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The muzzled blenny Omobranchus punctatus (Valenciennes, 1836) is a
coastal, brackish fish that can be naturally found near river mouths or
mangroves, in tidal pools and inhabiting the interstices of rock sub-
strates (Ismail & Clayton, 1990; Springer & Gomon, 1975). It is consid-
ered native to the Indo-Pacific region, stretching from the Persian
Gulf to South-East Asia, Japan, northern Australia and the Fiji Islands
(Chargulaf et al., 2011; Springer & Gomon, 1975).

Springer and Gomon (1975) documented the first record of
O. punctatus outside its natural range in 1930, on the West coast of

Trinidad (Gulf of Paria), based on Fowler's (1931) taxonomic work.

Oscar M. Lasso-Alcala®

| Raquel Xavier? | Michael J. Jowers?

In this study we sequenced two mitochondrial (COI and 16S rRNA) and one nuclear
(18S rRNA) gene fragment of an introduced muzzled blenny (Omobranchus punctatus)
specimen collected from the Orinoco Delta (Gulf of Paria estuary) in Venezuela. This
is the first genetic data generated for this species' introduced range in Central and

South America, suggesting an introduction from the Indian Ocean.

ballast water, biofouling, Caribbean, DNA barcoding, exotic fish, introduction pattern

Since then, the species has been recorded from several localities of
the Atlantic Coast of Central and South America (Figure 1), including
Panama, Colombia, Venezuela, and other localities in Trinidad and
Brazil (Cervigdn, 1966; Contente et al., 2015; Costa et al., 2011; Gar-
zén-Ferreira, 1989; Gerhardinger et al., 2006; Lasso et al., 2004;
Lasso-Alcald et al., 2011; Loebmann et al., 2010; Springer & Gomon,
1975; Vilar et al, 2011; Williams, 2002). Additionally, it has been
found in the eastern coast of Africa (Fricke et al., 2018; Lasso-Alcala
et al., 2011; Maugé, 1967; Springer & Gomon, 1975), in the Suez
Canal (Bath, 1980), the Mediterranean Sea (Golani, 2004; Psomadakis
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FIGURE 1
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Bayesian consensus tree based on the Omobranchus punctatus sequenced individual (in bold black) and GenBank samples. The

tree was rooted with O. woodi. Bayesian posterior probabilities are represented by colour and node size and values by nodes correspond to
bootstrap support given by the maximum likelihood analyses. The red circle in the map represents the locality where this specimen was
collected. Yellow circles correspond to localities where the species was previously recorded (see Lasso-Alcala et al., 2011 for full detailed

distribution)

et al., 2012) and in the Red Sea (Bogorodsky & Randall, 2018; Golani &
Bogorodsky, 2010; Golani & Fricke, 2018).

In its introduced range, O. punctatus has been frequently found
associated with fouling communities of artificial structures such as
boats and aquaculture fish cages, but also inhabiting natural sub-
strates (under rocks in tidal pools), most of them located near major
ports and seaways (Contente et al., 2015; Gerhardinger et al., 2006;
Golani, 2004; Lasso et al., 2004; Lasso-Alcala et al., 2011; Loebmann
et al., 2010; Soares et al., 2011).

Therefore, biofouling and ballast water have been identified as
the most likely vectors responsible for the introduction and dispersion
of this species (Contente et al., 2015; Gerhardinger et al., 2006;
Golani, 2004; Lasso-Alcala et al., 2011; Springer & Gomon, 1975). In
this sense, the ever-increasing magnitude and efficiency of global mar-
itime trade together with the high tolerance of O. punctatus to both a
wide range of salinity levels and adverse environmental conditions
(Contente et al., 2015; Gerhardinger et al., 2006; Lasso-Alcala et al.,
2004, 2008, 2011; Lasso-Alcald & Lasso, 2011), suggest possible
future introductions of this species to new regions (Briggs, 2012;
Wonham et al., 2000).

