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Weaning of bullseye puffer (Sphoeroides annulatus)
from live food to microparticulate diets made with
decapsulated cysts of Artemia and fishmeal
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Laboratory of Nutrition and Larviculture, Centro de Investigacion en Alimentacion y
Desarrollo (CIAD), Unidad Mazatldn, Apdo. Postal 711, C.P. 82010, Mazatldn, Sinaloa,
México; *Author for correspondence (e-mail: agarcia@victoria.ciad.mx)

Abstract. Two experiments were carried out to test microparticulate diets for weaning
hatchery-produced larvae and juveniles of bullseye puffer Sphoeroides annulatus. The diets
were formulated with different protein sources: diet 1 with a combination of decapsulated
cysts of Artemia and fishmeal, and diet 2 with a combination of fishmeal, squid, tuna gonad
and shrimp meal. In the first experiment 60-days-old fish were weaned with the microdiets
over five days. Fish survival after 11 weeks of feeding was 92% for diet 1, 85% for diet 2, and
95% for the control fish fed Artemia nauplii. Once it was determined that bullseye puffer can
be adequately reared with artificial dry diets, diet 1 was used to test earlier times for weaning
to reduce the period of Artemia feeding. In the second experiment, three different times were
tested for initiation of weaning in sibling fish larvae, i.e., at 29, 34, and 39 days post-hatch.
Small differences in weight, length and survival were found among weaning treatments after
23 days of feeding. When weaned at day 29 post-hatch, fish larvae grew from an initial weight
of 38.4 mg and length of 11.1 mm to a final weight and length of 405.7 mg and 25.1 mm
respectively. Final survival in this treatment was 49.3%. The reduced period of Artemia
feeding would provide an economical alternative for the species to take into consideration
for its culture at commercial scale.

Key words: Artemia cysts, Bullseye puffer, Larviculture, Microparticulate diets, Protein
source, Weaning

Introduction

The aquaculture production of marine species in Mexico and other Latin
American countries has been mainly restricted to penaeid shrimp. Never-
theless, the importance for diversification of marine aquaculture in the
region has been recently recognized. Thus, research on the larval rearing of
new candidate fish species for aquaculture has been carried out including
the flounders Paralichthys orbignyanus (Cerqueira 1995) and P. woolmani
(Bennetti 1997), the Pacific yellowtail Seriola mazatlana (Bennetti 1997) and
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the spotted sand bass Paralabrax maculatofasciatus (Avilés-Quevedo et al.
1995; Alvarez-Gonzalez et al. 2001).

The bullseye puffer (Sphoeroides annulatus) is a potential marine species
for aquaculture on the Pacific coast of Mexico. This species is found
throughout the Gulf of California and along the eastern Pacific from San
Diego, USA to Peru (Thomson et al. 1987). Recently, significant advances
have been made on its reproduction in captivity (Duncan and Rodriguez
2001) and larval rearing with live food organisms (Abdo et al. 2001).
However, there is no published information on weaning times and artifi-
cial diets for this fish. When evaluating a species for commercial culture,
it is necessary to formulate and test suitable artificial diets for weaning
and on-growing. During development, the fish larvae pass through important
anatomical and physiological changes, which affect their nutritional require-
ments (Govoni et al. 1986). Thus, the larval development of cultured fish can
be delayed if inappropriate artificial diets are supplied (Cahu and Zambonino
Infante 1994). Moreover, high mortalities can occur during weaning if fish
larvae present low ingestion rates or poor food digestion (Watanabe and Kiron
1994). The biological value of artificial microdiets in marine fish larvae can
be improved if an easy-to-digest protein source is provided. The digesti-
bility of artificial microdiets for fish larvae can be improved by the use of
decapsulated cysts of Artemia, which are a highly digestible protein source
(Garcia-Ortega et al. 2000). The decapsulated cysts in combination with fish
meal and other protein sources were tested in weaning experiments with
larvae and juveniles of bullseye puffer. In this study, two experiments were
carried out to test the suitability of experimental microparticulate diets for
feeding hatchery-produced bullseye puffer larvae, to test a weaning protocol
for the species, and to determine earlier weaning times.

