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ABSTRACT

We provide morphological and morphometric descriptions of the developmental st&prawéhe-

nipterus galeatusfrom the floodplain of the Upper Parana River. Specimens were obtained by induced
spawning. The species has large adhesive eggs with a double membrane. The incubation period is
long, 65 hours at 2€C. The larvae are well developed at hatching, with relatively rapid larval develop-
ment. Analysis of the morphometric data showed that the body p&tgaleatuggrow proportionately.

Key words Morphological developmenBarauchenipterus galeatukarvae and juveniles, floodplain,
Paran& River.

RESUMO

Descricao morfoldogica dos estagios de desenvolvimento de Parauchenipterus galeatus (Linnaeus,
1766) (Siluriformes, Auchenipteridae) na planicie de inundagao do alto rio Parana

Este trabalho teve por objetivo descrever morfolégica e morfometricamente os estagios de desenvol-
vimento deParauchenipterus galeatwpturados na planicie de inundacao do alto rio Parana. O ma-
terial utlizado foi obtido através de desova induzida. A espécie apresentou ovos grandes, adesivos
e com membrana dupla. Periodo de incubacédo longo (65 hordCh A8 larvas sdo bem desen-
volvidas no momento da eclosao, apresentando desenvolvimento larval relativamente rapido. A andlise
dos dados morfométricos revela qRegaleatusapresenta crescimento proporcional das partes do
corpo.

Palavras-chavedescricdo morfolégigaParauchenipterus galeatukarvas e juvenis, planicie de inun-
dagdo, rio Parana.

of biological parameters gained from such studies
has provided a foundation for icthyology as well
as fisheries biology.

Studies on the distribution and abundance

INTRODUCTION

The study of the initial phases of the life cycle
is fundamentally important, as much for the taxo-

nomy as for the ecology of a species. In addition
to allowing proper identification, this study leads
to better understanding of the relationships between
organisms and their environment. The knowledge

of the ichthyoplankton have yielded important
information regarding spawning locales and seasons
(Nakatani, 1994), as well as improved unders-
tanding of reproductive dynamics.
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Morphometric studies (studies of form rela-
tive to size) of the eggs and larvae of fishes are
an extremely valuable tool, mainly in taxonomic
studies. The great morphological similarity among
different taxonomic groups has been the main
obstacle to identification of larvae, mainly larvae
collected in the natural environment. Analysis of
morphometric measurements allows us to compare
the different developmental stages within and
between species, and together with other chara-
cteristics, permits correct identification of the larvae.

Parauchenipterus galeatus, the object of this
study, is popularly known in the region as the
“cangati”. It is widely distributed in South America
and is common in the Amazon, Orinoco, Paraguay,
Sdo Francisco, and Parana basins (Fowler, 1950;
Mees, 1974; Nomura, 1984; Britski ef al., 1988).
Nevertheless, P. galeatus has only recently arrived
in the sub-basin of the Upper Parana River. Until
about 1982, Sete Quedas Falls near Guaira in the
State of Parana functioned as a natural barrier
separating two icthyofaunistic provinces that
differed markedly in number of species (Bonetto,
1986). Upon formation of the reservoir for the
Itaipu Hydroelectric Power Plant, this barrier was
submerged, allowing access of P. galeatus and
other species to this new environment.

Parauchenipterus galeatus differs from most
other species in certain peculiarities of its mode
of reproduction. Like other members of the family
Auchenipteridae, P. galeatus has internal fertili-
zation and marked sexual dimorphism, represented
in males by a modification in the form of an intro-
mittent organ in the first ray of the anal fin. Females
have a saclike structure in the oviduct where sper-
matozoa are stored after copulation, and ferti-
lization occurs only at the moment of spawning
(Chacon & Mendes-Filho, 1972).

In spite of its wide distribution, few inves-
tigators have studied this species, and only Chacon
(1975) has treated its initial developmental stages.
The objective of the present study was to describe
morphometrically and meristically the initial deve-
lopmental stages of larvae and juvenile P. galeatus
from the floodplain of the Upper Parana River.

