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Abstract: We conducted a critical review and structured synthesis on the reproductive migration and probable
spawning areas of Calophysus macropterus (Lichtenstein 1819) in the Amazon Basin, integrating multiple lines
of evidence. Three hypotheses were compared: H1, spawning in the Andean foothills (600 — 200 masl.) with
longitudinal migration; H2, mixed strategy with regional nuclei; H3, mainly local/lateral movements. Heuristic
analysis showed convergent support for H1: (i) recurrent absence of mature females in the central Amazon
lowlands, in contrast to several reports of females with ripe eggs in western Andes foothills tributaries; (ii) larval/
juvenile peaks in rivers of the western Amazon such as the Marafién, Ucayali, and Beni/Madre de Dios at the end
of the low water - beginning of the flood, compatible with upstream spawning and downstream drift; and (iii)
eco-hydrological and geomorphological plausibility of the fluvial environments in the foothills, consistent with the
flood pulse. Triangulation between independent lines and sensitivity analyses (alternative weightings and exclusion
of low-quality studies) maintained the hierarchy HI>H2>H3. A four-phase migration model is proposed for
C. macropterus. Information gaps remain, but all derived predictions are testable. In terms of management, the
results reinforce the need to conserve Andes-Amazon connectivity and the functional integrity of the foothills,
where reproductive bottlenecks can have downstream repercussions for C. macropterus and also for the large
migratory catfish of the Pimelodidae family.

Keywords: Andean piedmont; Potamodromous; Piracatinga; Heuristic; Reproductive migration.

Migracao reprodutiva e provaveis areas de desova de Calophysus macropterus
(Pisces: Pimelodidae) na bacia amazonica: uma revisio critica com sintese estruturada

Resumo: Realizamos uma revisdo critica e sintese estruturada sobre a migragdo reprodutiva e as provaveis areas
de desova de Calophysus macropterus (Lichtenstein 1819) na Bacia Amazonica, integrando multiplas linhas de
evidéncia. Trés hipoteses foram comparadas: H1, desova no sopé dos Andes (600 — 200 m acima do nivel do mar)
com migragdo longitudinal; H2, estratégia mista com nucleos regionais; H3, movimentos principalmente locais/
laterais. A analise heuristica mostrou suporte convergente para H1: (i) auséncia recorrente de fémeas maduras nas
terras baixas da AmazoOnia central, em contraste com varios evidencias de fémeas com ovos maduros em tributarios
do sop¢é dos Andes ocidentais; (ii) picos larvais/juvenis em rios da Amazonia ocidental, como o Maraiion, o Ucayali
¢ o Beni/Madre de Dios, no final da estagdo seca - inicio da cheia, compativeis com desova rio acima e deriva
rio abaixo; e (iii) plausibilidade eco-hidrolégica e geomorfologica dos ambientes fluviais no sopé das montanhas,
consistente com o pulso de inundag@o. A triangulagdo entre linhas independentes e as analises de sensibilidade
(ponderagdes alternativas e exclusdo de estudos de baixa qualidade) mantiveram a hierarquia HI>H2>H3. Um
modelo de migragdo em quatro fases ¢ proposto para C. macropterus. Lacunas de informagdo permanecem, mas
todas as previsdes derivadas sdo testaveis. Em termos de gesto, os resultados reforgam a necessidade de conservar
a conectividade Andes-Amazonia ¢ a integridade funcional do sopé das montanhas, onde gargalos reprodutivos
podem ter repercussdes a jusante para C. macropterus e também para os grandes bagres migratorios da familia
Pimelodidae.

Palavras-chave: Sopé andino; Potamoédromos, Piracatinga; Heuristica, Migragdo reprodutiva.
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Introduction

Identification of spawning areas in migratory fishes is central
to determine demographic connectivity and for effective fisheries
management in large rivers (Hegg, et al., 2015; Duponchelle et al.,
2021; Hermann et al., 2021). In the Amazon, the flood pulse structures
life cycles, synchronizes fish reproduction and regulates the drift of
eggs/larvae along the river—floodplain gradient (Pavlov et al., 1995;
Junk, 1997, 1999). The conservation of fish species such as the large
pimelodid catfishes depends on Andes—Amazon connectivity, currently
threatened by dams in headwaters and in the Andean foothills (Caldas
et al., 2023; Forsberg et al., 2017; Arantes et al., 2019; Damme et al.,
2019), with effects on migratory routes, substrates and hydrological
regimes (Anderson et al., 2018).

