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Description of larvae and juveniles

of Brycon falcatus (Characiformes:
Bryconidae) from the Tapajos River sub-
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Brycon falcatus (Characiformes: Bryconidae) is an Amazonian fish species of
great relevance in fisheries and as a seed disperser. However, knowledge about
its early development is limited due to the lack of information for accurate
identification. This study describes the larval and juvenile period of B. falcatus,
using morphological, meristic, and morphometric data, and analyzing larval
growth patterns. A total of 116 individuals, with lengths ranging from 4.02 to
72.83 mm, were analyzed, collected in the Tapajés River sub-basin, Amazon
basin, Brazil. At hatching, larvae are poorly developed, gradually acquiring
morphological and functional traits. In the yolk-sac larval stage, pigmentation is
scarce, becoming evident in preflexion, a pattern that continues through flexion
and postflexion stages. Juveniles display dark longitudinal stripes on the flanks, a
humeral spot, and a spot on the caudal peduncle. The number of myomeres ranges
from 42 to 44, and the formation of fin rays follows specific patterns. Growth is
predominantly continuous isometric. Larvae differ from congeners by myomere
number and pigmentation, juveniles by fin ray number and pigmentation.
Finally, a taxonomic key for the identification of Brycon larvae from the Tapajos
basin is provided. These data ensure identification and conservation of B. falcatus.

Keywords: Amazon basin, Early ontogeny, External morphology, Identification
key, Matrinxa.
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Early development of Brycon falcatus

Brycon falcatus (Characiformes: Bryconidae) é uma espécie amazdnica de grande
relevincia na pesca e como dispersor de sementes. Contudo, o conhecimento
sobre seu desenvolvimento inicial é limitado pela escassez de informagdes para
identificagio precisa. Este estudo descreve o periodo larval e juvenil de B. falcatus,
usando dados morfolégicos, meristicos e morfométricos, e analisando padrdes de
crescimento larval. Foram analisados 116 individuos, com comprimentos padrio
variando de 4,02 mm a 72,83 mm, coletados na sub-bacia do rio Tapajos, bacia
amazOnica, Brasil. As larvas ao eclodirem sio pouco desenvolvidas, adquirindo
gradualmente caracteristicas morfoldgicas e funcionais. No estigio larval vitelino,
a pigmentagio € escassa, tornando-se evidente em pré-flexdo, padrio que se
mantém nos estigios de flexdo e pos-flexdo. Juvenis exibem listras longitudinais
escuras nos flancos, uma mancha umeral e uma mancha no pedinculo caudal.
O niimero de midmeros varia de 42 a 44, e a formagio dos raios das nadadeiras
segue padrdes especificos. O crescimento é predominante isométrico continuo.
Larvas diferenciam-se de congéneres pelo niimero de miémeros e pigmentagio,
juvenis pelo nimero de raios das nadadeiras e pigmentagio. Por fim, uma chave
taxondmica para identificagio de larvas de Brycon da sub-bacia do Tapajos
é fornecida. Esses dados fornecem a precisa identificagio larval e juvenil de B.
falcatus, possibilitando a¢des de manejo e conservagio da espécie.

Palavras-chave: Bacia amazonica, Chave de identificagio, Matrinxa, Morfologia
externa, Ontogenia inicial.

INTRODUCTION

The Amazon basin is known for harboring a high diversity of freshwater fishes,
comprising more than 2,400 described species (Jézéquel er al., 2020). Within this
environment, the Tapaj6s River sub-basin stands out as one of the most prominent in
terms of drainage area, covering 476,674x106 km? (Farinosi ef al., 2019). This sub-basin
includes several important rivers, such as the Juruena, Teles Pires, and Tapajos rivers,
all of which play a crucial role in the conservation of Amazonian ecosystems (Araujo
et al., 2015). Moreover, the region harbors a rich fish diversity, with over 800 recorded
species, many of which have significant economic, social, and cultural importance
(Ohara et al., 2017; Silvano et al., 2020).

Within this diversity, the order Characiformes stands out as one of the most abundant
and representative groups in the Tapajés River sub-basin (Ohara ef al., 2017; Dagosta,
de Pinna, 2019), with special emphasis on the Bryconidae, which comprises four genera
(Brycon, Chilobrycon, Henochilus, and Salminus) and 51 valid species (Abe et al., 2014;
Fricke et al., 2025). Bryconidae can be distinguished from other Characiformes by their
fusiform body with relatively large body size; absence of both pectoral and abdominal
keels; and mandibular teeth generally arranged in two rows, with no pterygoid teeth
(van der Sleen e al., 2017; van der Sleen, Albert, 2017).

The genus Brycon is highly relevant for encompassing the largest number of species
within the family (a total of 44 valid species), being widely distributed, landed, and
traded across the Neotropical region (Lima, 2017; van der Sleen er al., 2017; van der
Sleen, Albert, 2017; Ayala ef al., 2018; Garcia-Dévila ef al., 2018; Fricke et al., 2025). In
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the Tapajds River sub-basin, four valid species have been recorded: Brycon amazonicus
(Spix & Agassiz, 1829), B. falcatus Miiller & Troschel, 1844, B. melanopterus (Cope,
1872), and B. aff. pesu Miiller & Troschel, 1845 (Ohara ef al., 2017; Dagosta, de Pinna,
2019; Silvano et al., 2020).

Brycon falcatus, commonly known as "matrinxd" or "voadeira", is an ecologically
important species due to its omnivorous feeding habits, consuming a wide range of
items including invertebrates, small vertebrates, and plant material such as fruits and
seeds (Albrecht er al., 2009; Matos ef al., 2016a). As a result, it plays a significant role
as a seed disperser, contributing to the maintenance of riparian zones and providing
ecosystem services with both direct and indirect benefits to society (Santos e al., 2020a;
Carvalho ef al., 2022; Carvalho, Germanos, 2023). It primarily inhabits oligotrophic
rivers with clear and black waters and is a target species in both recreational and artisanal
fisheries, being highly consumed due to the excellent quality of its meat (Matos ef al.,
2017a). Morphologically, it is a medium to large-sized fish, reaching up to 49.5 cm in
length and weighing up to 2.7 kg. It has a moderately deep body, a relatively discreet
humeral spot behind the operculum, and a dark V-shaped or crescent-shaped mark on
the caudal peduncle and caudal fin (Lima, 2017).

