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Ontogenetic development of Heterocharax macrolepis Eigenmann
(Ostariophysi: Characiformes: Characidae) with comments on the
form of the yolk sac in the Heterocharacinae

George M. T. Mattox!, Martin Hoffmann? and Peter Hoffmann?

Fishes in early developmental stages frequently have morphological features that differ from those of adult stages, and many
characters found later in ontogeny are not available in initial stages. Hence, morphological descriptions of early stages are
useful to provide information for the identification of eggs and larvae, a knowledge still restricted among Neotropical fishes. We
studied the development of Heterocharax macrolepis, a heterocharacine whose adult specimens from the aquarium trade were
kept and spawned at around 23-24°C. A developmental series of 51 specimens was preserved, ranging from 3.2 mm notochord
length to 18.6 mm standard length, covering approximately the first 73 days post-hatching. We described the development
of main morphological features emphasizing those useful in the identification of H. macrolepis larvae (i.e., appearance of
preopercle spine and development of the pseudotympanum). We also compared H. macrolepis with photographs taken of live
larval specimens of Gnathocharax steindachneri, recently included in the Heterocharacinae. Both species have a yolk sac with
a small rounded projection directed posteroventrally. Although this information is not yet available for all pertinent taxa, the
different yolk sac shape in other representatives of the Characiformes may indicate that this peculiar yolk sac represents an
additional synapomorphy of the Heterocharacini.

Peixes em estagios iniciais de desenvolvimento frequentemente apresentam caracteristicas morfoldgicas distintas dos adultos
€ muitos caracteres presentes em estagios avancados nao sdo disponiveis em estagios iniciais. Assim, descri¢des morfologicas
dos estagios iniciais de desenvolvimento de peixes sdo uteis por fornecerem subsidios para a identificagdo de ovos e larvas, um
conhecimento ainda escasso entre peixes Neotropicais. Estudamos o desenvolvimento de Heterocharax macrolepis, espécie
de Heterocharacinae cujos exemplares adultos provenientes do aquarismo foram mantidos e reproduzidos entre 23-24°C. Uma
série de desenvolvimento de 51 exemplares foi preservada, medindo entre 3,2 mm de comprimento da notocorda e 18,6 mm
de comprimento padrdo, incluindo os primeiros 73 dias pos-eclosdo. Descreveram-se detalhadamente os principais aspectos
morfologicos, enfatizando caracteristicas uteis na identificagdo de larvas de H. macrolepis (i.e., surgimento do espinho do pré-
opérculo, desenvolvimento do pseudotimpano). Comparamos H. macrolepis com fotografias de larvas vivas de Gnathocharax
steindachneri, recentemente incluida em Heterocharacinae. Ambas espécies possuem saco vitelinico com pequena projecdo
arredondada postero-ventral. Ainda que a informag@o ndo esteja disponivel para os taxons pertinentes, o distinto formato do saco
vitelinico em outras linhagens de Characiformes pode indicar que esta forma do saco vitelinico peculiar represente sinapomorfia
adicional de Heterocharacini.
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Introduction little has been published regarding the morphological development

of juveniles into their more known adult forms. Moreover, several

The Neotropical region houses the largest diversity of  species are barely discernible even as adults, not to mention their

freshwater fishes on the planet (e.g., Reis et al., 2003), but  often morphologically different larval forms (e.g., Kendall Jr. etal.,
knowledge on their early life history is largely incomplete, and very ~ 1984; Nakatani et al., 2001; Ponton & Mérigoux, 2001).
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The difficulty in connecting larvae and juveniles to their
adult stages imposes a further obstacle in the understanding
of biological and ecological processes involving the early life
history of these fishes (Nakatani et al., 2001). According to
these authors, the study of eggs and larvae are crucial not only
to better understand the biology and systematics of the studied
species, but also to provide useful tools for environmental
assessments regarding detection of fish stocks, identification
of reproductive and hatching areas, fisheries management,
among other issues in which the ichthyoplankton plays a key
role. In addition to the importance in connecting early life
forms and adult stages with its consequences to taxonomy
and environmental sciences, the study of developing fish
larvae can also yield morphological characters informative to
phylogenetic relationships of different taxa (e.g., Cohen, 1984;
Kendall Jr. etal., 1984; Fuiman, 1984; Britz et al., 1995; Britz,
1997, 2004; Britz & Johnson, 2005, 2012; Johnson & Britz,
2005; Fraser et al., 2012; Carvalho et al., 2013).

