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ABSTRACT. Introduction: The freshwater fish Brycon henni (Characiformes: Bryconidae) is endemic to
Colombia and currently considered as a “least concern” species according to the International Union for
Conservation of Nature (IUCN). Objective: To develop microsatellite markers to examine population genetics
in B. henni. Methods: Using a low-coverage sequencing genomic library, this study developed the first set of
microsatellite loci to study the population genetics of this Neotropical species. These loci were used to evalu-
ate the genetic diversity and structure of B. henni from three sites of the Magdalena-Cauca Basin (Colombia).
Results: A set of 21 polymorphic microsatellite loci was highly informative and revealed that B. henni exhibits
genetic diversity (5.143-5.619 alleles/locus, observed and expected heterozygosity = 0.461-0.645 and 0.604-
0.662, respectively) and is evenly genetically structured between two tributaries of the Cauca River separated by
only 30 km (F’g;= 0.093, Jost’s Dy = 0.311, P < 0.001) a finding that indicates these may be reproductively
isolated groups. Conclusions: We reported a set of 21 polymorphic microsatellite loci that allowed the detection
of genetic structure at local and regional scales. This population genetic structure, concordant with that found
in eight congeners, is relevant when determining the risk categorization of B. henni, as well as management,
conservation, and restocking programs for this species.

Key words: next-generation sequencing; molecular markers; genetic structure; genetic diversity; Neotropical
fish; sabaleta; conservation.
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Population genetics of the fish Brycon henni (Characiformes: Bryconidae)

Brycon is a polyphyletic genus of the
family Bryconidae (Abe, Mariguela, Avelino,
Foresti, & Oliveira, 2014) that supports sub-
sistence and commercial fisheries, sport fish-
ing, and aquaculture in Central and South
America (Zaniboni-Filho, Reynalte-Tataje, &
Weingartner, 2006). Although its systematics
remain unclear, it is believed to encompass 43
valid species distributed from Southern Mexico
to Northern Argentina (Angulo & Gracian-
Negrete, 2013; Lima, 2004). The major species
diversity occurs in Panama and the Colombian

and Ecuadorian trans-Andean rivers (Lima,
2003). Some Brycon species are listed in sev-
eral risk categories, while others have deficient
data for risk categorization and remain consid-
ered either as “least concern” based on their
wide distribution or are not currently included
in the Red List of the International Union for
Conservation of Nature (IUCN).

Brycon henni Eigenmann, 1913 is a
trans-Andean freshwater fish distributed in
the Colombian Magdalena-Cauca and Pacif-
ic hydrographic regions (DoNascimiento,
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Herrera-Collazos, & Maldonado-Ocampo,
2018). Brycon henni reproductive periods
appear to be synchronized to rainy periods in
natural environments (Builes & Uran, 1974;
Mancera-Rodriguez, 2017), but may occur
during the entire year in some dams that do not
experience drastic changes in water level depth
(Martinez-Orozco & Vasquez-Zapata, 2001).
In contrast to the asynchronous oocyte maturity
and incomplete spawning found in this spe-
cies in other areas (Builes & Uran, 1974), the
similar maturity stage of B. henni oocytes in the
Nare and Guatapé Rivers has led researchers
to propose that this species performs seasonal
and cyclic reproduction with short and massive
spawning, without parental care, and exhibits
moderate fecundity and reproductive migra-
tions (Mancera-Rodriguez, 2017).

Furthermore, its fishery statistics are
absent (Colombian Fishing Statistical Service,
SEPEC) even though B. henni is locally con-
sidered as part of food security in riverine
communities (Lasso et al., 2010), used for
sport fishing especially in the upper and middle
sections of the Cauca River, and is a promis-
sory resource for commercial temperate-zone
aquaculture (Cruz-Casallas, Medina-Robles,
& Velasco-Santamaria, 2011; Montoya-Lopez,
Carrillo, & Olivera-Angel, 2006). Addition-
ally, information about species reintroductions
remains unknown due to the lack of program-
matic monitoring for fish translocations or fish-
ing (FAO, 2011; Povh et al., 2008).

