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Introduction

Egg quality can be defined using various parameters, but in the aquaculture
industry it is defined as the potential of an egg to hatch into a viable larva
(Kjørsvik et al., 1990; Brooks et al., 1997). The decision to stock a batch
of eggs for production is firstly based on the fertilization % of the particular
spawn, and then on the hatching % and survival to first feeding, i.e. when
the mouth has opened (Bromage, 1995). When carrying out reproduction
experiments, the ultimate success of the broodstock management or hormone
treatment is determined by the production of good quality eggs. Evaluation
of the fertilization % of different batches of eggs is easy, can be carried out
within a few hours from spawning and does not require special facilities to
keep the eggs. Evaluation of hatching % and survival to first feeding, however,
requires maintaining the eggs for at least 5 d in the case of marine species
such as the gilthead seabream (Sparus aurata) (Zohar et al., 1995) and the
European seabass (Dicentrarchus labrax) (Carrillo et al., 1995). Maintaining
a large number of egg batches produced from multi-factorial experiments in
commercial-type incubators is unfeasible, due to space and cost constraints.
Development of an incubation method which does not require extensive facil-
ities will enable monitoring of egg quality from many different spawns or
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individual females. We describe here such a method, which employs 96-well
microtiter (mct) plates as the culture chamber for the eggs and larvae during
the early stages of development of three commercially important marine
fishes.

Materials and methods

Eggs from spontaneously spawning gilthead seabream and white seabream
(Diplodus sargus) were automatically collected via an overflow egg collector
(Zohar et al., 1995). Four experimental trials were carried out, using only
spawns consisting of >300,000 eggs and of >50% fertilization success.
The eggs were initially placed in a 10-l bucket in order to estimate their
number and fertilization % after subsampling of 10 ml. They were then left
in the bucket for 5 min without agitation, in order to separate the floating
(fertilized) from the sinking (dead) eggs (Bromage, 1995). The floating eggs
were transferred to another 10-l bucket and their number and fertilization %
was determined again as above. This evaluation determined the total number
of fertilized eggs which were then placed in a commercial tank-incubator
(cylindro-conical; r = 47 cm, volume = 370 l). Aeration from the bottom of
the cone provided gentle agitation of the eggs and surface seawater of ambient
temperature (21–23.5 ◦C) was supplied at 2-l min−1.

For each trial (n = 4) we also prepared three replicates of 96-well mct
plates loaded with fertilized eggs, using the following procedure. About 500–
1000 of the floating, fertilized eggs used to stock the tank-incubator were
taken in a 2-l beaker. A Petri dish was used to scoop 100–200 eggs from the
beaker and was placed on the lighted stage of a stereoscope, in order to be
able to see the eggs. Together with 200 µl of seawater, fertilized eggs were
aspirated one by one with a Gilson micropipettor fitted with a cut-off pipet
tip, and transferred to the wells of the mct plates. Each mct plate took 10–
20 min to load, and once loaded it was covered with a plastic lid, placed in
a controlled-temperature incubator and maintained for 5 d at temperatures
ranging between 15 and 19 ◦C.

Using a stereoscope, embryonic and early larval development was evalu-
ated every day in all three mct plates and in triplicate sub-samples of 250
ml from the tank-incubator. From each replicate, information was recorded
on the number of hatched (hatching %) and viable larvae (survival %) until
day 5, at which time the mouth had opened completely. For calculating the
above percentages for the mct-plates the demoninator was the number of
fertilized eggs loaded in the mct plate (i.e. 96), and for the tank-incubator
the denominator was the initial number of fertilized eggs placed on day 0.
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In another set of experiments, eggs were obtained from 20 natural spawns
of European seabass and were loaded into mct plates using a modified
approach. The floating eggs were first rinsed in sterile seawater and each
fertilized egg was aspirated into a glass capillary tube using a flexible tubing
attached to a Gilson micropipettor, set at 200 µl. The eggs were then loaded
in sterile mct plates with round bottoms (in triplicate), which were found
to be useful in monitoring survival, since dead eggs and larvae sink to the
bottom and are always found at the center of the well. The mct plates were
then covered with a lid and were placed in a plastic zip-lock bag to prevent
evaporation of the water. Incubation and evaluation of embryonic develop-
ment was carried out as above. Due to hatchery constraints, studies using
commercial-type incubators were not done with European seabass.

Statistical analyses

To detect significant differences in the % survival of larvae over time, or
in the % survival of larvae cultured using the mct-plate and tank-incubator
methods, data were subjected to one-way or two-way statistical analysis of
variance (ANOVA) at a minimum level of significance of P < 0.05. Results
are reported as mean + standard error of the mean (S.E.). Statistical analyses
were done using a linear statistics software (SuperAnova; Abacus Concepts,
Inc. CA, U.S.A.).

Results

Fertilization success of gilthead seabream and white seabream eggs used to
carry out the present experiments ranged from 59 to 93%, and 53 to 62%,
respectively (data not shown). Embryonic and larval development occurred at
a slightly faster rate in the tank-incubators, since the water temperature was
slightly higher during the trials (Ezzat et al., 1982). In the tank-incubator,
hatching was completed 1–2 d after spawning compared to 2–3 d in the
mct plates. Hatching % (+ standard deviation) was very high for gilthead
seabream, both in the tank incubator (95.3 + 2.1) and the mct plates (99.5
+ 0.3). Hatching % was lower and more variable in white seabream, and
averaged 72.3 + 37.4 for tank incubators and 83.5 + 7.7 for mct plates. There
was a significant decrease in survival of both gilthead seabream (P = 0.001)
and white seabream (P = 0.002) over time in both culture methods (Figure
2). Mortalities begun as early as day 1 after spawning, but survival % for
the first 4 days was similar between the two methods. On day 5, however,
survival % of gilthead seabream in the mct plates was significantly lower
(ANOVA, Mean comparisons; P = 0.01) than in the tank incubator (Figure
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2). Survival of white seabream after day 4 was more variable than in gilthead
seabream, but there were no significant differences between values obtained
in mct plates and commercial incubators.

