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AbstrAct

the jundiá (Rhamdia quelen, Quoy & Gaimard) is an endemic south american fish species. because this 
species supports cold winters and grows faster during warm months, it has begun to be viewed as an ideal 
species for fish production in southern south america. in the present study, jundiá oocytes used were 
obtained by extrusion from females after hormone injection. soon after hydration, the eggs were transferred 
to 50 L conic glass incubators, with constant and controlled water influx. samples of fertilized eggs were 
transferred to petri dishes and, examined under a stereoscopic microscope, were spherical, demersal, and 
non-adhesive with defined perivitelline space and resistant chorion. cleavage stages occurred during the 
first 3.5 h. after hatching, larvae were transferred to 200 L glass fiber incubators. first signs of embryo 
movement were observed 21 h after fertilization; larval eclosion occurred 30.5 h after fertilization. present 
findings may provide a basis for studies aimed at determining the complete ontogeny of jundiá and may be 
useful in eco-toxicological studies.
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resumo 

estudo do desenvolvimento embrionário e larval do jundiá,  
Rhamdia quelen, (Quoy & Gaimard 1824, Pisces teleostei)

o jundiá (Rhamdia quelen, Quoy & Gaimard) é uma espécie endêmica da américa do sul. por ser 
adaptada ao frio do inverno e ter um crescimento rápido durante os meses quentes, o jundiá é uma espécie 
adequada para aqüicultura no sul da américa do sul. muitos aspectos da fisiologia reprodutiva, larvicultura, 
hematologia, fisiologia da resposta ao estresse, têm sido recentemente estudados. os ovócitos utilizados 
neste estudo foram obtidos pela extrusão de fêmeas após indução hormonal. Logo após a hidratação, foram 
transferidos para incubadoras cônicas de vidro com capacidade para 50 L, com fluxo de água constante 
e controlado. amostras de ovos fertilizados foram colocadas em placas de petri e examinadas através de 
estereomicroscópio. os ovos eram esféricos, demersais e não-adesivos, com espaço perivitelino definido 
e córion resistente. os estágios de clivagem ocorreram durante as 3,5 primeiras horas. após a eclosão, as 
larvas foram transferidas para incubadoras de fibra de vidro de 200 l. os primeiros sinais de movimento 
embrionário foram observados 21 h após a fertilização, e a eclosão das larvas ocorreu 30,5 h após a 
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fertilização. Estes resultados podem servir como base para muitos estudos, objetivando o conhecimento da 
ontogenia completa do jundiá, e para aplicação em estudos ecotoxicológicos.

Palavras-chave: desenvolvimento embrionário, desenvolvimento larval, embriologia, jundiá, Rhamdia.

IntroductIon 

the jundiá (Rhamdia quelen, Quoy & 
Gaimard) is an endemic south american fish 
species that withstands cold winters and presents 
fast growth rate in summer. these characteristics 
make jundiá a suitable species for fish production 
in southern south america or any region with a 
temperate or subtropical climate. in aquaculture 
systems, at a density of two to four fish/m2 jundiá 
reach a 600-800 g body weight in eight months 
(barcellos et al., 2001b). our unpublished 
observations in experimental field trials and at fish 
farms have shown that this weight is easily reached, 
but high mortality rates (40-50%) might occur if 
small fish (1-3 g) are used to initiate the culture. 
however, when beginning with heavier juveniles 
(30-60 g), the final weight will still range from 600 
to 800 g, but with mortality rates not exceeding 
5-10%. thus, the more reasonable order in jundiá 
culture is: hatchery, larviculture (1-6 g), nursery 
(from 5-6 g to 30-60 g), and termination (from 
30-60 g to 600-800 g) (barcellos et al., 2001b). 

a study evaluating the embryonic and larval 
development of Rhamdia quelen have reported on 
fish captured in the wild (ihering & azevedo, 1936). 
however, paremeters related to environmental 
conditions that could affect embryonic and larval 
development were not mentioned. however, in 
recent years several aspects of this species have been 
investigated, including reproductive physiology 
(barcellos et al., 2001b; barcellos et al., 2002), 
larviculture (piaia et al., 1999; Lopes et al., 2001; 
townsend & baldisserotto, 2001; townsend et al., 
2003), stress response (barcellos et al., 2001a), 
hematology (barcellos et al., 2003, and barcellos 
et al., 2004b), physiology (bello et al., 2000), 
and transportation (Golombieski et al., 2003). 
Experiments designed to evaluate jundiá growth, 
stocking density effects, and cage culture have 
been performed (barcellos et al., 2004a) but data 
on this subject are still scarce. 

from the biological standpoint, uncovering 
each step of embryo and larval development is of 
great importance. in addition, in these stages most 

fish species may be more susceptible to changes 
in dissolved oxygen concentration, ph, salinity, 
alkalinity, turbidity, and particularly to water 
contaminants. a complete knowledge of embryo 
and larval development stages might be useful in 
studying the effect of even small amounts of water 
contaminants, mainly those of agricultural origin 
that eventually reach water springs or ponds used 
for fish culture, a quite common occurrence in 
agricultural areas such as those in southern brazil. 
in this study, the main objective was to examine the 
initial stages of embryo and larval development of 
jundiá under controlled conditions.

