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ABSTRACT 
  
Feed transition of Steindachneridion scripta larvae was investigated using seven treatments in which the 
reference diet, Artemia spp. nauplii, was totally substituted for a 56% crude protein artificial diet in two-
day intervals. Initially, all treatments were fed with Artemia spp. nauplii and, subsequently, during the 
transition period, feed was equally composed by Artemia sp. nauplii and artificial diet. Everyday, one of 
the treatments began the feed transition, which was implemented between the second and the eighth days 
of culturing. Two treatments were used as control: one exclusively fed Artemia spp. nauplii and another 
only with artificial diet. Total weight, total length, and survival rate were not influenced by the day in 
which feed transition was implemented (P>0.05), and their mean values (± SD) were 31.1±25.0mg, 
13.3±1.5mm and 58.8±12.0%, respectively. This suggests that Steindachneridion scripta larvae adapted 
well the transition to artificial diet. 
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RESUMO 
 
A transição alimentar de larvas de Steindachneridion scripta foi investigada utilizando-se sete 
tratamentos, nos quais a dieta básica, composta por náuplios de Artemia spp., foi integralmente 
substituída, em intervalo de dois dias, por uma dieta artificial contendo 56% de proteína bruta. 
Inicialmente, todos os tratamentos receberam náuplios de Artemia spp. No período de transição 
alimentar, metade da alimentação foi formada por náuplios de Artemia spp. e metade por dieta artificial. 
A cada dia, um dos tratamentos entrou na fase de transição, que foi implementada entre o segundo e o 
oitavo dia de cultivo. Utilizaram-se dois tratamentos como controle; em um as larvas foram alimentadas, 
exclusivamente, com náuplios de Artemia spp. e em outro, somente, com dieta artificial. Peso total, 
comprimento total e sobrevivência não foram influenciados pelo dia de implantação da transição 
alimentar (P>0,05) e, apresentaram valores médios iguais a (± desvio padrão) 31,1±25,0mg, 
13,3±1,5mm e 58,8±12,0%, respectivamente, sugerindo que as larvas Steindachneridion scripta 
aceitaram bem a transição alimentar para a dieta artificial. 
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INTRODUCTION 
 
A feeding strategy often adopted in fish larval 
rearing consists in offering live prey to the larvae 
(Sipaúba-Tavares and Rocha, 2003). Live prey 
could be, for example, foraging larvae or 
zooplankton, whose use will depend on the 
adequate size of fish larvae and also on its 
availability. 
 
Feeding with live prey is extremely important 
because larvae of several fish species do not 
present a completely developed digestory tract in 
the first days of life, i. e., they do not have the 
enzymes required to digest artificial diets 
(Zavala-Camin, 1996; Sipaúba-Tavares and 
Rocha, 2003). Furthermore, live prey promotes 
visual stimulus (Ortega, 2000), which increases 
feeding by predatory larvae, thus reducing 
cannibalism in some species and enhancing 
larval production. 
 
Hogendoorn (1980) and Knud-Hansen et al. 
(1990) reported the successful use of live or 
frozen zooplankton as feed in larval rearing of 
Clarias gariepinus and Clarias batrachus, 
respectively. Among zooplankton species, 
cladocerans of the genus Moina were 
successfully used in larval rearing of Chanos 
chanos (Villegas, 1990) and Clarias 
macrocephalus (Fermin and Bolivar, 1991).  
 
Despite the availability of wild zooplankton, the 
use of Artemia spp. nauplii as feed in the larval 
rearing of marine or freshwater fish has become 
common and widely practiced (Kurunuma and 
Fukusho, 1984; Lavens and Sorgeloos, 1996; 
Kolkovsky et al., 1997) because it is readily 
available in the market and practical to use.  
 
Nevertheless, in spite of the advantages, the use 
of Artemia nauplii increases the cost of 
production. Thus, in order to reduce such costs 
and provide economic return, fish larvae should 
be fed Artemia nauplii for a period as short as 
possible. 
 
Although good results have been achieved with 
live prey during larviculture, some freshwater 
fish larvae can be successfully reared exclusively 
with artificial diet since the first feeding, as 
reported for C. gariepinus (Uys and Hecht, 1985; 
Appelbaum and Van Damme, 1988), Coregonus 
spp. (Bergot et al., 1986; Dabrowski et al., 1986) 

and Cyprinus carpio (Bergot, 1986; Charlon et 
al., 1986 apud Kerdechuen and Legendre, 1994). 
 
However, for carnivorous species such as 
bocudo, Steindachneridion scripta (Miranda 
Ribeiro, 1918), that presents cannibalism during 
larviculture, feed transition strategies have been 
successfully practiced, as in the case of pintado, 
Pseudoplatystoma spp. (Machado et al., 1998; 
Smerman et al., 2002), and tucunaré, Cichla spp. 
(Cyrino and Kubitza, 2003). Feed transition 
period usually consists in initially providing 
zooplankton, foraging larvae or ground meat 
(fish fillet, cattle heart etc.) and, gradually, 
replacing it with artificial diet. 
 
