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RESUMO

CAIXETA, Heloisa D.C. DNA barcoding de peixes de mar profundo (Actinopterygii:
Teleostei) do Atlantico Ocidental. 2023. 138 f. Dissertacdo (Mestrado) — Instituto
Oceanogréfico, Universidade de Sao Paulo, S&o Paulo, 2023.

O oceano profundo é o maior e mais extremo ecossistema da Terra, e abriga aproximadamente
15% de todas as espécies de peixes que possuem uma variedade de adaptacbes as condigdes
extremas de luminosidade incipiente ou ausente, altissima pressdo hidrostatica, zonas de
minimo oxigénio e baixas temperaturas, dentre outros fatores bioticos e abiéticos. A dificuldade
para obtencdo de amostras faz com que existam grandes lacunas geogréficas de conhecimento
e diversos grupos ainda séo carentes de estudos taxondmicos mais robustos. Durante o projeto
DEEP-OCEAN, foram realizados dois cruzeiros oceanograficos a bordo do N/Oc Alpha Crucis
para coletar peixes de oceano profundo entre 250 e 1.520 m, no talude continental do Sul e
Sudeste do Brasil. Foram coletados 1.400 amostras de tecido para analise molecular de peixes-
0sseos (Actinopterygii). Desta forma, tornou-se possivel a utilizacdo da ferramenta molecular
de DNA barcoding para a identificacdo das espécies de peixes de oceano profundo do Atlantico
Sul Ocidental. A extracdo do DNA foi feita utilizando Kits de extracdo e fragmentos do gene
citocromo c oxidase | foram amplificados utilizando primers universais. Os produtos foram
sequenciados bidirecionalmente, e as sequéncias foram comparadas com sequéncias
disponiveis em bancos de dados digitais, confrontando a identificacdo morfoldgica realizada
em laboratdrio. Arvores filogenéticas de maéxima verossimilhanca e bayesianas foram
construidas utilizando os softwares RAXML e MrBayes, respectivamente. Para acessar a
diversidade de peixes de oceano profundo na regido foram calculadas a riqueza de espécies e a
diversidade filogenética alpha e beta entre os estratos de profundidade. Foram geradas 144
sequéncias de 82 espécies pertencentes a 41 familias e 18 ordens, sendo uma espécie incertae
sedis in Epercaria. Os resultados contribuiram para as primeiras sequéncias disponiveis de 15
espeécies; para o Atlantico Sudoeste de 29 espécies, Atlantico Sul de 16 espécies e para 0
Atlantico as primeiras sequéncias de 12 espécies. Foi identificada uma nova espécie de
Polymixia (Polymixiidae: Polymixiiformes) apresentada aqui, além de trés possiveis novas
espécies dos géneros Bassozetus (Ophidiidae: Ophidiiformes), Aristostomias e Photonectes
(Stomiidae: Stomiiformes) que estdo sob investigacdo. Adicionalmente, foi realizado os
primeiros registros de ocorréncia de Coryphaenoides subserrulatus Makushok, 1976 na Zona

Econdmica Exclusiva brasileira e de Coryphaenoides striaturus Barnard, 1925 (Macrouridae:



Gadiformes) no Atlantico. Profundidades intermediarias apresentaram tanto uma alta riqueza
de espécies como uma alta diversidade filogenética, observadas por trés picos de diversidade
de acordo com o aumento da profundidade, sendo o primeiro em 400-500 m seguido de 700—
800 e 900-1,000 m. A maior diversidade de peixes foi encontrada em 900-1,000 m de
profundidade, composta principalmente por espécies pelagicas de Stomiiformes e
bentopelagicas de Gadiformes e Anguilliformes. O DNA barcoding revelou uma alta
diversidade de peixes de oceano profundo para o Atlantico Sudoeste, possiveis novas espécies
e sinonimias e novas ocorréncias; como também indicou uma alta diversidade filogenética em

torno de 1,000 m de profundidade.

Palavras—chave: citocromo c¢ oxidase |. diversidade de oceano profundo. taxonomia.

delimitacdo de espécies. Zona Econdmica Exclusiva Brasileira.



ABSTRACT

CAIXETA, Heloisa D.C. DNA barcoding of the western South Atlantic deep-sea fishes
(Actinopterygii: Teleostei). 2023. 138 p. Master’s thesis — Oceanographic Institute of
University of Sdo Paulo, Sao Paulo, 2023

The deep sea is the largest and most extreme ecosystem on Earth, and harbors approximately
15% of all fishes which have a variety of adaptations to extreme conditions of incipient or
absent light, high hydrostatic pressure, low temperatures, among other biotic and abiotic factors.
The difficulty to obtain samples makes there exist large geographical gaps and several groups
still lacking extensive taxonomic revisions. During the DEEP-OCEAN project, two
oceanographic cruises were conducted aboard the N/Oc Alpha Crucis to collect deep-sea fish
between 250 and 1,520 m on the continental slope of Southern and Southeastern Brazil,
including 1,400 tissue samples for molecular analysis of bony fish (Actinopterygii). Thus, it
became possible to use the molecular tool of DNA barcoding for the identification of deep-sea
fishes of the western South Atlantic. DNA extraction was performed using extraction kits and
fragments of the cytochrome c oxidase | gene were amplified using universal primers. The
products were sequenced bidirectionally, and the sequences were compared with sequences
available in digital databases, confronting the morphological identification performed in the
laboratory. Phylogenetic trees of maximum likelihood and bayesian were constructed using the
RAXML and MrBayes software, respectively. To access the diversity of deep-sea fishes in the
region were calculated the species richness, alpha and beta phylogenetic diversity between the
depth range. A total of 144 sequences of 82 species belonging to 41 families and 18 orders were
generated, including a species insertae sedis in Epercaria. The results contributed to the first
available sequences of 15 species, for the western South Atlantic of 29 species, South Atlantic
of 16 species and for the Atlantic the first sequences of 12 species. A new species of Polymixia
(Polymixiidae: Polymixiiformes) was identified, presented here, in addition to three putative
new species of the genera Bassozetus (Ophidiidae: Ophidiiformes), Aristostomias e
Photonectes (Stomiidae: Stomiiformes), under investigation. Additionally, the new occurrences
of Coryphaenoides subserrulatus Makushok, 1976 in the Brazilian Exclusive Economic Zone
and of Coryphaenoides striaturus Barnard, 1925 (Macrouridae: Gadiformes) in the Atlantic

were recorded. Intermediate depths presented both a high species richness and a high



phylogenetic diversity, observed by three peaks of diversity according to the increase in depth,
beiging with 400-500 m, followed by 700-800, and 900—1,000 m. The greatest diversity of fish
was found between 900-1,000 m deep, composed mainly by pelagic stomiiforms and the
benthopelagic gadiforms and anguilliforms. The DNA barcoding revealed a high diversity of
deep-sea fish for the western South Atlantic, possible new species and synonyms and new
occurrences; as well as indicated a high phylogenetic diversity around 1,000 m deep.

Keywords: citocromo c oxidase |. deep-sea diversity. taxonomy. species delimitation.

Brazilian Exclusive Economic Zone.