Over the past two decades, the decline of large Amazonian migratory
catfishes driven by overfishing, habitat degradation and disruptions
to hydrological connectivity (Duponchelle et al., 2021), created a
socioecological vacuum that rapidly elevated Calophysus macropterus
(piracatinga), as a substitute resource for riverine fishers (Perez &
Fabre, 2019; Franco et al., 2016). As stocks of high-value pimelodids
collapsed, the piracatinga became an accessible alternative supporting
regional and transboundary markets, providing crucial income for
many rural communities. However, this expansion was accompanied
by controversial practices, particularly the illegal use of caiman and
river dolphin carcasses as bait, widely reported by field studies (Iriarte
and Marmontel, 2013; Mintzer et al., 2013; Franco et al., 2016), and
amplified by media and conservation NGOs. These externalities
triggered strong regulatory responses in Brazil and Colombia, resulting
in successive fishing moratoria that remain in place.

However, over the years a central controversy has persisted —
“where does piracatinga spawn?” The migratory behavior of Calophysus
macropterus remains one of the most persistent controversies in
Amazonian fish ecology. While some researchers argue that the species
performs, at most, short lateral displacements within the central Amazon
floodplain (Villamil-Rodriguez et al. 2018), no mature females have
ever been documented along the extensive stretch between Iquitos
and Parintins, an absence difficult to reconcile with a locally confined
reproductive cycle (Perez & Fabre 2003, 2009). The recurrent scarcity
of mature females in the central plain (Solimdes/Amazonas), contrasting
with positive records in Andean tributaries and larval evidence (Garcia-
Davilaetal., 2015), maturation in the upper Putumayo and other foothill
stretches (Del Aguila et al., 2016; Bonilla-Castillo et al., 2022), as well
as species-specific larval pulses detected by barcoding/metabarcoding in
the Marafion, Ucayali and Beni rivers at the end of low water/beginning
of the flood, are consistent with downstream drift from upstream
spawning (Garcia-Davila et al., 2015; Mariac et al., 2022). This pattern
shows some similarity to the migrations of large pimelodid catfishes
(Brachyplatystoma spp.), which spawn in the rivers far western basin
and export larvae over long distances (Barthem et al., 2017; Mariac
etal., 2022), suggesting that C. macropterus may perform potamodromous
migration at a larger scale than traditionally assumed, albeit over shorter
distances than the goliaths.

If piracatinga is indeed migratory, the question becomes: how
far does it travel? Zapata & Usma (2013) classify it as a medium-
range migrator, yet even larger pimelodids such as Pseudoplatystoma
fasciatum typically migrate no more than ~500 km (Barthem et al.,
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2017), suggesting an upper bound for species of similar ecology.
Conversely, the presence of immature but large individuals (>35 cm
TL) in the Rio Branco—a tributary of the Rio Negro—challenges the
notion of strictly localized movements. If goliath catfishes undertake
continental-scale migration, there appears to be no functional barrier
preventing C. macropterus from exhibiting analogous, albeit shorter,
longitudinal movements. This unresolved tension underscores the need
for a basin-scale reassessment of its migratory dynamics.

The objective of this study was to conduct a critical review with
structured synthesis to systematize and organize fragmented biological
evidence and to propose a hypothetical model of reproductive migration
of Calophysus macropterus in the Amazon Basin. From this model, we
derived alternative hypotheses with falsifiable, testable predictions,
allowing us to synthesize critically the location of potential spawning
areas in a way that is consistent across different lines of evidence.

Methods

‘We conducted a critical review with structured synthesis, employing
principles of transparency in the bibliographic assessment and following
the SWIM (Synthesis Without Meta-analysis) guidelines when
quantitative estimators were not comparable among studies (Campbell
et al., 2020; Page et al., 2021). The synthesis followed four criteria:
(a) grouping by type of evidence and by hydro-geomorphological unit;
(b) presence of females in advanced maturation stages and detection of
eggs/larvae; (c) degree of support or refutation of each hypothesis; and
(d) triangulation among independent lines of evidence.

