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Abstract
Poecilia vivipara, a small euryhaline guppy is reported at the Maceió River micro-basin in the Fernando de 
Noronha oceanic archipelago, northeast Brazil. However, the origin (human-mediated or natural dispersal) of 
this insular population is still controversial. The present study investigates how this population is phylogenetically 
related to the surrounding continental populations using the cytochrome oxidase I mitochondrial gene from 
eleven river basins in South America. Our phylogenetic reconstruction showed a clear geographical distribution 
arrangement of P. vivipara lineages. The Fernando de Noronha haplotype fell within the 'north' clade, closely 
related to a shared haplotype between the Paraíba do Norte and Potengi basins; the geographically closest 
continental drainages. Our phylogenetic reconstruction also showed highly divergent lineages, suggesting that 
P. vivipara may represent a species complex along its wide distribution. Regarding to the insular population, 
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P. vivipara may have been intentionally introduced to the archipelago for the purpose of mosquito larvae control 
during the occupation of a U.S. military base following World War II. However, given the euryhaline capacity 
of P. vivipara, a potential scenario of natural (passive or active) dispersal cannot be ruled out.

Keywords
Fernando de Noronha arquipelago, Human-mediated dispersal, Mitochondrial DNA, Mosquitofish, 
Mosquito larvae control, Natural dispersal

Introduction

The origin of terrestrial and freshwater organisms on oceanic islands has historically 
been a topic of intrigue within the field of biogeography. Oceanic islands are created 
by volcanic or coralline processes (de Queiroz 2005), making them isolated from the 
continent. As a result, these islands typically exhibit depauperate freshwater ichthyo-
fauna, as such species are physiological incapable of dispersing across salt water (Mc-
Dowall 2004). Thus, excluding introduced species, only secondary freshwater fishes 
(which can tolerate salinity and occasionally cross small marine barriers) or peripheral 
fishes (freshwater species with a recent marine origin) can transverse this biogeograph-
ic barrier and are naturally found on those oceanic islands (Bianco and Nordlie 2008; 
Walter et al. 2012).

There are four oceanic archipelagos in the Brazilian territory: Rocas Atoll, Fer-
nando de Noronha, São Pedro and São Paulo, and Trindade and Martin Vaz (Serafini 
et al. 2010). The Fernando de Noronha archipelago is a Brazilian Protected Area com-
posed of 21 volcanic islands, in an area of c. 26 km2 (Barcellos et al. 2011), located 345 
km off the northeast Brazilian coast (Rangel and Mendes 2009). There are reports of 
freshwater fish species across the Fernando de Noronha archipelago, including species 
used as alternative food sources, such as the tambaqui Colossoma macropomum (Curvier 
1816) and the tilapia Oreochromis niloticus (Linneaus, 1718) (Soto 2001; 2009). Oth-
er species, such as the guppy (or mosquitofish) Poecilia vivipara Bloch & Schneider, 
1801, were supposedly introduced for mosquito larvae control. (Soto 2001; 2009).

Originally described from Suriname, P. vivipara is a small poeciliid species found 
mainly in lentic waters, ranging in salinity from freshwater to hypersaline conditions 
(Gomes-Jr and Monteiro 2007). The known distribution of P. vivipara spans from the 
delta of the Orinoco River (Venezuela) to Uruguay. The species may have potentially 
been introduced to Puerto Rico (Lucinda 2003) and Martinique (Lim et al. 2002), both 
of which are oceanic islands in the Caribbean Sea. It is thought that P. vivipara was inten-
tionally introduced to the Fernando de Noronha archipelago (Brazil) to control mosquito 
larvae during the installation of the World War II military bases (Soto 2009). However, 
there are no studies investigating whether this is indeed an introduced or a native species, 
and therefore the full geographic range of this species remains unknown (Soto 2001).

Molecular approaches have been used to identify the source regions of introduced 
species, particularly in cases where the species in question has a wide geographical 
range and introduction events are not well documented (Roux and Wieczorek 2009). 
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Given that P. vivipara is a continental euryhaline fish species, the present study aims to 
shed light onto the presence of P. vivipara in the Fernando de Noronha oceanic islands 
using phylogenetic analysis of mitochondrial DNA. The overall objective is to identify 
how this isolated population is phylogenetically related to its continental conspecifics.

Materials and methods

During a field trip to sample Bathygobius soporator (Valenciennes 1837) at the Fernan-
do de Noronha archipelago, we unexpectally found P. vivipara (Fig. 1). More specifi-
cally, in the estuary of the Maceió River micro basin (Fig. 2). A total of of 43 P. vivipara 
individuals (5 males and 38 females, 9.0–42.9 mm SL) were collected using hand nets 
and plastic bags. The site of species occurrence (03°51'57.80"S, 32°25'32.79"W) is the 
only oceanic mangrove in the South Atlantic (Serafini et al. 2010), and is comprised 
of a single mangrove tree species, Laguncularia racemosa (L.) Gaertn (Batistella 1996) 
(Fig. 2) covering an area ca. 0.01 km2. Five individuals were fixed and stored in 100 % 
ethanol for molecular analysis. These samples were deposited at the fish collection of 
the Universidade Federal do Rio Grande do Norte (UFRN 0225 and UFRN 0822). 
Sampling was conducted under an ICMBio/MMA permit (10806-4/2011).