Inrecentyears, B. falcatus populations in the Tapajés River sub-basin have faced several
anthropogenic pressures, such as dam construction, contamination by trace metals,
dietary changes, and deforestation, all of which pose threats to its conservation (Matos
et al., 2016b, 2017b, 2018, 2020; Lucanus ef al., 2021). In this context, understanding
the species’ biology, especially its early development, is essential, as this knowledge not
only supports management and conservation strategies but also provides a foundation
for future research in ecology, physiology, and related fields (Nakatani et al., 2001;
Zacardi et al., 2020).

However, research on the early life history aspects of B. falcatus remains scarce, largely
due to the difficulty in accurately identifying its larvae and juveniles, a limitation directly
related to the absence of specific identification guides for the early developmental periods
(Reynalte-Tataje er al., 2020). Studies on the early developmental periods of species
within the genus Brycon have mainly focused on populations from other river basins
(Andrade-Talmelli ef al., 2001; Nakatani er al., 2001; Reynalte-Tataje et al., 2004; Arias,
2006; Gomes ef al., 2011; Oliveira et al., 2012; Faustino ef al., 2015; Maria et al., 2017;
Oliveira et al., 2020; Villada-Agudelo et al., 2021). Among Amazonian species, only B.
amazonicus has its early development described (Neumann et al., 2018; Lima et al., 2021).

The descriptions of fish larvae and juveniles, traditionally associated with taxonomic
studies, have been expanded to incorporate biological aspects, such as growth patterns,
based on the saltatory ontogeny theory (Balon, 1984). This approach, which integrates
taxonomy and biology, has proven essential for understanding the early developmental
periods of fish and their survival (Kova¢ er al., 1999; L'avrinéikova et al., 2005; Bialetzki
et al., 2008; Santos et al., 2017, 2020b, 2022; Silva er al., 2022; Cajado et al., 2023; Souza
et al., 2023).

Considering the relevance of Brycon falcatus for the maintenance of ecosystem
services, economy, food security, and the importance of studies regarding early
development for fish biodiversity conservation, the objectives of this study were: (i) to
characterize its larval and juvenile development, focusing on morphological, meristic,
and morphometric traits; (ii) to present growth patterns during the larval development
of the species; and (iii) to provide an identification key for the larval period.
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MATERIAL AND METHODS

Collection of biological material. The larvae and juveniles of B. falcatus analyzed were
collected from the natural environment of clear waters, in sampling stations distributed
across the Tapajos River sub-basin (Teles Pires and Tapajos rivers). The Teles Pires
River, also known as the Sio Manuel River, originates in the Serra Azul, Chapada dos
Guimaries municipality, in the state of Mato Grosso, and flows approximately 1,487 km
until its confluence with the Juruena River, forming the Tapajés River (Gallardo er al.,
2017). The Tapajos River, in turn, is one of the main tributaries of the Amazon River,
extending about 851 km through the states of Mato Grosso and Pard (Ruffino, 2004).

Collections in the middle stretch of the Teles Pires River (11°16°28”S and 55°27°02”W)
were carried out between 2016 and 2018, covering the municipalities of Cliudia,
Ipiranga do Norte, Itatiba, Sinop, and Sorriso in the state of Mato Grosso. In the
middle stretch of the Tapajés River (04°26’50”S and 56°1529”W), the collections were
conducted from 2020 to 2024, covering the municipalities of Jacareacanga, Itaituba,
Miritituba, and Aveiro in the state of Para, Brazil (Fig. 1).
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FIGURE 1 | Map of the Tapajds River sub-basin showing the sampling sites of Brycon falcatus larvae and juveniles used in the study. A. Tapajos

River; B. Teles Pires River. The arrow indicates the direction of the river flow. Photo B source: Lucélia N. Carvalho.
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To capture larvae, a plankton net with a mesh size of 300 pm was used, equipped
with a flowmeter to quantify the volume of water filtered during horizontal tows,
conducted both at the subsurface and mid-water, at approximately 8.0 m depth. To
obtain juveniles, beach margin tows were conducted using an 8.0 m long, 1.5 m high
net made with 1.0 mm mesh. Following collection, samples were: (1) stored in 500
mL polyethylene bottles properly labeled, (2) euthanized using eugenol (0.00005 ml/L)
(according to the CONCEA Euthanasia Practice Guideline, 2013), and (3) preserved in
a 10% formalin solution, then transported to the laboratory.

Identification of biological material. In the laboratory, the larvae and juveniles
of B. falcatus were separated from other organisms and debris through sorting under
a stereomicroscope. For the identification process, adult specimens of B. falcatus and
its congeners (B. amazonicus, B. melanopterus, and B. aff. pesu) were first analyzed.
These specimens were collected by the authors and identified based on the diagnostic
characteristics described by Lima (2017). To support this identification, characteristics
of the adult specimens were evaluated, including the number of rays of all fins and the
number of vertebrae. The Weberian apparatus was counted as four vertebrae, and the
composite centrum of the caudal skeleton was counted as a single element, based on
direct examination of the specimens (Lima, 2017).

Two adult specimens of B. falcatus were subjected to radiography to count the
number of vertebrae, for later comparison with the myomere count in the larvae. This
procedure is useful during the identification process because the number of myomeres
corresponds to the total number of vertebrae (which includes the Weber apparatus and
the caudal centrum), plus one additional segment (Snyder, 1979).

The larvae and juveniles were identified using the regressive development sequence
technique proposed by Ahlstrom, Moser (1976), which involves identification based on
a sequence of individuals at different stages, from juveniles or larvae at more advanced
stages to less developed larvae, using morphological, meristic, and morphometric
characteristics as the basis.

Subsequently, the individuals were categorized according to the degree of flexion
of the final section of the notochord and the sequence of development of the fins and
their supporting elements into: I) larval period, comprising four stages: a) yolk-sac -
from hatching until the larvae exhibit a fully or partially pigmented eye, anus, and
open mouth; b) preflexion - extends from the anus opening and mouth to the onset of
notochord flexion, with the appearance of the first supporting elements of the caudal
fin; c) flexion - characterized by the onset of notochord flexion, with the appearance
of the supporting elements of the caudal fin, until the full flexion of the notochord
and appearance of the pelvic fin bud; and d) postflexion - from the full flexion of the
notochord and appearance of the pelvic fin bud until the complete formation of the
pectoral fin rays and total absorption of the embryonic fin; and II) juvenile period,
when the complete formation of the rays of all fins occurs, the scales appear, continuing
until the first sexual maturation. This nomenclature was proposed by Ahlstrom et al.
(1976), modified by Nakatani ef al. (2001), and is widely used in various studies on the
morphological characterization of the early life stages of freshwater fish (Sanches er al.,
2001; Bialetzki et al., 2008; Oliveira et al., 2012; Marinho, 2017; Santos et al., 2017,
2020b, 2022, 2024; Lima et al., 2021; Oliveira et al., 2022; Silva et al., 2022; Cajado et
al., 2023; Souza et al., 2023).
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Analysis of biological material. The description was based on the degree of
development and observation of main morphological events, as well as meristic and
morphometric characters. The individuals that best represented the characteristics of
each period and stage were photographed and illustrated, following the technique
described by Faber, Gadd (1983) and Shibatta (2016, 2017).

