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for Asian sea bass grown at high
temperatures
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By Ingrid Lupatsch

Potential for growth of barramundi is greater at higher
temperatures

Asian sea bass (Lates calcarifer) are a
relatively new fish in Israeli aquaculture. Also
known as barramundi, they grow rapidly under
high water temperatures in both freshwater
and seawater. During the Israeli winter,
however, water temperatures can drop as low
as 20 degrees-C, so different feeding strategies
and diets must be developed for slow-growth
(winter) and fast-growth (summer) seasons.

Fish and temperature
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Fish are poikilothermic animals that can not regulate their internal body temperatures. Water
temperature is therefore one of the major factors that influence their growth and metabolic rates. The
primary response of fish to an increase in temperature is to increase feed intake. This promotes growth,
but higher temperatures also increase the metabolic rate.

Energy and growth

A general assumption is that the energy requirement of a growing fish is the sum of its needs for
maintenance plus growth. The energy requirement for maintenance is at a constant temperature and
mainly dependent on body size. It is considered proportional to the metabolic body weight of the fish in
the form of an a x body weight (kg)® equation, where a is a constant, characteristic of a certain fish
species, and b is the exponent of the metabolic body weight. For barramundi, b = 0.82.

On the other hand, the requirement for growth is only dependent on the amount and composition of the
weight gain. It can be expressed as:

Digestible energy intake (kJ/day) =
a x Body weight (kg)?-82 + ¢ x Energy gain (kJ/day)

Where ¢ = energy cost to deposit new growth.

Growth performance of barramundi

One need for estimating feed requirements is a prediction of the growth potential of a fish species.
Therefore, one of the first steps in a study by the authors to quantify the energy requirements of
barramundi over a full production cycle at different water temperatures was to establish a workable
model for barramundi growth at various water temperatures. To do this, the growth rates of several fish
of 1 to 450 grams were followed.

The fish were fed to apparent satiation, and weight gain was monitored by periodic weighing of the
animals every two weeks. The growth trials were done in 41-ppt seawater with ambient temperatures
ranging 20 to 28 degrees-C.

Weight gain in barramundi is dependent on body weight and temperature, and can be expressed by the
equation:

Weight gain (g/day) = 0.0051 x Body weight (g)?-508
x e 0.135 x Temperature

As shown in Fig. 1, barramundi reach higher growth rates at temperatures above 24 degrees-C.
According to this growth model, in a period of one year, a 1-gram barramundi can reach a final weight
of 1,500 grams at 27 degrees-C, but only 300 g at 21 degrees-C.

Energy requirements

To determine the maintenance requirement, as well as the relationship between weight gain and feed
consumed, four feeding trials were performed at 21 and 27 degrees-C. In these trials, barramundi were
fed increasing levels of feed with a known digestible energy (DE) content. Feeding levels included low,
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medium, high and up to maximum voluntary intake, plus one additional treatment where no feed was
offered. The trials lasted five weeks, and two experiments were performed at each temperature using
animals with initial weights of 20 and 80 grams.

As in Fig. 2, more energy is consumed, more energy is gained, until the fish refuse to eat more.
Maximum voluntary energy/feed intake is higher at 27 than 21 degrees-C, so overall energy gain is
higher at the higher temperature. This data also demonstrates that at both temperatures, the
relationships between daily digestible energy consumed (y) and energy retained (x) are linear, and can
be described by the following equations:

At21°C: y=-15.24+0.69x r2=0.98
At27°C: y=-30.45+0.68x r2=0.99

Where y = DE intake (kJ/kg?-82/day)
and x = energy gain (kJ/kg®-82/day).

During starvation, the fish would lose energy as expected. The amount of DE needed for maintenance
(no energy gain or loss) can be found where the y-axis is zero. According to the equations above, the
maintenance requirement would amount to 15.24/0.69 = 22.1 kJ/kg0.82 per day at 21 degrees-C,
whereas at 27 degrees, the maintenance requirement would be 44.8 kJ/kg0.82 per day.

The slopes of the lines, a measure for the efficiency of energy utilization for growth, are nearly identical
with an average value of 0.685 - equivalent to 68.5 percent efficiency. Therefore, it can be concluded
that maintenance requirement is dependent on temperature, but the efficiency of energy utilization to
deposit new growth is independent of temperature and feeding level.

Lupatsch, Predicted feed requirements and feed-
conversion ratios, Table 1

21°C 21°C 27°C 27°C
Body weight (g/fish) 50 300 50 300
Growth (g/fish/day) 0.63 1.57 1.42 3.54

Energy (kJ/fish/day)
DEmaint 1.9 8.2 3.8 16.7
DEgrowth’ 6.2 18.8 14.1 42.4
DEiotal 8.1 27.0 17.9 59.1

Feed Demand

DE content of feed (MJ/kg 15.0 15.0 15.0 15.0
Feed intake (g/fish/day) 0.54 1.80 1.19 3.94
Feed intake (%/day) 1.08 0.60 2.38 1.31

TComposition of barramundi at 50g: 6.8 kJ energy/g live weight gain.
Composition of barramundi at 300g: 8.2 kJ energy/g live weight gain.
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Table 1. Predicted feed requirements and feed-conversion ratios for barramundi at different temperatures.

Practical implications

Based on these results, a feeding regime for barramundi grown at different temperatures can be
established. The daily feed amount based on energy requirements is calculated as follows:

[Maintenance + Weight gain
_x Composition of gain
Feed (9) = x 1/0.685 Cost of production

Digestible energy content of feed (kJ/qg).

Conclusion

The potential for growth of barramundi is much greater at higher temperatures up to 28 degrees C. Even
though metabolic rate, and therefore the maintenance requirements for energy, increases with
temperature, the increase is negligible when compared to the advantage of a larger weight gain. The
lowest feed-conversion ratio and highest feed efficiency are found at the highest rates, as the
requirement for maintenance takes up a relatively smaller part of the animals’ total daily needs.

(Editor’s Note: This article was originally published in the December 2003 print edition of the Global
Aquaculture Advocate.)
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