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Abstract

This study aimed to understand the biogeographic distribution and taxonomic diversity of the Hoplias genus,
with special emphasis on the Hoplias malabaricus species. The research was carried out based on
bibliographies referring to small river basins along the east coast of South America, with a focus on the
Brazilian territory. Thus, the data collection was conducted through a literature review. Therefore, the main
taxonomic studies indicated that H. malabaricus represents a complex group, exhibiting significant
osteological and karyotypic variability, especially in regions of smaller basins. On the other hand, the
biogeographic analysis methods showed significant segregation among species of the Hoplias genus among
populations from different regions. Thus, a high taxonomic diversity and biogeographic patterns were revealed.
Where the main conclusion points to the need for additional research to explore the geographic distribution
and the microevolutionary processes involved, aiming to reduce knowledge gaps and promote a deeper
understanding of the diversity of these species.

Keys world: phylogeography, cryptodiversity, ecology, systematics, genetic variability.

Resumo - Revisdo critica e mapeamento da distribuiciio de espécies do género Hoplias na
América do Sul

Este estudo teve como objetivo compreender a distribuicdo biogeografica e a diversidade taxondmica do
género Hoplias, com énfase especial na espécie Hoplias malabaricus. A pesquisa foi realizada baseada em
bibliografias que se referem as pequenas bacias hidrograficas ao longo da costa leste da América do Sul, com
foco principal no territorio brasileiro. Deste modo, o levantamento de dados foi conduzido através de uma
revisdo da literatura. Portanto, os principais estudos taxondmicos indicaram que H. malabaricus representa um
grupo complexo, exibindo uma expressiva variabilidade osteologica e cariotipica, especialmente em regides
de bacias menores. Por outro lado, os métodos de analise biogeografica mostraram uma significativa
segregacdo entre espécies do género Hoplias entre populacdes de diferentes regides. Sendo assim, revelou-se
uma alta diversidade taxondmica e padrdes biogeograficos. Onde, a principal conclusdo aponta para a
necessidade de pesquisas adicionais para explorar a distribui¢do geografica e os processos microevolutivos
envolvidos, visando reduzir lacunas no conhecimento e promover uma compreensdo mais profunda da
diversidade dessas espécies.

Palavras-chave: filogeografia, criptodiversidade, ecologia, sistematica, variabilidade genética.
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Resumen - Revision critica y mapeo de la distribucion de especies del género Hoplias en
América del Sur

Este estudio tuvo como objetivo comprender la distribucion biogeografica y la diversidad taxonémica del
género Hoplias, con especial énfasis en la especie Hoplias malabaricus. La investigacion se realizo con base
en bibliografias que hacen referencia a pequefias cuencas hidrogréficas a lo largo de la costa este de América
del Sur, con foco principal en el territorio brasilefio. Asi, la recoleccidén de datos se realiz6 a través de una
revision de la literatura. Por lo tanto, los principales estudios taxonomicos indicaron que H. malabaricus
representa un grupo complejo, que exhibe una variabilidad osteolégica y cariotipica significativa,
especialmente en regiones con cuencas mas pequeias. Por otra parte, los métodos de analisis biogeografico
mostraron una segregacion significativa entre especies del género Hoplias entre poblaciones de diferentes
regiones. De esta forma se reveld una alta diversidad taxondmica y patrones biogeograficos. Donde, la
principal conclusion apunta a la necesidad de investigacion adicional para explorar la distribucion geografica
y los procesos microevolutivos involucrados, con el objetivo de reducir las brechas en el conocimiento y
promover una comprension mas profunda de la diversidad de estas especies.

Palabras clave: filogeografia, criptodiversidad, ecologia; sistematico, variabilidad genética.

Introducao

The Hoplias genus is a main member of the Erythrinidae family, which in turn belongs to the Characiformes
order, and was described by Theodore Gill in 1903. The fish belonging to this taxonomic grouping are notable
for their predatory nature and wide distribution in South American freshwater environments. They include
specimens known vernacularly as wolf fishes or trahiras, and giant wolf fishes (Oyakawa & Mattox 2009;
Guimaraes et al. 2021a). They have ecological importance as a predator, often indisputable in some
watercourses (Rosso et al. 2018). They make up the assembly of these complex hydrographic systems,
including rivers, waterfalls, lakes and reservoirs (Sassi et al. 2021). Therefore, it also has great economic
importance, whether for fish farming, as animal protein, or for sport fishing or aquarium hobby, as there are
many enthusiasts who greatly appreciate its aggressiveness and the large size of some specimens (Saviato et
al. 2024a). It has a wide distribution, both natural and artificial, in several regions of the South American
Shield, including waterways in North America (Albert et al. 2020).

These animals have morphological characteristics that make them clearly distinguishable from other groups
of continental fish, even from closely related families. However, the attributes within the Hoplias genus are
very acute, making identification at a specific level difficult for careless eyes (Rosso et al. 2018). And with the
improvement of field and laboratory work, it has given new directions to the understanding of the identification
of taxonomic entities and their distribution (Albert et al. 2020)

In this context, we can segregate the Hoplias genus into 3 (three) distinct groups, the H. aimara group,
derived from the following group due to unique characteristics and large body size, the H. lacerdae group and
finally the H. malabaricus group. The H. lacerdae group, in turn, described by Oyakawa (1990), proposes a
discernible grouping based on specific morphological characteristics, having a more stable genetic pattern
(Sassi et al. 2021). However, revisiting this taxonomic set, and considering the recent additions, it is possible
to identify that there is a geographic expansion, manifested by the addition of specimens in ichthyological
collections over time, attesting to the need for a more refined review (Ferreira et al. 2021).

Furthermore, the other organisms of the Erythrinidae family, which include the Hoplias genus,
Hoplerythrinus and Erythrinus, cannot be separated, as they are equally important (laeger et al. 2022).
However, the Hoplias genus stands out, with special emphasis on the Southeast region of Brazil, two distinct
groups emerge, H. malabaricus and H. lacerdae, exhibiting notable karyotypic disparities (Pires et al. 2020,
Guimardaes et al. 2022). However, the taxonomic complexity is much higher in A. malabaricus, consecrated as
a "species complex" due to its karyotypic multiplicity, morphological similarity and territorial overlap, while
H. lacerdae presents itself as the holder of only 9 (nine) singular entities in some hydrographic basins of Brazil
(Oyakawa & Mattox 2009; Sassi et al. 2021).

