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Summary

Amazonian ichthyofauna has one of the richest specific
diversities on earth. However, life history strategies of most
species remain poorly-known owing to logistical difficulties,
although this information is essential for species conservation
and sustainable fisheries management. An inventory of speci-
fic diversity in plankton samples might be an efficient way of
studying breeding seasons and breeding localities of fish spe-
cies, providing their precise taxonomic identification can be
ensured. Herein, using barcoding of the cytochrome ¢ oxi-
dase subunit I (COI) gene, species were identified in monthly
plankton samples collected in the lower reaches of the Napo,
Marandn and Ucayali rivers. A total of 16 species of pimelo-
did catfish were identified. For the most abundant species,
two tendencies were observed, with breeding periods prefer-
entially occurring during rising and high water periods
(Brachyplatystoma filamentosum, Pimelodus blochii) or during
receding and low water periods (Brachyplatystoma rous-
seauxii, Brachyplatystoma platynemum, Brachyplatystoma
vaillantii, Hypophthalmus edentatus, Hypophthalmus margina-
tus). For all of these species except for B. rousseauxii, this is
new information for the Peruvian Amazon. Their reproduc-
tive behaviours are discussed in term of adaptive strategies
to environmental conditions, where hydrological cycles play
essential roles in resource accessibility and dispersal capabili-
ties.

Introduction

Information regarding the specific diversity of aquatic organ-
isms and their spatio-temporal organization is essential for
designing appropriate management plans (Kurtz et al., 2001;
Habit et al., 2003). This is particularly true in Amazonia,
where increasing anthropic pressure and alterations on aqua-
tic systems and their natural resources are adding to pertur-
bations driven by climate change (Finer and Jenkins, 2012;
Castello et al., 2013; Kahn et al., 2014).

Catfishes, in particular species of the family Pimelodidae,
are important components of Amazonian fish communities.
The largest species such as Brachyplatystoma spp. or Pseudo-
platystoma spp. play crucial ecological roles in river food
webs as apex predators, and also as dispersers of nutrients
from estuaries and floodplain systems (Barthem and Gould-
ing, 1997; Agudelo et al., 2000; Angelini et al., 2006; Canas
and Pine, 2011). Additionally, they are among the most
highly prized species in fisheries, therefore supporting the
highest fishing pressures and holding particular economic,
social and cultural importance for the Amazonian region
(Barthem and Goulding, 1997, 2007; Agudelo et al., 2000,
2013; Petrere et al., 2004; Garcia-Vasquez et al., 2009).
Despite their high economic importance, information on the
breeding cycle of Brachyplatystoma species is scarce, with
the exception of B. rousseauxii. These species perform exten-
sive reproductive migrations and for B. rousseauxii, as long
as from the Andean piedmont (breeding grounds) to the
Amazon estuary (nursery) and back (Barthem and Goulding,
1997). These species usually produce large amounts of small
eggs and reproduce in whitewater rivers (Barthem and
Goulding, 1997; Agudelo et al., 2000, 2013; Garcia-Vasquez
et al., 2009). Although high turbidity and strong currents
typically result in low primary productivity in whitewaters
(Forsberg et al., 1988; Ismino et al., 2014), spawning syn-
chronization with hydrological cycle still guarantees ade-
quate feeding conditions during the downstream drift of
larvae (Barthem and Goulding, 1997; Garcia-Dadvila et al.,
2014).

Information on reproductive periods, spawning grounds
and larval recruitment, which are crucial determinants of fish
reproductive success in an ecosystem, is indispensable for
designing sustainable fisheries management practices and
conservation strategies. Obtaining this information on large
and highly valued — hence relatively rare — Amazonian fish
species, or for a large number of species is so costly and
time-consuming as to often be unrealistic. Targeting their lar-
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vae by regular, standardized planktonic-net sampling appears
to be more cost- and time-effective. Until recently, specific
identification of fish larvae relied exclusively on the analysis
of morphological characters (Araujo-Lima and Donald,
1988; Nakatani et al., 2001, Leite et al., 2006, 2007). The
great morphological similitude of larvae belonging to closely-
related Amazonian species, particularly in the initial phases
of development, often limits identification at the level of
Family (Araujo-Lima and Oliveira, 1998; Oliveira and Ara-
ujo-Lima, 1998; Araujo-Lima et al., 2000; De Lima and Ara-
ujo-Lima, 2004; Barthem et al., 2014), including pimelodid
catfish larvae (Leite et al., 2007; Rojas et al., 2007; Canas
and Pine, 2011; Garcia-Davila et al., 2011, 2014; Canas and
Waylen, 2012). These technical limitations have, so far, lim-
ited the use of larval sampling in studies of Amazonian fish
reproductive cycles.

