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Dear Friends and Colleagues
Welcome to the 10th International Symposium on Tilapia in Aquaculture
(ISTA10). We are delighted to have you all here, in Jerusalem, the Capital of
Israel and a uniquely important city for Jews, Christians and Muslims.
Gathered here are farmers, researchers and students, business people,
stakeholders and policy makers from all over the world who came to review the
latest discoveries in tilapia nutrition, physiology, reproductive biology, health
management, genetics, improvements in production systems, and other fields
related to tilapia culture. We hope it will be an opportunity for presentation of
views about the future prospect of the industry in the changing ecological and
economical environments.
We have prepared for our guests from all over the globe a wonderful scientific
program, consisting of some 80 lectures and around 50 poster presentations.
In addition, we have prepared for your entertainment a reception cocktail,
sightseeing in beautiful Jerusalem, a field trip to the heart of the Israeli tilapia
culture industry, a night spectacular at King David Tower, and a gala dinner.
We are confident that ISTA10 will be a memorable link in the chain of ISTA
meetings that started 30 years ago in Nazareth, Israel and have since traveled
through countries in Asia, Africa and the Americas.
Finally, we wish you all a fruitful and interesting symposium.

Professor Gideon Hulata
ISTA10 Chairman
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Chair man 's Welcome

General Information
◊

Symposium Location:

The symposium and exhibition are located at the Jerusalem Crowne Plaza
Hotel,. Conference floor -1.
◊

Registration Desk:

Will be located on Conference floor –1. The desk will be open throughout the
conference hours.
◊

Exhibition:

Located at the foyer of the conference floor. Conference participants are
invited to visit the exhibition, receive information about the products of the
participating companies.
◊

Main lecture room: Ballroom B

◊

Parallel sessions: Massada-Jerico Hall

◊

Poster exhibition: Ballroom A

◊

Poster Presentation:

Posters should be mounted Monday morning. Posters will be displayed on
the conference floor throughout the conference days. Presenters of posters
are requested to stand by their posters during the poster session on Monday,
October 7th, from 17:45 to 19:00.
◊

Name Tags:

All participants are requested to wear their name tags at all times. Entrance to
the exhibition and lectures halls, lunches and the social events will be allowed
to those wearing their name tags.
◊

Meals:

Lunches will be served at the hotel’s dinning room floor –1. Lunch vouchers for
each day are included in the name tags and must be presented for entering to
each meal.
ISTA10 , 6 -10 Oct ober 2 013, Jer usalem
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◊

Social Events:
¢¢ Sunday, October 6th, from 18:00-20:00
Welcome Cocktail, will take place at Ballroom A
¢¢ Tuesday, October 8th, "A guided tour in Jerusalem"
16:30 – Bus leaving from Crowne Plaza hotel lobby (payment at the
registration desk of the conference for those not pre-registered).
Limited places on the bus.
¢¢ Wednesday, October 9th, Gala Dinner
18:00 – leaving hotels’ lobby (Crowne Plaza and Jerusalem Gate
hotel) to the night spectacular at the Tower of David. The show is
outdoors, so a jacket/coat is recommended.
20:00 – Gala Dinner at Beit Shmuel – Honorary awards and respect
to the pioneers of tilapia culture in Israel; awards for best general and
student oral and poster presentations; Dinner and show.
Voucher for each event is included in your participant kit.
¢¢ Thursday, October 10th, Professional Tour
07:00 – Early breakfast at the hotels.
07:30 – Busses leaving the hotels (Crowne Plaza and Jerusalem Gate)
18:00 – Back to hotels
The day includes food and beverage.
Payment at the registration desk of the conference for those not preregistered.
(limited to the busses capacity)

◊

Internet connection:

Free Wi-Fi to Crowne Plaza hotel guests only. Code will be given at hotel reception.

Symposium Secretariat: Ofakim Congresses ltd.
Conference Manager: Sarah Elrom
Sara Karmin
Mobile: 972-50-5717711
20
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Global tilapia production and
markets 2013
Kevin Fitzsimmons *, Pamila Ramotar, Brunno Cerozi
University of Arizona, 1140 E. South Campus Drive, Tucson, Arizona
85719, USA

Key words: live, market share, China, US, EU
The release of FAO statistics in the State of World Fisheries and Aquaculture
2012, confirmed tilapia’s role as second only to the carps in global production.
Global tilapia production grew to approximately 3,497,391 mt in 2010 and should
have increased to more than 3.7 million mt in 2012. Egypt reported the greatest
increase in tilapia production in the last two years, with a reported production
of 557,049 mt in 2010 and estimates approaching 620,000 mt for 2012. China
continued its position as the single largest producer (1,332,187 mt in 2010
increasing to 1,350,000 in 2012), consumer and exporter, with consumption and
exports being roughly equal. Other countries in Southeast Asia are also major
producers and consumers. Indonesia is the third biggest producer of tilapia in the
world (500,000 mt). Indonesia is a significant exporter, while Vietnam, Myanmar,
and the Philippines consume virtually all the tilapia grown in their countries.
Bangladesh has increased its production at a tremendous rate in recent years. In
2002 the production was under 10,000 mt and by 2012 it had surpassed 100,000
mt. Myanmar is trying to re-establish its tilapia production, much of which was
decimated by Typhoon Nargis several years ago. Taiwan also continues to be
a significant producer and exporter. The United States continued to be a minor
producer but an important driver of demand as consumption remained strong in
2012. Tilapia is now the fourth most popular seafood in the US, after shrimp, tuna
and salmon. Per capita consumption reached 1.45 lbs (0.68 kg) or approximately
1.5 kg of whole fish, essentially two fish or four fillets per person. Of this amount,
over 95% was imported. The value of these imports was $838 million dollars.
Whereas domestic production of 12,000 mt was very small relative to imports, it
earned producers around $80 million in farm gate sales in 2012.

* Corresponding author. Tel.: 520-820-0643), e-mail: kevfitz@ag.arizona.edu
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Assessment of tilapia production:
Critical weak links in an
overemphasised value chain
Krishen J. Rana
University of Plymouth and Stellenbosch University

Tilapia is now a global commodity reaching a production of 3.5 million tonnes in
2010. Its growing demand and popularity are driving attempts at increasing: the
area under production and intensification centred on increasing efficiency within
an increasing complex value chain. Despite these attempts and a plethora of
recent value chain assessments of questionable value, there is limited evidence of
increased productivity. This presentation goes back to basics and revisits critical
but neglected components of the value chain to highlight these and examines
the resource base, especially in Africa for expanding tilapia production and
increasing productivity.
The key drivers for change in culture practices are market opportunities, combined
with fiscal need for increased production and productivity to reduce costs. Two
fundamental changes in farming practices that is contributing to this increase
in production are evident and discussed: the increase in the use of formulated
farm-made as well as commercial aquafeeds and the concomitant aeration of
ponds/tanks. Key features characterizing intensification in countries such as the
Philippines, Egypt and Ghana will be presented.
Improved animal breeds have made a huge impact in livestock farming. Much has
also been researched and disseminated on the importance of enhanced tilapia
breeds although the real empirical evidence is still unclear. More importantly, this
paper will question the timing and merit of such developments against the gains
that can be derived from more basic and pragmatic farming aspects such the of
feed quality and management, eFCR and mortality on production efficiency. The
implications of mortality loss through simple models on production efficiency will
be presented and such outcomes compared with the evolution of the Scottish
salmon industry.

* Corresponding author: krishenrana@yahoo.co.uk
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Development of live attenuated
sparfloxacin-resistant Streptococcus
agalactiae polyvalent vaccines to
protect Nile tilapia
Phillip H. Klesius *, Julia W. Pridgeon
Aquatic Animal Health Research Unit, USDA, ARS, 990 Wire Road,
Auburn, AL 36832, USA
Key words: Keywords: bacteria; disease; attenuated; vaccine; tilapia
aquaculture
To develop attenuated bacteria as potential live vaccines, sparfloxacin was used
in this study to modify 40 isolates of Streptococcus agalactiae. Majority of S.
agalactiae used in this study were able to develop at least 80-fold resistance to
sparfloxacin. When the virulence of the sparfloxacin-resistant S. agalactiae isolates
were tested in 10-12g Nile tilapia by intraperitoneal injection at dose of 2x107
CFU/fish, 31 were found to be avirulent to fish. Of the 31 avirulent sparfloxacinresistant S. agalactiae isolates, 30 provided 75% to 100% protection to 10-12g
Nile tilapia against challenges with a virulent S. agalactiae isolate Sag 50. When
the virulence of the 30 sparfloxacin-resistant S. agalactiae isolates was tested in
3-5g Nile tilapia by intraperitoneal injection at dose of 2x107 CFU/fish, six were
found to be avirulent to 3-5g Nile tilapia. Of the six avirulent sparfloxacin-resistant
S. agalactiae isolates, four provided 3-5g Nile tilapia 100% protection against
challenges with homologous isolates, including Sag 97-spar isolate that was nonhemolytic. However, Sag 97-spar failed to provide broad cross-protection against
challenges with heterologous isolates. When Nile tilapia was vaccinated with a
polyvalent vaccine consisting of 30 sparfloxacin-resistant S. agalactiae isolates
at dose of 2x106 CFU/fish, the polyvalent vaccine provided significant (P<0.001)
protection to both 3-5g and 15-20g Nile tilapia against challenges with 30 parent
isolates of S. agalactiae. Taken together, our results suggest that a polyvalent
vaccine consisting of various strains of S. agalactiae might be essential to provide
broader protection to Nile tilapia against infections caused by S. agalactiae.