Thus, the American water systems harbor an unparalleled diversity of life, where the Hoplias genus presents
itself as a striking protagonist in this scenario (Diniz et al. 2023). Where the species of this group occupy
extensive areas of freshwater in the Neotropical region (Estrada et al. 2021). Among them, we can highlight
the species present in the Western Amazon of the H. aimara group, those present in the Eastern Amazon and
Parana-Paraguay Basins, of the H. lacerdae group, and finally the trahira of the most complex and diverse
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group, H. malabaricus (Saviato et al. 2024b). The latter, however, behind its apparent homogeneity, reveals
intricate genetic nuances that instigate a deep questioning about the biogeographic reality of this fish (Sharpe
et al. 2023).

Therefore, given its morphological, karyotypic and sympatric diversity, the H. malabaricus complex is an
intricate web of almost indistinguishable unknowns (Sproul et al. 2020). Where the variations that extend from
karyotyped populations to large territorial coverages reveal numerous distinct karyomorphic organisms,
suggesting the existence of a complex of species or paraspecies (Takagui et al. 2020). And so, even with a
more incisive analysis, it is possible to affirm that they are still quite identical to each other (Moraes et al.
2023).

Recently, some studies have highlighted a notable heterogeneity in the sampled species, contrasting among
themselves by these aspects including behavioral appearance (Winemiller et al. 2021). Such divergences,
associated with distinct patterns of biogeography and the presence of cryptic or sympatric specimens in this
heteromorphic mosaic, point to a complex evolutionary history shaped by the geological dynamics of each
region (Barby et al. 2019).

Several authors indicate that genetic analyses corroborate the hypothesis that this group dispersed in the
late Miocene. And that during the Last Glacial Maximum (LGM), the geographic distribution of this taxonomic
complex was restricted to the North and Northeast of South America, and in the Anthropocene, there was a
reduction in potential areas. Indicating that the drainages of the eastern portion of the Amazon basin and the
coastal drainages of the western basin of the Northeast Atlantic played crucial roles in the routes of population
dispersals (Carrillo-Bricefio et al. 2021). This suggests that, while many taxa already have their profile well
known, other groups, such as the H. malabaricus complex, represent a more recent and less derived condition
(Souza et al. 2020; Sassi et al. 2021). From this perspective, it offers a unique window, still little explored, to
understand not only the evolution of this group, but also its complex geographic distribution in the South
American region (Araujo-Flores et al. 2021).

Therefore, by interposing the results of genetic and morphological studies with geological history, it is
possible to correlate and unravel the intricate complexity of this taxonomic group (Rosso et al. 2018). Thus,
contributing to a broader understanding of the evolution and diversity of Neotropical species (Casatti et al.,
2020; Ibagoén et al. 2020). Thus, this study stands as a treatise, outlining a summarized overview of the
prominent role of the Hoplias genus in Neotropical ichthyology, aiming to provide substantial contributions
to the understanding of the diversity and biogeography of these organisms in South America.

Materials and Methods

Theoretical basis

The scientific exploration of South American ichthyofauna has led to a foray into the past, recovering data
from well-founded theoretical and conceptual strategies, combined with a detailed characterization of the
regional hydrographic network. Thus, such studies on the South American continent spanned three distinct
historical eras. Between 1750 and 1866, European naturalists played a seminal role in cataloging specimens of
commercial importance. The period from 1866 to 1930 witnessed the prominence of European and North
American ichthyologists, marked by comprehensive descriptions of species from various groups (Bohlke et al.
1978). The continuity in cataloging has lasted from 1930 to the present day, with contributions coming from
North America, Europe and South America. However, even with these efforts, approximately 30 to 40% of the
South American freshwater fish fauna remains awaiting taxonomic cataloging (Kavalco & Pazza 2007, Veiga
& Melki 2022).

And in a broader scope, South America includes freshwater fish that make up approximately 40% of
vertebrate species (Saviato et al. 2020), this Neotropical region stands out for being home to one third of the
global ichthyofauna (Buckup 2021). The orders Characiformes, Siluriformes and Gymnotiformes stand out,
while analyses of paleogeography (Demétrio et al. 2022), especially in the Amazon region, provide crucial
insights into the historical conditions that shaped the exuberant biodiversity (Ferreira et al. 2021). However,
this data set is less explored in the coastal areas of northeastern Brazil (Nascimento et al. 2021).

The scarcity of sources, with the lack of museum specimens for pertinent comparisons, and the scarce
production of faunal studies in different areas pose significant challenges for ichthyologists and fisheries
biologists in South America (Dopazo et al. 2023). There is an urgent need to scrutinize and rediscover species
cataloged before 1870, as well as to carry out contemporary taxonomic revisions for most groupings of South
American freshwater fishes (Castro 2021).
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In the biogeographic context of this genus, sculpted by millions of years of evolution and shaped by
geographic and climatic adversities in South America, it serves as a setting for more refined analyses (Dal
Negro et al. 2022). Where the suggestion of revalidation of nomenclatures for some species highlights the
urgency of more in-depth investigations, using additional markers, to address possible gaps in the ordering of
lineages (Gallo et al. 2021). As well as the real geographic distribution of the species already identified and
correctly cataloged, facilitating the understanding of new researchers who want to explore these groups
(Figueiredo et al. 2022).

Therefore, specific research on river basins aims to discern biogeographic events, elucidating their impact
on the dispersal, extinction and speciation of freshwater fish species (Gallo et al. 2021). Using
geomorphological data, these studies highlight the significant influence of sea level variation events on the
composition and distribution of species, highlighting the need to understand such events to interpret the
incessant evolution of fish communities in this macroregion (Becker & Camana 2021).

In this scope, some groups whose relevance in fishing activities in the main South American river basins
motivates a more pronounced approach, integrating with molecular studies to elucidate their phylogeny and
systematics (Buckup 2021). Thus, molecular phylogenetic analysis, using specific genes, was conducted
through models that combined or diverged certain past groupings, such as the Hoplias genus, more specifically
the H. malabaricus group (Guimares et al. 2021b). However, a more incisive approach regarding biological
diversity and its territorial allocation is still incipient and deserves more attention (Saviato et al., 2024b).

In general, comprehensive reviews on the distribution of these organisms reveal a recent increase in
academic production, especially regarding the study of the feeding habits of these fish and ecotoxicity (Dias
et al. 2021). However, terminological and conceptual inconsistencies have been identified, signaling the
urgency of more comprehensive debates about this taxonomic group specifically (Monteiro 2022). Therefore,
this scenario points to a promising field of growth for research, enriching the understanding mainly about
biogeography and the correct classificatory correlation for such organisms (Anghinoni et al. 2020; Saviato et
al., 2024b).

Data collection

This study is configured as a meticulous literature review, with an approach that resembles a
biogeographical analysis. The main objective was to explore and assimilate the existing knowledge on the
topic in question. To this end, the adopted methodology involved a comprehensive and diverse collection of
sources, starting with a search in indexed databases such as PubMed, Scopus and Web of Science, Google
Scholar, as well as virtual libraries and specialized academic repositories. The choice of these sources was
guided by rigorous criteria of relevance, quality and timeliness of the information, ensuring that the review
was based on pertinent and reliable material (Saviato et al., 2024b).

