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ABSTRACT. The ontogenetic aspects of larvae of Hypophlhalmus edenlalus (Spix,
1829) from the ichthyoplankton samples collected in the Itaipu reservoir between
March 1988 and April 1990 were analysed. Sample were caught by 0.5 mm mesh
conic-cylindrical plankton net. Larvae of H. edenlalus were identified and described
as SilurifOlms from the morphological and morphometric development series. They
have a small to medium-sized head, long body, small eyes, little pigmentation,
mandibular barbules and 53 to 56 myomeres. High values obtained with cOITelation
coefficient (r > 0.97; P< 0.001) show that growth was proportional in different parts
of the body.
KEY WORDS. Hypophlhalmusedenlallls, fish larvae, Itaipu reservoir, larval develo
pment, Parana River

The first studies about development offish eggs and larvae in Brazil were
conducted by VO IHERING (1934), who successfully developed the induced ovipo
sition technique (WOYNAROVICH & HOVATH 1980). Although these studies began
more than 60 years ago, little is known about freshwater ichthyoplankton, since only
2% of Cypriniformes and Characiformes larvae have been identified (RICHARDS
1985).

In the upper River Parana basin, studies on the biology and ecology of fish
larvae are scarce. Studies are restricted to preliminary surveys of eggs and larvae of
the floodplain and Itaipu reservoir (FuEMlITAIPU BINACIONAL 1990; NAKATANI el
af. 1993).

The family Hypophthalmidae are commercially explored fish in the Itaipu
reservoir. According toAGOSTINHO el af. (1994), the maparajuveniles are restricted
to the reservoir, marginal lakes of the floodplain and adjacent sites close to these
environments. RINGUELET el af. (1967) characterize adults of Hypophlhalmus
edenlalus (Spix, 1829) by a high head at the posterior region, compressed body,
eyes in ventro-Iateral position, mental barbules next to the mandibular symphysis,
tender and uniformly colored skin in the dorsal part with no blotches, and silvery at
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the sides. According to I.e. Oliveira (personal communication) the most evident
diagnostic characteristics are the shape of the caudal fin and the relatively large size
of the pectoral fins. Characteristics of fins are: dorsal fin with: 1+6; pectoral:
1+14-17; ventral: 1+5; anal: v+54-66; caudal: 8+9; branchiostegal rays: 13-15; gill
rakers of first branchial arch: 12+1+117-29+1+ 197 and undifferentiated vertebrae:
50-56.

The aim of this research work is to contribute to the knowledge of the
morphology of Hypophthalmus edentatus during the first phases of development as
well as to analyse the morphometric variations at the different stages.

MATERIAL AND METHODS

Fish larvae were collected monthly, between March 1988 and April 1990,
at the Itaipu reservoir (Fig. I) with a 0.5 mm mesh conic-cylindrical plankton net.
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Fig. 1. Site of sampling stations.

Development series proposed by AHLSTROM & MOSER (1976) were used for
the identification oflarvae. The stages oflarval development were defined according
to AHLSTROM & BALL (1954) and KENDALL et af. (1984). Characteristics used for
larvae identification were: shape of the body, presence of barbules, fin formation
sequence, formation offin spines and the position of the anal opening in relation to
the body. On the other hand, meristic data on the vertebrae/myomeres and fin rays
were also used. The clearing and staining methods used to facilitate the visualization
of the structures were those suggested by POTTHOFF (1984).

The morphometry was conducted with the aid of a micrometric ocular
attached to a stereoscopic microscope and the terminology defined by AHLSTROM
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et af. (1976) was used. In the morphometric analyses linear regressions were
undertaken between: (a) measurements of length of head, pre-anal, pre-dorsal and
height of the body in relation to standard length; (b) diameter of eye in relation to
length of head. With regard to body proportions the classification of larvae was
described by means of categories proposed by LEIS & TRNSKl (1989).

RESULTS

Morphological description
Larvae of H. edentatus with a standard length (SL) between 4.3 and 54.0mm

were analysed. The morphological description of larvae ofH. edentatus is based on
specimens whose size lies between 4.70 and 16.75mm (Figs 2 and 3) in which the
different development stages of the species fit.

The 4. 70mm SL larva (Fig. 2A) presents an oval-shaped head at the pre-fle
xion phase; mouth and operculum opening are already well defined, free operculum
membranes, and maxillary and mentonian barbules well developed. It is possible to
observe the formation of myomeres in the body and because of transperancy the
notochord. The dorsal, caudal and anal regions are surrounded by a transparent
membrane (embryonic fin). At this stage the dorsal and anal fins could not be seen,
whilst the caudal fin is at the initial phase of formation. The eyes with little
pigmentation are evident. Anus is well defined and the intestine is relatively short
with few folds. No pigmentation was observed on the body at this developmental
phase.

