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Abstract 

Porpitidae is a family of neustonic hydrozoans scarcely investigated 

genetically, with most scientific publications mentioning solely their occurrence. 

In order to study the diversity of this family in the Azores, a total of 277 individuals 

were analysed. These animals were collected on beach areas of two islands 

(Faial and São Miguel) and morphologically identified as Velella velella or Porpita 

porpita. To confirm species identification and to investigate their genetic diversity, 

phylogeographic associations and population structure, the samples were 

sequenced using three different molecular markers: COI, 16S and ITS. The 

MinION (Oxford Nanopore Technologies) sequencing device was utilized, 

providing long and fast reading sequencing in real-time. 

Haplotype networks and phylogenetic trees were built. The analysis of the 

sequences revealed genetic diversity in the Porpitidae in the Azores. However, 

the intra-genus nucleotidic variability was practically null in the nuclear gene (ITS) 

when compared to mitochondrial genes (COI and 16S). When confronting with 

other sequences available in the databases, it was possible to verify a greater 

similarity with individuals sampled in locations closer to the Azores 

(Mediterranean and Sargasso Sea). In the genes with high genetic diversity, it 

was also possible to distinguish two sampled Porpita individuals which exhibited 

a high genetic distance compared to the others. Although the species delimitation 

analysis exhibited different results in both methods, the outcome suggested that 

there may exist two to sixteen species, but there is a higher possibility that there 

are only two species. 

This study provided important information at the taxonomic level of the 

Porpitidae family. Through this work a good representation of the genetic diversity 

of Porpitidae was known. Although the number of individuals sampled was quite 

large, the low geographical representation of the samples in relation to the 

distribution of the genera may condition the results. It would be important to 

investigate individuals from other locations as well as to use other molecular 

markers in order to provide more complete information. 

Key-words: genetic, Azores, Porpitidae, Velella velella, Porpita porpita 
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Resumo  

Porpitidae é uma família de hidrozoários neustónicos pouco investigados 

geneticamente, onde a maioria das publicações menciona somente a sua 

ocorrência. Para estudar a diversidade desta família nos Açores, foram 

recolhidos 277 indivíduos em praias de duas ilhas (Faial e São Miguel) e 

morfologicamente identificados como Velella velella ou Porpita porpita. Para 

confirmar a identificação das espécies e investigar a sua diversidade genética, 

associações filogeográficas e a estrutura da população, as amostras foram 

sequenciadas utilizando três marcadores moleculares diferentes: COI, 16S e 

ITS. O dispositivo MinION (Oxford Nanopore Technologies) foi utilizado, 

proporcionando uma sequenciação de leitura longa e rápida em tempo real. 

Foram construídas redes de haplótipos e árvores filogenéticas. A análise 

das sequências revelou diversidade genética dos Porpitidae nos Açores. No 

entanto, a variabilidade intra-género foi praticamente nula no gene nuclear (ITS) 

quando comparada com os genes mitocondriais (COI e 16S). Comparando com 

sequências disponíveis nas bases de dados, foi possível verificar uma maior 

semelhança com os indivíduos amostrados em locais mais próximos dos Açores 

(Mediterrâneo e Mar dos Sargassos). Nos genes com elevada diversidade 

genética, também foi possível distinguir dois indivíduos do género Porpita que 

exibiam uma distância genética significativa quando comparados com outros do 

mesmo local. Apesar da análise da delimitação das espécies ter apresentado 

resultados diferentes para ambos os métodos, o resultado sugeriu que podem 

existir duas a dezasseis espécies, mas há uma maior possibilidade de haver 

apenas duas espécies. 

Este estudo forneceu informações importantes ao nível taxonómico da 

família Porpitidae. Através deste trabalho foi conhecida uma boa representação 

da diversidade genética dos Porpitidae. Embora o número de indivíduos 

amostrados seja bastante grande, a baixa representação geográfica das 

amostras relativamente à distribuição dos géneros pode condicionar os 

resultados. Seria importante investigar indivíduos de outros locais e utilizar 

outros marcadores para providenciar informações mais completas. 

Key-words: genética, Açores, Porpitidae, Velella velella, Porpita porpita 
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1. Introduction 

1.1 DNA Barcoding 

 

1.1.1 Taxonomy 

One of the most basic questions of life on Earth is how many species are 

there. This question remains without a precise answer. A species is the 

fundamental unit in biology as well as biodiversity (Mayr 1985). Thus, the correct 

identification of a species is extremely important. It is estimated that there may 

be 8.7 million species, most of them awaiting description. In the oceans alone, 

91% of the species are still undiscovered (Mora et al. 2011). In other words, the 

knowledge that we currently have on these marine environments represents a 

low number of the existing reality. So far, only almost 240 thousand marine 

species have been registered (WoRMS 2021). 

A precondition for most biological studies is to know exactly what are the 

species under study (Böttger-Schnack & Machida 2011). Consistently, species 

have been identified and described based on the comparison between 

individuals, by direct observation of their distinctive morphological characters 

(Wiens 2007). Consequently, most of what we know today about the phylogeny 

of life is due to morphological data. However, identification based solely on this 

methodology can be insufficient.  

Morphology by itself may easily lead to the appearance of cryptic species. 

These are distinct but morphologically indistinguishable species which are 

classified (or hidden) within a single species name (Bickford et al. 2007). If this 

cryptic diversity is ignored, many species can be misclassified, leading to 

biodiversity conclusions beyond reality. This misestimation leads to unsuitable 

efforts of conservation and managing, that may hasten the extinction of previously 

unknown endangered species. (Heath et al. 2008; Theodoridis et al. 2019).  

1.1.2 Molecular methods 

Although DNA was first identified in the late 1860s by Swiss chemist 

Friedrich Miescher, its applications were only explored many years later (Pray 

2008). The great technological advance that occurred at the beginning of the 21st 
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century led to the development of new techniques and applications in all areas, 

including taxonomy. The identification of species through molecular data, not 

based on morphological characters emerged, leading to what is known as "DNA 

taxonomy" (Tautz et al. 2002, 2003).  

Soon after, a new molecular analysis technique was presented: "DNA 

barcoding". This approach differs from the previous one because it focuses on 

associating a known species to unidentified organisms. The principle of “DNA 

barcoding” is to associate species with a specific DNA sequence that can be 

interpreted as a genetic “barcode” (Hebert et al. 2003a; Hebert et al. 2003b). 

Despite the numerous benefits of this new method, doubts have arisen about its 

ability to replace the traditional taxonomy (Will et al. 2005). This discussion led to 

a consensual technique identified as integrative taxonomy. (Dayrat 2005; Padial 

& De La Riva 2010; Schwentner et al. 2011). This approach suggests that species 

identification may be simpler and more correct by integrating data from 

complementary perspectives such as: morphology, phylogenetics, 

phylogeography, evolutionary biology, ecology, etc… 

1.1.3 Barcoding regions 

The barcoding process begins with the capture and the tissue removal 

from a sample, moving on to the extraction of DNA. Then a specific region of the 

nuclear, chloroplast or mitochondrial DNA is amplified from the genome using 

Polymerase Chain Reaction (PCR). The ideal DNA barcoding region must have 

a variability that allows to differentiate between species but it also has to be 

preserved within the species itself. It should also be robust, with a highly 

conserved priming site, to provide high reliability. Lastly, it’s essential that the 

gene can be standardized, using the same DNA region for the largest number of 

taxonomic groups possible (Bandyopadhyaya et al. 2014). The first identification 

system known was the cytochrome oxidase I (COI), a gene used as a standard 

DNA barcode marker (Hebert et al. 2003b). 

This universal DNA barcode region, mitochondrial cytochrome oxidase I 

(mtCOI), is a region of just over 600 pairs of length bases encoded in the 

mitochondrial genome (Hebert et al. 2003b). It is not only an easily amplified gene 
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but it also appears to have a better phylogenetic signal than the other 

mitochondrial genes. The great rate of evolution of this gene makes it possible to 

easily distinguish very close species as well as phylogeographic groups within 

the same species (Hebert et al. 2003a). However, there are some taxonomic 

groups where mitochondrial genome evolution occurs slowly, making this gene 

less appropriate for DNA barcoding. For example, animals of the phylum 

Cnidaria, mostly of the class Anthozoa, show very low levels of sequence 

divergence, so this gene is not very suitable for DNA barcoding on this taxon. 

(France & Hoover 2002; Huang et al. 2008). 

Depending on the target species, there are other suitable genes that can 

be used for DNA barcoding. The internal transcribed spacer (ITS) rRNA is widely 

used for fungi (Schoch et al. 2012). In plants, however, two sections of coding 

regions within the chloroplast are used: part of the genes rbcL and matK (de Vere 

et al. 2015). The small subunit ribosomal RNA (SSU rRNA) genes are also 

universally used: 16S in bacteria and 18S in eukaryotes (Karst et al. 2018). 

However it has not been yet discovered an universal gene for DNA barcoding as 

there isn’t a single gene that is conserved in all life domains (Purty & Chatterjee 

2016). 