Therefore, the data were then organized and classified in a structured manner, grouping them according to
themes, methodologies and results of the reviewed studies. This organizational process allowed us to identify
patterns and trends within existing literature. The analysis involved a synthesis of the findings, providing a
cohesive view of the current knowledge on the topic. The interpretation of the data considered the main
conclusions of the studies, the areas of consensus, as well as possible controversies or gaps in the literature.

This theoretical approach incorporated a biogeographical perspective, examining how environmental
variables can influence the distribution and diversity of the groups studied. This helped to contextualize the
data in a geographic and ecological framework. To maintain accuracy and relevance, a scientific-temporal
systematic approach was followed, ensuring that the sources were updated and that any evolution in knowledge
was considered.

Finally, to minimize theoretical and classificatory divergences, the study employed cross-validation
techniques, comparing different studies to achieve a more robust and consensual understanding. The
information was continually adjusted and reassessed to reduce bias or inconsistencies, ensuring that the
analysis was objective and evidence-based.

Construction and data distribution

This approach included primary studies, systematic reviews and meta-analyses, each contributing as a
unique element. The analysis of these data resulted in the construction of thematic maps on the biogeographic
distribution of the biota corresponding to the Hoplias genus, categorizing information according to themes and
territorial nuances. Thus, this critical analysis identified divergences and convergences of data, while the
theoretical approach integrated findings, contributing to the mapping of interconnected habitats. And through
this methodology, we sought not only to review, but also to contribute to the development of knowledge on the
biogeography and territorial distribution of species of the Hoplias genus.
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Results and Discussion

This study reviewed previous research on the Hoplias genus Gill 1903, notable for its endemic distribution
in freshwaters of South America. The analysis covers the diversity of species of this genus, which extends
throughout South America and part of Central America, and introduced into North America, distributed in
several hydrographic systems. A total of at least 27 taxonomic entities were identified, divided into three
functional groups: H. aimara group, H. lacerdae group and the H. malabaricus complex group.

Recent advances in taxonomic and cytogenetic studies, as indicated by Rosso et al. (2018), reflect the
natural evolution of these analyses. The significant increase in the number of specimens in ichthyological
collections as well as the number of publications for the group over time indicates that there has been a
significant intellectual investment, although still with a necessary increase, as highlighted by Ferreira et al.
(2021).

Thus, the approach to the H. malabaricus Complex reveals the presence of polymorphic taxonomic entities
with significant osteological and karyotypic variability, according to laeger et al. (2022). The organisms of this
complex, found in the small basins on the eastern side of South America, have greater habitat complexity and
greater likelihood of similarities than those in inland regions, as pointed out by Sember et al. (2018). In Brazil,
the diversity of H. malabaricus in the South, Southeast, and Northeast regions highlights important karyotypic
disparities, corroborated by Guimaraes et al. (2022b), and confirms the taxonomic complexity of this group,
according to Pires et al. (2021).

Therefore, studies on H. malabaricus focus mainly on bioaccumulation, ecotoxicology, genetics, and
taxonomy. In contrast, studies on the geographic distribution of these organisms, specifically, are less frequent,
indicating that there is a predominance with less attention to biogeography, despite the growing scientific
interest. Therefore, a peak in publications has also been observed in recent decades, with national and
international contributions (Saviato et al., 2024) (Figure 1).
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Figure 1. Quantifications of scientific research on the Hoplias genus, presenting the main countries involved and their
contributions, as well as the most widely discussed topics. (Source: VOSviewer x Bibliometrix, adapted from Saviato et
al., 2024b).

In this sense, Neotropical waters, coastal or in large continental basins in South America, appear as
promising terrain for the study of the diversity of the Hoplias genus (Cardoso et al. 2018). Furthermore,
emphasizing its ecological and taxonomic importance, especially the H. malabaricus complex, due to its
apparent wide distribution, being contained in most of the South American drainage basins (Sharpe et al. 2023).
It emerges as the protagonist of most taxonomic and cytogenetic studies in Neotropical fishes today (Albert et
al. 2020).

Therefore, due to this diversity, we can highlight that despite some theoretical divergences, the H. aimara
group, in this study, was considered to have 2 (two) species, the H. lacerdae group contains 9 (nine) species
and the H. malabaricus group complex constitutes the largest set of species with almost indistinguishable
Actapesca (2025), 22., 87-99 DOI 10.46732/Actafish.22.87-99
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[
genetic and morphological proximity, totaling 16 taxonomic entities (Rosso et al. 2018, Sproul et al. 2020,
Guimardes et al. 2021a, 2021b, 2022). Therefore, these disparities between populations reveal a profound
heterogeneity of karyomorphic organisms, suggesting the possibility of a larger complex due to its marked
hydrogeographic homogeneity (Moraes et al. 2023).

It is important to mention that the segregation of the H. aimara taxon into two distinct entities for this study
is due to its unique geographic distribution. We would like to call them H. aimara north and H. aimara south,
since this species is in the Western Amazon Basin, which is part of the Amazon River drainage system (Sassi
et al. 2021). While H. macrophthalmus is distributed throughout the basin complex that makes up the
Essequibo-Orinoco region and others in its subjacent areas, located in the northern part of the Amazon region
(Ferreira et al., 2021; Correa et al., 2023; Lima-Corréa et al., 2023).

However, biogeographically they are separated by the Guianas Shield Mountain range, which is
characterized by its tepui formations, where the iconic Mount Roraima is located. And thus, it is an ancient
geological impediment to gene flow between populations of this taxonomic group. Likewise, H. aimara and
H. macrophthalmus were recently mentioned for the same taxon. The main reason for the separation between
them is their distribution between antagonistic hydrographic basins, which is why it was decided to present the
form of two different taxa for this study.

However, in the case of the H. malabaricus group, according to Bifi et al. (2013), it indicates the existence
of 4 morphotypes present in the drainages of the Plata basin, the sympatric species H. argentinensis (Rosso et
al. 2018), H. mbigua (Azpelicueta et al. 2015) and H. misionera (Rosso et al. 2016), and thus, we list possible
divergences between these taxonomic units, while still maintaining possible new entities. In the same way, we
segregate H. aimara from H. macrophthalmus, as already justified, because there is divergence regarding its
regrouping into just one taxonomic entity, and because they are distinctly allocated in hydrographic basins that
do not have current interconnections.

And from analyses inferred by Escobar (2019), it was possible to verify the existence of 3 more isolated
karyotypic groupings for southeastern Brazil, distant from the other drainages already pointed out. Such as the
discrepancies presented for the H. malabaricus ABZ3047 grouping, pointed out by Guimaraes et al. (2022), as
possible new species for the group. These results from this critical analysis of these bibliographies correlated
and grouped the entities concisely, forming a set of all taxa pertinent to the Hoplias genus. And thus, with
special attention to the complex grouping of H. malabaricus (Table 1).

