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ABSTRACT 

 

The genetic analysis of Brachyplatystoma platynemum individuals sampled from the lower 

Madeira River reinforces the existence of two structured populations in the Amazon Basin 

(Madeira and Amazon populations). However, the recapture of an individual from the 

Amazon population in the Solimões River, which was telemetry-tagged in the Madeira River 

after the damming, indicates that fish from the Amazon population move between the two 

river systems. This has not been observed, however, in the Madeira River population, which 

is currently divided and isolated in the lower and upper Madeira River by the construction of 

two dams.  
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The catfish Brachyplatystoma platynemum Boulenger 1898 undertakes a large-scale 

migration in the Amazon Basin, as do three other Brachyplatystoma Bleeker 1862 species: 

Brachyplatystoma rousseauxii (Castelnau 1855), Brachyplatystoma juruense (Boulenger 

1898) and Brachyplatystoma vaillantii (Valenciennes 1840) (Barthem et al., 2017).  The 

general life-history patterns of these species are similar, with the spawning areas of B. 

rousseauxii, B. vaillantii and B. juruense in the western Amazon Basin and the nursery areas 

in the eastern Amazon Basin (Duponchelle et al., 2016; Hermann et al., 2016; Barthem et al., 
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2017). However, the larval size distribution indicates that the spawning areas of B. 

platynemum are neither exclusively in the far western Amazon Basin nor are their nurseries 

restricted to or mostly in the eastern Amazon Basin (Barthem et al., 2017). The peculiar life-

history patterns of this catfish might be explained by the occurrence of more than one 

population, with each one presenting their own spawning and nursery areas.  

Usually, migratory species exhibit low interpopulation genetic differentiation (Do 

Prado et al., 2017), as observed for B. rousseauxii (Batista, 2010) and B. vaillantii (Formiga-

Aquino, 2004). Although, genetic structure had been related strongly with water chemistry of 

different rivers in the Amazon Basin, that would represent a barrier to gene flow among 

populations inhabiting these rivers, as identified for another migratory catfish 

Brachyplatystoma filamentosum (Lichtenstein 1819) (Huergo, 2009). In contrast with the 

other large-scale migratory species that migrate in the same turbid waters, B. platynemum 

exhibits two structured populations in the Amazon Basin: one in the Purus, Solimões and 

Amazonas rivers (Amazon population); and one in the Madeira River (Madeira population), 

with no evident barrier between them (Ochoa et al., 2015). The limits of these populations are 

not yet understood and the blockage of migratory routes by the construction of two dams 

recently completed (2012–2013) in the Madeira River may have affected their distribution, 

most likely that of the Madeira population. The focus of this study was to analyse the genetic 

structure of B. platynemum downriver of the recent dams constructed in the Madeira River 

and to understand the individual movement among the two structured populations between 

the Madeira and Amazonas rivers. 

Large-scale fish telemetry (i.e., radio and acoustic) studies are used worldwide to 

detect individual movements, but since 2011 have they been applied in the Amazon Basin, 

mostly focused on the evaluation of the effect of dams on catfish migration, such as in Xingu 

(Hahn et al., 2015) and Madeira rivers. In the Madeira River, B. rousseauxii, B. vaillantii, B. 
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platynemum and B. filamentosum have been tagged with radio or combined acoustic and 

radio transmitters (CART) and marked with hydrostatic anchor tags (Hallprint, model 

standard TBA; www.halprint.com) following the procedures described by Hahn et al. (2011). 

Capture and tagging procedures were approved by the Brazilian Institute of the Environment 

(IBAMA; permit number 83/2012). Fish movements were detected by radio telemetry 

antennas deployed at the Santo Antônio dam structures (spillways, tailraces and in the 

fishway) and data are recorded on radio receivers and by acoustic dataloggers in the 100 km 

long reservoir. A total of 192 B. platynemum were tagged and released downstream of the 

Santo Antônio Dam (8° 46' 09" S, 63° 54' 43.12" W) from May 2012 to June 2017. 