The 8.20 mm SL larva (Fig. 2B) is at the flexion phase, since the terminal
region of the notochord is in the flexing process. The head becomes differentiated
from the body, with well-defined gill openings. In the body, the segmentation
becomes quite evident, with approximately 55 myomeres; notochord is still visible.
The embryonic fin is present in the dorsal and ventral regions; however, in the caudal
region it is being substituted by the fin rays, although still in formation. In the ventral
region the structure that will later give rise to anal fin rays is observed; but there is
no sign of the pelvic fin. The pectoral fin is at the initial phase of ray formation. The
eyes are pigmented and very evident. There is an increase in the intestinal folds. No
pigmentation pattern in the body can be seen at this stage of development.

The 9.25 mm SL larva (Fig. 2C) is in the post-flexion phase with the terminal
region ofthe notochord flexed and the supporting elements of the caudal fin already
formed. The shape of the body has not changed in relation to the preceding stage.
The transparent membrane of the dorsal region is slightly reduced in the anterior
part, and a small protuberance appears where the rays ofthe dorsal fin will originate.
In the posterior region the outline in which the adipose fin will originate can be seen.
The caudal fin still does not have the complete number of rays. In the ventral region,
the transparent membrane remains as in the preceding stage, however, the suppor
ting structure of the anal fin rays becomes evident. The pelvic fin is still absent, and
the pectoral fin becomes more evident with the ray formation. The mouth is in a
terminal position, with a series of small teeth visible on the maxillas. There is an
increase in the intestinal folds in relation to the preceding stage.
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Fig. 2. Larvae of Hypophthalmus edentatus, with standard length (SL) of: (A) 4.70 mm
(pre-flexion); (8) 8.20 mm (flexion); (e) 9.25 mm SL (post-flexion).

The 11.75 mm SL larva (Fig. 3A) is in the final post-flexion phase, when the
caudal fin has the complete number of rays. Seven rays are now evident in the dorsal
fin. The posterior part of this fin is still covered by the transparent membrane;
however, it begins to undergo a pronounced differentiation to form the adipose fin.
The anal fin begins its formation from the anus towards the tail, substituting the
embryonic fin, where it is possible to count about 60 rays. The pelvic fin has not
appeared yet and the pectoral fin is completely formed, with an ossified and serrated
spine on the first ray. In the pre-operculum small spines emerge, and the barbules
become proportionally long in relation to the body. At this phase it is possible to
observe sparse pigmentation over the head and along the body between the myo
meres.

The juvenile individual of 16.75 mm SL (Fig. 3B) presents completely
formed fin rays. The shape of the body has all the characteristics of an adult and
practically all the morphological and meristic structures are consolidated. The
number of myomeres is from 53 to 56 (Fig. 4). The dorsal fin differentiates itself
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Fig. 3. Larvae of Hypoph/halmus eden/a/us, with standard length (SL) of: (A) 11.75 mm
(post-flexion); (B) 16.75 mm Uuvenile).
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Fig. 4. Relative frequency of larvae of Hypoph/halmus eden/a/us according to number of
myomeres.

from the anterior region by presenting an ossified and serrated spine on the first ray,
similar to the one found on the pectoral fin in the preceding stage. The mouth in the
anterior position, maintains small denticles in the upper and lower maxilla, while
the pre-operculum still presents the spines mentioned in the preceding stage. These
characteristics disappear in the adult phase. The caudal, anal and pectoral fins are
formed with the complete number of rays. The adipose fin is already formed too
and the transparent membrane is limited to a small section between the dorsal and
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caudal fins. The last morphological structure to differentiate itself is the pelvic fin
in the region before the anus. The pigmentation maintains the same pattern; its
density, however, increased in the head region and along the body in the myomeres.

Analysis of body proportions
Figure 5 shows the variation in body proportions (length of head, height of

body, pre-dorsal and pre-anal distance in relation to the standard length, and
diameter of eye in relation to length of head). Larvae at pre-flexion and flexion
stages presented a "small to medium head", varying from 17% to 26% of the
standard length. In the next phases, it becomes proportionally larger, now repre
senting the "medium head" with values between 20% and 27% (Fig. SA).

Height of body remains proportionately constant in relation to standard
length, with values varying between 10% and 21 % (mean 16%) of the SL, presen
ting a "long body" (Fig. 58). The pre-dorsal and pre-anal distance measured in
specimens over 9.00 mm presented the same patterns of body proportions, varying
from 35% to 42% of the SL (Fig. 5C and D).