The search process was divided into two stages. (A) The first
relied on the author’s own bibliographic corpus on C. macropterus
and on migratory catfishes, including methodological references. (B)
The second consisted of a complementary search strategy using the
following query: (“Calophysus macropterus” OR piracatinga) AND
(spawning OR reproduction OR migration OR ichthyoplankton OR
eDNA OR telemet* OR otolith* OR hydrogeomorph*), with filters for
period/language/region. Searches were conducted between December
1989 and March 2025 using Web of Science, Scopus, PubMed, SciELO/
RedALyC, and institutional repositories from Brazil (INPA), Colombia
(SINCHI), Peru (ITAP) and Bolivia (IRD), supplemented with citation
“snowballing” from key reviews.

Studies were included whenever they provided direct or
inferential information on migration/spawning in the Amazon Basin.
Methodological quality was evaluated per line of evidence: reproductive
biology (gonadosomatic analysis), applying standardized histological
terminology when available (Brown-Peterson et al., 2011); DNA/
metabarcoding with taxonomic curation; hydro-geomorphology with
analytical assessment of the Andean foothills; and otoliths/telemetry
with analytical traceability.

1. Review of distributional areas

To obtain georeferenced information on the presence of the species,
we compiled geographic occurrence data from primary biodiversity
repositories such as the Global Biodiversity Information Facility (GBIF),
downloading C. macropterus distribution records (GBIF.org, 2025) and
complementing them with literature-based inventories. Occurrences
were extracted in Darwin Core format and submitted to standardized
taxonomic, spatial, and temporal curation. We then cleaned coordinates
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and metadata (removal of exact duplicates; verification of country/state
centroids, municipality seats, institutions, and marine points), adopting
rules from Coordinate Cleaner and the GBIF Georeferencing Best
Practices (GBIF.org, 2019; Zizka et al., 2019). For records containing
only locality names, we georeferenced textual localities using gazetteers
(IBGE/GEO_names) and assigned spatial uncertainty (radius in meters)
according to GBIF recommendations. Records from the Orinoco River
basin, as well as from other areas outside the species’ natural distribution
(foreign or captive), were removed. The final dataset yielded a validated
distribution map (Figure 1).

2. Application of abductive inference in hypothesis
development

Abductive inference is a logical reasoning process that seeks the
best possible explanation for incomplete observations or a surprising
fact (Chibeni, 1996; Sardi, 2022). It enables the formulation of
plausible hypotheses by eliminating less likely possibilities and is
useful for innovation and generation of new ideas (Chibeni, 1996;
Velazquez-Delgado, 2014). Although abduction does not guarantee
absolute truth, it identifies the most plausible explanation based on
available knowledge.

3. Establishment of working hypotheses

Using the analogy with migratory pimelodid catfishes
as informative—but not deterministic—and considering that
C. macropterus exhibits distinct life-history traits (opportunistic
scavenger, smaller relative body size), we assumed that use of
Andean—Amazon hydrological corridors for accessing spawning areas
is not invalidated, especially since even very small species such as
Trichomycterus can perform massive migrations (Miranda-Chumacero
et al., 2015). Thus, we elaborated three hypotheses:

H1) Spawning in the Andean foothills with longer-range
longitudinal migration;

H2) Mixed strategy with multiple regional spawning-ground
nuclei (including foothills and other mountain stretches);

H3) Predominantly local/lateral spawning migrations without a
substantial Andean component.

4. Heuristic evaluation of hypotheses

To address the fragmented and heterogeneous nature of the evidence
on migration and reproduction of C. macropterus, we incorporated
a heuristic analysis as a formal step. A Heuristic Matrix (directional
coding) was constructed. For every combination Study x Line of
Evidence x Hypothesis, we recorded the direction of support: +1
(supports), 0 (neutral), —1 (contradicts), accompanied by a brief technical
rationale (finding — rule — implication). This approach makes decision
rules explicit and reduces interpretative arbitrariness.