Although it is considered as a “least con-
cern” species, B. henni is susceptible to the
harmful effects of habitat disturbances, given
that it requires good quality waters (Builes &
Urén, 1974; Lasso et al., 2010). Moreover, this
species has a short-distance migration range
between main river channels and adjacent high-
gradient streams (lateral migration) (Builes &
Uran, 1974; Lasso et al., 2010), a fact that sug-
gests its natural populations are not panmictic
along its distribution range. Indeed, genetically
structured populations have been found for B.
henni (Hurtado-Alarcén, Mancera-Rodriguez,
& Saldamando-Benjumea, 2011; Pineda-Santis
et al,, 2007) and other congeners such as

Brycon hilarii (Sanches & Galetti Jr., 2007,
2012), Brycon insignis (Matsumoto & Hils-
dorf, 2009), Brycon lundii (Wasko & Galetti
Jr., 2002), Brycon moorei sinuensis (Lopez,
20006), Brycon opalinus (Melon-Barroso, Hils-
dorf, Moreira, Cabello, & Traub-Cseko, 2005),
Brycon orbignyanus (Ashikaga, Orsi, Oliveira,
Senhorini, & Foresti, 2015; Panarari-Antunes
et al., 2011), and Brycon orthotaenia (Sanches
etal., 2012).

Currently, only two genetic studies have
been performed in B. henni at the regional scale
using dominant markers, Random Amplifica-
tion of Polymorphic DNA (RAPD) (Hurtado-
Alarcon et al.,, 2011; Pineda-Santis et al.,
2007). Nonetheless, RAPDs exhibit several
disadvantages such as low reproducibility, sub-
jective determination of the real band, homo-
plasy, inability to detect heterozygotes, and
greater sampling variance for dominant allele
frequencies compared to codominant alleles
(Ciftci, 2003; Lynch & Milligan, 1994).

Forty-four microsatellites have been
developed for three cis-Andean Brycon spe-
cies (Melon-Barroso et al., 2005; Sanches
& Galetti Jr., 2012; Viana & Vasconcelos de
Macédo, 2016). Nonetheless, different authors
have indicated that the transferability of heter-
ologous microsatellites is limited by unsuccess-
ful amplification in phylogenetically distant
species or lower levels of polymorphism, allele
size homoplasy, null alleles, interrupted repeat
motifs, and even amplification of non-orthol-
ogous loci (Barbara et al., 2007; Primmer,
Painter, Koskinen, Palo, & Merild, 2005; Rut-
kowski, Sielezniew, & Szostak, 2009; Yue,
Balazs, & Laszlo, 2010).

Considering the above constraints, we
took advantage of the low-coverage sequenced
genomic library of one B. henni specimen
collected in the Colombian Cauca River
(Landinez-Garcia, Alzate, & Marquez, 2016)
to develop the first set of B. henni microsatel-
lite loci. Likewise, we used these loci to study
genetic diversity and population structure at a
local (less than 30 km) and regional (600 km)
scale using samples from three natural popula-
tions of this species. These tools will allow
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researchers to elucidate/hypothesize the causes
of B. henni population genetic structure across
its distribution area and can be applied in the
future to monitor genetic diversity chang-
es in regions influenced by anthropogenic
activities as well as support restocking and
reinforcement programs.

