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Abstract
Teran G.E., Mangione S. and Mirande J.M. 2014. Gill-derived glands in species of
Astyanax (Teleostei: Characidae). —Acta Zoologica (Stockholm) 00: 000—000

The presence of a gill-derived gland is herein reported for the first time in males
of species of Astyanax and related genera; they are described through histological
cuts and SEM. The gill-derived glands described for the Characidae, when fully
developed, present a similar structure in different species. The main external fea-
ture of gill-derived glands is the fusion of anteriormost gill filaments on the ven-
tral branch of first gill arch. This fusion is caused by squamous stratified
epithelial tissue that covers adjacent filaments, forming a series of chambers. In
the region where the gill-derived gland develops, the secondary lamellae of the
gill filaments are much reduced or completely atrophied being characterized by

the presence of glandular cells forming nests.
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Introduction

The family Characidae is the most diversified among Neo-
tropical fishes, with more than 1200 species (Reis ez al. 2003).
The great evolutionary success of the family may have been
caused by many factors, among them chemical signals, which
play a important role in the behaviour of some of these species
(e.g. Bushmann and Burns 1994; Bushmann ez al. 2002).

A caudal-fin gland has been known in species of the Char-
acidae since early systematic works, and it was considered a
diagnostic character for the subfamily Glandulocaudinae
(Eigenmann 1914; Weitzman and Menezes 1998). That glan-
dular tissue is contained in a cavity formed by skin and cov-
ered laterally by scales, becoming evident both in fresh and
alcohol-preserved specimens. The caudal-fin gland is usually
more developed in or restricted to males, whereas this gland is
reduced or absent in females, depending on the species. Given
such sexual dimorphism, this gland is considered to be associ-
ated with reproduction and especially with insemination, due
to a high correlation between the last two features (Nelson
1964; Weitzman and Fink 1985; Burns er al. 1995). How-
ever, several species lacking a caudal-fin gland were discov-
ered to have insemination (Burns ez al. 1997; Burns and
Weitzman 2005; Weitzman ez al. 2005). In addition, other
kinds of glandular tissues were discovered in non-glandulo-
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caudine species, and the importance of the chemical signals
for reproductive behaviour, which were supposed to be only
present in the Glandulocaudinae (sensu Weitzman and Mene-
zes 1998), was also gradually being considered for many other
characids.

The gill-derived glands were first described for the Char-
acidae by Burns and Weitzman (1996) for males of Corynop-
oma ruser and later on for many other species of the family.
When present, these glands have a relatively high conservative
morphology among species. The gill-derived glands are
formed by modified anterior gill filaments of the first arch,
which are fused to each other forming chambers (Bushmann
et al. 2002). Each chamber is limited anterior and posteriorly
by gill filaments and laterally by a stratified squamous epithe-
lial tissue (Oliveira ez al. 2012), and it communicates to the
exterior through openings in their distal region (Burns and
Weitzman 1996; Bushmann er al. 2002). The lamellae of the
modified filaments are usually shorter than those of the fila-
ments retaining a fully developed respiratory function (Bush-
mann ez al. 2002). The morphology of the glandular region of
the first gill arch suggests that it completely lacks a respiratory
function, given that the membrane covering the chambers is
an obstacle to the flow of water and the filaments have very
reduced lamellae and consequently a much more reduced
surface for gas exchange. The gill-derived glands are present
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only in sexually mature males and were not reported either
in immature males or in females (Burns and Weitzman
1996; Bushmann er al. 2002; Azevedo et al. 2010; Oliveira
et al. 2012). The development of such glands probably
responds to an increase in testicular hormones and is appar-
ently progressive with age, starting from the anteriormost fil-
aments (Burns and Weitzman 1996). Gongalves er al.
(2005) found that the development of gill glands is corre-
lated with testis maturation.

The fact that the gill-derived glands are present only in
sexually mature males suggests that the released substance
could be a pheromone involved in the reproduction, courtship
and/or aggressive behaviour of males (Burns and Weitzman
1996; Bushmann ez al. 2002).

The nature of the secretion and the function of the gill-
derived glands have been experimentally tested by Shrestha
et al. (2013) in Aphyocharax awisitsi. They demonstrated the
presence of small metabolites, lipids and peptides/proteins in
their gill-derived glands. Comparative analysis of gill tissues
from fishes of different gender and age indicated that mature
males had a unique protein in their gill glands.