DNA extraction was performed using the DNA easy Tissue Kit (Qiagen). Cy-
tochrome Oxidase I (COI) mitochondrial DNA gene was amplified, using the prim-

Figure 1. Live male of Poecilia vivipara, UFRN 0225, 25.2 mm SL. Maceió River microbasin, Fernando 
de Noronha Archipelago, Pernambuco, Brazil.
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Figure 2. Sampling site of Poecilia vivipara in the border of the mangrove at Maceió River microbasin, 
Fernando de Noronha Archipelago, Pernambuco, Brazil.

ers FISH-BCH2 (5’ ACTTCYGGGTGRCCRAARAATCA 3’) and FISH-BCL (5’ 
TCAACYAATCAYAAAGATATYGGCAC 3’) (Tornabene et al. 2010). PCR reactions 
(25 µL of final volume) were performed using 10–30 ng of DNA template, 0.10 ng/uL 
of each primer, 12.5 µL of 2x Taq Master Mix VivantisM, and 10.2 µL of ultrapure wa-
ter. Amplification consisted of an initial cycle at 95 °C for 5 min, followed by 35 cycles 
of 94 °C for 30 s, 50 °C for 35 s, 72 °C for 70 s, a final extension step of 72 °C for 7 
min, and 2 min at 20 °C. PCR product was examined using a1 % agarose gel and puri-
fied using the QIAquick PCR Purification Kit (Qiagen). All sequencing reactions were 
performed using Big Dye v3.1 (Applied Biosystems) and screened using ABI PRISM 
3500 Genetic Analyzer (Applied Biosystems). All sequences obtained in this study were 
deposited in GenBank (Table 1).

In order to determine how P. vivipara collected from Fernando de Noronha re-
late to their continental conspecifics, specimens from eight basins across northeast 
Brazil (including the closest coastal drainages to Fernando de Noronha archipelago), 
two basins from south and southwest Brazil, and one continental island in Ven-
ezuela (Isla Margarita), were included in the phylogenetic analysis (Fig. 3; Table 1). 
Original sequences were edited using Geneious version 6.1 software (http://www.
geneious.com/), imported into MEGA v. 5.1 (Tamura et al. 2011), and aligned using 
the ClustalW algorithm. A total of 30 P. vivipara sequences were obtained. Nine P. 
vivipara sequences were retrieved from GenBank. A final alignment of 50 sequences 
with 610bp (including 11 sequences as outgroups) were used for the molecular analy-
sis (Table 1).

http://www.geneious.com/
http://www.geneious.com/
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Table 1. List of species, sampling sites (basin, municipality, state, country, and number in the map), 
geographical coordinates, catalogue number and GenBank access number used in the phylogenetic analy-
sis. Abbreviations: N, number of individuals; *, sequences from GenBank; CE, Ceará State; PB, Paraíba 
State; MG, Minas Gerais State; PE, Pernambuco State; PR, Paraná State, RJ; Rio de Janeiro State; RN, 
Rio Grande do Norte State; SE, Sergipe State.

Species N Sampling site Latitude Longitude Voucher N° GenBank N°

Poecilia vivipara* 3 Macanao, Margarita island, Nueva 
Esparta, Venezuela (1) 10,988 -64,164 – KP761881–

KP761883

Poecilia vivipara* 2 Tubores, Margarita island, Nueva 
Esparta , Venezuela (1) 10,905 -64,107 – KP761884–

KP761885

Poecilia vivipara 4 Maceió, Fernando de Noronha, 
PE, Brazil (2) -3,865 -32,425 UFRN0822 KU684422–

KU684425
Poecilia vivipara 1 Jaguaribe, Saboeiro, CE, Brazil (3) -6,541 -39,910 UFRN0337 KU684421

Poecilia vivipara 5 Piranhas-Açu, Serra Negra do 
Norte, RN, Brazil (4) -6,579 -37,255 UFRN0289 KU684426–

KU684430

Poecilia vivipara 4 Potengi, Macaíba, RN, Brazil (5) -5,881 -35,369 UFRN2694 KU684417–
KU684420

Poecilia vivipara 4 Paraíba do Norte, Barra de 
Santana, PB, Brazil (6) -7,529 -35,998 UFRN0431 KU684431–

KU684434

Poecilia vivipara 3 Ipojuca, Ipojuca, PE, Brazil (7) -8,583 -35,043 UFRN1072 KU684414–
KU684416

Poecilia vivipara 3 São Francisco, Serra Talhada, PE, 
Brazil (8) -8,211 -38,534 UFRN0529 KU684441–

KU684443

Poecilia vivipara 3 Piauí, Estância, SE, Brazil (9) -11,209 -37,282 UFRN0823 KU684438–
KU684440

Poecilia vivipara 3 São João, São João da Barra, RJ, 
Brazil (10) -22,523 -42,559 UFRN1074 KU684435–

