunha et al., 2017) and Euthria gastropods and nudibranchs (Fraussen
and Swinnen, 2016).

Recent studies have reported the presence of alien species from the Atlantic West in Cabo Verde,
introduced via the North Equatorial counter-current. This current has been suggested to have promoted
the introduction of the slipper lobster (Parribacus antarcticus) from the tropical western Atlantic via larval
dispersal (Freitas and Wirtz, 2019). This study aims to report and diagnose the presence of highly
invasive species C. riisei in the Cabo Verde archipelago using molecular tools (nDNA and mtDNA
analyses) and identify phylogenetic relationships between Cabo Verde samples and other regions to find
a pattern of possible origins and comment on mitigation measures.

2. Materials And Methods

2.1. Study area

The Porto Grande Bay is a semi-circular basin (2 Km mean radius) located on the northwest coast of the
S&o Vicente Island (Cabo Verde), covering an area of 2.43 Km with the maximum depth of 30 meters (Fig.
1). The bay is naturally protected from strong sea currents, which promoted intense port activities over
the last two centuries, with a significant increase since the 1950s. Specimens of Carijoa spp. were
collected in the bay under the floating structures of the Marina of Mindelo. Additional explorations were
carried out in May 2017 in two other places in the bay to detect the presence of the snowflake coral: on
the Matiota rocky beach which is near to a desalination plant of the island and at the main dock of Porto
Grande. Individuals were photographed, and tissue samples were stored in 96% ethanol.

2.2. DNA extraction and sequencing

DNA was extracted using a salt method adapted from Sambrook and Russell (2000) and sequences were
amplified by employing a regular PCR routine. Mitochondrial and nuclear loci were chosen based on the
PCR success rate, sequence quality and availability at GenBank. Portions of two mitochondrial genes,
NADH dehydrogenase 2 and 6 subunits (ND2 and ND6), and the intron in the 54 kDa subunit of the signal
recognition particle (SRP54) nuclear gene were amplified with the primers described by McFadden et al.
(2004) and Concepcion et al. (2008), respectively (Supplementary Material, Table 1). All PCRs were
performed in reactions of 25 pl containing 1X of PCR buffer, 2.5 mM of each dNTP, 0.5 mM of each
primer, 2.5 mM of MgCI2, 2 ul of DNA matrix, 0.1 pg/pl BSA and 0.3 U of Platinum Taq DNA Polymerase
(Invitrogen, Carlsbad, CA). PCR cycles were performed was as follows: one cycle of 5 min at 94°C, 40
cycles of 45 seconds at 94°C, 1 min at 52°C and 1.30 min at 72°C, with the final step of extension of 10
min at 72°C.

Sequencing was outsourced to a commercial company (Beckman Coulter). Quality control obtained was
performed manually with BioEdit (Hall, 1999) and sequences obtained were compared with those
available in GenBank and deposited by Concepcion et al. (2008); Concepcion et al. (2010) and Quintanilla
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et al. (2017) (Suppl. Material Table S1; Suppl. material Table S2; Suppl. material Table S3). All sequences
were deposited in GenBank with accession numbers MN200342 and MN200344.

2.3. Data analysis

The Blast algorithm (National Center for Biotechnology Information 2018) was used to confirm the
taxonomic identity of Carijoa riisei. Mitochondrial DNA sequences were translated into proteins to detect
possible pseudogenisation of mitochondrial genes. The final alignments were produced using the
ClustcalW algorithm available in BioEdit (Hall, 1999). For the mtDNA, alignments resulted from the
concatenation of ND2 and ND6 haplotypes. Non-rooted networks of haplotypes based on the 95%
parsimony were constructed separately for mitochondrial and nuclear markers using TCS1.21 (Clement et
al., 2000) with the final manipulation in tcsBU (Santos et al., 2016). For the nDNA data, gaps were treated
as a 5th state as in Quintanilla et al. (2017).

3. Results

Snowflake coral colonies were found in three out of eight sites surveyed in 2017. In addition to the
location of the original occurrence in 2011 (Marina do Mindelo), Carijoa was also spotted in two other
locations further North: on the quay of the commercial port and nearby the desalination plant of the
island (Fig. 1). In all locations, colonies of considerable size were found covering man-made underwater
structures, such as metal pipes and concrete blocks. A total of 18 individuals were collected, six in each
site.

