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Cytogenetic investigation of the 
Ageneiosus ucayalensis group 
(Siluriformes: Auchenipteridae) reveals 
chromosomal uniformity 
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The tribe Ageneiosini (Auchenipteridae) comprises the genera Tetranematichthys, 
Tympanopleura, and Ageneiosus. Within Ageneiosus, six of the 13 valid species 
(A. akamai, A. dentatus, A. intrusus, A. ucayalensis, A. uranophthalmus, A. vittatus) 
exhibit taxonomic uncertainty due to incongruences between molecular 
(DNA Barcoding) and morphological data, prompting their grouping under 
A. ucayalensis. Although morphologically distinct, integrative analyses fail to 
differentiate these species. To bring new information to the group, we conducted 
the first cytogenetic study on A. dentatus, A. intrusus, and A. ucayalensis from 
Amazonas, Brazil, employing classical (Giemsa staining, C-banding) and 
molecular (rDNA and telomeric FISH) techniques. All three taxa shared identical 
diploid number (2n = 56), karyotypic formula (36m+18sm+2st), and conserved 
patterns of heterochromatin distribution and rDNA loci. No interstitial 
telomeric signals were detected, suggesting an absence of recent chromosomal 
rearrangements. The invariant chromosomal architecture in A. ucayalensis group 
is not definitive evidence against species-level differentiation, although together 
with prior molecular and morphological inconsistencies, would support the 
synonymization of A. dentatus, A. intrusus, and A. ucayalensis under a single taxon 
and the need for taxonomic revision within the A. ucayalensis group.
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Cytogenetic of Ageneiosus ucayalensis group

A tribo Ageneiosini (Auchenipteridae) compreende os gêneros Tetranematichthys, 
Tympanopleura e Ageneiosus. Dentro de Ageneiosus, seis das 13 espécies válidas 
(A. akamai, A. dentatus, A. intrusus, A. ucayalensis, A. uranophthalmus, A. 
vittatus) apresentam incerteza taxonômica devido a incongruências entre dados 
moleculares (DNA Barcoding) e morfológicos, o que levou ao seu agrupamento 
sob A. ucayalensis. Embora morfologicamente distintas, análises integrativas não 
conseguem diferenciar essas espécies. Para contribuir com novas informações, 
realizamos o primeiro estudo citogenético em A. dentatus, A. intrusus e A. ucayalensis 
do Amazonas, Brasil, empregando técnicas clássicas (coloração com Giemsa, 
banda C) e moleculares (FISH com rDNA e sequências teloméricas). Os três 
táxons compartilharam o mesmo número diploide (2n = 56), fórmula cariotípica 
(36m+18sm+2st) e padrões conservados de distribuição de heterocromatina e loci 
de rDNA. Nenhum sítio telomérico intersticial foi detectado, sugerindo ausência 
de rearranjos cromossômicos recentes. A estrutura cromossômica conservada no 
grupo A. ucayalensis não é evidência definitiva contra a diferenciação em nível de 
espécie, mas, juntamente com inconsistências moleculares e morfológicas prévias, 
apoia a sinonimização de A. dentatus, A. intrusus e A. ucayalensis em um único 
táxon e a necessidade de revisão taxonômica dentro do grupo A. ucayalensis.

Palavras-chave: Ageneiosini, rDNA 5S, rDNA 18S, Sondas teloméricas.

INTRODUCTION

Auchenipteridae is a monophyletic group that comprises catfishes inhabiting rivers from 
Panama to Argentina and live in association with floating or submerged logs, used as a 
hiding spot during the day and swimming free at night (Rodríguez et al., 1990; Ribeiro, 
2011). It is divided into two subfamilies: Auchenipterinae and Centromochlinae. 
Auchenipterinae represents the largest group within Auchenipteridae, currently 
encompassing 18 genera and 78 species (Arratia, Reis, 2025; Fricke et al., 2026). 
Presently, the subfamily Auchenipterinae includes the tribe Ageneiosini, which is 
composed of three genera and 22 species: 13 species belonging to Ageneiosus Lacepède, 
1803, six to Tympanopleura Eigenmann, 1912 and three to Tetranematichthys Bleeker, 
1858 (Calegari et al., 2019; Fricke et al., 2026). Over the years, Ageneiosus has undergone 
several taxonomic changes. Since the description of this genus, other species were 
reclassified into Ageneiosus, as Silurus inermis (valid as Ageneiosus inermis (Linnaeus, 
1766)) (Fricke et al., 2026), and with the description, invalidation (Ferraris Jr., 1988), 
and later revalidation of Tympanopleura (Walsh et al., 2015), some species passed through 
several redescriptions between the two genera.