In the past few years, fragments of mitochondrial DNA,
such as the cytochrome oxidase ¢ subunit I — COI (Hubert
et al., 2010; Matarese et al., 2011; Pappalardo et al., 2015)
or the 12S and 16S rRNA genes (Leis et al.,, 2007; Diaz-
Viloria et al., 2013) have been successively used for molecu-
lar identification of fish larvae at the species level. This
opens new opportunities for studying fish reproduction
using the specific diversity, periodicity and relative abun-
dance of their larvae in the principal Amazonian river sys-
tems.

The aim of this preliminary study was to (i) use barcod-
ing identification to assess the diversity of fish larvae in
plankton sampling in three of the main sub-basins
(Maranén, Napo, Ucayali) of the Peruvian Amazon; and
(1) test if this approach could allow estimating the tempo-
ral and spatial variations in the reproductive cycles of
Amazonian fish species, using some pimelodid catfish as a
case study.

Materials and methods
Studied sites and larvae sampling

Fish larvae were collected monthly between January and
November 2012 in the lower reaches of the Napo (just above
the city of Mazan: 03°29'37.7"S; 73°05'23"W) and between
January and November 2013 in the lower reaches of the
Marandén (just above the city of Nauta: 04°31'18.9"S;
73°35'14.9"W) and Ucayali (below the city of Requena:
04°27'42.4"S; 73°26'01.7"W) rivers (Fig. 1).

Sampling design was adapted from Leite et al. (2007). In
each of the three sampling localities, larvae were collected by
five plankton net pulls of 15 min each per day, resulting in a
standardized fishing effort in all three river basins. Each pull
consisted of three Tucker trawl-type conical plankton nets,
of 2m length, 0.25 m* aperture area (0.45 x 0.55) and
1 mm mesh size, with a 1-L collecting bottle at the distal
end. The three plankton nets were set at approximately equal
distance from each other along a rope weighed down by a
large 40 kg weight, so that the deeper net was about thee
meters above the river bottom and the shallower net at least
2 m below the surface. Pulls were always carried out in the
deeper section of the river transect, towed by an outboard
motor boat against the current to remain approx. at the site
where the nets were submerged.

Most larvae were already dead when pulled out of the
water. The few individuals collected alive were euthanized
with an overdose of eugenol or clove oil and subsequently
fixed in 96° ethanol for later DNA extraction.

Extraction, amplification and sequencing of COI fragments

Before DNA extraction, each specimen sampled was pho-
tographed for collection. The individual extraction of larvae
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(gutted in order to prevent exogenous DNA) was performed
using the CTAB extraction protocol (modified from Doyle
and Doyle, 1987). Sequencing of Cytochrome c oxidase sub-
unit I gene (COI) was performed using the two primers
designed by Ward et al. (2005): FishF1 5'- TCA ACC AAC
CAC AAA GAC ATT GGC AC-3 and FishR1 5-TAG
ACT TCT GGG TGG CCA AAG AAT CA-3'. PCR ampli-
fications were performed in 15 ul of mix solution containing:
ultra pure water (6.78 ul), PCR buffer 5 x (3 ul), MgCl,
25 mm (0.9 ul), each primer 10 uM (0.6 ul), mix ANTP 2 mwm
(1.5 ul), polymerase Taq 5 Uj/ul (0.12 ul), native DNA
100 ng ul~' (1.5 pl). PCR program was a first denaturizing
cycle at 94°C for 2 min, then 35 cycles (denaturizing at 95°C
for 1 min, hybridizing at 50°C for 1 min and elongation at
72°C during 1 min) and a final extension cycle at 72°C for
5 min. Sequencing reactions were performed in both direc-
tions using the same primers used for PCR amplification,
and sequences were read on a 3130XL Applied Biosystems
analyser.