Final alignment of mtDNA genes (concatenated ND2-ND6) had a total length of 1152 bp, and at least one
reading frame was free from stop codons, indicating that sequences were not nuclear copies of mtDNA
genes. Final alignment of nuclear gene (SRP54) had a total length of 126 bp. No variation was found at
nuclear and mitochondrial level with each genetic marker being represented by a unique variant. In the
haplotype network (Fig. 2) it can be seen that all samples correspond to allele 8 (A8) of SRP54 and
haplotype 18 (H18) of the concatenated ND2-ND6 segment, as described by Concepcion et al. (2010) and
Quintanilla et al. (2017).

4. Discussion

Genetic data confirmed the identification of Carijoa riiseiin Sdo Vicente Island, Cabo Verde, which
becomes the northernmost distributional limit in the West African coast, roughly 150 Km North of its
previous limit (Dakar, Senegal). From 2011 onward, snowflake corals have colonized new areas in Cabo
Verde but remain restricted the area of Porto Grande Bay in the Island of S. Vicente.

Lack of genetic variation in both mitochondrial and nuclear genes is typical of recent colonization
involving a reduced number of organisms (bottleneck effect). Unfortunately, this lack of genetic variability
also hinders our ability to identify with any degree of confidence the source populations of such recent
invasion of Cabo Verde. The A8 allele of the SRP54 nuclear gene is distributed globally, being more
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common in the Atlantic (Concepcion et al., 2008) and in the Pacific coast of Central America (Quintanilla
et al., 2017), where its frequency is on average greater than 50% (except for Sdo Tomé and Principe
archipelago). For the mitochondrial concatenated genes (ND2-ND6) the haplotype found in Cabo Verde
(H18) is fixed in most Atlantic sites with the exception of Porto Rico (~35%) and Sdo Tomé e Principe
archipelago (>80%).

The geographic position of Cabo Verde archipelago creates a favourable environment for the introduction
of new marine species. The fauna of Cabo Verde has three known main natural origins: the adjacent
African continent, the Mediterranean Sea, and the remaining Macaronesian archipelagos (Madeira and
Canary Islands) (Morri et al., 2000). The major oceanographic patterns, such as the Canary current (cold
current in the eastern border of the Azores anticyclone that connects with the northern trade winds in the
latitudes of Cabo Verde archipelago), facilitate the connectivity between these regions, allowing the
interchange of the species (Lopez et al., 2019).

Human-mediated transport is a clear possibility in Cabo Verde because the archipelago is part of the
international Atlantic shipping hub (Seebens et al., 2013). Coincidentally, or not, the first marina built in
the bay of Porto Grande was precisely the location where the snowflake was spotted for the first time,
during a regular inspection of floating structures. Present molecular data suggest that the origin of C.
riiseiinvasion in Cabo Verde is most likely located in the Atlantic. Nonetheless, one cannot outright
exclude an invasion from the Indian or the Pacific oceans, where the A8 and H18 variants are also
present. Many vessels from these regions operating in the Atlantic use the Mindelo shipyard regularly,
which includes long stops for the cleaning of hulls in a dry dock.

The finding of the C. riiseiin the Cabo Verde archipelago should be considered a major concern,
especially since populations seem to be slowly expanding. Since 2011, the frequency and abundance of
snowflake coral in the Porto Grande area has increased. Cape Verde could be a jumping-off for the
propagation of the species to other archipelagos further north, such as Madeira, Canary Islands or even
the Mediterranean Sea. The impact of highly invasive coral species, with fast growth, vegetative
propagation, and superior competitive ability for space and food may compromise the pristine habitat
quality for the local fauna (Kahng and Grigg, 2005).

The Porto Grande bay has been the major entry point for several alien species from the West Atlantic
(Freitas and Castro 2005; Freitas and Wirtz, 2019). For these reasons, management and monitoring of
introduced-species by the local maritime authorities should be a regular procedure to facilitate early
detection and identify means for the eradication. Other national coastal localities with the similar
characteristics are the Palmeira bay (Sal Island) and the Gamboa bay in the capital Praia (Santiago Is.),
monitoring programs should be urgently developed to identify the presence/absence of C. riisei.
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Figure 2

Phylogenetic networks of C. riisei based on mtDNA (A) and alleles of the nDNA (B) from the alignment of
the C. riisei samples from Cabo Verde compared with the data in Genbank. The size of each circle
indicates relative abundance in the data set. Primary colours were used in Hawai'i (blue), Atlantic/Pacific
(green) and Indo-Pacific (red), and intermediate shades for each site where the specimens were recorded.
Haplotype labels were based on Quintanilla et al. (2017
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