Burns and Weitzman (1996) proposed that during the
courtship of C. riisei, the males release the secretion from
their gill glands by opening their opercles. The presence of
pheromones associated with certain behaviours was noted in
several Ostariophysi by Liley and Stacey (1983). The protein
found by Shrestha er al. (2013) could correspond to the
secretion mentioned by Burns and Weitzman (1996). How-
ever, both the exact nature of this protein in A. anisitsi and
its variations in different species of Characidae are still
unknown.

A gill-derived gland was reported for many members of
the Stevardiinae and species of other clades, including the
Aphyocharacinae and the Cheirodontinae (a complete list is
given by Oliveira er al. 2012). Mirande (2009, 2010) analy-
sed the presence or absence of gill-derived gland as a
phylogenetic character within Characidae, coding it as pres-
ent in several species of clades in which it had not been
previously reported, as Aphyocharacidium bolivianum (Aphyo-
diteinae) and Phenacogaster tegatus (Characinae). However,
Mirande (2009, 2010) coded this character based only on lit-
erature and macroscopic examination of alcohol-preserved
specimens.

In the phylogenetic hypothesis by Mirande (2010), the
presence of a gill-derived gland was optimized as a conver-
gence in P. tegatus (the single species of Phenacogaster
analysed in that work) and a clade composed of the Aphyo-
characinae, Aphyoditeinae, Cheirodontinae and Stevardiinae,
with several reversions in Aphyocharacinae and Stevardiinae.
In the most comprehensive study to date about gill-derived
glands in the Characidae, Oliveira ez al. (2012) reported the
presence of a gill-derived gland in Phenacogaster franciscoen-
sis (they did not examine P. regarus), many Stevardiinae and
all the species of the Cheirodontinae examined by them.
When present, the gill-derived glands of all the species exam-
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ined by Oliveira ez al. (2012) had the same structure; there-
fore, these proposed that the glands
homologous, appeared in the phylogeny of the Characidae
only once and had multiple reversions to absence.

Oliveira et al. (2012) interpreted their observations on the
phylogenetic hypotheses by Javonillo ez al. (2010) and Olive-
ira et al. (2011) based on molecular data and Mirande (2010)
based on morphology. In their interpretation based on
hypotheses from molecular phylogenies, the gill-derived gland
appeared in a clade composed of the Aphyocharacinae, (most)
Characinae, Cheirodontinae, Stevardiinae and (some) Te-
tragonopterinae, which is the sister group of a ‘clade C’, which
includes most species of the ‘Astyanax clade’ of Mirande
(2010), composed of most species of Astyanax plus Markiana
nigripinnis and Psellogrammus kennedyi and some species of
Hyphessobrycon. However, Oliveira et al. (2012) did not per-
form a character optimization and represented this gland as
present in clades in which it is actually variable (Oliveira ez al.
2012, figure 7). Thus, their interpretation of the evolution of
this character based on the molecular trees is not necessarily
supported by the actual distribution of the gill-derived gland
in the Characidae if a parsimonious optimization of this char-
acter is done.

Oliveira er al. (2012) cited published observations (most
of them macroscopic) about the absence of a gill-derived
gland in Astyanax courensis, A. goyanensis, A. jordanenss,
A. laticeps, A. obscurus and A. uwiariti; Ectrepopterus uruguayen-
sis; Hasemamia kalunga; Henugrammus ora, H. tocantinst,
Hyphessobrycon melanostichos, H. notidanos and H. vinaceus;
and Oligosarcus itau (Carvalho and Bertaco 2006; Bertaco and
Garutti 2007; Bertaco ez al. 2007, 2010; Vera Alcaraz et al.
2009; Bertaco and Carvalho 2010; Bertaco and Lucena 2010;
Carvalho er al. 2010; Jerep et al. 2011; Mirande et al. 2011;
Malabarba et al. 2012). Based on that information, they con-
sidered the gill-derived glands as absent in the ‘clade C’ of the
phylogenetic hypotheses of Javonillo ez al. (2010) and Oliveira
et al. (2011).

In this study, we survey and reveal the presence of a
gill-derived gland in species of the Astyanax clade (sensu
Mirande 2010), based on histological examination of mature
males.

authors were

Materials and Methods

Work material — male and female adult specimens — is depos-
ited in the ichthyological collection of the Fundacion Miguel
Lillo (CI-FML). The deposited samples were fixed in 10%
formaldehyde and subsequently preserved in 70% ethanol.

The gill skeleton was dissected from studied specimens.
The left arch was used for histology and the right arch for
scanning electron microscopy (SEM).