1. Introduction

Fishes are the most diversified group of vertebrates, including 36,584 valid species among
which 18,010 species, or 49% of the total, are marine (FRICKE; ESCHMEYER; FONG, 2023).
Although the number of marine fishes is remarkable, representing almost one half of the total
valid species, the diversity of marine fishes from the deep sea is still underestimated; especially
considering that most studies focus on shallow-water species, which are easier to collect and
more well represented in scientific collections (COSTELLO; CHAUDHARY, 2017,
ESCHMEYER et al., 2010). It is estimated that about 10% and 15% of the total fish diversity
inhabits the deep sea, including different most groups, such as the hagfishes (Myxini),
cartilaginous fishes (Chondrichthyes), bony fishes (Actinopterygii) and the coelacanths
(Sarcopterygii) (PRIEDE, 2017; WEITZMAN, 1997). In this context, the deepest record of
Actinopterygii is the scorpaeniform Pseudoliparis belyaevi Andriashev & Pitruk, 1993 found
in 8,336 m (JAMIESON et al., 2023).

The deep sea is the largest ecosystem on Earth and usually defined as oceanic waters, off
the break of the continental shelf, at depths greater than 200 m (RAMIREZ-LLODRA et al.,
2010; THISTLE, 2003). The deep-sea ecosystems can be divided into the pelagic and demersal
(or benthopelagic). The pelagic is divided into vertical zones according to light penetration and
hydrostatic pressure: the epipelagic zone, or photic zone, varies from 0 to 200 m; the
mesopelagic or twilight zone, from 200 m to 1,000 m; the bathypelagic zone, from 1,000 m to
3,500 m; the abyssopelagic zone, from 3,500 m to the ocean floor at about 5,000 m; and
hadalpelagic zone, in trenches that may reach up to 11,000 m. The benthopelagic ecosystems,
in turn, are distributed along a depth gradient that extends from the continental shelf (0-200 m),
through the continental slopes, rises and sea floor to the hadal zone (COLACO et al., 2017).
HAEDRICH; MERRET (1998) classified the deep-demersal zones into upper slope (200 to 750
m), middle slope (750 to 1,500 m), lower slope (1,500 to 2,250 m), upper rise (2,250 to 3,000
m), middle rise (3,000 to 3,750 m), lower rise (3,750 to 4,250 m), and the abyss (4,250 to 5,000
m).

The zonation of deep-sea ecosystems by depth affects the patterns of fish diversity. Even
though the fish diversity decreases by increasing depth from the epipelagic zone, influenced by
the decrease of food available due to the absence of primary photosynthetic production
(LEATHWICK et al., 2006; PRIEDE; FROESE, 2013; SMITH; BROWN, 2002). Looking at
the deep-sea ecosystems, the number of benthopelagic fish species increases by increasing
depth, with a peak around 1,600m depth, and then, at deeper depths the diversity decreases



(PRIEDE et al., 2010). Additionally, the described pattern is also reported for other deep-sea
benthic groups (HAEDRICH; ROWE; POLLONI, 1980; VINOGRADOVA, 1961).

The deep sea hosts some of the most extreme environments for life, including zones where
the sunlight is dim or completely absent, extremely high hydrostatic pressure caused by the
increase of 1 ATM each 10 meters, low temperatures that may reach below 0°C in some regions,
zones of minimum oxygen, hydrothermal vents, and deep-sea trenches (PRIEDE, 2017,
RAMIREZ-LLODRA et al., 2010; THISTLE, 2003). Such extreme environments are home to
some of the most unique species, with marvelous adaptations to produce their own source of
light through bioluminescent organs, capable of swallowing enlarged preys, eyes that can
capture minimum light, efficient swimming facilitated by high hydrostatic pressure and even
highly developed lateral-line systems to detect any kind of movement (COCKER, 1978;
FALCUCCI et al., 2021; RAMOS et al., 2023; WANG et al., 2019; MARTINEZ et al., 2021;
MELO, 2008). Despite being the largest and extreme environment on Earth, the deep sea is still
largely unexplored (DANOVARO et al., 2017). Indeed, the study of deep-sea species is limited
by high-cost of the cruises, technological restrictions, research funding, and availability of
research vessels (BELL et al., 2022, 2023).

For a long time, it was believed that the first record of deep-sea biodiversity would have
been the Echinodermata collected by John Ross on the North-West Passage Expedition in 1818.
However, ETTER; HESS (2015) suggested that the first records were made in the mid-18th
century, based on echinoderms obtained from the Caribbean Sea. And then, the first
oceanographic expedition to collect deep-sea organisms occurred in the 19th century, the
British Challenger Expedition, between 1873 and 1876 (THOMSON, 1878). The HMS
Challenger traveled around the globe including the Brazilian margin and passed through the
Fernando de Noronha and S8o Pedro and Sdo Paulo archipelagos, and off the coast of
Pernambuco and Bahia in Northeastern Brazil (THOMSON, 1878). Additional explorations in
the Brazilian deep sea only occurred again after eight decades, with the incentive to the
exploitation of fishing resources carried out by the North American ships MIV Oregon I
between 1957 and 1976, German R/V Ernst Haeckel in 1966, and French R/V Marion Dufresne
in 1987 (MELO; CAIRES; SUTTON, 2020).

The Brazilian Exclusive Economic Zone (EEZ) was established in 1993 expanding the
territorial sea to 200 nautical miles (ca. 370 km) off the coast, becoming one of the largest areas
of territorial sea in the world (SUMIDA; DE LEO; BERNARDINO, 2020). The Brazilian EEZ,
mostly located in the Western Atlantic, is such an extensive and important area from economic,

social, and ecological factors (SILVA, 2013). Noteworthy, it was only after the establishment



of the EEZ that most deep-sea biomes, such as the continental slopes and rises, were added to
Brazilian territory. As a consequence, the coastal areas and continental shelf are relatively well
studied, but more than 90% of the vast marine Brazilian area is largely unexplored.

Accordingly, MELO; CAIRES; SUTTON (2020) from the 2000s onwards, there was a
significant increase in data on the ichthyofauna from Brazilian waters due to the efforts of the
company Petroleo Brasileiro S.A. — PETROBRAS, with the vessels OSV Astro Garoupa in
2001 and 2007, R/V Luke Thomas in 2009 and R/V Seward Johnson in 2011; and the program
Programa de Avaliacdo do Potencial Sustentavel de Recursos Vivos na Zona Econdmica
Exclusiva - REVIZEE, which started in 1995 and remained active for ten years, being one of
the most extensive surveys of information on marine biodiversity, with the R/V Thalassa in
1999 and 2000, R/V Atlantico Sul between 1996 and 1999 and the FVs Diadorim and Solancy
Moura between 1996 and 2002. As of 2012, contributions from Brazilian ships such as FV
Transmar | and MS Tehapoo also appear, with the most recent explorations in the context of
the Acoustics along the Brazilian Coast — ABRACOS projects with the French R/V Antea in
2015 and 2017 and the project Diversidade e Evolucédo de Peixes de Oceano — DEEP OCEAN
with the Brazilian ship N/Oc Alpha Crucis from 2019, whose results will be discussed in this
study.

In the knowledge of Brazilian EEZ biodiversity, 712 species from 145 families and 37
orders of deep-sea fishes have already been registered (MELO; CAIRES; SUTTON, 2020). The
greatest of the diversity of fishes is benthopelagic inhabiting deep waters, where Actinopterygii
is the most diverse group with 237 species from 51 families and 18 orders being Gadiformes,
Ophidiiformes and Anguilliformes the most diverse (MELO; CAIRES; SUTTON, 2020).
Actinopterygii also is the most diverse group in pelagic ecosystems, with Myctophiformes and
Stomiiformes the most diverse in mesopelagic zone and Aulopiformes and Stomiiformes in
bathypelagic zone (MELO; CAIRES; SUTTON, 2020).