Molecular data, and especially DNA barcoding, have been recog-
nized as a powerful and simple tool for identifying and monitoring
nonindigenous species (Comtet et al.,, 2015; Darling & Blum, 2007;
Hebert et al., 2003; Rius et al., 2015), including fishes (Almeida et al.,
2018; Barman et al., 2018; Collins et al., 2013). In this sense, molecular
data has not only been used for early detection of such species
(Almeida et al., 2018; Comtet et al., 2015) but also to provide crucial
insights into their patterns of introduction (Comtet et al., 2015; Rius
et al., 2015). Although there is some molecular data available on
O. punctatus inside its native region, to date there are no sequences
available for the species in its introduced range. In the present study,
one individual collected from a rocky beach at Pedernales (Orinoco
Delta - Gulf of Paria, Venezuela) (Figure 1) was barcoded by sequenc-
ing two mitochondrial [cytochrome c oxidase subunit | (COIl) and
16 ribosomal RNA (16S rRNA)] and one nuclear [18S ribosomal RNA
(18S rRNA)] gene fragment. The individual was collected as a part of a
faunal survey with ethical guidelines as described in Lasso et al.
(2004). Specifically, this fish specimen is deposited in the fish collec-
tion of the Museo de Historia Natural La Salle (MHNLS 17220), in
Caracas, Venezuela; and it was collected as a part of the Project
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TA B,If E1  Primers an(.j.PCI.Q Primer Sequence (5’-3') Source PCR conditions
conditions used for amplification of
Omobranchus punctatus individual from col
Orinoco Delta - Gulf of Paria (Venezuela) VF2_t1 TGTAAAACGACGGCCAGTCAACCAA Ivanova  94°C (1'); [x5] 94°C (30"),
CCACAAAGACATTGGCAC etal, 50°C (40"), 72°C (1'); [x35]
FishF2_t1  TGTAAAACGACGGCCAGTCGACTA (2007)  94°C(307), 54°C (407,
ATCATAAAGATATCGGCAC 72°C(1); 72°C (10)
FishR2_t1  CAGGAAACAGCTATGACACTTCAGGG
TGACCGAAGAATCAGAA
FR1d_tl  CAGGAAACAGCTATGACACCTCAGGG
TGTCCGAARAAYCARAA
165 rRNA
16Sar-L CGCCTGTTTATCAAAAACAT Palumbi  94°C (4'); [x40] 94°C (45"),
165br-H  CCGGTCTGAACTCAGATCACGT etal, 52°C(507), 72°C (1); 72°C
(1991) (109
185 rRNA
SSU 3F CACCGCCCGTCGCTACTACCG Jarman  94°C (4); [x40] 94°C (20",
SSU 3R GGTTCACCTACGGAAACCTTGTTACG etal, 58°C (1), 72°C (2, 72°C
(2013) (109

Biological Assessment and Socio Economical Aspects of the Aquatic
Ecosystems of the Gulf of Paria and Orinoco Delta, Venezuela, under
the Program AquaRAP (2002-2004). The care and use of experimen-
tal animals complied with Venezuelan animal welfare laws, guidelines
and policies as approved by the Instituto Nacional de Pesca y
Acuicultura (2002). The specimen was collected with a hand net and,
after tissue collection, it was fixed in a 10% formaldehyde solution.
No surgical procedures were performed, and no procedures that
cause lasting harm to the fish were carried out (see page 216 in Lasso
et al., 2004 for additional sampling information).

Whole-genomic DNA was extracted from a small amount of mus-
cle tissue using the PureLink Genomic DNA Mini Kit (Invitrogen, Pais-
ley, UK), according to the manufacturer's protocol. Primers for
amplification and PCR conditions are listed in Table 1. Mitochondrial
COI gene was amplified using a M13-tailed cocktail of universal fish
primers (Ilvanova et al. 2007). PCR product purification and sequenc-
ing were outsourced to a commercial company (GENEWIZ, Leipzig,
Germany).

