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Abstract

The diversity of Hypancistrus species in the Xingu River is remarkable and the variation in color morphs
represents a real challenge to taxonomists to delimit species boundaries. One of the most recognizable Hypancistrus complexes is the worm-lined species, known in the aquarium trade as King Tiger Plec in English,
Hypancistrus ‘‘pão’’ in Portuguese or under the L-numbers L066 and L333 that represent two melanic pigment
pattern phenotypes. To assess the identity of these two phenotypes, we described their karyotypes and sequenced part of the mitochondrial cytochrome oxidase I gene (DNA barcode). These fishes have 52 chromosomes (40 meta-submetacentric and 12 subtelo-acrocentric) and a strong heteromorphism in chromosome pair
21 was observed, which does not correlate with the two phenotypes or sex. DNA barcodes separated the
samples analyzed from Hypancistrus zebra and other publicly available sequences of Loricariidae showing no
divergence between the two phenotypes. The data set indicates that worm-lined Hypancistrus from the Xingu
form a single species with clear chromosomal and melanic pigment pattern polymorphisms.

Introduction

T

he Xingu River is a tributary of the Amazon River with
nearly 467 identified species of fish.1 This ichthyofauna
is threatened by several human actions, which have been
increasing in intensity since the 1970s with the most recent
major impacts due to the beginning of the construction of the
Belo Monte dam.1,2
The family Loricariidae represents an important component
of the Xingu River ichthyofauna, including many endemic
species,1,2 many of them being exploited in the ornamental
trade.3 Therefore, studies that aim to clarify the patterns and
processes that caused and maintain this diversity are fundamental for future conservation plans. In this respect, the
knowledge about population or species identity and similarities, especially in relation to karyotypic features, is important
because karyotypic differences can act as post-zygotic reproductive barriers.4
The genus Hypancistrus Isbrücker and Nijssen contains six
formally described and several undescribed species.2,5,6 Five

of the six valid species are described from the upper Orinoco
River basin in Venezuela and Colombia with some species
also occurring in the Negro River,6,7 while the sixth species
Hypancistrus zebra is known from the great bend in the
Xingu River, near Altamira, Pará State, Brazil (Fig. 1).8 Two
phenotypes of Hypancistrus with worm-like linear melanic
pigment patterns also occur in the Xingu River, and are
named as ‘‘L066’’ and ‘‘L333’’ in the ornamental trade where
distinct phenotypes that are believed to represent undescribed
species of Loricariidae are given L-number codes (Fig. 2). To
assess the identity and degree of genetic similarity of these
two phenotypes we characterized their karyotypes and performed a DNA barcode analysis.
Material and Methods

Specimens of Hypancistrus L066 and L333 and H. zebra
were collected in the Xingu River in conjunction with fishermen. Sample locations are indicated in Figure 1 (only localities
in the Xingu River). Sample collection was authorized by the
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FIG. 1. Localities sampled in this study and known occurrences (GBIF, 2015) of Hypancistrus species, with indication of
the localities reported to support the main abundance of the phenotypes L066 and L333.
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FIG. 2. Phenotypes of worm-lined Hypancistrus from the Xingu River: (A) juvenile of L066; (B) adult of L066; (C) juvenile
of L333; and (D) adult of L333. Photos (A,
B, and D) by Haakon Haagensen. Photo (C)
by Daniel Konn-Vetterlein. Color images
available online at www.liebertpub.com/zeb

Brazilian licensing institutions: Instituto Chico Mendes de
Conservação da Biodiversidade (ICMBio) and Secretaria de
Estado de Meio Ambiente do Pará (SEMA-PA), permit 020/
2005. Animals were anesthetized with eugenol following
Brazilian ethical requirements.
Morphological identification was made using the existing
literature6 and observations of samples to assess the potential
inclusion of any previously undescribed morphological diagnostic characters, which might correlate with the existing
phenotypes. The sex of each sample was identified by examination of the gonads. Voucher specimens are deposited in
the UFPA cytogenetic collection, lots UFPACIT2415 to
UFPACIT3750.
Chromosomes were obtained from kidney cells9 and analyzed using conventional staining, C-banding,10 Nucleolar
Organizer Region staining with AgNO3,11 and fluorescent in
situ hybridization using probes for 5S and 18S ribosomal
DNA (rDNA),12 which were labeled with biotin or digoxigenin by nick translation and detected using avidin-Cy3 or
anti-digoxigenin-FITC, respectively.
Sequencing of a part of the mitochondrial cytochrome
oxidase I (coI) was performed for 10 specimens following the
protocols established by the Consortium for the Barcode of
Life,13,14 using DNA extraction methods, primers, amplification
conditions, and sequencing techniques previously described.15
Sequences were aligned using the Geneious 7.1 (www
.geneious.com)16 and analyzed using MEGA 6.017 to provide
values of pairwise sequence divergence and produce a K2P
neighbor joining tree with support based on 1000 bootstrap
replicates. Sequences were submitted to the Barcode of Life
Data Systems (BOLD systems) under the Barcoding and
Cytogenetics (BCCG) project, subproject Barcoding and
Cytogenetics of Siluriformes (BCSIL), Process IDs BCSIL00115 to BCSIL010-15. Unpublished barcode sequences present
in the Barcode of Life (BOL) database are included in this
study by using the tree-based identification of samples within
BOLD systems.
Results

No morphological differences were found between samples of Hypancistrus L066 (N = 20) and L333 (N = 19).