One of the individuals, tagged and released in the Madeira River on February 23, 

2017 was captured by a fisher in the Solimões River (3° 22’15.51” S, 60° 42’ 44.96” W), 

Manacapuru town (Figure 1) on May 18, 2017, 84 days after release. The total distance 

traveled was 1272 km (c.15 km day
–1

). The recapture was reported via a call to the telephone 

number printed on the transmitter label (anchor tag was no longer attached to the fish’s 

body). The recapture in the Solimões River of an individual of B. platynemum previously 

captured in the Madeira River was unexpected, based on the hypothesis of two independent 

structured population in these rivers by Ochoa et al. (2015).  

In order to relate the tagged fish to the populations defined by Ochoa et al. (2015), 

genetic analysis was performed in the sample collected from adipose fin tissue of individuals 

captured and tagged in the same season in the Madeira River, downstream of the Santo 

Antônio dam. Samples were collected during the tagging process. Tissue samples were fixed 

and preserved in absolute ethanol at –20°C and deposited in the laboratory of ichthyology 

collection of the Universidade Federal do Rio Grande do Sul (vouchers UFRGS 23801–

23820) and then processed in the laboratory of molecular biology of the zoology department 

of the same university. Genomic DNA was extracted using the cetyltrimethylammonium 
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bromide (CTAB) method (Boyce et al. 1989). In order to compare our results with those from 

Ochoa et al. (2015), the DNA was amplified by PCR (Sanger, 1977) for two genes: control 

region (D-loop) and cytochrome b (cytb), using primers from Palumbi et al. (1991) and 

Sivasundar et al. (2001). The PCR reactions were carried out (primers listed in the Table 1) in 

a total volume of 20 µl [13,5 µl of H20, 2 µl of 10× buffer (PlatinumTaq; Invitrogen; 

www.invitrogen.com), 0.6 µl of MgCl2 (50 mM), 2 µl of deoxynucleotide triphosphate 

(dNTP) (2 mM), 0.4 µl of each primer (2 µM), 0.2 µl (5 U) of Platinum Taq and 1 µl of 

genomic DNA]. D-loop PCR conditions  were: 30s at 94°C for, 10 cycles of 1 min at 94°C, 1 

min at 51°C , 1 min at 72°C ; 10 cycles of 94°C for 1 min, 50°C for 1 min, 72°C for 1 min; 

72°C for 10 min. cytb PCR conditions  were: 95°C for 5 min, 2 cycles of: 95°C for 30s, 55°C 

for 45s, 72°C for 1 min; and 2 cycles of 95°C for 30s, 48°C for 45s, 72°C for 1 min; followed 

by 25 cycles of 95°C for 30s, 50°C for 45s, 72°C for 1 min; and 72°C for 5 min. PCR 

products were verified in 1% agarose gel and subsequently sent to ACTGene 

(www.actgene.com) for sequencing. Sequences were aligned using Clustal W in MEGA 6.0 

(Tamura et al., 2013) and visually inspected. Haplotypic diversity was estimated in DNAsp 5 

(Librado & Rozas, 2009) and haplotype networks were constructed using Network 5.0 

software. 

The haplotype diversity analysis of 19 specimens collected downstream of Santo 

Antônio Dam identified 7 specimens belonging to the Amazon population and 12 specimens 

to the Madeira population. The specimen reported above, tagged in the Madeira River and 

captured in the Solimões River, belongs to the Amazon population (Table 1; UFRGS23818). 

We found 10 haplotypes from 17 cytb sequences (Table 1; Accession number: XXX) and 16 

haplotypes from 16 D-loop sequences (Accession number: XXX). Of this total, 6 (cytb) and 8 

(D-loop) haplotypes are new and exclusive from this work and the remaining are shared with 

Ochoa et al. (2015). The haplotype network for cytb and D-loop analysis is presented in the 
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Figure 2. Genetically, the 10 cytb haplotypes and 16 D-loop haplotypes were grouped in two 

populations as established by Ochoa et al. (2015). The haplotypes of the Madeira population 

were dominant, represented by 7 cytb and 11 D-loop and the haplotypes of the Amazon 

population were represented by 3 cytb and 5 D-loop (Figure 2). Ochoa et al. (2015) have 

discussed possible reasons for the high levels of haplotype diversity and the occurrence of 

two structured populations with high values for FST in B. platynemum, including climate 

changes, drainage isolation and differences in water chemistry. Dam construction, with the 

consequent blockage of migratory routes, may change the natural life cycle of fish species 

inhabiting the affected area, as well as the usual distribution of populations (Hegg et al., 