For the histological techniques, the material was decalci-
fied with 10% formic acid for a week, then dehydrated in eth-
anol series and included in paraplast. It was sectioned parallel
to the ceratohyal (sagittal cuts) with cuts every 6-7 um. The

© 2014 The Royal Swedish Academy of Sciences



Acta Zoologica (Stockholm) 0: 1-8 (May 2014)

staining of most samples was carried out with haematoxylin—
eosin.

Adult specimens of sexually mature species of the Astya-
nax clade were selected for this analysis. Several individuals
were macroscopically analysed to ascertain the presence of
gill-derived glands; the material prepared for histological
analysis was as follows:

Astyanax abramis. CI-FML 5422. Argentina, Corrientes,
Ttuzaingo, rio Parand. Rio Parand basin. 1 male and 1 female.
CI-FML 5040. Argentina, Salta, rio Juramento. Rio Juramen-
to basin. 2 males. CI-FML 5848. Argentina, Salta, rio Are-
nales. Rio Juramento basin. 1 male. Astyanax asuncionensis.
CI-FML 3299. Argentina, Salta, Oran, El Oculto, rio Blanco.
rio Bermejo basin. 2 males and 1 female. CI-FML 3912.
Argentina, Tucumédn, Monteros, rio Mandolo. Rio Sali-Dul-
ce basin. 1 male. CI-FML 5802. Argentina, Tucuman, Sim-
oca, arroyo Los Perez. Rio Sali-Dulce basin. 2 males and 1
female. Astyanax chico. CI-FML 5806. Argentina, Salta, Gen-
eral San Martin, near Campo Largo. Rio Bermejo basin. 1
male and 1 female. CI-FML 3263. Argentina, Salta, El
Oculto, La Bambu. Rio Bermejo basin. 1 male. Astyanax
eigenmanniorum. CI-FML 5468. Brazil, Rio Grande do Sul,
Lagoa Bacupan. 1 male. Astyanax cf. eigenmanniorum 1. CI-
FML 3037. Argentina, Tucuman, Tafi Viejo, rio Loro. Rio
Sali-Dulce basin. 4 males and 1 female. Aszyanax cf. eigen-
manniorum 2. CI-FML 3914. Argentina, Santiago del Estero,
Dique Los Quiroga, rio Dulce. Rio Sali-Dulce basin. 3 males
and 1 female. Astyanax endy. CI-FML 3357. Argentina,
Salta, Oran, arroyo El Oculto. Rio Bermejo basin. 1 male.
CI-FML 3384. Argentina, Salta, Ordn, rio Anta Muerta. Rio
Bermejo basin. 1 male. CI-FML 3326. Argentina, Salta,
Orén, arroyo El Oculto. Rio Bermejo basin. 1 female. Astya-
nax leonidas. CI-FML 5470. Argentina, Misiones, Embalse
Urugua-i. Rio Paranad basin. 4 males and 1 female. Astyanax
lineatus. CI-FML 5469. Argentina, Salta, rio Arenales. Rio Ju-
ramento basin. 2 males and 1 female. Astyanax ojiara.
CI-FML 5471, 2 males, Argentina, Misiones, Arroyo Yaboti,
Rio Uruguay. Rio Uruguay basin. Astyanax paranae. CI-FML
5467. Brazil, Riberao, Paraiso do Norte, Rio Ivai. Rio Parana
basin. 2 males. Astyanax puka. CI-FML 5371. Argentina, Tu-
cuman, Simoca, arroyo Pampa-Mayo. Rio Sali-Dulce basin.
1 male. CI-FML 5803. Argentina, Tucuman, Simoca, arroyo
Pampa-Mayo. Rio Sali-Dulce basin. 1 male and 1 female.
Astyanax cf. rutilus. CI-FML 5805. Argentina, Tucuman,
Trancas, Embalse Celestino Gelsi. Rio Sali-Dulce basin. 2
males and 1 female. Astzyanax troya. CI-FML 5466. Argen-
tina, Misiones, Aristébulo del Valle, PP Salto Encantado, rio
Cuna Pird. Rio Parand basin. 2 males and 1 female. CI-FML
3920. Argentina, Misiones, Aristobulo del Valle, PP Salto En-
cantado, rio Cuna Piri. Rio Parand basin. 1 male. Hyphesso-
brycon anisizsi. CI-FML 3926. Argentina, Santa Fe, Garay,
Helvecia, rio San Javier. Rio Parand basin. 4 males and 1
female. Markiana migripinms. CI-FML 2644. Argentina,
Canada El Hogar, Mision La Paz, Salta, rio Pilcomayo. Rio
Pilcomayo basin. 2 males and 1 female. Psellogrammus
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kennedyi. CI-FML 3946. Paraguay, Alto Paraguay, Bahia Ne-
gra, Fortin Patria, rio Paraguay. Rio Paraguay basin. 2 males
and 1 female.