We defined eight a priori heuristics (R1-R8), applicable to each
hypothesis:

(R1) Eco-hydrological parsimony;
(R2) Consilience among lines of evidence;
(R3) Hydro-geomorphological plausibility;
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(R4) Bioenergetic viability (swimming cost vs. reproductive
benefit);

(R5) Temporal coherence with the flood pulse;

(R6) Operational falsifiability (testable predictions);

(R7) Robustness to sampling biases;

(R8) Prudently constrained analogy with Andean migrators
(evidence of analogous taxa in comparable contexts).

Each heuristic was scored per hypothesis on a —1/0/+1 scale with
textual justification.

To inspect the balance of signals across Hypothesis x Line of
Evidence, we calculated weighted sums (direction x quality score)
and decomposed them into Supports_w (>0), Neutral w (=0), and
Contradicts_w (<0, reported as positive magnitude) using the Harvest
Plot method (Ogilvie et al., 2008). This method synthesizes matrix-
coded information to summarize whether available evidence tends to
support a given hypothesis across heterogeneous dimensions.

We then applied triangulation of evidence: for each Hypothesis
x Line, we counted independent supporting groups (>0), total weight
sums, and study lists, indicating strong consilience when >2 independent
groups converged (see Supplementary Material S1).

To assess the robustness of our findings, we conducted a deterministic
sensitivity analysis in which the weights assigned to each quality tier
were systematically varied and alternative inclusion/exclusion criteria
for low-quality studies were tested. This approach evaluates the stability
of the conclusions across multiple weighting scenarios and serves a
function analogous to uncertainty-propagation frameworks, though it
does not rely on stochastic Monte Carlo simulations. The win frequency
(proportion of iterations) was interpreted as comparative support among
hypotheses (Saltelli, 2008). All operational details, weighting schemes,
scenarios, parameters, and calculus are fully described in Supplementary
Material S2.”

Heuristic Analyses

1. Synthesis of geographic distribution

C. macropterus, has a wide distribution in the Amazon basin,
occurring in several hydrographic sub-basins, including white, black,
and clear water rivers. Its presence is associated with lentic and lotic
environments, varying according to the local hydrological regime
(Figure 1). Apparently, its eastern limit in the Amazon basin is in the
Santarém-Monte Alegre region, in the lower Amazon, due to the absence
of records further east.

In white water rivers, such as the Solimdes, Purus, Jurua/lga,
and Japura, the species is more abundant (Zapata & Usma, 2013;
Garcia Davila et al., 2018). On the other hand, the Madeira River,
with its main tributaries located in Bolivia (Madre de Dios, Beni, and
Mamor¢), represents one of the main tributaries of the Amazon, which
has significant populations of C. macropterus, also influenced by high
biological productivity and connections with the floodplains. In the
Negro River and specifically in its main tributary (Branco River), the
species is present, but in lower densities, probably due to oligotrophic
conditions and the low content of available organic matter (Winemiller
& Jepsen, 1998). In clearwater rivers, such as the Tapajos (only in the
lower part) and the Tocantins (data not confirmed), C. macropterus is
less common, since these systems have lower biological production.

http://www.scielo.br/bn
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Figure 1. Map of the distribution areas of C. macropterus in the Amazon basin,
based on records deposited in GBIF.

2. Synthesis of migration evidence

A) Reproductive evidence. Sampling across the central plain

B

~

(Solimdes/Amazonas mainstem and adjacent floodplains) has
repeatedly failed to record C. macropterus females in advanced
maturation or active spawning, although early, immature, and
regressing/recovering stages have been documented. This
pattern suggests trophic use and/or non-reproductive passage
through these environments, given the systematic absence
of high values Gonadosomatic Index (GSI), mature oocytes,
and post-ovulatory follicles (terminology following Brown-
Peterson et al., 2011). In contrast, positive signals of maturation
in western tributaries—particularly in the upper Putumayo/I¢a
and stretches near the Andean foothills—have been reported
(Babilonia-Medina, 2021; Bonilla-Castillo et al., 2022). The
harvest plot for this line indicated systematic contradiction
of H3 in the central plain (multiple independent studies with
Score < 0 for local spawning), moderate support for HI in
Andean segments with compatible reproductive stages, and
punctual support for H2 where secondary regional nuclei have
been suggested.