Specific determination of larvae

Prior to this study, we had established a database with
sequences of COI gene from 59 adult specimens species of
Pimelodidae referenced in IIAP collection (4.5 km Iquitos-
Nauta Road, Loreto Department, Peru), for which the phy-
logenetic relationships were established and discussed in Car-
vajal-Vallejos (2013). This database allowed the successive
specific identification of each larva by i) the positioning of
each larval sequence in the multiple ClustalW alignment
(Thompson et al., 1994) with those from the reference data-
base, using BIOEDIT v.7.0.9. software (Hall, 1999) and then by
ii) the positioning of each larval sequence in the reference
database in successive Neighbour-Joining trees. The succes-
sive trees were produced by MEGA 4.0 software (Tamura
et al., 2007), with the K2P model (Log(likeli-
hood) = —5797.97405, Gamma shape parameter = 0.134,
transition/transversion ratio = 8.556) selected wusing the
sequences of the adults reference database, according to the
Akaike Information Criterion value (AIC) (Akaike, 1973)
provided in APE program (Paradis et al., 2004; Paradis,

2006). A monospecific cluster supported by a strong boot-
strap (=98) give its species name to the larvae.

Definition of hydrological periods

Using hydrological data provided by the SO-HYBAM
(Observation Service — Geodynamical, hydrological and bio-
geochemical control of erosion/alteration and material trans-
port in the Amazon basin) and SENAMHI (Servicio
Nacional de Meteorologia e Hidrologia), Peru, for the period
of sampling (Fig. 2), the periods of high vs low waters were
defined as:

High waters: March to July for the Napo, and December
to June for the Maranon and Ucayali;

Low waters: August to February for the Napo, and July to
November for the Maranon and Ucayali.

Results

A total of 855 fish larvae between 4 and 10 mm total length
(Tp) were collected and identified at the species level. These
larvae belonged to the Pimelodidae family, distributed in 10
genera and 16 species (Table 1). Seven species were consid-
ered abundant (frequency >5%) in at least one of the three
river basins (Table 1):  Brachyplatystoma  filamentosum,
Brachyplatystoma rousseauxii and Pimelodus blochii in all
three rivers;, Hypophthalmus marginatus in the Napo and
Maranon; Hypophthalmus edentatus in the Maranon and
Ucayali; Brachyplatystoma vaillantii in the Napo and Ucay-
ali, and Brachyplatystoma platynemum in the Napo only.
The other species were observed in low abundance (fre-
quency <5%) in either all three (Pimelodina flavipinnis and
Platynematichthys notatus), or only one (Calophysus macro-
pterus, Leiarius marmoratus, Platysilurus mucosus, Pimelodus
ornatus, Pinirampus pirinampu, Sorubim elongatus, Sorubim
lima of the river basins. The phylogenetic position of
sequenced (COI) larvae is illustrated by a synthetic NJ tree
integrating the 16 species found in this study to the Pimelo-
didae clade of the adult voucher database (Fig. 3). All
sequences used in this study were deposited in Genbank
(Table 2).
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Table 1
Total number of larvae collected in the Napo, Maranén and Ucayali
rivers for each pimelodid catfish species. Bold = frequencies >5%

Species Napo Maranon Ucayali Total
Brachyplatystoma filamentosum 32 35 120 187
Brachyplatystoma platynemum 19 11 2 32
Brachyplatystoma rousseauxii 45 43 21 109
Brachyplatystoma vaillantii 17 9 41 67
Calophysus macropterus 3 3
Hypophthalmus edentatus 1 25 24 50
Hypophthalmus marginatus 23 17 16 56
Leiarius marmoratus 7 7
Platysilurus mucosus 1 1
Pimelodus ornatus 3 3
Pimelodina flavipinnis 1 8 6 15
Pimelodus blochii 95 106 96 297
Pinirampus pirinampu 7 7
Platynematichthys notatus 6 7 2 15
Sorubim elongatus 4 4
Sorubim lima 2 2
Total 249 278 328 855