KU684437
Poecilia vivipara* 1 Paraná, Piraguaçu, MG, Brazil (11) -22,613 -45,514 – GU701911

Poecilia vivipara* 2 Paraná, Califórnia, PR, Brazil (11) -23,675 -51,313 – GU70190; 
GU701908

Poecilia vivipara* 1 Paraná, Campo Mourão, PR, 
Brazil (11) -24,078 -52,296 – GU701904

Poecilia 
hondurensis* 2 Aguán, Honduras – – – JX968669–

JX968670

Poecilia mexicana* 1 Lempa, El Salvador – – – JX968662– 
JX968663

Poecilia reticulata* 2 Pernadeles, Dominican Replubic – – – X968695–
X968696

Poecilia sphenops* 2 Nahualate, Guatemala – – – JX968660–
JX968661

Pamphorichthys
hollandi 4 Sergipe, Aracaju, SE, Brazil -10,926 -37,102 UFRN3663 KU484444–

KU684447

Phylogenetic analysis was carried out using only the haplotype data (one representa-
tive per haplotype) via Bayesian Coalescent constant size tree reconstruction using Beast 
v.1.75 (Drummond et al. 2012). The HKY85 + G was used as the substitution model, as 
defined by the AIC criterion in Modeltest v. 3.7 software (Posada and Crandall 1998). A 
total of 106 MCMC runs was performed, saving one tree every 1000 runs, resulting in a 

http://www.ncbi.nlm.nih.gov/nuccore/KP761881
http://www.ncbi.nlm.nih.gov/nuccore/KP761883
http://www.ncbi.nlm.nih.gov/nuccore/KP761884
http://www.ncbi.nlm.nih.gov/nuccore/KP761885
http://www.ncbi.nlm.nih.gov/nuccore/KU684422
http://www.ncbi.nlm.nih.gov/nuccore/KU684425
http://www.ncbi.nlm.nih.gov/nuccore/KU684421
http://www.ncbi.nlm.nih.gov/nuccore/KU684426
http://www.ncbi.nlm.nih.gov/nuccore/KU684430
http://www.ncbi.nlm.nih.gov/nuccore/KU684417
http://www.ncbi.nlm.nih.gov/nuccore/KU684420
http://www.ncbi.nlm.nih.gov/nuccore/KU684431
http://www.ncbi.nlm.nih.gov/nuccore/KU684434
http://www.ncbi.nlm.nih.gov/nuccore/KU684414
http://www.ncbi.nlm.nih.gov/nuccore/KU684416
http://www.ncbi.nlm.nih.gov/nuccore/KU684441
http://www.ncbi.nlm.nih.gov/nuccore/KU684443
http://www.ncbi.nlm.nih.gov/nuccore/KU684438
http://www.ncbi.nlm.nih.gov/nuccore/KU684440
http://www.ncbi.nlm.nih.gov/nuccore/KU684435
http://www.ncbi.nlm.nih.gov/nuccore/KU684437
http://www.ncbi.nlm.nih.gov/nuccore/GU701911
http://www.ncbi.nlm.nih.gov/nuccore/GU70190
http://www.ncbi.nlm.nih.gov/nuccore/GU701908
http://www.ncbi.nlm.nih.gov/nuccore/GU701904
http://www.ncbi.nlm.nih.gov/nuccore/JX968669
http://www.ncbi.nlm.nih.gov/nuccore/JX968670
http://www.ncbi.nlm.nih.gov/nuccore/JX968662
http://www.ncbi.nlm.nih.gov/nuccore/JX968663
http://www.ncbi.nlm.nih.gov/nuccore/X968695
http://www.ncbi.nlm.nih.gov/nuccore/X968696
http://www.ncbi.nlm.nih.gov/nuccore/JX968660
http://www.ncbi.nlm.nih.gov/nuccore/JX968661
http://www.ncbi.nlm.nih.gov/nuccore/KU484444
http://www.ncbi.nlm.nih.gov/nuccore/KU684447
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total of 1000 trees. The MCMC parameters were checked using Tracer v. 1.6 (Rambaut 
et al. 2014). The first 15 % of the trees were removed in order to account for the burn-in 
period of the analysis. A consensus tree accessing the posteriori probability values of each 
clade was constructed using TreeAnnotator v1.6.1 (Drummond et al. 2012).

To visualize the relationships among intraspecific haplotypes, a haplotype network 
was generated using PopART v. 1.7 (Leigh and Bryant 2015) with a 95 % statistical 
probability that multiple mutation had not occurred. Additionally, a pairwise matrix 
of K2P genetic distances between sampling localities was performed in order to enable 
comparison of the intraspecific genetic distance between and within basins. This analy-
sis was conducted in MEGA v. 5.1.