Transition period aims at avoiding that a sudden 
change in feeding causes cannibalism among 
larvae or impairment of growth and survival 
rates at the end of the larviculture. S. scripta 
species is native from Prata basin (Ringuelet et 
al., 1967), and in the Uruguay River it is 
important for local fisheries (Meurer e Zaniboni 
Filho, 2000). 
 
The objective of the present study was to assess 
different feed transition periods for S. scripta, 
gradually replacing live food to artificial diet in 
order to enhance larviculture.  
 

MATERIAL AND METHODS 
 
Bocudo larvae hatched in the laboratory after 
induced spawning that followed the protocol 
described by Zaniboni Filho and Barbosa 
(1996).Larvae were kept in cylindroconical 
incubators until the final absorption of the 
vitellus. Then, larvae of the same bulk, with 
mean weight and length of 7.7±1.4mg and 
8.6±0.42mm, respectively, were randomly 
transferred to 4-L water round plastic aquaria 
and  stocked at a density of 10 larvae/l. Aquaria 
were kept inside 1000-L fiber tanks in a water-
bath system supplied with heaters, to minimize 
temperature variation. 
 
The experimental design was composed of nine 
treatments with three replicates, totalizing 27 
experimental units, which were randomly 
distributed in three blocks. Seven of the nine 
treatments were used to assess the best period to 
begin feeding transition and two were used as 
control, one receiving only artificial diet (control 
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1) and the other fed Artemia spp. nauplii (control 
2) throughout the experimental period. 
 
On the first day of larval rearing, all 
experimental units received Artemia spp. nauplii 
at a rate of 100 nauplii/larvae/day, except control 
1, that received 5g/day of a 56% ground crude 
protein commercial diet. Feed was offered at 
8am, 4pm and 12pm. Until the beginning of the 
feed transition period, experimental units were 

fed Artemia spp. nauplii, in each treatment, at the 
same rate as the first day.  
 
From the second day of larval rearing onward, 
feed transition was implemented in different 
experimental units, which received transition 
management between the second and eighth day 
of culturing (Table 1). During the feed transition 
period, larvae were fed a diet of 50% Artemia 
spp. nauplii and 50% artificial diet for two days. 

 
Table 1. Feeding strategy adopted in the treatments to start feeding transition (FT) of bocudo larvae 

Feeding strategy Treatment 0 1 2 3 4 5 6 7 8 9 
2nd day AN AN FT FT AD AD AD AD AD AD 
3rd day AN AN AN FT FT AD AD AD AD AD 
4th day AN AN AN AN FT FT AD AD AD AD 
5th day AN AN AN AN AN FT FT AD AD AD 
6th day AN AN AN AN AN AN FT FT AD AD 
7th day AN AN AN AN AN AN AN FT FT AD 
8th day AN AN AN AN AN AN AN AN FT FT 
Artemia spp. nauplii (AN) AN AN AN AN AN AN AN AN AN AN 
Artificial diet (AD) AD AD AD AD AD AD AD AD AD AD 
AN (Artemia nauplii); AD (artificial diet). 
 
Following transition, larvae received 5g/day of 
artificial diet, the same amount offered to control 
1 throughout the experiment. Artemia spp. cysts 
were daily incubated to hatch in two periods and, 
for this reason, only newly hatched Artemia spp. 
were used.  
 
The protocol described by Lavens and Sorgeloos 
(1996) was used for cyst hatchering. Salinity in 
the experimental units was 1.0‰ to allow higher 
Artemia nauplii survival and also more time for 
bocudo larvae to feed without reduction in 
survival, since Schütz et al. (2000) observed 
lower survival during bocudo larval rearing only 
when larvae were kept in salinity equal or above 
2.0‰. All experimental units were daily 
siphoned to remove debris and also half of the 
water volume was replaced. Water temperature, 
dissolved oxygen concentration and pH were 
measured twice a day, in the morning and in the 
afternoon, using digital oxymeter YSI-551 and 
pHmeter YSI-601, respectively, and total 
ammonia and nitrite concentrations were 
measured once a day, using the colorimetric 
method. These variables were daily analyzed, in 
the morning and afternoon. 
 

                                                 
1YSI Incorporated, Yellow Springs, OH, USA. 

No-ionized ammonia (NH3) in the water was 
calculated from total ammonia according to pH, 
temperature and salinity, using the equation 
proposed by Johansson and Wedborg (1980), as 
follows: %NH3= 100/[1+10(logK

1
-pH)], with 

logK1= -0.467+0.00113 S + 2,887.9/T, in which 
K1 is the dissociation constant, S (g/l) the 
salinity, and T the temperature (ºK). 
 
At the end of the experiment, all remained larvae 
were counted and their length and weight were 
measured. Data on water quality variables, mean 
total length and weight and survival rates were 
analyzed by ANOVA (α=0.05) and Tukey test 
(Zar, 1996).  
 