In the context of the great diversity of fishes in the
Neotropical region, knowledge of larval fishes from South
and Central America is still insipient (Sousa & Severi, 2002)
and generally restricted to sparse information in the literature
(Ponton & Mérigoux, 2001). There are two landmarks in the
study of Neotropical larval fishes: an important contribution
focusing on the eggs and larval fishes of taxa mainly from the
Parana basin (Nakatani et al., 2001) which gathers information
on all lineages of teleosts sampled in their study, and the
comprehensive study of larval fishes in French Guyana carried
out by Ponton & Mérigoux (2001). The remaining information
on freshwater Neotropical larval fishes are scattered in separate
papers often dealing with a single or a few species. These
include studies on clupeiforms (e.g., Severi & Verani, 2006;
Silvaetal., 2010), siluriforms (e.g., Chacon, 1975; Godinho et
al., 1978; Oldani, 1983a; Kossowski & Madrid, 1991; Cardoso
etal., 1995; Sanches etal., 1999; Luzetal., 2001; Godinho et
al.,2003; Lundberg et al., 2004; Feiden et al., 2005; Marques
et al., 2008; Oliveira et al., 2008; Amorim et al., 2009;
Faustino et al., 2010; Perini et al., 2010; Rodrigues-Galdino
et al., 2010; Buzollo et al., 2011; Fuller, 2012; Honji et al.,
2012; Nogueiraetal.,2012; Weber et al., 2012), gymnotiforms
(e.g., Kirschbaum & Schugardt, 2002) and perciforms (e.g.,
Prokes et al., 1987; Pena et al., 1988; Nakatani et al., 1997;
Korzelecka-Orkisz et al., 2012), besides the Characiformes.
More specifically within the latter order, most studies have
focused on representatives of the Anostomidae (Godinho et
al., 2003), Curimatidae (Aratjo Lima, 1991; Perini et al.,
2013), Cynodontidae (Sousa & Severi, 2002), Erythrinidae
(Matkovic & Pisand, 1989; Gomes et al., 2007; Bialetzki et al.,
2008; Maciel et al., 2009; Gomes et al., 2010), Lebiasinidae
(Taguti et al., 2009), Parodontidae (Bialetzki et al., 1998),
Prochilodontidae (Aratijo Lima, 1985; Godinho et al., 2003;
Ninhaus-Silveira et al., 2006), Serrasalmidae (Oldani, 1983b;
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Araujo Lima et al., 1993; Ribeiro et al., 1995; Cavicchioli et
al., 1997), in addition to a few Characidae (Santos & Godinho,
2002; Godinho et al., 2003; Alexandre et al., 2009; Faustino
etal., 2011; Gomes et al., 2011; Oliveira et al., 2012; Walter,
2012; Weber et al., 2013; Nogueira et al., 2014).).
Heterocharax macrolepis (Fig. 1) is a diminute characid
that occurs in the Amazonas, Essequibo and Orinoco basins
(Toledo-Piza, 2000) and was placed by Géry (1966) in a tribe,
the Heterocharacini, that later was included in the Characinae
(e.9., Géry, 1977; Lucena, 1998; Lucena & Menezes, 2003).
More recently, Mirande (2009; 2010) and Mattox & Toledo-
Piza (2012) split this subfamily in a more restricted Characinae
and the distantly related Heterocharacinae, and the latter
authors included in the Heterocharacinae the diminute genera
Heterocharax, Hoplocharax, Gnathocharax, Lonchogenys,
and Priocharax (= tribe Heterocharacini) (Fig. 2), in addition
to Roestes and Gilbertolus in a separate tribe (Roestini). The
Heterocharacinae as defined by Mattox & Toledo-Piza (2012)
was supported by seven non-ambiguous synapomorphies, one
of which exclusive of the subfamily, and the less inclusive
Heterocharacini was diagnosed by seven non-ambiguous
synapomorphies, one of them exclusive of the tribe. None of
the heterocharacines have been the focus of developmental
studies, and moreover, juvenile specimens are often difficult
to identify as their young are similar to each other. Hence,
this paper aims at describing the ontogenetic development of
Heterocharax macrolepis, emphasizing on characters useful
for the identification of its early life stages, and compare the
form of'its yolk sac to Gnathocharax steindachneri, discussing
a putative additional synapomorphy for the Heterocharacini.