MATERIALS AND METHODS

The material used to describe the embryonic
and larval stages of P. galeatus was obtained by
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induced spawning carried out at the Advance
Research Base of the Center for Research in
Limnology, Ichthyology, and Aquaculture (Nu-
pélia), at Porto Rico, Parana.

Fertilized females caught on the floodplain
of the Upper Parana River were treated with hypo-
physeal hormone.

For analysis and characterization of the diffe-
rent stages, collections were made at 4 hour in-
tervals during the embryo stage, and at 8 hour
intervals during the larval stage. Illustrations were
made with the aid of a stereomicroscope fitted with
a camera lucida.

The different stages of larval development
were characterized according to the degree of
flexion of the terminal region of the notochord and
development of the fins, following the terminology
proposed by Ahlstrom & Ball (1954) and Kendall
et al. (1984), into yolk-sac, preflexion, flexion,
and postflexion larval stages, and the juvenile stage.

Morphometric data for the eggs were obtai-
ned for external diameter (measurement of the
diameter of the outer membrane), internal diameter
(the diameter beginning at the inner membrane),
diameter of the yolk sac (diameter of the yolk),
perivitelline space (between the inner membrane
and the yolk sac), and intermembrane space (the
space between the outer and inner membranes),
using a stereomicroscope fitted with an ocular
micrometer (Fig. 1).

The morphometry of larvae and juveniles was
measured for 193 individuals, 4.0 to 18.6 mm
standard length, according to Ahlstrom & Moser
(1976). We measured standard length (SL), head
length (HL), body depth (BD), predorsal distance
(PDL), preanal distance (PAL), head depth (HD),
snout length (SL), and eye diameter (ED) (Fig.1).

For analyses of body relationships, the
morphometric data were related to standard length
and head length during development. The relation-
ships for body depth, head length, and eye diameter
followed the categories proposed by Leis & Trnski
(1989).

Morphometric development was analyzed by
simple regression applied to the log-transformed
data, which were fitted to the equation y = ax® to
obtain the values of b, which indicates the type
of relationship among the variables (Peres-Neto,
1995). We also obtained meristic data such as the
number of myomeres and fin rays (Fig. 1).
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Fig. 1 — Outline of morphometrical measurements and counts in A) eggs, B) larvae and C) juveRitgawthenipterus
galeatus.
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RESULTS AND DISCUSSION
Embryonic period

After hydration, the eggs of this species are
large and have a double membrane; the outer mem-
brane is adhesive. The eggs had a mean external
diameter of 3.20 mm, internal diameter 2.67 mm,
yolk diameter 1.6 mm, perivitelline space 0.47 mm,
and intermembrane space 0.33 mm. In this stage
the eggs are well developed and organized in an
animal pole, represented by the blastodisc, and a
vegetative pole (Fig. 2A). Approximately 4 hours
after spawning, the eggs are in an advanced stage
of division of the blastodisc, and the vegetative
pole appears granular (Fig. 2B).

The presence of a double membrane is not
exclusive to this species. According to Sato (per-
sonal communication), most of the Siluriformes
have this characteristic, though its function is
poorly understood.

The larger egg diameter may be related to
the mode of reproduction of this species, which
has internal fertilization. According to Vazzoler
(1996), P. galeatus has low fecundity and an oocyte
mean diameter of 1.62 mm. Other species with a
similar mode of reproduction, such as Ageneiosus
ucayalensis and Ageneiosus valenciennesi, have
even larger oocytes, 1.85 mm and 1.74 mm respe-
ctively.

The diameter of the oocyte appears to be
related to reproductive strategy, in this as well as
other species inhabiting the Upper Parana River
floodplain. Suzuki (1992) confirmed this trend,
showing that species having oocytes with diameters
greater than 1.50 mm have some form of strategy
for protection of the eggs. Hoplias malabaricus
(traira) and Serrasalmus marginatus (piranha), for
example, build nests where they deposit their eggs,
and have oocytes with diameters greater than 2.00
mm (2.45 and 2.03 mm respectively). Another fact
supporting this trend is that species with complete
spawning and no parental care of the young, such
as Hypophytalmus edentatus (mapara) and Plagios-
cion squamosissimus (curvina), have oocytes with
diameters of 0.75 and 0.51 mm respectively.