Recently, another challenge in the study of Ageneiosus was presented. Calegari et 
al. (2019) combined five genes from both nuclear (rag2, myh6, and SH3PX3) and 
mitochondrial (CoI and 16S) DNA, with 264 morphological characters and revealed 
interesting data: five Ageneiosus species that were previously delimited by morphological 
data exhibited insufficient phylogenetic structure by the integrative analyses, forming 
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a polytomic branch in parsimony analysis (A. dentatus (Kner, 1858), A. intrusus Ribeiro, 
Rapp Py-Daniel & Walsh, 2017, A. ucayalensis Castelnau, 1855, A. uranophthalmus 
Ribeiro & Rapp Py-Daniel, 2010, and A. vittatus Steindachner, 1908). 

A subsequent DNA barcoding study (CoI), which tested the monophyly of the 
Tympanopleura and Ageneiosus, does not presented delimitation to almost all the studied 
species, but corroborated with the findings of Calegari et al. (2019), revealing that the 
interspecific genetic distances were almost equal to the intraspecific distances in six 
Ageneiosus species: the five taxa revealed in Calegari et al. (2019) plus Ageneiosus akamai 
Ribeiro, Rapp Py-Daniel & Walsh, 2017 (Hashimoto et al., 2020). Consequently, 
Hashimoto et al. (2020) proposed the establishment of the A. ucayalensis group 
encompassing A. akamai, A. dentatus, A. intrusus, A. ucayalensis, A. uranophthalmus, 
and A. vittatus.

Given the phylogenetic uncertainties and incongruences between molecular and 
morphological markers in Ageneiosini (Calegari et al., 2019; Hashimoto et al., 2020), 
cytogenetics offers a critical approach for resolving complex evolutionary histories. 
Some examples in which cytogenetics was valuable in elucidating complex histories 
can be observed in Characidae (Fernandes, Martins-Santos, 2004), Loricariidae 
(Glugoski et al., 2020), Erythrinidae (Bertollo et al., 2000; Blanco et al., 2010) and even 
in Auchenipteridae (Lui et al., 2010; Santos et al., 2021). 

Although there are cytogenetic studies, the majority of Auchenipteridae species 
lack basic chromosome information; just 14 species present at least the diploid 
number reported (summarized in Kowalski et al., 2024). Most cytogenetic studies in 
Auchenipteridae report 2n = 58 as the characteristic for the family (Ravedutti, Júlio 
Jr., 2001), number found in Trachelyopterus (e.g., Lui et al., 2010; Felicetti et al., 2021; 
Haerter et al., 2023), Entomocorus (Machado et al., 2021), Auchenipterus (Ravedutti, 
Júlio Jr., 2001; Machado et al., 2021), Glanidium (Ravedutti, Júlio Jr., 2001; Lui et al., 
2015), Centromochlus (Kowalski et al., 2024) and Tatia (Lui et al., 2013a). Despite the 
recurrent report of 2n = 58 for the family, there are exceptions. Beyond Centromochlus 
heckelii (De Filippi, 1853) with a 2n = 46 (Kowalski et al., 2020; Haerter et al., 2025), 
all species that have 2n different from 58 are Ageneiosini members: Tympanopleura 
atronasus (Eigenmann & Eigenmann, 1888) (2n = 56, cited as “Ageneiosus atronases” in 
Fenocchio, Bertollo, 1992), Ageneiosus inermis (2n = 56, cited as Ageneiosus brevifilis 
in Fenocchio, Bertollo, 1992; Lui et al., 2013b) and Tetranematichthys wallacei Vari & 
Ferraris, 2006 (2n = 52, Casarotto et al., 2024). Despite the reduced diploid number 
on A. inermis, there still 12 other valid Ageneiosus species without any cytogenetic 
data, and new information would help us to understand the chromosomal reduction on 
Ageneiosini and the A. ucayalensis group.