Results

The phylogenetic reconstruction revealed 12 haplotypes in P. vivipara. In most cases, 
each haplotype was restricted to a single drainage. In fact, only three out of eleven 
drainages sampled (Paraná, Piauí, and São Francisco) presented more than one hap-
lotype. Four major clades were revealed in the phylogenetic analysis, hereafter named 

Figure 3. Map with the sampling sites of individuals used on genetic analyses. Circles represent sampled 
sites. Squares represent sequences retrieved from GenBank. An asterisk represents the type locality of Po-
ecilia vivipara. Different colours represent different phylogenetic clades. Sampling sites: 1 Margarita island 
2 Maceió 3 Jaguaribe 4 Piranhas-Açu 5 Potengi 6 Paraíba do Norte 7 Ipojuca 8 São Francisco 9 Piauí 10 
São João 11 Paraná.
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Figure 4. Rooted Bayesian phylogenetic reconstruction tree of Cytochrome Oxidase I mitochondrial 
gene of Poecilia vivipara. Number in nodes represents the value of posterior probability.

the ‘Venezuela’, ‘north’, ‘central’, and ‘south’ clades. The Venezuelan specimens repre-
sented one haplotype which was closely related to the samples from northeast Brazil, 
although with low posterior probability. The Fernando de Noronha individuals ex-
hibited a unique haplotype, which was closely related to the shared haplotype found 
in Potengi and Paraíba do Norte drainages. Thus, the insular oceanic individuals fell 
within the ‘north clade’, comprised of lineages of northeast Brazil (Jaguaribe, Piranhas-
Açu, Potengi, Paraíba do Norte, and the haplotype 3 from São Francisco). The ‘central 
clade’ was composed of haplotypes south of Paraíba do Norte river basin (Ipojuca and 
Piauí), including the São Francisco river basin (haplotype 7), located in northeast Bra-
zil. Haplotypes found within the southernmost drainages comprised the ‘south clade’ 
(São João and Paraná basins) (Figs 3–5).

Our haplotype network reconstruction also showed a clear geographic pattern, 
within the Brazilian clades: north, central, and south clades grouping within haplo-
groups. The only exceptions to this pattern were the haplotypes from the São Francisco 
river basin. Two distantly related haplotypes (3 and 7) were found at the same sampling 
site; however, haplotype 3 fell within the north clade, while haplotype 7 fell within the 
central clade. The Fernando de Noronha haplotype is placed within the north clade, 
separated by two mutational steps from the haplotype shared between the Potengi and 
Paraíba do Norte rivers (Fig. 5).

The phylogenetic reconstruction and haplotype network clearly showed that line-
age distribution followed a geographic pattern, and this pattern was corroborated by 
the genetic distance among drainages. The pairwise K2P distances were zero among 
drainages with shared haplotypes (Piranhas-Açu and Paraíba do Norte, and Jaguaribe 
and São Francisco), while the furthest apart sites exhibited higher genetic distance 
(2.6 % between Piranhas-Açu and Paraná River basins) (Fig. 4; Table 2). When com-
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Table 2. K2P distance of Poecilia vivipara among basins (lower diagonal), and within basins in bold 
(main diagonal). River basins are MAR = Isla Margarita; MAC= Maceió; JAG= Jaguaribe; PAC= Piranhas
-Açu; POT= Potengi; PBN= Paraíba do Norte; IPO= Ipojuca; SFR= São Francisco; PIA= Piauí; SAO= 
São João; PAR= Paraná.

1 2 3 4 5 6 7 8 9 10 11
1.MAR 0
2.MAC 0.022 0
3.JAG 0.022 0.007 –
4.PAC 0.023 0.008 0.005 0
5.POT 0.018 0.003 0.003 0.005 0
6.PBN 0.018 0.003 0.003 0.005 0 0
7.IPO 0.018 0.017 0.017 0.018 0.013 0.013 0
8.SFR 0.023 0.012 0.007 0.012 0.009 0.009 0.013 0.013
9.PIA 0.024 0.022 0.022 0.024 0.019 0.019 0.005 0.017 0.001

10.SAO 0.018 0.022 0.022 0.023 0.018 0.018 0.015 0.022 0.021 0
11.PAR 0.021 0.024 0.024 0.026 0.021 0.021 0.017 0.024 0.021 0.006 0.001

Figure 5. Haplotype network showing intraspecific relationships among Poecilia vivipara haplotypes. 
Empty circles represent non-sampled haplotypes. Thin bars on branches represent mutational steps.

pared among clades, the lowest K2P distance (1.9 %) was found between the clades 
that were geographically closer (north and central). The highest distance (2.2 %) was 
found between the most distant clades (north and south).
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Discussion