All the individuals of Hypancistrus L066 (N = 9) and L333
(N = 7) karyotyped in this study have a diploid number (2n) of
52 chromosomes and a karyotypic formula (KF) with 20
meta-submetacentric (m-sm) pairs and 6 subtelo-acrocentric
(st-a) pairs (Fig. 3A). Morphologically differentiated sex
chromosomes were not detected.
Constitutive heterochromatin was detected in centromeric
region of all the chromosomes, in large blocks in 2q, 3p, 4q,
and 5q and in small bands in distal regions of most chromosomes (Fig. 3C).
Active sites of 18S rDNA were detected in the distal regions of 2q (Fig. 3D) and additional and inactive sequences
were detected in the distal region of the pair 21 (Fig. 3D,
green). 5S rDNA genes were located at the interstitial region
of 1p and in the distal region of 4q (Fig. 3D, red).
Chromosome pair 21 showed a heteromorphism represented by two types of chromosomes (Figs. 3A, B and 4):
the A type is a large chromosome, which presents a heterochromatic band in the distal region of the short arm and
inactive sites of 18S rDNA that are adjacent to a heterochromatic block in the distal region of the long arm; the B
type is a small chromosome without the large heterochromatic block and without 18S rDNA sites. Two genotypes
related to this chromosome were found: the homozygous AA
(N = 11) and the heterozygous AB (N = 5). The homozygous
genotype BB was not detected. This heteromorphism does
not correlate with sex or phenotype. It may therefore represent either a loss of genetic material or a chromosomal rearrangement.
The coI barcode sequences revealed that all the specimens
identified as ‘‘L066’’ (N = 6) and ‘‘L333’’ (N = 3) grouped
together with a mean of 0.3% K2P divergence within the
group, indicating no consistent divergence between the two
phenotypes. This data also indicated a clear separation of
this single monophyletic group of worm-lined Hypancistrus
from their congener H. zebra, though only by 1.5%–2.2%
(mean = 1.7%) K2P divergence (Fig. 5).
Unpublished data in the form of the BOLD sample identification tree (Fig. 6) confirms this very low variability in
samples of worm-lined Hypancistrus, including a single publicly available record (Fig. 6, sample 63) from Nhamundá.
Including the sequence for this sample resulted in an increase
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FIG. 3. Karyotypes of Hypancistrus sp. L066 and L333:
conventional staining in L066
(A); conventional staining in
L333 (B); C banding (C); sites
of ribosomal genes (D).

of only 0.1% (up to 0.4%) for the mean K2P divergence within
the worm-lined group containing L066 and L333. This identification tree also indicates probable phylogenetic organization, with worm-lined Hypancistrus most closely related to
‘‘H. debilittera’’ from Pará state, Brazil, and both of these
forming a sister group with just over 1% K2P divergence from
a group containing Hypancistrus sp. ‘‘L260’’ and Hypancistrus sp. ‘‘L262’’ from the lower Tapajós River (Fig. 6). H.
zebra and Hypancistrus furunculus are then more distantly
related with *1.5% and 2.5% K2P divergence, respectively.
Discussion

The fact that no morphological characters were found to
correlate with the distinct melanic phenotypes suggests that