The obtained sequences were checked and edited using
Sequencher v5.4.6 (Gene Codes Corporation, Ann Arbor, MI, USA),
and thereafter submitted to GenBank [accession numbers MN907119
(COI), MN901493 (16S) and MN901496 (18S)]. Species-level identifi-
cation was performed using GenBank's BLASTn search (Altschul et al.,
1990). Because 16S and 18S rRNA sequences are not available in
GenBank for this species, only the mitochondrial COI sequence was
used for phylogenetic analyses. Such analyses were performed
using all other available COI sequences from O. punctatus in GenBank
(@l of them from its native range; accession numbers
MG210393-MG210396, KY315353, KY315359, KY315361 and
KY315364). In addition, three sequences of the closely related species
O. woodi (Gilchrist & Thompson, 1908) (accession numbers HQ561537,
HQ561538 and JF494019) were selected as the outgroup.

All COI sequences were aligned using MUSCLE (Edgar, 2004) as
implemented in MEGA X (Kumar et al., 2018), and trimmed to a length
of 602 bp for the final alignment. Phylogenetic analysis were con-
ducted using Bayesian inference (Bl) in MrBayes v3.2.6 (Ronquist
et al, 2012) and maximum likelihood (ML) in Garli v2.0.1 (Zwickl,
2006). Data partitioning by codon was applied to minimize saturation
effects of codon positions and to account for different rates of evolu-
tion of each one. Partition Finder v2.1.1 (Lanfear et al., 2016) was
used to estimate the best-fit model of sequence evolution for the
dataset, according to the Akaike Information Criterion (Akaike, 1974).
The following models were applied to COI partitions: SYM (1st posi-
tion), F81 (2nd position) and HKY (3rd position). For the Bl analysis,
two independent runs (each with four chains for 2 x 107 generations)
were performed. Trees and parameters were sampled every 1000
generations, with the heating parameter set to 0.25. Stationarity was
reached when the average standard deviation of the split frequencies
was lower than 0.01. A majority-rule consensus tree was estimated
combining results from both analyses, after discarding 25% of the
total samples as burn-in. ML analysis was performed using 10 indepen-
dent searches and 1000 bootstrap replicates. The convergence
between tree topologies was confirmed by examining log likelihood
values across searches. The SumTrees command from the package
DendroPy (Sukumaran & Holder, 2010) was used to summarize non-
parametric bootstrap support values for the best tree after generating
a majority-rule consensus tree. The consensus tree inferred for each
phylogenetic approach was visualized and rooted using FigTree v1.4.3
(Rambaut, 2017).

The highest similarity from the BLAST search (99.17%) matched a
sequence of O. punctatus from Trang Province off the Thailand coast
in the Andaman Sea (accession number MG210393, Gibbs et al.,
2018). Accordingly, phylogenetic reconstructions supported the initial
species-level assignment (Figure 1), with sequences from O. punctatus
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retrieved as monophyletic and grouped into two well-supported cla-
des: one containing O. punctatus sequenced from Taiwan, China and
the Gulf of Thailand, and the other containing the sequence from
Trang Province and the one generated in the present study (Figure 1).
Genetic divergence between both clades was high (minimum 3.5%
and a minimum of 25 substitutions). However, genetic divergence
between our sample and that from Trang Province (Andaman Sea -
Thailand, MG210393) was only 0.3% (two substitutions). Although
molecular data are still scarce, the geographic distribution of these
two clades suggests a phylogeographic break separating populations
located east of the Thai-Malay Peninsula, from those located to the
West of the peninsula (Gibbs et al., 2018). Indeed, a major biogeo-
graphic break for several marine taxa, including fishes, is roughly
located in that region (the Sundra Shelf Barrier, SSB) (reviewed in
Rocha et al., 2007), and could be the reason for the observed
phylogeographic division.

Based on the available genetic data, we suggest that source
populations of O. punctatus in the Orinoco Delta-Gulf of Paria
(Venezuela) could originate west from the SSB. This corroborates the
morphological affinity found between the Caribbean populations and
Western Thailand (Springer & Gomon, 1975). According to these
authors, O. punctatus could have been introduced into Trinidad by
accidental transfer on slave boats from the Bay of Bengal (Madras or,
most probably, Calcutta region) (Springer & Gomon, 1975). Later,
Lasso-Alcald et al. (2008) confirmed morphological similarities
between Venezuelan specimens and those from Springer and Gomon
(1975). Therefore this species could have spread from Trinidad,
through ballast water or biofouling, to Venezuela, Colombia and the
Atlantic entrance of the Panama Canal (Golani, 2004; Lasso-Alcala
et al., 2011; Springer & Gomon, 1975).