1.1.4 Sequencing methods 

The DNA is sequenced after verifying the success and quality of the PCR 

procedure. Although barcoding methods are widely used in various fields, it is still 

relatively difficult to obtain DNA sequences, due to the fact that expensive and 

highly specialised equipment is needed. The first method for sequencing DNA 

was “chain-termination method” (Sanger & Coulson 1975) but at the same time 

a new method was also being developed: “chemical sequencing method” 

(Maxam & Gilbert 1977). These methodologies were designated first-generation 

sequencing (FGS). The FGS were associated with a high cost and low yield and 

they have been used for more than 20 years. 

At the beginning of the 20th century, with the arose of new technological 

development, new methods were quickly developed. The so-called second-

generation sequencing (SGS) was able to generate amounts of sequence data 
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very quickly and at relatively limited costs. With these methods the sequence of 

a human genome was completed in a few weeks (Venter 2001). In order to make 

the sequencing method faster, third generation methods (TGS) were developed. 

Based on a constant analysis of a single DNA molecule, the main goal was to 

minimize errors and, consequently, produce high quality readings (Benítez-Páez 

et al. 2016). 

The search for technologies that operate at a higher speed and produce 

longer readings led to the discovery of new sequencing approaches. In 2014, the 

MinION (Oxford Nanopore Technologies) sequencer was launched, which is a 

device that allows long and fast real-time reading sequencing of nucleic acids 

(Tyler et al. 2018). MinION identifies the bases of DNA by measuring changes in 

electrical conductivity generated when DNA chains pass through a biological 

pore. Weighing only 90g and measuring 10 cm, MinION is the smallest 

sequencing device available in the market (Jain et al. 2016). The main 

advantages of the device are being portable, accessible and with quick data 

production. It has also got several applications in barcoding, genome assembly 

and metagenomic identification (Bates et al. 2016; Benítez-Páez et al. 2016; 

Wang et al. 2017; Ho et al. 2020; Tan et al. 2020; Tsugama & Fujino 2020; 

Azinheiro et al. 2021; Brancaccio et al. 2021; Groen et al. 2021; Mann et al. 2021; 

Ngo et al. 2021).  

 

1.2 Gelatinous zooplankton 

 

One of the fields where integrative taxonomy can display an important role 

is the identification of marine zooplankton species, especially the gelatinous 

ones. Although gelatinous animals are distributed in all the planet’s oceans in 

large numbers and all through the water column, they are still the least known of 

all planktonic animals (Condon et al. 2012). In general, they are poorly 

investigated mainly due to their fragile and delicate structure, as well as lack of 

taxonomic expertise (Hosia et al. 2017).  To overcome this problem, new in situ 

technologies have been developed, allowing the study without interference, as 
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well as the collection of living organisms. These methods include the capture of 

images by scuba diving or using submersibles/remote vehicles (Raskoff et al. 

2003; Corgnati et al. 2016). However, the search for new sampling methodologies 

continues, seeking for more effective and low-cost protocols (Aubert et al. 2018). 

Gelatinous zooplankton include a wide range of animal groups with a 

planktonic life style, such as ctenophores, cnidarians and pelagic tunicates 

(Madin & Harbison 2001). Gelatinous organisms are composed mostly of water 

(about 95%), having a soft and transparent body, without hard structures. These 

unique features provide these animals with numerous benefits such as protection 

from the colossal pressure in the deep and the ability to float and swim on the 

water column. As the material is non-living, it can also survive under situations of 

food scarce, and can reproduce and grow at outstanding rates when food is 

abundant (Madin & Harbison 2001). The blooms of these individuals may cause 

considerable impacts on ecosystems as well as in fisheries, aquaculture and 

tourism (Graham et al. 2001; Brodeur et al. 2016; Bosch-Belmar et al. 2017; 

Bosch-Belmar et al. 2021). Nevertheless, gelatinous zooplankton have an 

important role in the ecosystem with implications for carbon cycle (Condon et al. 

2011) and the food web. They are an important component for the diet of several 

species and also compete with other species for their own food (Hay 2006). All 

these important animals are the target of some lucrative fisheries, because they 

become a significant food source, mainly in the Asian countries (Omori & Nakano 

2001). In addition, the gelatinous zooplankton also have a lot of useful 

applications on biomedicine (Addad et al. 2011; Prieto et al. 2018).  

1.2.1 Phylum Cnidaria 

 

With a diversified group of relatively simple animals, Cnidaria is the most 

representative phylum of the gelatinous zooplankton. The phylum comprises a 

great diversity of species, mainly marine, including corals, jellyfish, anemones 

and hydrozoans (Ruppert et al. 2004). Cnidarian animals share an exclusive 

feature: the presence of highly specialized cells called nematocysts. These cells 

are mainly located in the tentacles, allowing these animals to efficiently capture 
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their preys, although they lack a complex nervous system. Nematocysts are also 

used for locomotion and defence. (Beckmann & Özbek 2012). Cnidarian bodies 

can display radial or biradial symmetry. Almost all their tissues have a double 

layer basic structure, the epidermis (outside) and the gastrodermis (inside). 

Between the two layers, a gelatinous substance (mesoglea) maintains the 

integrity of the tissues and the body (Shikina & Chang 2018). Reproduction of 

cnidarians can be either asexual by budding or sexual using gametes. Some 

cnidarians can cycle between a medusa stage and a polyp stage during their life 

cycle, exhibiting two body forms. Anemones are examples of polypoid forms, 

while jellyfish are examples of medusoid forms. (Figure 1). 

 

 

 

 

 

 

 

 

Despite of the recent increase in the investigation of marine gelatinous, the 

phylogenetic classification of cnidarians represents one of the major problems of 

invertebrate zoology (Bridge et al. 1992). The large population sizes, high larval 

dispersion and the lack of physical barriers can contribute for weak genetic 

diversity in Cnidaria (Miglietta et al. 2011). The development of the phylum 

Cnidaria probably occurred in the Ediacaran period. Since then, it has evolved in 

a variety of forms and a diversity of adaptation strategies (Peterson & Butterfield 

2005; Cartwright & Collins 2007). Based on the alternation of its life cycle, 

Figure 1 - A generalized life cycle of a cnidarian: medusae primarily reproduce by sexual reproduction with the formation of

a larval stage called the planula. The planula then develops into a polyp that can reproduce either sexually or asexually.

Adapted from CK-12 Foundation (2016) 
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structure and DNA sequences, the phylum Cnidaria can be divided in two large 

clades: Anthozoa and Medusozoa (Collins 2002; Daly et al. 2006; Technau & 

Steele 2011). Anthozoa is a class comprising coral and anemone species, while 

Medusozoa is a sub-phylum named with a reference to the typical adult pelagic 

medusa state of the group (Collins et al. 2006). Medusozoa incorporate four 

distinct classes: Cubozoa (about 60 species of box jellyfish), Hydrozoa (about 

3800 species of hydrozoans), Scyphozoa (about 300 species of true jellyfish) and 

Staurozoa (about 70 species of benthic jellyfish) (WoRMS 2021). (Figure 2) 

 

 

 

 

 

 

1.2.2 Class Hydrozoa 

 

The largest and most diversified class within Medusozoa is Hydrozoa, with 

more than 3700 species currently described (WoRMS 2021). The polyp stage 

usually predominates in this class, with the medusa small or absent (Bouillon et 

al. 2006). Another special and common feature found in Hydrozoa is colonial 

organization (Nawrocki & Cartwright 2012). In colonial hydroids, the individual 

polyps exhibit different functions: the gastrozooids are responsible for the feeding 

task, the dactylozoids capture prey, and gonozooids are responsible to produce 

the medusoids with the gametes. Most of the colonies behave like a single animal 

and consequently are often mistaken for jellyfish (UCMP 2021).  

A consequence of these peculiarities is that the Hydrozoan taxonomy is 

very controversial and problematic: often the species are described using only 

Figure 2 - Five classes of the phylum Cnidaria: Anthozoa, Schphozoa, Staurozoa, Cubozoa, Hydrozoa. Adapted from Dennis

Gordon, 'Corals, anemones and jellyfish - Cnidaria – the nettle animals', Te Ara - the Encyclopedia of New Zealand. (2016) 



8 
 

one of the life cycle parts. There are cases, for instance, where the hydroid stage 

is placed in one taxon and the medusa stage in another. Coupled with very poor 

investigation and sampling (mainly in the deep sea), this leads to a serious 

misperception of the taxonomy within this class (Boero 1980). The most recent 

studies in the taxonomy of hydrozoans used molecular sequencing methods, 

such as ribosomal nuclear (Cartwright et al. 2008; Collins et al. 2008) and 

mitochondrial (Kayal et al. 2013) sequences, suggesting that Hydrozoa consists 

of two main sub classes: Trachylina and Hydroidolina.  