MATERIALS AND METHODS

Samples and studied area: This study
analyzed a total of 90 B. henni tissues preserved
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in 70 % ethanol that were provided by Inte-
gral S. A., through two scientific coopera-
tion agreements (September 19", 2013; Grant
CT-2013-002443), framed under an environ-
mental permit from Ministerio de Ambiente,
Vivienda y Desarrollo Territorial de Colom-
bia # 0155 on January 30%, 2009 for the
Ituango hydropower plant construction. The
samples, collected from 2011 to 2013, came
from three sites of the Colombian Magdalena-
Cauca hydrographic region (Fig. 1A); in two of
them (Ituango River = 19 samples and Espiritu
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Fig. 1. Brycon henni sampling sites (dark circles) in three sectors of the (A) Colombian Magdalena-Cauca hydrographic
region: (B) the Cauca River (IT, Ituango River; ES, Espiritu Santo River) and (C) the Magdalena River (La Magdalena
Stream). The black triangle denotes the location of the Ituango hydropower plant.
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Santo River = 44 samples) (Fig. 1B) samples
were collected before the construction of the
Ituango hydropower station in the Cauca River.
The other site is located upstream of the Pefiol-
Guatapé dam (La Magdalena Stream, a tribu-
tary of the Nare River = 27 samples) (Fig. 1C).

The Ituango (IT) and Espiritu Santo (ES)
rivers drain on the West and East margins of
the Cauca River, respectively, and are sepa-
rated by only 30 km. This area, subjected to
mining, agriculture, and artisanal and sport
fisheries, corresponds to sections 2 and 3 of
the Cauca River as described previously by
Landinez-Garcia and Marquez (2016). These
areas feature steep topography with deep can-
yons, riverbed narrowing, and drastic changes
in water velocities and slopes. On the other
hand, La Magdalena Stream (LM) exhibits
lower slopes and water levels, sandy and rocky
substrates, and relatively turbid waters due
to surrounding urban centers and paths that
expose it to anthropic activities (for example,
litter, erosion, sewage discharges, and agro-
chemical lixiviates).

Microsatellite loci identification and
primer development: To identify microsatel-
lite loci and develop primers, we used reads
obtained from the genomic library of one B.
henni specimen collected in the Cauca River
(Colombia) that was previously sequenced with
the Illumina Miseq platform using the whole
genome shotgun strategy and 250 base paired-
end reads (Landinez-Garcia et al., 2016). Clean-
ing of nuclear genome reads, assemblage into
contigs, primer design, electronic polymerase
chain reaction (PCR), polymorphism analysis,
validation, and amplification condition opti-
mization for 50 microsatellite loci were per-
formed following the methodology described
by Landinez-Garcia and Marquez (2016).

Briefly, the reads of the nuclear genome
were submitted to PRINSEQ-LITE software
to clean and eliminate short sequences (less
than 100 base pairs [bp]), duplicated reads,
and low-quality regions at both read ends and
then assembled them into contigs with ABYSS
v.1.3.5 (Simpson et al., 2009) using a Kmer 64.

Additionally, PAL _FINDER v.0.02.03 (Castoe
et al., 2010) was used to extract the contigs
that contained microsatellite loci with perfect
motifs of 3mer, 4mer, and Smer repeats. These
longer motifs were selected to avoid genotyp-
ing errors associated with dinucleotide motifs
(Guichoux et al., 2011; Schoebel et al., 2013).
PRIMER3 v.2.0 (Rozen & Skaletsky, 2000)
was used to design the primers for microsat-
ellite loci amplification from their flanking
sequences and electronic PCR (Rotmistrovsky,
Jang, & Schuler, 2004) to verify correct primer
alignment in silico (http://www.ncbi.nlm.nih.
gov/tools/epcr/).

Levels of polymorphism and sample
genotyping: A total of 50 microsatellite loci
were selected for optimization and analysis
of levels of polymorphism in 15 B. henni
samples using standard PCR conditions (Sam-
brook, Fritsch, & Maniatis, 2001); amplified
fragments were separated with silver-stained
polyacrylamide gels. Polymorphic loci that
exhibited consistent amplification, good band
resolution, specificity, desired fragment size
(100-400 bp), and heterozygosity in the ana-
lyzed samples were selected and fluorescently
labelled for further amplification of 90 samples
from three different sites.