Species with frequency >5% (Table 1) were considered suf-
ficiently abundant to warrant detailed analysis of their
monthly occurrence in relation to the hydrological cycle and
to infer their breeding cycles from the occurrence of their lar-
vae in monthly plankton samplings. For the other species,
data were pooled in high and low water periods (Fig. 4). The
relationship between the fish reproductive period and the
hydrological periods varied with the species. Relatively abun-
dant species (frequency >5%) tended to reproduce principally
either during the low water season (B. rousseauxii,
B. platynemum, B. vaillantii, H. edentatus, H. marginatus), or
during the high waters (B. filamentosum, P. blochii).

For the less abundant species, although clear reproductive
behaviour could not be estimated with respect to the hydro-
logical cycle, spawning activity was nevertheless observed
during the low water season for C. macropterus and P. piri-
nampus, during the high water season for L. marmoratus,
P. mucosus, P. ornatus, S. elongatus, and during both sea-
sons for P. flavipinnis, P. notatus and S. lima (Fig. 4).

Although most Brachyplatystoma species larvae were
observed during both hydrological periods (Fig. 4), a more
detailed monthly analysis showed inter- and intra-specific dif-
ferences in larvae occurrence (Fig. 5). Brachyplatystoma rous-
seauxii was the only species with the same pattern of larvae
occurrence in the three rivers, with larvae observed during
the decreasing and low water periods. Brachyplatystoma vail-
lantii larvae were also mostly noted during the decreasing
and low water periods, although their occurrence was more
restricted in the Maranon River. Brachyplatystoma filamento-
sum and B. platynemum larvae could be observed during
both the high and low water seasons but with a high water
preference for B. filamentosum (except in the Ucayali, where
most of its spawning activity occurred during the receding
and low water periods) and low water for B. platynemum.
Brachyplatystoma rousseauxii and B. platynemum were less
frequent in the Napo than in the other two rivers.

For the other relatively abundant species, a clear difference
was observed in the relationship between the breeding cycle
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Fig. 3. Illustration of the phylogenetic position of sequenced (COI)
larvae in the Pimelodidae clade of the adult voucher database, built
according to the NJ algorithm, using the K2P model, Log(likeli-
hood) = —5797.97405. Only bootstraps >50 are presented
(MAR = Maranén, UCA = Ucayali, NAP = Napo)

and the hydrological cycle (Fig. 6). Whereas P. blochii repro-
duces during the rising and high water periods in all three
rivers, H. edentatus and H. marginatus reproduce mainly
during the receding and low water periods.

Discussion

Barcoding of the mitochondrial COI gene has proven a use-
ful tool for the rapid identification of fish larval stages, how-
ever, most studies were carried out in marine species (Pegg
et al., 2006; Paine et al., 2008; Hubert et al., 2010; Matarese
et al., 2011; Pappalardo et al., 2015). The interest in barcod-
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Table 2

Siluriformes species of reference database, with origins, locations and COI references in GenBank