Table 1. Taxonomic units cited by the bibliographies visited, segregated by phylogenetic proximity grouping and their
respective geographic distribution locations, or the type of location of their collection and identification.

Taxonomic unit Reference

Hoplias aimara group

Locality

Middle and lower Amazon basin,
Trombetas, Jari, Tapajos,
Xingu, Tocantins rivers
(Araguari and Amapa rivers -
doubtful)

Orinoco River and coastal basins of
French Guiana and Suriname

H. aimara (Valenciennes 1847). Mattox et al. 2006

H. macrophthalmus (Pellegrin,
1907)
H. lacerdae group
H. australis Oyakawa & Mattox
2009
H. brasiliensis (Spix & Agassiz
1829)

Misiones region Uruguay River basin

Coastal drainages in Northeast Brazil

Araguaia-Tocantins and Xingu rivers
and other drainages of the
middle Amazon basin

Sao Francisco River drainages of the

H. curupira Oyakawa & Mattox
2009

H. intermedius (Glinther 1864)

H. lacerdae Miranda Ribeiro 1908
H. microcephalus (Agassiz 1829)
H. microlepis (Glinther 1864)

H. patana (Valenciennes 1847)
H. teres (Valenciennes 1847)

Rio Doce

Uruguay river basin (Uruguay and
Argentina)

Sao Francisco River, Brazil

Central American basins on the Pacific
slope

Atlantic drainages of French Guiana

Lake Maracaibo river basin, Venezuela
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Table 1 (Cont.)
Hoplias malabaricus group

H. argentinensis Rosso, Gonzalez-
Castro, Bogan, Cardoso,
Mabragaiia, Delpiani et al.
2018

H. auri Guimaraes, Rosso,
Gonzalez-Castro, Souza,

Parana-Paraguay basin

Crepori River, Amazon basin

Diaz de Astarloa &
Rodrigues 2021
H. malabaricus (Bloch 1794) South America
Lower Parana River (Yabebiry,
Nemesio Parma, Corpus,
H. mbigua Azpelicueta, Benitez, Garup4, Puerto Mani in the
Aichino & Mendez 2015 province of Misiones and
[tuzaingo in the province of
Corrientes)

H. misionera Rosso, Mabragaiia,
Gonzalez-Castro, Delpiani,

L Province of Misiones
Avigliano, Schenone et al.

2016
H. sp.1 (Sul) Lower La Plata Basin Gasparetto Bifi 2013
H. sp.2 (Sul) Lower La Plata Basin Gasparetto Bifi 2013
Hoplias sp.3 (Sul) Lower La Plata Basin Gasparetto Bifi 2013
Hoplias sp.4 (Sul) Tapajos River Basin Gasparetto Bifi 2013

Sé&o Francisco River/East
Atlantic/Eastern Northeast
Atlantic/Parnaiba/Itapecuru
Basins

Lower Amazon River/Xingu

Hoplias sp.6 ABZ3047 (SPOP3) River/Rupuruni River Guimaraes et al. 2022

Conferences

Hoplias sp.7 ABZ3047 (SPOP1) Drainages of the Guiana Shields Guimardes et al. 2022

Hoplias sp.8 ABZ3047 (SPOP4) Southeast - Abrolhos - Eastern Basins Pereira et al 2012

Hoplias sp.9 (Southeast) Southea;;;;iﬁlarolhos - Northeast Pereira et al 2012

Hoplias sp.10 (Southeast) Southez;;tal;i;j:bo Frio - Southeast Pereira et al 2012

Middle and lower Amazon basin,
Trombetas, Jari, Tapajos,
Hoplias sp.11 (Southeast) Xingu, Tocantins rivers Guimardes et al. 2022
(Araguari and Amapa rivers -
doubtful)

Hoplias sp.5 ABZ3047 (SPOP6) Gasparetto Bifi 2013

Source: Prepared by the author

The detailed analysis of the results obtained, including the precise delimitation of the hydrographic basins
and watersheds that represent geological barriers to the dispersion of freshwater fish species, was fundamental
for the preparation of the distribution maps. These maps were constructed from the integration of bibliographic
data with geomorphological and hydrographic information specific to each region. The detailed consideration
of these factors allowed a more precise representation of the areas of occurrence of the species and the
limitations imposed by the geological elements, providing a solid basis for understanding the dynamics of the
distribution of the species in relation to the local environmental and geographic characteristics.

In this regard, the species listed for the H. aimara group presented distinct distributions, being separated
by the mountainous massif of the Guiana Shield region. Another important observation is that the species of
the Lacerdae group have little to no overlap with the H. aimara group, being more concentrated in the channels
of the Eastern Amazon and in the complex basins that flow into eastern Brazil, as well as the Parana-Paraguay
basins. On the other hand, two taxa, H. microlepis and H. teres, are separated from the majority being in the
trans-Andean region towards Central America (
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Figure 2. Distribution of the genus Holplias of the Aymara and Lacerdae groups, and their official and unofficial
taxonomic units, in the South American continent (Source: Prepared by the author).

On the other hand, the divergences between the species of the H. malabaricus Complex attested to a more
pronounced derivation of the species distributed along the South American shield. Thus, the mapping of the
data outlined a summarized panorama of the geographic distribution of the taxa of this group in the Neotropical
region. Where the largest taxonomic grouping is cited for the southeast and northeast coast. In contrast, the
smallest number of bibliographies on the group is in the same region where there are fewer identified
taxonomic entities. Even so, unlike H. lacerdae, this group does not have trans-Andean entities (Figure 3).

The taxonomic uncertainty surrounding the Hoplias genus, especially the H. malabaricus complex, has
been intensively researched (Guimardes et al. 2022). This uncertainty is exacerbated by the difficulty in
accurately discriminating species in the field, due to high genetic heterogeneity, morphological similarity, and
limited taxonomic knowledge, which hinders assertiveness (Sassi et al. 2021). Furthermore, the evolutionary
trajectory of H. malabaricus and other taxonomic groups, such as the H. aimara group, is still confined to
distinct and disconnected river basins, such as the Essequibo-Orinoco basin and the Amazon basin (Guimaraes
et al. 2022).

In this context, the inclusion of the species H. aimara and H. macrophthalmus, still debated by some
experts, highlights the need for in-depth studies to understand their evolutionary relationships. The
controversial division between these species may reflect similar patterns to those observed in the H.
malabaricus group, where genetic complexity and conservation issues are relevant, since the lack of
connection between river basins promotes genetic isolation and, consequently, speciation after the Miocene
(Carrillo-Bricefio et al. 2021). This study, however, does not seek to argue or define the segregation between
these taxa, but to draw attention to the taxonomic proximity between the species of the H. malabaricus group,
which complicates the understanding of their actual geographic distribution, due to genetic complexity and the
presence of sympatric and cryptic species.

