Week 2
Biological characteristics of aquaculture species
A major characteristic that determines the suitability of a species for aquaculture is the rate of
growth and production under culture conditions.
Although certain slow-growing species may be candidates for culture because of their
market value, it is often difficult to make their culture economical. Growth rates of many species can be
improved
through the use of heated water, but commercial
grow-out using such methods has not yet proved very successful. In principle, a faster
growth rate, as obtained in many tropical
species, allows them to grow to marketable size
in a shorter time, making it possible to have
more frequent harvests.
The size and age at first maturity is also an important consideration, as
it will be preferable to have them reach marketable
size before they attain first maturity so that most of the feed and energy are used for
somatic growth. Early maturity would ensure easier availability of breeders for hatchery operations, but early
maturity before the species reaches marketable size will also be a great handicap, as in the case of tilapia species.
It is certainly preferable to culture a species
that can be bred easily under captive conditions.
This permits hatchery production of seed
in adequate quantities. If it is a speices that matures more than once a year, it should be
possible to have several crops of seed and possible adults, if other conditions are suitable.
High fecundity can be an advantage, as can frequency
of spawning; however, small-sized eggs
and small larvae make hatching operations more difficult. A shorter incubation period and
larval cycle often contribute to lower mortality
of larvae and greater survival in hatcheries.
Larvae that would accept artificial feeds
would be easier to rear in hatcheries. The
raising of live foods is comparatively more difficult
and often expensive.
In cases where controlled breeding techniques
have not been perfected, the aquaculturist
may have to depend on seed available
from the wild. But as has been experienced in
many situations, it proves to be an unreliable
source in large-scale farming as their abundance
in nature depends on a number of unpredictable
factors. Further, large-scale collection
of wild spawn and fry has given rise to conflicts
with commercial fishermen, who ascribe the
decline in catches of the species concerned to
the removal of early stages, despite the lack of
any scientific evidence. So, even from a public
relations and biodiversity point of view, it is
better to select species that can be propagated
in hatcheries and to start hatchery production
as early as possible.
In modern aquaculture, feeding is one of the
major elements of production cost and may
amount to 50 per cent or more (generally 60).
In most traditional aquaculture practices, herbivorous or omnivorous
species have been preferred as they feed on
natural food organisms in water, the growth of which can be enhanced through fertilization
and water management. In such cases, the cost
of feeding will be relatively low and, because of
this, species low in the food chain are preferable

for the production of low-priced products.
However, even with such species, supplementary
feeding with artificial feedstuffs has to be
adopted in intensive culture systems. The feed
efficiency in relation to growth and productivity
then becomes an important criterion. Some
of the low trophic level feeders can also be
highly selective in their feeding habits, as in the
case of filter-feeders that require plankton of a
particular size and shape. The need to grow the species to market size within a limited
season or period often makes it necessary
to resort to artificial feeding. Further, with
improved feed conversion efficiency, manipulable through N and P reduction in artificial
feeding, a reduction in nutrient loading can be
achieved, thus leading to more eco-friendly and
sustainable culture systems, as shown for
example in salmon (Makinen, 1991; Bergheim,
2000) and carp (Jhan et al., 2001).
Carnivorous species generally need a highprotein
diet and are therefore considered to
be more expensive to produce, even though
the costs will depend largely on local availability
and price of the required feedstuffs.
To compensate for feeding costs, most carnivorous
species command higher market prices.
Such species generally have greater export
markets and therefore attract substantial
investments.
Species that are hardy and can tolerate
unfavourable conditions will have the advantage
of better survival in relatively poor
environmental conditions that may occur occasionally
in culture situations. The temperature
and oxygen concentration can fluctuate in
ponds and other enclosures and deterioration
of the water quality may unavoidably occur. In
such situations, hardier species will obviously
fare better. Besides the possible effects of poor
water quality on the candidate species, it is also
necessary to consider the influence of the
species on the environment. Soil erosion that
may be caused by the feeding habits of carp has
been referred to in Section 2.1. Species that
easily escape into natural bodies of water and
upset their ecology would need special protective
measures, leading to higher costs and environmental
concern.
In intensive and semi-intensive culture, dense
populations are confined in a limited space. In
such cases, behaviour patterns of species in confinement
are of special significance. Increases in
transmission of disease, cannibalism in the early
stages and accumulation of waste products are
related to overcrowding. Species that have
better resistance to such unfavourable conditions
are better candidates for culture.