Darwin (1859) argued that oceanic islands are most likely to be colonized by indi-
viduals from a neighbouring continent. Our results suggest that Poecilia vivipara from 
Fernando de Noronha may have derived from a genetic lineage that is closely related to 
the current lineage present at the closest continental drainages (north Clade, Figs 4–5). 
This suggests that a natural dispersal event or human assisted introduction may have 
occurred by fish originating from this clade. The oceanic island lineage is closely related 
to the shared haplotype from the Potengi and Paraíba do Norte River basins, which 
are geographically the closest drainages to Fernando de Noronha. The low genetic 
(0.3 %) differentiation observed between P. vivipara individuals from Fernando de 
Noronha and those from Potengi/Paraíba do Norte (two mutational steps) suggests 
that, if natural, this colonisation occurred relatively recently. Despite evidence of an 
exclusive lineage within the north clade, we cannot rule out the possibility that the 
oceanic haplotype could be originated from a non-sampled in the Rio Grande do 
Norte and Paraíba coastal basins. Indeed, we acknowledge that subsampling and small 
sample sizes are the two most common limitations when investigating source popula-
tions of biological invasions (Muirehad et al. 2008). Therefore, there are still two pos-
sible explanations for the presence of P. vivipara in Fernando de Noronha archipelago: 
human-mediated introduction and natural dispersal. The former may have occurred 
during United States (U. S.) military occupation of the area and after the World War 
II (Soto 2001). During this period of time the introduction of poeciliids was recom-
mended to limit the spread tropical epidemic diseases by controlling mosquito larvae 
populations on the archipelago (Soto 2009). The closest major U. S. military base to 
Fernando de Noronha was located in Natal, the capital of Rio Grande do Norte State, 
which is by Potengi River basin (Calkins 2011). Since the 1940s, excessive amounts of 
DDT were spread across Fernando de Noronha island to avoid mosquito-transmitted 
diseases. Chemical control in addition to the intentional introduction of P. vivipara 
may have been used to control mosquito larvae population in freshwater reservoirs 
such as the Xaréu Reservoir on Maceió River (Serafini et al. 2010). However, the pos-
sibility of natural colonization cannot be completely ruled out.

Dispersal routes across marine barriers and the subsequent colonization events of 
oceanic islands by unlikely organisms have been extensively described using DNA-
based methods (de Queiroz 2005). According to this author, oceanic dispersal might 
occur at a higher frequency or across greater distances than expected. The two major 
cyprinodontiform families, Cynolebiidae (previously Rivulidae) and Poeciliidae, are 
considered secondary freshwater fishes that are able to support and disperse through 
saltwater barriers (Bianco and Nordlie 2008; Albert and Reis 2011), and there is ex-
tensive evidence of saltwater dispersal among cyprinodontiform fishes, including colo-
nization of oceanic islands (Jowers et al. 2007; de León et al. 2014).

Several factors can facilitate marine dispersal of freshwater species during particu-
lar stages of life (eggs, larvae or adults), including transport by birds, storms, rafting, 
ocean currents, sea level fluctuations, and decreases in superficial water salinity (Darwin 
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1859; Jowers et al. 2007; Measey et al. 2007). Like the vast majority of poeciliids, P. 
vivipara undertakes internal fertilization. As suggested by its specific epithet, P. vivipara 
is also viviparous, meaning offspring are released during the juvenile phase (Thibault 
and Schultz 1978). This removes the possibility of egg dispersal via birds or floating 
rafts. Storms are also an unlikely dispersal agent as they typically maintain strength for 
short distances (Measey et al. 2007). The ocean current passing through the Fernando 
de Noronha archipelago moves towards the coastal line, although some studies report 
drastic changes in current direction during the Pleistocene (Lumpkin and Garzolin 
2005; Nunes and Norris 2006; Ludt and Rocha 2015). These historic changes in the 
oceanic current are corroborated by the presence of an endemic worm lizard, Am-
phisbaena ridleyi Boulenger, 1890, in the Fernando de Noronha archipelago, which is 
closely related to the South American group (Laguna et al. 2010); suggesting a passive 
natural colonization in a direction reverse to the present current direction. However, 
there is no record of freshwater fishes being carried by rafting (Thiel and Gutow 2005). 
Although P. vivipara is a salt-tolerant species (Gomes-Jr and Monteiro 2007), our mo-
lecular data suggests population structuring amongst continental drainages, indicating 
a low capacity for long-distance dispersal across continental drainages during sea level 
fluctuation events. Therefore, the distance between the Brazilian coast and the Fer-
nando de Noronha archipelago is likely to be too far for a small fish such as P. vivipara.

Although it was not the main aim of the study, our results revealed a deep genetic 
structure within on P. vivipara. Usually, K2P distances above 2 % for COI have been 
considered as high intraspecific divergences, or a threshold value for species delimi-
tation in freshwater fishes (Pereira et al. 2013). Recent studies using morphological 
(Lucinda 2008) and multi-locus phylogenetic data (Bagley et al. 2015) have revealed 
cryptic lineages within putative poeciliid species with broad geographic distribution. 
Our analysis revealed values above over 2 %, specifically between the lineage from 
Venezuela and the other clades, as well as between north and south clades As Venezuela 
is the geographically closest sampled site to Suriname (type locality) included herein, 
these high K2P distances suggest potential cryptic species of P. vivipara in Brazil. The 
high number of nominal species under the synonymy of P. vivipara (see Eschmeyer 
and Fong 2017) and its wide distribution, ranging from Venezuela to Uruguay coastal 
water habitats, support the possibility that P. vivipara may be a species complex. A 
further multi-locus phylogeographic study is required in order to test the evolution-
ary and taxonomic cohesiveness of P. vivipara along its wide geographic distribution.