Mean hatching success of European seabass eggs used in the present study
was above 95%. Although there was a small decrease in survival by day 8 in
the mct plates, the mean survival % was very high, exceeding 90% (Figure
3). For comparison, customary values of 8-day post-spawning survival of
European seabass obtained by commercial facilities average 70% (personal
observations).

Discussion

This study demonstrated that 96-well mct plates can be used as culture
chambers for individual eggs/larvae of three warm-water marine species, the
gilthead seabream, white seabream and European seabass (Figure 1) for the
first few days of development. Hatching % was not affected by this culturing
method, indicating that the environmental conditions in the 200-µl wells
of the mct plate were adequate for the proper development of the embryo.
In gilthead seabream maintained in the commercial tank incubator, there
were larval mortalities between days 1 and 3 after spawning, but survival
reamained relatively unchanged thereafter (Figure 2). Unfortunately in the
mct plates, mortalities did not stop on day 3, but occurred continuously after
hatching. The experiments were terminated once significant differences were
observed in larval survival between the tank-incubator and mct-plate method.
These differences in survival are not likely to be due to the water temperature
differences which existed between the two methods, since normal hatching,
development and survival of gilthead seabream can be expected at culture
temperatures between 16 and 22 ◦C (Polo et al., 1991). It is more probable
that the cause of the mortalities in the mct plates was due to the accumu-
lation of metabolites or the growth of microorganism and bacteria in the
seawater medium, which was not exchanged during the experiment. In the
Atlantic halibut (Hippoglossus hippoglossus), this mct-plate method was used
to incubate eggs successfully for 13 d, using filtered and U.V.-sterilized water
(Shields et al., 1997). In that study, however, the incubation temperature was
very low (6 ◦C), which means that (a) embryonic development was slower
and for almost all of the incubation period the eggs were not hatched and (b)
the rate of growth of potentially harmful bacteria and the deterioration of the
water quality was slower than in the present study. In the experiments with
European seabass, larvae were maintained viable in the mct plates for at least
8 days by sterilizing the seawater medium prior to addition to the mct wells
(Figure 3). Later trials demonstrated that the use of sterile seawater can extend
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Figure 1. Photograph of a 96-well microtiter plate with hatched larvae of European seabass.

the survival period of European seabass (Forniés, 2000 #1981) and red porgy
(Pagrus pagrus; unpublished data) larvae to 10 days after hatching. However,
for commercial production purposes a sufficiently reliable evaluation of egg
quality can be made within 4 d after spawning, since there is usually a signifi-
cant correlation between fertilization and hatching %, and subsequent larval
survival and performance in many fishes (Bromage, 1995).

The mct-plate incubation method offers two important advantages
compared to the commercial tank-incubator method. Firstly, many different
batches of eggs can be maintained separately in a very small space, requiring
only a controlled-temperature chamber, which maintains environmental
temperature within the limits for embryonic and larval development of the
particular fish of interest. In the gilthead seabream the optimal temperature
is 19 ◦C with a range of ±3 ◦C (Polo et al., 1991), which is a fairly wide
one. Similarly in the European seabass, the optimal range for embryonic
and larval rearing is between 15 and 21 ◦C (Johnson and Katavic, 1986).
A simple controlled-temperature chamber with the above wide limits of vari-
ation can be easily obtained or can be even constructed on-site, making the
mct technique very cost-effective.

The second major advantage of the mct-plate method versus any other
method which is based on the culturing of batches of eggs in single
containers, is the ease of monitoring the eggs or larvae over time. Since the
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Figure 2. Mean (+ S.E.) survival of gilthead seabream and white seabream eggs and larvae
incubated in 96-well microtiter (mct) plates or commercial incubators (n = 4) for 5 d after
spawning. Regardless of incubation method, there was a significant reduction in survival over
the course of the monitoring period in both species (ANOVA, DNMR, P = 0.01). Between
incubation methods (Paired comparisons), there was a significant difference in survival on
day 5 (opening of the mouth) in the gilthead seabream (P < 0.01, indicated by an asterisk *),
but not in the white seabream (P = 0.19).

Figure 3. Mean (+ S.E.) survival of European seabass eggs and larvae incubated in 96-well
microtiter (mct) plates (n = 20). There was a significant reduction in survival over the course
of the monitoring period (ANOVA, DNMR P = 0.05).
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eggs are in the mct plate throughout the experimental period and do not need
to be transferred from a culture chamber to an examination chamber, daily
or more frequent examination under the steroscope can be completed within
minutes. Furthermore, since each egg is placed individually in a separate
well, there is the posibility to follow the development of the same egg/larva
throughout the monitoring period. A disadvantage of the mct-plate method
is the initial amount of time required to load the mct-plates, which may be
prohibitive for a commercial hatchery. For research purposes, however, the
advantage it offers in terms of ease of frequent monitoring of the same eggs
and larvae over a period of time, more than offsets the initial investment in
loading time.
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