* Corresponding author. Tel.: 001-334-887-3741; Fax: 001-334-887-2983
e-mail: Phillip.Klesius@ars.usda.gov
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Sustainable tilapia
David C. Little
Institute of Aquaculture, University of Stirling, UK
Key words: Tilapia, sustainable intensification, value chains,
A value chain approach is used to assess the sustainability of current and
emerging tilapia production and distribution systems. Perspectives on tilapia as
a candidate for both local and global trade and meeting challenging food security
needs into the future are discussed. The sustainability of current trade trends
and strategies to ensure that tilapias remain a safe, delicious and healthy food
choice are investigated. Options for sustainable intensification of tilapia production
are considered in comparison with other food fish and livestock. Developments
in nutrition, genetics and health management are assessed as incremental or
transforming and their paths to commercial adoption reviewed. Opportunities for
continuance of more extensive and integrated systems are evaluated as are the
use of cages and RAS in different contexts. The roles of third party standards and
major retailer purchasing power are assessed in terms of changing practice and
expectations for producers and consumers and their sustainability values.

e-mail: d.c.little@stir.ac.uk
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Recent advances in commercial
farming of tilapia in South and SouthEast Asia
Ram C. Bhujel
Aqua-Internship and Training Program, Aquaculture and Aquatic
Resources Management (AARM), Asian Institute of Technology (AIT),
Thailand
Key Words: monosex tilapia seed, pond culture, cage culture, South and SE
Asia
Although originated in Africa, tilapia has emerged as a commercially important
species in Asia. Introduction of Nile tilapia (Oreochromis niloticus) from Japan
to Thailand in 1965 played a key role in the development of tilapia industry. In
addition, hybridization by crossing Nile tilapia (O. niloticus) and Java tilapia (O.
mossambicus) to produce red tilapia, and development of Genetically Improved
Farmed Tilapia (GIFT) accelerated the expansion of tilapia farming. Tilapia was
originally distributed to farmers living especially in rural areas, as a means to curb
food insecurity. Tilapia was often known as cheap and poor-men’s fish; however, it
has now become everyone’s fish. A large portion of tilapia produced mostly in green
water ponds are sold in local markets and consumed by rural poor. Increasingly,
production is coming from cage culture and intensively managed ponds and are
sold in super markets and restaurants in the cities and even exported.
Commercial tilapia farming took off due mainly to the successes in low-cost
mass-scale monosex seed production using methyl-testosterone hormone and its
commercialization which began in Thailand. Some of the private hatcheries in
Thailand supply up to 30 million high quality fry per month and five large hatcheries
produce over one billion fry per year. The technique has been transferred to many
countries of Asia, Africa and other continents. In Thailand, over 200,000 farmers
grow tilapia mostly using green water ponds varying from small backyard size to
10 ha or larger. Except some intensive farms, tilapias grown in ponds are fed with
low protein commercial pellets (20-27% CP) or simple mixture of rice bran and
oilcakes to save feed cost. Productivity ranges from 2-10 ton/crop of 8-10 months.
Cage culture of tilapia in rivers and lakes emerged as new development during the
last decade. About 3% of tilapia farmers produce up to one-third of the total tilapia
production in Thailand. In cages, farmers feed good quality floating pellets, stock
30-40g fingerlings and harvest about 20kg /m3 of cage volume.
In Vietnam, there are many cage farmers along the Mekong River and its tributaries.
Some of the farmers stock up to 100 fish /m3 and produce approximately 40 kg/
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m3 of cage volume. In Bangladesh neither the pond culture nor the cage culture
of tilapia existed before 2000. Transfer of monosex production technology to
private sector made production of millions of monosex fry possible. As a result,
cage culture of tilapia became popular in rivers in Chandpur and Lakhipur where
over 4,000 farmers culture tilapia, mostly landless people supported by various
organizations. Most cages are stocked with 20g fingerlings and harvest about
400g. Farmers use floating pellets, FCR of which is about 1.75 and productivity is
about 15 kg/m3. Tilapia is booming Bangladesh. People say, ‘if a person invests in
tilapia, he/she will be a millionaire”. Several hundred private and public hatcheries
have recently established. Many poultry and feed companies are investing in
tilapia hatchery and grow-out businesses as alternatives. Within a decade’s time,
annual tilapia production in Bangladesh has reached over 100,000 mt starting from
almost zero. PR China contributes about 40% of the total production and supplies
cheapest tilapia worldwide. However, farmers mostly stock hybrid fingerlings
at high densities and harvest 30-40 tons/ha/crop. Monosex technology has not
been common yet. Production could be enhanced if the technology were used.
Indonesia is the second largest exporter of tilapia. Large farms produce in cages
in lakes and reservoirs but small-scale farmers produce mostly in waste water
fed ponds. GIFT strain was developed in the Philippines and tilapia has become
one of the most common fish which is produced in ponds and cages in inland and
brackish-waters. Malaysia is moving fast in commercial tilapia farming producing
mostly red tilapia. India has a great potential for tilapia as farmers and consumers
see it as a new alternative to traditionally grown carps. Government of India has
just allowed farming of mono-sex tilapia to few organizations under strict biosecurity measures. Tilapia is one of the most preferred fish in Lao PDR. Similarly,
it is becoming popular among farmers and consumers in Cambodia, Nepal, and
many other Asian countries. This paper highlights the major developments in
tilapia hatcheries and grow-out farming in South and South-East Asia.

email: bhujel@ait.asia or Coordinator@aarm-asialink.info
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Status and future of tilapia farming in
Africa: sustaining the momentum
Harrison Charo-Karisa
National Aquaculture Research Development and Training Centre, Ministry of
Fisheries Development, P.O. Box 26, Sagana, Kenya
Africa's requirement for fish and fish products has mostly been met from capture
fisheries. However, increasing human population and dwindling capture fisheries
has led to the need for development of aquaculture as an alternative source of
fish. The last decade has seen tremendous growth in the aquaculture sector
notable in Egypt, Nigeria, Uganda, Zambia, Ghana and Kenya reaching to
1,398,018 metric tons by 2011. Tilapia farming has been a major contributor to
this growth with Egypt alone producing 386,186 metric tons of farmed tilapia in
2008. Due to its ease of culturing, tilapia, also known as the "aquatic chicken",
has long been the main focus of donor funded projects whose main interest
has been subsistence level fish farming targeting the very poor. The focus on
subsistence and lack of investment by governments led to lack of structures for
commercial aquaculture, discouraged private sector involvement leading dismal
growth. The last decade has seen a shift towards commercialized aquaculture
leading to tremendous growth. Some countries such as Rwanda, Uganda and
Kenya have initiated programs for revamping aquaculture. Kenya's Economic
Stimulus Program which encouraged the growth of the sector through helping
communities construct, stock and feed approximately 50,000 fish ponds is one
example of benefits of government involvement. With Africa's potential, renewed
interest in tilapia farming by countries like Nigeria, and the focus on intensification
of tilapia production in earthen ponds, recirculation aquaculture systems, cages
and tanks continent, fish production levels and productivity are likely to increase
across the continent. However, sustainable aquaculture development must avoid
potential environmental and socioeconomic pitfalls experienced elsewhere. This
is especially so given the challenges of environmental degradation and climate
change. Sustainable aquaculture development across the continent requires
strategic implementation of policies, streamlined provision of inputs such as quality
fish seed and feed, research and technical support with aquaculture centres of
excellence, well equipped diagnostic laboratories, fish health services, trained
extension officers, and conscious efforts in developing markets through reduction
in post harvest losses and value addition across the aquaculture value chain.

e-mail: harrison.charo@gmail.com
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Tilapia genetic improvement:
achievements and future directions
Hans Komen 1* and Trinh Quoc Trong 2
1

Animal Breeding and Genomic Centre, Department of Animal Science,
Wageningen University, De Elst 1, 6708 WD Wageningen, The
Netherlands
2
Research Institute for Aquaculture No. 2 (RIA2), 116 Nguyen Dinh
Chieu, District 1, Ho Chi Minh City, Vietnam

Keywords: Genetic improvement, GIFT, growth rate, heritability, reproduction,
Nile tilapia
We review the current state of development of selection programs, most of which
have had a main focus on growth rate and body traits. There is evidence of
sustained gains of the order of 10% (and sometimes more) per generation, over
several generations. We briefly review experiments that have looked at genotype
by environment interaction between the selection environment and production
environments, and provide some conclusions to be drawn from this. To date,
selection for growth has not been accompanied by any undesirable correlated
response. We show recent results from reproduction experiments that indicate
positive genetic correlations between production traits and fertility but with a
note of caution. In the last part of this talk, we discuss some alternative selection
methods (both low cost and more sophisticated) and breeding objectives that may
be implemented in the future.

*Corresponding author. e-mail: hans.komen@wur.nl
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Genetically improved tilapia in Africa:
friend or foe?
Randall Brummett
World Bank, 1818 H Street NW, Washington, DC 20433, USA
Key words: genetic management, introductions, zoning
The tilapias are all native to Africa (or very close by), but have been distributed
to every continent that isn’t covered in ice. The global tilapia farming industry
currently produces 3.5 million tons worth almost $6 billion, over 80% of which is
produced outside of Africa. In Asia and Latin America in particular, rapid gains are
being made by breeders in improving the performance of tilapias in culture. These
changes reflect shifts in gene frequency, which over time, increase the genetic
distance between captive and wild populations. Based largely on evidence from
salmon management in Europe and North America, environmental concerns have
been raised over the possible genetic damage that escape of these improved
strains might wreak on natural tilapia biodiversity, precluding their use on their
home continent. Substantial biological and ecological differences between salmon
and tilapia argue for caution in using salmon at high latitudes as a basis for the
extrapolation of genetic impacts of escaped farmed tilapia in the tropics. Business
planning analysis indicates that the use of improved lines of tilapia for culture
could have important positive impacts on fish production and income generation,
creating opportunities especially for smaller-scale producers. Managed within
zones so as to minimize translocation of tilapia species within Africa and intensive
breeding with or without other genetic modification to produce a truly domestic
tilapia with good culture characteristics and low survivability in the wild could make
tilapia a true “aquatic chicken”.