Material and Methods

Specimens of Heterocharax macrolepis were obtained
from the aquarium trade as a by catch to Hyphessobrycon
bentosi. Only two specimens were available, a male with 44
mm Total Length (TL) and a female with 50 mm TL. The

Fig. 1. Heterocharax macrolepis, live specimen photographed in a tank, not
preserved.
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fish were kept in soft, slightly acid water (hardness 250uS/
cm, pH 6.0-6.5) and were fed live nauplii of brine shrimp and
cut sludge worms, live or frozen small daphnia and cyclops,
along with dry commercial food. They spawned repeated times
in a spawning aquarium of 45 L. The aquarium was warmed
(24-26°C), filtered and had a special prevention-net for the
eggs. Fry was first fed paramecia and after 1-2 days they were
nourished with fresh hatched Artemia salina.

The living fish were photographed with a Nikon D80 with
macro lenses (Sigma 90 mm, lens aperture 9,1/125 sec.) in a
special aquarium for photography with separated 5 cm space
in the front. The flashlight came oblique from the top and there
was an additional light (150 W) especially for the front. Photos
of live specimens in the first stages were made with the same
camera connected with a special adapter to an Euromex light
microscope, magnified 24-times.

The preserved series is composed of 51 specimens (BMNH
2013.10.15.1-51, 34 whole alcohol specimens and 17 cleared
and stained) covering approximately the first 73 days post-
hatching. They were preserved in 16 batches based on date
of preservation. Three or four specimens (up to batch 9), and
two specimens (from batch 10 onwards) were preserved in
100% alcohol approximately every four days after hatching

Gnathocharax steindachneri

Lonchogenys ilisha

Hoplocharax goethei

Heterocharax leptogrammus

Heterocharax virgulatus

Heterocharax macrolepis
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(up to batch 9) and every seven days post-hatching (from
batch 10 onwards). Given that our series had a limited number
of specimens available, we chose to sample specimens with
a broader interval between days to ensure we would have at
least a few specimens in later stages. Due to this limitation,
we were also not able to preserve any eggs. Specimens were
then fixed in buffered formalin for 48 hours and transferred to
70% alcohol, where they were permanently preserved. For the
purpose of this study, we separated the specimens according to
overall similarities into nine stages, taking into consideration
characters used by Balon (1984) to define key ontogenetic
stages. Some of the stages include specimens from more than
one batch. We described the main features of specimens in
these nine stages regarding their external morphology (i.e.,
development of fins, colour pattern, number of myomeres),
aiming at the diagnostic characters of the Heterocharacini
according to Mattox & Toledo-Piza (2012).

Measurements were taken with the aid of a ruler attached
to the microscope lens. Specimens were measured along
their notochord length (NL) for pre-flexion and flexion
larvae and their standard length (SL) for post-flexion and
juvenile specimens (i.e., larger than 6.4 mm SL), following
the terminology adopted by Kendall Jr. (1984). Seventeen

Fig. 2. Phylogenetic relationships within the tribe Heterocharacini excluding Priocharax, modified from Mattox & Toledo-Piza (2012).
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Fig. 3. Larvae and juveniles of Heterocharax macrolepis, lateral view. A: 3.9
mm NL; B: 4.7 mm NL; C: 5.7 mm NL; D; 6.9 mm SL; E: 7.9 mm SL. AO:
Attachment organ. Arrow indicates inflexed notochord. Scale bar: 2 mm.