Results

Gill-derived glands in species of Astyanax are herein recorded
for the first time. Their structure in the examined species is
similar to that described for other characids, where a fusion of
the anteriormost filaments was observed in previous studies
(Gongalves er al. 2005; Buhrnheim and Malabarba 2006,
2007; Mirande 2009, 2010; Azevedo et al. 2010; Jerep and
Malabarba 2011; Oliveira ez al. 2012).

The anteriormost filaments are strongly modified for a
glandular function, apparently losing their primary respiratory
function. These filaments bear packs of columnar gland cells
situated between successive secondary lamellae, which are

Fig. 1—Histological sections through first left gill arches, lateral view.
Glandular nests between the secondary lamella. Stained with haemat-
oxylin—eosin. (A) Astyanax puka (scale bar: 10 um). (B) A. paranae
(scale bar: 20 pm). sl, gill secondary lamellae; gn, glandular nest.
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herein called ‘glandular nests’ (Fig. 1). The modified
filaments are covered by stratified squamous epithelial tissue,
forming a glandular capsule composed of contiguous cham-
bers situated between each pair of filaments. These capsules
are easily recognizable macroscopically. A fully developed gill-
derived gland, as described here, was observed in males of
Astyanax eigenmanmorum (Figs 2A and 4A), A. leomdas
(Figs 2B, 3A and 4B), A. ojiara (Figs 2C, 3B and 4C) and
A. puka (Figs 2D, 3C and 4D).

Some species of Astyanax presented only partially formed
gill-derived glands, with just two or three filaments fused to
each other forming chambers, separated by unmodified respi-
ratory filaments. Fused filaments have their halves oriented
outside the chamber without modifications from its primary
respiratory function, while the spaces between the lamellae
oriented to the chamber are filled with glandular cells. This
condition was herein observed in males of A. cf. eigenmannio-
rum 1, A. cf. eigenmanniorum 2 (Fig. 4E), A. endy (Figs 2E
and 4F), A. troya (Fig. 2F) and H. anisitsi (Fig. 5A). It is not
clear, however, whether this kind of gill-derived gland is the
final stage of development for these species, or whether it rep-
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resents ontogenetically intermediate states relative to the con-
dition described above in which the capsules are fully
developed.

In other species, we also found glandular cells but not
fusion on the gill filaments, or if present, the fusion is
restricted to the base of the anteriormost ones and not occur-
ring along the complete extension of the filaments. This was
observed in males of Astyanax asuncionensis (Fig. 5B),
A. chico, A. lineatus, A. cf. runlus and A. paranae (Figs 1B
and 5C). In A. chico, glandular cells were also observed on
filaments attached to the first epibranchial. However, it is still
unknown whether a complete gill-derived gland is developed
in some males of these species. Even in species with the least
modified gill-derived glands, the glandular nests are present
only in males.

In some species, we did not find any glandular cells in the
gill filaments of mature males, and their condition is identical
to that of females, but the examination of more specimens is
necessary to better corroborate the absence of the gill-derived
gland in these species. This condition was herein observed in
A. abramis, M. nigripinnis and P. kennedy.

Fig. 2—Scanning electron micrographs
(SEMs) of first right gill arch, lateral view,
anterior to left of males of Astyanax. (A) A. ei-
genmanniorum; (B) A. leonidas; (C) A. ojiara;
(D) A. puka; (E) A. endy; and (F) A. troya.
Scale bars: 100 pm. g, gill glands; u, unmodif-
icated filaments.

© 2014 The Royal Swedish Academy of Sciences
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Fig. 3—Scanning electron micrographs (SEMs) of first right gill arch,
lateral view, anterior to left of males of Aszyanax. (A) A. leonidas (scale
bar: 1000 pm); (B) A. ojiara (scale bar: 500 pm); and C: A. puka
(scale bar: 500 pm). g, gill glands; u, unmodificated filaments.

Discussion

The presence of gill-derived glands is herein reported for the
first time in species of Astzyanax. The gill-derived glands pres-
ent in members of the Characidae a conservative structural
morphology when fully developed. The main external feature
of the gill-derived glands is the fusion of anteriormost gill fila-
ments of the ventral branch of first gill arch. This fusion is due
to a squamous stratified epithelial tissue that covers adjacent
filaments, forming chambers (Bushmann ez al. 2002). In the
region where the gill-derived gland develops, the secondary
lamellae of the gill filaments are greatly reduced or completely
atrophied with the presence of glandular cells forming nests

© 2014 The Royal Swedish Academy of Sciences

Teran et al. * Gill-derived glands in Astyanax

opening between adjacent lamellae (Burns and Weitzman
1996; Bushmann et al. 2002; Weitzman ez al. 2005; Azevedo
et al. 2010; Oliveira er al. 2012).