e-mail: rbrummett@worldbank.org
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New insights into sex control in tilapia
Jean-François Baroiller *, Helena D’Cotta
CIRAD, UMR-INTREPID, Campus International de Baillarguet, 34398
Montpellier cedex 5, France
Key words: monosex, sex reversal, methyltestosterone, YY male, temperature
treatments
Tilapias are the second most farmed group of fish behind carps. Tilapia production
relies on all-male populations in order to avoid pond overcrowding but also to
benefit from male's higher growth-rate. Theoretically four approaches can be used
to produce these monosex populations: manual sorting, hybridization, hormonal
treatments and YY male technology. The first two will be briefly described because
they are not widely used. Manual sorting relies on the sexual dimorphism of the
urogenital papilla. This can be carried out from 3-4 months onwards, and therefore
20-30g females are discarded (half of the population). Usually sexing mistakes
range from 2.7 to 10%, whereas the optimum sex-ratio for tilapia farming has to be
higher than 95% males. Hybridization between tilapia species with opposite sex
determining systems (XX/XY and ZZ/ZW) allows the production of ZW hybrids
that are supposed to be males. The most interesting hybrids are probably O.
niloticus x O. aureus or O. niloticus x O. macrochir. However, due to the complex
sex determining system in tilapia, all-male hybrid populations were only obtained
using the few pure populations or strains from the two parental species. It appears
very difficult to avoid any genetic contamination of both parental species and a
subsequent negative impact on sex ratios. Conversely, hormonal treatments and
the YY male technology are the most widespread approaches in tilapia culture.
None of them are really satisfactory. Hormonal treatment is an easy, cheap and
efficient technique. However, there are growing scientific and public concerns over
the use of synthetic androgens such as 17 alpha-methyltestosterone (MT), for
the production of sex-reversed fish. First, because after the end of the treatment,
active MT can persist in the water and even longer in the pond sediments (for
almost three months) at concentrations capable of causing intersexuality or sex
inversion of untargeted organisms. Mineral particle size, organic matter content
and salinity have an impact on the sorption and accumulation of MT in the
sediments. Whereas MT is rapidly transformed under aerobic, sulfate-reducing
and methanogenic conditions, it is slowly transformed under iron (III)-reducing
conditions and can even be not degraded under nitrate-reducing conditions.
Water and soil of these ponds have therefore to be adequately treated for
steroid decontamination (i.e. charcoal filtration and/or bacterial degradation) to
avoid any exposure of the farm workers. In addition, the contamination of the
receiving water body and/or adjacent lands has to be avoided since sediments
are dumped onto adjacent dikes when cleaning the ponds. Second, most of the
studies on MT elimination from the fish, from the water or from the sediments
ISTA10 , 6 -10 Oct ober 2 013, Jer usalem
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have focused on the parent compound but not on the metabolites. These residues
may persist longer and at higher concentrations in the treated fish. In fact high
concentrations of glucuronide metabolites are detected in the bile when MT is no
longer detected. Except some recent data suggesting that some MT metabolites
can maintain androgenic properties, very little is known concerning the effects and
toxicity of these metabolites on aquatic and terrestrial untargeted organisms. The
androgenic and toxicological effects of these metabolites on aquatic or terrestrial
organisms require additional studies. Finally treated fish have a negative public
image for an increasing proportion of consumers and their exportation is not
allowed in countries where hormone treatment is banned (i.e. EU). Therefore,
finding an alternative based on nonhazardous, consumer and environment-friendly
methods represents a major challenge for tilapia farming. Genetic control (YY
male technology) could be a good way to obtain all-male populations. However,
due to the complex sex determination in tilapia and in the absence of reliable sex
markers, this approach is not always reliable. It needs a combined selection of
both YY males and female breeders (minor genetic factors can be brought by both
parents) and it is hampered by the long process of producing/identifying YY male
individuals. Precocious molecular sexing has been very recently developed by
our team and will strongly facilitate and speed up the progeny testing procedure.
Finally, a temperature approach has been demonstrated to be another possible
alternative. High temperatures (>34°C) applied during ten days can induce
functional masculinization of thermosensitive progenies (up to 100% males).
Selective breeding programs have been demonstrated to allow the production
of very high male proportions (>93% males) similar to what is usually obtained
through the YY male approach.

* Corresponding author. Tel.: +33-467593951, fax: +33-467593825
e-mail: baroiller@cirad.fr
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Advances and prospects of
tilapia nutrition
Shi-Yen Shiau
Department of Food Science, National Taiwan Ocean University, 2 PeiNing Road, Keelung 202, Taiwan ROC
Key words: tilapia nutrition, nutrient requirements
Tilapia nutrition research started in the 1970's. Like other fish tilapia do not have a
true protein requirement per se, but require a balanced mixture of indispensable and
dispensable amino acids. The same ten indispensable amino acids are required
for tilapia. The minimum dietary requirement for protein consisting of a balanced
mixture of amino acids has been addressed because satisfying this requirement
is necessary to ensure adequate growth of tilapia. Substituting of fish meal with
alternative protein source such as soybean meal in tilapia feed has been reported.
Recently, replacing soybean meal with other plant protein source has also been
investigated. Five percent of dietary lipid meets the minimum requirement for
tilapia, but a level of 12% is needed for maximum growth. Both n-3 and n-6 fatty
acids are required for tilapia. Fish in general utilize dietary carbohydrate poorly.
Complex carbohydrate such as starch is better utilized by tilapia than that of simple
carbohydrate such as glucose. Complex carbohydrate can spare some protein
when the dietary protein level is low. Factors such as meal frequency, chromium
supplementation affects carbohydrate utilization by tilapia. Almost all vitamin
requirements have been quantified for tilapia, some vitamins their requirements
interact with other nutrient presents in the diet. Information concerning mineral
nutrition of tilapia is limited compared to most other nutrient groups. Despite
the problems associated with the quantification of mineral requirement, mineral
requirement data for tilapia are becoming established.

e-mail: syshiau@mail.ntou.edu.tw
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Sexual development and plasticity
in fish
Yoshitaka Nagahama
South Ehime Fisheries Research Center, Ehime University, Matsuyama
& National Institute for Basic Biology, Okazaki, Japan
Key words: Sex determination, Gonadal sex differentiation, Sexual plasticity,
DMY, DMRT1, GSDF, Estrogen, Cyp19a1, Foxl2
In vertebrates, sex determination is a key event for the development of either
testis or ovary. Among the vertebrates, fish exhibit a range of gonadal forms
from gonochorism to several types of hermaphroditism, thus providing an
excellent vertebrate model to investigate molecular mechanisms of sexual
development and plasticity. We have been using two gonochoristic fish species,
medaka ( Oryzias latipes) to investigate the genetic control of sex determination
and Nile tilapia ( Oreochromis niloticus ) to investigate the hormonal control of
gonadal sex differentiation.
We previously identified DMY (DM-domain gene on the Y chromosome) (also
called dmrt1bY) as the sex-determining gene of medaka, the first one in nonmammalian vertebrates. Knockdown (RNAi) of dmy strongly downregulated the
expression of only other male-associated genes (gsdf, sox9a2 and dmrt1), and
upregulated the expression of female-associated genes (foxl2 and Rspo1) in XY
gonads during the early stages of sexual differentiation. This shift in the gene
expression pattern resulted in a complete male-to-female sex-reversal with a
typical female pattern of secondary sex characteristics, producing fertile eggs.
In tilapia, all genetic female (XX) or male (XY) broods are available. Through
cDNA subtraction between XX and XY gonads during sex differentiation and
microarray hybridization followed by gene expression analyses by RT-PCR
and in situ hybridization, we have concluded that in tilapia, Foxl2/Cyp19a1 and
Rspo1 play a crucial role in ovarian differentiation and GSDF and DMRT1 in
testicular differentiation. The transcripts of Foxl2 and aromatase (Cyp19a1)
were expressed only in XX gonads at 5 days after hatching, with a marked
elevation in expression during the next two days. The critical role of Foxl2 in
ovarian differentiation was confirmed by male sex reversal of XX transgenic
tilapia carrying a dominant-negative mutant of Foxl2. In XY tilapia fry, DMRT1
gene is expressed male-specifically in testicular Sertoli cells prior to and
during sex differentiation. XX tilapia carrying extra copies of tilapia DMRT1 as
a transgene induced various degrees of gonadal changes including complete
sex change to testis. It is of great interest to note that some of the sex reversed
XX tilapia produced sperm with extremely high motility.
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In tilapia, we also showed that the depletion of estradiol-17β by aromatase
inhibitors for up to six months induced complete female to male functional
sex change in adult XX tilapia. Sex-changed fish show a typical male pattern
of reproductive hormone levels, gene expression and territorial behavior as
well as secondary sex characteristics, producing fertile sperm in newly formed
testes. Our results indicate that gonochoristic fish retain their sexual plasticity
even up to adulthood and that estrogens play a critical role in maintaining the
female phenotype.

Tel.: +81-89-927-8513, fax: +81-89-927-8820
e-mail: nagahama.yoshitaka.mh@ehime-u.ac.jp
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Vision, engineering, construction and
performance of AquaMaof’s R.A.S.
technology - From fish farming to
an industry
Gary Myers 1, Neder Snir 2*
813 10th Ave N unit 4, Sartell, Minnesota 56377, USA
AquaMaof, HaAmal St. 11, Afek Park, Rosh Ha’ayin 48092, Israel
1

2

Key words: RAS, industrial aquaculture
In September 10, 2012, we inaugurated a 12 million dollar tilapia indoor closed
recirculation aquaculture system (RAS) near Warsaw Poland. It took us about
half a year to finalize the detailed design, another year to construct, and six
more months of growing the biomass and by February of 2013, we reached full
production capacity – over 1,000 tons of production a year.
Over 40 years of accumulated experience and several smaller projects, trial and
errors, failures (admitted) of ourselves and others, matured into the development
of our current technology, principles and concepts of which are to be presented in
this paper.
Tilapia is relatively a very young and “new comer” (25-30 years ago) into the
traditional seafood world. However, it is now an integrated fundamental product
over most of the world for local consumption and for trading – export/import.
For many years there were/are attempts to produce tilapia in confined systems –
the majority of them ended with broken investors...
Reasons and motives and systems are many, but the leading drivers were/are:
1. Tilapia is now a very significant species and product, both in the developed
and the developing world, with constant increasing demand.
2. To grow tilapia seems to be quite simple, amateurism is quite prevailing.
3. Tilapia is very accessible, traded and available almost everywhere as
fingerlings or other product forms.
4. It enjoys religious fame – fish of the multitudes.
5. Tilapia is being studied and researched in most leading aquaculture
academic institutions.
6. Tilapia assumed to be most efficient in utilization of space, volume, water,
hardy and diseases resistant. Industrialized species.
Recirculated, closed, confined, indoor, all mean the same. However, there is no
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scientific, agreeable definition, parameters, to what makes a production system a
closed one. History of Tilapia is more known for its failures than successes.
The consumption of tilapia in Europe hasn’t been as successful as in the USA and
the market is still in its infancy. Reasons are many: tradition, availability, quality,
price, introduction and more, challenging everyone involved.
A group of Polish investors, some with previous experience in closed recycled
system (for Barramundi) and some completely layman to aquaculture, after visiting
one of AquaMaof’s pioneering systems in Israel, decided they were willing to
engage and to invest, together with AquaMaof, into our technology.
Their vision is to bring the market to the fish, not the fish to the market. Because of the
negative track record of these systems, concerns were always with the technology
– less with the market. However, as said, only six months after inauguration, the
system is in its full production capacity and now the real challenge is the market –
introduction and creating the demand – same as was done in USA market.
Our design guidelines, discussed later in details were:
1. Although our first facility in Europe – should be significant volume (NOT a pilot).
2. Implementing past experience in all areas combined with conservative
assumptions in the unknown aspects.
3. Live or Fresh products – TOP quality.
4. Proximity to the market.
5. 365 days of operation and 365 days of market supply - regardless (weather,
temp, light, emergencies, roads, energy, etc).
6. Availability of less expensive heating resource.
7. Own water supply (small volume well on-site)
8. Efficiency –
a. Labor
b. Energy
c. Water
d. Administration
9. Operational –
a. Inventory management,
b. Biomass control,
c. Bio security,
d. Processing and Marketing
e. Hygiene and food safety
10. Waste management and environmental impact control
11. Resources sustainability
12. Space and resources for expansion.