Materials and methods

Two experimental diets were formulated with different protein sources: diet 1
was prepared with a mix of decapsulated cysts of Artemia and fishmeal, and
diet 2 was made with a mix of fishmeal, squid, tuna gonad and shrimp meal
(Table 1). The diets were prepared by mixing the ingredients with water and
a cold binder to avoid using high temperatures in their preparation. After
thorough mixing of the ingredients, the paste was milled and dried at 40 °C,
then ground manually in a mortar and sieved to a particle size of 420—700 pem.
The diets were analyzed for N content by Kjeldahl analysis with a Kjeltec
Autoanalyzer (1030, Foss Tecator AB, Sweden) and crude protein content
was calculated as crude nitrogen content multiplied by 6.25. The total lipid
content was determined by soxhlet extraction with petroleum ether for 6 h
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Table 1. Formulation and proximate composition of artificial diets made of
different protein sources for weaning bullseye puffer (Sphoeroides annulatus)

Diet
Diet 1 Diet 2
Formulation (% dw)
Artemia decapsulated cysts? 74 NA
Sardine fishmeal® 15.7 27.5
Squid NA 20.1
Tuna gonad® NA 19.7
Shrimp meal NA 18.8
Cod liver oild 2.6 2.1
Vitamin premix® 1.7 3.2
Mineral premix® 1 2
Lecithind NA 1
Dextrind NA 2.1
BHTY NA 0.5
cmct 5 NA
Alginated NA 3
Proximate composition (% dw)
Protein 48.4 54.1
Lipid 12.3 13.5
Ash 9.4 19.5
Dry matter 91.5 92.2

8Artemia shell free, INVE Aquaculture Inc. Utah, USA.

YHarinas y Aceites de Occidente, S.A., Mazatlan, Mexico.

CPINSA S.A. de C.V., Mazatlan, Mexico.

dDrogueria Cosmopolita, S.A. de C.V., Mexico.

®Malta Cleyton, Malta Texo de Mexico S. A. de C. V.
fCarboxymethylcellulose Sodium salt, Fluka Chemie, Buchs, Switzerland.
NA = Not Applicable.

following the procedure of AOAC (1984). The ash was determined by incin-
erating the samples in a muffle furnace at 550° during 12 h, and the dry
matter was determined by drying the sample in an oven at 105 °C for 16 h
and weighing to the nearest 0.001 g. Each determination in the proximate
composition analyses was carried out with three replicates.

Larvae of bullseye puffer were obtained by induced spawning of wild
broodstock using LHRHa (Duncan and Rodriguez 2001). A sample was taken



186

from mature fish and oocyte diameter determined. Fish with oocytes greater
than 0.5 mm were selected for treatment with LHRHa. Two injections of
LHRHa were given, with the first 20 pg per kilo of fish and two days later the
second at a concentration of 40 ug per kilo. Three days after the first injection
the fish begin to spawn. Eggs initiated hatching 72 h after fertilization at
27.5°C and the larvae started exogenous feeding four days after hatching.
The mean wet weight and length of newly hatched larvae was 0.32 mg
and 2.0 mm respectively. The larvae were reared by gradually introducing
microalgae (Nannochloropsis oculata and Isochrysis sp.) from day 1 to 11
after hatching, rotifers (Brachionus rotundiformis) from day 4 to 26, and live
Artemia nauplii from day 21 until the initiation of weaning following the
live food feeding scheme described for this species (Abdo et al. 2001). The
weaning experiments were carried out in a seawater flow-through system with
nine 600 L black fiberglass tanks with constant illumination and aeration. In
the first experiment the two microparticulate diets were tested in 60-days-old
fish with a mean initial wet weight = 0.69 g and length = 3.0 cm at a density
of 50 fish per tank. Three replicate tanks were used for each diet treatment
and the control with live Artemia nauplii. The fish were weaned over a period
of five days, in which the nauplii were completely replaced by the diets from
a density of one nauplii per ml to zero at a daily rate of 20%. During weaning,
the first feeding of the day was done with the microparticulate diet to allow
maximal acceptance of the diet, and the first of two daily nauplii feedings was
gradually postponed 30 minutes per day. During the live nauplii feeding, the
water flow in the fish tanks was interrupted for one hour to avoid the loss of
Artemia. The microparticulate diets were given ad libitum five times daily at
09.00, 12.00, 15.00, 18.00 and 20.00 for 11 weeks. The wet weight and total
length were measured in 10 fish per tank every week, with the exception of
week 10.