Economic and market considerations
To an aquaculturist economic considerations
are as important as or even more important
than biological factors in the selection of

species to be cultured.
When discussing national priorities and investment requirements. The availability
of proven technologies of culture, backed by
economic viability, should guide an investor or
an aquaculturist in the selection of a species or
a culture system. Despite the scarcity of this
type of information and the variability of economic
returns of enterprises, it is of such crucial
importance that even incomplete information
from actual commercial or pilot operations
would be useful in validating available experimental
results.
Consumer acceptance and availability of
markets for the species are very intimately
interlinked with the economics of raising them.
There are several instances where culture techniques
were in existence for many years but
never resulted in any large-scale production
until new or improved markets developed,
whether for domestic consumption or for export.
Markets can, of course, be developed in places
where none existed for a species, but this would
require very considerable time and effort.
Public and/or private organizations will have to
undertake very intensive promotional activities
to achieve this in a reasonable period of time.
The above considerations appear to be the
main reasons for the widespread interest in
introducing exotic species. The species concerned
are generally those for which established
culture technologies exist and the
economics of production and marketability
have been demonstrated.

5.3 Introduction of exotic species
The advantages of limiting the number of aquaculture
species and the scarcity of really domesticated
species for culture have been referred
to at the beginning of this chapter. The economic
and market considerations that create
interest in the introduction of exotic species,
have also been mentioned in the previous
section. Considering the natural geographic
ranges of distribution of proven species, there
is a strong argument for the introduction and
transplantation of exotic species where necessary.
However, the problem very often is how
to decide whether it is necessary and, if so, what
procedures and precautions should be taken to
prevent possible undesirable consequences.
History reveals that several indiscriminate
introductions and transplantations have been
made in the past for establishing sport and commercial
fisheries, for ornamental purposes and
for biological control. Some of them have had
detrimental effects on the local fauna and have
contributed to the spread of communicable
diseases. There is no gainsaying the need for
preventing such consequences by following
appropriate procedures and effective national
regulations. However, expanding aquaculture

may find it very difficult to avoid the introduction
or transplantation of species, or selected
strains of local species, for experimentation or
commercial production. Munro (1986) lists
some of the aquaculture species that have
already colonized outside their historical distributional
range: tilapia species, cyprinids
(common carp, Chinese carps), rainbow trout,
walking catfish, Japanese and European oysters
and fresh-water crayfish (Pacifastacus sp.). The
majority of them have been introduced for
valid reasons, but it is most doubtful whether
any of these or other successful introductions
have been preceded by detailed screening procedures.
To this can be added the more recent
introductions of several penaied shrimps (especially
Penaeus monodon and P. (= Litopenaeus)
vannamei) and the giant freshwater prawn
(Macrobrachium rosenbergii) of proven performance
in various tropical and semi-tropical
countries. Atlantic salmon, an exotic, has established
itself so well in cage farming in Chile that
the farmed production of the species in 2001
(501 000 tons) exceeds that of Norway.
The criteria to be considered in introducing new species. The species should:
(a) fill a need, because of the absence of a
similar desirable species in the locality of
transplantation;
(b) not compete with valuable native species to
the extent of contributing to their decline;
(c) not cross with native species and produce
undesirable hybrids;
(d) not be accompanied by pests, parasites or
diseases which might attack native species;
and
(e) live and reproduce in equilibrium with its
new environment

Common aquaculture species
As mentioned at the beginning of this chapter,
there are several species of finfish, shellfish
and plants that are used in experimental or
commercial aquaculture. Several new species
including unconventional members are being
recruited to aquaculture recently, as signified by the increasing list of producer species in annual
production reports.
The list of farmed aquatic
organisms presented here is based on species
listings in FAO aquaculture production statistics. It should be noted that besides finfishes, crustaceans and
molluscs the list includes amphibians (frogs) and reptiles (turtles, but not crocodiles) and a single ascidian, as
given in the FAO report.