COI genbank

Family Genus Species Data source reference
Aspredinidae Bunocephalus Verrucosus Sullivan et al., 2008 EU490846.1
Aspredinidae Hoplomyzon sexpapilostoma Sullivan et al., 2008 EU490843.1
Aspredinidae Micromyzon akamai Sullivan et al., 2008 EU490844.1
Aspredinidae Pterobunocephalus sp. Sullivan et al., 2008 EU490845.1
Astroblepidae Astroblepus sp. Cramer et al., 2007 EU359407.1
Auchenipteridae Ageneiosus inermis Ardura et al., 2010a,b FJ418755.1
Auchenipteridae Ageneiosus ucayalensis Sullivan et al., 2008 EU490849.1
Auchenipteridae Trachelyopterus galeatus This article KT952437
Callichthyidae Callichthys callichthys Cramer et al., 2007 EU359408.1
Callichthyidae Corydoras rabauti Saitoh et al., 2003 AB054128.1
Cetopsidae Cetopsis candiru Ardura et al., 2010a,b FJ418756.1
Cetopsidae Cetopsis soniae Vari and Ferraris, 2009 GQI141710.1
Cetopsidae Cetopsis coecutiens This article KT952456
Diplomystidae Diplomystes mesembrinus Martinez et al., 2007 EU179801.1
Diplomystidae Diplomystes nahuelbutaensis Nakatani et al., 2011 APO012011.1
Doradidae Acanthodoras cataphractus Sullivan et al., 2008 EU490847.1
Doradidae Oxydoras niger This article KT952436
Heptapteridae Rhamdia guatemalensis Valdez-Moreno et al., 2009 EU751953.1
Heptapteridae Rhamdia sapo Mabragana et al., 2011 EU074579.1
Heptapteridae Goediella eques This article KT952433
Heptapteridae Goediella eques This article KT952434
Heptapteridae Rhamdia quelen This article KT952435
Heptapteridae Rhamdia sp This article KT952454
Heptapteridae Rhamdia sp. This article KT952455
Loricariidae Ancistrus sp. This article KT952438
Loricariidae Farlowella hasemani cf. This article KT952439
Loricariidae Farlowella henriquei cf. This article KT952440
Loricariidae Farlowella nattereri This article KT952441
Loricariidae Farlowella oxyrhyncha This article KT952442
Loricariidae Farlowella rugosa This article KT952443
Loricariidae Farlowella smithi This article KT952444
Loricariidae Hypostomus. sp. This article KT952445
Loricariidae Lamontichthys filamentosum This article KT952446
Loricariidae Loricaria sp. This article KT952449
Loricariidae Loricarichthys maculatus This article KT952447
Loricariidae Planiloricaria cryptodon This article KT952451
Loricariidae Pseudorinelepis genibarbis This article KT952452
Loricariidae Sturisoma nigrirostrum This article KT952450
Nematogenyidae Nematogenys inermis Cramer et al., 2007 EU359428.1
Pimelodidae Pimedolus pohli De Carvalho et al., 2011 HM405196.1
Pimelodidae Zungaro Jahu Martinez et al., 2007 EU179810.1
Pimelodidae Pimelabditus moli Parisi and Lundberg, 2009 GUI181205.1
Pimelodidae Aguarunichthys torosus This article KT952402
Pimelodidae Brachyplatystoma capapretum This article KT952403
Pimelodidae Brachyplatystoma Sfilamentosum This article KT952404
Pimelodidae Brachyplatystoma platynemum This article KT952406
Pimelodidae Brachyplatystoma rousseauxii This article KT952407
Pimelodidae Brachyplatystoma tigrinum This article KT952408
Pimelodidae Brachyplatystoma vaillantii This article KT952409
Pimelodidae Brachyplatystoma Juruense This article KT952405
Pimelodidae Calophysus macropterus This article KT952410
Pimelodidae Hemisorubim platyrhynchos This article KT952411
Pimelodidae Hypophthalmus edentatus This article KT952413
Pimelodidae Hypophthalmus marginatus This article KT952412
Pimelodidae Hypophthalmus sp. This article KT952453
Pimelodidae Leiarius marmoratus This article KT952448
Pimelodidae Megalonema sp. This article KT952414
Pimelodidae Phractocephalus hemiliopterus This article KT952415
Pimelodidae Pimelodella sp. This article KT952418
Pimelodidae Pimelodina favipinnis This article KT952416
Pimelodidae Pimelodus ornatus This article KT952422
Pimelodidae Pimelodus pictus This article KT952417
Pimelodidae Pimelodus bochii This article KT952419
Pimelodidae Pimelodus sp. B This article KT952420
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http://www.ncbi.nlm.nih.gov/nuccore/EU074579.1
http://www.ncbi.nlm.nih.gov/nuccore/KT952433
http://www.ncbi.nlm.nih.gov/nuccore/KT952434
http://www.ncbi.nlm.nih.gov/nuccore/KT952435
http://www.ncbi.nlm.nih.gov/nuccore/KT952454
http://www.ncbi.nlm.nih.gov/nuccore/KT952455
http://www.ncbi.nlm.nih.gov/nuccore/KT952438
http://www.ncbi.nlm.nih.gov/nuccore/KT952439
http://www.ncbi.nlm.nih.gov/nuccore/KT952440
http://www.ncbi.nlm.nih.gov/nuccore/KT952441
http://www.ncbi.nlm.nih.gov/nuccore/KT952442
http://www.ncbi.nlm.nih.gov/nuccore/KT952443
http://www.ncbi.nlm.nih.gov/nuccore/KT952444
http://www.ncbi.nlm.nih.gov/nuccore/KT952445
http://www.ncbi.nlm.nih.gov/nuccore/KT952446
http://www.ncbi.nlm.nih.gov/nuccore/KT952449
http://www.ncbi.nlm.nih.gov/nuccore/KT952447
http://www.ncbi.nlm.nih.gov/nuccore/KT952451
http://www.ncbi.nlm.nih.gov/nuccore/KT952452
http://www.ncbi.nlm.nih.gov/nuccore/KT952450
http://www.ncbi.nlm.nih.gov/nuccore/EU359428.1
http://www.ncbi.nlm.nih.gov/nuccore/HM405196.1
http://www.ncbi.nlm.nih.gov/nuccore/EU179810.1
http://www.ncbi.nlm.nih.gov/nuccore/GU181205.1
http://www.ncbi.nlm.nih.gov/nuccore/KT952402
http://www.ncbi.nlm.nih.gov/nuccore/KT952403
http://www.ncbi.nlm.nih.gov/nuccore/KT952404
http://www.ncbi.nlm.nih.gov/nuccore/KT952406
http://www.ncbi.nlm.nih.gov/nuccore/KT952407
http://www.ncbi.nlm.nih.gov/nuccore/KT952408
http://www.ncbi.nlm.nih.gov/nuccore/KT952409
http://www.ncbi.nlm.nih.gov/nuccore/KT952405
http://www.ncbi.nlm.nih.gov/nuccore/KT952410
http://www.ncbi.nlm.nih.gov/nuccore/KT952411
http://www.ncbi.nlm.nih.gov/nuccore/KT952413
http://www.ncbi.nlm.nih.gov/nuccore/KT952412
http://www.ncbi.nlm.nih.gov/nuccore/KT952453
http://www.ncbi.nlm.nih.gov/nuccore/KT952448
http://www.ncbi.nlm.nih.gov/nuccore/KT952414
http://www.ncbi.nlm.nih.gov/nuccore/KT952415
http://www.ncbi.nlm.nih.gov/nuccore/KT952418
http://www.ncbi.nlm.nih.gov/nuccore/KT952416
http://www.ncbi.nlm.nih.gov/nuccore/KT952422
http://www.ncbi.nlm.nih.gov/nuccore/KT952417
http://www.ncbi.nlm.nih.gov/nuccore/KT952419
http://www.ncbi.nlm.nih.gov/nuccore/KT952420
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Table 2
(Continued)