Due to the limited cytogenetic data for Ageneiosini and the need to clarify the 
A. ucayalensis group taxonomy, this study aims to generate cytogenetic insights of 
specimens from the A. ucayalensis group. Consensus on taxonomic boundaries and 
distribution is vital for sustainable management and conservation strategies, as legal 
protections depend on formally recognized taxonomic units.

https://www.ni.bio.br/
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MATERIAL AND METHODS

Field samplings. The sampling was realized in four points of the Amazon basin: A) in 
the confluence zone of the Negro and Amazonas rivers (Catalão Lake, Iranduba), B) in 
the Paciência Island located in the Amazonas River (Iranduba), C) Itapuru community 
in the Purus River (Beruri), and D) Abufarí Biological Reserve, also in the Purus River 
(REBio Abufarí, Purus River, Tapauá) (Fig. 1; Tab. 1). All the collection sites were 
inside Amazonas State, Brazil. Specimens of A. ucayalensis and A. dentatus were collected 
using gillnets and fishing rods, whereas A. intrusus individuals were exclusively captured 
via benthic trawling. All specimens were euthanized immediately after capture using 
clove oil (Griffiths, 2000; Pereira-da-Silva et al., 2009) for the cytogenetic analyzes 
(described below). After the removal of the tissues, the specimens were fixated in 
formaldehyde 10% until the transport to the Laboratório de Genética Animal (LGA) 
of the Instituto Nacional de Pesquisas da Amazônia, Manaus (INPA), where they were 
transferred to alcohol 70%. The morphological identification was done by Dr. Jansen 
S. Zuanon and Dra. Lúcia H. Rapp PyDaniel. Posteriorly the specimens were deposited 
in the INPA Fish Collection, Manaus, Brazil. The map was generated in QGIS and 
edited in Affinity® Photo 2. The data about the specimens of A. dentatus, A. ucayalensis 
and A. intrusus, their sex and precise collection site were described in Tab. 1, and their 
photographs in Fig. 2. 

FIGURE 1 | Sampling points of Ageneiosus ucayalensis group species in the Amazonas State, Brazil. The points “A”, “B”, “C” and “D” are zoomed 

in the three right squares.

https://www.ni.bio.br/
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TABLE 1 | Number of specimens collected by sex, location with GPS points, deposit voucher in fish collection of Instituto Nacional de Pesquisas 

da Amazônia (INPA-ICT).

Species Males Females Local Coordinates GMS Voucher Municipality

Ageneiosus dentatus 14 6 Catalão Lake (Point A)
03°10’58.8”S 
59°54’54.0”W

INPA-ICT 61056 Iranduba, AM

Ageneiosus ucayalensis

- 5 Catalão Lake (Point A)
03°10’22.8”S 
59°54’50.4”W

INPA-ICT 61065 Iranduba, AM

1 - REBio Abufarí (Point D)
05°14’27.6”S 
62°57’03.6”W

INPA-ICT 61066 Tapauá, AM

- 1 Paciência Island (Point B)
03°18’57.6”S 
60°11’13.2”W

INPA-ICT 61067 Iranduba, AM

Ageneiosus intrusus
1 - REBio Abufarí (Point D)

05°14’26.9”S 
62°57’04.6”W

INPA-ICT 61061 Tapauá, AM

- 13 Itapuru (Point C)
04°24’31.5”S 
61°55’21.2”W

INPA-ICT 61060 Beruri, AM

FIGURE 2 | A, B. Ageneiosus dentatus, INPA-ICT 61056. C, D. A. ucayalensis, INPA-ICT 61066. E, F. A. intrusus, INPA-ICT 61061. A, C, E. Natural 

color (font: authors). B, D, F. Color in alcohol (font: INPA Fish Collection). Approximate scale bars.

https://www.ni.bio.br/
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Cytogenetic analysis. A total of 552 metaphases were analyzed to determine the 
diploid number: 177 of A. dentatus, 146 of A. ucayalensis and 229 of A. intrusus. Mitotic 
chromosomes were obtained from anterior kidney cells (Bertollo et al. (1978), with 
adaptations for field work by Blanco et al. (2012)), analyzed with Giemsa staining, and 
classified according to Levan et al. (1964). The C-Banding followed the protocol of 
Sumner (1972), with adaptations suggested by Lui et al. (2012). The impregnation with 
silver nitrate was carried out according to Howell, Black (1980).