In a second weaning experiment, 29-days-old sibling larvae with a mean
initial wet weight = 38.4 mg and length = 11.1 mm were stocked in four
600 L tanks with flow-through at a density of 150 fish per tank. Diet 1
was used to test three different times for the initiation of weaning, i.e.,
at 29, 34, and 39 days after hatching. One tank was exclusively fed live
Artemia nauplii as a control for the entire experiment whereas the fish in
the weaning treatments were fed with Artemia nauplii until the day for the
initiation of weaning. Weaning and feeding were carried out as indicated for
the first experiment, except that a smaller particle size of diet 1 was used
(190-420 pm) and the density of live Artemia nauplii at the initiation of
weaning was 0.5 nauplii per ml. The wet weight and length of 10 larvae
per tank were measured every three days, and the experimental period lasted
23 days. At the start of the experiment the mouth size of 24 larvae was
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measured under a stereoscopic microscope with a digital vernier caliper (CD-
6, Mitutoyo Corporation, Japan). In both experiments, the solid waste in each
tank was siphoned out every day, the water temperature and salinity were
recorded daily and survival was determined at the end of the experimental
period.

The data on weight, length and survival in fish larvae fed the artificial
microdiets from the first experiment were submitted to a one-way ANOVA
(Sokal and Rohlf 1995) to find if a significant difference (p < 0.05) existed
between the diet treatments.

Results

The ingredient and proximate composition of the two diets is presented in
Table 1. The protein and lipid contents were slightly higher in diet 2. This was
probably due to the inclusion of several protein sources in the formulation.
These ingredients might also contain lipid, which contributed to the total lipid
content in the diet. The high ash value in diet 2 is due to the high ash content
in two protein sources included in this diet, i.e., sardine fishmeal (16.6%) and
shrimp meal (19.9%).

During the first weaning experiment, the water temperature fluctuated
between 29.4-30.6 °C and salinity from 28-32 ppt. With regard to the effect
of the diets on growth, no significant differences (p > 0.05) were found in
weight between the diet treatments (Figure 1). However, higher final weight
(Figure 1), length and survival (Table 2) were achieved with diet 1. At this fish
age, feeding with live Artemia nauplii did not produce higher growth than the
artificial diets. Survival in the artificial diet treatments was high (> 85%) and
close to the survival achieved with the live food control (Table 2). Once it
was determined that larvae of bullseye puffer can be adequately reared with
artificial diets, earlier times for weaning were tested to reduce the period of
feeding with live Artemia nauplii.

In this second experiment, the water temperature and salinity fluctu-
ated between 29.7-30.8 °C and 32-34 ppt respectively. Small differences in
weight (Figure 2), length and survival (Table 3) were found among weaning
treatments. The control larvae fed with Artemia nauplii yielded the highest
final weight and survival. The mouth size in the larvae at the start of the
experiment was 0.9 mm (4 0.1) and corresponded to 8.5% of the total length
of the larvae at day 29 post-hatch.