COI genbank
Family Genus Species Data source reference
Pimelodidae Pimelodus sp. C This article KT952421
Pimelodidae Pinirampus pirinampu This article KT952423
Pimelodidae Platynematichthys notatus This article KT952425
Pimelodidae Platysilurus mucosus This article KT952424
Pimelodidae Platystomatichthys sturio This article KT952426
Pimelodidae Pseudoplatystoma punctifer This article KT952427
Pimelodidae Pseudoplatystoma tigrinum This article KT952428
Pimelodidae Sorubim elongatus This article KT952430
Pimelodidae Sorubim lima This article KT952429
Pimelodidae Zungaro zungaro This article KT952431
Pseudopimelodidae Cephalosilurus apurensis Martinez et al., 2007 EU179818.1
Pseudopimelodidae Lophiosilurus alexandri Martinez et al., 2007 EU179802.1
Pseudopimelodidae Microglanis garavelloi Martinez et al., 2007 EU179807.1
Pseudopimelodidae Microglanis leptostriatus Martinez et al., 2007 EU179803.1
Pseudopimelodidae Pseudopimelodus mangurus Martinez et al., 2007 EU179816.1
Pseudopimelodidae Pseudopimelodus pulcher Martinez et al., 2007 EU179812.1
Pseudopimelodidae Pseudopimelodus charus Martinez et al., 2007 EU179815.1
Pseudopimelodidae Pseudopimelodus bufonius Martinez et al., 2007 EU179813.1
Pseudopimelodidae Pseudopimelodus sp. Martinez et al., 2007 EU179817.1
Pseudopimelodidae Batrochoglanis ranninus This article KT952432
Scoloplacidae Scoloplax distolothrix Cramer et al., 2007 EU359463.1
Trichomycteridae Henonemus punctatus Martinez et al., 2007 EU179799.1