For characterization of early development, morphometric measurements (expressed
in mm) were performed using a binocular stereomicroscope (Leica S9i) equipped with
an integrated digital color camera for image capture and analysis, utilizing the Leica
LAS EZ software. The following measurements were taken: head depth (HD), body
depth (BD), head length (HL), snout length (SNL), standard length (SL), eye diameter
(ED), and the distance from the snout to the origin of the anal fin (SNA), dorsal fin
(SND), pectoral fin (SNP), and pelvic fin (SNV), according to Ahlstrom et al. (1976),
modified by Nakatani e al. (2001). Additionally, the length from the snout to the anus
(SNAN) was measured. For meristic analysis, the number of preanal, postanal, and total
myomeres was counted, as well as the number of unbranched and/or branched rays
present in the fins: caudal (C), anal (A), dorsal (D), pectoral (P), and pelvic or ventral
(V) fins (Figs. 2A-B).

To standardize the morphometric data, all measurements were expressed in relation
to standard length (SL). In the yolk-sac and preflexion stages, where SL cannot be
directly measured due to the absence of notochord flexion, notochord length (from
the snout to the end of the notochord) was used as an equivalent. In the flexion and
postflexion stage, and juvenile, SL was measured from the snout to the hypural plate,
following the methodology described by Marinho (2017, 2022). Total myomeres were
counted from the first occipital segment to the region anterior to the urostyle; preanal
myomeres were those located anterior to the vertical line passing through the anterior
margin of the anal opening; and postanal myomeres were counted posterior to the
vertical line passing through the posterior margin of the anal opening.

The larvae and juveniles of B. falcatus analyzed in this study are stored in the Collection
of Eggs and Larvae (https:/specieslink.net/col/CROLP-LEIPAI/) of the Laboratério
de Ecologia do Ictioplincton e Pesca em Aguas Interiores (CROLP-LEIPAI) at
the Universidade Federal do Oeste do Pard (UFOPA). The catalog numbers of the
examined samples are as follows: LEIPAI 1497, 1498, 1499, 1500, 1501, 1502, 1503,
1504, 1505, 1506, 1507, 1508, 1509, 1510, 1511, 1512, 1513, and 1514. Comparative
material with larvae of congeners of B. falcatus is also deposited in CROLP-LEIPAL: B.
aff. pesu (LEIPAI 1515) and B. amazonicus (LEIPAI 131 and 1516).

Based on the morphological, meristic, and morphometric characteristics observed
throughout larval development, a diagnostic identification key was constructed for B.
falcatus. The key aims to assist in the identification and differentiation of this species
from its congeners.

Data analysis. For the analysis of morphometric relationships (expressed as
percentages), the variables HD, SNL, and ED were related to head length, while the
variables BD, HL, SAN, SNA, SND, SNP, and SNV were related to standard length.
The classification of morphometric relationships for body depth (BD/SL), head length
(HL/SL), and eye diameter (ED/HL) was established using the criteria suggested by
Leis, Trnski (1989).

6/25 Neotropical Ichthyology, 23(3):e250045, 2025 ni.bio.br | scielo.br/ni
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FIGURE 2 | Morphometric and meristic measurements in Brycon falcatus. A. Larval period and B.
Juvenile period. HD — head depth, BD - body depth, HL — head length, SNL — snout length, SNAN - snout
to anus length, SL — standard length, ED - eye diameter, SNA — snout to anal fin distance, SND — snout
to dorsal fin distance, SNP - snout to pectoral fin distance, SNV — snout to pelvic fin distance, PAM —

preanal myomeres, PSM - postanal myomeres.

To assess the growth pattern of different body parts, analytical regression models
were used, in which the morphometric variables (dependent) were plotted as a function
of standard and head lengths (independent). The relationships between these variables
were described by different growth models, which may represent specific biological
processes (Kovac ef al., 1999). Initially, the null hypothesis is that growth follows a
continuous isometric pattern, tested through simple linear regression. Along with the
continuous isometry hypothesis, alternative hypotheses were tested, including gradually
allometric development, represented by a quadratic regression, and the second alternative
hypothesis, which proposes that growth occurs through a break, appropriately described
by segmented linear regression (piecewise regression).

Neotropical Ichthyology, 23(3):250045, 2025 7/25
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Growth pattern was analyzed only during the larval period, as no individuals in the
transitional between postflexion and juvenile were captured. This absence resulted in a
more pronounced size difference between the analyzed stages. The optimal models for
each morphometric variable related to body and head size were determined using F tests.
The significance level adopted was p < 0.05 (Sokal, Rohlf, 1981). All statistical analyses
were performed using R software, v. 4.1.1, with the Segmented package (Muggeo, 2008).

RESULTS

A total of 116 Brycon falcatus individuals were analyzed during their early development,
distributed as follows: four in the yolk-sac stage, 27 in preflexion, 61 in flexion, 16
in postflexion, and eight in the juvenile period. During the early development of B.
falcatus, standard length ranged from 4.02 mm (yolk-sac) to 72.83 mm (juvenile). The
description of each larval stage is illustrated in Figs. 3A—F, and the description of the
juvenile period is showed in Figs. 4A, B. The meristic and morphometric data are
summarized in Tab. 1.