Despite having low specific diversity, the subclass Trachylina includes the 

most enigmatic cnidarians, which differ greatly from typical hydrozoans in their 

morphology and life cycle (Osadchenko & Kraus 2018). The orders currently 

accepted for this suborder are Limnomedusae, Narcomedusae, Trachymedusae 

and Actinulida (Collins et al. 2008). The suborder Hydroidolina contains the 

remaining hydrozoans. This group display an immense variety and diversity, 

presenting a total of approximately 3,350 species, distributed in three orders: 

Antoathecata, Leptothecata and Siphonophora (Cartwright et al. 2008). Of these 

three orders, only Antoathecata has no support to monophyly, provided by 

phylogenetic analyses (Dunn et al. 2006; Leclère et al. 2009).  The order 

Antoathecata is so called due to the absence of theca cells. Although there is no 

support for monophyly, three suborders can currently be distinguished: 

Aplanulata (lack a planula stage), Filifera (filiform distribution of nematocysts) and 

Capitata (presence of capitate tentacles) (Cartwright & Nawrocki 2010).  

Currently the suborder Capitata aggregates 19 families (Schuchert 2021). 

Several taxonomic studies, based on morphology, have already been done 

(Bouillon & Boero 2000; Petersen 2008), but more recently they have been based 

on molecular data (Collins 2002; Collins et al. 2005). Molecular studies have 

gained importance because the animals of this suborder are morphologically 

diverse. This group includes floating pelagic colonies, species with free swimming 

medusae or fixed polyps. A family that is an example of the ambiguity of the 

morphological characters within Capitata is Porpitidae, commonly mistaken over 

the years with siphonophores and chondrophores (Calder 1988).  
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1.3 Family Porpitidae 

 

Porpitidae is a family of colonial pelagic hydroids, highly polymorphic and 

specialized, being able to live on the surface of the oceans (neuston) , where 

there is exposition to extreme environmental conditions (Munro et al. 2019). This 

family was first described by Goldfuss (1818) as Porpitae but ten years later 

Guilding corrected the name to Porpitidae. In 1829 another family was described 

by Eschscholtz who named it Velellidae. Later, in 1888, three new families 

became known within the order Siphonophora: Discallidae, Porpitellidae and 

Porpallidae (Haeckel 1888). In 1954, several differences were found between 

these families and the order Siphonophora, and a new order was created to 

accommodate them: Chondrophora (Totton 1954). The idea of this new order 

was abandoned when several authors suggested that this family species were 

athecate hydroids. Thus, Velellidae was then considered a family and it included 

Velella and Porpita (Brinckmann-Voss 1970). Currently it is accepted as 

Porpitidae and it includes two genus: Velella and Porpita (Calder 1988; Schuchert 

2021).  

 Velella and Porpita were described in 1801 (Lamarck 1801a). However, 

over the years, new genus were described. Nowadays, Velella includes two 

synonymized names: Armenista Haeckel, 1888 and Rataria Eschscholtz, 1829 

whereas Porpita has ten synonyms: Acies Lesson, 1830; Chrysomitra 

Gegenbaur, 1857; Discalia Haeckel, 1888; Discomitra Haeckel, 1888; Dystonia 

Haeckel, 1888; Polybrachionia Guilding, 1828; Porpalia Haeckel, 1888; Porpema 

Haeckel, 1888; Porpitella Haeckel, 1888; Ratis Lesson, 1830 (WoRMS 2021). 

One of the main systematic problems within this family is the species attributed 

to Porpita. Firstly, all species of the genus Porpita were united in just one species: 

Porpita porpita and it was also accepted the genus Porpema Heackel 1888. More 

recently Porpita has two accepted species: Porpita porpita and Porpita prunella. 

However, there is very little information about Porpita prunella because it was 

only sighted once by Heackel, who described it in 1888 (Figure 3). 
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1.3.1 Porpita porpita 

 

 First described as Medusa porpita in the Indian Ocean by (Linné & Salvius 

1758), Porpita porpita, commonly known as the blue button, is a pleustonic 

colonial hydroid. The first records found in the Azores for Porpita porpita were in 

1895.07.26 in Porto Pim Bay, Horta, Faial Island. The species identified  was 

Porpita umbella by O. F. Müller (Bedot 1904). Until 1888 more than 32 species 

were described as belonging to Porpita (Appendix A). However, Moser carefully 

observed a large number of Porpita from different locations and concluded that 

all these species of Porpita were only variations of one species: Porpita porpita 

(Deutsche & Drygalski 1912). Other studies have emerged in the identification of 

Porpita porpita species, mainly with the aid of molecular methods. Although there 

are some DNA sequences available (about 25 total – Bold Systems and 

GenBank), most of them are for morphological identification studies (Cartwright 

& Nawrocki 2010; Ortman et al. 2010; Furfaro et al. 2017; Khalturin et al. 2019).  

As for its use for taxonomic studies, there is no study dedicated only to Porpita 

porpita. However, there are several publications that investigated phylogenetic 

relationships within Hydrozoa, including Porpitidae, in which the family was found 

to be monophyletic (Collins 2002; Collins et al. 2005; Collins et al. 2006; Dunn et 

al. 2006).  

Figure 3 - Illustration of Porpita prunella (first described as Porpema prunella). Ernst Haeckel,

Kunstformen der Natur (1900). 
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This species is distributed in tropical and temperate seas and it is reported 

to be found in several localizations in the Atlantic Ocean, Mediterranean Sea and 

Indo-Pacific Ocean (Kirkendale & Calder 2003; Gul & Gravili 2014; Msn et al. 

2016; Lillo et al. 2019; Madkour et al. 2019; Sivalingam 2019). The hydroid phase 

is a dark blue floating colony with diameter up to 30 cm; it has a disk-shaped 

mantle and internal float consisting of several concentric chambers. The 

cnidocytes are located between the float and the central gastrozooid. The 

dactylozoids have four main capitate tentacles and a varying number of small 

tentacles in vertical rows. The medusa has eight radial canals with a conical 

manubrium and octagonal base. It has also got two opposite marginal capitate 

tentacles and six non tentaculate (Bouillon et al. 2006) (Figures 4 and 5). 

The development of the Porpita porpita hydroids evolves through three 

phases: the conaria, ratarula and rataria. Although Porpita porpita has 

nematocysts it appears to have an imperceptible sting in humans (Gershwin et 

al. 2010). 

 

 

Figure 4 - Porpita porpita: A, colony (seen from above); B, mature colony (lateral view); C, medusa. Adapted from

Schuchert (1996) and Pagès et al. (1992) 
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1.3.2 Velella velella 

 

The other genus of the Porpitidae family is Velella Lamarck 1801. In the 

Azores, the species Velella spirans Forskal is the first reported record on 

1895.06.22 in the eastern edge of the EEZ Azores (36º54' N 20º46'15'' W) (Bedot 

1904). Over 24 species have been described (Appendix B) in this genus but 

currently is accepted that they all belong to a single one: Velella velella 

(Brinckmann-Voss 1970; Kirkpatrick & Pugh 1984; Calder 1988). Similar to its 

sister species, Porpita porpita, the study of Velella velella is focused on 

identification work, and studies with DNA sequencing are the same for both 

species. Velella velella hydroid is an oval floating colony with a triangular sail. It 

can reach up to 70 mm long, being higher in the centre. When it is alive this 

animal shows a deep blue colour. There are two mirror images of the animal (the 

left and the right sail). The sail is kept rigid by a chitin support, covered by a 

mantle tissue. In the centre of the underside is a single gastrozooid, surrounded 

by gastro-gonozooids that are responsible for the medusa production. There is 

also a peripheral band of dactylozoids. (Bouillon et al. 2006) (Figure 6) 

 

 

 

Figure 5 – Several Porpita porpita in water, from Porto Pim beach, Faial Island – Azores.

The scale represents 1 cm. (author: Bruno Ivo Magalhães) 
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Velella velella life cycle follows the developmental stages of a hydroid: it 

includes the colonial asexual stage and a medusa stage. The floating polyp 

colony frees small medusa. These medusa buds are yellow-olive coloured due to 

the symbiotic algae and are about 1mm long. They possess a conical manubrium 

with quadrate base, including four radial canals. They sink to 600-1000 meters 

depth and perform the sexual reproduction. A small larva, named Conaria, after 

being formed, metamorphoses, floating to the surface and then grows up, 

reaching the adult size (Calder 1988; Schuchert 2010). (Figure 7 and 8). These 

medusae are rarely seen but there are some records for Mediterranean Sea and 

North Atlantic (Brinckmann-Voss 1970; Larson 1980). 

These animals do not have their own locomotion, moving only by wind and 

ocean currents. This process has an important potential for dispersal of the 

species beyond biogeographic boundaries (Mackie 1962). Although they were 

first described in the Mediterranean Sea (Linnaeus, 1758) they are distributed in 

temperate and warm waters across the world (Purcell et al. 2012; Araya & Aliaga 

2018; Carrera et al. 2019). Velella velella occurs all year round, with periods of 

greater abundance, where post-larval individuals show, mostly in the winter 

months of December/January (Bieri 1959). Mass strandings may occur, easily 

Figure 6 - Lateral view of a Velella velella. Adapted from Siphonophores and Velellids by Kirkpatrick and Pugh (1984).
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seen in sandy beaches, spreading over to millions of individuals (Sibley 2007; 

Flux 2008; Betti et al. 2019). 