However, further molecular studies including both native (espe-
cially India) and other non-native populations from the Atlantic Coast
of Central and South America are needed to shed light on the possible
introduction routes of O. punctatus. In addition, further studies focus-
ing on species biology, population dynamics and behaviour are impor-
tant to understand if this species represents a risk for native
populations, providing useful information for the effective manage-

ment of this introduced species.

ACKNOWLEDGEMENTS

We thank Carlos A. Lasso (Fundacién La Salle de Ciencias Naturales,
Venezuela) for coordinating the Project Biological Assessment and
Socio Economical Aspects of the Aquatic Ecosystems of the Gulf of
Paria and Orinoco Delta, Venezuela (2002-2003) of the Program
AquaRAP. This work was conducted in accordance with national and
international guidelines concerning the use of animals in research
under a permit approved by the Instituto Nacional de Pesca y
Acuicultura, INAPESCA, 2002 (Venezuela).

AUTHOR CONTRIBUTIONS
O.L-A. and M.J.J. conceived and designed the analysis. O.L-A. col-
lected the Omobranchus sample. M.P.C. carried out all the molecular

work and performed all molecular analyses under the supervision of

R.X. M.P.C. took the lead in writing the manuscript with input from all
authors. Finally, all authors discussed the results and contributed to

the final manuscript.

ORCID

M. Pilar Cabezas "~ https://orcid.org/0000-0003-3026-9281

REFERENCES

Akaike, H. (1974). A new look at the statistical model identification. IEEE
Transactions on Automatic Control, 19(6), 716-723. https://doi.org/10.
1109/TAC.1974.1100705.

Almeida, F. S., Frantine-Silva, W., Lima, S. C, Garcia, D. A. Z.,, &
Orsi, M. L. (2018). DNA barcoding as a useful tool for identifying
non-native species of freshwater ichthyoplankton in the neotropics.
Hydrobiologia, 817, 111-119. https://doi.org/10.1007/s10750-017-
3443-5.

Altschul, S. F., Gish, W., Miller, W., Myers, E. W., & Lipman, D. J.
(1990). Basic local alignment search tool. Journal of Molecular Biol-
ogy, 215(3), 403-410. https://doi.org/10.1016/50022-2836(05)
80360-2.

Barman, A. S., Singh, M., Singh, S. K., Saha, H., Singh, Y. J., Laishram, M., &
Pandey, P. K. (2018). DNA barcoding of freshwater fishes of Indo-
Myanmar biodiversity hotspot. Scientific Reports, 8(1), 8579. https://
doi.org/10.1038/s41598-018-26976-3.

Bath, H. (1980). Omobranchus punctatus (Valenciennes 1836) neu im Suez-
Kanal (Pisces: Blenniidae). Senckenberiana Biologia, 60, 317-319.

Bogorodsky, S. V., & Randall, J. E. (2018). Endemic fishes of the Red Sea.
In N. M. A. Rasul & I. C. F. Stewart (Eds.), Oceanographic and biological
aspects of the Red Sea (pp. 239-265). Cham: Springer International
Publishing.

Briggs, J. C. (2012). Marine species invasions in estuaries and harbors.
Marine Ecology Progress Series, 449, 297-302. https://doi.org/10.
3354/meps09553.

Cervigon, F. (1966). Los peces marinos de Venezuela (Primera Edicién). Cara-
cas, Venezuela: Fundacion La Salle de Ciencias Naturales.

Chargulaf, C. A, Townsend, K. A, & Tibbetts, I. R. (2011). Community
structure of soft sediment pool fishes in Moreton Bay, Australia. Jour-
nal of Fish Biology, 78(2), 479-494. https://doi.org/10.1111/j.1095-
8649.2010.02866.x.