Amplification reactions were 10 pl and
contained the following final component con-
centrations: 0.6 pmol/ul of each forward prim-
er, attached by its 5’ end to one of the four
adapters (Tails A, B, C and D) described by
Blacket, Robin, Good, Lee, & Miller (2012),
1.2 pmol/pl of each reverse primer, 1.0 pmol/ul
of each fluorescently labelled adapter (6-FAM,
VIC, NED, and PET; Applied Biosystems),
0.22X Master Mix, 2.5 % v/v GC Enhancer
Platinum Multiplex PCR Master Mix (Applied
Biosystems), and 3-5 ng/ul of template DNA
isolated with GeneJET Genomic DNA Puri-
fication kit (Thermo Scientific). PCR was
performed using a T100 thermocycler (Bio-
Rad) with the following thermal profile: initial
denaturation at 95 °C for 3 min and 42 cycles
of denaturation at 90 °C for 22 s and annealing
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at 56 °C for 20 s. There were no extension and
final elongation steps.

PCR products were submitted to electro-
phoresis, using LIZ500 (Applied Biosystems)
as an internal molecular size on an ABI 3730
XL automated sequencer (Applied Biosys-
tems), and GENEMAPPER v.4.0 (Applied
Biosystems) was used to denote the allelic
fragments according to their molecular size.
Potential genotyping errors and null alleles
were evaluated using MICRO-CHECKER
v.2.2.3 (van Oosterhout, Hutchinson, Wills, &
Shipley, 2004).

Genetic diversity: The average number of
alleles per locus was calculated using GENAL-
EX v.6.503 (Peakall & Smouse, 2006), and
estimation of the observed (H) and expected
(Hp) heterozygosities, inbreeding coefficient
(Fig), as well as the tests for departures from
Hardy—Weinberg and Linkage equilibria, were
performed using ARLEQUIN v.3.5.2.2 (Excof-
fier, Laval, & Schneider, 2005). Statistical
significance for multiple comparisons was
adjusted by applying the sequential Bonfer-
roni correction (Rice, 1989). The polymorphic
information content (PIC) for each marker was
determined using CERVUS v.3.0.7 (Marshall,
Slate, Kruuk, & Pemberton, 1998).

Genetic structure: Genetic differentia-
tion among samples from the three sites was
calculated using the standardized statistics F’ ¢
(Meirmans, 2006) and Jost’s D¢ (Meirmans
& Hedrick, 2011), as well as an analysis
of molecular variance (AMOVA; (Meirmans,
20006) included in GENALEX v.6.503 (Peakall
& Smouse, 2006). Additionally, R package
Adegenet (Jombart, 2008) was used to accom-
plish the discriminant analysis of principal
components of the diploid genotypes of 21
loci (42 variables) in 90 individuals. A total
of 42 principal components were retained for
subsequent discriminant analysis and the first
two linear discriminants that explained more
than 80 % of the total variation were used to
construct a scatter plot.

Finally, STRUCTURE v.2.3.4 was used
for Bayesian analysis of population partition-
ing (Pritchard, Stephens, & Donnelly, 2000) to
test genetic differentiation among and within
sample sites. The run length that reached con-
vergence consisted of 500000 Monte Carlo
Markov Chain (MCMC) steps and 45 000 itera-
tions as burn-in. To improve the performance of
the algorithm when the signal of the structure
was relatively weak, the LOCPRIOR option
was set, and the admixture model and correlat-
ed frequencies parameters were used (Hubisz,
Falush, Stephens, & Pritchard, 2009). For each
simulated K value, which ranged from 1 to
6, the analysis was repeated 20 times and the
AK ad hoc statistic (Evanno, Regnaut, & Gou-
det, 2005) was calculated with STRUCTURE
HARVESTER (Earl & VonHoldt, 2012) for the
best estimate of genetic stocks (K). CLUMPP
v.1.1.2b (Jakobsson & Rosenberg, 2007) was
used to summarize the results of independent
STRUCTURE runs; we selected the algorithm
full search with the function G’normalized, and
the parameters were set at their default values.
The Q-matrices obtained were plotted in a his-
togram that displayed the ancestry of each indi-
vidual in each population using DISTRUCT
v.1.1 (Rosenberg, 2004). Based on the ancestry
coefficients provided by STRUCTURE and
CLUMPP, the individuals were reorganized
by genetic stock in sample sites that showed
multiple stocks and were later submitted to the
genetic analyses described below.