Among this diversity, some species are target resources in the Brazilian commercial
fisheries: the gadiforms Merluccius hubbsi MARINI, 1933 and Urophycis mistacea
MIRANDA-RIBEIRO, 1903; the lophiform Lophius gastrophysus MIRANDA-RIBEIRO,
1915; the ophidiiform Genypterus brasiliensis REGAN, 1903; the zeiform Zenopsis conchifer
(LOWE, 1852), and the incertae sedis in Eupercaria Lopholatilus villarii MIRANDA—
RIBEIRO, 1915 (PEREZ et al., 2003, 2020). Despite being a remote and challenging-to-access
environment, some deep-sea species are threatened with extinction due to fishing, oil and gas
exploration, mining, climate change, and pollution. (ANGEL, 1997; CHIBA et al., 2018;
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RAMIREZ-LLODRA et al., 2011). Indeed, in Brazil, 16 deep-sea species are at risk of
extinction (ICMBIO/MMA, 2018).

Scientific contributions to the knowledge of deep-sea fish in the Brazilian margin include
taxonomic studies based on morphology, biological and ecological aspects, and marine
pollution (EDUARDO et al., 2019; FERREIRA et al., 2023; KLAUTAU et al., 2020; MELO
et al., 2021; NUNES et al., 2016). However, advances in taxonomic studies have established
DNA barcoding as a popular and effective tool for identifying deep-sea fish species.
(TERAMURA et al., 2021). Due to the standardized application for animal species, the
technique facilitates identifying species and accelerated alpha taxonomy in the discovery of
new species (DESALLE; GOLDSTEIN, 2019; HAJIBABAEI et al., 2007).

Although species identification through DNA sequencing has been used since 1980, the
technique has become popular since 2003, with HEBERT et al. (2003) who proposed a short
and standardized region based on 650 base pairs of the COI gene for species identification. The
COl gene is ideal due to its mutation rate combined with gene conservation in conspecifics,
lack of introns (non-coding sequences), large copy number, and maternal inheritance.
(TRIVEDI et al., 2016). Since then, various studies about and using DNA barcoding have been
developed. (DESALLE; GOLDSTEIN, 2019).

A database with reference sequences combined with morphological identification and
audiovisual resources, such as photos, becomes essential for species identification based on
DNA fragments (WARD; HANNER,; HEBERT, 2009). Genbank
(http://www.ncbi.nim.nih.gov), distributed by the National Center for Biotechnology
Information (NCBI), is an open-access database that stores nucleotide sequences, biological
information, and bibliography. (CLARK et al., 2016). NCBI also distributes the BLASTn
platform (blast.ncbi.nlm.nih.gov), where it is possible to detect a sequence's similarity level
with the sequences available in the Genbank database. (ALTSCHUL et al., 1990). Currently,
the Barcode of Life Data System (BOLD) acts as an open-access database and analytical
platform for the COI gene sequences of species (RATNASINGHAM; HEBERT, 2007).

DNA barcoding has become an efficient method for characterizing marine fishes (XU et
al., 2019, 2021) and assessing biodiversity and its conservation status (MIR et al., 2021). DNA
barcoding can identify species from muscle tissue, eggs, and larvae (WARD; HANNER;
HEBERT, 2009). The method has been promising in revealing new species (SU; LIN; HO,
2022), resolving synonyms (BANON et al., 2021), identifying cryptic species, and providing
different taxonomic hypotheses (STEINKE et al., 2009).
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In addition to solving taxonomic problems, DNA barcoding can help monitor illegal trade
in some species (BERNARDO et al., 2020), fraud verification (CHEN et al., 2020), fisheries
and aquaculture management (PAVAN-KUMAR et al, 2020), feed studies
(PRASANNAKUMAR et al., 2020), eggs and larvae taxonomy (KERR et al., 2020), and
understanding the evolutionary and phylogenetic history of biodiversity (SCHANDER,;
WILLASSEN, 2005).

The survey of fish diversity in remote and deep environments through DNA barcoding has
been recorded in different regions of the ocean, such as the Mediterranean Sea (PAZ et al.,
2018), North and South Pacific (ROBERTSON et al., 2017; SMITH et al., 2011), Indian
(WILLIAMS et al., 2018), and North Atlantic (KENCHINGTON et al., 2017). However,
studies involving DNA barcoding of deep-sea fishes in the South Atlantic are rare and restricted
to extreme latitudes (GORDEEVA, 2014; SMITH et al., 2011). This results in the region's
tenuous and sparse deep-sea fish genetic information. In this context, despite the efforts made
since the 2000s and the significant contribution of specimens in ichthyological collections, there
has not yet been an assessment of the biodiversity of deep-sea fishes using DNA barcoding in
one of the largest territorial sea areas in the world located in the western South Atlantic, the

Brazilian Exclusive Economic Zone (EEZ).

1.1. The DEEP—OCEAN Project

This present contribution is a part of the project Diversidade e Evolugdo de Peixes de
Oceano Profundo — DEEP-OCEAN Project (FAPESP 2017/12909-4). The project aims to
understand the diversity and evolution of Brazilian deep-sea fish, generating data to better
understand the impacts/disturbances caused by anthropic activities in this environment.
Through collections at depths of 200 to 1,520 meters with bottom trawls on the southeastern
Brazil continental slope, the project collected new samples of fish and invertebrates to
understand the evolution of substances that produce bioluminescence and carry out integrative
taxonomic studies using morphology and genetics. The work fits into this last goal, based on
the molecular identification of the species, using the mitochondrial cytochrome ¢ oxidase |
(COQI) gene.

Using techniques of DNA barcoding to deepen the taxonomy of Brazilian EEZ deep-sea
fish, this work is established as a pioneering study in the Western South Atlantic. DNA
barcoding is an essential step of the DEEP-OCEAN project, which intends to study Brazilian
deep-sea species thoroughly, identify new species and genetic variability, and solve possible

taxonomic problems, such as synonymy and homonymy. Furthermore, building a sequence
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library through DNA barcoding is essential for more complex analyses, such as species

phylogeny, phylogeography, and population analyses.

2. Conclusion

While DNA barcoding has been applied to access the diversity and taxonomy of deep-sea
fish around the world, regions like the Brazilian EEZ deal in darkness when it comes to this
data. This work provides the successful identification of a high diversity of deep-sea fish from
the Brazilian margin. In addition to some taxonomic insights by one new and three putative
new species, new occurrences, putative synonyms and species complex. Looking for database
contributions, we provide the first barcode sequence for 15 species; and the first sequences from
the Western South Atlantic of 29 species, from the South Atlantic of 16 species, and from the
Atlantic Ocean of 12 species.

The DNA barcoding was an effective and powerful technique; however we emphasize the
importance of analysis based on characters to analyze barcode sequences and provide
conclusions based on phylogenetic relationship between species instead of divergence rate.
Moreover, this analysis helps to identify misidentification on databases and mitigates the loop
of erroneous identifications. In addition, is the extreme importance of the conference and
revision of database sequences frequently.

The assessment of deep-sea fish diversity by DNA barcoding data together with collection
data proved to be a powerful approach to measure species richness and phylogenetic diversity
and examine how the taxonomic levels hold the deep-ocean depths. Our results provide a
pattern of depth zonation for deep-sea fishes from western South Atlantic, by three main peaks
of diversity. The peak of diversity on intermediate depths suggests a zone of fauna transition, a
pattern reported for benthic fauna. Results of phylogenetic diversity show intermediate depths
inhabit for species phylogenetically distant, and 900-1,000 m deep a distinct zone corroborating

with the transition zone hypothesis.