 

 

 

 

 

 

 

Therefore, DNA barcoding techniques have been widely tested on solving 

some of the hydrozoan taxonomy problems, such as the presence of cryptic 

species (Moura et al. 2008; Postaire et al. 2016b; Maggioni et al. 2020).  The 

gene most applied as molecular marker in these studies is 16S. In addition to 

being easily amplified, this gene also provides a lot of information about 

phylogenetic relationships at various taxonomic levels (Collins et al. 2005; 

Figure 7 - Left: schematic representation of Velella velella life cycle. Adapted from Langstroth and Langstroth (2000) 

Right: - A – medusa being released from the hydroid colony; B – medusa after release; C – medusa two days after release

(exposed to sun light); D- advanced conaria. Microscopic photography obtained with Leica (CTR 600 Microscope) by Carlos J.

Moura 

Figure 8 – Dorsal and ventral view of adult Velella velella colony, from Santa Barbara beach in São Miguel 

Island - Azores. The scale represents 1 cm. (author: Bruno Ivo Magalhães) 
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Schuchert 2005; Leclère et al. 2007; Moura et al. 2008; Miglietta et al. 2009; 

Nawrocki et al. 2010; Peña Cantero et al. 2010; Moura et al. 2011; Moura et al. 

2012a; Zheng et al. 2014; Postaire et al. 2016b; Ronowicz et al. 2017; Schuchert 

et al. 2017). However, other markers are also used, including multi-marker 

analyses, particularly the universal COI and the nuclear ITS (Govindarajan et al. 

2005; Schuchert 2014; Cunha et al. 2015; Schwentner & Bosch 2015; Postaire 

et al. 2016a; Schuchert 2018; Maggioni et al. 2020). 

1.4 Aim of the study  

 

The main goal of this research was to study the genetic diversity of the 

Porpitidae species sampled in the Azores: Velella velella and Porpita porpita. 

Applying a new and innovative sequencing technique, three genes were 

analysed: COI, 16S and ITS. In a first approach the genetic diversity of the 

sampled individuals was calculated in order to understand if there was some 

diversity among the three molecular markers. Secondly phylogenetic trees and 

haplotype networks were built to compare the Azorean sequences with other 

sequences available on databases. Finally, the sequences were evaluated by 

species delimitation methods in order to check the number of species among the 

studied sequences.  
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2. Materials and Methods 

 

 2.1 Study area and sampling methods 

 
The sampling took place between February 2019 and February 2021 in six 

different collecting points, within Faial and São Miguel Island, in the Azores 

archipelago, NE Atlantic (Figure 9). This work had permissions to field study 

approvals of Direção Regional dos Assuntos do Mar (SAI-DRAM/2018/1247 

SGC0010/2018/919 Proc. 120.12.09/61) and Direção Regional da Ciência e 

Tecnologia (ADENDA AMP/2018/021), of the Azores Government. 

 

 

Figure 9 - Map illustrating the six collecting points (Faial: PIM - Praia de Porto Pim; PDN - Praia do Norte; CON - Praia da

Conceição; PDA - Praia do Almoxarife; São Miguel: MIL - Praia das Milicias; STB - Praia de Santa Bárbara). R.Medeiros ©

ImagDOP 
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The methodology was based on terrestrial visual transects. It consisted of 

walking along the beach during low tide, more specifically along the water's edge 

to the end of the transect and returning along the upper limit of the tide, collecting 

and identifying the animals (Doyle et al. 2007; Houghton et al. 2007; Fleming et 

al. 2013; Ionescu et al. 2016). The specimens were morphologically identified 

based on the descriptions from (Brinckmann-Voss 1970; Kirkpatrick & Pugh 

1984; Calder 1988; Bouillon 1999; Bouillon 2006; Boyra A 2008; Schuchert 2010; 

Ferreira 2011; Conway 2012; Piraino 2014; Licandro et al. 2017). A total of 277 

animals were collected for this study: 67 Porpita porpita and 210 Velella velella. 

The samples were preserved in ethanol 96% and stored for further processing 

and DNA extraction. 

2.2 Molecular methods 

 

2.2.1 DNA extraction  

 

The DNA extraction was performed using small fragments of the specimen 

tissue. The fragments were first washed with Milli-Q® water and set in a new vial. 

Approximately 10 μl of QuickExtract™ (Lucigen) was added. Following a stir for 

15 s in the vortex and a short spin, to make sure all the material was submersed, 

the samples were incubated at 65°C for 15 min and 98°C for 2 min. A new 

homogenization was performed and the vials were preserved at -18°C.  

2.2.2 DNA amplification – Primers and PCR 

 

After extraction, three molecular markers were amplified by polymerase 

chain reactions: COI, 16S and ITS. The primers LCO1490 and HCO2198 were 

used to amplify cytochrome oxidase subunit I (COI) (Folmer et al. 1994). The 

primers used for 16S mRNA were SHA and SHB (Cunningham & Buss 1993). 

ITS1 was amplified using the primers CAS18sF1 and CAS5 p8sB1d (Pontin & 

Cruickshank 2012) (Table 1). All primers had a 13-bp tag for demultiplexing. Each 

PCR product was amplified using 0,5 µl of DNA, 0,4 µl of each primer and 6,5µl 

of MasterMix (CWBio). The final volume was adjusted to 15µl by addition of 5µl 



18 
 

nuclease free water. The PCR technique was used with the same thermal profile 

for the three markers: 95°C/5min followed by 35 cycles (94°C/30s, 46,5°C/45s, 

72°C/45s) with final extension of 72°C/5min. Finally, each PCR product was run 

on an agarose gel to ensure that PCRs were successful. The quality of each PCR 

product in the gel was evaluated on a colour scale in which green was good, 

yellow for intermediate, orange for weak and red when there was no signal. 

 

 

Table 1 - Primer for amplification: sequence in 5’ → 3’ order and references 

Gene Primer Sequence 5’ → 3’ Source 

COI LCO1490 GGTCAACAAATCATAAAGATATTGG (Folmer et al. 
1994) HCO2198 TAAACTTCAGGGTGACCAAAAAATCA 

16S SHA ACGGAATGAACTCAAATCATGT (Cunningham & 
Buss 1993) SHB TCGACTGTTTACCAAAAACATA 

ITS CAS5p8sB1d ATGTGCGTTCRAAATGTCGATGTTCA (Pontin & 
Cruickshank 

2012) 
CAS18SF1 TACACACCGCCCGTCGCTACTA 

 

2.2.3 DNA Purification and quantification 

 

To purify PCR products and prepare the samples for the MinION 

sequencing, a defined quantity of each product was extracted for vials, not 

exceeding the amount of 1 ml total in each. The quantity taken from each PCR 

product took into account the quality result in the agarose gel. Thus, a higher 

volume was removed from the products with lower quality. The vials with the 

mixture of samples were purified with the AMPURE kit® (Agencourt®). After the 

purification protocol was successfully completed, the DNA of each tube was 

quantified using a microvolume spectrophotometer (Simpli-Nano™ - GE). 

Purified products were used for MinION sequencing library preparation.  
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2.2.4 Library preparation and sequencing 

 

For library preparation and sequencing, a SQK-LSK109 ligation 

sequencing kit (Oxford Nanopore Technologies®) was chosen. For the first 

experiment the total of DNA used for preparation was 724 ng. Library preparation 

followed all steps of the manufacturer's protocol. The sequencing was performed 

with the MinION sequencer, using the MinKNOW software (Figure 10). The 

obtained sequences were finally demultiplexed. 

 

 

 

 

2.3 Data analysis 

 

2.3.1 Editing, alignment and quality control of the sequences  

 

The obtained sequences were aligned and edited with Geneious Prime 

2021.2.2 (https://www.geneious.com). MAFFT (Katoh et al. 2002) (algorithm: 

Auto; scoring matrix: 200PAM/K=2; gap open penalty=1) was used as alignment 

algorithm. In first place, each sequence was run with the Basic Local Alignment 

Search Tool (BLAST) provided by the National Center for Biotechnology 

Figure 10 - The MinION sequencing device. (author: Hengyun Lu 2016) 
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Information website (http://blast.ncbi.nlm.nih.gov/Blast.cgi), to check for eventual 

contaminations. All the obtained reads for each sequence were aligned with the 

correspondent consensus sequence, in order to eliminate contaminated reads 

and check each position on the consensus. The sequences were grouped in six 

different data sets: each specie (Velella velella and Porpita porpita) had one data 

set per molecular marker. Once the sequences on a data set were all corrected, 

an align was performed and the amino acid composition was analysed for further 

quality checking. 

  2.3.2 Phylogeographic analysis 

 

 The number of polymorphic sites, haplotypes and nucleotide and 

haplotypic diversity in the alignment was determined with DnaSP v6 (Rozas et al. 