Conclusions

The present study represents a preliminary phylogeographical survey of Poecilia vivipara, a 
widely distributed South American guppy. Particularly, looking into the insular population 
of the Fernando de Noronha oceanic archipelago, which has been controversially 
reported as an introduced species to the archipelago. Our phylogenetic reconstruction 
showed a clear geographical arrangement within the distribution of P. vivipara lineages, 
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and deep genetic divergence among clades. These findings indicate P. vivipara as a 
potential species complex; however, this possibility requires further investigation. The 
Fernando de Noronha population possibly represents an exclusive lineage which is 
phylogenetically related to the closest continental river basins. Poecilia vivipara may have 
been intentionally introduced into the archipelago for the purpose of mosquito larvae 
control during the occupation of a U.S. military base. However, given the euryhaline 
capacity of P. vivipara, a potential scenario of natural (passive or active) dispersal scenario 
cannot be completely disregarded. Although the origin of the archipelago lineage is still 
uncertain, this population may represent an interesting biological system for studies on 
biogeography, ecology, and evolution of isolated populations.

Acknowledgements

We are grateful to Angela Zanata, Hostelo Osman Jr., Damião Rabelo (ICMBio-
FN), and Juliana Valverde for their assistance in field work and to ICMBio (Instituto 
Chico Mendes de Conservação da Biodiversidade) for logistic support at Fernando de 
Noronha Island. Rodrigo Torres is especially grateful for research fellowship provided 
by CNPq (grant no. 301208/2012-3). Waldir Berbel-Filho receives a PhD scholar-
ship from the Science without Borders Program/CNPq (process #233161/2014-7). 
Luciano Barros-Neto is grateful to CAPES for his PhD scholarship. We are grateful to 
Benjamin Whittaker from Swansea University for his friendly review and suggestions.

References

Albert JS, Reis RE (2011) Introduction to Neotropical Freshwaters. In: Albert JS, Reis 
RE (Eds) Historical Biogeography of Neotropical Freshwater Fishes. University of 
California Press, Los Angeles, California, 1–19. https://doi.org/10.1525/califor-
nia/9780520268685.003.0002

Bagley JC, Alda F, Breitman MF, Bermingham E, van den Berghe EP, Johnson JB (2015) As-
sessing species boundaries using multilocus species delimitation in a morphologically con-
served group of neotropical freshwater fishes, the Poecilia sphenops species complex (Poecili-
idae). Plos One 10(4): e0121139. https://doi.org/10.1371/journal.pone.0121139

Barcellos RL, Coelho-Júnior C, Lins SRRM, Silva MS, Camargo PB, Travassos PEPF (2011) 
Island beaches morphological and sedimentary short-term variation - the case of SE Fer-
nando de Noronha Island, South Atlantic, Brazil. Journal of Integrated Coastal Zone Man-
agement 11(4): 471–478. https://doi.org/10.5894/rgci283

Batistella M (1996) Espécies vegetais dominantes do arquipélago de Fernando de Noronha: 
Grupos ecológicos e repartição espacial Acta Botanica Brasilica 10(2): 223–235. https://
doi.org/10.1590/S0102-33061996000200003

Bianco PG, Nordlie F (2008) The salinity tolerance of Pseudophoxinus stymphalicus (Cyprin-
idae) and Valencia letourneuxi (Valenciidae) from western Greece suggests a revision of 

https://doi.org/10.1525/california/9780520268685.003.0002
https://doi.org/10.1525/california/9780520268685.003.0002
https://doi.org/10.1371/journal.pone.0121139
https://doi.org/10.5894/rgci283
https://doi.org/10.1590/S0102-33061996000200003
https://doi.org/10.1590/S0102-33061996000200003


Waldir Miron Berbel-Filho et al.  /  ZooKeys 746: 91–104 (2018)102

the ecological categories of freshwater fishes. Italian Journal of Zoology 75(3): 285–293. 
https://doi.org/10.1080/11250000801931753

Calkins DT (2011) A Military Force on a Political Mission: The Brazilian Expeditionary Force 
in World War II. MSc Thesis, Georgia Southern University. http://digitalcommons.geor-
giasouthern.edu/cgi/viewcontent.cgi?article=1600&context=etd

Darwin CR (1859) On the origin of species by means of natural selection or the preservation 
of favoured races in the struggle for life. Murray, London, 491 pp.

de León JLP, Léon G, Rodríguez R, Metcalfe CJ, Hernández D, Casane D, García-Machadoc 
E (2014) Phylogeography of Cuban Rivulus: evidence for allopatric speciation and second-
ary dispersal across marine barrier. Molecular Phylogenetics and Evolution 79: 404–414. 
https://doi.org/10.1016/j.ympev.2014.07.007

de Queiroz A (2005) The resurrection of oceanic dispersal in historical biogeography. Trends in 
Ecology and Evolution 20(2): 68–73. https://doi.org/10.1016/j.tree.2004.11.006

Drummond AJ, Suchard MA, Xie D, Rambaut A (2012) Bayesian phylogenetics with BEAUti 
and the BEAST 1.7. Molecular Biology and Evolution 29(8): 1969–1973. https://doi.
org/10.1093/molbev/mss075