In both experiments the larvae presented a positive response to the
progressive substitution of live food by microparticulate diets during the
five day weaning period. A very active swimming and feeding behavior was
observed in every occasion the diets were supplied to the fish. Visual veri-
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Figure 1. Weight of bullseye puffer during and after weaning with microparticulate diets
made with different protein sources and one control treatment fed live Artemia nauplii. No
significant differences (p > 0.05) were found among the artificial diet treatments. Weaning
was done over a period of five days and the fish were fed for 11 weeks.

Table 2. Initial and final length and survival of bullseye puffer weaned with two micropar-
ticulate diets made of different protein sources and one control treatment with live Artemia
nauplii. Weaning was done over a period of five days and the fish were fed for 11 weeks

Fish age Length (cm)

(days after hatching) Diet 1 Diet 2 Artemia nauplii
60 3.0 +0.3* 3.0 +0.3* 3.0£03

141 6.2 +£0.0* 5.9 +0.3* 6.0+ 0.0

Final survival (%) 92.0 £2.0* 85.3 +£3.1* 94.7+42

For the two artificial diet treatments the means in the same row with an asterisk are not
significantly different (p > 0.05).

fication of larval feeding and food presence in the gut confirmed that the
microparticulate diets were well accepted by the fish. The feeding behavior
in this species during the first days of weaning presented a tendency to first
ingest the inert feed particle, then expel it and almost immediately ingest it
again. Apparently, the fish larvae pass through an adaptation period during
the change from a soft and wet food item, like Artemia nauplii, to a hard and
dry feed particle, like the microparticulate diet. After weaning, when most
of the larvae were habituated to the new diet, the fish at once ingested every
particle of the artificial diet. A remarkable aspect of feeding this species with
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Figure 2. Weight of bullseye puffer larvae weaned with diet 1 at different times, i.e., at 29,
34, 39 days post-hatch (w-29, w-34, w-39 respectively). One control treatment was fed only
live Artemia nauplii. Weaning was done over a period of five days and the fish were fed for a
23 days.

Table 3. Initial and final length and survival of bullseye puffer larvae weaned with diet 1 at
different fish ages, i.e., at 29, 34, 39 days post-hatch (w-29, w-34, w-39 respectively). One
control treatment was fed exclusively with live Arfemia nauplii. Weaning was done over a
period of five days and the fish were fed for a total of 23 days

Fish age Length (mm)

(days after hatching) w-29 w-34 w-39 Artemia nauplii
29 11.1 £0.5 11.1 £ 0.5 11.1£0.5 11.1£0.5
52 25.1+13 262 +£2.7 249 £2.38 294+ 1.5
Final survival (%) 49.3 46.0 447 62.7

artificial diets was the observation that fish larvae were able to detect and
ingest the feed particles on the water surface, as well as the feed particles
which were slowly sinking in the water column, and the particles resting in
the tank bottom. Moreover, there was no cannibalism observed during or after
weaning in both experiments. Similarly, no apparent problems with diseases
were observed.
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Discussion