Collins, R. A., Armstrong, K. F., Holyoake, A. J., & Keeling, S. (2013). Some-
thing in the water: biosecurity monitoring of ornamental fish imports
using environmental DNA. Biological Invasions, 15(6), 1209-1215.
https://doi.org/10.1007/s10530-012-0376-9.

Comtet, T., Sandionigi, A., Viard, F., & Casiraghi, M. (2015). DNA (meta)
barcoding of biological invasions: a powerful tool to elucidate invasion
processes and help managing aliens. Biological Invasions, 17(3),
905-922. https://doi.org/10.1007/510530-015-0854-y.

Contente, R. F., Brenha-Nunes, M. R, Siliprandi, C. C,, Lamas, R. A, &
Conversani, V. R. M. (2015). Occurrence of the non-indigenous
Omobranchus punctatus (Blenniidae) on the Sao Paulo coast, South-
Eastern Brazil. Marine Biodiversity Records, 8, e73. https://doi.org/10.
1017/5175526721500055X.

Costa, M. D., Souza-Conceicao, J., Schwingel, P. R., & Spach, H. L. (2011).
Assessment of larval distribution of invasive Omobranchus punctatus
(Valenciennes, 1836) (Pisces: Blenniidae) in a subtropical estuary
(Southern Brazil). Aquatic Invasions, 6(Supplement 1), S33-S38.
https://doi.org/10.3391/ai.2011.6.51.008.

Darling, J. A., & Blum, M. J. (2007). DNA-based methods for monitoring
invasive species: a review and prospectus. Biological Invasions, 9(7),
751-765. https://doi.org/10.1007/510530-006-9079-4.

Edgar, R. C. (2004). MUSCLE: multiple sequence alignment with high accu-
racy and high throughput. Nucleic Acids Research, 32(5), 1792-1797.
https://doi.org/10.1093/nar/gkh340.


https://orcid.org/0000-0003-3026-9281
https://orcid.org/0000-0003-3026-9281
https://doi.org/10.1109/TAC.1974.1100705
https://doi.org/10.1109/TAC.1974.1100705
https://doi.org/10.1007/s10750-017-3443-5
https://doi.org/10.1007/s10750-017-3443-5
https://doi.org/10.1016/S0022-2836(05)80360-2
https://doi.org/10.1016/S0022-2836(05)80360-2
https://doi.org/10.1038/s41598-018-26976-3
https://doi.org/10.1038/s41598-018-26976-3
https://doi.org/10.3354/meps09553
https://doi.org/10.3354/meps09553
https://doi.org/10.1111/j.1095-8649.2010.02866.x
https://doi.org/10.1111/j.1095-8649.2010.02866.x
https://doi.org/10.1007/s10530-012-0376-9
https://doi.org/10.1007/s10530-015-0854-y
https://doi.org/10.1017/S175526721500055X
https://doi.org/10.1017/S175526721500055X
https://doi.org/10.3391/ai.2011.6.S1.008
https://doi.org/10.1007/s10530-006-9079-4
https://doi.org/10.1093/nar/gkh340

CABEZAS ET AL

Fowler, H. (1931). Fishes obtained by the Barber Asphalt Company in Trin-
idad and Venezuela in 1930. Proceedings of the Academy of Natural Sci-
ences of Philadelphia, 83, 391-410.

Fricke, R., Mahafina, J., Behivoke, F., Joanalison, H., Léopold, M., &
Ponton, D. (2018). Annotated checklist of the fishes of Madagascar,
southwestern Indian Ocean, with 158 new records. FishTaxa: Journal
of Fish Taxonomy, 3(1), 1-432.

Garzén-Ferreira, J. (1989). Contribucion al conocimiento de la ictiofauna
de la bahia de Porterte, Departamento de La Guajira, Colombia.
Triaena, 3, 149-172.

Gerhardinger, L. C., Freitas, M. O., Andrade, A B, & Rangel, C. A. (2006).
Omobranchus punctatus (Teleostei: Blenniidae), an Exotic Blenny in the
Southwestern Atlantic. Biological Invasions, 8(4), 941-946. https://doi.
org/10.1007/s10530-005-5104-2.