RESULTS AND DISCUSSION 
 
Throughout the experiment, mean values (± 
standard deviation) of water temperature 
(24.9±1.4ºC), dissolved oxygen concentration 
(7.2±0.4mg/l) and pH (7.8±0.1) were similar 
(P>0.05) among the treatments (Fig. 1). 
 
All water quality variables were within the 
comfort limits for subtropical fish species 
(Sipaúba-Tavares, 1994; Vinatea, 1997; Luz and 
Zaniboni Filho, 2000; Feiden et al., 2001; 
Barcelos et al., 2004; Weingartner and Zaniboni 
Filho, 2004). 
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Figure 1. Mean (± standard deviation) temperature 
(A), dissolved oxygen concentration (B) and pH (C) 
for all treatments during the experiment. 
 
Non-ionized ammonia (NH3) and nitrite (NO2

-) 
levels in water (Fig. 2) remained within 
acceptable levels for most of fish species and did 
not reach critical values (Boyd, 1979; 
Badisserotto, 2002) for the time of exposure 
used. In general, water NH3 concentrations 
tended to accumulate (Fig. 2) in treatments with 
earlier feed transition and in AD treatment. This 
is probably due to the decay of uneaten artificial 
diets, which also contributed to the increase of 
the water nitrite concentration. 
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Figure 2. Mean (± standard deviation) concentration of 
unionized ammonia (A) and nitrite (B) in each 
treatment. 
 
Mean values (± standard deviation) of total 
weight and length, and survival rate were of 
31.1±25.0mg, 13.3±1.5mm and 58.8±12.0%, 
respectively, which were similar (P>0.05)  
(Table 2). Kerdechuen and Legendre (1994) 
tested different feeds during larval rearing of 
African catfish, Heterobranchus longifilis, such 
as live zooplankton, frozen zooplankton and 
commercial artificial diet, and observed that total 
weight and survival rates were significantly 
lower when fed artificial diet.  
 
Final length and weight were inversely related to 
survival (Fig. 3), showing the influence of 
density on fish growth. Comparing larval 
performance of four Coregonus species fed 
zooplankton and commercial diet, Luczynski et 
al. (1986) reported that the survival rate of the 
treatment that used zooplankton as feed was 
similar to treatment that used artificial diet, 
however, weight and length, at the end of the 
experiment, showed better results for 
zooplankton. 
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Table 2. Mean values (± standard deviation) of initial and final weight, total length and survival rate of 
bocudo larvae 

Treatment  2nd 3rd 4th 5th 6th 7th 8 th AN AD 
Initial 
weight (mg) 

7.7 
(1.4) 

7.7 
(1.4) 

7.7 
(1.4) 

7.7 
(1.4) 

7.7 
(1.4) 

7.7 
(1.4) 

7.7 
(1.4) 

7.7 
(1.4) 

7.7 
(1.4) 

          
Final 
weight (mg) 

32.3 
(16.8) 

34.5 
(11.2) 

44.4 
(35.8) 

36.6 
(33.2) 

31.5 
(16.0) 

45.1 
(22.1) 

24.6 
(5.8) 

31.8 
(8.8) 

38.4 
(22.4) 

          
Initial 
length (mm) 

8.6 
(4.4) 

8.6 
(4.4) 

8.6 
(4.4) 

8.6 
(4.4) 

8.6 
(4.4) 

8.6 
(4.4) 

8.6 
(4.4) 

8.6 
(4.4) 

8.6 
(4.4) 

          
Final 
length (mm) 

13.2 
(1.5) 

13.9 
(1.2) 

13.7 
(1.5) 

13.2 
(1.4) 

13.7 
(1.7) 

14.7 
(1.8) 

12.9 
(1.1) 

13.8 
(1.0) 

13.8 
(2.3) 

          

Survival (%) 57.5 
(26.5) 

75.0 
(23.8) 

57.5 
(27.8) 

56.7 
(26.7) 

60.0 
(14.1) 

38.8 
(1.8) 

78.6 
(6.3) 

53.3 
(20.4) 

51.7 
(36.2) 

AN= Artemia nauplii; AD= artificial diet. 
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Figure 3. Relationship between final survival (S) and length (Lt) or weight (Wt). 
 
Machado et al. (1998) tested a gradual feed 
transition for fingerlings of pintado, 
Pseudoplatystoma corruscans, using ground 
cattle heart and artificial diet, found survival 
rates close to 80% after 25 days. In a study with 
the same species, Smermam et al. (2002) 
described a survival rate of 6.5% when larvae 
were fed zooplankton and blood meal during the 
feed transition period. 
 
Results showed that bocudo larvae tend to easily 
accept artificial diet when submitted to a feed 
transition period, without impairing either 
performance or survival, thus reducing costs in 
the larval rearing phase of the species. However, 

even with satisfactory survival rates when 
compared to other carnivorous species, 
cannibalism among larvae was observed during 
the experimental period, therefore suggesting 
that the results can be enhanced with new studies 
aiming to improve the management practices in 
larval rearing and, consequently, reducing larval 
cannibalism. 
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