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Tilapia culture without the use of fishmeal 
relieves pressures on natural fish stocks
Nichola van Os1

Tilapia hatcheries, as with most 
aquaculture ventures, have recently 
become highly productive and highly 
profitable. Approximately three mil-
lion t of cultured product, worth near-
ly US$4 billion, were produced in 2008 
(FAO 2010). The cultivation of Tila-
pia (Oreochromis niloticus and various 
associated species and hybrids) is be-
ing promoted rapidly and adopted by 
farmers in over 100 countries. One of 
the main benefits of fish farming, es-
pecially in developing countries, is to 
provide a cheap and abundant source 
of protein to local populations. In 
particular, tilapia are widely accepted 
across most cultural, traditional and 
religious factions. Farmed fish also 
provide a substitute to fish caught 
either by subsistence or commercial 
fishermen, relieving pressures on natu-
ral fish stocks normally generated as a 
result of overharvesting and poor fish-
ery practices. The concern, however, 
is the utilization of fishmeal (ground 
dried fish) as a feed source for many 
species being cultured. 

This article explores the extent to 
which tilapia can be farmed without 
the addition of protein sources to the 
diet and, alternatively, if  plant protein 
and/or green-water systems can be 
used as complete substitutes to elimi-
nate the reliance on fishmeal. This fur-
ther promotes the benefits of tilapia as 
a more sustainable species for aqua-
culture, as well as highlighting the fact 
that aquaculture has the potential to 
fully realize its expectations of being 
an ecologically sound alternative to 
capture fisheries.

Nutritional Requirements of Tila-
pia During Their Life Cycle 

Tilapia are omnivorous, with the po-

tential to exist solely on a herbivorous 
diet. They can feed on phytoplankton, 
plants and particulates available in the 
water column inasmuch as they are 
filter feeders. Thus, if  a pond system 
contains sufficient protein, carbohy-
drates, amino acids and lipids, the nu-
tritional requirements of tilapia will be 
met (Watanabe et al. 2002).

Within fish aquaculture systems, 
the standardization of size during gro-
wout aids in production. This begins 
with fry selection. If  fry are the same 
size and age, this ensures all individu-
als within a pond system will reach 
market size simultaneously so long 
as they do not become sexual mature. 
The application of sex reversal in tila-
pia has become increasingly popular 
since its inception. In a method devel-
oped at the Asian Institute of Tech-
nology (AIT) in Bangkok, Thailand, 
up to 99 percent of fry can become 
phenotypically male with treatment 
of 17α-methyltestosterone (MT). This 
has many benefits in that no new fry 
are introduced into the system, the fish 
expend no energy on breeding, growth 
is uniform, and males grow up to 25 
percent faster than females (Watanabe 
et al. 2002, Stewart and Bhujel 2007). 
It has been determined that fry require 
around 13.5 kj/g of digestible energy 
per kg and 31 percent digestible pro-
tein (Furuya et al. 2004) as well as 6-8 
percent lipid. These may be supplied 
by the algal component of green-water, 
however the application of the MT re-
quires a substrate for application. It is 
insoluble in water, and, thus, needs to 
be treated with ethyl alcohol and mixed 
with feed to be distributed to the fry. 
Thus, the addition of fishmeal is un-
necessary and may be readily replaced 
with an alternative protein source. 
Further technological advancements 

in sex-reversal technology involve the 
use of Rohu pituitary gland extracts as 
well as generating “supermales” (YY) 
to minimize the use of artificial hor-
mones (Watanabe et al. 2002). This ap-
proach will also decrease the need for a 
feed-based application system. 

 Adult O. niloticus can be reared to 
market size (~500 g) within approxi-
mately 6-7 months in a green-water 
system alone. The standard percent-
age of crude protein in such systems is 
around 25-35 percent. This is consid-
ered sufficient to promote growth, as 
well as being cost effective. This pro-
tein level is also sufficient for brood-
stock to produce viable eggs at regu-
lar (one month) intervals. Broodstock 
should not be fed excessively to maxi-
mize their growth, inasmuch as they 
can grow too large to handle easily. 
Feeding at approximately one percent 
of biomass tends to result in the high-
est egg production, thus an optimal 
level of 0.8-1 percent is recommended 
(Bhujel 2002). 

During growout, tilapia can be 
raised solely on green-water systems. 
Their protein requirements are similar 
to that of broodstock at about 25-27 
percent. The limiting factor is normal-
ly space and the quality of the water 
system. Fertilizer should be applied, as 
with any green-water system, during 
the initial refilling and stocking of the 
pond to achieve an optimal secchi disk 
reading of 20-30 cm. The sex reversed 
individuals can then be stocked.