Ichthyoplankton and (meta)barcoding evidence. Larvae and
juvenile C. macropterus have been repeatedly detected in
the Marafién and Ucayali rivers, and also in the Beni/Madre
de Dios, with peaks at the end of the low-water period and
beginning of the flood. This timing is consistent with upstream
spawning followed by downstream passive drift, as described
for potamodromous migratory catfishes (Garcia-Davila et al.,
2015; Mariac et al., 2021; Miranda-Chumacero et al., 2020).
The spatial-temporal pattern aligns with the flood pulse concept
(Junk et al., 1989), indicating reproductive synchrony with the
rising waters. In the harvest plot, this line showed strong support
for H1, residual support for H2 (where regional contributions
are assumed), and weak evidence for H3 at basin scale.
Acknowledged risks of local false-negatives (effort dependence
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Figure 2. Topographic and hydrographic map of the Amazon Basin (yellow
polygon), showing the location of records of adult females (red circles) of
C. macropterus, in the Andean foothills.
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and molecular reference gaps) underscore the importance of
triangulation with other lines of evidence.
Hydro-geomorphology of the Andean foothills evidence.
Mapping of high-energy river segments (slope, valley
confinement, gravel/coarse-sand substrates, high oxygenation)
identified several favorable stretches in western tributaries
at approximately 600-200 masl (Figure 2; Table 1). These
segments coincide with axes where larval evidence and
gonadal maturation patterns were most consistent (Barthem et
al., 2017; see also eco-hydrological principles in McClain and
Naiman, 2008). These reaches provide physical plausibility for
spawning with embryo—larval development under non-hypoxic
conditions, as well as reduced visual predation relative to clearer
downstream waters, depending on local turbidity regimes. In
the harvest plot, this line contributed strong support for H1
(co-localization of plausible sites with biological signals) and
weak-to-moderate support for H2.

Otoliths/geochemistry (predictions) evidence. Although no
primary otolith microchemistry analysis or “87Sr/*86Sr
datasets currently exist for C. macropterus, indirect evidence
and analogy with larger Andean—Amazon migratory species
suggest that geochemical signatures consistent with Andean
gradients should emerge if H1 is true (McClain and Naiman,
2008; Tabouret et al., 2010; Barthem et al., 2017; Mereles et
al., 2025).In our synthesis, studies using otolith microchemistry
analysis and geochemical traces applied to other species
(Duponchelle et al., 2016; Barthem et al., 2017; Hauser et
al., 2019, 2020; Pereira 2019, 2023; Sousa et al., 2016) were
fewer in number, yet the predictive rationale aligned with H1
received positive scoring (moderate support, sensitive to future
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Table 1. Georeferenced points of the distribution of C. macropterus in the Andean arc, showing the lower limit of potential spawning areas.

Locality/ Sub-basin Long® Lat° masl. Condition References
Puerto Villarroel/Mamoré —64.74927 -16.91671 192 Female adult GBIF
P. Maldonado/Madre de Dios —69.26617 —12.57541 178 Females mature GBIF
Cruzeiro do Sul/Jurua —72.64502 —7.735024 177 Female adult GBIF
Ifiapari/Acre —69.58527 —10.94066 236 Females mature Babilonia-Medina (2021)
Francisco de Orellana/Napo —76.10993 —0.441235 207 Female adult GBIF
Porvernir/Marafion —77.72209 —4.481363 177 Female adult GBIF
Yurimagua/Huallaga —76.33033 —5.844543 158 Females mature Fonseca-Garcia (2018)
Pto. Leguizamo/Putumayo —75.01787 —0.144845 186 Females mature Bonilla et al., (2022)
Pto. Arango/Caqueta —75.53512 1.514489 179 Females mature Cipamocha (2006)

validation). In the harvest plot, this line provided indicative
support for H1 (and for H2 when partial mixing is assumed),
while remaining neutral/undefined for H3.

E) Genetics/telemetry. Available genetic evidence for
C. macropterus does not contradict basin-scale longitudinal
migrations; however, spatial resolution and sample coverage
remain insufficient to clearly discriminate H1 from H2. Direct
telemetry data for the species are absent; inference relies
on consistency with patterns from other Andean—Amazon
potamodromous fishes (Garcia-Davila et al., 2015; Zacardi
and Queiroz, 2020). In the harvest plot, this line tended toward
weak-to-moderate support for H1 (general coherence) and
neutrality for H2/H3, reflecting gaps in primary datasets.