RESULTS

Microsatellite loci development and
detection of outlier loci: A set of 21 of the
50 initially evaluated loci satisfied the selec-
tion criteria described above (Table 1). Allele
lengths ranged from 124 to 317 bp, and the
number of alleles per locus oscillated from 4 to
13, with an average number of 8.500 alleles per
locus (Table 1). Micro-Checker analysis did not
indicate any scoring errors attributable to stut-
tering, null alleles, or large allele dropout at the
loci. Pairwise tests of genotypic disequilibrium
were not significant and allelic frequencies
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TABLE 3
Genetic diversity of Brycon henni from three sites of the Colombian Magdalena-Cauca Basin

Site N Na Hg
ES 19 5.143 0.645
1T 44 5.524 0.598

LM 27 5.619 0.461

LMS1 12 3.857 0.439
LMS2 15 4.238 0.479

Hg Piwe Fis Ppis
0.638 0.372 -0.048 0.894
0.604 0.773 -0.009 0.645
0.662 0.000%* 0.303 <0.001*
0.460 0.001* 0.086 0.112
0.568 0.000* 0.151 0.007*

ES: Espiritu Santo River; IT: Ituango River; LM: La Magdalena Stream; LMS1 and LMS2: stocks 1 and 2 of LM. Na:
number of alleles per locus; H, and H: observed and expected heterozygosity, respectively; Fg: inbreeding coefficient;
P we and Py q: statistical probability for tests of departure from Hardy Weinberg equilibrium and inbreeding coefficient,

respectively. Asterisks (*) denote significant differences.

were concordant with Hardy-Weinberg equi-
librium expectations in at least 2 of 4 analyzed
samples indicating that heterozygote deficit
or excess detected in some cases depends on
genetic characteristics of the sample (Table 2).

Genetic diversity: Compared with IT, the
individuals collected in ES exhibited lower
average number of alleles per locus and higher
values of observed and expected heterozygos-
ity (Table 3). In both cases, the allelic frequen-
cies were concordant with Hardy-Weinberg
equilibrium expectations, and the inbreeding
coefficients were not significant (Table 3).
Additionally, LM displayed the highest number
of alleles per locus, a highly significant hetero-
zygosity deficit, and a significant inbreeding
coefficient (Table 3). These levels of genetic
diversity and inbreeding were higher than
those showed by two stocks of LM (LMS1 and
LMS2, Table 3) revealed by the genetic struc-
ture analysis.

Genetic structure: The most supported
number of clusters using the AK method was K
=2 [Mean LnP(K) = -5152.045], one predomi-
nantly in the Cauca River basin and the other in
the La Magdalena Stream (Fig. 2A). However,
an additional clustering pattern (K = 4) was
examined to compare it with other approaches,
showing genetic differences between the IT
and ES and within LM (Fig. 2B). Genetic dif-
ferences among sites were corroborated by
discriminant analysis of principal components

(Fig. 2C), AMOVA (F’gp (5 159, = 0.179, P <
0.001), and the pair-wise standardized statistics
Fyp and Jost’s D¢ (Table 4).

DISCUSSION

The relevant results from this study con-
cern the development of a set of 21 polymor-
phic microsatellite loci for B. henni. The novel
species-specific microsatellite loci included
perfect motifs of Smer (7), 4mer (10), and 3mer
(4) repeats that exhibited consistent amplifica-
tion, good band resolution, expected fragment
size, high polymorphism levels and satisfied
the assumptions of Hardy-Weinberg and Link-
age equilibria.