Morphological characterization of the larval period. Yolk-sac (Fig. 3A):
Standard length ranged from 4.02 to 4.16 mm (mean: 4.08 mm + 0.06). The body
is elongated. The notochord is straight and visible by transparency. The yolk-sac is
elliptical. The adhesive organ is located on the dorsal region of the head, just above the
eyes. The mouth is semi-open and positioned subterminally. The snout is rounded with
simple nostrils. The eye is outlined, round, and without pigmentation. The operculum
partially covers the gill cavity. The optic vesicle is elliptical. The anal opening extends
beyond the midline of the body. Pigmentation is scarce, with dendritic chromatophores
concentrated on the upper portion of the yolk-sac and the anterior region of the body
behind the operculum. The embryonic membrane is transparent and extends from
the anterior margin of the yolk-sac (encompassing the caudal region) to the dorsal
midportion of the body. The pectoral fin bud is located slightly below the midline of the
body, in the upper region of the yolk-sac. The total number of myomeres ranges from
42 to 43 (23 to 24 pre- and 19 postanal), with a mode of 42 elements (n = 3).

Preflexion (Fig. 3B): Standard length ranged from 4.47 to 5.37 mm (mean: 4.79
mm £ 0.20). The characteristics related to the body, notochord, and the position of
the anus remain similar to the yolk-sac stage. However, the snout is more prominent,
the nostrils are elliptical, and the optic vesicle is rounded at this stage. At 4.65 mm of
body length, remnants of the yolk-sac and adhesive organ are still present. The mouth
becomes terminal, slightly prognathous, oblique, with the posterior end of the maxillary
bone extending past the posterior margin of the eye. Two rows of conical teeth are
distributed on the premaxilla, maxilla, and dentary. The eye is spherical and partially
pigmented. The operculum is not fully formed but covers the gills. The swim bladder
is visible by transparency. Pigmentation becomes more intense, with dendritic and
punctate chromatophores located from the posterior region of the head to the anus,
covering the entire body surface, including the embryonic membrane on the ventral
portion. The caudal peduncle is hyaline. The embryonic membrane still envelops the
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body of the larva, similar to the yolk-sac stage. The pectoral fin bud is surrounded by
membrane. The number of myomeres ranges from 42 to 44 (23 to 24 pre- and 19 to 20
postanal), with a mode of 43 elements (n = 22).

Flexion (Figs. 3C-E): Standard length ranged from 5.15 to 10.01 mm (mean:
7.85 mm + 1.17). The body is fusiform and robust. The notochord has a flexed final
section due to the formation of the first elements supporting the rays of the caudal fin
(hypurals). The mouth is terminal, and the snout becomes pointed. The nostrils are
simple. Two rows of conical teeth continue to be distributed along the premaxilla,
maxilla, and dentary. The eye is fully pigmented, and the operculum completely covers
the gills. The anal opening is located beyond the median region of the body. The
swim bladder is visible by transparency and is inflated. The pigmentation pattern is
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FIGURE 3 | Larval development of Brycon falcatus, in the sequence of stages: A. Yolk-sac — 4.15 mm (LEIPAI 1499); B. Preflexion — 4.65 mm

(LEIPAI 1500); C. Flexion early — 5.22 mm (LEIPAI 1501); D. Flexion — 6.47 mm (LEIPAI 1502); E. Flexion late — 10.01 mm (LEIPAI 1503); and F.
Postflexion —12.56 mm (LEIPAI 1504). Scale bars =1 mm.
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similar to the previous stage; however, the pigments become predominantly dendritic
and radiate to the edges of the operculum. At the end of the flexion stage, pigments
are observed in the distal region of the jaw, at the edge of the nostrils, and around
the eyes. Pigmentation is prominent in the anterior region of the body, covering the
embryonic membrane and the base of the dorsal fin. After the anus, the coloration
remains hyaline, accentuating the contrast between the pigmented and non-pigmented
areas. The embryonic membrane is gradually absorbed as the unpaired fins (dorsal and
anal, respectively) begin to form at 6.47 mm. By the end of the flexion stage, at 10.01
mm, the caudal, dorsal, and anal fins are well developed, with well-defined edges and
visible rays. The total number of myomeres ranges from 43 to 44 (23 to 24 pre- and 20
postanal), with a mode of 44 elements (n = 49).

Postflexion (Fig. 3F): Standard length ranges from 10.28 to 12.56 mm (mean: 11.24
mm = 0.57). The characteristics related to the body, notochord, mouth, snout, eye,
operculum, and the location of the anal opening remain similar to the previous stage.
The nostril has a lemniscate shape. The pigmentation remains similar to the previous
stage, with intense coloration in the anterior region of the body, while the area after
the anus remains hyaline; however, it spreads across the dorsal region of the head. At
10.80 mm SL, the embryonic membrane in the dorsal region is fully absorbed, revealing
the dorsal fin with visible rays. The pelvic fin bud and a small adipose fin are also
visible. Remnants of the embryonic membrane remain on the upper and lower regions
of the caudal peduncle and on the ventral portion of the body, where the pelvic fin
appears. The caudal, dorsal, and anal fins, in addition to visible rays, begin to show
segmentation. The insertion of the anal fin is posterior to the end of the dorsal fin. The
pectoral and pelvic fins do not have rays. The total number of myomeres is 44 (24 pre-
and 20 postanal).

Morphological characterization of the juvenile period. The standard length
ranged from 34.49 t0 72.83 mm (mean: 50.17 mm + 14.15). Similar to adults, the juveniles
have a moderately deep body, covered in scales, with a terminal mouth, premaxillary
teeth, simple nostrils, and spherical eyes. In preserved individuals, the dotted and
dense pigmentation of chromatophores is evident on the jaw, snout, dorsal part of the
head, and operculum. The body displays a series of straight, dark longitudinal stripes,
resulting from pigmentation in the middle-distal portion of the scales that develop
along the entire body. Additionally, there is a macula behind the head and a spot on the
peduncle extending to the upper and lower lobes of the caudal fin. A dark band ventral
extends from the base of the pelvic fin, surrounding the anal fin and reaching the distal
limit of its base. Diffuse pigments are distributed across all fins, which have formed and
segmented rays, with others concentrated in the distal region of the adipose fin. The
caudal fin is forked. The total number of fin rays (branched and unbranched) is: caudal
= 9-10; dorsal = 1,10; anal = 1,24-25; ventral = 1,7 and pectoral = 1,13 (Fig. 4).