* Corresponding author. Tel.: 972 (0)523 986622, 972 (0)3 6031460
fax: 972(0)3 6031461, e-mail: neder@aquamaof.com
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Growth performance of Nile tilapia in
closed-system culture
Prachaub Chaibu *, Surit Somboonchai, Patompong
Kadsakul
Faculty of Fisheries Technology and Aquatic Resources, Maejo
University, Nong Harn, Sansai, Chiang Mai, Thailand 50290
Key words: Nile Tilapia, no cropping soil by farming
Experimental Nile tilapia culture in closed-system with no cropping soil by farming
in cement ponds (size 1X1X1.5 m) at different densities was conducted at the
Faculty of fisheries Technology and Aquatic Resources, Maejo University, Sansai,
Chiangmai Province from March 2555 to May 2555, a total period of 3 months. Four
treatments were carried out - 50, 50, 100 and 150 fish/tank. Each treatment had
3 replications. Treatment 1 the fish alone at density 50 fish/tank is control. At the
end of experiment, the mean fish weight gains were 149.94±14.38, 162.22±7.03,
149.09±9.5 and 143.89±14.14 grams, respectively. The treatment 3 provided the
highest mean weight gain (78.39±9.98 grams), while fish in treatment 1, 2, and
4 had the mean weight gain as 66.57±3.09, 75.12± 8.81, and 76.38±2.19, grams
respectively. The mean Length gains were 21.32±0.79, 21.45±0.48, 21.22±0.63
and 20.57±1.51 centimeters, respectively. The average daily gains were 0.73±0.77,
0.83±0.29, 0.87±0.33, and 0.85±0.39 g/day, respectively. The highest survival rate
was 98.25% found in treatment 1, while the fish survival rates in treatment 2,
3, and 4 were 97.63%, 97.41% and 97.26%, respectively. Vegetable production
in high end of the experiment showed that the high-rise. Treatment 2, 3 and 4
were 19.05±0.59, 18.00±1.41 and 18.20±0.53 centimeters, respectively. It was
not significantly different (P>0.05) in the temperature, pH, ammonia, nitrate
and phosphorus in any treatment. However, the value of nitrite was significant
differences (P<0.05) ranging between 0.972-1.125 mg/l.

* Corresponding author. e-mail: p_chaibu@yahoo.com
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Tilapia breeding services established
on 3D performance testing
Tom Hsiao 1*, En-Chung Lin 2, Pei-Yi Cheng 2, Monica Liang 1,
Chien-Hsien Kuo 3
1

National Kaohsiung Marine University
2
National Taiwan University
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National Chiayi University
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Setting up an animal breeding center often requires a large operation site. This
fact restricts such center from being built within institutes such as universities with
scientists and students available for its jobs. With the use of a brand-new vertical
aquaculture technique, however, this restriction is removed and we have functional
tilapia breeding services established in offices, classrooms and small laboratory
areas among three universities.
Development of vertical aquaculture technique reflects the need of bio-secure
facilities for aquaculture research, breeding and grow-out in Taiwan as its intensive
culture environments cumulate pathogens over time. Culture devices not only
horizontally but also vertically (3D) designed better utilize precious bio-secure
spaces. Being able to test tilapia’s performance such as growth rate, survival, male
ratio and conformation variation, etc. in small spaces potentiates the development
of a compact tilapia breeding center.
1. Concept
Performance of an identified tilapia strain can be expressed as: Performance
(P)= population mean (μ)+ genetic effects (G)+ environmental effects (E)+
interaction of G and E. Excellent water quality environments with high dissolved
oxygen (up to 7.5mg/l) and proper nitrogenous waste control built into the 3D
devices coupled with warm water (23-28°C with exchange rate at 5 per hour)
and 46% protein feed provides conditions for full tilapia performance. With
frequent sampling and accurate data recording, our performance test reveals a
tested strain’s innate genetic potential with limited environmental interference.
2. Culture and sampling 3D culture devices contain shallow-water (10-25cm
deep) troughs installed in multi-layered water-recirculation structures. With
management ease, fish are RFID marked at 35g and their performance then
observed individually.
3. Genetic evaluation and strain breeding modeling
With accurate performance data provided, General Linear Model (GLM) and/
or Best Linear Unbiased Prediction (BLUP) analyses are conducted for setting
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up effective breeding schemes.
4. Genetic confirmation
With DNA marker technology, brood stocks of specific homogeneous genetic
make-ups are screened out.
5. Space requirement
Each single layer of the 3D devises can grow 10kg of fish per m2. Thus the
performance test facility of our breeding services can be as small as 300
square meters.
6. What do the services provide?
The developing breeding services provide: 1). High-resolution tilapia
performance testing, 2). Effective data collection procedures, 3). Data analysis
and breeding design, and 4). Additional genetic confirmation.
7. What are the business applications?
The breeding services support business operations of
1) broodstock production,
2) hatchery design and operation, and
3) centrally managed pond or factory grow-out.
Case studies with data are provided.
Figs. A fully developed 3D culture device and a data recording scheme for
performance test

* Corresponding author. e-mail: tomhsiao9696@gmail.com
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Technology use in tilapia
production systems
Juan Díaz-Hernández 1, Eunice Pérez-Sánchez 1*, Mónica
Gómez-Solano 2, Víctor Carballo-Cruz 1
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2
Instituto de Ecología, Pesquerías y Oceanografía del Golfo de México,
Av. Agustín Melgar S/N entre Calle 20 y Juan de la Barrera. Col.
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Production of tilapia is widely distributed around the world, as a fundamental
advantage of the specie is that they feed on a low trophic level, among a range
of attributes that make them ideal for aquaculture. In Mexico, aquaculture is a
growing sector. Although modern technology presently being introduced into the
lowland humid tropics. In the State of Tabasco, aquaculture production is framed in
significant structural weaknesses, limitations of organizational and technological
assistance and training, as well as the possibilities of growth and development of
the sector. The decision to adopt the technology is mainly based on the motivation
to earn more income. This means that farmers respond to prices and market forces.
Therefore, this paper analyzes tilapia technology adoption among farmers leading
to a better understanding of the circumstances and motivations that shape farm
operators’ decision making processes to use or apply available tilapia technologies
for their aquaculture production units based on their aquaculture knowledge. The
technology use index (TUI) applied to assess Tabasco production showed that
farms in general have a low TUI. Only one farm recorded a high TUI; 18 farms
recorded a medium TUI, 11 were categorized as low TUI units and 18 farms were
categorized at a very low level of TUI. Although, upgrading of production systems
has been recorded in the past decade, this analysis characterized aquaculture
production in Tabasco as subsistence. Sustained growth of tilapia industry
in Tabasco will depend on improving production through efficiency and quality
control technologies, as well as producers have to increase their competitiveness
on its own initiative and not only or exclusively on government institutions support.

* Corresponding author: Tel. +52(993)3581579. e-mail: eperezsanchez@netscape.net
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A novel postsecondary aquaculture
training on-line learning (ATOLL)
internship program for the
Pacific Islands
Tetsuzan Benny Ron *, Barbara McLain, Tim Miller-Morgan,
Michael Ogo
Department of Human Nutrition, Food and Animal Sciences
College of Tropical Agriculture and Human Resources
University of Hawaii at Manoa
1
960 East-West Road, Biomed T-701
Honolulu, HI 96822 USA

In response to this growing need, the University of Hawai‘i Aquaculture (UH)
Program has launched a new postsecondary online community outreach program
called ATOLL: Aquaculture Training and Online Learning. This educational
program is aimed to promote practical employment of the know-how in the practice
of fisheries and aquaculture based on technical expertise pertinent to living marine
resources management while extending an opportunity to the local people in the
Hawaiian Islands and Pacific Islanders.
Most education on-campus at university or college is a fixed place, fixed time
activity that is not possible for many people because of jobs or other commitments.
Online learning, on the other hand, is an anywhere, anytime, anyplace activity that
provides a flexible learning solution for such people. To ensure comprehensive and
timely completion of the online classes and to provide hands-on practical experience
to the students during the summer semester a unique ATOLL-Internship program
has been developed at the Northern Marianas College's Cooperative Research
Extension and Education Service (NMC-CREES). Our innovative approach was
possible via partnership with the Commonwealth of the Northern Marianas Islands
Aquaculture Producers Association (CAPA). This novel UH-NMC-CREES-CAPA
ATOLL-Internship approach has been replicated and tested at American Samoa
and the Hawaiian Islands.