It is expected that shorter motifs (e.g.
2mers) tend to be more variable, but practical
matters related with scoring variability in short-
er motifs can lead to uncertain motif length,
difficulty in interpreting results, and possible

TABLE 4
Pairwise Jost’s Dy (above diagonal) and F'g;
(below diagonal) among samples of Brycon henni
from the Magdalena-Cauca Basin, Colombia

IT ES LM
IT 0.311%* 0.521*
ES 0.093* 0.465*
LM 0.135% 0.117*

IT: Ttuango River; ES: Espiritu Santo River; LM: La
Magdalena Stream. Asterisks (*) denote significant
differences (P < 0.001).
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DA eigenvalues

Fig. 2. Population structure bar plots estimated by STRUCTURE software for (A) K =2, (B) K = 4 and (C) discriminant
analysis of principal components in three sites of the Magdalena-Cauca hydrographic region. IT: Ituango River; ES: Espiritu
Santo River; LM: La Magdalena Stream.
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allele misclassification (Castoe et al., 2012).
Hence, although they might exhibit lower
polymorphism levels, the longer repeat motifs
were selected in this study to avoid genotyping
errors associated with 2mer motifs (Guichoux
et al., 2011; Schoebel et al., 2013).

Lack of previous information about B.
henni microsatellite loci and the differences
in repeat motif lengths with its congeners did
not allow us to compare the results of average
number of alleles per locus from this work
with previous studies of this species’ popula-
tion genetics (Hurtado-Alarcon et al., 2011;
Pineda-Santis et al., 2007) and other Brycon
species (Melon-Barroso et al., 2005; Sanches
& Galetti Jr., 2012; Viana & Vasconcelos de
Macédo, 2016). However, as discussed below,
these novel loci seem able to measure reliable
levels of genetic diversity.

Considering the differences in the repeat
motif lengths and their probable relationships
with differential mutational rates (Castoe et al.,
2012; del Giudice et al., 2001), we recommend
the use of heterozygosity levels rather than the
average number of alleles per locus to compare
the genetic diversity of B. henni with available
reports of other congeners.

The levels of observed (0.461-0.645) and
expected (0.604-0.662) heterozygosities were
in the range of average heterozygosity per
species across microsatellite loci (H: 0.189-
0.880; Hp: 0.486-0.892) found in seven Bry-
con species (Ashikaga et al., 2015; Lopez,
2006; Matsumoto & Hilsdorf, 2009; Melon-
Barroso et al., 2005; Sanches & Galetti Jr.,
2012; Sanches et al., 2012) and Neotropical
Characiforms (Hilsdorf & Hallerman, 2017).
Specifically, the average expected B. henni het-
erozygosities were higher than those observed
in B. orbignyanus (Ashikaga et al., 2015), simi-
lar to B. moorei sinuensis (Lopez, 2006) and B.
hilarii (Sanches & Galetti Jr., 2012), but lower
than B. opalinus (Melon-Barroso et al., 2005),
B. insignis (Matsumoto & Hilsdorf, 2009), B.
orthotaenia (Sanches et al., 2012), and B. ama-
zonicus (Oliveira, Santos, Bernardino, Hrbek,
& Farias, 2018).

However, the average observed B. henni
heterozygosities in IT and ES were higher than
those found in B. hilarii (Sanches & Galetti
Jr., 2012), B. opalinus (Melon-Barroso et al.,
2005), B. moorei sinuensis (Lopez, 2006), and
B. orbignyanus (Ashikaga et al., 2015), and
lower than B. orthotaenia (Sanches et al., 2012)
and B. insignis (Matsumoto & Hilsdorf, 2009).
In LM, the average observed B. henni hetero-
zygosities were only higher than those found
in B. moorei sinuensis (Lopez, 2006) and B.
orbignyanus (Ashikaga et al., 2015).

Brycon henni samples of ES and IT showed
similar values of expected and observed hetero-
zygosities, concordant with Hardy-Weinberg
and Linkage equilibria. Alike findings were
also found in B. hilarii from the Peixe and
Miranda Rivers in the Paraguay River basin
(Sanches & Galetti Jr., 2012). In contrast, sam-
ples from LM exhibited a strong and significant
heterozygosity deficit. Similar results were
reported for B. opalinus (Melon-Barroso et al.,
2005), B. moorei sinuensis (Lopez, 2006), B.
orthotaenia (Sanches et al., 2012), B. hilarii
(Sanches & Galetti Jr., 2012), and B. orbignya-
nus (Ashikaga et al., 2015).