13

REFERENCES

ALTSCHUL, Stephen F.; GISH, Warren; MILLER, Webb; MYERS, Eugene W.;
LIPMAN, David J. Basic local alignment search tool. Journal of Molecular Biology, V.
215, n. 3, p. 403-410, 1990. DOI: 10.1016/S0022-2836(05)80360-2.

ANGEL, Martin V. What is The Deep Sea? In: RANDALL, David J.; FARREL, Anthony
P. Deep-Sea Fishes. Elsevier, 1997. v. 16, p. 1-41. DOI: 10.1016/S1546-5098(08)60226-
5. Disponivel em: https://linkinghub.elsevier.com/retrieve/pii/S1546509808602265.
Acesso em: 31 maio. 2023.

BANON, Rafael; DE CARLOS, Alejandro; FARIAS, Carlos; VILAS-ARRONDO, Nair;
BALDO, Francisco. Exploring Deep-Sea Biodiversity in the Porcupine Bank (NE
Atlantic) through Fish Integrative Taxonomy. Journal of Marine Science and
Engineering, v. 9, n. 10, p. 1075, 2021. DOI: 10.3390/jmse9101075.

BARROS-GARCIA, David; BANON, Rafael; ARRONTE, Juan Carlos; FERNANDEZ-
PERALTA, Lourdes; GARCIA, Ramon; DE CARLOS, Alejandro. DNA barcoding of
deep-water notacanthiform fishes (Teleostei, Elopomorpha). Zoologica Scripta, v. 45, n.
3, p. 263-272, 2016. DOI: 10.1111/zs¢.12154.

BARROS-GARCIA, David; COMESANA, Angel Sebastian; BANON, Rafael; BALDO,
Francisco; ARRONTE, Juan Carlos; FROUFE, Elsa; DE CARLOS, Alejandro.
Multilocus species delimitation analyses show junior synonyms and deep-sea unknown
species of genus Gaidropsarus (Teleostei: Gadiformes) in the North
Atlantic/Mediterranean Sea area. Marine Biology, v. 169, n. 10, p. 131, 2022. DOI:
10.1007/s00227-022-04118-8.

BELL, Katherine L. C. et al. Low-Cost, Deep-Sea Imaging and Analysis Tools for Deep-
Sea Exploration: A Collaborative Design Study. Frontiers in Marine Science, v. 9, p.
873700, 2022. DOI: 10.3389/fmars.2022.873700.

BELL, Katherine L. C. et al. Exposing inequities in deep-sea exploration and research:
results of the 2022 Global Deep-Sea Capacity Assessment. Frontiers in Marine Science,
v. 10, 2023. DOI: 10.3389/fmars.2023.1217227.

BERNARDO, Cristina; CORREA DE LIMA ADACHI, Aisni Mayumi; PAES DA
CRUZ, Vanessa; FORESTI, Fausto; LOOSE, Robin H.; BORNATOWSKI, Hugo. The
label “Cacao” is a shark or a ray and can be a threatened species! Elasmobranch trade in
Southern Brazil unveiled by DNA barcoding. Marine Policy, v.116, p. 103920, 2020.
DOI: 10.1016/j.marpol.2020.103920.

BETANCUR-R., Ricardo et al. The Tree of Life and a New Classification of Bony Fishes.
PLo0S Currents,v. 5, 2013. DOIl:
10.1371/currents.tol.53ba26640dfOccaee75bb165¢c8¢26288.

BETANCUR-R, R et al. Phylogenetic classification of bony fishes. BMC evolutionary
biology, v. 17, p.1-40, 2017. DOI: 10.1186/s12862-017-0958-3



14

BROWN, Alastair; THATJE, Sven. Explaining bathymetric diversity patterns in marine
benthic invertebrates and demersal fishes: physiological contributions to adaptation of
life at depth. Biological Reviews,v. 89, n. 2, p. 406-426, 2014. DOI: 10.1111/brv.12061.
CARNEY, Robert. Zonation of Deep Biota on Continental Margins. Oceanography and
Marine Biology: An Annual Review, v. 43, p. 211-278, 2005.

CARPENTER, Kent. The Living Marine Resources of the Western Central Atlantic.
Volume 2: Bony fishes part 1 (Acipenseridaee to Grammatidae), Rome: FAO, 2002,
601-1374 p. Available in: https://www.fao.org/3/y4161e/y4161e00.htm. Accessed in: 10
feb. 2022.

CHEN, Pei-Ying; HO, Cheng-Wei; CHEN, An-Chi; HUANG, Ching-Yi; LIU, Tsung-
Yun; LIANG, Kung-Hao. Investigating seafood substitution problems and consequences
in Taiwan using molecular barcoding and deep microbiome profiling. Scientific Reports,
v. 10, n. 1, p. 21997, 2020. DOI: 10.1038/s41598-020-79070-y.

CHIBA, Sanae; SAITO, Hideaki; FLETCHER, Ruth; YOGI, Takayuki; KAYO, Makino;
MIYAGI, Shin; OGIDO, Moritaka; FUJIKURA, Katsunori. Human footprint in the
abyss: 30-year records of deep-sea plastic debris. Marine Policy,v. 96, p. 204212, 2018.
DOI: 10.1016/j.marpol.2018.03.022.

CLARK, Karen; KARSCH-MIZRACHI, llene; LIPMAN, David J.; OSTELL, James;
SAYERS, Eric W. GenBank. Nucleic Acids Research, v. 44, n. D1, p. D67-D72, 2016.
DOI: 10.1093/nar/gkv1276.

COCKER, John E. Adaptations of deep-sea fishes. Environmental Biology of Fishes, v.
3,n. 4, p. 389-399, 1978. DOI: 10.1007/BF00000532.

COHEN; INADA; IWAMOTO; SCIALABBA. FAO species catalogue. Vol.10.
Gadiform fishes of the world (Order Gadiformes). An annotated and illustrated
catalogue of cods, hakes, grenadiers and other gadiform fishes known to date. Rome:
FAQ, 1990. Available in: https://www.fao.org/fishery/fr/publication/46889. Accessed in:
14 ago. 2023.

COLACO, A.; CARREIRO E SILVA, M.; GIACOMELLDO, E.; GORDO, L.; VIEIRA,
A.; ADAO, H.; GOMES-PEREIRA, J. N.; MENEZES, G.; BARROS, I. Ecossistemas
do Mar Profundo: DGRM, Lisboa, Portugal, 2017. Awvailable in:
https://dspace.uevora.pt/rdpc/handle/10174/22042?mode=full. Accessed in: 31 may.
2023.

COSTA, Paulo; BRAGA, A. C.; MELO, Marcelo; NUNAN, G.; MARTINS, Agnaldo;
OLAVO, George. Assembléias de teledsteos demersais no talude da costa central
brasileira. In: COSTA, Paulo; OLAVO, George; MARTINS, Agnaldo. Biodiversidade
da fauna marinha profunda na costa central brasileira. Rio de Janeiro: Museo
Nacional do Rio de Janeiro, 2007 p. 87-107.


https://www.fao.org/3/y4161e/y4161e00.htm

15

COSTELLO, Mark J.; CHAUDHARY, Chhaya. Marine Biodiversity, Biogeography,
Deep-Sea Gradients, and Conservation. Current Biology, v. 27, n. 11, p. R511-R527,
2017. DOI: 10.1016/j.cub.2017.04.060.