Fluorescent in situ hybridization was performed according to Pinkel et al. (1986) with 
modifications suggested by Margarido, Moreira-Filho (2008). The 18S rDNA detection 
was performed using probes from Prochilodus argenteus Spix & Agassiz, 1829, as obtained 
by Hatanaka, Galetti Jr. (2004), while the 5S rDNA sites were detected using probes 
from Megaleporinus elongatus (Valenciennes, 1850), as obtained by Martins, Galetti Jr. 
(1999). The telomeric probe (TTAGGG)n was generated by PCR according to Ijdo et al. 
(1991). The probes were labelled using ATTO488 (Green signal) and ATTO550 (Red 
signal) PCR Labeling Kits following the manufacturer protocol (Jena Bioscience®). 
Metaphase chromosomes were denatured in 0.05N NaOH/2×SSC. The hybridization 
solution consisted of 150 to 200 ng of each probe, 2×SSC, 50% of pure formamide, 10% 
dextran sulfate per slide on 77% stringency, and with 30% pure formamide on 65% 
stringency. Hybridizations were performed overnight at 37°C, with 18S and 5S rDNA 
probes under 77% stringency conditions and telomeric probe under 65% stringency. 
Chromosomes were counterstained with 15 μL of antifade mounting medium containing 
1 μL of 4′,6-diamidino-2-phenylindole (DAPI; 0.2 mg/mL). The slides were covered 
with coverslips and stored in the dark. Metaphase chromosomes were visualized and 
photographed using an Olympus® BX53 epifluorescence microscope equipped with 
an Olympus® QColor 5M digital camera. The karyotypes were mounted and edited 
on Affinity® Photo 2.

RESULTS

All the individuals from the three species presented 2n = 56, karyotypic formulae 
of 36m+18sm+2st, with fundamental number (FN) of 112 (Fig. 3, Giemsa). No 
heteromorphic sex chromosomes were evidenced. The C-Banding showed the 
heterochromatin distributed preferentially on the terminal region in both arms of 
all chromosomes, besides pericentromeric heterochromatin was revealed on the 
metacentric pairs 1, 13, and the submetacentric pair 20 (Fig. 3, C-Banding). The 
Nucleolus Organizer Region (NOR) was located on the p arm of the submetacentric 
pair 25 in a large secondary constriction adjacent to heterochromatin (Fig. 3, AgNOR, 
in boxes). Fluorescence in situ hybridization revealed 5S rDNA sites in the p arm of 
the metacentric pair 4 (Fig. 4, red boxes), and 18S rDNA sites in the p arm of the 
submetacentric pair 25 (Fig. 4, green boxes). The telomeric probe did not reveal any 
Interstitial Telomeric Site (ITS) (Fig. 5).

https://www.ni.bio.br/
https://www.scielo.br/ni


Neotropical Ichthyology, 24(2):e250163, 2026 7/17ni.bio.br | scielo.br/ni

Sandro Tonello, Natália L. Lira, Esteban D. Koch, Daniel R. Blanco, Eliana Feldberg, Roberto L. Lui and Josiane B. Traldi

FIGURE 3 | Karyotypes of Ageneiosus dentatus (A), A. ucayalensis (B) and A. intrusus (C) using classical cytogenetic methods (Giemsa stain, 

C-Banding, and AgNOR in boxes).

https://www.ni.bio.br/
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FIGURE 4 | Karyotypes of Ageneiosus dentatus (A), A. ucayalensis (B) and A. intrusus (C) evidencing the 5S 

rDNA sites (red boxes) and 18S rDNA sites (green boxes).

https://www.ni.bio.br/
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FIGURE 5 | Metaphases of Ageneiosus dentatus (A), A. ucayalensis (B) and 

A. intrusus (C) submitted to FISH with telomeric probe. No interstitial 

telomeric site was evidenced.

https://www.ni.bio.br/
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DISCUSSION