mAterIAl And methods

the present work was carried out at facilities 
of the university of passo fundo, rio Grande do 
sul, southern brazil (687 m asl), using cultured 
females and males weighing respectively 685 ± 
50 g and 500 ± 33 g. after capture, fish were 
quickly transferred to the laboratory and weighed. 
hormonal induction of ovulation was performed 
using pituitary extract injection according to 
a routine protocol (ittzés et al., 1999). the 
oocytes used were extruded by females within 
a 9 h 30 min-10 h 55 min period after pituitary 
extract injection. Extracted oocyte wet weights 
ranged from 68 g to 118 g. following weighing, 
oocytes were placed in petry dishes. collected by 
abdominal pressure, 10 mL of mixed semen from 
three males was added to each batch of eggs and 
gently mixed in; 100 mL of water was added to 
promote sperm activity, and egg fertilization and 
hydration. soon after hydration, the eggs were 
transferred to 50 L conic glass incubators, with 
constant and controlled water influx at flow rates 
of 0.7 mL min-1 at a temperature of 24 ± 1 °c. 
depending on the developmental phase, samples 
of fertilized eggs were taken with a plastic tube 
at different intervals from the incubators. during 
the first 2 h 43 min, egg samples were removed 
at approximately 15 min intervals, placed in 
petri dishes, and examined under a stereoscopic 
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microscope (3.2 and 6.4 x magnification) equipped 
with a digital camera. 

after hatching, the larvae of each egg batch 
were transferred to a 200 L glass fiber incubator 
filled with aerated water at an influx rate of 
8-10 L min-1. Larval development was analyzed 
from hatching until the time (92 h 45 min after 
hatching) that they were stocked in a previously 
fertilized pond (barcellos et al., 2004). 

Water-quality parameters measured in 
incubation and larviculture were: temperature 
(at each sampling), dissolved oxygen, alkalinity, 
ph, turbidity, and total ammonia concentration 
(colorimetric methods and titulation, before 
beginning of experiment).

results 

during embryonic development observation, 
eggs were kept in glass incubators under moderate 
agitation by influx at a rate of 180 L/h of water having 
the following characteristics: mean temperature, 
24 ± 1 °c; dissolved oxygen level, 6 mg L-1; 
alkalinity, 19 mg L-1; ph, 6.8; turbidity, 3 L ntu; 
total ammonia concentration < 0.001 mg L-1 that 
on a ph-temperature conversion table indicated 
0.0006 mg L-1 of un-ionized ammonia. 

initial jundiá development of was divided into 
two phases: embryonic and larval. a sequence of 
the most important events observed in each phase 
is shown in figs 1-2 and table 1. 

Eggs of R. quelen were spherical, demersal, 
and non-adhesive with a clearly defined 
perivitelline space and resistant chorion. cleavage 
stages occurred during the first 3.5 h. first signs 
of embryo movement were observed 21 h after 
fertilization; larval eclosion occurred 30.5 h after 
fertilization. 

dIscussIon 

as previously indicated, this study showed 
that the eggs of Rhamdia quelen were spherical, 
demersal, and non-adhesive, similar to those 
described by Godinho et al.(1978) for another 
fish of the same genus, i.e., Rhamdia hilarii, and 
for another siluriform fish, the Pseudoplatystoma 
coruscans as described by cardoso et al. (1995).

the perivetelline space in newly fertilized 
ova of R. quelen was relatively smaller than those 
of other teleosts, e.g., the piabanha (Brycon insignis 

steindachner) (andrade-tamelli et al., 2001) and 
similar to that found by Godinho et al. (1978) for the 
siluriform Rhamdia hilarii. a larger perivetelline 
space in some fish species may be understood as an 
embryo defense against environmental adversities 
and contributes to higher survival rates in lotic 
environments (Lake, 1967; matsuura, 1972). thus, 
the characteristics of R.quelen ova fit this species’ 
preferred reproduction sites, which have clear 
water with little flow (Gomes et al., 2000). 

the time required in R. quelen to form the 
first segmentation line in the ovum after fertilization 
(1 h 15 min), was very similar to that previously 
described for the same species (ihering & azevedo, 
1936), similar to that described for Rhamdia sapo 
(matkovic et al., 1985), and also to that of Rhamdia 
hilarii, a silurid species of the genus Rhamdia 
(Godinho et al., 1978). on the other hand, it was 
shorter than found for Pimelodella lateristriga, a 
siluriform fish of the Rhamdia genus (ihering and 
azevedo, 1936).

in the present work, hatching of jundiá eggs 
occurred 30 h 5 min after fertilization at 24 °c, 
which is very similar to the period found for R. sapo 
(30 h, 22-24 °c; cussac et al., 1985). in contrast, 
in the first documented research on embryonic 
and larval development of jundiá (ihering and 
azevedo, 1936), this period varied from 35 to 46 h 
after fertilization at 18-19 °c. in Rhamdia hilarii, 
the hatching time was 27 h at 23 °c (Godinho 
et al., 1978). the difference in hatching time might 
be due to environmental conditions like water, 
temperature, alkalinity, ph (cussac et al., 1985), 
and water flow. in addition, other environmental 
factors not detected in the water could have affected 
developmental period of the embryos.