The results of this study offer an in-depth understanding of the distribution of these species, representing a
significant update in relation to previous taxonomic knowledge (Cardoso et al. 2018; Dias 2021). The
meticulous integration of geological data and taxonomic distribution frameworks enabled a more accurate
identification of taxonomic entities in the different hydrographic regions (Figueiredo et al. 2022). Species
identification and delimitation were improved by detailed analysis of geological features, resulting in a better
understanding of natural barriers and factors influencing species dispersal, considering sea level fluctuations
during the Anthropocene (Carrillo-Bricefio et al. 2021).
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Figure 3. Distribution of species
of the Holplias malabaricus
complex, and their official and
unofficial taxonomic units, in the
South  American  continent
(Source: Prepared by the author).
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Compared to previous studies, which often relied on less detailed data or more general analyses, this study
stands out for the accuracy and depth of data integration. Previous studies, such as those carried out by Castro
(2021), often did not fully consider the geological and geomorphological aspects of the regions studied (Gallo
et al. 2021), limiting the understanding of natural constraints on species dispersal (Figueiredo et al. 2022). The
combination of bibliographic data with precise geomorphological and hydrological information offered a more
robust approach to defining taxonomic distribution patterns. Previous studies, such as those by Ibagon et al.
(2020), were based on broader and less specific data, resulting in a less accurate representation of the actual
distributions of species.

Therefore, the implications of these results are significant for the conservation biology of species. Where
the precise identification of geological barriers and the delimitation of the areas of occurrence of species
allowed a more effective display of the specific distribution amplitude adapted to the characteristics of each
hydrographic region (Albert et al. 2020; Demétrio et al. 2022). Therefore, these inferences are crucial for the
development of studies with greater precision and assertiveness on the studied entities. The fusion between
biogeography and the revelations of biological, genetic and morphological studies highlights the H.
malabaricus complex, which instigates reflections on its distribution and underlines its importance in South
American aquatic environments (Pires et al. 2020).
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This study made it possible to integrate and present the detailed classification based on geological,
geomorphological and bibliographic data, allowing a precise delimitation of the areas of occurrence and
dispersion of the species. Thus, the results indicated that the H. malabaricus group is quite diverse, with 16
taxonomic entities, reflecting the great heterogeneity and environmental complexity, mainly in the Southeast
and Northeast regions of Brazil. Thus, it allowed a more precise representation of the distributions of these
species and the limitations imposed by natural factors. When compared to previous studies, it offered a more
robust and detailed view of the biogeography of the Hoplias genus. This not only improved the existing
taxonomic understanding but also provided a solid basis for future research on these species. On the other
hand, the implications of these results are significant for conservation biology and species management,
highlighting the importance of considering geological barriers and biogeographic aspects in the conservation
of aquatic species. Where the precise identification of the areas of occurrence allows the development of
strategies adapted to the specific characteristics of each hydrographic region.

Considerations

Acknowledgements

I would like to express my gratitude to all those who, in some way, contributed to the completion of this
study. I would especially like to thank the partners who made it possible to carry out and obtain the field data.
And the CAPES, for promoting and facilitating studies and bibliographic resources, through its platform.

References

Albert, J.S., Tagliacollo, V.A., & Dagosta, F. (2020). Diversification of neotropical freshwater fishes. Annual
review of ecology, evolution, and systematics, 51(2), 27-53. https://doi.org/10.1146/annurev-ecolsys-
011620-031032

Anghinoni, L.R.T., Murara, P., & Deon, A. R. (2020). A praxis no trabalho de campo: uma experiéncia em
biogeografia.  Geografia  ensino &  pesquisa,  Santa  Maria,  24(e13-2020), 1-21.
https://periodicos.ufsm.br/geografia/article/view/37218

Araujo-Flores, J.M., Garate-Quispe, J., Molinos, J.G., Pillaca-Ortiz, .M., Caballero-Espejo, J., Ascorra, C., ...
& Fernandez, L.E. (2021). Seasonality and aquatic metacommunity assemblage in three abandoned gold
mining ponds in the southwestern Amazon, Madre de Dios (Peru). Ecological indicators, 125(107455), 1-
16. https://www.sciencedirect.com/science/article/pii/S1470160X21001205

Avila, S.P, Melo, C., & Madeira, P. (2022). Big data. Revista de ciéncia elementar, 10(4), 1-6.
https://doi.org/10.1590/1414-462X202199010305

Barby, F.F., Bertollo, L.A.C., Oliveira, E.A., Yano, C.F., Hatanaka, T., Rab, P., Sember, A., Ezaz, T., Artoni,
R.F., Liehr, T., Al-Rikabi, A.B.H., Trifonov, V., Oliveira, E. H. C., Molina, W.F., Jegede, O.I., Tanomtong,
A., Cioff, M.B. (2019). Emerging patterns of genome organization in Notopteridae species (Teleostei,

Osteoglossiformes) as revealed by Zoo-FISH and comparative genomic hybridization (CGH). Scientific
reports, 9(1112), 1-12. https://doi.org/10.1590/1982-0224-2020-0055

Becker, F.G., & Camana, M. (2021). Paisagens fluviais e peixes de riacho: uma introducéo aos dados, unidades
espaciais de analise e classificagdo. Oecologia australis, 25(2):494-511.
https://doi.org/10.4257/0ec0.2021.2502.17

Bifi, A.G.; Pavanelli, C.S. ; Oyakawa, O.T. . Comentdrios sobre a situagdo taxonémica do complexo de
especies atribuidas ao grupo Hoplias malabaricus (Bloch, 1794) (Characiformes: Erythrinidae). In: XX
Encontro Brasileiro de Ictiologia, 2013, Maringd. XX Encontro Brasileiro de Ictiologia, 2013.
http://hdl.handle.net/1834/9953

Bohlke, J.E., Weitzman, S.H., & Menezes, N.A. (1978). Estado atual da sistematica dos peixes de agua doce
da América do Sul. Acta amazonica, 8(4), 657-677. https://acta.inpa.gov.br/fasciculos/8-
4/PDF/v8n4al 8.pdf

Buckup, P.A. (2021). Taxonomia ¢ filogenia de peixes de riachos brasileiros. Oecologia australis, 25(2), 197-
230. https://doi.org/10.4257/0ec0.2021.2502.01