* Corresponding author. e-mail: bennyron@hawaii.edu
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Effect of the polyculture of Oreochromis
niloticus and Macrobrachium americanum
on survival, growth and metabolic
performance of both species
Rojo-Cebreros Ángel Humberto 1, Marcelo GarcíaGuerrero 2, Juan Pablo Apún-Molina 1, Carina Gámez
Jiménez 1, Apolinar Santamaría-Miranda 1, *
Instituto Politécnico Nacional-Centro Interdisciplinario de Investigación
para el Desarrollo Integral Regional Unidad Sinaloa. Boulevard Juan de
Dios Bátiz Paredes # 250, Guasave, Sinaloa México 8110
2
Laboratorio de Acuacultura, CIIDIR-IPN Oaxaca, Calle Hornos
No.1003, Santa Cruz Xoxocotlan, Oaxaca, México 71230.
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Key words: Metabolic response, blood biochemistry, FCR, nutrients, condition
index, Macrobrachium americanum, Oreochromis niloticus.
A trial of polyculture system with red tilapia Oreochromis sp. and freshwater prawns
Macrobrachium americanum was realized. Three different densities were stoked
(5:4, 5:9 and 5:14 m-2; prawn:tilapia) during 112 days with initial weight of tilapia of 6.5
± 3.8 g and 8.5 ± 25.9 g of freshwater prawn. The controls consisted of monocultures
of freshwater prawn (5:0 m-2) and red tilapia (0:4, 0:9 and 0:14 m-2). Biometry were
realized every two weeks, to calculate the daily ration of feed, total weight gain (WG),
specific growth rate (SGR), survival, production of gross mass and food conversion
ratios (FCR). The water temperature and dissolved oxygen were monitored daily
at 8:00 and 18:00 h., every two weeks were determined the nutrients such as the
ammonia, nitrite and nitrate. When the experimental period came to the end, it was
determined for Oreochromis sp. and prawn its chemical composition (total proteins,
lipids and carbohydrates). Also, it was registered the final weight of the organisms,
liver and hepatopancreas weight in order to calculate the biological indices like
index of condition K of Fulton, hepatosomatic (IHS) in both species The results of
production variables of (WG, SGR, FCR, survival and production of biomass and
fillet) of red tilapia Orechromis sp. and of prawn M. americanum indicates that the
polyculture did not affect the performance in growth of the two species since there
were not significant differences (P > 0.05). The growth of rate (0.2 g d-1) and survival
(> 70%) of M. americanum registered do not interfere in the development of their
culture on another scale (pilot and commercial). The biological indicators and the
biochemical composition of blood of tilapia red Oreochromis sp. and M. americanum
did show significant differences (P>0.05) only for glucose.
* Corresponding author. Tel: +52 687 87-227358; fax: +52 687 87-29625, e-mail address:
asantama@ipn.mx
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Tilapia as a model fish for
"fish welfare"
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2
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The question "do cultured animals suffer?" prompted numerous studies related
to animal welfare regulations enacting. These studies have long-term practical
implications for animal welfare under culture conditions. A UK Governmental
Committee was established whose task was to examine the state of health of the
animals and environmental issues within the framework of sustainable agriculture.
The Committee released a report (Brambell 1965) defining five freedoms to
legislate as a framework for securing welfare of cultured animals. These freedoms
are referred to as Bramble's five freedoms. A review of numerous studies related
to the well-being of animal and fish has led us to the conclusion that there is
no viable option apply these criteria to aquaculture. Therefore, our study tries to
develop a practical alternative for fish welfare regulations.
Although several definitions of stress in fish exist, these were examined only under
laboratory conditions, and most are related to post-harvest handling of fish, and
thus do not overlap at all to the five freedoms defined by the Bramble Commission.
In order to evaluate objectively the welfare status of fish and their environmental
conditions during growth on farm, we conducted a survey of experts. The experts
included growers with more than 20 years of experience, as well as researchers,
students and academics. The experts were asked to grade, based on their
experience, various behaviors of the fish in the pond, such as feeding, schooling,
and factors such as water and environmental qualities in relation to hampering fish
welfare. The questionnaire that they have received defined 2 modes of the fish in
the pond: fish under clear stress status (like sores on their bodies, indifference to
food, poor water quality in the culture environment) versus clear indications for
well-being, such as good water quality in the culture environment, frenzy eating
of food presented, and swimming in schools. A model based on the opinions
of professional experts who answered the questionnaire was constructed. The
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responses were used as input for modeling criteria for fish welfare. Each criterion
had five grades and the opinions of the experts were analyzed. The model
developed is consistent with existing models, but differs from them in being the
first model based on expert ranking of welfare levels in fish.
Some interesting results indicate that fish farmers view frenzy eating as an
important indication for fish well-being. On the other hand, they don't consider size
differences of fish in the pond to be related to their well-being and this characteristic
is not likely to be used for defining regulations for welfare. A clear, significant view
among fish farmers is that it is very difficult to touch by hand fish that are in good
health or to catch the without mechanical aids.
Based on the survey results we designed a study aiming at quantifying this last
issue using tilapia as a model. Results from this study will be presented.

* Corresponding author. e-mail: isimon@shaham.moag.gov.il

46

Oral Present ations - Production Systems

Development of tilapia value chain
under governments of Kenya, Germany
and Israel trilateral arrangement aimed
to increase aquaculture production
and conserve dwindling stocks of Lake
Victoria, Kenya
Charles Ngugi 1*, Ladislao Di Domenica 2, Arnoud Meijberg 2,
Julius Manyala 3, Isaac Bejerano 4
Ministry of Agriculture, Livestock and Fisheries, Fisheries
Headquarters, Maji House, P.O. Box 58187, Nairobi 00200, Kenya
2
Trilateral Tilapia Project (Kenya, Germany, Israel), Ministry of
Agriculture, Livestock and Fisheries, Old airport road, P.O. Box 10844010, Kisumu, Kenya & Museum Hill, P.O. Box 58187, Nairobi, Kenya
3
Department of Fisheries and Aquatic Sciences, University of Eldoret, P.
O. Box 1125 30100, Eldoret – Kenya
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Combining agriculture initiatives and income generation or wealth creation has
been a major challenge in the African continent. However, different countries have
committed to making resources available to fisheries as a social and economic
growth pillar. In Kenya the overall aim, under the Vision 2030 Economic Pillar, is
to move the economy up through the value chain. The Government recognizes
that the fisheries sector plays a key role in the national economy especially on
food security, poverty reduction and employment creation. Demand for food fish
and income to small-scale farmers have therefore compelled the government
to prioritize aquaculture as a platform for economic growth. In order to realize
the potential of aquaculture to the country, the Ministry of Agriculture, Livestock
and Fisheries focused more attention its development as a means of increasing
food production and relieving the pressure of capture fisheries particularly on
Lake Victoria.
The Government of Kenya in 2009/2010 Fiscal year, under the Economic
Stimulus Program (ESP), invested US$ 85 Million in small-scale fish farming.
As a consequence, Aquaculture production increased from 4,220 to 19,337 mt
(from 2007 to 2011). Kenya is now ranked by FAO as the 4th largest aquaculture
producer in Africa; mainly from culture of Nile tilapia (Oreochromis niloticus).
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Major challenges that limit Aquaculture growth include, production of quality seed
and feed, slow transfer of information on technologies and practices through
extension and training, limited knowledge on quality seed (by small scale farmers),
inadequate attention to the economics of fish production and poor understanding
of market dynamics and risk reduction.
In 2012, a trilateral agreement was signed between the Governments of Kenya,
Germany and Israel to support small-scale aquaculture in the Lake Victoria region.
The aim was to enhance knowledge of fish farmers, train trainers and extension
officers and establish a center of excellence in aquaculture at Ramogi Institute of
Advanced Technology (RIAT) in Kisumu. As part of the programme, a baseline
survey conducted in Nyanza and Western Provinces indicate that the average
pond size is 200 m2. 73% practice monoculture, while polyculture accounts for
27%. Organic manure is applied in 61% of the ponds and 60% of the ponds were
green, which indicates good pond management.
The major support needed for existing and new farmers is access to financial
support (26%) and access to training (23%). Over 51% of the farmers keep records,
though further training is needed on record keeping and financial management.
Fingerling producers have the most lucrative enterprise with an average income
of about US$ 700 in less than 4 months. Major challenges are low adaptation of
technology, quality of seed and feed, high cost of feed, access to aquaculture
inputs and lack of market information.
The trilateral project has already shown positive impacts at different levels. The
baseline survey identified gaps and needs of farmers, extension officers and future
areas of cooperation. Through this on-going collaborative effort, aquaculture in
the region will be key to value chain development aimed at improving the lives of
the riparian communities who depend on fish for their livelihood and reduce their
dependence on dwindling stocks from Lake Victoria.

* Corresponding Author: Tel: +254 723 55 77 60; e-mail: ccngugi@gmail.com
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An alternative treatment for watermold infections in tilapia
Rama Falk 1*, Simon Tinman 2, Nir Froyman 1, I. Polacheck 3
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2
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3
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cell-wall, antifungal
Water-molds pathogenic for fish such as Saprolegnia parasitica cause vast
economic loss to aquaculture worldwide. The preferred agent for control of
Saprolegniasis was malachite-green. Following the banning of its routine use due
to potential toxicity, a dramatic increase of this infection occurred. We hypothesized
that fluorescent brighteners, which are known to interact with cellulose microfibrils
and used as whitening agents in the textile/paper industries, would disrupt the
cellulosic cell wall of Saprolegnia and thus can be useful as anti-Saprolegnia agent.
Various antimicrobials were evaluated in a novel screening assay system including
in-vitro susceptibility and fish toxicity testing, as well as environmental impact
assessment. One of the fluorescent brighteners was most effective in preventing
and treating Saprolegnia infection in tilapia experimental model. It exhibited MIC
values of 25 mg/L, proved to be non-toxic to tilapia (LC50 >2,000 mg/L), and
was therapeutically effective at lower dosages of 25-50 mg/L. Scanning Electron
Microscopy (SEM) analysis revealed highly distorted and collapsed cell-wall of
treated S. parasitica. Advantageously, this compound is highly water-soluble,
biodegradable, economical, safe to biofauna and experimental animals and nontoxic to the environment. The overall results indicate strongly its potential as a
candidate to replace malachite green.