It is recommended that the tilapia be 
grown in monoculture at a density of ap-
proximately 20/m2. Within a system such 
as this, tilapia can be farmed with very 
little effort or maintenance. The concern 
rests with more intensive systems where 
supplemental feed is required and feed 
levels are increased monthly. 
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Decreased Reliance on Fishmeal
Natural fish stocks have already 

declined and most fished species are 
expected to be depleted by 2048 if  
fishing practices continue at the cur-
rent rate (FAO 2010). Approximately 
one billion people rely on fish as their 
primary animal protein source. Cur-
rently half  of  the total fish consumed 
worldwide is farmed. Aquaculture is 
now highly involved at a commercial 
level, from breeding to growout for 
consumption. Systems such those 
used to rear tilapia are now complete-
ly self  sufficient in terms of  not having 
to draw on broodstock or fry from the 
wild. Also, there exists the opportuni-
ty to develop more ecologically sound 
aquaculture approaches (Stewart and 
Bhujel 2007). Currently, many fish 
farms, such as those for salmon and 
trout, still heavily rely on wild stocks 
in some way, particularly with regard 
to incorporating fishmeal as a protein 
source in feeds. Therefore, sustainable 
aquaculture practices should be im-
plemented as extensively as possible 
to decrease the pressures on the wild 
stocks. 

Aquaculture techniques have for the 
most part become refined in developed 
nations, such as Norway, the United 
Kingdom and the United States. With 
this comes a certain level of educa-
tion and awareness for the concept 
of sustainable fisheries. It is possible 
to obtain fishmeal from an organiza-
tion with transparency as to the source 
and management of their fish stocks, 
such as those associated with the Sus-
tainable Fisheries Partnership (SFP) 
and fishsource.org (Leadbitter 2010). 
As these aquaculture methods are in-
creasingly adopted by rural popula-
tions in developing countries, such as 
in Africa and Asia, the access to those 
supplies becomes limited. Thus, while 
good aquaculture practices are being 
instilled they may have detrimental 
ecological consequences in drawing 
supply from unsustainable fisheries in 
the procurement of fishmeal.

Developing countries may, at least, 
try to promote sustainable fisheries in 
their oceans. However, it is often im-
possible to enforce any regulations 
resulting from a lack of management, 
manpower or other resources. Thus, 

considering the declining state of nat-
ural fish stocks, the explosion of aqua-
culture across the globe, as well as the 
technology and information available, 
can one justify promoting the utiliza-
tion of fishmeal at all? Surely the op-
tion to utilize fish species such as tila-
pia, which can be reared organically, 
should become the foremost option 
and implemented as a generally ac-
cepted practice.

What Are the Alternatives?
Several alternatives have been posed 

as replacements for fishmeal (El-Sayed 
1999). The most common is the utili-
zation of other animal protein sources, 
such as the byproducts from poultry, 
swine and rabbits, as well as insects, 
their byproducts (e.g., silkworm pu-
pae, fly larvae) or earthworms. More 
encouragingly current research indi-
cates that plant proteins, with small 
additions of amino acids, is sufficient 
to totally replace the protein supplied 
by fishmeal in the diet of aquacultured 
species (Nguyen and Davis 2009). 
Products such as soybean meal or 
oils, sunflower meal, linseed meal and 
cottonseed meal, have been shown to 
contain high protein percentages and 
other nutrients essential for tilapia. 

Animal protein sources have major 
drawbacks. There are environmental 
concerns associated with agriculture 
in terms of greenhouse gas emissions, 
land conversion and pollution. The 
widespread use of antibiotics and hor-
mones in agriculture is also contro-
versial. Relating specifically to aqua-
culture, an issue of concern is that the 
poultry and swine industries utilize the 
highest proportions of fishmeal (Nay-
lor et al. 2000). While the overall con-
tribution of fishmeal in livestock feed 
is considerably lower than that often 
used to feed fish (20-30 g/kg compared 
to 60 g kg), this reliance on fishmeal 
still exists (Naylor et al. 2000, Nguyen 
and Davis 2009). A further concern is 
the utilization of porcine byproducts, 
inasmuch as there are many religious 
factions who will not accept eating fish 
raised on those products, limiting their 
use in aquaculture feed.

The utilization of plant meal is still 
under debate. This is based on nutri-
ent limiting factors and variance in 

availability and quality of products 
in different regions. Soybean meal is 
thought to be nutritious enough to 
supply protein to tilapia fry, and the 
most viable option (El-Sayed 1999). 
Yet, to replace fishmeal entirely, the 
addition of dicalcium phosphorous 
as well as several amino acids includ-
ing lysine, threonine and methionine 
(Furuya et al. 2004, Nguyen and Davis 
2009). Concern over lipid composition 
also suggests that soybean oil is more 
beneficial than oil from corn, coconuts 
or even anchovies (Watanabe et al. 
2002). In particular, omnivorous and 
herbivorous fishes are able to assimi-
late plant proteins and oils efficiently 
(Naylor et al. 2000), further reducing 
the necessity for fishmeal in the diet. 
This also indicates that aquaculture 
feed with high levels of fishmeal are 
supplying excess nutrients that are not 
utilized by the fish for growth. Indica-
tions of variability of the quality of 
fishmeal because of the utilization of 
trash fish composites, means that spe-
cifically processed plant meal with a 
known nutrient composition may be 
more reliable.