ing to identify freshwater fish larvae was recently explored in
an Australian lake (Loh et al., 2014), however this approach
remains surprisingly rare in freshwaters, particularly in large
river systems. Although barcoding was successfully applied
in the identification of adult Amazonian fishes (Ardura et al.,
2010a,b), it had thus far never been used to discriminate spe-
cies of Amazonian fish larvae, despite its potential to over-
come well-known morphologically-based identification
shortcomings.

By successfully matching each of the 855 larvae sampled
to species in our adult reference database, this first study
emphasizes the barcoding potential to accurately identify
Amazonian larval fish and opens the way for further ecologi-
cal studies, such as the evaluation of geographical distribu-
tion and life history strategies of Amazonian species. We
used this approach to study the reproductive cycle of pimelo-
did catfish species in three sub-basins of the Peruvian Ama-
zon. For some species, grouping the data into high and low
water seasons resulted in a slightly different reproductive
behaviour in the Napo than in the two other river basins,
such as for B. rousseauxii or P. flavipinnis, which showed a
higher occurrence of larvae during high waters compared to
the other basins (Fig. 4). These apparent differences in breed-
ing behaviour for fishes of the Napo, however, resulted from
the arbitrary selection of months in the definition of the low
and high water periods. For example, the month of May in
the Napo corresponded to receding waters, but with a rela-
tively high water level, justifying its categorization as ‘high
waters’. Shifting the cursor one month back or forward nec-
essarily influences the outcome, particularly in a river as fluc-
tuating as the Napo (Fig. 2). For relatively abundant species
(frequency >5%), these small artefacts could easily be
detected looking at Figs 5 and 6. The design of this prelimi-

nary study was not aimed at providing quantitative informa-
tion regarding the relative abundance of larvae between river
basins, but rather at testing whether the barcoding approach
could be practical enough to allow for large-scale analysis of
fish reproductive seasons in Amazonia. With the unequivocal
molecular identification of larvae at the specific level in three
of the main sub-basins of the Peruvian Amazon, this study
nevertheless provides important information on the breeding
season of several catfish species, including some of the most
economically important and least-studied species, such as the
Brachyplatystoma spp. Discussing the absence of a species
(or of its larvae) at a particular place and time is always
complicated and beyond the scope of the present sampling
design. On the other hand, the advantage of the barcoding
approach is that the certified presence of a small (<1 cm) lar-
vae in a particular river at a particular month proves that
this particular species reproduces in this river at that particu-
lar time, allowing a few weeks for developing time.