The three species of the Ageneiosus ucayalensis group studied (A. ucayalensis, A. dentatus 
and A. intrusus) presented the same diploid number of 2n = 56 chromosomes, which 
is consistent with the reduction on Ageneiosini proposed by Lui et al. (2013b) and 
indicates the diploid reduction in Ageneiosini compared to the Auchenipteridae 
modal diploid number. Aside from the conserved diploid number, they also do not 
differentiate in their karyotype morphology (Fig. 3). This could be a relevant finding 
since variations in the karyotype are usually common between species of the family 
(e.g., Auchenipterus (Ravedutti, Júlio Jr., 2001), Entomocorus (Machado et al., 2021) and 
Trachelyopterus (Santos et al., 2021)), and even in different populations of a given species, 
as seen in Glanidium ribeiroi Haseman, 1911 (Fenocchio et al., 2008; Lui et al., 2015) 
and Trachelyopterus galeatus (Linnaeus, 1766) (e.g., Ravedutti, Júlio Jr., 2001; Lui et al., 
2010; Haerter et al., 2022). Even within Ageneiosini, data of different populations of A. 
inermis presented different karyotype morphology, with A. inermis from Araguaia River 
presenting 32m+16sm+4st+4a, NF = 108 (Lui et al., 2013b) and A. inermis from Catalão 
Lake presenting 20m+16sm+10st+10a, NF = 102 (Fenocchio, Bertollo, 1992). Taking 
that into consideration, the absence of chromosomal differences between A. dentatus, 
A. intrusus, and A. ucayalensis demonstrates the high similarity and conservation of the 
genetic structure of these species.

Telomeric probes were employed in only 11 Auchenipteridae species to date ( Lui 
et al., 2010, 2013b, 2015, 2021; Haerter et al., 2022, 2023, 2025; Casarotto et al., 2024; 
Kowalski et al., 2024; present study), in which ITSs were detected on Centromochlus 
schultzi Rössel, 1962, C. heckelii and A. inermis. In A. inermis, the only Ageneiosini species 
with ITS known so far, the ITS found is collocated with a centromeric heterochromatic 
block in the pericentromeric region of pair 1, suggesting chromosomal fusions played 
a role in the origin of this large pair (Lui et al., 2013b). Despite the absence of ITS in 
A. dentatus, A. ucayalensis and A. intrusus (Fig. 5), the pair 1 of these species presented 
centromeric heterochromatic block, which should be homeologous to the A. inermis 
site, suggesting the loss of ITS sequences by evolutionary erosion in some Ageneiosus 
species (see Lee et al., 1993). This is also congruent with the latest phylogeny (Calegari 
et al., 2019), where A. inermis  is phylogenetically closer to the common ancestor 
of Ageneiosus  and Tympanopleura  than all species of the A. ucayalensis  group. Similar 
cases in other Siluriformes, such as Heptapterus hollandi (Haseman, 1911) (Margarido, 
Moreira-Filho, 2008), show that chromosomal fusions inferred through C-banding 
may lack detectable ITSs.

The conspicuously large metacentric chromosomal pair 1 observed here in A. dentatus, 
A. intrusus, and A. ucayalensis appears to exhibit homeology across Ageneiosus species (Lui 
et al., 2013b). While a single large chromosomal pair is also present in Tympanopleura 
(sm pair 9; Fenocchio, Bertollo, 1992) and Tetranematichthys (sm pair 17; Casarotto et al., 
2024), its submetacentric morphology and association with 18S rDNA loci distinguishes 
it from the metacentric condition in Ageneiosus (Fenocchio, Bertollo, 1992; Lui et al., 
2013b). The metacentric morphology of this pair may represent a synapomorphy 
for Ageneiosus, as proposed by Lui et al. (2013b). However, the broader homology 
across Ageneiosini remains uncertain, pending comparative cytogenetic analyses. 
Casarotto et al. (2024) hypothesizes two evolutionary scenarios inferred from pair 1 in 
Tetranematichthys for its origin: (1) a chromosomal fusion at the stem of Ageneiosini, or 

https://www.ni.bio.br/
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(2) a fusion occurring after the divergence of Tetranematichthys from the Ageneiosus + 
Tympanopleura clade. As the first hypothesis aligns more closely with current data, one 
could hypothesize that this conspicuously larger metacentric pair 1 may have taken 
part in the diploid reduction observed on the origin of Ageneiosini tribe. The current 
data from the present study reinforces this hypothesis by the presence of centromeric 
heterochromatin in Ageneiosus pair 1, although, the extensive rearrangements involved 
in its diploid number evolution complicate homology assessment. A comprehensive 
cytogenetic study is critical to resolve these hypotheses and the homology of the larger 
pair, clarifying its role in the karyotypic evolution of the tribe.