Egg size and fecundity tend to be inversely
proportional in different species (Blaxter, 1988).
According to Blaxter, the influence of initial egg
size on survival and development has important
ecological implications, i.e. large eggs will give
rise to larger larvae with large yolk sacs. Although
the capacity for locomotion of such larvae may
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be reduced, the possession of large yolk sacs pro-
longs the period of endogenous feeding, so that
the individual is more developed when it first be-
gins to feed exogenously.

After about 16 hours of incubation, the em-
bryonic axis is defined. The head and tail regions
are differentiated, with formation of somites and
the optic vesicle (Fig. 2C). After 24 hours the tail
of the embryo is completely free, the head is diffe-
rentiated, the auditory vesicle (which will cover
the otoliths) is developing, and the eyes are be-
coming pigmented.

Pigmentation appears after about 38 hours
of development, when the embryo has several chro-
matophores on the yolk sac, body, and head. In
this stage the mouth becomes differentiated, and
formation of the maxillary barbels and the oper-
cular opening begins. The embryonic fins (finfold),
myomeres, and notochord are evident (Fig. 2D).

Near hatching, the embryo is well developed,
with the mouth and intestine formed, the maxillary
barbels developing, pigmented eyes, and chro-
matophores scattered over the body and yolk sac.

Hatching occurs after about 64 hours of incu-
bation,at a water temperature of 27-28°C, when
the larvae are well developed. This is a long incu-
bation period, since for species such as Prochilodus
scrofa (curimba), incubation lasts for about 22
hours (Cavicchioli & Leonhardt, 1993), and 18-
19 hours in Pseudoplatystoma corruscans (pin-
tado) at water temperatures of 25-26°C (Cardoso
et al., 1995).

This long incubation period may be related
to the greater diameter of the oocyte. Sargent et
al. (1987) observed that larger eggs develop more
slowly. Nevertheless, slow development, which
might be considered disadvantageous for the
species since the eggs run a greater risk of predation
than the larvae, is compensated by the more advan-
ced development of the larva at hatching.

Larval period
Yolk Sac Larval stage

This stage extends from hatching to the be-
ginning of absorption of the yolk sac. In most cases
this period is characterized by extensive morpho-
logical and physiological development, during
which all the structures necessary for vision, food
capture and processing, and gills, among others,
are formed (Ahlstrom & Ball, 1954). Nevertheless
for this species, because of the advanced deve-
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lopment of the larvae at hatching, this stage is
relatively short since the larvae hatch with most
of these structures already formed.

Soon after hatching, the larvae have a large
yolk sac, the mouth and intestine formed, the nares
differentiated, and the maxillary and mentonian
barbels developing. The anterior part of the eyes
is pigmented, and chromatophores are scattered
over the body, head, and yolk sac. The terminal
region of the notochord is slightly flexed, however
formation of the hypural bones is not observed (Fig.
3A).

The larvae hatched at standard lengths from
4.2 to 5.3 mm (x = 4.9 £ 0.7), the head small to
moderate in size (15.2% to 21.4%), the eye small
(12.2% to 25%), and the body moderate (26.1% to
28.9%). The total number of myomeres varied from
36 to 41 (12 to 14 preanal and 24 to 26 postanal).

The greater degree of development of the
larvae at hatching, because of the long incubation

Fig. 2 — Stages of embryonic development: A) recently spawned; B) 4 hours; C) 16 hours; D) 38 hours after spawning.

period, may be related to the diameter of the oocyte
in this species. Balon (1986) observed that eggs
with larger reserves give rise to more developed
larvae, assuring the elimination of the larval stage,
and resulting in the larvae having a phenotype
similar to the adult by the time of first exogenous
feeding.

Machado-Allison (1978) noted that in Lori-
cariichthys typus the embryonic stage lasts about
96 hours, and its larval stage about 24 hours. In
this respect P. galeatus shows intermediate cha-
racteristics, since although it hatches well deve-
loped it still possesses a larval stage.