The differing reproductive behaviours observed in relation
to hydrological periodicity emphasize the complexity of the
pimelodid catfish breeding ecology in Amazonia. In the pre-
sent study most catfish larvae were observed in both hydro-
logical periods, but with a higher occurrence during either
the receding and low water periods (B. rousseauxii,
B. platynemum, B. vaillantii, H. edentatus, H. marginatus) or
during the rising and high waters (B. filamentosum,
P. blochii). The breeding season of B. rousseauxii, estimated
from the monthly distribution of their larvae confirmed the
reproductive period previously estimated from the study of
the adult gonads (Garcia-Vasquez et al., 2009). For all other
species, the breeding seasons provided in the present study
are new for the Peruvian Amazon. Regarding Brachyplatys-
toma species, our results contrast with earlier reports in the
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Madeira basin. Larvae of large pimelodid catfish occur prin-
cipally during the high water period (October-December) in
the Madre de Dios River (Canas and Pine, 2011; Canas and
Waylen, 2012). This pattern was also observed in the
Madeira (Barthem et al., 2014), although a recent study
using bottom trawl reported the presence of larvae and juve-
nile Brachyplatystoma spp. throughout the hydrological
cycle, suggesting asynchronous spawning in the headwaters
of the Madeira River (Cella-Ribeiro et al., 2015). On the
other hand, our results are consistent with the breeding sea-
sons observed for adult Brachyplatystoma spp. in Colombia
(Agudelo et al., 2000), except for B. rousseauxii in the
Caqueta River, as already discussed in Agudelo et al. (2013).
Published detailed information on the breeding cycles of the
other relatively abundant species (P. blochii, H. edentatus
and H. marginatus) in Amazonia is scarce. As observed in

the present study, in the Magdalena River, Colombia,
P. blochii reproduces during the period of maximum rainfall,
corresponding to rising and high waters (Lopez-Casas and
Jiménez-Segura, 2007). Conversely, in Dos Cerritos reservoir,
Venezuela, this species reproduces at the beginning of the
rainy season (Ferndndez and Kossowski, 1997). In the Por-
tuguesa River, Venezuela, reproductive activity of H. edenta-
tus was observed at the beginning of the rains and early
rising waters (Marcano et al., 2007), as in the Peruvian Ama-
zon. On the other hand, information on H. marginatus is not
as clear, as it was reported to reproduce during the rising
waters in Central Amazonia (Carvalho, 1980), principally
during the high waters in the Tucurui reservoir (Tocantins
Rivers, Cintra et al., 2008) and during the low and early ris-
ing waters in the present study.

Breeding during the rising or high-water period, when
newly inundated areas provide abundant food and shelter for
both parents and juveniles, has been interpreted as an adap-
tive mechanism ensuring maximum juvenile growth and sur-
vival for most Amazon fishes (Goulding, 1980; Lowe-
McConnell, 1987). Breeding during the descending or low
water periods, however, might also be advantageous for
some species because receding waters from the formerly
inundated floodplain are rich in zooplankton and larvae of
other fish species breeding during high waters, providing
ample resources for catfish larvae, which generally have
predatory behaviour (Kossowski, 1996). Moreover, as
hypothesized by Garcia-Vasquez et al. (2009), reproducing
during the receding water period for Brachyplatystoma spe-
cies (except possibly B. filamentosum) probably reduces the
risk for eggs and larvae to be swept out into the adjacent
floodplains, maximizing their chances to reach their nursery
areas thousands of km downriver in the lower Amazon. The
present study, showing a main occurrence of B. rousseauxii
larvae during the low water period in the same geographic
area, thus confirms the results of Garcia-Vasquez et al.
(2009) and supports their hypothesis for the Peruvian Ama-
zon.

Conclusions and perspectives

This study demonstrates that barcoding is an accurate and
promising tool allowing an unprecedented level of taxo-
nomic precision for studying fish larvae in Amazonia.
Molecular identification of fish larvae opens new perspec-
tives in fish ecology. With specifically designed sampling
strategies (e.g. Leite et al., 2006; Canas and Pine, 2011;
Barthem et al., 2014) at different levels of the river courses,
it allows for relatively easy access to thus far inaccessible
information, such as the precise breeding seasons and
breeding areas of species, or the relative contribution of
specific river basins to the recruitment of specific commer-
cial species. This information is not only critical for imple-
menting proper fisheries management and conservation
strategies, but also as basic information to consider before
permitting the construction of hydroelectric dams on a
specific river. This approach, based on individual barcoding
of each larva (Sanger approach), is cost-effective for local-
ized, precise research questions on a relatively restricted
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number of species or sampling localities. However, when burdensome and cost-ineffective, requiring a shift towards
the number of sampling localities, hence the number of lar- metabarcoding and the New Generation Sequencing (NGS)

vae, is too large, the Sanger approach may quickly become technologies.
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