specimens ranging from 3.2 mm NL to 18.5 mm SL were
cleared and stained according to Taylor & Van Dyke (1985) to
aid in the observations. Counts of fin rays refer to total number
of rays. Counts of caudal-fin rays refer to dorsal + ventral
lobes, whenever applicable. Specimens were photographed
with a digital camera associated with a Zeiss Discovery V20
Stereomicroscope using the Z-Stack option. We did not include
photographs of all described stages due to economy of space.
In addition, our data was compared to photographs of live and
newly hatched specimens of Gnathocharax steindachneri
obtained by two of us (M. & P. Hoffmann) over two decades
ago, which were not preserved.

Results

Heterocharax macrolepis scatters brown to black eggs
in the night or early in the morning. Up to 300 eggs were
observed after pairing has finished. Fry hatched in a separate
small 250 ml plastic box with same water after 30-36h, swam
and had air in the swimbladder after 5-6 days and began to
eat after 6-7 days.

Stage 1 (n = 4, five to eight days post-hatching, 3.9-4.4
mm NL): Pre-flexion larvae. Myomeres along body 32-34.

Ontogeny of Heterocharax macrolepis

Fig. 4. Larvae and juveniles of Heterocharax macrolepis, dorsal view. A: 3.9
mm NL; B: 5.1 mm NL; C: 7.3 mm SL; D: 10.2 mm SL; E: 13.6 mm SL; F:
16.2 mm SL. Scale bar: 2 mm.

Attachment organ present as single round structure on dorsal
surface of head, approximately at vertical through anterior
portion of opercle (Fig. 3A). Yolk-sac almost entirely absorbed.
No fin rays. Dorsal and ventral finfolds well developed and
continuous around posterior end of body. Thin line of deep
melanophores radiating posteriorly from the eye to posterior
portion of head. Few melanophores around pectoral-fin base
and some melanophores scattered on lateral and ventral
surfaces of regressing yolk-sac. Lateral surface of body with
few melanophores at vertical through posterior end of intestine
forming anterior patch of melanophores, and posterior small
patch of melanophores, approximately on anterior one-third
posterior to anus. Dorsal margin of body with anterior line
of melanophores from vertical through pectoral-fin origin to
vertical through anus, and posterior line of melanophores from
vertical at approximately posterior border of posterior patch of
lateral melanophores to posterior tip of notochord (Fig. 4A).

Stage 2 (n="7, 11-17 days post-hatching, 4.7-5.4 mm NL):
Flexion larvae. Myomeres along body 31-34. Attachment
organ completely reabsorbed. Yolk-sac almost entirely
absorbed. Condensed tissue ventral to notochord on region of
caudal-fin rays, lepidotrichia present on caudal fin of largest
specimen, other fin rays absent (Fig. 3B). Dorsal and ventral
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finfolds well developed and continuous around posterior end
of body, with dorsal finfold less deep than previous stages.
Colour pattern similar to previous stage, but with more
melanophores on lateral of yolk-sac, and melanophores deep
in body covering lateral and ventral surfaces of swim-bladder.
Transversal line of melanophores across dorsal surface of
head at vertical through posterior portion of skull (Fig. 4B).
Dorsal midline of body with continuous line of melanophores
from posterior portion of head to approximately posterior tip
of notochord. Transverse line of melanophores on ventral
surface of body, at vertical immediately anterior to cleithrum.

Stage 3 (n =3, 17-20 days post-hatching, 5.7-6.3 mm NL):
Flexion larvae. Myomeres along body 34. Yolk-sac completely
absorbed. Caudal-fin rays 9+7-9 rays, posterior margin of caudal
fin rounded. Anal fin with 5-7 short fin rays on anterior portion
of post-anal finfold. Other fin rays absent (Fig. 3C). Condensed
tissue on anterior portion of dorsal finfold. Dorsal finfold less
developed, starting at vertical through anus. Ground coloration
of body more white, covering parts of dark colour pattern (i.e.,
black stripe of melanophores posterior to eye and melanophores
lateral and ventral to swim-bladder barely visible).