DANOVARO, Roberto; CORINALDESI, Cinzia; DELL’ANNO, Antonio;
SNELGROVE, Paul V. R. The deep-sea under global change. Current Biology, v. 27, n.
11, p. R461-R465, 2017. DOI: 10.1016/j.cub.2017.02.046.

DESALLE, Rob; GOLDSTEIN, Paul. Review and Interpretation of Trends in DNA
Barcoding. Frontiers in Ecology and Evolution, v. 7, p. 302, 2019. DOI:
10.3389/fev0.2019.00302.

EDUARDO, Leandro N.; VILLARINS, Béarbara T; MARTINS, Julia R.; LUCENA-
FREDOU, Flavia; FREDOU, Thierry; SOUZA LIRA, Alex; TRAVASSOS, Paulo
Eurico; BERTRAND, Arnaud; MINCARONE, Michael M.. Deep-sea oceanic basslets
(Perciformes, Howellidae) from Brazil: new records and range extensions. Check List,
v. 15, n. 6, p. 965-971, 2019. DOI: 10.15560/15.6.965.

EME, D.; ANDERSON, M. J.; MYERS, E. M. V.; ROBERTS, C. D.; LIGGINS, L.
Phylogenetic measures reveal eco-evolutionary drivers of biodiversity along a depth
gradient. Ecography, v. 43, n. 5, p. 689-702, 2020. DOI: 10.1111/ecog.04836.

ESCHMEYER, William N.; FRICKE, Ronald; FONG, Jon D.; POLACK, Dennis A.
Marine fish diversity: history of knowledge and discovery (Pisces). Zootaxa, v. 2525, n.
1, p. 19, 2010. DOI: 10.11646/zootaxa.2525.1.2.

ETTER, W.; HESS, H. Reviews and syntheses: the first records of deep-sea fauna — a
correction and discussion. Biogeosciences, v. 12, n. 21, p. 6453-6462, 2015. DOI:
10.5194/bg-12-6453-2015.

EUDELINE, Rémy. lllustrated checklist of Anguilliformes (Pisces, Teleostei) of the
lagoon of Mayotte (West Indian Ocean) with 14 new records. Marine and Fishery
Sciences (MAFIS), v. 35,n. 1, p. 123-161, 2022. DOI: 10.47193/mafis.3512022010103.

FALCUCCI, Giacomo; AMATI, Giorgio; FANELLLI, Pierluigi; KRASTEV, Vesselin K,;
POLVERINO, Giovanni; PORFIRI, Maurizio; SUCCI, Sauro. Extreme flow simulations
reveal skeletal adaptations of deep-sea sponges. Nature, v. 595, n. 7868, p. 537-541,
2021. DOI: 10.1038/s41586-021-03658-1.

FERREIRA, Guilherme V. B.; JUSTINO, Anne K. S.; EDUARDO, Leandro N.;
SCHMIDT, Natascha; MARTINS, Julia R.; MENARD, Frédéric; FAUVELLE, Vincent;
MINCARONE, Michael M.; LUCENA-FREDOU, Flavia. Influencing factors for
microplastic intake in abundant deep-sea lanternfishes (Myctophidae). Science of The
Total Environment, v. 867, p. 161478, 2023. DOI: 10.1016/j.scitotenv.2023.161478.

FIGUEIREDO JR., Alberto G.; CARNEIRO, Juliane C.; SANTOS FILHO, Jodo R..
Santos Basin continental shelf morphology, sedimentology, and slope sediment
distribution. Ocean and Coastal Research, v. 71, p. €23007, 2023. DOI: 10.1590/2675-
2824071.22064agfj.



16

FRANCIS, Malcolm P.; HURST, Rosemary J.; MCARDLE, Brian H.; BAGLEY, Neil
W.; ANDERSON, Owen F. New Zealand Demersal Fish Assemblages. Environmental
Biology of Fishes, v. 65, n. 2, p. 215-234, 2002. DOI: 10.1023/A:1020046713411.

FRICKE, R.; ESCHMEYER, WN; FONG, JD. ESCHMEYER’S CATALOG OF
FISHES: GENERA/SPECIES BY FAMILY/SUBFAMILY. 2023. Available in:
https://researcharchive.calacademy.org/research/ichthyology/catalog/SpeciesByFamily.
asp. Accessed in: 7 jun. 2023.

GOLDSTEIN, Paul Z.; DESALLE, Rob. Integrating DNA barcode data and taxonomic
practice: Determination, discovery, and description. BioEssays, v. 33, n. 2, p. 135-147,
2011. DOI: 10.1002/bies.201000036.

GORDEEVA, N. V. Phylogeography, genetic isolation, and migration of deep-sea fishes
in the South Atlantic. Journal of Ichthyology, v. 54, n. 9, p. 642-659, 2014. DOI:
10.1134/S003294521406006X.

GUIMARAES, Karen L. A.; LIMA, Marcos P.; SANTANA, Diego J.; DE SOUZA,
Mendelsohn F. B.; BARBOSA, Rémulo S.; RODRIGUES, Luis R. R. DNA barcoding
and phylogeography of the Hoplias malabaricus species complex. Scientific Reports, v.
12,n. 1, p. 5288, 2022. DOI: 10.1038/541598-022-09121-7.

HAEDRICH, R. L.; ROWE, G. T.; POLLONI, P. T. The megabenthic fauna in the deep
sea south of New England, USA. Marine Biology, v. 57, n. 3, p. 165-179, 1980. DOI:
10.1007/BF00390735.

HAJIBABAEI, Mehrdad; SINGER, Gregory A. C.; HEBERT, Paul D. N.; HICKEY,
Donal A. DNA barcoding: how it complements taxonomy, molecular phylogenetics and
population genetics. Trends in Genetics, v. 23, n. 4, p. 167-172, 2007. DOI:
10.1016/j.tig.2007.02.001.

HEBERT, Paul D. N.; CYWINSKA, Alina; BALL, Shelley L.; DEWAARD, Jeremy R.
Biological identifications through DNA barcodes. Proceedings of the Royal Society of
London. Series B: Biological Sciences, v. 270, n. 1512, p. 313-321, 2003. DOI:
10.1098/rspb.2002.2218.

ICMBIO/MMA (Brazil). Livro Vermelho da Fauna Brasileira Ameacada de Extingdo
volume VI — Peixes. Brazil, 2018.

IWAMOTO, Tomio; SHCHERBACHEYV, Yuri N.; MARQUARDT, Bryan. Grenadiers
(Gadiformes, Teleostei) of Walters Shoals, Southwestern Indian Ocean, with Description
of a New “West-Wind Drift” Species. Proceedings of the California academy of
Sciences, v. 55, n. 10, 2004.

JAMIESON, Alan J.; MARONI, Paige J.; BOND, Todd; NI'YAZI, Yakufu; KOLBUSZ,
Jessica; ARASU, Prema; KITAZATO, Hiroshi. New maximum depth record for bony
fish: Teleostei, Scorpaeniformes, Liparidae (8336 m, Izu-Ogasawara Trench). Deep Sea
Research Part I: Oceanographic Research Papers, v. 199, p. 104132, 2023. DOI:
10.1016/j.dsr.2023.104132.



17

JENNINGS, W. Bryan; RUSCHI, Piero A.; FERRARO, Gustavo; QUIJADA, Carla
Christie; SILVA-MALANSKI, Ana Cecilia Gomes; PROSDOCIMI, Francisco;
BUCKUP, Paulo A. Barcoding the Neotropical freshwater fish fauna using a new pair of
universal COI primers with a discussion of primer dimers and M13 primer tails. Genome,
v. 62, n. 2, p. 77-83, 2019. DOI: 10.1139/gen-2018-0145.