Technology incorporating green-
water systems is ultimately the most 
environmentally responsible alterna-
tive. Tilapia can be reared to harvest 
in these systems utilizing the particu-
lates as a sufficient nutrient source 
without the addition of prepared feed. 
Green-water systems may contain 
protozoans, bacteria, macrophytes 
and zooplankton, as well as the phy-
toplankton component (Neori 2010). 
The ingestion of algal components in 
the diet is even suggested to increase 
tolerance to stress and disease, as well 
as increase survival rates (Olvera-No-
voa et al. 1998). Needing only a small 
amount of fertilizer and maintenance, 
these systems are, in fact, carbon sinks 
and reduce greenhouse gas emissions. 
They can also be employed in tropical 
regions, such as southeast Asia and 
Africa.

Cost of Fish Feeds Versus Alter-
natives and Availability

In this rapidly developing field, the 
evaluation of cost/benefit analysis for 
any feed ingredient will have to be 
thoroughly scrutinized. Between 50 
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and 60 percent of the operating ex-
pense in a commercial culture venture 
can be associated with the feed (Fu-
ruya et al. 2004). Not only are plant 
products cheaper, they are often easier 
to obtain. 

For small-scale farmers who rely 
on fingerlings bought from a hatchery, 
the expenses are minimal. If  the farm-
ers in such places as Thailand can be 
taught to efficiently utilize green-water 
systems, the need for feed is removed. 
Sex reversed fingerlings will need no 
additional feed and the system is com-
pletely self  sustainable. 

In terms of  evaluating the cost of 
specific aquaculture ventures, it is no 
longer reasonable to simply evalu-
ate cost as a linear estimate. Rather, 
life cycle analysis (LCA) should be 
utilized to completely understand 
the environmental and economic im-
pacts. LCA evaluations incorporate 
the energy expenditure and material 
used from raw materials of  each com-
ponent part, through processing to its 
ultimate fate, as well as the environ-
mental impacts of  each input and out-
put. While aquaculture ventures at-
tempt to minimize ecological impacts 
and provide a substantially improved 
alternative to captured fish, there are 
concerns to be addressed. There is a 
distinct awareness of  environmental 
concerns, such as ecosystem manipu-
lation and waste discharge. However, 
the evaluation of  materials and feed 
technology, as well as processing in 
a system also become relative. With-
out acknowledging the total process 
of  aquaculture, the ultimate cost of 
a system may be underestimated. The 
future of  aquaculture needs to be 
based on minimizing total costs, both 
monetary and environmental, to pro-
vide affordable protein alternative to 
capture fisheries.

This further supports the argument 
for fish feed replacements, specifically 
with the utilization of fishmeal being 
unnecessarily in feed for herbivorous 
and omnivorous fish species. Higher 
rates of algal ingestion increase the 
ecological efficiency of the fish because 
they are feeding at a lower trophic level 
(Neori 2010). Thus, the average feed 
conversion ratio of tilapia, for exam-
ple, could be near zero, rather than at 

its current value of two (Naylor et al. 
2000). 

While it had been suggested that 
several feed types may replace 100 per-
cent of dietary fishmeal, there does not 
appear to be one specific feed source 
that is being used exclusively in a semi-
intensive or intensive system currently. 
However, El-Sayed (1999) concluded 
that even a lower biological perfor-
mance of tilapia reared on fishmeal 
alternatives would be compensated for 
by cost reductions.

Conclusions and 
Recommendations

The intensive nature of commer-
cial aquaculture means that farmed 
tilapia currently still need additional 
feed other than a green-water system 
to breed, rear and grow to market size. 
Relying on capture fisheries for fish-
meal, however, is ultimately unsustain-
able and will deliver a large ecological 
cost to aquaculture. With further de-
velopments in fishmeal replacement 
technology, the application and ac-
cessibility of alternative products may 
soon be fully viable. 

While commercial aquaculture ini-
tiatives are looking for the most cost 
effective options to maximize profits, 
the environment will also benefit. 
Subsistence farmers and small-scale 
units are extensively distributed in 
many developing countries, such as 
Thailand. Thus, they should also 
benefit from any reduction in reli-
ance on fishmeal. If  aquaculture 
projects encourage species such as 
tilapia utilizing green-water systems 
as a standard, they will require a 
lower investment of  time and money. 
This will make them more appeal-
ing to farmers and encourage more 
environmentally friendly practices at 
the same time. Ultimately, the glob-
al market should strive to demand 
products that are ‘green,’ regardless 
of  where they are produced. If  aqua-
culture is to be the primary provider 
of  cost effective, high-quality protein 
for the world, these alternatives must 
be more thoroughly implemented. 
Not only are they substantially more 
cost-effective, they can be generated 
from locally available resources and, 
ultimately, decrease any reliance on 

fishmeal without a compromise in 
farming efficiency.
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