2015; Forsberg et al., 2017). Our analyses indicate a dominance of B. platynemum specimens 

of Madeira population downriver of the recent dam constructed in the Madeira River and a 

movement of the Amazon population specimens to Madeira River. Ochoa et al. (2015) 

suggest that there is a minimal gene flow (given the sampling rarity) between populations of 

the Madeira and Amazon rivers and a preferential mating among the individuals of the 

Madeira population. It is not clear yet what is the main factor that limits the movement of the 

Amazon population in the Madeira River and vice-versa. The distance of the Madeira 

population spawning area from the Amazon River confluence (Barthem et al., 2017) may be 

an important factor that reduce the interbreeding and reinforce the isolation of those two 

populations.  

Ochoa et al. (2015) found that Teotônio Rapids (TRM; natural barrier) does not 

represent a physic barrier in gene flow for this species. Dams in the Madeira River, however, 

can impede B. platynemum specimens of the lower Madeira River migrating upriver and 

reaching the spawning area, which probably should strengthen the isolation of the Madeira 

population upstream of the dam from Amazon populations. However, larvae of B. 

platynemum has been sampled between the two dams in the Madeira River and downstream 
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of the lower dam, demonstrating that the species has somehow managed to reproduce upriver 

(Vasconcelos, 2017). Individuals of the Amazon population will return to the Amazon River 

after they reach the blocked path of the Madeira River, as was observed with the tagged 

specimen. However, the fate of the specimens of the Madeira population downriver of the 

dam is uncertain and it is possible that they form schools of non-breeding individuals that 

will never reach spawning areas if they cannot migrate in the Amazonas River, resulting in 

the suppression of the Madeira population of B. platynemum downriver of the dams. Such 

hypotheses can only be tested with the continuous analysis of the migration patterns and 

population structure of B. platynemum with telemetry and genetic analyses. The lower stretch 

of the Madeira River offers the rare opportunity to understand the complex processes that 

maintain two wild populations isolated (Madeira and Amazon populations) and to monitor 

the effect of damming the river on the genetic structure of two fish populations. 
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 TABLE 1 List of specimens studied with catalog numbers, haplotypes, populations and 

accession numbers.  

Catalogue 

number 

Tag 

number 

cytb 

Haplotypes 

D–loop 

Haplotypes 

Population 

UFRGS23801 NT2396 H20 H67 = H59 Amazonas 

UFRGS23819 NT2397 H22 H68 Madeira 

UFRGS23820 NT2398 H20 – Amazonas 

UFRGS23802 NT2399 H6 H69 Madeira 

UFRGS23803 NT2400 H23 H57 Madeira 

UFRGS23816 NT2451 H7 H70 = H66 Madeira 

UFRGS23804 NT2452 H20 – Amazonas 

UFRGS23805 NT2453 – H71 = H58 Madeira 

UFRGS23813 NT2454 H6 – Madeira 

UFRGS23814 NT2455 H20 H72 Amazonas 

UFRGS23815 NT2456 H7 H64 Madeira 

UFRGS23806 NT2457 H21 H73 Madeira 

UFRGS23807 NT2458 H24 H74 Madeira 

UFRGS23808 NT2459 H25 H49 Madeira 

UFRGS23809 NT2460 H20 H75 = H30 Amazonas 

UFRGS23811 NT2462 H6 H76 Madeira 

UFRGS23817 NT2463 H26 H77 Amazonas 

UFRGS23812 NT2464 – H78 Madeira 

UFRGS23818* NT2465 H27 H79 Amazonas 

* Tagged and recaptured specimen. 
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FIGURE 1 Movement of a tagged Brachyplatystoma platynemum in the Amazon Basin: (1) 

release site downstream of the Santo Antônio Dam on the Madeira River; (2) the recapture 

site on the Solimões River. 

 

FIGURE 2 (a) Haplotype network of cytb and (b) D-loop for specimens of Brachyplatystoma 

platynemum from this study and Ochoa et al. (2015). Circle size is proportional to the number 

of specimens with a same haplotype. Two populations can be identified among the specimens 

collected at the Santo Antônio Dam on the Madeira River: one related to haplotypes of the 

Madeira River and another, smaller, more related to haplotypes of the Amazon River. 
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