The diameter ofeye in relation to height ofthe head ofH. edentatus presented
variations between 8% to 26% (mean 20%), fitting within the category of a species
with "small eyes" (Fig. 5E).

Larval development
With regard to larvae of H. edentatus and considering a length ranging from

4.3 to 54.0 mm, the values of the linear correlation coefficient were higher than 0.98
(p < 0.00 I) for the length of the head, pre-dorsal distance and pre-anal distance and
higher than 0.97 (p < 0.00 I) for the height ofthe body. A high value ofthe correlation
coefficient between diameter of eye and length of head (I' = 0.97; p.OO 1) was also
registered (Fig. 6)

DISCUSSION

In studies on the ichthyoplankton, the crucial problem has been the identifi
cation of larvae since there are great similarities among the different species.
POWLES & MARKLE (1984) consider the combination of various characters, using
principally meristic, morphometric, osteological and pigmentation data. These
authors also discuss the importance of the dynamic nature of the process of larval
development.

The number of vertebrae which corresponds to the number of myomeres,
constitutes a basic meristic character used in the identification of larvae (DUNN
1983). ARAUJO-LIMA & DONALD (1988) observed that, despite the limitations
caused by the overlapping of the number of myomeres, this characteristic is useful
in the identification ofCharaciformes larvae in the Amazon river. In the case of the
Hypophthalmidae, HOWES (1983) found an exceptionally large number ofvertebrae
(62) that included the vertebral complex (7). Since there is no other similar data for
Siluroidei, he suggests that this group is probably monophyletic, based on these
anatomical structures. However, the morphological similarities between Hypo
phthalmidae and species of other families, like the Ageneiosidae (49-50 vertebrae)
and Auchenipteridae (45 vertebrae), were interpreted as being an adaptive conver-
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gence, with no osteological support that may unite these families. Since the larvae
of H. edenta/us could be confused with those ofAuchenip/erus nuchalis, due to their
morphological similarity, the safest differentiation characteristic between the two
species was the number ofmyomeres: H. eden/a/us presents 53 to 56 myomeres and
A. nuchalis,45.
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Fig. 5. Body proportions between: (A) length of head; B) height of body; (C) pre-dorsal distance;
(0) pre-anal distance, in relation to standard length; (E) diameter of the in relation to length of
head.
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Fig. 6. Linear regression between: (A) length of head; (8) height of body; (e) pre-dorsal
distance; (0) pre-anal distance in relation to standard length; (E) diameter of eye in relation to
length of head.

For DUNN (1983) the number, structure, position and development sequence
of the fins are also useful in identifYing the larvae of fish. However, according to
this author, the pectoral fins have less value in the identification of the larvae due
to the delay in their formation. Nevertheless, this specific fin seems to be important
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for the identification oflarvae ofH. edentatus, since it presents ossified and serrated
spines in the larval phase. The latter disappear completely in the adult phase and
remain simply as soft rays.

The development of fish larvae is relatively fast in the first stages of their
life cycle. In his studies on Parauchenipterus galeatus (Linnaeus, 1766) (=Tra
chycorystes galeatus) (Auchenipteridae) CHACON (1975) states that a larva measure
6.5 mm after three hours of life reaches 34 mm in 20 days.

MORAES F1LHO & SCHUBART (1955) verifY that the maximum size of the
larvae, soon after hatching, is 4.8 mm for Salminus maxillosus Valenciennes, 1840
(Characidae), 2.4 to 2.5 mm for Curimata elegans Steindachner, 1911 (Curimati
dae), 2.5 to 2.6 mm for Astyanax bimaculatus (Linnaeus, 1758) (Characidae) and
4.3 to 5.7 mm for Hoplias malabaricus (Bloch, 1794) (Erythrinidae). In the present
study, the smallest larvae had a standard length of 4.3 mm; at this length the larvae
practically possessed a full viteline sac. Thus, we suggest that this value is very close
to the size of the larvae on hatching.

The larva of H. edentatus has the characteristics of Siluriforms: medium-si
zed to small head and a long body in relation to the standard length, little pigmen
tation, mandibular barbules and myomeres varying from 53 to 56. The eyes in a
ventro-Iateral position are small in relation to the head. Variation in the diameter of
the eye is much greater than that of the species of Siluriforms with a large head.

The increase in the body measurements with regard to standard length was
linear for the species analysed. Thus, progressive changes that appear in the
morphometry of this species show a proportional growth between the diverse parts
of the individual (r > 0.97; P < 0.001).
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