Stage 4 (n =5, 20-23 days post-hatching, 6.4-7.3 mm SL):
Post-flexion larvae. Myomeres along body 32-33. Smallest
specimen with anal-fin rays 8, caudal fin damaged. Larger
specimens with caudal-fin rays 9+8 or 9+9, most of which
segmented, and anal-fin rays 11-15 (Fig. 3D). Five to six short
lepidotrichia on dorsal fin of largest specimen. Anal fin with
rounded distal profile, reaching more ventrally than remaining
post-anal finfold. All specimens with dorsal finfold split in
anterior portion where dorsal fin will develop and posterior
portion anterior do caudal fin. Posterior margin of caudal
fin straight, with slight curve along its midlength. All two
specimens with thin vertical line of melanophores laterally
along caudal-fin base and some melanophores along posterior
portion of branchiostegal rays. Largest specimen with
scattered melanophores on lateral surface of caudal fin. Dorsal
surface of head with patch of melanophores continuous to line
of paired melanophores along dorsal midline of body. Dorsal
paired line of melanophores as single line of melanophores
from vertical through anus to near tip of notochord (Fig. 4C).
All specimens with melanophores on middle of lower jaw and
largest specimen with many melanophores along posterior
portion of branchiostegal rays.

Stage 5 (n = 6, 26-29 days post-hatching, 7.4-9.2 mm SL):
Post-flexion larvae. Myomeres along body 33-35. Anal-fin
rays 20-25. Caudal-fin slightly bifurcated, caudal-fin rays 9+9
or 10+9. Dorsal-fin rays 5-6, with round distal profile of dorsal
fin (Fig. 3E). Larger specimens with dorsal fin well developed,
with 9 rays. Most specimens with well developed dorsal and
anal fins, but with remains of dorsal and ventral finfolds still
present. Pelvic-fin buds lateral to pre-anal finfold anterior to
anus. Dorsal finfold restricted to portion of dorsal fin, and small
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Fig. 5. Larvae of Heterocharax macrolepis, lateral view. A: 9.3 mm SL; B:
10.2 mm SL; C: 13.6 mm SL; D: 15.5 mm SL; E: 16.2 mm SL; F: 18.6 mm
SL. Scale bar: 2 mm.

flap of skin on developing adipose fin region. Pre-anal finfold
present but small, with line of melanophores along its base.
Post-anal finfold composed of developing anal fin anteriorly
and a narrower finfold gradually less deep posteriorly. Thin
lines of three to four superficial melanophores along myosepta
posterior to anus, and thin line of melanophores along the
lateral midline of body from vertical through anus to end of
caudal peduncle. Thin line of melanophores along anal-fin
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base, slightly detached from fin base anteriorly. Other thin and
inconspicuous line of melanophores along base of anal-fin rays,
approximately from vertical through ninth ray to end of caudal
peduncle. Head with melanophores around eye, on opercle,
along branchiostegal rays and membranes and dorsal surface
of head. Largest specimen with conspicuous line of superficial
melanophores along lateral midline of body from vertical
through pelvic-fin buds to posterior portion of caudal peduncle,
as well as conspicuous line of melanophores along anal-fin base.
Thin line of melanophores on dorsal surface of head, extending
anteriorly from dorsal patch of melanophores near posterior
portion of skull. Scattered melanophores on lateral surface of
caudal peduncle forming triangular blotch. Ventral portion of
intestine with melanophores on posterior portion.

Stage 6 (n=2, 32-39 days post-hatching, 9.3-10.2 mm SL):
Post-flexion larvae. Myomeres along body 34-35. All finfolds
completely reabsorbed, except for small pre-anal finfold.
Anal-fin rays 37-39, with notch on anterior one-third. Dorsal
fin rays 9-10. Caudal-fin rays 11+10, with posterior margin
bifurcated (Fig. SA). Pelvic fin reaching distal margin of pre-

anal finfold, with developing lepidotrichia. Pseudotympanum
evident anterior to closing myomeres of body and vertical

Fig. 6. Larvae of Heterocharax macrolepis, lateral view of head. A: 13.6 mm
SL; B: 16.2 mm SL. Black arrows indicate posteroventral border of preopercle
and white arrow indicates tip of preopercle spine in (B). Scale bar: 2 mm.

