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Abstract
The Yucatan molly Poecilia velifera (Regan, 1914) is a popular aquarium fish,
endemic to the Yucatan Peninsula, Mexico. It has been introduced to many countries
worldwide. In this paper, we report the occurrence of Yucatan molly in the
Mediterranean lagoon of Ayn Zayanah (Benghazi, Libya). Eighty-two individuals
(22 males and 60 females) were collected in July 2020 during a field survey. All
individuals were identified as P. velifera based on morphological characters and
molecular analyses, providing the first evidence of a Yucatan molly invasion into
the Mediterranean region.
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Introduction
The Yucatan molly, Poecilia velifera (Regan, 1914) belongs to a large group
of live-bearer species (family Poeciliidae, subfamily Poeciliinae) broadly
distributed throughout the Americas. The Poeciliidae today, comprises a
total of 216 described species (Froese and Pauly 2021), and the subfamily
Poeciliinae includes well-known aquarium fishes such as the guppies,
mosquito fishes, swordtails, platys, and species of the genus Poecilia, also
known as mollies. Mollies are popular ornamental aquarium fishes because
of their attractive coloration, short generation time and great adaptability
to aquarium conditions (Nelson et al. 2016; Moyle and Cech Jr. 2004).
Many of these species have been deliberately introduced into various
aquatic ecosystems of the world either via aquarium release (Crossman and
Cudmore 1999) or as biological control agents of insects (Juliano et al.
1989; Yamamoto and Tagawa 2000).
The Yucatan molly Poecilia velifera is endemic to the Yucatan Peninsula,
Mexico (Hankison et al. 2006), where it is found in coastal environments
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subject to constant variations in salinity, such as cenotes (sinkholes), tidal
pools, and salt marshes (Neves et al. 2019). It is a small fish, which reaches
a maximum length of 15 cm (Robins and Ray 1986; Rohde et al. 1994), and
is characterized by a strong sexual dimorphism. Males typically display a
single spineless dorsal fin with 16–20 fin rays, colored with a series of black
bars toward the outer half, dark lines and spots near the base, and an
orange edge. Females lack this bright coloration and the elongated dorsal
fin (Miller 1983; Miller et al. 2005).
Invasive populations of Poecilia velifera have been introduced to the
freshwater systems worldwide, and are reported from countries such as
Thailand, Colombia, Peru, Taiwan, Vietnam, Singapore, and Israel (SaNguansil and Lheknim 2010). For the first time, we document the occurrence
of this species in a Mediterranean lagoon.

Materials and methods
Site description and field sampling
Specimens were collected in the Ayn Zayanah lagoon, located 15 km east of
the Benghazi city center, between latitude 32°21′N and longitude 20°15′E
(Figure 1). Today, this wetland is listed among the Ramsar sites, an area of
recognized international importance for waterbirds (EGA-RAC/SPA
waterbird census team 2012). The Ayn Zayanah lagoon is about 1.5 km
long and 700 mwide with an average depth of 2.50 m and a salinity ranging
seasonally between 14 and 20 ppt. Water temperature varies from 14 °C in
the winter to 32 °C in the summer, and pH ranges from 7.8–8.8 (Al-Faitouri
et al. 2018). The lagoon is connected to the Mediterranean Sea by a natural
canal made by water overflow. Both native (i.e. the Flathead grey mullet
Mugil cephalus, the Mediterranean killifish Aphanius fasciatus, fingerlings
of Mediterranean fishes) and introduced (i.e. the Nile Tilapia Oreochromis
niloticus, the Redbelly tilapia Tilapia zillii, the Eastern mosquitofish Gambusia
holbrooki) fishes are known to occur in the lagoon, but very limited knowledge
on their biology is currently available (Amera and El-Toumi 2018).
During a field survey on July 27, 2020, we collected a total of 82 individuals
(22 males and 60 females) of the Yucatan molly using a dip net. Sampling
was conducted in very shallow waters along the southwestern sector of the
lagoon. At the sampling site, salinity was measured to be 16 ppt, while
water temperature was 30.0 °C. Immediately after capture, the fish were
transferred to the Aquaculture and Fisheries Laboratory of the Department
of Zoology, Faculty of Science, University of Benghazi (Libya). The sex of
each individual was identified, and morphometric and meristic analyses
were performed. Tissue samples of two specimens (one male and one
female) were fixed in 95% ethanol and employed for molecular analyses.
Finally, 10 individuals were preserved in formalin and deposited at the
Museum Collection of the Department of Zoology, Faculty of Science,
University of Benghazi under the reference number: Z9351.
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Figure 1. Map of Ayn Zayanah lagoon (Benghazi, Libya) showing the site of sampling of the
Yucatan molly Poecilia velifera.