F) Fisheries/documentary information. The expanding
C. macropterus fishery—associated with opportunistic/
scavenger feeding and moratoria/regulatory interventions in key
areas—indicates feeding in the central Amazon plain. However,
no robust evidence exists for sexual maturation in this region
(Perez & Fabré, 2002; Iriarte and Marmontel, 2013; Mintzer
et al., 2013; Franco et al., 2016; Vela, 2024). Accordingly, the
harvest plot for this line reinforced support for H1 (absence of
consolidated spawning signals in the central plain) and marginal
support for H2 where regional spawning has been suggested.

By combining directional coding (supports/neutral/contradicts)
and quality weights, the harvest plots indicated predominant
support for H1 across four lines (reproductive, larvae/DNA, hydro-
geomorphology, fisheries/documental), indicative support in otoliths/
geochemistry, and weak-to-moderate support in genetics/telemetry.
Independent-line triangulation revealed strong consilience (=2
independent groups converging) for H1, especially when larval/DNA
evidence (upstream peaks at the onset of the flood), foothill plausibility
(substrate, oxygenation, discharge, adequate flow velocity), and
systematic absence of mature females in the central plain (Perez &
Fabré¢, 2002; Pérez & Fabré, 2009) were considered jointly. For H2,
consilience was moderate (regional/localized evidence). For H3,
consilience was weak and often dependent on localized series or
non-reproductive inferences.

https://doi.org/10.1590/1676-0611-BN-2025-1880

3. Synthesis of the hypothetical migration model

Integrated interpretation of the data supported a hypothetical
migratory route for C. macropterus consisting of:

Origin/Feeding (downstream—central plain): intensive use of
floodplains and lakes for opportunistic foraging during the dry
season and maintenance during the flood;

Ascent (rising waters): entry into western tributaries and progression
along the mainstem toward the Andean foothills;

Spawning sites (upstream): stretches of the upper Putumayo/Ica,
Ucayali/Maraiion, and Beni/Madre de Dios rivers, with spawning at
the end of low water/beginning of the flood and subsequent return
to lowland rivers with floodplains;

Export/recruitment: downstream drift and juvenile settlement in
river—floodplain ecotones, followed by longitudinal redistribution.

The timing and functional geography of this cycle are consistent
with patterns recognized for large Andean—-Amazon potamodromous
catfishes. Although C. macropterus does not reach the size of goliaths
(Brachyplatystoma spp.), the eco-hydrological logic (flood-pulse
synchronization; upstream spawning; larval export), spatial signature
(western tributaries; foothills), and larval signals support a functional
analogy with the “Andean paradigm,” with the caveat that migratory
distance is likely shorter (2,500-3,000 km).

This congruence reinforces H1 without imposing equivalence of
magnitude. The predominance of H1 implies that C. macropterus is a
basin-scale potamodromous species critically dependent on Andes—
Amazon longitudinal connectivity and on the integrity of foothill
segments for reproductive success. Consequently, pressures such as
headwater/foothill dams, substrate and oxygenation degradation, and
riparian deforestation tend to produce disproportionate effects on
recruitment, with impacts transcending national borders.

Discussion

The available evidence indicates convergent support for the
hypothesis that Calophysus macropterus undertakes potamodromous
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migration with preferential spawning in stretches of the Andean
foothills (600-200 masl), synchronized with the rising limb of the
flood pulse, followed by downstream larval export and recruitment
in river—floodplain ecotones. This interpretation reconciles three
robust lines of evidence: (i) the recurrent absence of advanced-
maturation females in the central plain, in contrast with punctual
positive records in western tributaries, which reduces the plausibility
of local spawning nuclei (Bonilla-Castillo et al., 2022); (ii) larval/
juvenile peaks detected through barcoding/metabarcoding in the
Marafén, Ucayali and Beni/Madre de Dios rivers at the end of the
low-water period and onset of flooding (Garcia-Davila et al., 2015;
Miranda-Chumacero et al., 2020; Mariac et al., 2022); and (iii)
the hydro-geomorphological plausibility of foothill segments—
flowing, oxygen-rich river stretches with coarse substrates suitable
for embryo—larval development (Barthem et al., 2017; Miranda-
Chumacero et al., 2020; Miranda-Chumacero and Venticinque,
2022). The analogy with the “Andean paradigm” of goliath catfishes
(Brachyplatystoma spp.) is cautious but informative: although the
latter may migrate up to 4,000 km, the process (pulse synchronization,
upstream spawning, larval export) appears functionally similar. For
C. macropterus, however, migratory distances are likely shorter,
probably between 2,500 and 3,000 km.