Gibbs, S., Hundt, P. J., Nelson, A, Egan, J. P., Tongnunui, P., &
Simons, A. M. (2018). Systematics of the combtooth blenny clade
Omobranchus (Blenniidae: Omobranchini), with notes on early life his-
tory stages. Zootaxa, 4369(2), 270-280. https://doi.org/10.11646/
zootaxa.4369.2.7.

Gilchrist, J. D. F., Thompson, W. W. (1908). The Blenniidae of
South Africa. Annals of the South African Museum, 6, 97-143. https://
doi.org/10.5962/bhl.part.15554.

Golani, D. (2004). First record of the muzzled blenny (Osteichthyes:
Blenniidae: Omobranchus punctatus) from the Mediterranean, with
remarks on ship-mediated fish introduction. Journal of the Marine Bio-
logical Association of the United Kingdom, 84(4), 851-852. https://doi.
org/10.1017/50025315404010057h.

Golani, D., & Bogorodsky, S. V. (2010). The fishes of the Red Sea—
Reappraisal and updated checklist. Zootaxa, 2463(1), 1-135. https://
doi.org/10.11646/zootaxa.2463.1.1.

Golani, D., & Fricke, R. (2018). Checklist of the Red Sea fishes with delin-
eation of the Gulf of Suez, Gulf of Agaba, endemism and Lessepsian
migrants. Zootaxa, 4509(1), 1-215. https://doi.org/10.11646/zootaxa.
4509.1.1.

Hebert, P. D., Cywinska, A,, Ball, S. L., & deWaard, J. R. (2003). Biological
identifications through DNA barcodes. Proceedings of the Royal Society
B: Biological Sciences, 270(1512), 313-321. https://doi.org/10.1098/
rspb.2002.2218.

Ismail, W. A, & Clayton, D. A. (1990). Biology of Omobranchus punctatus
(Blenniidae) on rocky shores in Kuwait. Cybium, 14(4), 285-293.

Ivanova, N. V., Zemlak, T. S., Hanner, R. H., & Hebert, P. D. N. (2007). Uni-
versal primer cocktails for fish DNA barcoding. Molecular Ecology
Notes, 7(4), 544-548. https://doi.org/10.1111/j.1471-8286.2007.
01748.x.

Jarman, S. N., Mclnnes, J. C,, Faux, C., Polanowski, A. M., Marthick, J.,
Deagle, B. E., ... Emmerson, L. (2013). Adélie penguin population diet
monitoring by analysis of food DNA in scats. PLoS One, 8(12), e82227.
https://doi.org/10.1371/journal.pone.0082227.

Kumar, S., Stecher, G,, Li, M., Knyaz, C., & Tamura, K. (2018). MEGA X:
molecular evolutionary genetics analysis across computing platforms.
Molecular Biology and Evolution, 35(6), 1547-1549. https://doi.org/10.
1093/molbev/msy096.

Lanfear, R., Frandsen, P. B., Wright, A. M., Senfeld, T., & Calcott, B. (2016).
PartitionFinder 2: New methods for selecting partitioned models of
evolution for molecular and morphological phylogenetic analyses. Mol
Biol Evol, 34, 772-773.

Lasso, C. A,, Lasso-Alcald, O. M., Pombo, C., & Smith, M. (2004). Ictiofauna
de las aguas estuarinas del delta del rio Orinoco (cafios Pedernales,
Manamo, Manamito) y golfo de Paria (rio Guanipa): Diversidad, dis-
tribucién, amenazas y criterios para su conservacion. In C. A. Lasso,
L. Alonso, G. Love, & A. Flores (Eds.), Biological assessment and socio
economical aspects of the aquatic ecosystems of the Gulf of Paria and
Orinoco Delta, Venezuela (Vol. (Vol. 37). Washington, D.C.: RAP Bulletin
of Biological Assessment.

-~ FISHBIOLOGY ko @ Nl

Lasso-Alcala, O., & Lasso, C. (2011). Blenio hocicudo: Omobranchus
punctatus. In C. Lasso & P. Sanchez-Duarte (Eds.), Los peces del delta de
Orinoco: Diversidad, bioecologia, uso y conservacién (p. 500). Venezuela,
Caracas: Fundacidn La Salle de Ciencias Naturales y Chevron C.A.