KEARSE, Matthew et al. Geneious Basic: An integrated and extendable desktop software
platform for the organization and analysis of sequence data. Bioinformatics, v. 28, n. 12,
p. 1647-1649, 2012. DOI: 10.1093/bioinformatics/bts199.

KENCHINGTON, Ellen L.; BAILLIE, Shauna M.; KENCHINGTON, Trevor J,;
BENTZEN, Paul. Barcoding Atlantic Canada’s mesopelagic and upper bathypelagic
marine fishes. Plos One, v. 12, n. 9, p. 0185173, 2017. DOL:
10.1371/journal.pone.0185173.

KERR, Makenzie; BROWNING, Jeremy; B@NNELYCKE, Eva-Maria; ZHANG,
Yingjun; HU, Chuanmin; ARMENTEROQOS, Maickel; MURAWSKI, Steven; PEEBLES,
Ernst; BREITBART, Mya. DNA barcoding of fish eggs collected off northwestern Cuba
and across the Florida Straits demonstrates egg transport by mesoscale eddies. Fisheries
Oceanography, v. 29, n. 4, p. 340-348, 2020. DOI: 10.1111/fog.12475.

KLAUTAU, Alex G. C. M.; CINTRA, Israel H. A.; ROTUNDO, M. M.; CARVALHO-
FILHO, Alfredo; CAIRES, Rodrigo A.; MARCENIUK, Alexandre P. The deep-sea
teleost fish fauna of the Brazilian North Coast. Neotropical Ichthyology, v. 18, p.
€200030, 2020. DOI: 10.1590/1982-0224-2020-0030.

KOBYLIANSKY, S. Argentina brasiliensis sp. nova (Argentinidae) new species of
Argentinid Fish from the coastal subtropical waters of the Southwestern Atlantic. Journal
of Ichthyology, v. 44, p. 563-568, 2004.

KUMAR, Sudhir; STECHER, Glen; LI, Michael; KNYAZ, Christina; TAMURA,
Koichiro. MEGA X: Molecular Evolutionary Genetics Analysis across Computing
Platforms. Molecular Biology and Evolution, v. 35, n. 6, p. 1547-1549, 2018. DOI:
10.1093/molbev/msy096

LEATHWICK, Jr; ELITH, J.; FRANCIS, Mp; HASTIE, T.; TAYLOR, P. Variation in
demersal fish species richness in the oceans surrounding New Zealand: an analysis using
boosted regression trees. Marine Ecology Progress Series, v. 321, p. 267-281, 2006.
DOI: 10.3354/meps321267.

LEVIN, Lisa A.; ETTER, Ron J.; REX, Michael A.; GOODAY, Andrew J.; SMITH,
Craig R.; PINEDA, Jesus; STUART, Carol T.; HESSLER, Robert R.; PAWSON, David.
Environmental Influences on Regional Deep-Sea Species Diversity. Annual Review of
Ecology and Systematics, v. 32, n. 1, p. 51-93, 2001. DOI:
10.1146/annurev.ecolsys.32.081501.114002.

LIN, Han-Yang; WRIGHT, Shane; COSTELLO, Mark John. Numbers of fish species,
higher taxa, and phylogenetic similarity decrease with latitude and depth, and deep-sea
assemblages are unique. PeerJ, v. 11, p. e16116, 2023. DOI: 10.7717/peerj.16116.



18

MARTINEZ, Christopher M.; FRIEDMAN, Sarah T.; CORN, Katherine A,
LAROUCHE, Olivier; PRICE, Samantha A.; WAINWRIGHT, Peter C. The deep sea is
a hot spot of fish body shape evolution. Ecology Letters, v. 24,n.9, p. 1788-1799, 2021.
DOI: 10.1111/ele.13785.

MELO, Marcelo R.S,. The Genus Kali Lloyd (Chiasmodontidae: Teleostei) With
Description Of New Two Species, And The Revalidation Of K. Kerberti Weber. Zootaxa,
v. 1747, p. 1-33, 2008. DOI: 10.5281/zenodo.181658.

MELO, Marcelo R. S.; CAIRES, Rodrigo A.; SUTTON, Tracey T. The Scientific
Explorations for Deep-Sea Fishes in Brazil: The Known Knowns, the Known Unknowns,
and the Unknown Unknowns. In: SUMIDA, Paulo Y. G.; BERNARDINO, Angelo F.;
DE LEO, Fabio C. Brazilian Deep-Sea Biodiversity. Brazilian Marine Biodiversity
Cham: Springer International Publishing, 2020. p. 153-216. DOI: 10.1007/978-3-030-
53222-2 1.

MELO, Marcelo R. S.; GOMES, Amanda A.; M@LLER, Peter R.; NIELSEN, Jargen G.
A new species of the rare deep-sea genus Sciadonus Garman, 1899 (Teleostei, Bythitidae)
from off Brazil, with a discussion of the evolution of troglomorphism and miniaturization
in the aphyonid clade. Deep Sea Research Part I: Oceanographic Research Papers, v.
180, p. 103684, 2021. DOI: 10.1016/j.dsr.2021.103684.

MENEZES, Naércio A.; FIGUEIREDO J.L. Catélogo das espécies de peixes marinhos
do Brasil. Sdo Paulo: Museu de Zoologia da Universidade de Sdo Paulo, 2003.

MIR, Rakeeb A.; BHAT, Kaisar A.; RASHID, Gazanfer; EBINEZER, Leonard B.;
MASI, Antonio; RAKWAL, Randeep; SHAH, A. A.; ZARGAR, Sajad M.. DNA
barcoding: a way forward to obtain deep insights about the realistic diversity of living
organisms. The Nucleus, v. 64, n. 2, p. 157-165, 2021. DOI: 10.1007/s13237-020-
00330-3.

MIRANDA RIBEIRO, A. Pescas do “Annie.” Boletim Sociedade Nacional
Agricultura, Rio de Janeiro, 1903.

MIRANDA RIBEIRO, A. Fauna brasiliense Peixes. Rio de Janeiro: Imprensa Nacional,
1913.

NIELSEN, J. G.; COHEN, D. M.; MARKLE, D. F.; ROBINS, C. R.; FISHERY AND
AQUACULTURE ECONOMICS AND POLICY DIVISION. FAO species catalogue.
Volume 18. Ophidiiform fishes of the world (Order Ophidiiformes). An annotated
and illustrated catalogue of pearlfishes, cusk-eels, brotulas and other ophidiiform
fishes known to date. Rome: FAOQ, 19909. Available in:
https://www.fao.org/documents/card/e-/695d45b3-ee46-5129-a087-b7c9e7f01e9c/.
Accessed in: 14 ago. 2023.

NION, Hebert; RIOS, Carlos; MENESES, Pablo. Peces del Uruguay: Lista sistematica
y  nombres  comunes. Montevideo: Dinara  2016.  Available in:
https://asociacionoceanograficauruguaya.files.wordpress.com/2018/08/peces-de-
uruguay-21.pdf. Accessed in: 4 out. 2023.



19

NUNES, Diogo M.; TRAVASSOS, Paulo; FERREIRA, Romulo; HAZIN, Fabio.
Distribution, relative abundance and diversity of deep-sea species at Sdo Pedro and Sao
Paulo Archipelago, Brazil. Latin American Journal of Aquatic Research, v. 44, n. 2,
p. 228-237, 2016. DOI: 10.3856/vol44-issue2-fulltext-4.