Brycon henni external fertilization sug-
gests that assortative mating does not explain
the results of LM. Instead, the Wahlund effect
may explain these results, especially consider-
ing the coexistence of two genetic stocks as
discussed below. However, other causes like
inbreeding may also explain the heterozygosity
deficit as values of Fg were significant in total
samples (F g = 0.303, P < 0.001) as well as in
one (F g =0.151, P=0.007) of the two genetic
stocks of LM.

The novel set of microsatellite loci pro-
vides evidence that B. henni populations exhib-
it a hierarchical genetic structure at the local
and regional scales evaluated in this study.
A regional genetic structure (Cauca tributar-
ies and La Magdalena Stream) is concordant
with results found in other sectors between
the Magdalena (Humarada River, La Clara
River) and Cauca (Piedras River, Guaracu
River) Rivers (Pineda-Santis et al., 2007)
and between the Nare and Guatapé Rivers
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(Hurtado-Alarcén et al., 2011) using dominant
markers. This outcome is not surprising because
B. henni exhibits a short-distance migration
range (< 100 km), and the Cauca tributaries
are separated by 600 km from LM. However,
the local scales provide new insights about the
B. henni population structure. Pairwise com-
parisons of fixation and genetic differentiation
indexes as well as discriminant analysis of
principal components revealed genetic differ-
ences between ES and IT populations, a finding
that is concordant with STRUCTURE analyses
that considered K = 4, which also revealed the
coexistence of two genetic stocks in LM.

The B. henni genetic differences between
the tributaries of the Cauca River separated by
less than 30 km, and collected one year before
beginning the construction Ituango hydropow-
er station, may be explained by landscape
characteristics, including steep topography and
drastic changes in water velocities and slopes
that may limit gene flow between the sampled
localities, as was observed in this area with the
Prochilodontidac member Ichthyoelephas lon-
girostris using microsatellite loci (Landinez-
Garcia & Marquez, 2016). Alternatively, this
outcome may also be explained by B. henni
behavioral features such as migration type
since previous studies reported B. henni lateral
migrations between tributaries and main river
channels rather than longitudinal migrations
(Builes & Uréan, 1974; Lasso et al., 2010),
which may explain the limited gene flow along
the main river channel. Additionally, this genet-
ic structure may result from homing behavior
as has been proposed in B. lundii (Wasko &
Galetti Jr., 2002) or high habitat requirements
that might influence the distribution and/or
reproductive behavior, as occurs in other tropi-
cal fish (Arantes, Castello, Cetra, & Schilling,
2013; Guisande et al., 2012; Humphries, King,
& Koehn, 1999; Pareja-Carmona et al., 2014).

The coexistence of two genetic stocks in
LM provides strong support to the hypothesis
that the Wahlund effect explains the signifi-
cant heterozygosity deficit found at this site.
This idea is sustained by further analyses
that showed most of loci exhibited allelic

frequencies concordant with the Hardy-Wein-
berg equilibrium in each genetic stock. Lack
of genetic information before dam construc-
tion in this area did not allow us to identify
whether the presence of stocks in LM repre-
sents a natural or artificial genetic structure.
Similar structuring has been observed in B.
hilarii from the Paraguay River Basin (Sanches
& Galetti Jr., 2007, 2012), B. orthotaenia
(Sanches et al., 2012), B. insignis (Matsumoto
& Hilsdorf, 2009), and B. opalinus from the
Paraiba do Soul River Basin (Melon-Barroso
et al., 2005), B. lundii in the Sao Francisco
River (Brazil) (Wasko & Galetti Jr., 2002), and
B. orbignyanus from the upper Parana River
(Panarari-Antunes et al., 2011) and in the La
Plata River Basin (Ashikaga et al., 2015). A
temporal Wahlund effect is unlikely to explain
our findings since B. henni apparently exhibits
short, massive spawning, seasonal and cyclic
reproduction, in this area (Mancera-Rodriguez,
2017). In contrast, the proposal that B. hilarii
spawning schools may use different sites for
reproduction and feeding (Sanches & Galetti
Jr., 2012), as well as homing behavior proposed
in B. lundii (Wasko & Galetti Jr., 2002), sug-
gest that B. henni may exhibit a spatial Wah-
lund effect, but future studies are required to
explore this hypothesis.