Lasso-Alcala, O., Lasso, C. A., & Posada, J. (2008). Especies exdticas en el
Mar Caribe: Introduccién de Omobranchus punctatus (Valenciennes,
1836) (Perciformes, Blennidae) en las Costas de Venezuela. In Proceed-
ings of the Sixty First Annual Gulf and Caribbean Fisheries Institute. Gulf
and Caribbean Fisheries Institute (pp. 391-395). Gosier, Guadaloupe,
France: Gulf and Caribbean Fisheries Institute.

Lasso-Alcala, O., Nunes, J. L. S., Lasso, C., Posada, J., Robertson, R,
Piorski, N. M., ... Gondolo, G. (2011). Invasion of the Indo-Pacific
blenny Omobranchus punctatus (Perciformes: Blenniidae) on the Atlan-
tic Coast of Central and South America. Neotropical Ichthyology, 9(3),
571-578. https://doi.org/10.1590/51679-62252011000300010.

Loebmann, D., Mai, A. C. G, & Lee, J. T. (2010). The invasion of five alien
species in the Delta do Parnaiba environmental protection area,
Northeastern Brazil. Revista de Biologia Tropical, 58(3), 909-923.
https://doi.org/10.15517/rbt.v58i2.5254.

Maugé, A. L. (1967). Contribution préliminaire a l'inventaire ichtyologique
de la région de Tuléar. Annales de la Faculté des Sciences, Université de
Madagascar, 5, 215-246.

Palumbi, S. R., Martin, A, Romano, S., McMillan, W. V., Stice, L., &
Grabowski, G. (1991). The simple fool's guide to PCR. version 2.0. Hono-
lulu: University of Hawaii, Honolulu.

Psomadakis, P. N., Giustino, S., & Vacchi, M. (2012). 2012. Mediterranean fish
biodiversity: an updated inventory with focus on the Ligurian and Tyrrhenian
seas., 3263(1), 1-46. https://doi.org/10.11646/zootaxa.3263.1.1.

Rambaut, A. (2017). FigTree-version 1.4.3, a graphical viewer of phylogenetic
trees. Retrieved from http://tree.bio.ed.ac.uk/software/figtree

Rius, M., Turon, X., Bernardi, G., Volckaert, F. A. M., & Viard, F. (2015).
Marine invasion genetics: from spatio-temporal patterns to evolution-
ary outcomes. Biological Invasions, 17(3), 869-885. https://doi.org/10.
1007/510530-014-0792-0.

Rocha, L. A, Craig, M. T., & Bowen, B. W. (2007). Phylogeography and the
conservation of coral reef fishes. Coral Reefs, 26(3), 501-512. https://
doi.org/10.1007/s00338-007-0261-7.

Ronquist, F., Teslenko, M., van der Mark, P., Ayres, D. L., Darling, A.,
Hoéhna, S., ... Huelsenbeck, J. P. (2012). MrBayes 3.2: efficient Bayes-
ian phylogenetic inference and model choice across a large model
space. Systematic Biology, 61(3), 539-542. https://doi.org/10.1093/
sysbio/sys029.

Soares, B. E., Raiol, R. D. O., & Montag, L. F. (2011). Occurrence of the
non-native blenny Omobranchus punctatus (Valenciennes, 1836)
(Perciformes: Blenniidae) in the Amazon coastal zone, Brazil. Aquatic
Invasions, é(Supplement 1), S39-S43. https://doi.org/10.3391/ai.
2011.6.51.009.

Springer, V. G., & Gomon, M. F. (1975). Revision of the blenniid fish genus
Omobranchus, with descriptions of three new species and notes on
other species of the tribe Omobranchini. Smithsonian Contributions to
Zoology, 177, 1-135. https://doi.org/10.5479/si.00810282.177.

Sukumaran, J., & Holder, M. T. (2010). DendroPy: a python library for phy-
logenetic computing. Bioinformatics, 26(12), 1569-1571. https://doi.
org/10.1093/bioinformatics/btq228.