2017). To infer the haplotypic genetic diversity, six haplotype networks were 

constructed using the software PopArt 1.7 (Population Analysis with Reticulate 

Trees -http://popart.otago.ac.nz/index.shtml) (Leigh & Bryant 2015) based on 

Median Joining test (Bandelt et al. 1999). The networks were coloured differently 

according to the sampling site, displaying the obtained sequences from the study 

as well as the existing sequences in the databases for the species under study, 

in order to check for a correlation between the haplotypes and local. The MEGAX 

software (Kumar et al. 2018) was used to establish the p-distance (Felsenstein 

1984). For the three alignments the determination of the optimal nucleotide 

substitution model was performed with the programme jModelTest version 2.1.10 

(Darriba et al. 2012). With the model choice, ML analyses were conducted in 

PhyML 3.0 (http://www.atgc-montpellier.fr/phyml/)(Guindon et al. 2010), with BIC 

(Bayesian Information Criterion) for 1000 bootstrap replications. The obtained 

phylogenetic trees were manipulated with FigTree v1.4.4 

(http://tree.bio.ed.ac.uk/software/figtree/ )  and ITOL (https://itol.embl.de/). The 

phylogenetic trees were built with bootstrap, providing statistical support to the 

branches. 
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2.3.2 Species delimitation 

 

In order to investigate the genetic differentiation of species within the 

sampled sequences, two different analyses were applied in two different data 

sets: the COI and 16S alignment with all the studied sequences (including the 

ones retrieved from the databases). The first delimitation method was Assemble 

Species by Automatic Partitioning (ASAP)(Puillandre et al. 2021). ASAP is an 

analysis by hierarchical clustering algorithm that only uses pairwise genetic 

distances, without taking into account the phylogenetic reconstructions. The 

number of hypothesized species is calculated using genetic distances and ranked 

by an “ASAP-score”. The best score is the lowest value, that suggests the best 

partition. The second performed analysis was PTP (Poisson Tree Processes) 

(https://species.h-its.org/). This method combines phylogenetic relationships with 

genetic distances in order to delimit species, using Maximum-Likelihood 

methods. The input trees were the ones obtained with PhyML. The analyses were 

run with the following parameters: 5×105 MCMC (Markov chain Monte Carlo) 

generations, thinning value of 100 and burn-in of 25%.  
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3. Results 

 

3.1 Genetic diversity indices 

 

The aim of this work was to study the genetic diversity of the Porpitidae family 

in the Azores. A total of 280 individuals were sampled (67 Porpita porpita and 

213 Velella velella). Once corrected and aligned the sequences were separated 

by species and molecular marker, for a first analysis regarding the polymorphism 

(Table 2). 

 

 

 

The large subunit ribosomal RNA gene (16S) was the molecular marker 

with the largest number sequences in both species. The region that showed a 

higher degree of polymorphism was COI, unlike ITS that exhibited a low genetic 

variation. These results translate into a variable number of haplotypes within the 

different molecular markers. Haplotype and nucleotide diversity also display 

highest values for the mitochondrial markers: COI and 16S rRNA.  

 

Table 2 - Comparison of the information contained in the observed polymorphism of partial sequences for the 

three genes analysed (COI, 16S and ITS), by species. Nseq – Number of sequences; Bp – Total base pairs; S - 

Number of polymorphic (segregating) sites; h - Number of haplotypes; Hd - Haplotype (gene) diversity; π - 

Nucleotide diversity. 

 
Porpita porpita Velella velella 

COI 16S ITS COI 16S ITS 

Nseq 64 65 61 162 168 153 

Bp 585 589 439 658 590 458 

S 99 64 4 140 94 10 

h 61 49 5 150 108 11 

Hd 0.988 0.974 0.080 0.995 0.914 0.064 

π 0.01718 0.00919 0.00019 0.01030 0.00391 0.00014 
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3.2 Phylogeographical analyses 

 

 To better visualize the haplotidic diversity of each marker, haplotype 

median-joining networks were constructed. The sequences obtained in the study 

as well as some database withdrawals were used (see Appendix C). The division 

was made according to the sampling site of each individual.  

The phylogenetic trees allow the visualization of an hypothesis of the 

evolutionary relationships among the studied specimens, with a great advantage 

of showing statistical support. The following phylogenetic trees were built using 

only sequences of the Porpitidae family. Thus, some sequences of the genus 

Porpita were used as an outgroup of the genus Velella, and vice versa. 

 Before performing an evolutionary analysis, the most suitable 

evolutionary model was selected for each molecular marker (Table 3). 

 

Table 3 - Selected evolutionary model for COI, 16S and ITS, suggested by jModeltest. 

 

3.2.1 Porpita porpita 

 

3.2.1.1 COI 

 

 The network for COI Porpita porpita (Figure 11) demonstrates a clear 

differentiation of populations by main biogeographic area. Four main clusters can 

be distinguished, two of which are occurring in the Azores. It is also possible to 

observe two haplotypes (PPO 30 and PPO38) from the Azores that differ greatly 

in number of base pairs from the other Azorean Porpita. These two distinctive 

lineages (PPO 30 and PPO 38) seem closely related genetically, and seem 

actually to cluster in a clade conjuntly with two main sub-clades present in the 

Indo-Pacific. Curiously, one Porpita haplotype present in the Caribbean seems to 

COI 16S ITS 

GTR+G+I GTR+G HKY+G 
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relate closely with one of the Indo-Pacific cluster. The Mediterranean and NO 

Atlantic sequenced are in the main clade, associated with the Azorean 

sequences. 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

The obtained tree for Porpita sequences show similar results to the 

equivalent haplotype network, also exhibiting four main clades. In the COI tree 

(Figure 12) there is a more genetically distant cluster within the Porpita branch 

with medium bootstrap support, above 750. This group includes the sequences 

from Indo-Pacific, Caribbean and the Azorean sequences PPO 30 and PPO 38. 

The Mediterranean and NO Atlantic sequences are genetically closer to the other 

Azorean sequences. There is evidence of the sharing of haplotypes between 

localities, suggesting for these genes, some relatively recent genetic flow 

amongst these locations. 

Figure 11 - Haplotype network (Median-Joining) with COI sequences for the different populations of Porpita porpita. 
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Figure 12 - Molecular phylogeny of Porpita based

on COI sequences, created with PhyML. The

evolutionary history was inferred by Maximum

Likelihood method and GTR+G+I model with 1000

bootstraps. Some Velella sequences are used as

outgroup. The branch support is represented by

colours (0 to 250 bootstraps - red; 250 to 500

bootstraps - dark red; 500 to 750 bootstraps -

dark green; 750 to 1000 bootstraps – green). 
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3.2.1.2 16S 

 

In the 16S haplotype network of Porpita porpita is possible to distinguish 

four main clades, two of them including the sequences of Azores. The two large 

clades include the samples from the Azores (red). Closer to these clades, is the 

single sequence clade with the W Pacific sequence. Finally, with more nucleotidic 

differentiation, is represented a clade that includes the samples from the Pacific 

(green and purple) and two of the specimens sampled in the Azores (PPO30 and 

PPO 38). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 13 - Haplotype network (Median-Joining) with 16S sequences for the different populations of Porpita porpita. 
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The Porpita 16S tree also exhibit four main lineages. The sequences from 

NE and W Pacific are genetically closer to the Azorean sequences PPO 30 and 

PPO 38 (Figure 14), with a moderate bootstrap support (about 750).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14 - Molecular phylogeny of Porpita

based on 16S sequences, created with

PhyML. The evolutionary history was

inferred by Maximum Likelihood method and

GTR+G model with 1000 bootstraps. Some

Velella sequences are used as outgroup. The

branch support is represented by colours (0

to 250 bootstraps - red; 250 to 500

bootstraps - dark red; 500 to 750 bootstraps

-  dark green; 750 to 1000 bootstraps –
green). 
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3.2.1.3. ITS 

 

 Unlike both mitochondrial genes, ITS nuclear gene revealed a very low 

haplotypic diversity (Figure 15). The haplotype network suggests an haplotype 

comprehending all the sequences, including the Azorean sequences and one 

sequence from Caribbean.  

 

 

 

 

 

 

 

 

 

 

The phylogenetic tree confirms little or no evidence of genetic variation in 

this locus (Figure 16). The displayed tree exhibits the same genetic distance for 

all the sequences, including the Caribbean and the Azorean sequences.  

 

 

 

 

 

 

Figure 15 - Haplotype network (Median-Joining) with ITS sequences for the different populations of Porpita porpita. 
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Figure 16 - Molecular phylogeny of Porpita

based on ITS sequences, created with PhyML.

The evolutionary history was inferred by

Maximum Likelihood method and HKY+G

model with 1000 bootstraps. Some Velella

sequences are used as outgroup. The branch

support is represented by colours (0 to 250

bootstraps - red; 250 to 500 bootstraps - dark

red; 500 to 750 bootstraps -  dark green; 750

to 1000 bootstraps – green). 
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3.2.2. Velella velella  

 

3.2.2.1 COI 
 

The Velella velella COI network (Figure 17) is more complex, due to the 

increase in the number of sequences and sampling sites. It is possible to 

distinguish two main clades: one with samples from Indo-Pacific (red), and other 

presenting a remarkable haplotypic diversity without much nucleotidic 

differentiation that includes the Porpita sampled in the Azores (purple). 