Cardoso, Y. P., Rosso, J. J., Mabragana, E., Gonzalez-Castro, M., Delpiani, M., Avigliano, E., ... & Diaz de
Astarloa, J. M. (2018). A continental-wide molecular approach unraveling mtDNA diversity and geographic
distribution of the Neotropical Hoplias genus. PLoS one, 13(8-¢0202024), 1-25.
https://doi.org/10.1371/journal.pone.0202024

Actapesca (2025), 22., 87-99 DOI 10.46732/Actafish.22.87-99



https://doi.org/10.1146/annurev-ecolsys-011620-031032
https://doi.org/10.1146/annurev-ecolsys-011620-031032
https://periodicos.ufsm.br/geografia/article/view/37218
https://www.sciencedirect.com/science/article/pii/S1470160X21001205
https://doi.org/10.1590/1414-462X202199010305
https://doi.org/10.1590/1982-0224-2020-0055
https://doi.org/10.4257/oeco.2021.2502.17
http://hdl.handle.net/1834/9953
https://acta.inpa.gov.br/fasciculos/8-4/PDF/v8n4a18.pdf
https://acta.inpa.gov.br/fasciculos/8-4/PDF/v8n4a18.pdf
https://doi.org/10.4257/oeco.2021.2502.01
https://doi.org/10.1371/journal.pone.0202024

Saviato et al., 2025

Carrillo-Briceno, J.D., Aguilera, O.A., Benites-Palomino, A., Hsiou, A.S., Birindelli, J.L., Adnet, S., ... &
Scheyer, T.M.(2021). A historical vertebrate collection from the Middle Miocene of the Peruvian Amazon.
Swiss journal of palaeontology, 140(1), 1-30. https://sjpp.springeropen.com/articles/10.1186/s13358-021-
00239-7

Casatti, L., Brejao, G.L., Carvalho, F.R., Silva, H P.D., Pérez-Mayorga, M.A., Manzotti, A.R., ... & Langeani,
F. (2020). Stream fish from recently deforested basins in the Meridional Amazon, Mato Grosso, Brazil.
Biota neotropica, 20(1-€20190744), 1-14. https://doi.org/10.1590/1676-0611-BN-2019-0744

Castro, R.M. (2021). Evolugdo da ictiofauna de riachos sul-americanos (Castro, 1999) revisitado ap6s mais de
duas décadas. Oecologia australis, 25(2), 231-245. https://doi.org/10.4257/0ec0.2021.2502.02

Correa, L.L., Soares, G.B., Miiller, M.I.,, & Adriano, E.A. (2023). First morphological and molecular
characterization of the genus Eustrongylides nematode larvae infecting fish in the Brazilian Amazon.
Biologia, 78(10), 2855-2862. https://doi.org/10.1007/s11756-023-01422-6

Dal Negro, T., dos Santos, J.A.P., & Rotundo, M.M. (2022). Peixes insulares dulcicolas: inventario de um
remanescente de floresta tropical. Anais do encontro nacional de pos-graduagdo, 6(1), 83-88.
https://periodicos.unisanta.br/index.php/ENPG/article/download/3250/2213

Demétrio, J.A., de Souza, J.M., de Oliveira, N.P.C., & Cavalcante, E.B.T. (2022). A diversidade ictiofaunistica
do ribeirdo Paranavai, Paranavai—Parana. Revista percurso, 14(2), 35-54.
https://periodicos.uem.br/ojs/index.php/Percurso/article/view/64833/751375155323

Dias, M.S., da Silva Cassemiro, F.A., Bailly, D., Ribeiro, L.S., de Freitas Cossignani, E., da Graga, W.J., ... &
Villara, G.T. (2021). Macroecologia de peixes de riachos brasileiros. Oecologia australis, 25(2):512-530.
https://doi.org/10.4257/0ec0.2021.2502.18

Diniz, M.A.S., Marcon, L., Ervilha, B.B., dos Santos, J.E., Rizzo, E., & Bazzoli, N. (2023). Reproductive and
morphological analysis of the trairdo Hoplias intermedius in the Sao Francisco River, downstream from a
large reservoir. Anatomia, histologia, embryologia. 52(6), 836-842. https://doi.org/10.1111/ahe.12941

Dopazo, M., Souto-Santos, .C.D.A., Ribeiro de Britto, M., Rangel Moreira, C., & Andreas Buckup, P. (2023).
Os peixes de agua doce da regido da Costa Verde Fluminense do sudeste do Brasil. Biota neotropica, 23(1-
€20221422), 1-14. https://doi.org/10.1590/1676-0611-BN-2022-1422

Escobar, N.E.I. (2019). Diversity of Hoplias malabaricus (Bloch, 1794) in South America: an evolutionary
and ecological approacH. (Tese de Doutorado) Universidade Federal de Vigosa, Vigosa/MG. 96p.
https://locus.ufv.br/bitstreams/2c3b854c-68f5-482e-b0f9-6bb8fd3317cc/download

Estrada, M.M., Jiménez-Segura, L.F., & Calderon, 1.S. (2021). Contribution to a reference library of DNA
barcodes for Colombian freshwater fishes. ARPHA  preprints, 2(10-¢68554), 1-19.
https://doi.org/10.3897/BDJ.10.¢65981

Ferreira, A., Ribeiro, L.B., & Feldberg, E. (2021). Molecular analysis reveals high diversity in the Hoplias
malabaricus (Characiformes, Erythrinidae) species complex from different Amazonian localities. Acta
amazonica, 51(2), 139-144. https://doi.org/10.1590/1809-4392202001652

Figueiredo, F.J., da Silva, V.G., & Absolon, B.A. (2022). Mitos, descobertas geocientificas e os primérdios da
historia da biogeografia. Revista sustinere, 10(1), 238-288. https://doi.org/10.12957/sustinere.2022.63288

Gallo, V., de Figueiredo, F.J., & Absolon, B.A. (2021). Uma breve historia da biogeografia: de Linnaeus a
revolugdo Croizatiana. Revista sustinere, 9(1), 297-322. https://doi.org/10.12957/sustinere.2021.56049
Guimaraes, E.C., Oliveira, R.F., Brito, P.S., Vieira, L.O., Santos, J.P., Oliveira, E.S., ... & Ottoni, F.P. (2021b).