* Corresponding author. Tel.:+972 4 6585877, fax: +972 4 6581655
e-mail: ramat@moag.gov.il
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Ulcer disease caused significant death
in tilapia farm in Batticaloa
Chand Devadason 1*, S. Ravikumar 2
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2
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A semi-intensive farm of Oreochromis niloticus (Nile tilapia) located in the Air force
base in Batticaloa, Sri Lanka was badly affected by the bacterial infection in 2009
and caused significant mortality. A diagnostic study was made to investigate the
ulcer disease spread in O. niloticus. A nearly 13,000 fish in 20,000sq feet pond
area were cultured. It was a grown out pond. It was a semi-intensive farm. Water
and feed management were done manually. At the age of two and a half of months
of fish, an unknown ulcer disease was spread in the farm and nearly 50 % of the
fish has been affected and the farm has been under threat due to the significant
level of infection in fish. A detail diagnostic study was made in respect of water and
feed quality and farm management. Clinical and gross pathological observations
were made and the detail histopathological screening of tissue has been made in
naive and moribund fish it was done using standard procedure of histopathological
study in the department of zoology.
Clinically fish showed lethargy, poor feeding habit and moving slowly along the
edges of pond. The gross pathological symptoms were open ulcers which were
found in whole body as batch forms and also belly region seemed to be distended.
Hemorrage was common from all ulcer wound. In histopathological observation,
significant level of cell necrosis in skin, muscle and gill were observed. The gram
(-)ve bacterial has been colonized in gills and muscle. The biopsy of the ulcer and
gills showed a significant load of gram (-)ve bacteria which gave positive results to
gram stain. The bacterial load in the water reached 109 bacterial coccus cell in 1ml
of water. Algal content was also high. Further it was confirmed as Streptococcus
sp gram (-ve) bacteria.
Water temperature showed was moderately higher than the air temperature. The
Feed accumulation the bottom was significantly high due to improper management.
It seemed to induce the growth of streptococcus bacteria. Though all insecurity
procedures were carried out in the farm, the poor feed quality and its management
has led to induce the bacterial load in the waters and it caused significant effect
on farm.
The results concluded that this ulcer disease was caused by gram (-ve) bacterial
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infection which loaded in significant level in the water due to poor water and
feed management.

* Corresponding author. e-mail: chand_oo@yahoo.com
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The economics of biosecurity and
preventive health care in open-water
tilapia culture systems
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Merck Animal Health: Aquaculture
MSD Animal Health Innovation Pte Ltd
1
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Sustainability
Arguably tilapia is the world’s most popular fish! At a global production volume of 3.8
million mt in 2012 the greatest challenge to the expansion of global tilapia production
is the emergence of consistent production diseases. This is because the industry
is going through a process of globalization, consolidation and intensification. Once
fully established, production diseases will directly or indirectly impact the Cost of
Goods Sold (COGS). The most apparent being mortality however more subtle
impacts may also be felt through Feed Conversion Ratio’s (FCR), fillet yields and
other critical performance parameters.
The occurrence of disease is a combination of the health of the animal, the
condition of the environment, and the presence of a pathogen however the industry
status and management both at operation but also regional level in terms of policy
directive is a crucial parameter often overlooked.
Whichever way it is dealt with disease is a business cost and must be planned
and budgeted for accordingly. Professional investors recognize this and risk
mitigation must be a part of the business development plan. In reality producers
often resort to drastic measures such as increased stocking to compensate for
mortalities and the focus is generally on treatment as opposed to well defined
prevention strategies. This presentation will discuss the concept of biosecurity and
the challenge of applying the basic biosecurity principles in ‘open-water’ systems
(that are, in essence, integrated with and exposed to, the 'wild environment' and as
such the pathogens and disease vectors therein). The key elements of a biosecurity
plan will be explained including the Vaccinated, Specific Pathogen Free (V-SPF)
concept along with some important, practical and operational adjustments using
specific case examples from Brazil and Asia.
Global tilapia culture has yet to reach its full potential. Both commercial and state
sectors realize that disease is the biggest threat to industry expansion. However,
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with some basic understanding of the interaction between the host, the disease
and the environment together with the right strategic focus on system design and
Health Management Planning (HMP), open-water culture systems will continue to
flourish as profitable and sustainable businesses models and the global 5 million
mt mark will shortly fall!

e-mail: neil.wendover@merck.com
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Clinical evaluation of the effect of
Praziquantel on metacercaria of
Centrocestus Spp.
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The efficacy of Praziquantel in treating parasitic infestation caused by metacercaria
of Centrocestus Spp. in tilapia was evaluated in Aqua-Vet's wet–lab facility in Israel.
This evaluation was performed on four different doses of BAYER-HADACLEAN® A
(Praziquantel) in the feed: treatments of 125, 250, 500 mg/Kg of BW/day for 14 days
and 125 mg/Kg of BW/day for 21 days were performed in three replicates. Highly
parasitized hybrid tilapia were stocked into 12 conical tanks of 190 L capacity each
after diagnosis of 100% prevalence of metacercariae of Centrocestus Spp. in the
gill arches. A separate holding tank was maintained throughout this study with
highly parasitized fish and designated as the negative control. The average weight
of hybrid tilapia was 71.8g and 30 fish were stocked in each conical tank. Eight
clinical evaluations were performed during the treatments and post treatment
periods in order to determine the exact prevalence of encysted metacercaria
among treated and untreated fish populations. Gill arches were removed by a
non-lethal method and wet mounts over slides were examined under the lightmicroscope. The viability of the parasite inside the cysts was scored by detection
of mobility of the parasite. Parasites that filled the whole cyst were described as full
cysts and partially empty cysts were characterized by the presence of vacuolation
processes. The empty cysts were observed missing the parasite and only the
outer cartilage shells were present. Photo-microscopy of encysted metacercariae
and partially or completely empty cysts were taken with a digital camera. Our
microscopic observations of the gill arches detected mainly empty cysts and
partially empty cysts on the treated populations. The partially empty cysts were
observed with several vacuoles and slight mobility of the parasite. The parasite is
affected severely by the treatment and undergoing a degeneration or clearance
process resulting in empty cysts.

* Corresponding author: Tel: +972-4-629-1833, Fax: +972-4-639-0957
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Attempt to develop live attenuated
bacterial vaccines by selecting
resistance to gossypol, proflavine
hemisulfate, novobiocin,
or ciprofloxacin
Julia W. Pridgeon *, Phillip H. Klesius
Aquatic Animal Health Research Unit, USDA, ARS, 990 Wire Road,
Auburn, AL 36832 USA
Key words: Bacteria; Attenuation; Antibiotics; Resistance; Vaccine
In an attempt to develop attenuated bacteria as potential live vaccines, four
chemicals (gossypol, proflavine hemisulfate, novobiocin, and ciprofloxacin) were
used to modify the following four genera of bacteria through chemical-resistance
strategy: 1) Aeromonas hydrophila (9 isolates); 2) Edwardsiella tarda (9 isolates);
3) Streptococcus iniae (9 isolates); and 4) S. agalactiae (11 isolates). All bacteria
used in this study were able to develop high resistance to gossypol. However,
only some bacteria were able to develop resistance to proflavine hemisulfate,
novobiocin, or ciprofloxacin. When the virulence of resistant bacteria was tested in
tilapia or catfish, none of the gossypol-resistant isolate was attenuated, whereas
majority of the proflavine hemisulfate-resistant isolates were attenuated. However,
all proflavine hemisulfate-attenuated bacteria failed to provide significant
protection to fish. Eight novobiocin- or ciprofloxacin- resistant Gram-positive
bacteria (S. agalactiae and S. inaie) were found to be attenuated. However, none
of them offered protection higher than 70%. Of seven attenuated novobiocin- or
ciprofloxacin- resistant Gram-negative isolates (A. hydrophila and E. tarda), only
one (novobiocin-resistant E. tarda 30305) was found to safe and highly efficacious.
When E. tarda 30305-novo vaccinated Nile tilapia were challenged by its virulent
E. tarda 30305, relative percent of survival of vaccinated fish at 14- and 28-days
post vaccination (dpv) was 100% and 92%, respectively. Our results suggest that
the development of live attenuated bacterial vaccines that are safe and efficacious
is challenging, although it is feasible.

* Corresponding author. Tel.: 001-334-887-3741; Fax: 001-334-887-2983
e-mail: Julia.Pridgeon@ars.usda.gov
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Histopathology of Nile tilapia
( Oreochromis niloticus ) from industrial
effluents in Ologe Lagoon, Nigeria

Oyedapo A. Fagbenro 1*, Yemisi Adeparusi 1, Akintade
Adeboyejo 2, Ben Emikpe 3

Department of Fisheries and Aquaculture Technology, Federal
University of Technology, Akure, Nigeria
2
Department of Fisheries, Lagos State University, Ojo, Nigeria
3
Department of Veterinary Pathology, University of Ibadan, Ibadan,
Nigeria
1

This study describes the physicochemical parameters and heavy metals in Ologe
lagoon and the histopathological effects on Nile tilapia (Oreochromis niloticus)
collected from effluents sources on the lagoon. Water samples were collected
in triplicates from five locations; once every two months from each sample
station. Mean (±SD) values for physico-chemical parameters, heavy-metals
were pH, 6.17±0.42-10.25±1.18; DO, 1.18±0.50-6.13±1.03 mg/l; TDS, 86.6±19.17621.97±16.22 mg/l; hardness, 0-58.03±0.90 mg/l; alkalinity, 22.06±8.08352.37±14.58 mg/l; Cl-1, 31.09±18.16-268.98±31.41 mg/l; acidity, 0-73.73±13.00
mg/l; Zn, 0.07±0.01-0.65±0.18 mg/l; Fe, 0-1.40±0.50 mg/l; Cu, 0.001±0.0010.53±0.36 mg/l; Cd, 0-0.07±0.02 mg/l; and Pb, 0-10.15±21.83 mg/l. Several
lesions were observed as tissue bio-makers consistent with the exposure of fish
to effluents. These include pigmented macrophage aggregation, vacuolation of
hepatocytes, multi foci coagulative necrosis and liver fatty degeneration.
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Parasitological survey of Cichlidae in
the Sea-of-Galilee
Rama Falk *, Rita Smirnov, N. Davidovich, T. Ofek, and D.
Cummings
Central Fish Health Laboratory, Department of Fisheries and
Aquaculture, Ministry of Agriculture and Rural Development, Nir David,
10803 Israel
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The results of a parasitological survey conducted continuously since 2012 in the
littoral zone of the Sea-of-Galilee are presented. The parasites were identified,
and the prevalence, density, and geographic distribution were studied. Wetpreparations, histology and molecular tools were used for detection and identification
of the parasites. So far 200 adults and 200 fingerlings were screened, comprising
Sarotherodon galiaeus (68%), Tilapia zillii (20%) and Oreochromis aureus (12%).
The fish were collected from five dispersed coasts of the lake. The primary results
of the survey indicate that 30 % of examined fish were infected with ciliates and 12%
were infected with monogenea, both with relatively moderate to low abundance
rates. The prevalence of myxozoa was 18 % in adults, mostly in the spleen, and
was lower in fingerlings, exhibiting prevalence of only 8 %. High prevalence of
trematode metacercaria was found in fingerlings, when 94 % were infected, with
extremely high loads of parasites. These findings were significantly different from
adults, with total prevalence of 48 % and significantly lower abundance rates.
The most common tramatode metacercaria found were Neascus sp. (prevalence
of 80%) and Bolbophorus levantinus (prevalence of 42%). High loads of these
parasites were found mostly in the brain and eyes. Surprisingly, the following
trematodes: Clinostomum, Euclinostomum, Neascus and Bolbophorus, which
were missing in the previous study conducted on 1999-2002, were commonly
found in the current study. In light of the findings of the present study as compared
to previous ones, it seems there is a change in metacercaria species throughout
the years. It is likely that the changes in the composition of the parasites population
found in this survey are related to changes in habitat conditions that compromised
the survival of the intermediate host communities.