Ontogeny of Heterocharax macrolepis

through posterior margin of pectoral-fin bud (9.3 mm SL),
more evident anterior to fifth pleural rib in largest specimen
(Fig. 5B). Many melanophores on dorsal surface of head and
pre-dorsal area of body. Stripe of melanophores along dorsal
midline of body, extending from dorsal patch of melanophores
on dorsal surface of head to dorsal-fin origin; stripe bifurcated
around dorsal-fin and reunited posteriorly in single line
posterior to dorsal fin (Fig. 4D). Lateral line of melanophores
conspicuous along midline of body, from pseudotympanum
to triangular blotch of melanophores of caudal peduncle.
Conspicuous line of melanophores along anal-fin base. Dorsal,
anal and caudal fins with melanophores on lateral margins.
Lateral region of abdomen, especially swimbladder, with
many deep melanophores. Eye with guanine silver pigment.

Stage 7 (n = 1, 46 days post-hatching, 13.6 mm SL):
Juvenile. Myomeres along body 34. All finfolds completely
reabsorbed. Adipose fin evident and free from skin. Dorsal-fin
rays 11. Anal-fin rays 39. Caudal-fin rays 11+10. Pectoral-fin
rays 7 along ventral surface of pectoral-fin bud. Pelvic-fin rays
7. Line of melanophores along anal-fin base slightly thicker
and more evident (Fig. 5C). Superficial melanophores on
lateral surface of body ventral to lateral midline of body ventral
to pseudotympanum. Line of melanophores along dorsolateral
surface of cleithrum. Stripe of melanophores along dorsal
midline of body wide and well developed between head and
dorsal-fin origin (Fig. 4E). Dorsal surface of snout with patch
of melanophores between nasal opening and upper jaw. Eye
with guanine silver pigment.

Stage 8 (n = 2, 53-60 days post-hatching, 15.4-15.5 mm
SL): Juvenile. Myomeres along body 34-35. Dorsal-fin
rays 11. Anal-fin rays 39. Caudal-fin rays 11+10. Pectoral-
fin rays 12, rays extending from pectoral-fin base to distal
margin of pectoral-fin membrane. Pelvic-fin rays 7. Colour
pattern of head and body more conspicuous, with all stripes
generally wider. Anterior portion of snout well pigmented
including upper and lower jaws. Dorsal fin more pigmented
anteriorly. Line along anal-fin base with superficial and deep
melanophores (only superficial melanophores up to this stage).
Eye, preopercle and opercle with guanine silver pigment (Fig.
5D). Preopercle spine small but evident externally. Scales
evident near pectoral-fin base.

Stage 9 (n = 2, 67-73 days post-hatching, 16.2-18.6
mm SL): Juvenile. Myomeres along body 35. All fins fully
developed (Fig. SE). Pseudotympanum fully formed and
evident anterior to rib of fifth vertebra. Dorsal surface of head
and pre-dorsal region of body heavily pigmented (Fig. 4F).
Lines along anal-fin base (near and adjacent) continuous, with
deep and superficial melanophores. Anal fin well pigmented
along anterior and distal margins, dorsal fin pigmented
along anterior margin and caudal fin more pigmented along
dorsal and ventral margins. Preopercle and opercle with deep
melanophores and superficial guanine. Guanine in eye and
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near ventral one-half of abdomen, with guanine more abundant
on lateral surface of head and ventral abdominal region in
largest specimen (Fig. 5F). Scales present on anterior one-half
of body, approximately to the vertical through anal-fin origin,
reaching slightly further posteriorly in largest specimen.
Lateral line with 11-13 perforated scales, with melanophores
delimiting canal dorsally and ventrally. Preopercle spine well
developed (Fig. 6B).