PARRA, Hugo E.; PHAM, Christopher K.; MENEZES, Gui M.; ROSA, Alexandra;
TEMPERA, Fernando; MORATO, Telmo. Predictive modeling of deep-sea fish
distribution in the Azores. Deep Sea Research Part Il: Topical Studies in
Oceanography, v. 145, p. 49-60, 2017. DOI: 10.1016/j.dsr2.2016.01.004.

PAVAN-KUMAR, A.; JAISWAR, A. K.; GIREESH-BABU, P.; CHAUDHARI, A;;
KRISHNA, G. Applications of DNA Barcoding in Fisheries. In: TRIVEDI, Subrata;
REHMAN, Hasibur; SAGGU, Shalini; PANNEERSELVAM, Chellasamy; GHOSH,
Sankar K. DNA Barcoding and Molecular Phylogeny. Cham: Springer International
Publishing, 2020. p. 177-189. DOI: 10.1007/978-3-030-50075-7_11.

PAZ, Guy et al. Initiating DNA barcoding of Eastern Mediterranean deep-sea biota.
Mediterranean Marine Science, 2018. DOI: 10.12681/mms.14146.

PEREZ, José A. A.; WAHRLICH, R.; PEZZUTO, P. R.; SCHWINGEL, P. R.; LOPES,
F. R. A.; RODRIGUES-RIBEIRO, M. Deep-sea Fishery off Southern Brazil: Recent
Trends of the Brazilian Fishing Industry. Journal of Northest Atlantic Fishery Science,
v. 31, p. 11-18 2003.

PEREZ, Jose A.A.; ABREU, José G. N.; DE SOUZA LIMA, André O.; DA SILVA,
Marcus A. C.; DE SOUZA, Luis H. P.; BERNARDINO, Angelo F.. Living and Non-
living Resources in Brazilian Deep Waters. In: SUMIDA, Paulo Y. G.; BERNARDINO,
Angelo F.; DE LEO, Fabio C. Brazilian Deep-Sea Biodiversity. Brazilian Marine
Biodiversity Cham: Springer International Publishing, 2020. p. 217-253. DOI:
10.1007/978-3-030-53222-2_8.

PRASANNAKUMAR, Chinnamani et al. Variability in the diet diversity of catfish
highlighted through DNA barcoding. bioRxiv, 2020. DOl:
10.1101/2020.09.18.268888.

PRIEDE, I. G. Deep-Sea Fishes: Biology, Diversity, Ecology and Fisheries. Cambridge
University Press, 2017.

PRIEDE, I. G.; FROESE, R. Colonization of the deep sea by fishes. Journal of Fish
Biology, v. 83, n. 6, p. 1528-1550, 2013. DOI: 10.1111/jfb.12265.

PRIEDE, Imants G.; GODBOLD, Jasmin A.; KING, Nicola J.; COLLINS, Martin A;
BAILEY, David M.; GORDON, John D. M. Deep-sea demersal fish species richness in
the Porcupine Seabight, NE Atlantic Ocean: global and regional patterns. Marine
Ecology, v. 31, n. 1, p. 247-260, 2010. DOI: 10.1111/j.1439-0485.2009.00330.X.

RAMIREZ-LLODRA, E. et al. Deep, diverse and definitely different: unique attributes
of the world’s largest ecosystem. Biogeosciences, v. 7, n. 9, p. 2851-2899, 2010. DOI:
10.5194/bg-7-2851-2010.



20

RAMIREZ-LLODRA, Eva et al. Man and the Last Great Wilderness: Human Impact on
the Deep Sea. Plos One, v. 6, n. 8, p. 22588, 2011. DOI: 10.1371/journal.pone.0022588.

RAMOS, Nina I.; DELEO, Danielle M.; HOROWITZ, Jeremy; MCFADDEN, Catherine
S.; QUATTRINI, Andrea M. Selection in coral mitogenomes, with insights into
adaptations in the deep sea. Scientific Reports, v. 13, n. 1, p. 6016, 2023. DOI:
10.1038/s41598-023-31243-1.

RATNASINGHAM, Sujeevan; HEBERT, Paul D. N. bold: The Barcode of Life Data
System (http://www.barcodinglife.org). Molecular Ecology Notes, v. 7, n. 3, p. 355-364,
2007. DOI: 10.1111/j.1471-8286.2007.01678.X.

REGAN, C. T. On a collection of Fishes made by Dr Goeldi at Rio Janeiro. Proceedings
of The Zoological Society, v. 2, p. 59-68, 1903.

ROBERTSON, D. Ross; ANGULO, Arturo; BALDWIN, Carole C.; PITASSY, Diane;
DRISKELL, Amy; WEIGT, Lee; NAVARRO, Ignacio J. F. Deep-water bony fishes
collected by the B/O Miguel Oliver on the shelf edge of Pacific Central America: an
annotated, illustrated and DNA-barcoded checklist. Zootaxa, v. 4348, n. 1, p. 1, 2017.
DOI: 10.11646/zootaxa.4348.1.1.

HAEDRICH, Richard L.; MERRET Nigel R. Summary atlas of deep-living demersal fishes in
the North Atlantic Basin. Journal of Natural History, v. 22, n. 5, p. 1325-1362, 1998.
DOI:10.1080/00222938800770811

ROGERS, Alex D. Environmental Change in the Deep Ocean. Annual Review of
Environment and Resources, v. 40, n. 1, p. 1-38, 2015. DOI: 10.1146/annurev-environ-
102014-021415.

RONQUIST, Fredrik et al. MrBayes 3.2: Efficient Bayesian Phylogenetic Inference and
Model Choice Across a Large Model Space. Systematic Biology, v. 61, n. 3, p. 539-542,
2012. DOI: 10.1093/syshio/sys029.

ROSS, Howard A.; MURUGAN, Sumathi; SIBON LI, Wai Lok. Testing the Reliability
of Genetic Methods of Species Identification via Simulation. Systematic Biology, v. 57,
n. 2, p. 216-230, 2008. DOI: 10.1080/10635150802032990.

SCHANDER, Christoffer; WILLASSEN, Endre. What can biological barcoding do for
marine biology? Marine Biology Research, v. 1, n. 1, p. 79-83, 2005. DOI:
10.1080/17451000510018962.

SILVA, Alexandre Pereira Da. O novo pleito brasileiro no mar: a plataforma continental
estendida e o Projeto Amazo6nia Azul. Revista Brasileira de Politica Internacional, v.
56, p. 104-121, 2013. DOI: 10.1590/S0034-73292013000100006.

SMITH, Katherine F.; BROWN, James H. Patterns of diversity, depth range and body
size among pelagic fishes along a gradient of depth. Global Ecology and
Biogeographyv. 11, n. 4, p. 313-322, 2002. DOI: 10.1046/j.1466-822X.2002.00286.X.



21

SMITH, P. J.; STEINKE, D.; MCMILLAN, P. J.; STEWART, A. L.; MCVEAGH, S.
M.; DIAZ DE ASTARLOA, J. M.; WELSFORD, D.; WARD, R. D. DNA barcoding
highlights a cryptic species of grenadier Macrourus in the Southern Ocean. Journal of
Fish Biology, v. 78, n. 1, p. 355-365, 2011. DOI: 10.1111/j.1095-8649.2010.02846.X.

SOBRINO, I.; GONZALEZ, J.; HERNANDEZ-GONZALEZ, C. L.; BALGUERIAS, E.
Distribution and relative abundance of main species of grenadiers (Macrouridae,
Gadiformes) from the African Atlantic Coast. Journal of Ichthyology, v. 52, n. 10, p.
690-699, 2012. DOI: 10.1134/S0032945212100128.