Remarkably, a specimen from the NE Pacific (green) presents an haplotype 

closely incorporated in the clade with the samples from the Azores.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 17 - Haplotype network (Median-Joining) with COI  sequences for the different populations of Velella velella. 
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In the Velella COI tree (Figure 18) is possible to distinguish three main 

branches within the Velella sequences. The first branch includes the specimens 

from Indo-Pacific but with a low bootstrap support. The others branches display, 

with a high bootstrap support, a relation between the sample from NE Pacific and 

the Azorean sequences. 
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Figure 18 - Molecular phylogeny of Velella

based on COI sequences, created with

PhyML. The evolutionary history was

inferred by Maximum Likelihood method

and GTR+G+I model with 1000 bootstraps.

Some Porpita sequences are used as

outgroup. The branch support is

represented by colours (0 to 250 bootstraps

- red; 250 to 500 bootstraps - dark red; 500

to 750 bootstraps -  dark green; 750 to 1000

bootstraps – green). 
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3.2.2.2. 16S 

 

The 16S haplotype network reconstruction for Velella velella resulted in a 

single clade without definition of populations by the areas (Figure 19). The 

sequence from the Pacific (green) represents a distinct haplotype. Contrary, the 

Mediterranean (purple) is equal to a dominant haplotype in the Azores.  
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Figure 19 - Haplotype network (Median-Joining) with 16S sequences for the different populations of Velella velella
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The 16S tree for Velella (Figure 20) has only one branch with all sequences, 

including all the Azoreans, Mediterranean and the NE Pacific. It is possible to 

verify that there is a low genetic diversity between the sequences, with NE Pacific 

being the most distant. The Mediterranean sequence is genetically closer to the 

Azorean sequences. The results are in accordance with the haplotype network, 

is similar to the dominant Azorean haplotype.  
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Figure 20 - Molecular phylogeny of Velella based

on 16S sequences, created with PhyML. The

evolutionary history was inferred by Maximum

Likelihood method and GTR+G model with 1000

bootstraps. Some Porpita sequences are used as

outgroup. The branch support is represented by

colours (0 to 250 bootstraps - red; 250 to 500

bootstraps - dark red; 500 to 750 bootstraps -

dark green; 750 to 1000 bootstraps – green). 
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3.2.2.3 ITS 

 

 The haplotype network for Velella velella ITS includes only Azorean 

sequences, since there are no available sequences for Velella velella ITS in the 

databases. As in Porpita porpita ITS network there in no haplotypic diversity in 

the gene (Figure 21). 

 

 

 

 

 

 

 

 

 

 

 

 

Lastly, the ITS tree (Figure 22) exhibits no genetic distance between the 

sequences, all from the Azores. However, it is important to point out that since 

there are no sequences available from other sampling sites for this species, in 

this specific gene, only a regional analysis could be made. 

 

 

 

 

 

Figure 21 - Haplotype network (Median-Joining) with ITS sequences for the different populations of Velella velella. 
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Figure 22 - Molecular phylogeny of Vellela based 

on ITS sequences, created with PhyML. The 

evolutionary history was inferred by Maximum 

Likelihood method and HKY+G model with 1000 

bootstraps. Some Porpita sequences are used as 

outgroup. The branch support is represented by 

colours (0 to 250 bootstraps - red; 250 to 500 

bootstraps - dark red; 500 to 750 bootstraps -  

dark green; 750 to 1000 bootstraps – green). 

Figure 22 - Molecular phylogeny of Vellela based

on ITS sequences, created with PhyML. The

evolutionary history was inferred by Maximum

Likelihood method and HKY+G model with 1000

bootstraps. Some Porpita sequences are used as

outgroup. The branch support is represented by

colours (0 to 250 bootstraps - red; 250 to 500

bootstraps - dark red; 500 to 750 bootstraps - 

dark green; 750 to 1000 bootstraps – green).
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3.3 Species delimitation 

The ASAP procedure with COI, identified as the first partition (best 

hypothesis) the presence of three hypothetical species. The suggested species 

were: (1) all the Porpita sequences; (2) the Velella sequences from the Indo-

Pacific and (3) all the remaining Velella sequences. This partition was at the 

threshold distance of 7.33% (p-distance) which has the same ASAP-score (2.50) 

as the second partition, that exhibited a threshold distance of 3.92% (p-distance). 

Six species were suggested by the second partition including: three different 

species within the sequences of Velella Indo-Pacific, one specie for the PPO 30 

and PPO 38 and the other two species with the remaining Porpita and Velella 

sequences. 

 For 16S dataset, the result with the lowest ASAP-score (1.50), proposed two 

species at a threshold distance of 8.62% (p-distance). For the second-best 

partition, with an ASAP-score of 2.00 and threshold value of 1.42% (p-distance) 

the number of considered species was three (Table 4). This analysis suggests 

three groups of hypothetical species: one with all the Velella velella sequences 

(Azorean, Mediterranean and NE Pacific), another with PPO 30 and PPO 38 and 

the last one with the remaining Porpita porpita sequences (Azorean, NE and W 

Pacific). 

Table 4 - Results obtained in the delimitation of species for the sequences of Velella velella and Porpita porpita, 

applying the ASAP procedure. 

 

Gene Number of species Threshold distance (p-distance) ASAP-score 

COI 

3 7.33 2.5 

6 3.92 2.5 

16S 

2 8.62 1.5 

3 1.43 2.0 
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Finally, the PTP analysis by Maximum-Likelihood for COI suggested the 

presence of 16 species (Figure 23).  

  

 

 

Figure 23 - PTP analysis by Maximum-Likelihood tree

for COI. Each suggested specie is separated by color.

The values correspond to the statistical support. 
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 These results exhibit that some species have low statistical support, such 

as the PPO14 and the group PPO64,58 and 50. However, there are suggested 

species with high support values, including some with maximum support. The 

PPO 23, PPO 28 and PPO 63 display a 100% probability of being different 

species.  

 For 16S a Maximum-likelihood partition exhibiting two different species: one 

with all the sequences from Velella and other that group all the sequences of 

Porpita together, with a support of 86%.  
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4. Discussion 

 

4.1 Genetic diversity  

 

  From the sequencing results it was promptly observed that in these 

samples, all the selected genes were successfully amplified using the selected 

primers. As a result, COI and 16S presented a higher rate of sequencing, even 

thought 16S was more successful than COI. Despite 16S being often chosen as 

the most suitable gene for DNA barcoding in hydrozoans (Moura et al. 2008), 

several studies establish the successful use of more molecular markers, including 

COI and ITS (Peter 2020).  

 In a first approach regarding the genetic diversity, COI is the gene with the 

largest intraspecific variety, with greater values of polymorphic sites as well as 

the highest number of haplotypes (61 for Porpita porpita and 150 for Velella 

velella). The other mitochondrial gene (16S) also displays representative values 

of intraspecific variety. In opposition, the nuclear ITS gene has very low 

intraspecific divergence, with the haplotypic and nucleotidic diversity exhibiting 

minimum values. The main discrepancy on these results is due to the type of 

molecular marker. Contrary to COI and 16S that are mitochondrial markers, ITS 

is a non-transcribed region of the rRNA, located on the chromosome. Nuclear 

markers, although less conserved, diverge more slowly than mitochondrial 

markers (Hellberg et al. 2002). However, in some taxa this gene may show some 

significant nucleotide variations, including some intra-individual heterogeneity. 

The moon jellyfish, Aurelia aurita, displays an example of this variability in ITS 

(Schroth et al. 2002; Kim & Cho 2007). 

 The haplotype networks exhibited similar results with the phylogenetic 

tress built.  In the COI analyses for Porpita porpita, a branch is highlighted in 

which many nucleotide differences were evidenced and where the samples 

PPO30 and PPO38 presented higher phylogeographical affinity with the 

specimens from Caribbean and Indo-Pacific, in relation to the other Azorean 

specimens. This branch displays a medium support, with an approximate 
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bootstrap of 750. The other Azorean sequences are grouped together along with 

the sequences from Mediterranean and NO Atlantic, displaying minimal genetic 

distance. The 16S analysis revealed some similar results, with a clear spatial 

segregation. Although all the sequences belong the same branch, the sequences 

PPO30 and PPO 38 are grouped together with the sequences from NE and W 

Pacific with strong bootstrap support. The ITS analysis exhibited a low genetic 

diversity. Even a sequence of Porpita porpita from the Caribbean is represented 

as the same haplotype as the Azorean sequences. As there is only one sequence 

from other place available, it is not possible to reassure that there is spatial 

segregation in this gene.  

  As the number of samples was considerably higher, Velella velella 

analysis allowed a better understanding of the phylogeographical relations. In 

COI, all Azorean sequences are grouped together. In this cluster is also possible 

to identify a sequence from NE Pacific. In other branch, with relevant genetic 

distance and bootstrap support it is possible to distinguish the sequences from 

Indo-Pacific. The 16S analysis resulted in a single clade. The sequence from 

Mediterranean share a haplotype with the ones from the Azores. This result may 

suggest that Mediterranean specimens are more genetically similar to those from 

the Azores. Finally, the ITS displayed no genetic variability within the analysed 

sequences, all from the Azores. 