The advanced degree of development may
be an ecological advantage for the species, since
the more developed larvae may be able to exploit
more niches and be less susceptible to predation.
Moreover, the pigmentation of the larvae at time
of hatching favors camouflaging in the littoral
vegetation, lessening their risk of being eaten.

1 mm
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Ecologically, these factors may compensate
for the relatively low fecundity of this species, since
they contribute to increased survival of the larvae,
and more individuals reach the adult stage.

Preflexion stage

This stage normally extends from the be-
ginning of absorption of the yolk sac to the beginning
of flexion of the terminal region of the notochord,
with formation of the hypural bones. In this stage
the body varies from moderate to long (19.6% to
31.9%), the head from small to moderate (16.1%
to 29.2%), and the eye from small to moderate
(9.8% to 30.8%). The standard length varies
between 5.5 mm and 6.8 mm (x = 6.26 + 0.40).
Myomeres are evident (36 to 41), with 11 to 15 preanal,
and 25 to 29 postanal. The yolk sac and a large, sub-
inferior mouth (maxilla larger than mandible) are present.
The maxillary and lateral mentonian barbels are
developing, and the median barbels are beginning to
form. The intestine is formed, with the anal opening
in the anterior third of the body. The notochord and
swim bladder are evident. The pectoral fin is beginning
to form and is covered by the operculum.
Chromatophores are scattered over the entire body. The
embryonic fin is present (Fig. 3B).

Flexion stage

This stage lasts from the beginning of flexion
of the terminal region of the notochord until flexion
is complete. The standard length varies from 6.0
mm to 7.8 mm (x = 6.51 £ 0.57). The body va-
ries from long to moderate (15.3% to 28.6%), the
head from small to moderate (19.9% to 29.6%),
and the diameter of the eye is small (9.5% to
24.2%). The myomeres and the notochord are
visible because of the transparency of the body;
there are 36 to 41 myomeres, with 11 to 15 preanal
and 25 to 29 postanal.

The yolk sac is present at the beginning of
this stage. The swim bladder is visible. The mouth
is large and sub-inferior, with the intestine opening
at the anterior third of the body. The maxillary
barbels reach to the last third of yolk sac, and the
lateral mentonian barbels are well developed, rea-
ching the end of the operculum. The median men-
tonian barbels are poorly developed. The pectoral
fin is developing (Fig. 3C).

At the end of the flexion stage, the larva has
the caudal fin with several segmented rays, and
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the pectoral fin differentiated and with rays forming
(including the aculeum). The mouth is sub-inferior,
the maxillary barbels reach the middle of the body,
and the lateral mentonian barbels reach near to the
end of the abdominal cavity. The median mentonian
barbels are developing. The embryonic fin is pre-
sent. The larva is strongly pigmented and the yolk
sac is completely absorbed. The transition from
endogenous to exogenous feeding occurs during
this stage (Fig. 3D).

The transition between endogenous and exo-
genous feeding is a critical period for survival and
development of the larvae. Studies under experi-
mental conditions as well as in natural environments
show that high mortality occurs when the larva
passes through this phase. Mortality is influenced
mainly by the quantity and quality of food, and by
the size of the buccal opening in relation to the size
of available prey (Blaxter, 1988).

Postflexion stage

This stage begins at the end of notochord
flexion and continues until the hypural bones are
completely formed. In this stage, the larvae have
a standard length varying from 9.4 to 12.7 mm (x =
10.78 + 1.16). The head is moderate to large
(22.1% to 34.2%), body moderate (24.4% to
35.4%), and eye small (11.6% to 21.0%).

At the beginning of postflexion, the first rays
of the anal and dorsal fin and the beginning of the
pelvic bud are seen. The pectoral fin has the acu-
leum formed. The mouth is still sub-inferior, the
mentonian barbels are developing, and the nares
are evident. The myomeres are indistinct (Fig. 3E).

In the final stage of postflexion, the larva has
a pair of siphon-shaped nares on the anterior part
of the head. The maxillary barbels reach the mi-
dlength of the body, and the mentonian barbels
are well developed.