Morphometric relationships. Larval period: from the yolk-sac to the flexion stages,
eye diameter (ED/HL) ranges from large to small (38.16% to 22.26%). However, in the
postflexion stage, this ratio ranges from small to moderate (23.86% to 32.54%) (Tab.
1). In the yolk-sac and preflexion stages, head length (HL/SL) ranges from small to
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FIGURE 4 | Juvenile development of Brycon falcatus. A. Juvenile early — 34.49 mm (LEIPAI 1498); and B. Juvenile - 72.83 mm (LEIPAI 1497). Scale

bars =1 mm.
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moderate (18.29% to 26.35%), stabilizing at moderate in the flexion and postflexion
stages (20.96% to 31.46%) (Tab. 1). Body depth (BD/SL) ranges from elongated to
moderate during the yolk-sac to flexion stages (13.74% to 28.64%). However, during
the postflexion stage, it is classified only as moderate (22.05% to 30.66%). Throughout
the larval period, the variables snout length (SNL/HL - 14.38% to 31.91%), snout to
anus length (SAN/SL - 57.91% to 68.07%), and the distances from snout to pectoral fin
(SNP/SL - 17.05% to 32.36%), dorsal fin (SND/SL — 38.13% to 66.23%)), anal fin (SNA/
SL — 49.84% to 69.35%), and pelvic fin (SNV/SL - 46.02% to 55.32%) increase, while
head depth (HD/HL — 104.95% to 70.45%) decreases during development (Tab. 1).

Juvenile period: eye diameter ranges from large to moderate (34.16% to 28.84%),
as does head length (35.32% to 30.50%), while body depth remains moderate (32.19%
to 37.07%). In contrast, snout length (20.80% to 27.82%) and head depth (84.52% to
95.18%) increase. Conversely, snout to anus length (68.10% to 64.44%), as well as
the distances from snout to the pectoral fin (31.96% to 24.59%), dorsal fin (54.43%
to 49.30%), anal fin (71.12% to 66.59%), and pelvic fin (53.49% to 48.02%) decrease
during development (Tab. 1).

Body growth. During the larval period, the morphometric variables related to head
length, such as eye diameter (ED/HL) and head depth (HD/HL), exhibit continuous
isometric growth, as indicated by simple linear regression. In other words, throughout
all stages of the larval period, both the eye and head depth grow proportionally to head
length. On the other hand, snout length (SNL/HL) shows positive allometric growth,
indicating that this structure grows faster than head length throughout all developmental
stages (Tab. 2; Figs. 5A-C).

Regarding the variables associated with standard length, body depth (BD/SL) and
the snout-to-dorsal fin base length (SND/SL) are the only ones to exhibit a pattern of
discontinuous isometric growth, as indicated by segmented linear regression. In this
growth model, both variables grow proportionally to standard length until they show a
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TABLE 1 | Variables analyzed (mm), minimum values (Min), maximum values (Max), mean (Mean), standard deviation (SD), number of
individuals analyzed (n), and morphometric (%) and meristic relationships found for the morphometric and meristic variables obtained from
larval and juvenile Brycon falcatus. Head depth (HD), body depth (BD), head length (HL), snout length (SNL), snout to anus length (SNAN),
standard length (SL), eye diameter (ED), snout to anal fin distance (SNA), snout to dorsal fin distance (SND), snout to pectoral fin distance
(SNP), snout to pelvic fin distance (SNV), absent fin (AF) and not visible (NV).

Yolk-sac (n = 4) Preflexion (n = 27) Flexion (n = 61) Postflexion (n = 16) Juvenile (n = 8)
I T oy ey ey g ety g [y oy

4.02-4.16 4.08+0.06 4.47-5.37 4.79+0.20  5.15-10.01  7.85#1.17 10.28-12.56 11.24+0.57 34.49-72.83 52.17+14.15

HL 0.74-0.91 0.82+0.07 0.92-1.37 1.11+0.11 1.29-2.97 2.17+0.44 2.87-3.92 3.33+0.31 11.51-22.49 16.71+4.38
SNL 0.13-0.19 0.15+0.03 0.15-0.34 0.25+0.05 0.25-0.76 0.48+0.13 0.60-1.05 0.80+0.10 2:52-5.35 4.08+1.17
ED 0.20-0.28 0.24+0.03 0.25-0.39 0.33+0.03 0.35-0.85 0.62+0.13 0.69-1.13 0.94+0.12 3.81-7.05 5.17+1.08
HD 0.70-0.73 0.71+0.01 0.74-1.05 0.91+0.07 0.96-2.25 1.71+0.30 2.11-2.86 2.58+0.22  9.74-21.31 14.53+3.98
BD 0.68-0.71 0.70+0.01 0.66-0.97 0.79+0.07 0.85-2.58 1.86+0.40 2.42-3.54 2.90+0.34 11.44-26.75 18.11£5.59
SNAN 2.57-2.60 2.59+0.01 2.60-3.42 3.02+0.16 3.22-6.52 4.98+0.82 6.36-8.18 7.28+0.50  23.49-46.94 34.23+8.89
SNP 0.84-0.89 0.86+0.02 0.83-1.29 1.05+0.11 1.16-2.92 2.07+0.43 2.80-3.77 3.21+0.31 11.03-19.44 14.87+3.24
SND AF AF AF AF 2.40-5.66 3.99+0.67 4.90-6.48 5.74+0.45 18.78-35.91 26.76+6.66
SNA AF AF AF AF 3.71-6.67 5.33+0.74 6.54-8.36 7.42+0.50  24.53-49.23 35.78+9.32
SNV AF AF AF AF AF AF 5.04-6.71 5.90£0.46 18.45-34.98 26.21+6.42

Morphometric relationships (%)

SNL/HL 15.25-20.61 18.31+2.24 14.38-30.03 23.00+4.42 17.19-31.91 21.93+3.21 20.28-28.41 24.03+2.21 20.80-27.82 24.27+2.17

ED/HL 22.26-33.90  29.40+5.11 24.31-36.65 29.56x2.70 24.19-38.16 28.64+2.53 23.86-32.54 28.19:+2.65 28.84-34.16 32.03+2.03
70.59- 70.45-

HD/HL 77.74-98.25 86.76+8.57 101.85 82.52+8.19 104.95 79.29£6.20 71.59-89.15 77.64+4.69 84.52-95.18 88.64+4.65

HL/SL 18.29-20.53 19.63+1.18 18.93-26.35 23.09+1.97 20.96-30.75 27.48+2.06 26.57-31.46 29.58+1.58 30.50-35.32 32.22%1.69

BD/SL 16.45-17.50 17.13+0.48 13.74-19.87 16.41+1.41 16.26-28.64 23.59+2.54 22.05-30.66 25.84+3.12 32.19-37.07 34.59+1.87

SNAN/SL 61.88-64.38 63.48+1.14 57.91-67.08 63.02+1.75 58.81-67.48 63.43+1.86 58.85-68.07 64.70+2.55 64.44-68.10 65.99+1.18