Vilar, C. C., Spach, H. L., & Santos, L. D. O. (2011). Fish fauna of Baia da
Babitonga (southern Brazil), with remarks on species abundance,
ontogenic stage and conservation status. Zootaxa, 2734, 40-52.
https://doi.org/10.11646/zootaxa.2734.1.3.

Williams, J. T. (2002). Blenniidae. Combtooth blennies. In K. E. Carpenter
(Ed.), FAO species identification guide for fishery purposes. The living
marine resources of the Western Central Atlantic. Vol. 3: Bony fishes part
2 (Opistognathidae to Molidae), sea turtles and marine mammals
(pp. 1768-1772). Rome: Food and agriculture organization of the
United Nations (FAO).


https://doi.org/10.1007/s10530-005-5104-2
https://doi.org/10.1007/s10530-005-5104-2
https://doi.org/10.11646/zootaxa.4369.2.7
https://doi.org/10.11646/zootaxa.4369.2.7
https://doi.org/10.5962/bhl.part.15554
https://doi.org/10.5962/bhl.part.15554
https://doi.org/10.1017/S0025315404010057h
https://doi.org/10.1017/S0025315404010057h
https://doi.org/10.11646/zootaxa.2463.1.1
https://doi.org/10.11646/zootaxa.2463.1.1
https://doi.org/10.11646/zootaxa.4509.1.1
https://doi.org/10.11646/zootaxa.4509.1.1
https://doi.org/10.1098/rspb.2002.2218
https://doi.org/10.1098/rspb.2002.2218
https://doi.org/10.1111/j.1471-8286.2007.01748.x
https://doi.org/10.1111/j.1471-8286.2007.01748.x
https://doi.org/10.1371/journal.pone.0082227
https://doi.org/10.1093/molbev/msy096
https://doi.org/10.1093/molbev/msy096
https://doi.org/10.1590/S1679-62252011000300010
https://doi.org/10.15517/rbt.v58i2.5254
https://doi.org/10.11646/zootaxa.3263.1.1
http://tree.bio.ed.ac.uk/software/figtree
https://doi.org/10.1007/s10530-014-0792-0
https://doi.org/10.1007/s10530-014-0792-0
https://doi.org/10.1007/s00338-007-0261-7
https://doi.org/10.1007/s00338-007-0261-7
https://doi.org/10.1093/sysbio/sys029
https://doi.org/10.1093/sysbio/sys029
https://doi.org/10.3391/ai.2011.6.S1.009
https://doi.org/10.3391/ai.2011.6.S1.009
https://doi.org/10.5479/si.00810282.177
https://doi.org/10.1093/bioinformatics/btq228
https://doi.org/10.1093/bioinformatics/btq228
https://doi.org/10.11646/zootaxa.2734.1.3

BN ... FISHBIOLOGY @

CABEZAS ET AL.

Wonham, M. J., Carlton, J. T., Ruiz, G. M., & Smith, L. D. (2000). Fish and
ships: relating dispersal frequency to success in biological invasions.
Marine  Biology, 136(6), 1111-1121. https://doi.org/10.1007/
s002270000303.

Zwickl, D. J. (2006). Genetic algorithm approaches for the phylogenetic anal-
ysis of large biological sequence datasets under the maximum likelihood
criterion. Austin, TX: The University of Texas.

How to cite this article: Cabezas MP, Lasso-Alcala OM,
Xavier R, Jowers MJ. First genetic record of the non-native
muzzled blenny Omobranchus punctatus (Teleostei: Blenniidae)
in the Atlantic Coast of Central and South America. J Fish Biol.
2020;96:841-846. https://doi.org/10.1111/jfb.14268



https://doi.org/10.1007/s002270000303
https://doi.org/10.1007/s002270000303
https://doi.org/10.1111/jfb.14268

	First genetic record of the non-native muzzled blenny Omobranchus punctatus (Teleostei: Blenniidae) in the Atlantic Coast o...
	ACKNOWLEDGEMENTS
	  AUTHOR CONTRIBUTIONS
	REFERENCES