In addition to the series of preserved specimens, we had
access to photographs of live specimens of Heterocharax
macrolepis covering the first two days post-hatching (Fig. 7A-
B). In these specimens, the yolk-sac has a peculiar shape with
a posteroventrally directed round structure in addition to the
larger portion of the yolk-sac core. Hence, the overall aspect
of the yolk-sac in the early stages of H. macrolepis roughly
resembles a bowling pin. This structure was not present in the
older preserved specimens examined herein, most of them with
their yolk-sac mostly reabsorbed. The same form of the yolk-
sac was present in early stages of Gnathocharax steindachneri,
as evidenced by similar photographs of unpreserved live fry
(Fig. 7C) covering approximately two days post-hatching.

Discussion

Our study represents the first ontogenetic approach of a
representative of the Heterocharacinae, a Neotropical group
of generally small characids inhabiting mainly the Amazon
basin. In the context of the theory of the saltatory ontogeny
of Balon (1984), the key event characterizing the transition
from embryo to larva is the onset of exogenous feeding. All
specimens examined herein have clearly passed that threshold,
although they include stages that still rely partially on their
yolk sac, a feature of the embryonic period of the scheme
proposed by Balon (1984). According to this author, the last
embryonic phase (i.e., free embryo) includes three steps which
are characterized by (i) differentiation of finfold, formation
of first dermal rays of unpaired fins, development of first
chondrified skeletal structures and growth of pelvic fins
beyond the finfold edge; (ii) onset of photophobia, transfer
to mainly branchial respiration and calcification of jaw tooth
points; (iii) complete absorption of yolk, calcification of
skeletal structures, rapid expansion of iridocyte distribution.
In Heterocharax macrolepis, a few of these features were
observed such as formation of first dermal rays of unpaired
fins in stage 2, growth of pelvic fins beyond the finfold edge
in stage 6, and complete absorption of yolk in stage 3. This
shows that a number of features that precedes the onset of
exogenous feeding according to Balon (1984) occurs after
exogenous feeding has taken place in H. macrolepis.

One interesting result obtained herein is the sequence
of development of the fins in Heterocharax macrolepis.
According to our data, the sequence of fin development
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Fig. 7. Live larvae of Heterocharax macrolepis (A-B) and Gnathocharax
steindachneri (C). A: approximately one day post-hatching; B: approximately
three days post-hatching; C: approximately three days post-hatching. Arrows
indicate posteroventral rounded projection of the yolk sac.

is caudal, anal, dorsal, pelvic, and pectoral. This slightly
contrasts from all characiforms studied by Nakatani et al.
(2001) who provided information for 27 of the 31 species
representing seven families of the order in which the pattern
of developmental sequence was caudal, dorsal, anal, pelvic
and pectoral, hence showing one difference in relation to what
is reported herein for H. macrolepis: the shift between anal
and dorsal fins. Ponton & Mérigoux (2001) examined over
34 species of Characiformes and reported a similar pattern
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of fin development for most of them (e.g., caudal, dorsal,
anal, pelvic, pectoral fins). Exceptions were Acestrorhynchus
falcatus and A. microlepis, Charax pauciradiatus, Poptella
brevispina, and Phenacogaster megalostictus in which the
anal fin preceded the dorsal fin as observed in H. macrolepis.
The same pattern was described by Taguti et al. (2009) in
Pyrrhulina australis. Among these species, C. pauciradiatus,
P. megalostictus, and H. macrolepis were already classified
in the same subfamily based on the long anal fin (e.g., Géry,
1977), a feature that might be related to the early shift of
the onset of the anal-fin development. The difference on the
onset of development between anal and dorsal fins reported
herein is quite subtle, as both fins begin to develop at almost
the same time (i.e., among cleared and stained specimens,
rays of both fins are present simultaneously at 8.2 mm SL),
similar to what was described for Rhaphiodon vulpinus (Sousa
& Severi, 2002). These authors stated that due to the almost
simultaneous onset of development of the dorsal and anal
fins, this character might not have a significant taxonomic
value. Such information is, however, so far unavailable for
the majority of the Heterocharacinae and many putative
related characids (e.g., Mattox & Toledo-Piza, 2012), hence
it would be interesting to investigate this feature in other
representatives of the subfamily to understand whether this
subtle heterochronic shift bears phylogenetic signal.