Considering the bio-ecological and hydrodynamic requirements
described for large pimelodids (e.g., Brachyplatystoma spp.) and small
pimelodids (e.g., Pimelodus spp.) by Miranda-Chumacero et al. (2020),
relevant traits include: (a) an average embryonic development period
of approximately 15 hours after spawning; (b) fifth-order rivers with
relatively fast flows (~2—5 m/s), high oxygenation (>5 mg/L), and
temperatures of 23-24°C. Based on sampling points around 200 masl,
the spawning site for analogous species could be located 35-50 km
upstream (Miranda-Chumacero et al., 2020; Miranda-Chumacero and
Venticinque, 2022). Such hydrological dynamics would ensure efficient
egg dispersal, reduce predation, and facilitate transport to suitable larval
development zones (Figure 3).

This ecotone—previously described for other migratory
pimelodids—may therefore also be an important reproductive area
for C. macropterus, providing the necessary environmental conditions
for spawning. With these ecological and physiographic premises, it is
possible to delineate a line of reasoning regarding the environmental
conditions required for reproduction in this species. In other words,
from a geomorphological standpoint, the hypothetical spawning
area of C. macropterus, located in the transitional zone between the
Andean foothills and the Amazonian floodplains, is characterized by
an abrupt reduction in topographic gradient, which dissipates hydraulic
energy and promotes the deposition of coarse sediments. This process
forms extensive gravel and coarse-sand bars that subdivide the main
channel into multiple branches and meandering sections (Navarro and
Maldonado, 2002; Latrubesse et al., 2017).

These environments serve as hydrological migration corridors
and as essential sites for spawning and egg incubation (Barthem and
Goulding, 2007). They create a complex mosaic of fluvial biotopes,
with shallow-water zones, transitional coarse-sand substrates, and
deep marginal pools, establishing the physical basis for high aquatic
habitat diversity (Goulding et al., 2003). Such habitats offer micro-
sites of relatively low predation pressure and facilitate the reception of
exported eggs and larvae, as has been documented for other pimelodid
species in the Andean foothills (Cafias & Waylen, 2012; Barthem et al.,
2017; Mariac et al., 2022). Within this scenario, a foothill-floodplain
ecotone provides a functionally coherent setting for spawning and
early development of C. macropterus, consistent with the inferred
reproductive dynamics.

The functional timing and spatial structure of this cycle are
coherent with recognized patterns for Andean—Amazon potamodromous
catfishes. Although C. macropterus does not reach the size of
goliath species (Brachyplatystoma spp.), the eco-hydrological logic
(pulse synchronization, upstream spawning, larval export), spatial
signatures (western tributaries, foothill segments), and larval genetic/
metabarcoding signals support a functional analogy with the Andean
paradigm, with the caveat that migratory distances are likely shorter

Figure 3. Typical fluvial environments of rivers in the Andean foothills, near the attitudinal floor of 200 to 600 meters above sea level (masl).
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(2,500-3,000 km). This congruence reinforces H1 without implying
equivalence in magnitude. The predominance of H1 indicates that
C. macropterus is a basin-scale potamodromous species critically
dependent on Andes—Amazon longitudinal connectivity and on the
integrity of foothill habitats for its reproductive success.

Consequently, anthropogenic pressures such as headwater and
foothill dams, substrate and oxygenation degradation, and riparian
deforestation are likely to produce disproportionate impacts on
recruitment. These effects transcend national boundaries, given the
multi-country nature of the migratory corridor and the downstream
dependence of central Amazonian populations on upstream reproductive
processes.
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