It remains to be determined in a larger
sample size and number of localities whether
B. henni populations are panmictic along their
distribution range. This knowledge would be
relevant to estimate the species risk categori-
zation, which is currently considered as least
concern due to its wide distribution. Based
on their migration type, habitat requirements
and presence in heterogeneous environments,
we propose that B. henni populations conform
to genetic patchiness along their distribution.
This idea is supported by results published
for seven studied congeners (Ashikaga et al.,
2015; Loépez, 2006; Matsumoto & Hilsdorf,
2009; Melon-Barroso et al., 2005; Sanches &
Galetti Jr., 2012; Sanches et al., 2012; Wasko
& Galetti Jr., 2002). Together, these studies
suggest that this genetic population structure
is a generalized tendency in the Brycon genus,
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although B. amazonicus (Oliveira et al., 2018)
seems to be an exception to this rule.

In conclusion, we reported a new set of 21
polymorphic microsatellite loci that was highly
informative and allowed the detection of genet-
ic structure at local and regional scales. Hence,
they are strongly recommended for future stud-
ies of B. henni diversity and population genet-
ics. Since the Cauca River tributary samples
were collected before the construction of the
Ituango hydropower station, these results con-
stitute a baseline for monitoring future changes
in the genetic diversity and structure of these
B. henni populations. In the La Magdalena
Stream, this study complements the available
information, which is necessary to restructure
the management plans for this species.
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RESUMEN

Genética de poblaciones del pez Brycon henni (Cha-
raciformes: Bryconidae) utilizando loci microsatélites

polimorficos especie-especificos. Introduccion: El pez
de agua dulce Brycon henni (Characiformes: Bryconidae)
es una especie endémica de Colombia que actualmente
esta catalogada como de “menor preocupacion” por la
Union Internacional para la Conservacion de la Naturaleza
(UICN). Objetivo: Desarrollar marcadores microsatélites
para estudiar la genética poblacional de Brycon henni.
Métodos: Usando una biblioteca gendomica de secuencia-
cion de baja cobertura, este estudio desarrolld el primer
grupo de loci microsatélites para el estudio de la genética
poblacional de esta especie neotropical. Estos loci fueron
usados para evaluar la diversidad genética y estructura
de B. henni en tres sitios de la cuenca Magdalena-Cauca
(Colombia). Resultados: Un grupo de 21 loci polimor-
ficos tipo microsatélite fueron altamente informativos y
revelaron que B. henni exhibe diversidad genética (5.143-
5.619 alelos/locus, heterocigosidad observada y esperada =
0.461-0.645 y 0.604-0.662, respectivamente) y se encuen-
tra genéticamente estructurado entre dos tributarios del
rio Cauca separados inicamente por 30 km (F’g; = 0.093,
Jost’s Dy = 0.311, P < 0.001), un resultado que indica
que puede existir aislamiento reproductivo entre dichos
grupos. Conclusiones: Reportamos un grupo de 21 loci
polimorficos tipo microsatélite que permitieron la detec-
cion de la estructura genética a escala local y regional. Esta
estructura genética poblacional, concordante con lo que se
reporta para otros ocho congéneres, es relevante al deter-
minar la categorizacion de riesgo de B. henni, asi como los
programas de manejo, conservacion y repoblamiento para
esta especie.

Palabras clave: secuenciacion de proxima generacion;
marcadores moleculares; estructura genética; diversidad
genética; peces neotropicales; sabaleta; conservacion.
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