during the period in which larvae were kept 
in 200 L glass fiber incubators, a reduction in yolk 
and a marked evolution in body pigmentation was 
observed. the fish already had an adult appearance 
123 h 15 min after from fertilization, presenting 
dark coloration and three well-developed pairs of 
barbels. a similar finding was made by Godinho 
et al. (1978), who described Rhamdia hilarii 
with an adult appearance 120 h after hatching. in 
Pseudoplatystoma coruscans, an adult appearance 
was detected four complete days after hatching 
(santos & Godinho, 1994).

in conclusion, the observed eggs of R. quelen 
were spherical, demersal and non-adhesive with a 
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tAble 1 
description of embryonic and larval development stages according to time before and 

after fertilization and to macroscopic characteristics found in Rhamdia quelen.

stage Phase time after spawning observed characteristics 
1 immediately after (fig. 1a) oocyte just spawned; clear yellow coloration and diameter 

of 1.0 mm.

time following oocyte 
fertilization

Embryonic 2 50 min: ovum immediately 
after fertilization. (fig. 1b)

formation of blastodisc (830 µm) at the animal pole. dark 
yellow coloration; formation of perivitelline space (73 µm).

3 1 h 15 min (fig. 1c) cleavage stage: first segmentation visible; 2-cell stage. 

4 1 h 30 min cleavage stage: 4-cell stage.

5 1 h 40 min (fig. 1d) cleavage stage: well-defined 4-cell stage.

6 1 h 45 min (fig. 1e) cleavage stage: 8-cell stage.

7 2 h 15 min (fig. 1f) one pair of divisions, one on each side of 2nd cleavage line; 
16-cell stage.

8 2 h 27 min (fig. 1g) cleavage stage: 32-cell stage.

9 3 h 35 min (fig. 1h) cleavage stage: 64-cell stage.

10 4 h (fig. 1i) 128-cell stage. blastomere size diminished; blastoderm 
starts to cover yolk in the direction of vegetative pole.

11 8 h 5 min (fig. 1j) blastoderm covers 2/3 of yolk; initiates blastopore formation 
begins.

12 9 h 6 min increasing yolk density.

13 10 h 5 min (fig. 1l) blastopore closing forming germination ring. 

14 11 h 50 min (fig. 1m) Elongation of yolk shape; head and tail growth.

15 12 h 50 min vertebral axis development.

16 13 h 50 min (fig. 2a) cephalic organization and differentiation.

17 15 h 22 min Growth of caudal area.

18 16 h 30 min (fig. 2b) tail development begins.

19 17 h 50 min development of the tail. 

20 19 h 20 min (fig. 2c) further development of the tail.

21 21 h (fig. 2d) Embryo initiates movement by repeated tail contractions; 
round-shaped yolk.

22 24 h 50 min (fig. 2e) spontaneous motility.

23 25 h 10 min spontaneous motility. 

24 26 h 20 min spontaneous motility. heart beats; visible blood circulation, 
although blood is colorless. 

Larval 25 30 h 30 min (fig. 2f) hatching. heartbeats; visible blood circulation. Eye and 
yolk pigmentation begins. 

26 54 h 50 min (fig. 2g) Larva with opened mouth and presenting a pair of barbells; 
visible blood circulation; volumetric reduction of yolk 
presenting higher pigmentation.

27 81 h 50 min (fig. 2h) Larva presenting the three pairs of barbels; pigmentation 
beginning in anterior region.

28 104 h 25 min Entire body pigmented.

29 123 h 15 min (fig. 2i) body anatomy similar to that of adult fish.
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Fig. 1 — Embryonic development of jundiá (rhamdia quelen): a) just spawned oocyte; b) blastodisc (bLl) formation; c) two-
cell stage (ps – perivitelline space, s – segmentation line; d) 4-cell stage; e) 8-cell stage (bm - blastomeres); f) 16-cell stage; 
g) 32-cell stage (m) – ovum membrane; h) 64-cell stage; i) blastoderm covering yolk (sm – secondary membrane, 540 µm); 
j) blastoderm; blastopore (bp); k) yolk reduction; and l) yolk conformation change. magnification 6.4x.

visually defined perivetelline space and resistant 
chorion. Egg cleavage, embryo movement, and 
eclosion occurred within the first 30 h 5 min of 
development. these findings may provide a basis 
for further studies to determine the complete 
ontogeny of R. quelen and may be useful in studies 
of water contaminant effects on the development 
and culture of jundiá, as well as research using this 
species as an environmental bio-indicator.
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Fig. 2 — a) cephalic organization (co); b) initiation of caudal development; c) accelerated growth of caudal region and yolk 
mass diminished; d) movement; e) vigorous movement of the embryo; f) hatching; g) larvae with opened mouth; h) larvae at 
4.3 d (104 h); and i) larvae at 5.125 d (123 h). magnification of 3.2 and 6.4X. 
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