SNP/SL 20.88-21.31 21.13+0.21 17.05-25.39 21.94+1.98 19.90-29.24 26.23+2.13 25.92-32.36 28.49+1.65 24.59-31.96 28.89+2.25
SND/SL AF AF AF AF 38.13-66.23 49.10+3.64 44.87-53.44 51.03+2.49 49.30-54.43 51.85+1.94
SNA/SL AF AF AF AF 49.84-69.05 64.76+2.85 60.05-69.35 66.00+2.51 66.59-71.12 68.92+1.59
SNV/SL AF AF AF AF AF AF 46.02-55.32  52.45+2.54 48.02-53.49 50.82+1.99
Myomeres Min-Max Mode Min-Max Mode Min-Max Mode Min-Max Mode Min-Max Mode
Preanal 23-24 23 23-24 24 23-24 24 24 24 NV NV
Postanal 19 19 19-20 19 20 20 20 20 NV NV
Total 42-43 42 42-44 43 43-44 44 44 44 NV NV
Rays Min-Max Mode
Caudal - - - - - - - - 9-10 10
Pectoral - - - - - - - - i+13 i+13
Anal - - - - - - - - i+24-25 i+25
Dorsal - - - - - - - - i+10 i+10
Pelvic - - - - - - - - i+7 i+7
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reduction in growth rate: for BD, this change occurs in the postflexion stage, at 11.41
mm, while for SND, it occurs in the flexion stage, at 6.99 mm. By contrast, head length
(HL/SL) and the snout-to-fin base lengths for the pectoral (SNP/SL), anal (SNA/SL), and
pelvic fins (SNV/SL) show continuous isometric growth, as evidenced by simple linear
regression. This indicates that, throughout all developmental stages, these structures
grow in the same proportion as standard length (SL) (Tab. 2; Figs. 6A-F).

TABLE 2 | Mathematical and statistical values of the linear (L), quadratic (Q), and piecewise linear
(S) regressions for morphometric variables in relation to head and standard length in Brycon falcatus
during the larval period. R? = Coefficient of determination, BM = Best model, BP = Breakpoint, L = Simple
linear regression, Q = Quadratic regression, S = Piecewise regression, n = Number of individuals. Values

in bold: p < 0.05.

variaptes | & [ rewr [ ww [ w [ |
-““----

SNL/HL 0.90 0.90 0.90 5.39 1.25 3.33 Q
ED/HL 0.95 0.95 0.94 0.27 1.10 0.68 I8 - 108
HD/HL 0.97 0.97 0.97 0.46 2.15 1.31 1L, - 108
BD/SL 0.94 0.94 0.95 3.61 9.18 6.54 S 11.41 108
HL/SL 0.98 0.98 0.98 0.87 0.19 0.53 L - 108
SNP/SL 0.98 0.98 0.98 2.92 0.00 1.33 1L, - 108
SND/SL 0.94 0.94 0.95 1.12 11.50 6.42 S 6.98 70
SNA/SL 0.96 0.96 0.96 0.38 1.29 0.84 1L, - 65
SNV/SL 0.93 0.94 0.95 4.04 2.91 3.77 L - 16
A y =0.273x + 0.026 B 3.0| y=0.725x-0.130 Stages
R? = 0.946; p < 0.001 ° R2=0.968; p < 0.001 ® YSL
® PRE
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£ [S ® POS
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FIGURE 5 | Body growth of variables related to head length during the larval development of Brycon
falcatus. A. Eye diameter, B. Head depth, and C. Snout length.
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FIGURE 6 | Body growth of variables related to standard length during the larval development of Brycon falcatus. A — Head length, B — Body

depth, C - Snout-pectoral fin distance, D — Snout-anal fin distance, E — Snout-dorsal fin distance, and F — Snout-pelvic fin distance.

Identification key for Brycon species from the
Tapajés River sub-basin during the larval period

1a. Total myomeres ranging from 38 to 40; uniform pigmentation throughout the
DOAY e B. aff. pesu
1b. Total myomeres > 41; pigmentation restricted to certain parts of the body........... 2
2a. Embryonic membrane in the ventral region pigmented; body with well-defined
pigmentation extending from the head to the anus and beyond the anus, with
the entire body being hyaline.......ccccviuviieiciiinincicinincnccciceeen, B. falcatus
2b. Embryonic membrane in the ventral region without pigmentation; body with
diffuse or absent pigmentation, without clear boundaries, occurring irregularly .. 3
3a. Pigments dispersed in the dorsal region of the head; swim bladder internally
pigmented, forming a circle ......cooveeeeereneencreinineieneinesenenenaes B. melanopterus
3b. Pigments clustered in the dorsal region of the head; swim bladder internally
pigmented, but not forming a circle ..o, B. amazonicus
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DISCUSSION

We investigate the early development of the matrinxa B. falcatus from the Tapajos River
sub-basin. The findings provide a detailed identification of the larvae and juveniles of
this species, enabling comparisons with its congeners and contributing to understanding
of the systematics of the Brycon in the region. Additionally, this study describes growth
patterns during the larval period, highlighting essential biological traits in the early
life stages of fish. The early development of B. falcatus is altricial, meaning individuals
are poorly developed at hatching and undergo significant morphological changes,
such as yolk sac absorption and the formation of essential structures like fins and eyes.
According to Nakatani ef al. (2001), most economically important neotropical species
have newly hatched larvae with altricial characteristics, a trait commonly observed in
several Bryconidae species (Reynalte-Tataje et al., 2004; Oliveira et al., 2012; Villada-
Agudelo et al., 2021).

The mouth with numerous conical teeth, a long maxilla extending to the posterior
margin of the eye, and an intestine that surpasses the mid-body region, are common
features in the early stages of Bryconidae species (Nakatani er al., 2001; Oliveira e
al., 2012; Faustino et al., 2015; Oliveira et al., 2020; Lima ef al., 2021). Among
Characiformes, Acestrorhynchidae and Cynodontidae are most similar to Bryconidae
due to the presence of teeth in the early stages. However, Acestrorhynchidae larvae can
be distinguished from Bryconidae by their maxilla, which extends only to the middle of
the eye, and by their pointed snout in more advanced stages (Ponton, Mérigoux, 2001).
Conversely, Cynodontidae larvae have a very long maxilla, approximately twice the eye
size, and possess extraoral teeth (Nakatani ef al., 2001; Sousa, Severi, 2002; Cajado et al.,
2024; Santos ef al., 2025).