The morphological conservativeness of the gill-derived
glands led Oliveira ez al. (2012) to propose the homology and
unique origin of this structure in Characidae. They compared
the distribution of this character on morphological- and
molecular-based phylogenetic analyses of the family (Javonillo
et al. 2010; Mirande 2010; Oliveira ez al. 2011). However,
they mapped the presence of gill-derived glands in clades
where the glands have variable occurrence (Aphyocharacinae,
Characinae and Stevardiinae), while this character is probably
most parsimoniously optimized as absent at the base of some
of these clades if the actual distribution of states within each
node is considered.

Oliveira et al. (2012) proposed a single origin of a gill-
derived gland as a putative synapomorphy of the lineage com-
posed of the clades A (Stevardiinae) and B (Aphyocharacinae,
Aphyoditeinae, Characinae and Cheirodontinae) of Javonillo
et al. (2010) and Oliveira ez al. (2011), with reversions in
Tetragonopterus and in a clade composed of Exodon and
Roeboexodon. Oliveira er al. (2012) optimized the gill-derived
gland as absent in the clade C (composed mainly of the Te-
tragonopterinae and the Astyanax clade of Mirande 2010) of
the molecular-based phylogenetic hypotheses of Javonillo
et al. (2010) and Oliveira et al. (2011).

According to the results herein obtained, if the presence of
the gill-derived glandular tissue had a single origin in the phy-
logeny of the Characidae, it should be a synapomorphy of a
large clade composed of all the species lacking a supraorbital
bone. This conclusion is reachable projecting the distribution
of this feature to all the clade C of Javonillo ez al. (2010) and
Oliveira er al. (2011), in the same way that Oliveira er al.
(2012) proposed the presence of this gland to the common
ancestor of the Characinae from observations made in
Phenacogaster.

Secondary sexual characters are known to be present in
most species of the Characidae, being the fin hooks the most
widely studied (e.g. Wiley and Collette 1970; Azpelicueta and
Garcia 2000; Lima and Sousa 2009). Some species of Char-
acidae also have other evident features, such as a caudal-fin
gland, elongation of fins, a urogenital papilla, presence of
breeding tubercles, expansion of procurrent caudal-fin rays,
modifications in the form and orientation of pelvic bones and
fins, and/or a well-developed gill-derived gland (e.g. Wiley
and Collette 1970; Malabarba 1998; Weitzman and Menezes
1998; Mirande et al. 2004; Zanata and Akama 2004; Melo
and Buckup 2006). The single known secondary sexual char-
acter reported in Astyanax is the presence of bony hooks on
fins, usually in the anal and pelvic fins, and the elongation of
the dorsal fin in some species (e.g. Azpelicueta et al. 2002;
Melo and Buckup 2006). The presence of secondary sexual
glands was originally found in species having insemination or
unusual secondary sexual characters (e.g. C. riser; Burns and
Weitzman 1996), and subsequently, these structures were
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Fig. 4—Sagittal histological sections through
first left gill arches, lateral view, anterior to left
of males of Aszyanax stained with haematoxy-
lin—eosin. (A) A. eigenmanniorum (scale bar:
200 um); (B) A. leonidas (scale bar: 100 pm);
(C) A. gjiara (scale bar: 100 pm); (D)

A. puka (scale bar: 100 pm); (E) 4. cf. eigen-
manniorum 2 (scale bar: 200 um); and (F)

A. endy (scale bar: 100 pum). *lumen of gill
gland chamber; u, unmodificated filaments;
gc, gill gland cover.

Fig. 5—Histological sections through anterior
left gill arches of males, lateral view, anterior
to left stained with haematoxylin—eosin. (A)
Hyphessobrycon anisitsi (scale bar: 100 um);
(B) Astyanax asuncionensis (scale bar: 30 um);
and (C) A. paranae (scale bar: 30 pm).
*lumen of gill gland chamber. sl, gill second-
ary lamellae; gn, glandular nest.

© 2014 The Royal Swedish Academy of Sciences
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reported in some species with relatively less sexual dimor-
phism (e.g. Odontostilbe fugitiva; Oliveira et al. 2012).

This article demonstrates the presence of gill-derived
glands in some species of the Astyanax clade as an additional
secondary sexual character. The evidence herein presented
shows that the gill-derived glands have a wider distribution
among characids.
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