* Corresponding author. e-mail: ramat@maog.gov.il
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Antifertility activity of dietary Morinda
lucida leaf meal in male Nile tilapia
Oreochromis niloticus (Linne 1857)
Oyedapo A. Fagbenro *, Olaronke Olawusi-Peters, Gloria
Ellah
Department of Fisheries and Aquaculture Technology
Federal University of Technology, Akure, Nigeria
Copyright 2005 Asian Journal of Andrology, Shanghai Institute of Materia
Medica, Chinese Academy of Sciences
There is need to control unwanted/undesirable tilapia recruitment in ponds using
natural reproductive inhibitory agents in plants because they are less expensive
and constitutes appropriate technology in developing countries. Morinda lucida
leaf meal (MLM) was added to a basal diet (350g crude protein and 18.5MJ gross
energy/kg diet) at 0, 0.5, 1.0, 1.5 or 2.0 g/kg diets and fed to male Oreochromis
niloticus for 60 days to evaluate the effects on growth and feed utilization,
reproduction traits (milt count, milt volume, motility duration) and histology of
gonads. There were no significant variations (P>0.05) in the growth parameters
and food conversion ratio. Indices of reproduction traits decreased with increasing
dietary MLM levels. Fish fed with the control diet had significantly higher and
better indices of reproduction traits (P<0.05) than the fish fed with MLM diets.
Fish fed 0g MLM/kg diet showed normal testicular tissues; and no pathological
lesions occurred. Fish fed 5g MLM/kg diet showed swollen sperm cells in the
nuclei and reduced spermatozoa in the lumen and slight increase in interstitial
cells. Fish fed 10g MLM/kg diet exhibited swollen and disintegrated of sperm cells.
Fish fed 15 MLM/kg diet shoed disintegration of testicular capillaries and sparsely
populated spermatozoa in the lumen. Fish fed 20g MLM/kg diet showed swollen
sperm cells and severe disintegration of the testicular architecture. Reproduction
traits and histological observations of testes in O. niloticus fed high dietary MLM
levels revealed that Morinda leaves may be effective as anti-spermatogenic agent
in O. niloticus.

* Corresponding author: dapo_fagbenro@yahoo.co.uk

ISTA10 , 6 -10 Oct ober 2 013, Jer usalem

59

Country / Regional Reports

60

Oral Present ations - C ountr y \ Reg ional Repor t s

Tilapia – Fish for the multimillionaires
or ish for the ultitudes
Israel Snir

Recently, through the electronic media, we learned about several multimillion
dollar tilapia ventures: $40 million in Mexico, $10 million in Jamaica, $60 million
in the USA, $10 million Guatemala, $40 million in Kenya, $15 million in Poland,
Honduras and more. Private investors, governments, banks and other financiers
all believe that tilapia is the fish of the future.
Is this level of investment required to enter into the business really necessary?
Financially I can only hope that investors know better than I how to calculate their
Return on Investment and IRR. After all, it is their money. The question is, can the
industry’s socioeconomic and financial structure justify and support such a price
tag? Is this what the tilapia growing industry needs now?
A more important question is, if a community, an individual, a government calculates
its success based on the availability of natural resources but does not have access
to millions of dollars, can they still grow, sell, consume, enjoy tilapia competitively?
Can tilapia still be produced at a reasonable cost to the ordinary consumer?
In spite of the prevailing knowledge, it is only a little bit more than a decade since
world tilapia production and consumption has taken off, bolstered by developments
in the USA Fresh Fish market and later by the frozen. We are celebrating here today
30 years since ISTA 1, where we first served tilapia fillets to participants in the event.
tilapia, at the time, was a revolutionary product exported frozen to Kroger, USA from
Dag Shan, the world’s first fully industrialized tilapia processing plant. It took us
almost 20 more years to experience the real jump in demand and for the tilapia to
be establish as a legitimate product in the developed and wealthy Western markets.
In these developed markets, tilapia is today just one more item in a much wider
family of products that are being classified as the Ground Fish White Fillets.
Competing with a more traditional products like Cod, Haddock, Hake and others
on the same shelf in supermarkets and restaurants. Part of tilapia’s success is
due to lack of availability of other species, the so called “dying seas”, a temporary
shortage, a marketing opportunity which we aptly seized to take over the market.
However, due to rigid internationally coordinated efforts in managing oceans
stocks, a strict policy on quotas, today there is a glut in some of the declined
whitefish species, Cod and other traditional species are back big time. Are our
markets safe?
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No doubt, the fresh fish industry opened the door for frozen fish fillets and up until
late 2003, fresh tilapia imports to the USA were still greater than frozen. China
has done an amazing job of putting tilapia on almost every table in America. It has
become the leading species, a commodity available in almost every freezer in the
Americas and elsewhere. How much of this success was a matter of price point
and how much was due to choice of preference?
It is very tempting but dangerous to fall prey to statistic. The best that graphs can do
is to indicate for us the trends – but are they able to tell us the real story, or worse,
do they outright lie to us? Are they misleading? Who drove this unprecedented
growth – was it the price, the production, the availability and presence everywhere,
or was it an increase in demand? Will the demand continue to increase? Who are
the main beneficiaries of this industry? The smart big investors? The talented
entrepreneurs? Local governments? NGOs?
My presentation will focus on what I consider the real stakeholders of the tilapia
industry. To my mind, it is the millions of industry laborers all over the globe,
working with tilapia every day that made the tilapia industry a reality. It is impossible
to describe what characterizes all of these people in just few words. Seeing the
individual faces of people and personalizing the big picture into the small life story
of ordinary people will make it easier to grasp the true details of the industry and
provide a strong message. My presentation will be a tribute to those in the industry
who work behind the scenes, or more aptly put, under the water. The impact of
tilapia growth can only be fully valued, understood, if one looks at the people
and the communities who should rightly be the first and the direct beneficiaries
of the recent developments in the tilapia industry. Are they? Can it be measured,
quantified?
I will take you on a quick tour around the globe – to show you where tilapia became
a religion, so you can better learn about the success and the failures. The historical
road of the tilapia industry is paved with the remains of those who didn’t make it. It
is important to mention them so as to avoid more casualties.
How much more can we produce? I will take Honduras as an example and show
the potential there and in that region. How much more will the market consume? I
will present Bangladesh, Egypt and Israel as examples. I believe that the growth in
the tilapia industry will come from local markets, worldwide, not from export, and
this is how it should be.

* Corresponding author. e-mail: Israel@miel-investment.com
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Current status of tilapia production
in Mexico
Antonio Campos-Mendoza *
Faculty of Biology, UMSNH. Edifico “R” Cuidad Universitaria, Av.
Francisco J. Mujica S/N Morelia, Michoacan, Mexico. C.P. 58330
Key words: Tilapia, aquaculture, fish production.
Tilapia production in Mexico has been increased slowly, since tilapia introduction
of in 1964. At the beginning the introduction of tilapias was aimed to seed the
reservoirs and improve tilapia fishery. This was a great opportunity in order to
improve livelihoods of poor people, however due to a lack of properly managed
fishery, tilapia production has decreased. As an example we have the Infiernillo
reservoir that had a record production of over 20,000 mt in 1988. Right now its
production is less than 7,000 mt. After a strong effort of the Fishery Department
(CONAPESCA), tilapia has been produced under controlled conditions using three
different production systems: heart ponds, plastic and concrete tanks and cages.
Currently tilapia production under controlled conditions is over 70,000 mt per year.
All tilapia producers are organized in State Commitees, we have 21 committees
already integrated and all of them are forming the National Committee of Tilapia
Producers (CNSPT).
The tilapia strains cultured in Mexico are: Nile tilapia (Oreochromis niloticus),
blue tilapia (Oreochromis aureus) and some hybrids (Red tilapia and Rocky
mountain). In Mexico, the most important constrain is the lack of a good quality
seed. Additionally, there is a lack of a proper breeding program that provide of
good quality brood stock. We are encouraging CONAPESCA to set up a National
breeding program in order to avoid introduction of brood stock of uncertain origin,
as this could be a source of diseases and parasites.
National production is not enough and we are importing tilapia from China, in the
last two years Mexico has imported over 40,000 mt per year. This frozen tilapia
has not the quality compared with a fresh harvested tilapia. We are planning to
increase tilapia production using a very well organized strategy and use the natural
resources in the most sustainable way.