The myomeres are indistinct. Vestiges of the
embryonic fin are observed. The fins are com-
pletely formed, with the rays in the final stage of
development; the pectoral and dorsal fins have i
+ 4 and i + 6 rays.

The anal fin varied from 18 to 26 rays, and
the pelvic fin from 4 to 6. Pigmentation is distri-
buted over the entire body and fins, and chroma-
tophores are present on the embryonic fin. In this
phase, the mouth shifts from sub-inferior to ter-
minal (Fig. 3F).
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Fig. 3 — Development stages &farauchenipterus galeatu#) yolk sac larval stage (4.67 mm SL); B) preflexion stage
(6.00 mm SL); C) beginning of flexion stage (7.20 mm SL); D) final flexion stage (7.80 mm SL); E) beginning of postflexion
stage (8.70 mm SL); F) final postflexion stage (11.25 mm SL); G) juvenile (16.50 mm SL)
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Juvenile stage

This period lasts from the formation of all
the fin rays to the first reproduction of the indi-
vidual. At approximately 16.0 mm standard length,
the individual has all the fin rays formed and assu-
mes the definitive adult form. The duration of the
larval period, according to Chacon (1975), is 480
hours (20 days), which is rapid relative to that of
other species such as P. scrofa. Cavicchioli &
Leonhardt (1993) reported that this species termi-
nates its postflexion stage at 696 hours (29 days).
This short larval phase results from the greater
degree of development at hatching; therefore, meta-
morphosis in this species is not accentuated. Accor-
ding to Machado-Allison (1978), Pseudohemiodon
laticeps does not appear to have a larval period,
since the larvae hatch with adult characteristics,
pigmented, and with advanced bone development.

Body depth is moderate (28% to 33.6%), the
head moderate to large (28% to 35.5%), and the
eye small (11.8% to 17.2%). The formerly terminal
mouth comes to be prognathous, siphon-shaped
nares are evident, the maxillary barbels reach the
body midlength, and the lateral pair of mentonian
barbels is more developed than the median pair,
reaching approximately to the base of the pelvic
fin (Fig. 3G). The pectoral fin with number of rays
varying from i + 5 to i + 7, and aculeum serrate.

Dorsal fin with i + 4 to i + 7, pelvic fin with 6 rays,
and anal fin from 25 to 26 rays. Similar results
were obtained by Britzki ef al. (1988) for the same
species.

The measured body relationships, considering
all stages together, indicate a low degree of varia-
tion in body measurements, mainly in the initial
developmental stages. The single exception is the
head depth, which appears to be practically stable
as the individual grows (Fig. 4). The slight variation
in these values may be related to the fact that the
species does not undergo a very accentuated meta-
morphosis, mainly in the more advanced deve-
lopmental stages.

The values for b obtained in the regression
analysis (Table 1) show that the species has a posi-
tive allometry (b > 1) for body depth and preanal
distance, that is these measurements increase pro-
portionately more than the standard length. In
relation to head length, the species has negative
allometry (b < 1) for snout length, eye diameter,
and head depth, showing a greater growth of the
head in relation to these measurements. It is worth
emphasizing that the values quite close to 1 in the
measurements of body depth, preanal distance, and
predorsal distance indicate that in this species,
growth in relation to standard length is nearly
isometric.

TABLE 1

Values for potential equation (y = ax") and r? (determination coefficient) for logarithm
data of morphometrical variables in relation to head and standard lengths for larvae
and juveniles of Parauchenipterus galeatus.

Relation n a (£ Sa) b (£ Sy) R?

HL X SL 193 0,008 0,01 0,545 +£0,01 0,88
HL X ED 193 0,060 + 0,05 0,031 +0,01 0,81
HL X HD 193 -0,402 +0,01 0,755 + 0,02 0,83
SI X HL 193 0,435 +0,16 0,018 +0,01 0,94
SL X BD 193 -0,506 0,21 1,032 +0,23 0,91
SL X PDL 35 0,388 0,57 0,979 + 0,50 0,92
SL X PAL 35 0,331 +£ 0,04 1,091 + 0,04 0,96

n = number of samples; a = linear coefficient; b = allometrical coefficient

Rev. Brasil. Biol., 588): 429-438
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