Eschmeyer WN, Fong JD (2017) Species by Family/Subfamily in the Catalog of Fishes. http://
researcharchive.calacademy.org/research/ichthyology/catalog

Gomes-Jr JL, Monteiro LR (2007) Size and fecundity variation in populations of Poecilia vivipa-
ra Block & Schneider (Teleostei; Poeciliidae) inhabiting an environmental gradient. Jour-
nal of Fish Biology 71: 1799–1809. https://doi.org/10.1111/j.1095-8649.2007.01653.x

Jowers MJ, Cohens BL, Downie JR (2007) The cyprinodont fish Rivulus (Aplocheiloidei: Riv-
ulidae) in Trinidad and Tobago: molecular evidence for marine dispersal, genetic isolation 
and local differentiation. Journal of Zoological Systematics and Evolutionary Research 
46(1): 48–55. https://doi.org/10.1111/j.1439-0469.2007.00422.x

Laguna MM, Amaro RC, Mott T, Yonenaga-Yassuda Y, Rodrigues MT (2010) Karyological 
study of Amphisbaena ridleyi (Squamata, Amphisbaenidae) and endemic species of the Ar-
chipelago of Fernando de Noronha, Pernambuco, Brazil. Genetics and Molecular Biology 
33(1): 57–61. https://doi.org/10.1590/S1415-47572010005000009

Leigh JW, Bryant D (2015) PopART: Full-feature software for haplotype network construction. 
Methods in Ecology and Evolution 6(9): 1110–1116.  https://doi.org/10.1111/2041-
210X.12410

Lim P, Meunier FJ, Keith P, Noël PY (2002) Atlas des poisons et des crustacés d'eau douce de 
la Martinique. Muséum National d’ Histoire Naturelle, Paris, 124 pp.

Lucinda PHF (2003) Family Poeciliidae (Livebearers). In: Reis RE, Kullander SO, Ferraris Jr 
CJ (Eds) Checklist of Freshwater Fishes of South and Central America. Edipucrs, Porto 
Alegre, 555–582.

Lucinda PHF (2008) Systematics and biogeography of the genus Phalloceros Eigenmann, 
1907 (Cyprinodontiformes: Poeciliidae: Poeciliinae), with the description of twenty-one 
new species. Neotropical Ichthyology 6(2): 113–158. https://doi.org/10.1590/S1679-
62252008000200001

https://doi.org/10.1080/11250000801931753
http://digitalcommons.georgiasouthern.edu/cgi/viewcontent.cgi?article=1600&context=etd
http://digitalcommons.georgiasouthern.edu/cgi/viewcontent.cgi?article=1600&context=etd
https://doi.org/10.1016/j.ympev.2014.07.007
https://doi.org/10.1016/j.tree.2004.11.006
https://doi.org/10.1093/molbev/mss075
https://doi.org/10.1093/molbev/mss075
http://researcharchive.calacademy.org/research/ichthyology/catalog
http://researcharchive.calacademy.org/research/ichthyology/catalog
https://doi.org/10.1111/j.1095-8649.2007.01653.x
https://doi.org/10.1111/j.1439-0469.2007.00422.x
https://doi.org/10.1590/S1415-47572010005000009
https://doi.org/10.1111/2041-210X.12410
https://doi.org/10.1111/2041-210X.12410
https://doi.org/10.1590/S1679-62252008000200001
https://doi.org/10.1590/S1679-62252008000200001


Poecilia vivipara Bloch & Schneider, 1801 (Cyprinodontiformes, Poeciliidae)... 103

Ludt WB, Rocha LB (2015) Shifting seas: the impacts of Pleistocene sea-level fluctuation on 
the evolution of tropical marina taxa. Journal of Biogeography 42: 25–38. https://doi.
org/10.1111/jbi.12416

Lumpkin R, Garzoli SL (2005) Near-surface circulation in the Tropical Atlantic ocean. Deep 
Sea Research Part I 52: 495–518. https://doi.org/10.1016/j.dsr.2004.09.001

McDowall RM (2004) Ancestry and amphidromy in island freshwater fish faunas. Fish and 
Fisheries 5(1): 75–85. https://doi.org/10.1111/j.1467-2960.2004.00138.x

Measey GJ, Vences M, Drewes RC, Chiari Y, Melo M, Bourles B (2007) Freshwater paths 
across the ocean: molecular phylogeny of the frog Pychadena newtoni gives insights into 
amphibian colonization of oceanic island. Journal of Biogeography 34: 7–20. https://doi.
org/10.1111/j.1365-2699.2006.01589.x

Nunes F, Norris RD (2006) Abrupt reversal in ocean overturning during the Palaecene/Eocene 
warm period. Nature 439: 60–63. https://doi.org/10.1038/nature04386

Pereira LHG, Hanner R, Foresti F, Oliveira C (2013) Can DNA barcoding accurately dis-
criminate megadiverse Neotropical freshwater fauna? BMC Genetics 14: 1–14. https://doi.
org/10.1186/1471-2156-14-20