Additional information on the occurrence and abundance of the Yucatan
molly in Ayn Zayanah lagoon was obtained by face-to-face interviews with
five local fishermen operating in the same area. Before questioning the
respondents, we first explained the purposes of the survey and then
verified their ability to correctly recognize P. velifera. Finally, we asked
about the first year they observed the species in the lagoon and the current
level of perceived abundance.

Morphological analysis
Collected individuals were weighed to the nearest 0.1 g and measured to
the nearest mm (see Table 1). Only three main meristic characters, which
can effectively discriminate between shortfin mollies and various species
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Table 1. Morphological and meristic characters of the Yucatan molly Poecilia velifera from
Ayn Zayanah lagoon. Counts and measurements collected from 80 individuals (20 males and 60
females) are expressed as ranges of values.
Weight (gr)
TL (cm)
SL (cm)
Head length (% of SL)
Body depth (% of SL)
Pre-dorsal length (% of SL)
Meristic characters
N of dorsal fin rays
N of scales LL
N of scales CP

Males
0.4–5.1
4.5–8.8
3.8–6.5
24–22
29–35
29–32

Females
1.6–10.3
6.2–11.0
5.2–8.5
21–23
31–33
38–34

17–19
26–28
18–20

13–15
27–29
13–17

belonging to the sailfin molly complex (Koutsikos et al. 2017) were
considered: the number of dorsal fin rays, lateral line scales, and scales
around the caudal peduncle, as well as the position of the dorsal fin with
respect to the anal, pelvic and pectoral fins (Table 1).

Genomic DNA isolation
Total genomic DNA was extracted from a portion of lateral muscle tissue
of the specimens, using the Qiagen DNeasy Blood and Tissue Kit,
following the manufacturer’s instructions with proteinase K incubation at
56 °C overnight. Genomic DNA quantification and quality control were
performed using a NanoDrop TM 1000 Spectrophotometer from Thermo
Fisher Scientific.

Mitochondrial gene selection and PCR
The phylogenetic relationship among individuals was performed using two
mitochondrial markers: rRNA 12S and a 655 bp portion of cytochrome
oxidase I (COI) (Ward et al. 2005). rRNA 12S was selected for the efficient
discrimination of the species, while COI is the most widely accepted
marker in the Barcode of Life Data System (BOLD). COI is a fast-evolving
gene and exhibits a high degree of genetic distance within species.
Amplifications of mitochondrial 12S and COI genes were performed using
the set of primers L1085 (5'-TAAACCAGGATTAGATACCC-3') and L1478
(5'-GAGAGTGACGGGCGATGTGT-3'; 375 bp; Miya and Nishida 2000),
as well as FishF1 (5'-TCAACCAACCACAAAGACATTGGCAC-3') and
FishR1 (5'-TAGACTTCTGGGTGGCCAAAGAATCA-3'; 655 bp; Ward et
al. 2005), respectively.
The reaction mixtures consisted of 5 μl of 5x MyTaq™ Reaction Buffer
(Bioline), 0.5 μl of each primer (20 μM), 0.5 μl of MyTaq™ HS DNA
Polymerase (5 U/μl concentration, Bioline), 1 μl of DNA template, and
autoclaved Milli-Q water to bring the final volume up to 25 μl. The thermal
cycling profiles consisted of an initial denaturation for 3 min at 95 °C,
followed by 35 cycles for 30 s at 95 °C (12S) or at 94 °C (COI), 30 s at 50 °C (12S)
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or at 48 °C (COI), 45 s at 72 °C, with a final extension of 10 min at 72 °C.
The DNA amplification products were checked with 1% agarose gel
electrophoresis using 10.000x GelRed® Nucleic Acid Gel Stain (Biotium),
0.4 g of agarose, 40 ml of TE Buffer for the gel preparation, as well as 2 µl of
5x GelPilot® DNA Loading Dye, (Qiagen), 2 µl of GeneRuler™ 1 kb DNA
Ladder (Thermo Fisher Scientific) for the electrophoresis. PCR products
were purified using QIAquick® PCR Purification Kit (QIAGEN).