The taxonomic identification of fish larvae uses integrated methods that combine
morphological, meristic, and morphometric analyses, fundamental approaches for
distinguishing these organisms in their early developmental stages (Nakatani et al.,
2001; Reynalte-Tataje et al., 2020; Cajado et al., 2024). However, these techniques
differ from those applied to adult individuals, as larvae exhibit distinct body structures
and undergo significant transformations during ontogeny, and such changes make the
direct correlation between larvae and adults challenging (Oliveira er al., 2022).

In this context, the relationship between the number of vertebrae, present in adults,
and the number of myomeres, counted in larvae, emerges as a crucial tool for accurate
taxonomic identification, enabling a reliable association between larvae and their
respective adults periods (Snyder, 1979; Santos ef al., 2024; Oliveira ef al., 2024). In the
case of B. falcatus, the myomere count in larvae is consistent with the vertebral count
described for adults when considering the established relationship in which the number
of myomeres corresponds to the total number of vertebrae plus one segment (Snyder,
1979). This correlation was confirmed by Lima (2017) in the osteological analysis of
adult specimens. Thus, B. falcatus larvae can be distinguished by their myomere count,
which ranges from 42 to 44, while B. amazonicus presents between 45 and 46 myomeres,
B. melanopterus ranges from 46 to 47 (Lima et al., 2021), and B. aff. pesu displays between
38 and 40 myomeres (FKSSC, 2025, pers. obs.).

The larvae of B. falcatus are also distinguished from other species by their well-
defined pigments in the anterior region of the body, including the ventral section of the
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embryonic membrane, while the posterior part of the body is predominantly hyaline.
In contrast, B. aff. pesu displays uniform pigmentation across the entire body and, in
more advanced stages (postflexion), develops a dark stripe parallel to the lateral line
on the caudal peduncle and at the base of the anal fin (FKSSC, 2025, pers. obs.). In B.
amazonicus, pigments are sparse and diffusely distributed throughout the body, with
chromatophores located on the dorsal, anal, and caudal fins, as well as more intense
markings on the dorsal region of the head (Lima et al., 2021). Finally, B. melanopterus
exhibits a similar pattern but can be distinguished by a striking feature: the complete
internal pigmentation of the swim bladder, forming a well-defined circular mark that
extends to the tip of the anus. This characteristic was observed in larval images published
by Palacios, Ceballos (2012) in a study on feeding in a fish farming environment, which,
although not taxonomic in focus, provided an important visual record of the species. It
is evident that pigmentation stands out as the primary characteristic that differentiates
B. falcatus from other Amazonian species (Fig. 7), similar to what has been observed in
other taxonomic descriptions of Bryconidae larvae, where pigmentation often serves as
a key criterion for species differentiation (Nakatani ef al., 2001; Oliveira ef al., 2012).
The final distinguishing larval traits that also help differentiate the species are body
depth and fin positioning. From the flexion stage onward, B. falcatus displays a deeper
body, with a body depth ratio exceeding 20%, classifying it as moderate, while B.

amazonicus and B. aff. pesu larvae have a body depth ratio below 20%, classifying them
as elongated (FKSSC, 2025, pers. obs.; Lima e al., 2021). In addition, in more developed

FIGURE 7 | Comparative illustration of larvae in flexion of Brycon in lateral view of the body and their respective adults: A. B. falcatus — larva
with 10.01 mm and adult with 165.30 mm; B. B. amazonicus — larva with 10.27 mm and adult with 184.40 mm; and C. B. aff. pesu - larva with 9.40

mm and adult with 100.00 mm. Scale bars for larvae =1 mm and for adults = 10 mm. Adults of B. falcatus and B. amazonicus used from Lima (2017).
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larvae of B. aff. pesu, the dorsal and anal fins overlap, a feature absent in B. falcatus.
Finally, to distinguish the juveniles, B. falcatus has 24 to 25 rays in the anal fin, while B.
aff. pesu has only 20 rays (FKSSC, 2025, pers. obs.; Lima ef al., 2021).

During the yolk-sac stage, B. falcatus resembles other Brycon larvae, showing poorly
developed pigmentation after hatching, which gradually intensifies as the larvae progress
in their development (Oliveira ef al., 2012; Neumann ef al., 2018; Lima et al., 2021).
The initial transparency, characteristic of this stage, plays an important role during drift,
when the larvae are passively transported by the current and are more vulnerable to
predation, benefiting from camouflage to increase their chances of survival (Faustino er
al., 2015). In contrast, during the preflexion stage, the larvae develop pigmented eyes of
relatively large size, highlighting the development of acute vision, which is essential for
locating and capturing prey. Additionally, at this stage, the presence of teeth reinforces
the species’ voracity and active predatory behavior. According to Reynalte-Tataje ef al.
(2004), during the larval period, Brycon larvae have highly developed and pigmented eyes,
allowing them to visually target prey, which represents a significant adaptive advantage.

The adhesive organ observed during larval development (yolk-sac and preflexion
stages) in B. falcatus is a morphological feature common among Bryconidae (Nakatani
et al., 2001). This organ allows larvae, shortly after hatching, to temporarily attach to
the water surface through surface tension or to other floating structures, enhancing
dispersal and increasing the chances of reaching nursery areas, which contributes to
their survival (Santos, Godinho, 2002). This adaptation is especially important because
the larvae have limited swimming ability and are subject to passive drift caused by the
current (Oliveira ef al., 2012).

The sequence of appearance of the fins is characteristic of the genus Brycon, following
the order: pectoral, caudal, dorsal, anal, and pelvic fins (Nakatani er al., 2001; Oliveira
et al., 2012; Lima er al., 2021). This sequence is also widely observed in the order
Characiformes (Sanches et al., 2001; Marinho, 2017; Santos et al., 2020b; Souza et al.,
2023). The number of rays in the dorsal and anal fins during the postflexion stage, as well
as in the other fins during the juvenile period, matches the pattern observed in adults of
the species (Lima, 2017). Fin development is directly related to the swimming process
in fish with altricial development (Portella er al., 2014; Cajado er al., 2024; Santos et al.,
2025). In B. falcatus, from the flexion stage onward, these structures rapidly form, shortly
after the disappearance of the adhesive organ. Thus, the fins act as a new mechanism
influencing larval behavior and enhancing both movement and dispersal.