Biodiversidade, potencialidades ornamentais e guia ilustrado dos peixes da Mata Itamacaoca municipio

de Chapadinha-MA. Instituto maranhense de estudos socioeconomicos e cartograficos (IMESC), Sao Luis,
Brazil, 45p. https://imesc.ma.gov.br/portal/Post/view/biodiversidade/437

Guimaraes, K.L.A., Lima, M.P., Santana, D.J., de Souza, M.F.B., Barbosa, R.S., & Rodrigues, L.R.R. (2022).
DNA barcoding and phylogeography of the Hoplias malabaricus species complex. Scientific reports,
12(5288), 1-15. https://doi.org/10.1038/s41598-022-09121-z

Guimaraes, K.L., Rosso, J.J., Souza, M.F., Diaz de Astarloa, J.M., & Rodrigues, L.R. (2022a). A new species
of Hoplias malabaricus species complex (Characiformes: Erythrinidae) from the Crepori River, Amazon
basin, Brazil. Journal of fish biology, 100(2), 425-443. https://doi.org/10.1111/jfb.14953

Guimaraes, K.L., Rosso, J.J., Souza, M.F., Diaz de Astarloa, J.M., & Rodrigues, L.R. (2021a). Integrative
taxonomy reveals disjunct distribution and first record of Hoplias misionera (Characiformes: Erythrinidae)

Actapesca (2025), 22., 87-99 DOI 10.46732/Actafish.22.87-99


https://sjpp.springeropen.com/articles/10.1186/s13358-021-00239-7
https://sjpp.springeropen.com/articles/10.1186/s13358-021-00239-7
https://doi.org/10.1590/1676-0611-BN-2019-0744
https://doi.org/10.4257/oeco.2021.2502.02
https://doi.org/10.1007/s11756-023-01422-6
https://periodicos.unisanta.br/index.php/ENPG/article/download/3250/2213
https://periodicos.uem.br/ojs/index.php/Percurso/article/view/64833/751375155323
https://doi.org/10.4257/oeco.2021.2502.18
https://doi.org/10.1111/ahe.12941
https://doi.org/10.1590/1676-0611-BN-2022-1422
https://locus.ufv.br/bitstreams/2c3b854c-68f5-482e-b0f9-6bb8fd3317cc/download
https://doi.org/10.3897/BDJ.10.e65981
https://doi.org/10.1590/1809-4392202001652
https://doi.org/10.12957/sustinere.2022.63288
https://doi.org/10.12957/sustinere.2021.56049
https://imesc.ma.gov.br/portal/Post/view/biodiversidade/437
https://doi.org/10.1038/s41598-022-09121-z
https://doi.org/10.1111/jfb.14953

Saviato et al., 2025 lm

in the Amazon River basin: morphological, DNA barcoding and cytogenetic considerations. Neotropical
ichthyology, 19(2-e¢200110), 1-20. https://doi.org/10.1590/1982-0224-2020-0110

laeger, C.T., Restello, R.M., Chaves, A.S., & Zanin, E.M. (2022). Colecéo Ictiologica do Murau-Museu de
Ciéncias da URI: status atual e oportunidades de pesquisa. Revista perspectiva, 46(173), 41-56.
https://doi.ore/10.31512/persp.v.46.n.173.2022.228.p.41-56

Ibagon, N., Maldonado-Ocampo, J.A., Cioffi, M.D.B., & Dergam, J.A. (2020). Chromosomal diversity of
Hoplias malabaricus (Characiformes, Erythrinidae) along the Magdalena River (Colombia—northern
South America) and its significance for the Neotropical Region. Zebrafish, 17(3), 211-219.
https://doi.org/10.1089/zeb.2019.1827

Kavalco, K.F., & Pazza, R. (2007). Aspectos biogeograficos de componentes da ictiofauna da América Central.
ConScientiae saude, 6(1), 147-153. https://www.redalyc.org/pdf/929/92960117.pdf

Lima-Corréa, L., Mota-Atayde, H., Ferreira-Sarrazin, S.L., & Bezerra-de-Oliveira, R. (2023). Mercury
concentration in larvae of Eustrongylides sp.(Nematoda: Dioctophymatoidea) from fish of the Brazilian
Amazon. Revista de Biologia Tropical, 71(1). http://dx.doi.org/10.15517/rev.biol.trop..v71i1.55913

Mattox, G.M., Toledo-Piza, M., & Oyakawa, O.T. (2006). Taxonomic study of Hoplias aimara (Valenciennes,
1846) and Hoplias macrophthalmus (Pellegrin, 1907) (Ostariophysi, Characiformes, Erythrinidae). Copeia,
2006(3), 516-528. https://doi.org/10.1643/0045-8511(2006)2006[516:TSOHAV]2.0.CO:2

Monteiro, L.C. (2022). Estrutura populacional de espécies do género Cichla (Osteichthyes: Cichliformes)
introduzidas em diferentes regides brasileiras—uma revisao bibliografica. Biodiversidade brasileira, 12(2),
1-11. https://doi.org/10.37002/biodiversidadebrasileira.v12i2.2192

Moraes, R.L.R., de Menezes Cavalcante Sassi, F., Vidal, J.A.D., Goes, C.A.G., Dos Santos, R.Z., Stornioli,
J.HF., ... & de Bello Cioffi, M. (2023). Chromosomal rearrangements and satellite DNAs: extensive
chromosome reshuffling and the evolution of neo-sex chromosomes in the genus Pyrrhulina (Teleostei;
Characiformes).  International  journal — of  molecular  sciences,  24(17-13654), 1-16.
https://doi.ore/10.3390/iims241713654

Nascimento, .LR.M.A., Santos, J.P., Souza, J.P., Neta, RN.F.C., & de Almeida, Z.D.S. (2021). Bioecologia
alimentar e reprodutiva como subsidio para o cultivo do peixe Centropomus undecimalis (Teleostei:
Centropomidae) no Brasil: uma revisdo sistematica. Research, society and development, 10(16-
€592101623893), 1-11. https://doi.org/10.33448/rsd-v10i16.23893

Oyakawa, O.T., & Mattox, G.M. (2009). Revision of the Neotropical trahiras of the Hoplias lacerdae species-
group (Ostariophysi: Characiformes: Erythrinidae) with descriptions of two new species. Neotropical
ichthyology, 7(2), 117-140. https://doi.org/10.1590/S1679-62252009000200001

Pires, W.M.M., Barros, M.C., & Fraga, E.C. (2020). DNA barcoding unveils cryptic lineages of Hoplias
malabaricus  from Northeastern Brazil. Brazilian journal of biology, 81(4), 917-927.
https://doi.org/10.1590/1519-6984.231598

Rosso, J.J., E.Mabragana, M.Gonzalez-Castro, S.M. Delpiani, E. Avigliano, N. Schenone and J. M. Diaz de
Astarloa (2016) A new species of the Hoplias malabaricus species complex (Characiformes: Erythrinidae)
from the La Plata River basin. Cybium 40(3), 199-208. https://doi.org/10.26028/cybium/2016-403-002

Rosso, J.J., Gonzalez-Castro, M., Bogan, S., Cardoso, Y.P., Mabragaia, E., Delpiani, M., & de Astarloa, J.M.D.
(2018). Integrative taxonomy reveals a new species of the Hoplias malabaricus species complex (Teleostei:
Erythrinidae). Verlag Dr. Friedrich Pfeil. Ichthyol. explor. freshwaters, 28(3), 235-252.
https://doi.org/10.1590/1982-0224-2020-0110