Sequencing of mitochondrial 12S and COI genes
Sanger sequencing (Sanger et al. 1977) was performed on both DNA
strands using the same primers as in the PCR protocols, through an
Applied Biosystems 3730 DNA Analyzer 48 capillaries (Life Technologies).

Phylogenetic analysis
The sequences obtained were analyzed using the software Geneious 7.1.9
(Kearse et al. 2012). The terminal sections of the sequences, including lowquality reading and primers, were removed before assembling the two
strands into consensus sequences. Multiple alignments for each marker
were performed using MAFFT algorithm (Katoh et al. 2002). Additional
sequences were downloaded from the National Center for Biotechnology
Information (NCBI) GenBank database to build a more complex phylogeny.
Phylogenetic analyses were conducted in IQ-Tree (Nguyen et al. 2015) for
the separate rRNA 12S and COI datasets. For each dataset, the phylogenetic
relationships were inferred by using the Maximum likelihood method
applying the best-fit nucleotide substitution model: Kimura 2-parameter
model (Kimura 1980) for rRNA 12S and Tamura–Nei model (Tamura and
Nei 1993; Hasegawa et al. 1985) for COI markers. The support values to
the phylogenetic trees were expressed in bootstrap (%) and shown next to
the tree nodes. The new sequences of Poecilia velifera were deposited in
GenBank (12S gene: OK041514 and OK041516; COI gene: OK036872 and
OK036873).

Results
Morphological description of the collected individuals
Males: (Figure 2A) ranging between 4.5 to 8.8 cm in total length; body
colored light blue to gray/olive, rows of light brown to orange spots laterally
along the body; large dorsal fins, sail shaped with a row of dark blotches,
characterized by distinctive orange spots which combine notably on the
upper part of the fin to give the appearance of long stripes; caudal fin
characterized by orange spots and black stripes on the lower part of the fin.
In males, the origin of the dorsal fin was located anteriorly to the origin of
the anal, pelvic and pectoral fins. Further morphological details of collected
individuals are given in Table 1.
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Figure 2. Specimens of the Yucatan molly Poecilia velifera collected in the Ayn Zayanah lagoon.
A. Male, B. Female. Photo by H. Elbaraasi.

Females: (Figure 2B) ranging between 6.2 to 11.0 cm in total length; no
sail-like dorsal fin with less extensive coloration and spotting on body and
fins; dense regular brown to orange blotches on the caudal fin and body
sides. Further morphological details are also presented in Table 1.