Thus, these analyses reinforce, for mitochondrial genes, the difference of 

PPO30 and PPO38 when compared with specimens from the Azores. At first, this 

result might suggest a correlation based on the geographical proximity, however 

there isn’t enough data to support this statement. 
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4.2 Population connectivity 

  

 These studies seem to indicate that the geographical distance between 

species can be correlated to the genetic diversity between samples. However, 

this cannot be understood as an absolute certainty, as two Azorean specimens 

were found to be genetically closer to geographical distant populations. Also, 

there is evidence of haplotype sharing between the Azorean sequences and the 

Mediterranean and NO Atlantic.  

Both species analysed have a worldwide distribution in tropical to 

temperate waters (Calder 1988). As this sampling was carried out in two islands 

of the Azores, located in the North Atlantic, it would be expected some genetic 

diversity, which was found on this study. This diversity may be explained by the 

fact that there are no geographical barriers on the Atlantic Ocean, which suggests 

the maintaince of a large flow of genetic information. This large flow occurs due 

to the high potential for dispersion and therefore random reproduction (Palumbi 

1994; Patarnello et al. 2007).  

 The studied animals often produce blooms, originating massive 

aggregations on the coast. This suggests that these populations have 

fluctuations. When the population increases intensely, the tendency is for genetic 

diversity to be greater. In turn, when there are drastic reductions in the size of the 

population, diversity is also expected to be reduced (Nei et al. 1975; Kimura 

1983). In the Azores these blooms also occur occasionally, and may corroborate 

some of the genetic diversity found. If there is an increase of the population size, 

there is more individuals who can reproduce and therefore more genetic diversity.  
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4.3 Cryptic species or overestimation? 

 

In this work, two methods were applied to define the interspecific limit of the 

sequences obtained. The main purpose was to verify whether there were only the 

two previously identified species: Vellela velella and Porpita porpita or if there 

was some cryptic species. In hydrozoans the finding of cryptic species is often 

common (Govindarajan et al. 2005; Schuchert 2005; Moura et al. 2008; Miglietta 

et al. 2009; Moura et al. 2012b; Schuchert 2014; Maggioni et al. 2016; Moura et 

al. 2018; Maggioni et al. 2020), due to few morphological diagnostic characters, 

high phenological plasticity and many taxonomy errors. (Moura et al. 2018). 

The most commonly used gene for DNA barcoding and identification of cryptic 

species hydrozoans is 16S (Moura et al. 2008; Miglietta et al. 2009; Moura et al. 

2012b; Montano et al. 2015; Maggioni et al. 2016; Postaire et al. 2016b; Moura 

et al. 2018). In this study the delimitation methods were applied for both COI and 

16S. The ASAP method displayed different results for the two analysed genes. 

For COI the best partition suggested three species, where the Porpita sequences 

are all grouped together and the Velella sequences are divided in two species: 

one with the sequences from Indo-Pacific and other with the remaining Velella 

sequences. The following partition suggested the presence of six species. In this 

hypothesis the Velella sequences from the Indo-Pacific now represents three 

different species and the PPO 30 and PPO 38 a single species. The other two 

species are composed with the remaining Velella and Porpita sequences. For 

16S, as the number of sequences from databases was much smaller, the best 

partition suggested two species: one with all the Porpita sequences and other 

with the Velella sequences.  

This data was not coincident with the obtained in the other method, PTP. This 

last method suggested the presence of sixteen different species in COI dataset. 

The Porpita sequences exhibit twelve distinct species, with some sequences 

representing a single species. In these cases, the probability was maximum. It is 

also important to mention two possible species described in this method: the 

species that include sequences from Indo-Pacific and Caribbean (with a 
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probability of 78%) and the species that contains the PPO 30 and PPO 38 (66%). 

The Velella sequences in this method, includes four distinct species. Three of 

them include sequences from Indo-Pacific (with probabilities around 90%) and 

the last one comprises all the sequences from the Azores and one from NE 

Pacific (50%). The 16S, with maximum likelihood analyses suggesting two 

different species: one with all the Porpita sequences and the other with all the 

Velella sequences.  

In the specie delimitation analysis, the main difference is the number of 

species suggested for each gene. The COI analysis included nineteen databases 

sequences for Porpitidae. 16S displays only five sequences from databases, 

which led to a lower number of possible species. Thus, this suggests that if there 

are more sequences from other locations, more species will be suggested in the 

analysis.  

It is also important to point out the differences in both applied methods. The 

ASAP is a simple method that uses single-locus data, only with pairwise genetic 

distances and avoiding phylogenetic constructions (Puillandre et al. 2021). The 

PTP method takes into account the evolutionary relationships, but tends to be 

slower when applied to a large date set and may not be sensitive to the 

intraspecific variation (Kapli et al. 2017). These differences seem to explain the 

results obtained for the sequences under study, since the ASAP method 

suggested fewer species for both genes, using only the pairwise distance. In 

opposition, the PTP method suggested a large number of species for the COI, 

which indicate that the method considered the evolutionary relationships between 

the sequences.  

Although the results demonstrate that there is some probability of a cryptic 

species hidden within Porpita porpita there are other factors that should be 

highlighted. An important issue is the obtained result in the analysis of ITS 

sequences for this species. Although there are not many studies using this 

marker to reveal Hydrozoa crypticism (Postaire et al. 2016a) there is evidence of 

its successfully use on other cnidarians (Dawson & Jacobs 2001; Dawson 2003; 
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Pontin & Cruickshank 2012). Thus, it is not correct to ignore the results obtained 

for this gene, specifically the low genetic variability and low polymorphism.  
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5. Final conclusions and future prospects 

 

The samples collected for this study were morphologically identified as two 

species: Velella velella and Porpita porpita. By the application of DNA barcoding 

techniques, using with a new method of sequencing, the correct identification was 

corroborated. A great difference was shown on the analysis by mitochondrial vs 

nuclear molecular markers. The mitochondrial genes exhibited greater 

intraspecific differences, allowing to distinguish genetic lineages between 

individuals of the same species. 

In the Azores, the populations of Velella velella and Porpita porpita reveal 

genetic diversity. No pattern of spatial genetic segregation is shown between the 

two sampled islands. The samples from Azores seem to be more similar with 

specimens from nearby locations such as Mediterranean and the North-West 

Atlantic. The analysis further highlighted a distinctive lineage with two specimens 

from the Azorean population with some nucleotide differences: PPO 30 e PPO 

38, possibly with more genetic affinity with an Indo-Pacific clade rather than the 

main Azorean lineage. Species delimitation methods were tested, in order to 

check if these samples could represent a different species. There is some 

evidence in these methods that suggest the presence of more than two species. 

The ASAP analysis displayed different results for the two molecular markers, 

with COI suggesting a higher number of species. The PTP method also produced 

contrasting results for both genes, suggesting sixteen different species for COI 

and only two for 16S. In addition, these evidences are not enough sustained, 

producing unclear results, mainly for COI. The main reason for these distinct 

results is that there are few sequences available in the databases, and the COI 

is the one with the most sequences. It is also necessary to take into account the 

low diversity displayed in the studied sequences for the ITS gene. Consequently, 

these samples are more likely to be from the same species (Porpita porpita), 

being genetically similar to populations from different locations. In conclusion, 

these analyses indicate that there may be two to sixteen species, but that there 
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is a greater probability of the existence of only two species: Porpita porpita and 

Velella velella. 

One of the factors that affected the results of this study was the reduced 

sampling area. Only two islands from Azores were sampled, so all samples were 

prevenient from the same oceanic region. It would be interesting to increase the 

number of sampling sites for a more complex analysis. To further test the possible 

cryptic diversity highlighted in this study the samples could be collected from all 

over the world, in order to obtain important results at the taxonomic and 

phylogeographic level.  However, it is necessary to point out that the large 

number of samples studied in this research revealed a good portrait of the genetic 

lineages in the studied genes for the Azorean specimens of Porpitidae. 

The question about the possible crypticism is also important. It would be 

noteworthy to apply an analysis with different molecular markers since the results 

obtained with the three studied molecular markers were distinct.  Consequently, 

if the sequences available in the databases were increased, showing results from 

various sites of the world, it would probably be much easier to verify the presence 

of cryptic species. 