either morphology is static (if speciation had occurred), or
that the differences indicate a pigmentation polymorphism
within the species that may represent phenotypic plasticity
with adaptation and/or selection of local populations to their
environment, or environmentally induced changes in the
development of melanic pigment patterns.
The 2n = 52 of the worm-lined Hypancistrus is shared with
most species in the tribe Ancistrini. This feature represents a
probable synapomorphy of the tribe,18 with chromosome inversions being the probable driving force of karyotype evolution.18–20 Despite this, the Hypancistrus samples analyzed
here have a combination of chromosomes types (40m-sm/
12st-a) that diverges from their congeners H. zebra (38m-sm/
14st-a) and H. cf. debilittera from the Uatumã River (34msm/18st-a).20
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FIG. 4. Chromosome 21 polymorphism of Hypancistrus
sp. L066 and L333.
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The location of active sites of 18S rDNA (NOR) in the
distal region of 2q is similar to others species of Hypancistrus.20 Moreover, an extra and heteromorphic site in
21q was also found. It is similar to the condition denominated ‘‘P3’’ in H. cf. debilittera from the Uatumã River, that
is believed to have arisen through a transposition event.20
This could indicate that these two species are more closely
related than either is with H. zebra, which does not have this
extra site.
The chromosome pair 21 presents a heteromorphism
within worm-lined Hypancistrus in relation to the occurrence
of inactive sites of 18S rDNA that are adjacent to a heterochromatic block in the distal region of the long arm. This
heteromorphism, which is found in both the L066 and L333
phenotypes, is most frequently encountered as the AA genotype. The absence of the genotype BB in the sample may
be due to the sample size, which might not be large enough to
obtain individuals with the BB genotype.
If this heteromorphism was caused by chromosomal rearrangement, chromosome painting would be needed to
confirm this with low sample numbers. This is extremely
difficult to perform given the size similarity of the smaller
version of chromosome 21 and other chromosomes in these
organisms. On the other hand, it is possible that this represents a deleterious condition with the total loss of a large
chromosome segment. Although the lost segment is heterochromatic and only presents inactive 18S rDNA sites, it is
likely that such a large amount of genetic material does play
some kind of regulatory role essential to development.21,22
The location of 5S rDNA sites is similar to that found in
H. zebra and H. cf. debilittera from the Uatumã River.20 Both
species have a small cluster in the interstitial region of
chromosome pair 1. However, H. zebra and H. cf. debilittera
have two clusters of these genes in pair 9, while worm-lined

FIG. 5. Kimura 2-parameter neighbor-joining tree
for samples in this study
along with publicly available coI barcode sequences
for the family Loricariidae
in BOLD. Support values
based on 1000 bootstrap
pseudoreplicates with only
values >50% shown.
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FIG. 6. Cropped species identification tree obtained from submitting sample 3074 (L066 phenotype) to the BOLD tree
identification system with annotations to relate ornamental trade names, local common names, and L-number codes to
species where possible.
Hypancistrus present only one cluster in pair 4. Intraspecific
heteromorphisms related to these sequences were identified
only in H. cf. debilittera.20
Barcode data also support the monophyly and single species identity of L066 and L333 samples. The public barcode
record from Nhamundá indicates a much wider distribution
for this species than the Xingu basin alone with only a slight
increase in the within-group divergence values when including this sequence in analyses, compared to the divergence between these samples and the valid species H. zebra.
The minimum divergence of 1.5% between the L066/L333
samples and H. zebra is only slightly lower than the usually
cited 2% divergence between species found in other barcode
studies on fishes,23–25 and it suggests that the phylogeographic variation within the more closely related but unpublished BOLD samples (L260, L262, ‘‘H. debilittera’’) in
Figure 6 will require more careful analysis.
The greater similarity of Hypancistrus L066/L333 with
‘‘H. debilittera’’ from Pará state, Brazil, compared to the

clade with Hypancistrus ‘‘L260’’ and Hypancistrus ‘‘L262’’
indicated in Figure 6 raises doubt on the identity of the
identification of the ‘‘H. debilittera’’ samples in this tree. H.
debilittera is described only from the upper Orinoco basin in
Venezuela.6 Occurrence in the Rio Negro in Brazil may be
possible via the Casiquiare channel, which links the upper
reaches or the Orinoco with the Rio Negro. An extended
distribution in Pará state is theoretically possible, but may be
considered unlikely.
This incongruence will only be resolvable when a review
of the samples is made after the data becomes public and after
samples from the Orinoco are sequenced. It serves to highlight the possibility of overeager interpretation of unpublished
data in BOLD species identification trees. What can be confirmed is that the greater similarity of these samples appears to
makes sense in geographic terms. Additionally, misidentification may be based largely on pigmentation patterns that may
correlate partially with phylogenetic similarity (all these species present linear patterns with varying intensities and degrees

CYTOGENETIC AND BARCODE ANALYSES OF HYPANCISTRUS

Zebrafish 2016.13:209-216.
Downloaded from online.liebertpub.com by 92.90.21.16 on 07/29/17. For personal use only.

of reticulation vs. spotted patterns in other described Hypancistrus species6), or may be linked to ecological constraints
related to camouflage26 or even thermal regulation.27
There is no chromosomal or molecular evidence that
suggests divergence between the two worm-lined Hypancistrus phenotypes analyzed here. The karyotype of these
worm-lined Hypancistrus from the Xingu River is divergent
from other species of Hypancistrus at the macrostructural
level. Combined with DNA barcode data that show coI sequence divergence from H. zebra and other species, this
strongly supports the single species identity of these fishes.
With this result, formal description of new species of Hypancistrus from the Xingu River will be facilitated.
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Pará 66075-110
Brazil

Zebrafish 2016.13:209-216.
Downloaded from online.liebertpub.com by 92.90.21.16 on 07/29/17. For personal use only.

E-mail: renatarcrn@gmail.com