Molecular analyses
Primer sets used to amplify the mitochondrial rRNA 12S and COI genes
provided good quality DNA sequences for both markers in the two
individuals investigated (272 bp and 567 bp for the rRNA 12S gene, 552 bp
and 628 bp for the COI gene, for the individual 1 and 2, respectively).
The alignment of rRNA 12S sequences and the resulting phylogenetic
tree, supported by a total of 7 nucleotide informative positions, revealed
that the sequences of the two specimens (Ind.1_Libya and Ind.2_Libya)
were identical to the unique sequence of Poecilia velifera present in GenBank
(P. velifera, collected in Australia; KJ774894), with a high bootstrap support
(91.5%; Figure 3). Similar results were also obtained with the alignment
and phylogenetic tree of COI, supported by a total of 56 nucleotide informative
positions: the sequences of the two specimens (Ind.1_Libya and Ind.2_Libya)
were identical to six sequences of P. velifera collected in different parts of
the world, which are available on GenBank (KJ669591; KU568973; GU807009;
JQ667581; JQ667585; JQ667583), with a high bootstrap support (83.2%;
Figure 4). As highlighted by the phylogenetic trees (Figures 3 and 4), both
Libyan specimens clustered separately from individuals of other species
within the genus Poecilia, including P. latipinna.
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Figure 3. Phylogenetic tree based on the rRNA 12S mitochondrial gene inferred by using the
Maximum Likelihood method based on the Kimura 2-parameter model. Bootstrap values (%),
supporting the clusters of the tree, are shown next to the tree nodes. The tree is drawn to scale,
with branch lengths measured in the number of substitutions per site.

Discussion
Due to the overlapping morphological characters, mollies have undergone
various re-classification (Lucinda and Reis 2005). Misidentification has
often occurred in the past (e.g., Rosen and Bailey 1963; Miller 1983), with
new species regularly being described (e.g., Kallman et al. 2004; Schories et
al. 2009; Rodriguez‐Silva and Weaver 2020). Moreover, the possibility of
introgressive hybridization further complicates the taxonomy of these species
(Kittel et al. 2005; Hankison et al. 2006). According to our morphological
analyses, the range of dorsal fin ray counts (16–19) in our 31 specimens
collected from the Ayn Zayanah lagoon is almost consistent with the range
of the Yucatan molly P. velifera reported by Miller et al. (2005). The only
slight discrepancy was that we counted 26–28 scales in the lateral series,
whereas Miller et al. (2005) stated that the lateral-line scales usually 26 or 27.
Other morphological characters, such as the distinctive coloration, enlarged
sail-like dorsal fin, number of dorsal fin rays and position of the dorsal fin
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Figure 4. Phylogenetic tree based on the mitochondrial COI gene inferred by using the Maximum
Likelihood method based on the Tamura-Nei model. Bootstrap values (%), supporting the
clusters of the tree, are shown next to the tree nodes. The tree is drawn to scale, with branch
lengths measured in the number of substitutions per site.

relative to anal, pelvic, and pectoral fins, are considered to be typical of this
species (Miller 1983; Miller et al. 2005).
The identification of P. velifera was further confirmed by molecular
analyses. Indeed, mitochondrial rRNA 12S and COI sequences of Ayn
Zayanah lagoon individuals were different from those of other sailfin
mollies such as P. latipinna, which has been already reported from the
Mediterranean region (Koutsikos et al. 2017).
According to the interviewed fishers, the first individuals of Poecilia
velifera appeared in Ayn Zayanah lagoon in summer 2019. The fishers
reported that the population was well established and abundant, especially
in the southern and western parts of the lagoon. They often observe the
Yucatan molly when fishing for tilapia and other fish species. Considering
the current trade of this ornamental fish all over the world (Sa-Nguansil
and Lheknim 2010), its occurrence in the Ayn Zayanah lagoon is likely the
result of one or more deliberate aquarium releases made by residents. The
Elbaraasi et al. (2022), BioInvasions Records 11(2): 537–546, https://doi.org/10.3391/bir.2022.11.2.26
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species could have either been released directly into the lagoon, or in one
of many underground channels connecting the lagoon with the surrounding
urban centers (the hills of the southern parts of Benghazi city and the
mountains to the east).
The sailfin molly Poecilia latipinna (Lesueur 1821) has recently been
reported from a Mediterranean country (Papavlasopoulou et al. 2013;
Koutsikos et al. 2018), but to the best of our knowledge, P. velifera, has not
been reported before from Libya, nor from a Mediterranean lagoon (Kara
and Quignard 2019). Further studies are needed to evaluate the expected
ecological impacts of this invasive species and its possible occurrence in
other freshwater systems of Libya.
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