The morphometric relationships and changes in eye diameter, head length, and body
depth in Brycon falcatus are similar to those observed in B. orbignyanus (Valenciennes,
1850), described by Nakatani et al. (2001), and B. hilarii (Valenciennes, 1850), described
by Oliveira ef al. (2012). This demonstrates that, despite differences in habitat, species
within the genus Brycon share similar morphometric patterns.

According to Balon (1984), growth occurs through a prolonged sequence of stable
stages, interrupted by abrupt changes, a concept known as the saltatory ontogeny
theory. In the case of B. falcatus, only body depth and the distance from the snout to
the origin of the dorsal fin showed breakpoints, occurring at the postflexion and flexion
stages, respectively. These variables, which showed discontinuous growth, revealed
breakpoints indicating transitions between different stages within the same period, as
reported by Bialetzki er al. (2008). These transitional stages (flexion and postflexion)
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were also observed in the growth of B. hilarii and several other species of Characiformes,
highlighting a similarity in developmental break patterns across these species (Oliveira
et al., 2012; Silva et al., 2022; Oliveira ef al., 2024). Such stages represent critical
morphological transitions common to many fish taxa and can influence larval growth
patterns, likely contributing to the breakpoints observed in growth rate.

These transition points observed in the growth of B. falcatus are only considered
relevant when associated with morphological, physiological, or survival-related factors
(Kovac et al., 1999). Thus, for body depth, this suggests that most external changes
take place during these stages of the species’ life history, possibly influenced by dietary
shifts, muscle development, and fin formation (Taguti ef al., 2009; Marinho, 2022). The
interruption in the growth of the distance between the snout and the base of the dorsal
fin, observed as a decrease in the growth rate after the breakpoint, may be explained
by the formation of the fin rays. As these rays develop, they take up more space in the
anterior region of the body, which in turn reduces the distance between these structures.
Furthermore, the process of fin growth and formation plays a crucial role in promoting
faster body development, as it enhances swimming ability. It is particularly essential
for larval survival because it facilitates environmental exploration in search of food and
enables escape from potential predators (Santos ez al., 2024).

The positive allometry observed in the snout of B. falcatus indicates that, as the
species grows, the snout develops faster than the head, becoming a more prominent
and functional structure. This adaptation is directly related to feeding aspects, since
the snout, in addition to housing the mouth, plays an essential role in the development
of teeth, which emerge during the preflexion stage and are crucial for prey capture
and food ingestion (Oliveira ef al., 2012). Furthermore, throughout development, this
accelerated growth may be influenced by changes in the size and difficulty of capturing
food items (Gisbert et al., 2002; Oliveira et al., 2024). In the case of B. falcatus, the positive
allometry of the snout is consistent with what has been observed in other species with
similar feeding habits, such as Piaractus brachypomus (Cuvier, 1818) and Triportheus albus
Cope, 1872 (Santos ef al., 2022; Cajado et al., 2023).

Allometric patterns refer to the differential growth of body parts in relation to others,
resulting in proportional changes in the organism’s shape or function throughout its
development (Ticiani ef al., 2022; Xu ef al., 2023). These patterns reflect morphological
adaptations, often associated with ecological and functional variations at different stages
of ontogeny (Gisbert, 1999; Cajado et al., 2024). Consequently, allometric growth,
particularly during the early stages of development, is considered an adaptive strategy
to minimize environmental pressures, increasing the organism’s chances of survival and
growth (Fuiman, 1983; Osse, Van den Boogaart, 1999).

The larval growth of B. falcatus predominantly follows a continuous isometric profile,
a pattern that has received little attention in the literature, as most species of Neotropical
fish exhibit discontinuous isometry or allometry during early development (Kové¢ er al.,
1999; Bialetzki et al., 2008; Oliveira et al., 2012; Silva et al., 2022; Oliveira et al., 2024).
This characteristic may represent an adaptation to the species’ habitat; however, since
it is restricted to the larval period, it should be interpreted with caution. Nevertheless,
these findings provide valuable insights into the morphological changes during the early
stages of development. For example, the continuous isometry observed in the growth of

the eye, body depth, and head length may be related to the fact that B. falcatus completes
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its early life cycle within the river channel, a behavior similar to that described for other
Bryconidae species (Oliveira ef al., 2012; Cajado et al., 2018).

This pattern is further supported by collection records, which identified all larval
stages exclusively drifting within the channels of the Teles Pires and Tapajos rivers.
The environmental stability, with no significant changes in the ecological niche,
particularly in feeding habits, which are primarily based on the predation of larvae of
other Characiformes, such as Anostomidae, may explain the absence of pronounced
variations in growth rates (FKSSC, 2025, pers. obs.). In general, fluctuations in these
parameters are associated with shifts in feeding behavior, which mainly occur when
the species migrates to a new environment (Kova¢ er al., 1999; Oliveira et al., 2022).
Another relevant aspect is the continuous growth of the region from the snout to the
anal and pelvic fins, with no breakpoints. This may be related to the late formation of
these fins, which are still absent during the early stages (Bialetzki et al., 2008).

Brycon falcatus larvae and juveniles exhibit distinctive characteristics compared to
their congeners, initially evidenced by meristic variations, especially in the myomeres,
which serve as diagnostic data due to their relationship with vertebrae. Subsequently,
morphological variations, such as pigmentation patterns, allow for easy species
differentiation. Lastly, morphometric analysis applied to more advanced developmental
stages confirms species-level differentiation. The growth of head structures and most
body variables follow a continuous pattern, while body depth and the distance from
the snout to the origin of the dorsal fin exhibit discontinuous growth. Although this
partially aligns with the saltatory ontogeny theory, which describes growth as periods
of stability interrupted by abrupt changes, the fact that only two variables exhibit this
pattern suggests that the development of B. falcatus does not fully fit the classic model.
The most evident morphological changes occur during the transition from yolk-sac to
preflexion stages, and after the development of the pelvic fin in the postflexion stage.
Taxonomic information is essential for the accurate identification of B. falcatus, allowing
for its precise recognition in ichthyoplankton samples. Additionally, the growth patterns
observed during larval development show few abrupt changes, which aligns with the
species’ early life history, as it apparently completes its entire larval cycle within the
main river channel, providing valuable insights for the development of management
and conservation strategies.
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