Sassi de M.C, F., Perez, M.F., Oliveira, V.C.S., Deon, G.A., de Souza, F.H., Ferreira, P.H., ... & de B.Cioffi,
M. (2021). High genetic diversity despite conserved karyotype organization in the giant trahiras from
Hoplias genus (Characiformes, erythrinidae). Genes, 12(2), 252.1-13.
https://doi.org/10.3390/genes 12020252

Saviato, M.J., Brasil, M.N.F., Mariano, W.S., Martins, P.H.0O., Silva, F.W.M., Saviato, P.L.C., Cavalcante,
C.R.M. (2024a). Ethological aspects of Hoplias curupira (erythrinidae) in a confined environment, under
different visual stimuli. ACTAPESCA, 12(1), 1-11. http://dx.doi.org/10.46732/actafish.2024.12.1.1-11

Saviato, M.J., Junior, J.C.G., & Lima, J.D. (2022). Rio dos Bois: contribuigdes para a ictiofauna nas cabeceiras

da bacia do rio Araguaia, Noroeste do Goias, Brasil. Research, society and development, 11(11-
e173111133234), 1-20. https://doi.org/10.33448/rsd-v11i11.33234

Actapesca (2025), 22., 87-99 DOI 10.46732/Actafish.22.87-99


https://doi.org/10.1590/1982-0224-2020-0110
https://doi.org/10.31512/persp.v.46.n.173.2022.228.p.41-56
https://doi.org/10.1089/zeb.2019.1827
https://www.redalyc.org/pdf/929/92960117.pdf
http://dx.doi.org/10.15517/rev.biol.trop..v71i1.55913
https://doi.org/10.1643/0045-8511(2006)2006%5b516:TSOHAV%5d2.0.CO;2
https://doi.org/10.37002/biodiversidadebrasileira.v12i2.2192
https://doi.org/10.3390/ijms241713654
https://doi.org/10.33448/rsd-v10i16.23893
https://doi.org/10.1590/S1679-62252009000200001
https://doi.org/10.1590/1519-6984.231598
https://doi.org/10.26028/cybium/2016-403-002
https://doi.org/10.1590/1982-0224-2020-0110
https://doi.org/10.3390/genes12020252
http://dx.doi.org/10.46732/actafish.2024.12.1.1-11
https://doi.org/10.33448/rsd-v11i11.33234

Saviato et al., 2025 lm

Saviato, M.J., Mariano, W.S., Sassi, V.B., Martins, P.H.O., Paulino, M.G.& Almeida, S.S.M.S. (2020). Fishes
diversity in a reservoir of small hydroelectric power that suffers influence of urban evictions, in the city of
Araguaina, Tocantins state, Brazil. Facit business and technology journal, 13(1), 100-112.
https://revistas.faculdadefacit.edu.br/index.php/JNT/article/download/486/392

Saviato, M.J.; Saviato, P.L.C.; Machado, R.O.; Mariano, W.S.; Cristofolini, J.; Guimaraes Junior, J.C.; Couto,
C.C. (2024b). Perspectivas Cientificas sobre Hoplias malabaricus: Taxonomia, Biogeografia e Desafios de
Conservagao. Scientific Observatory Magazine - Zenodo, 1(2024), 1-20.
https://doi.ore/10.5281/zenodo.13175581

Sember, A., Bertollo, L.A., Rab, P., Yano, C.F., Hatanaka, T., De Oliveira, E.A., & Cioffi, M.D.B. (2018). Sex
chromosome evolution and genomic divergence in the fish Hoplias malabaricus (Characiformes,
Erythrinidae). Frontiers in genetics, 9(71), 1-12. https://doi.org/10.3389/fgene.2018.00071

Sharpe, D.M., Valverde, M.P., De Le6n, L.F., Hendry, A.P., & Torchin, M.E. (2023). Biological invasions alter
the structure of a tropical freshwater food web. Ecology, 104(12-e4173), 1-15.
https://doi.ore/10.1002/ecy.4173

Souza, L.S., Armbruster, J.W., & Willink, P.W. (2020). Connectivity of neotropical river basins in the central
Guiana Shield based on fish distributions. Frontiers in forests and global change, 3(8), 1-15.
https://doi.org/10.3389/ffgc.2020.00008

Sproul, J.S., Barton, L.M., & Maddison, D.R. (2020). Repetitive DNA profiles reveal evidence of rapid genome
evolution and reflect species boundaries in ground beetles. Systematic biology, 69(6), 1137-1148.
https://doi.org/10.1093/sysbio/syaa030

Takagui, F.H., Baumgirtner, L., Venturelli, N.B., Paiz, L.M., Viana, P., Dionisio, J.F., ... & Giuliano-Caetano,
L. (2020). Unrevealing the karyotypic evolution and cytotaxonomy of armored catfishes (Loricariinae) with
emphasis in Sturisoma, Loricariichthys, Loricaria, Proloricaria, Pyxiloricaria, and Rineloricaria.
Zebrafish, 17(5), 319-332. https://doi.org/10.1089/zeb.2020.1893

Veiga, LM.M.G., & Melki, L.B. (2022). Um panorama atual da paleoecologia de vertebrados no Brasil.
Biosphere comunicagoes cientificas, 1(1), 9-20. https://comunicata.ufpi.br/index.php/bcc/article/
viewFile/13185/8146

Winemiller, K.O., Winemiller, L.C.K., & Montana, C.G. (2021). Peacock bass: diversity, ecology and
conservation. Academic Press. 687p. https://doi.org/10.1002/fsh.11004

Como citar o artigo:

Saviato, M.J., Saviato, P.L.C., Machado, R.O., Guimaraes-Junior, J.C., Cristofolini, J., Mariano, W,S. & Couto. C.C.
(2025). Critical Review and Mapping of the Distribution of Species of the Hoplias genus in South America. Actapesca,
22, 87-99. https://doi.org/10.46732/Actafish.22.87-99

Actapesca (2025), 22., 87-99 DOI 10.46732/Actafish.22.87-99


https://revistas.faculdadefacit.edu.br/index.php/JNT/article/download/486/392
https://doi.org/10.5281/zenodo.13175581
https://doi.org/10.3389/fgene.2018.00071
https://doi.org/10.1002/ecy.4173
https://doi.org/10.3389/ffgc.2020.00008
https://doi.org/10.1093/sysbio/syaa030
https://doi.org/10.1089/zeb.2020.1893
https://comunicata.ufpi.br/index.php/bcc/article/%20viewFile/13185/8146
https://comunicata.ufpi.br/index.php/bcc/article/%20viewFile/13185/8146
https://doi.org/10.1002/fsh.11004