STAMATAKIS, Alexandros. RAXML version 8: a tool for phylogenetic analysis and
post-analysis of large phylogenies. Bioinformatics, v. 30, n. 9, p. 1312-1313, 2014. DOI:
10.1093/bioinformatics/btu033.

STEINKE, Dirk; ZEMLAK, Tyler S.; BOUTILLIER, James A.; HEBERT, Paul D. N.
DNA barcoding of Pacific Canada’s fishes. Marine Biology, v. 156, n. 12, p. 2641-2647,
2009. DOI: 10.1007/s00227-009-1284-0.

STEVENS, D. W. Notes on the diet of seven grenadier fishes (Macrouridae) from the
lower continental slope of Chatham Rise, New Zealand. Journal of Ichthyology, v. 52,
n. 10, p. 782-786, 2012. DOI: 10.1134/S003294521210013X.

SU, Yo; LIN, Hsiu-Chin; HO, Hsuan-Ching. Hoplostethus roseus, a new roughy fish
from the western Pacific based on morphology and DNA barcoding (family
Trachichthyidae). Journal of Fish Biology, v. 101, n. 3, p. 441-452, 2022. DOI:
10.1111/jfb.15086.

SULAK, Kenneth; SHCHERBACHEV, Yuri N. Zoogeography and Systematics of Six
Deep-Living Genera of Synaphobranchid Eels, with a Key to Taxa and Description of
Two New Species of Ilyophis. Bulletin of Marine Science, v. 60, n. 3, p. 1158-1194,
1997.

SUMIDA, Paulo Y. G.; DE LEO, Fabio C.; BERNARDINO, Angelo F. An Introduction
to the Brazilian Deep-Sea Biodiversity. In: SUMIDA, Paulo Y. G.; BERNARDINO,
Angelo F.; DE LEO, Fabio C. Brazilian Deep-Sea Biodiversity. Brazilian Marine
Biodiversity Cham: Springer International Publishing, 2020. p. 1-5. DOI: 10.1007/978-
3-030-53222-2_1.

SVENDSEN, Fred M.; BYRKJEDAL, Ingvar. Morphological and molecular variation in
Synaphobranchus eels (Anguilliformes: Synaphobranchidae) of the Mid-Atlantic Ridge
in relation to species diagnostics. Marine Biodiversity, v. 43, n. 4, p. 407-420, 2013.
DOI: 10.1007/s12526-013-0168-1.

TERAMURA, Akinori; KOEDA, Keita; SENOU, Hiroshi; HO, Hsuan-Ching;
KIKUCHI, Kiyoshi; HIRASE, Shotaro. DNA barcoding of deep-sea fishes from the
northwestern Pacific Ocean: a resource for identifying hidden genetic diversity in deep-
sea fishes. Authorea, 2021. DOI: 10.22541/au.161651871.11985832/v1.

THISTLE, David. The Deep-sea Floor: An Overview. IN: TYLER, P.A. Ecosystems of
the Deep Ocean. Amsterdam: Elsevier Science B.V., 2003.



22

THOMSON, C. Wyville. The voyage of the “Challenger.” The Atlantic; a
preliminary account of the general results of the exploring voyage of H.M.S.
“Challenger” during the year 1873 and the early part of the year 1876. New York:
Harper & Brothers, 1878. V. 1p. 1-456. Available in:
https://www.biodiversitylibrary.org/item/43188.

TOMIYAMA, Shinichi; TAKAMI, Munehiro; FUKUI, Atsushi. Description of two new
species of Bassozetus (Ophidiiformes: Ophidiidae) and a redescription of Bassozetus
robustus Smith and Radcliffe 1913. Ichthyological Research, v. 69, n. 1, p. 17-30, 2022.
DOI: 10.1007/s10228-021-00809-2.

TRIVEDI, Subrata; REHMAN, Hasibur; SAGGU, Shalini; PANNEERSELVAM,
Chellasamy; ABBAS, Zahid Khorshid; AHMAD, Igbal; ANSARI, Abid A.; GHOSH,
Sankar K. DNA Barcoding in the Marine Habitat: An Overview. In: TRIVEDI, Subrata;
ANSARI, Abid Ali; GHOSH, Sankar K.; REHMAN, Hasibur DNA Barcoding in
Marine Perspectives: Assessment and Conservation of Biodiversity. Cham: Springer
International Publishing, 2016. p. 3-28. DOI: 10.1007/978-3-319-41840-7_1.

TYAGI, Kaomud; KUMAR, Vikas; SINGHA, Devkant; CHANDRA, Kailash;
LASKAR, Boni Amin; KUNDU, Shantanu; CHAKRABORTY, Rajasree;
CHATTERJEE, Sumantika. DNA Barcoding studies on Thrips in India: Cryptic species
and Species complexes. Scientific Reports, v. 7, n. 1, p. 4898, 2017. DOI:
10.1038/s41598-017-05112-7.

VINOGRADOVA, Nina G. Vertical zonation in the distribution of deep-sea benthic
fauna in the ocean. Deep Sea Research (1953), v. 8, n. 3, p. 245-250, 1961. DOI:
10.1016/0146-6313(61)90025-9.

WANG, Kun et al. Morphology and genome of a snailfish from the Mariana Trench
provide insights into deep-sea adaptation. Nature Ecology & Evolution, v. 3, n. 5, p.
823-833, 2019. DOI: 10.1038/s41559-019-0864-8.

WARD, R. D.; HANNER, R.; HEBERT, P. D. N. The campaign to DNA barcode all
fishes, FISH-BOL. Journal of Fish Biology, v. 74, n. 2, p. 329-356, 2009. DOI:
10.1111/j.1095-8649.2008.02080.x.

WARD, Robert D. DNA barcode divergence among species and genera of birds and
fishes. Molecular Ecology Resources, v. 9, n. 4, p. 1077-1085, 2009. DOI:
10.1111/j.1755-0998.2009.02541.x.

WARD; ZEMLAK; INNES; LAST; HEBERT. DNA barcoding Australia’s fish species.
Philosophical transactions of the Royal Society of London. Series B, Biological
sciences, v. 360, n. 1462, p. 1847-1857, 2005. DOI: 10.1098/rsth.2005.1716.

WEITZMAN, Stanley H. 2 Systematics of Deep-Sea Fishes. In: RANDALL, David J,;
FARREL, Anthony P. Deep-Sea Fishes. Elsevier, 1997. v.16, p. 43-77, 1997. DOI:
10.1016/S1546-5098(08)60227-7. Disponivel em:
https://linkinghub.elsevier.com/retrieve/pii/S1546509808602277. Accessed in: 31 may.
2023.


https://www.biodiversitylibrary.org/item/43188

23

WILLIAMS, Alan et al. Composition, diversity and biogeographic affinities of the deep-
sea (200-3000 m) fish assemblage in the Great Australian Bight, Australia. Deep Sea
Research Part Il: Topical Studies in Oceanography, v. 157-158, p. 92-105, 2018.
DOI: 10.1016/j.dsr2.2018.05.005.

WOOLF, Virginia. A Room of One’s Own. England: Hogarth Press, 1929.

YASUHARA, Moriaki; DANOVARO, Roberto. Temperature impacts on deep-sea
biodiversity. Biological Reviews, v. 91, n. 2, p. 275-287, 2016. DOI: 10.1111/brv.121609.