The three species analyzed also did not present differences for either rDNA 5S or 
rDNA 18S (Fig. 4). Auchenipteridae 5S rDNA can present single cistrons (e.g., Lui et al., 
2013b, 2015; Machado et al., 2021) or even multiple cistrons (Lui et al., 2013a; Santos 
et al., 2021; Haerter et al., 2022, 2025) but usually varies even between close species 
(i.e., Santos et al., 2021; Haerter et al., 2023). Despite the high variation found in 5S 
rDNA, the number of 18S rDNA sites is more conserved in Auchenipteridae, usually 
only one submetacentric or subtelocentric pair presents the cistrons, but its bearing 
chromosome, or at least its position in the chromosome, varies (as seen in Casarotto et 
al., 2024). This data shows that the association of both markers could help to understand 
species boundaries, and to delimitate not only Auchenipteridae species (Santos et al., 
2021; Haerter et al., 2023) but species of other fish families as Characiformes (e.g., Diniz 
et al., 2009; Piscor et al., 2015), other Siluriformes (e.g., Traldi et al., 2013; Bueno et 
al., 2014) and other biological groups (e.g., Amphibians (Bruschi et al., 2012), Reptiles 
(Chrostek et al., 2023), Mammals (Gomes Júnior et al., 2016), and Birds (Degrandi et 
al., 2020)). The absence of variation on 5S and 18S rDNAs gives a clue that the three 
species studied here could be a single taxonomic unit, but this data should be carefully 
interpreted with other markers to raise a hypothesis about it.

The invariant chromosomal architecture and cytogenetic patterns in the Ageneiosus 
ucayalensis group are not definitive evidence against species-level differentiation. 
However, when we combine cytogenetic, molecular, and morphological data, we 
gain valuable insights. The morphological history of the group is complex with 
several redescriptions (e.g., A. dentatus was once considered a synonym of A. ucayalensis 
(Mirande, Koerber, 2015)). Although some studies suggest characteristics to delimit 
these species, their definition is still obscure (Ribeiro et al., 2017). A recent phylogenetic 
hypothesis based on molecular and morphological data suggests that the phylogenetic 
relationship of Ageneiosus species within the A. ucayalensis group is indeed more complex 
than expected (Calegari et al., 2019). Even the genetic p-distances estimated for the 
group (CoI; Hashimoto et al., 2020), with interspecific distances ranging from 0.71% to 
1.10%, while intraspecific distances ranged from 0.31% to 0.84%, showed that there is a 
clear lack of barcoding gaps in the A. ucayalensis group. The distances found within the 
A. ucayalensis group are about 5 to 15x lower than any other interspecific distance found 
between Ageneiosus species, highlighting the contrast between the current taxonomy 
of the group and its closest relatives. The taxonomic validity of the species in the A. 
ucayalensis group remains uncertain, as current molecular and cytogenetic evidence does 
not corroborate the species boundaries. The integrated evidence of the identification 
methods suggests the synonymization of these three taxa under A. ucayalensis or a new 
review of all the other A. ucayalensis group species, including ecological and behavior 
studies, as the actual delimitation is clearly insufficient.
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Our data is the first peer-reviewed publication to cytogenetically characterize 
Ageneiosus ucayalensis group species: A. dentatus, A. ucayalensis and A. intrusus. The 
new information generated brings a better understanding of chromosome evolution of 
the Ageneiosini tribe, as well as reinforces the need to better understand the structure 
of the A. ucayalensis group species boundaries. The cytogenetic delimitation of those 
species seems to be non-existent and combined with the genetic and morphological 
data generated so far of the A. ucayalensis group, point to the synonymization, at least, of 
the three A. ucayalensis group species studied here. There is still a need for cytogenetic 
research on the other species of the A. ucayalensis group, A. vittatus, A. uranophthalmus, 
and A. akamai, as well as test cytogenetic, molecular markers, ecological data and new 
morphological studies to fully clarify these complex Amazonian fishes.
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