A critical period in the larviculture of marine fish is the weaning phase.
Weaning diets that are well accepted, digested and that fulfill the nutri-
tional requirements of the fish are essential for a successful production of
larval and juvenile fish. Diets formulated with a mixture of different protein
sources have been successfully used in the larval culture of red seabream
Pagrus major and ayu Plecoglossus altivelis (Kanazawa et al. 1982), Japanese
flounder Paralichthys olivaceus (Kanazawa et al. 1989) and European sea
bass Dicentrarchus labrax (Person Le Ruyet et al. 1993). In our study, the
diets formulated with different protein sources were well accepted by bullseye
puffer larvae and produced satisfactory fish growth and survival. The diets
had similar protein content to the artificial diets tested successfully in the
larvae of other marine fish species, e.g., 52% in diets for gilthead seabream
Sparus aurata (Ferndndez-Diaz and Yufera 1997) and milkfish Chanos
chanos (Duray and Bagarinao 1984), and were close to the optimum protein
and lipid requirements for juveniles of the tiger puffer Takifugu rubripes
cultured in Japan (Kanazawa et al. 1980; Takii et al. 1995). In previous
nutritional studies with fish larvae, the incorporation of decapsulated cysts of
Artemia as the major protein source in combination with fishmeal provided
a diet with higher protein digestibility than a diet with fishmeal as the only
protein source (Garcia-Ortega et al. 2001). An advantage of feeding decapsu-
lated cysts of Artemia over freshly hatched nauplii is that the energy content
in the cysts is higher than in nauplii (Vanhaecke et al. 1983). Moreover, the
proximate composition and the amino acid and fatty acid profiles in decapsu-
lated cysts are similar to those in live nauplii (Garcia-Ortega et al. 1998).
With regard to the application of Artemia in the formulation of artificial
diets, it was demonstrated that the supplementation of various extracts from
Artemia into microdiets for gilthead seabream Sparus aurata larvae signifi-
cantly increased the artificial diet intake (Kolkovski et al. 1997). These results
support the use of extracts or decapsulated cysts of Artemia in microdiets for
larvae of marine fish to improve their intake compared with microdiets made
exclusively of fishmeal or other ingredients commonly used in the design
of diets for juveniles or adult fish. Another important aspect of the use of
microparticulate diets as weaning diet is the advantage that cold binders can
be used during their preparation and high processing temperatures can be
avoided. High temperatures might have detrimental effects on the protein
quality, causing protein denaturation and decreasing their solubility, which
are events that might lead to changes in the structural properties of the protein
molecules (Boye et al. 1997). These changes have been associated with a
decline in the protein and amino acid digestibility in fish feeds (Opstvedt et
al. 1984).
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Growth results in experiment 1 were similar as those obtained for tiger
puffer Takifugu rubripes of the same age (Han and Yoshimatsu 1997).
Survival in the microparticulate diets treatments was high, which is an indi-
cation of the suitability of rearing S. annulatus with artificial diets at this fish
age. Alternatively, when live Artemia nauplii are offered from day 21 post-
hatch until day 60 (i.e., 40 days of Artemia feeding) the commercial culture of
the species is compromised due to the high cost of Artemia production. In any
case, the growth of bullseye puffer fed live nauplii was not higher than with
the artificial diet treatments, which indicates that fish at this age no longer
require Artemia.

A weaning period of five days provided sufficient time for the larvae
of bullseye puffer to adapt to the dry artificial diets and avoided high fish
mortalities. This represents an advantage for S. annulatus over other marine
fish species like the Dover sole Solea solea, in which the longer the period
of live Artemia feeding, the more difficult it is to wean the larvae onto a
formulated diet (Appelbaum 1985). In the first experiment, bullseye puffer
did not present problems in adapting to a dry artificial diet despite being fed
40 days with live Artemia nauplii. Feeding five times a day permitted the fish
to have sufficient food available to avoid problems with cannibalism, which
can be a serious constraint in applied fish larviculture (Hecht and Pienaar
1993).

The results in the present study indicate that bullseye puffer larvae can be
weaned at a weight of 38.4 mg or at day 29 post-hatch and possibly earlier
without considerable reduction of growth or survival compared to fish weaned
at day 39 post-hatch. This represents an attractive aspect of the species to take
into consideration for its culture on a commercial scale.

Conclusions

1. Microparticulate diets formulated with a combination of decapsulated
cysts of Artemia and fishmeal as protein source are suitable weaning diets
for bullseye puffer larvae.

2. Weaning during a five days period provided sufficient time for the fish
larvae to adapt from live Artemia nauplii to the dry inert diets. A feeding
frequency of five times a day (09.00, 12.00, 15.00, 18.00 and 20.00) was
adequate and avoided problems with fish cannibalism.
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3. Larvae of bullseye puffer can be weaned onto artificial diets at a weight
of 38.4 mg or day 29 post-hatch with an acceptable survival (49%) after
23 days of feeding with microparticulate diets.
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