Posada D, Crandall KA (1998) MODELTEST: testing the model of DNA substitution. Bioin-
formatics 14(9): 817–818. https://doi.org/10.1093/bioinformatics/14.9.817

Rambaut A, Suchard MA, Xie D, Drummond AJ (2014) Tracer v1.6. http://beast.bio.ed.ac.
uk/Tracer

Rangel CA, Mendes LF (2009) Review of blenniid fishes from Fernando de Noronha Archipel-
ago, Brazil, with description of a new species of Scartella (Teleostei: Blenniidae). Zootaxa 
2006: 51–61. https://doi.org/10.5281/zenodo.274675

Roux JL, Wieczorek AM (2009) Molecular systematics and population genetics of biologi-
cal invasions: towards a better understanding of invasive species management. Annals of 
Applied Biology 154: 1–17. https://doi.org/10.1111/j.1744-7348.2008.00280.x

Serafini TZ, França GB, Andriguetto-Filho JM (2010) Ilhas Oceânicas brasileiras: biodiver-
sidade conhecida e sua relação com o histórico de uso e ocupação humana. Journal of 
Integrated Coastal Zone Management 10(3): 281–301. https://doi.org/10.5894/rgci178

Soto JMR (2001) Peixes do arquipélago de Fernando de Noronha. Mare Magnum 1: 147–169. 
https://www.univali.br/institucional/museu-oceanografico-univali/mare-magnum/volu-
me-1-numero-2/Documents/maremagnum14.pdf

Soto JMR (2009) Ações antrópicas negativas nas ilhas oceânicas brasileiras. In: Mohr LV, Cas-
tro JWA, Costa PMS, Alves RJV (Eds) Ilhas oceânicas brasileiras: da pesquisa ao manejo. 
Ministério do Meio Ambiente, Brasília, 330-347.

Tamura K, Peterson D, Peterson N, Stecher G, Nei M, Kumar S (2011) Mega5: Molecular 
evolutionary genetics analysis using maximum likelihood, evolutionary distance, and ma-
ximum parsimony methods. Molecular biology and evolution 28(10): 2731–2729. https://
doi.org/10.1093/molbev/msr121

Thibault RE, Schultz RJ (1978) Reproductive adaptations among viviparous fishes. (Cyprino-
dontiformes: Poeciliidae). Evolution 32: 320–333. https://doi.org/10.2307/2407600

https://doi.org/10.1111/jbi.12416
https://doi.org/10.1111/jbi.12416
https://doi.org/10.1016/j.dsr.2004.09.001
https://doi.org/10.1111/j.1467-2960.2004.00138.x
https://doi.org/10.1111/j.1365-2699.2006.01589.x
https://doi.org/10.1111/j.1365-2699.2006.01589.x
https://doi.org/10.1038/nature04386
https://doi.org/10.1186/1471-2156-14-20
https://doi.org/10.1186/1471-2156-14-20
https://doi.org/10.1093/bioinformatics/14.9.817
http://beast.bio.ed.ac.uk/Tracer
http://beast.bio.ed.ac.uk/Tracer
https://doi.org/10.5281/zenodo.274675
https://doi.org/10.1111/j.1744-7348.2008.00280.x
https://doi.org/10.5894/rgci178
https://www.univali.br/institucional/museu-oceanografico-univali/mare-magnum/volume-1-numero-2/Documents/maremagnum14.pdf
https://www.univali.br/institucional/museu-oceanografico-univali/mare-magnum/volume-1-numero-2/Documents/maremagnum14.pdf
https://doi.org/10.1093/molbev/msr121
https://doi.org/10.1093/molbev/msr121
https://doi.org/10.2307/2407600


Waldir Miron Berbel-Filho et al.  /  ZooKeys 746: 91–104 (2018)104

Thiel M, Gutow L (2005) The ecology of rafting in the marine environment. II. The rafting 
organisms and community. Oceanography and Marine Biology 43: 279–418. https://doi.
org/10.1201/9781420037449.ch7

Tornabene L, Baldwin CC, Weigt LA, Pezold F (2010) Exploring the diversity of western At-
lantic Bathygobius (Teleostei: Gobiidae) using mitochondrial cytochrome c oxidase-I, with 
descriptions of two new species. Aqua 16: 141–170.

Walter RP, Hogan JD, Blum MJ, Gagne RB, Hain EF, Gilliam JF, McIntyre PB (2012) Climate 
change and conservation of endemic amphidromous fishes in Hawaiian streams. Endan-
gered Species Research 16: 261–272. https://doi.org/10.3354/esr00404

https://doi.org/10.1201/9781420037449.ch7
https://doi.org/10.1201/9781420037449.ch7
https://doi.org/10.3354/esr00404

	Poecilia vivipara Bloch & Schneider, 1801 (Cyprinodontiformes, Poeciliidae), a guppy in an oceanic archipelago: from where did it come?
	Abstract
	Introduction
	Materials and methods
	Results
	Discussion
	Conclusions
	Acknowledgements
	References