We highlighted herein the development of two putative
synapomorphies of the Heterocharacinae sensu Mattox & Toledo-
Piza (2012): the presence of a pseudotympanum restricted to the
region anterior of the rib of the fifth vertebra and the presence of
a spiniform projection on the posterior margin of the preopercle,
the latter feature also interpreted as a synapomorphy of the
Heterocharacinae by Mirande (2010). Both characters are useful
to identify specimens of this subfamily, and in Heterocharax
macrolepis they are discernible at 16.2 mm SL and 15.8 mm SL,
respectively. The ontogeny of the pseudotympanum was briefly
reported for the cheirodontine Spintherobolus papilliferus by
Weitzman & Malabarba (1999) in which a large gap in the lateral
musculature of the body gradually closes anteriorly, leaving
the pseudotympanum restricted between ribs of fifth and sixth
vertebrae, a result opposite to what was described herein for H.
macrolepis. In the latter species, myomeres of the lateral wall
of the body gradually close posteriorly and the future region of
the pseudotympanum is visible at 9.3 mm SL (Fig. 5SA). At 10.2
mm SL, the pseudotympanum is evident anterior to the fifth
pleural rib (Fig. 5B) and the gap continues to close anteriorly
until the condition typical of heterocharacines is reached at 16.2
mm SL (Fig. 5E). As for the preopercle spine, early stages of H.
macrolepis possess the general condition of Characiformes in
which the posterior margin of the preopercle lacks any projections
(Fig. 6A). At 15.8 mm SL, a preopercle spine is clearly visible
and constitutes an additional character useful for the identification
of larvae of H. macrolepis (e.g., Fig. 6B).

Ontogeny of Heterocharax macrolepis

A further interesting observation of the present study
is the form of the yolk sac in early stages of Heterocharax
macrolepis. Photographs of live specimens of H. macrolepis
up to three days post-hatching show a distinct form of
the yolk sac in which the main body of the structure is
rounded and bears a smaller rounded projection directed
posteroventrally, resulting in the shape similar to a bowling
pin (Fig. 7A-B). The exact same form of the yolk sac is
visible in early larval stages of another heterocharacine,
Gnathocharax steindachneri (Fig. 7C). Virta & Cooper
(2009) carried out a comprehensive study on the form of
the yolk sac in 462 species of 35 orders of Actinopterygii,
including seven species of the Characiformes. They
organized the yolk sac into eight morphological categories
and interpreted them in the phylogenetic context. None of
them resemble the unique shape of the yolk sac described
herein. This unique shape of the yolk sac was not reported
in any of the many representatives of the Characiformes
available in the literature (e.g., Nakatani et al., 2001; Ponton
& Mérigoux, 2001; most of the references on ontogeny of
characiforms cited above) and could hence constitute an
additional synapomorphy for the clade comprising at least
Heterocharax and Gnathocharax (the Heterocharacini of
Mattox & Toledo-Piza, 2012). This hypothesis, however,
can only be properly tested when more developmental series
of representatives of the Heterocharacini are available, and
it is herein proposed only as a putative additional character
for this clade.

We hope that this work will stimulate further studies
involving the morphological development of other characiforms,
and Neotropical fishes in general, as ontogenetic approaches
to the richest ichthyofauna in the world are still scarce in the
literature albeit their important role in taxonomy and systematics
of fishes (e.g., Cohen, 1984; Kendall Jr., et al., 1984; Fuiman,
1984; Nakatani et al., 2001; Ponton & M¢érigoux, 2001).
Moreover, further establishment of partnerships between
ichthyologists and aquarists can be useful in understanding the
development of Neotropical fishes, uniting different sources of
knowledge towards the same objective.
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