Finally, the Porpitidae taxonomy requires more study. Although there are 

some researches dedicated to the taxonomy of this family, there are still many 

open questions. The current work on the Porpitidae taxonomy is more focused 

on the sub-order Capitata, without any study dedicated only to this family. This 

study offered some important conclusions, yet it can be considered as a previous 

work for further taxonomic and phylogeographic investigation of this family. 
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Appendix A – Synonymized names of Porpita porpita. 
Adapted from World Hydrozoa Database (Schuchert 

2021) 

 

 

 

 

 

Name Type Reference 
Acies palpebrans Lesson, 1830  synonym  
Chrysomitra striata Gegenbaur, 1857  synonym   
Discalia primordialis Haeckel, 1888  synonym  
Disconalia gastroblasta Haeckel, 1888  synonym  
Disconalia pectyllis Haeckel, 1888  synonym  
Disconalia ramifera Haeckel, 1888  synonym  
Medusa porpita Linnaeus, 1758  basionym (Linné & Salvius 1758) 
Medusa umbella Müller, 1776  synonym (Müller 1776) 
Polybrachionia linnaeana Guilding, 1828  synonym (Guilding 1828) 
Porpita appendiculata Bosc, 1802  synonym (Bosc 1801) 
Porpita atlantica Lesson, 1826  synonym  
Porpita chrysocoma Lesson, 1826  synonym  
Porpita coerulea Eschscholtz, 1825  synonym  (Eschscholtz 1825) 
Porpita forskahli de Haan, 1827  synonym  
Porpita forskalea Oken, 1815  name rejected   
Porpita fungia Haeckel, 1888  synonym  
Porpita gigantea Péron & Lesueur, 1807  synonym  
Porpita glandifera Lamarck, 1816  synonym  
Porpita globosa Eschscholtz, 1825  synonym  
Porpita granulata Cranch, 1818  synonym  
Porpita indica Lamarck, 1801  synonym (Lamarck 1801b) 
Porpita kuhlii de Haan, 1827  synonym  
Porpita lutkeana Brandt, 1835  synonym  
Porpita mediterranea Eschscholtz, 1829  synonym  
Porpita moneta Risso, 1827  synonym (Risso 1826) 
Porpita pacifica Lesson, 1826  synonym  
Porpita radiata Bory de St Vincent, 1804  synonym  
Porpita ramifera Eschscholtz, 1825  synonym (Eschscholtz 1825) 
Porpita reinwardtii de Haan, 1827  synonym  
Porpita umbella Müller, 1776 synonym (Müller 1776) 
Porpitella pectanthis Haeckel, 1888  synonym  
Ratis medusae Lesson, 1830  synonym  
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Appendix B – Synonymized names of Velella velella. 
Adapted from World Hydrozoa Database (Schuchert 

2021) 

 

Name Type Reference 
Armenista sigmoides Haeckel, 1888  synonym  
Holothuria spirans Forsskål, 1775  synonym  
Medusa pocillum Montagu, 1815  synonym  
Medusa velella Linnaeus, 1758  basionym (Linné & Salvius 1758) 
Rataria cordata Eschscholtz, 1829  synonym  
Rataria mitrata Eschscholtz, 1829  synonym  
Velella antarctica Eschscholtz, 1829  synonym  
Velella aurora Eschscholtz, 1829  synonym  
Velella australis de Haan, 1827  synonym  
Velella caurina Eschscholtz, 1829  synonym  
Velella cyanea Lesson, 1826  synonym  
Velella emarginata Quoy & Gaimard, 1824  synonym  
Velella indica Eschscholtz, 1829  synonym  
Velella lata Chamisso & Eysenhardt, 1821  synonym (Chamisso 1821) 
Velella limbosa Lamarck, 1816  synonym  
Velella meridionalis Fewkes, 1889  synonym  
Velella mutica Lamarck, 1801  synonym  
Velella oblonga Chamisso & Eysenhardt, 1821  synonym (Chamisso 1821) 
Velella oxyothone Brandt, 1835  synonym  
Velella oxyothone var. brachyothone Brandt, 
1835  

synonym  

Velella oxyothone var. oxyothone Brandt, 
1835  

synonym  

Velella pacifica de Haan, 1827  synonym  
Velella patellaris Brandt, 1835  synonym  
Velella pyramidalis Cranch, 1818  synonym  
Velella radackiana de Haan, 1827  synonym  
Velella sandwichiana de Haan, 1827  synonym  
Velella scaphidia Peron & Lesueur, 1807  synonym  
Velella septentrionalis Eschscholtz, 1829  synonym  
Velella sinistra Chamisso & Eysenhardt, 1821  synonym (Chamisso 1821) 
Velella tentaculata Lamarck, 1801  synonym  
Velella tropica Eschscholtz, 1829  synonym  
Velella vella, Linnaeus, 1758  misspelling (Linné & Salvius 1758) 
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Appendix C – Sequences retrieved from GenBank and 

BOLD databases. 

 

 

 

 

 

 

 

Specie Specimen Local 
Oceanic 

Region 
Database 

Acession 

number 
Gene 

Collection 

date 
Reference 

Porpita 
porpita 

07ASMP-027 Tallow Beach; New South Wales; Australia SO Pacific BOLD ASMP027-
08 COI 28/12/2007 Hebert (2008) – direct 

submission 
Porpita 
porpita 

07ASMP-028 Tallow Beach; New South Wales; Australia SO Pacific BOLD ASMP028-
08 COI 28/12/2007 Hebert (2008) – direct 

submission 
Porpita 
porpita 

07ASMP-029 Tallow Beach; New South Wales; Australia SO Pacific BOLD ASMP029-
08 COI 28/12/2007 Hebert (2008) – direct 

submission 
Porpita 
porpita 07ASMP-030 Tallow Beach; New South Wales; Australia SO Pacific BOLD ASMP030-

08 COI 28/12/2007 Hebert (2008) – direct 
submission 

Porpita 
porpita 

07ASMP-031 Tallow Beach; New South Wales; Australia SO Pacific BOLD ASMP031-
08 COI 28/12/2007 Hebert (2008) – direct 

submission  
Porpita 
porpita 

07ASMP-032 Tallow Beach; New South Wales; Australia SO Pacific BOLD ASMP032-
08 COI 28/12/2007 Hebert (2008) – direct 

submission 
Porpita 
porpita 

07ASMP-033 Tallow Beach; New South Wales; Australia SO Pacific BOLD ASMP033-
08 COI 28/12/2007 Hebert (2008) – direct 

submission  
Porpita 
porpita 

HY019.1 Sargasso Sea North Atlantic; NO Atlantic GENBANK GQ120060 COI  (Ortman et al. 2010) 

Porpita 
porpita 

RM3_747 Sabaudia; Tyrrhenian Sea; Italy Mediterranean GENBANK LT795124 COI  (Furfaro et al. 2017) 

Porpita 
porpita CB_POP1 Colombia; Caribbean Sea W Atlantic GENBANK MT576016 COI 4/8/2019 Umar (2020) – direct 

submission 
Porpita 
porpita 

CB_POP1 Colombia; Caribbean Sea W Atlantic GENBANK MT569977 ITS 4/8/2019 Umar (2020) – direct 
submission 

Porpita 
porpita 

- Gulf of California; Mexico NE Pacific GENBANK AY935322 16S  (Dunn et al. 2006) 

Porpita 
porpita 

AGC-2001 Guam; Pacific Oceanic Region W Pacific GENBANK AY512529 16S  (Collins et al. 2005) 

Velella 
velella 

07ASMP-34 Tallow Beach; New South Wales; Australia SO Pacific BOLD ASMP034 COI 28/12/2007 Hebert (2008) – direct 
submission 

Velella 
velella 

07ASMP-35 Tallow Beach; New South Wales; Australia SO Pacific BOLD ASMP035 COI 28/12/2007 Hebert (2008) – direct 
submission 

Velella 
velella 

07ASMP-36 Tallow Beach; New South Wales; Australia SO Pacific BOLD ASMP036 COI 28/12/2007 Hebert (2008) – direct 
submission 

Velella 
velella 

07ASMP-37 Tallow Beach; New South Wales; Australia SO Pacific BOLD ASMP037 COI 28/12/2007 Hebert (2008) – direct 
submission 

Velella 
velella 

07ASMP-38 Tallow Beach; New South Wales; Australia SO Pacific BOLD ASMP038 COI 28/12/2007 Hebert (2008) – direct 
submission ) 

Velella 
velella 

07ASMP-39 Tallow Beach; New South Wales; Australia SO Pacific BOLD ASMP039 COI 28/12/2007 Hebert (2008) – direct 
submission ) 

Velella 
velella 

07ASMP-40 Tallow Beach; New South Wales; Australia SO Pacific BOLD ASMP040 COI 28/12/2007 Hebert (2008) – direct 
submission 

Velella 
velella 

BIOUG01213 San Clemente; California; USA NE Pacific BOLD CNIDC095-
14 COI 22/8/2014 Bryant (2014) – direct 

submission 
Velella 
velella 

BMOO03092 French Polynesia; Pacific Ocean S Pacific GENBANK KC706685 COI 17/11/2008 (Leray et al. 2013) 

Velella 
velella 

Sch71 Villefranche-sur-Mer; France Mediterranean GENBANK EU305487 16S 3/5/2001 (Cartwright et al. 2008) 

Velella 
velella 

- California; USA NE Pacific GENBANK AY935323 16S  (Dunn et al. 2006) 

Velella 
velella 

- Coast of California NE Pacific GENBANK AY512528 16S 1999 (Collins et al. 2005) 

Velella 
velella 

65SK Pacific Ocean Pacific GENBANK AB377541 ITS  Chow (2008) – direct 
submission 