* Corresponding author. Tel.: Mobile +52 (443) 1710229 fax: + 52 (443) 3167412
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The present progress and future
for the tilapia seed production and
farming in Bangladesh
M.G. Hussain *, B.K. Barman, M. Karim, E.H.J. Keus
WorldFish, Bangladesh and South Asia Office, Banani, Dhaka 1213,
Bangladesh
Key Words: Tilapia farming; Brood stock management; Quality seed
production; GIFT strain; Tilapia Breeding Nucleus (TBN)
In Bangladesh, freshwater aquaculture systems since many years mainly revolve
with the polyculture of various species of carps, partly with pangasiid catfish and
shrimp (both firewater prawn and tiger shrimp) farming. A new avenue for extensive
tilapia farming had, meanwhile, been initiated as an alternative aquaculture
practice side by side with those existing species in the country. And this was
possible with the introduction of a synthetic strain of Oreochromis niloticus ie.
GIFT strain in 1994 through the WorldFish (formerly ICLARM) under the DEGITA
project. Although, meanwhile, a number of other tilapia strains viz. Chitralada, GST
(Genomar), GET EXCEL, GIFO, FAST, GMT (Fishgen) etc. have been introduced
by the private parties in Bangladesh, but none of these strains has yet been able to
provide any significant contributions in terms of quality brood stock development,
seed production and aquaculture farming. Subsequently, development of further
genetically improved GIFT strain using family selection technique(s) by the
Bangladesh Fisheries Research Institute (BFRI) and supply of these strains
among the end users (i.e. hatchery owners, nurserers and farmers). In fact such
genetic improvement research has been strengthened by the second introduction
of improved base population of GIFT strain from the WorldFish, Malaysia in 2005.
This was followed by the wide scale dissemination of these improved strains and
low cost and appropriate aquaculture technologies to the farmers. As a result
>300 tilapia hatcheries and >6000 small and commercial tilapia farms have been
established all over the country. These hatcheries are largely producing >4.0 billion
monosex fry every year. During 2002 to 2010 there was a tremendous progress of
tilapia farming in this country. Production increased from about 4000 mt in 2002 to
nearly about 100,000 metric tons in 2010 and it will surpass 125,000 metric tons
in 2013. It is a matter of fact that due to massive expansion of tilapia hatcheries
and farms within a span of last 5 years (2005-2010), tilapia production has been
increased more than five folds in Bangladesh.
In case of the private sector hatcheries, gross anomalies have recently been
reported regarding poor brood stock management and repeatedly using the same
parental population every year (without replenishing any new stock) for huge
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quantity of inferior quality seed production. So, the inbreeding depression and
genetic drift in the hatchery stock and poor quality seed production have been
considered as the big constrains to enhance sustainable tilapia production in the
large number of grow out farms. To tackle and resolve this situation, the WorldFish,
Bangladesh and South Asia Office has come forward recently in implementing
three projects like i) DANIDA funded "Improving Quality Fish Seed Production"
project, and ii) USAID funded Feed The Future (FtF) Aquaculture Project and
CSISA-BD Project for mitigating hatchery stock deterioration problems through
genetic management of brood stocks in the tilapia hatcheries in greater Noakhali,
Jessore, Barisal and Mymensingh regions. It is first time in Bangladesh; WorldFish
has, in the meantime, established five "Tilapia Breeding Nucleus (TBN)" under
these projects using 14th generation of improved base population of GIFT collected
both from BFRI and WorldFish, Headquarters, Penang, Malaysia and applying
"Cohort or Rotational Breeding Technique(s)" in public/private sector hatcheries.
It is expected that these TBNs will be able to produce >4 million improved tilapia
germplasm each year for distribution and sale. This novel attempt undoubtedly
will enable most of the tilapia hatcheries in these regions to produce high quality
tilapia seeds using these improved germplasm/brood stocks for continuing the
progress of rapid expansion of tilapia farming in Bangladesh.

* Corresponding author. e-mail: hussain.bfri@gmail.com
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Tilapia farming value chain
development for an increased income
of the tilapia farmers in the east coast
of Madagascar
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Madagascar (Halieutic and Marine Science Institute)
1

Key words: Tilapia, value chain, farmers, income, Madagascar

With its twenty millions of populations, Madagascar has eighty percent of them
living on the agriculture. Despite of its insular situation, fish farming is not part of
its important activities, effectively, especially tilapia farming started to be practiced
by the local farmers since 1950’s only in a familial scale. Unlike in the Asian area,
the tilapia farming is one of the most recent activity in Madagascar, attempts
were already made to make this activity successful but problems related to the
farming itself need to be solved. The main problems currently known concerns
the bad quality of inputs such as fingerlings which is also related to the genetic
itself, access to good quality food, and also the basic knowledge for the farming
management.
The monthly average income of the rural population in the east region of Madagascar
where attempt to develop tilapia farming is done now is 28 $ according to national
household surveys (2010). The national minimum salary is currently 40 $/month.
In this regard, the aim of developing the tilapia farming in this area focuses on
improving the income of the farmers from tilapia commercialisation and increase
of the protein intake of the population.
Since 2011, an effort is provided by a local NGO in Tamatave Madagascar, to
develop and improve the whole value chain of tilapia and also to organize and
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train the farmers to be professional on tilapia farming. In this regard, a hatchery
equipped with eggs artificial incubators and facilities for sex reversal by using
alpha methyl testosterone is now installed within the NGO premises and the sex
reversed fingerlings production started since January 2013. Before this, fingerlings
were purchased at another public institution located at 500km from Tamatave. The
farmers were trained on the basic farming techniques and management.
The harvest from the farmer’s pond’ and cages started since August 2012 and
results are already improved compared with the previous crop of the farmers while
using mixed sex tilapia and the farmers had any technical skills on the farming.
Regarding the profitability aspect, the results are still not satisfactory and do not
allow the farmers to improve their income from tilapia farming. This is because the
fish are not growing at the expected speed and the obtained biomass is too low
compared to the consumed feed, meaning that the Feed Conversion Ratio is still
too high (FCR around 2.5).
The fact is that the strain of tilapia used in Madagascar was introduced in the
country since 1956 in the three main lakes and any systems of broodstock
management were not in place for their conservation. Regarding this, there is a
need of introducing a new strain of tilapia in Madagascar in order to ensure the
profitability of the activity and to make sure that they are not hybrid, the process for
the introduction is ongoing with the national Ministry and the new strain of Tilapia
is expected to be introduced on June.
The topics treated by the ISTA10 symposium answers to all the questions and
problems the tilapia farming is faced to in a developing country like Madagascar.
This is abstract is then intended to share the existing situation in the east coast of
Madagascar in order to have the experience from others in how to make benefit
from tilapia farming, the review on benefits or damage to the environment related
to the tilapia introductions, and especially to look for a manner how to accelerate
aquaculture development in poorer countries like Madagascar.

* Corresponding author. Tel +261 34 80 805 91, e-mail: ahitantsoa@yahoo.fr
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The breeding and culture of the
Chitralada strain ( Oreochromis
niloticus ) in Hamat Gader, Israel
Levi Soloway, Uval Cohen, Gil Ravitz, Avshalom Hurvitz *
Dan Fish Farms, Kibbutz Dan 12245, Israel
Key words: Nile tilapia, Chitralada, breeding, growth comparison.
Hamat Gader is the name of an 11.7 acre fish farm containing a combination of
250 – 500 m3 intensive ponds as well as 0.5 – 1.0 acre earthen ponds, owned by
Kibbutz Mevo Hama. After several years of "changing hands" it was leased in 2010
by Dan fish Farms (Kibbutz Dan) which started tilapia and carp culture in this site
utilizing the hot water spring (28°C) as the water source.
The Chitralada tilapia strain was introduced to Thailand in 1965 when Japanese
emperor gave 50 fish as a present to the king of Thailand who kept them in the
"Chitralada" castle. Today, it is spread all over in tilapia farms mainly in South
East Asia and South America. This fish is known to be of high growth rate, high
condition factor and fillet percentage.
The main idea in introducing this strain to Israel was to try growing tilapia up to
market size (500–600 gram) in one growing season, exploiting the unique conditions
in Hamat Gader, combined with the fast growth of the Chitralada. Today, tilapia is
grown mainly as a biannual crop in Israel. The seasonal temperature fluctuation
inhibits all year long growing conditions for tilapia. Fry from spring reproduction
only reach about 50-100 grams in the first growing season. In the following spring,
the fish are able to reach market size after 3-4 months of growing temperatures.
Achieving a one season tilapia crop may lower on growing costs and give farmers
other advantages.
In October 2010, 30,000 Chitralada post larvae were brought from Thailand to
Hamat Gader. In the following summer, artificial reproduction and fry production
started employing the Thai method based on eggs collection from the brooders
and zuger gars incubation of eggs. Hormonal sex reversal was done in 30 – 50 m3
concrete ponds resulted in 98-100% males. On-growing was done in the intensive
and earthen ponds. After reaching 30-50 grams, the fry were sold or restocked in
earthen ponds.
Several growth comparisons were made in Genosar research station, comparing
growth performance of the Chitralada to other commercially available Israeli tilapia
strains. It was found that Chitralada was the best among the tested strains in all
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monitored parameters including SGR, FCR and CF.
Further testing is still under way and the results will be presented at the symposium.
This includes growth in an interim season when temperatures are sub-optimal,
resistance to cold temperature and more.
The focus of the farm now is fry production throughout the year for self-culture by
Dan Fish Farms and for sale; however, the hurdle to economic viability of the farm
is still productivity of females in winter time.

* Corresponding author. Tel: 972-4-6902411, fax: 972-4-6902412
e-mail: hurvitz.avshalom@gmail.com
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case study
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The fisheries activity already reached or exceeded the limits of sustainable
maximum capture in the majority of fisheries in the world. At the same time, the
consumption of fish products in world-wide level comes more increasing each time.
The problem is how to increase the fish production without increasing the fisheries
efforts. The solution can be aquaculture; however this activity must be carried
through with social insertion, environmental responsibility, economic viability and
with a good governance.
According to FAO (2012), in 2010 the world fishery production was 148.5 million
metric tons (MT). From this amount, 128.5 million MT (86%) were to human
consumption, while 20 million MT (14%) were to no food uses (oil, wheat, etc.).
From the total of human consumption, aquaculture was responsible for 59.6 million
MT (46%). But, forty years ago the aquaculture production was responsible for
less than 1% of the fishery production, showing the trends for the next years, when
is expected that aquaculture will overpass fishing in world fishery production.
In Brazil, aquaculture have been a very good developing. According to Brazilian
Ministry of Fisheries and Aquaculture, the fishery production in Brazil was 1.26
million MT in 2010. From this amount, fishery production was responsible for
785 thousand MT (62%) and aquaculture was responsible for 480 thousand MT
(38%). in 2002 Brazil produced 250 thousand MT in aquaculture, while in 2010
produced 480 thousand MT, an increasing of 92% (MPA, 2012). In Brazil, 82% of
its aquaculture are fresh water aquaculture, while 18% are from marine water. The
most important fish for Brazilian aquaculture is Nile tilapia (Oreochromis niloticus),
which had a production of 155 thousand MT in 2010 (MPA, 2012). Nile tilapia is
produced in almost all Brazilian territory, with the exception of Amazon region.
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Most of this recent growing comes from the water reservoirs of Union domain,
where the Brazilian government started to give federal concessions to produce
fish. These concessions can be made in two ways: one of them is free concessions
to the vulnerable people living in the reservoirs neighborhood. This process is
changing the lives of these people, improving their quality of life. And the other
way are paid concessions to the companies who want to invest in fish culture.
These concessions can be made in aquicola parks, a national policy where the
governments makes all the social, economic and environmental studies to make a
zoning to delimit the best areas to produce. But also, the concession can be made
in areas where the own producer makes this studies. The aquicola parks were
responsible for the most important part of Brazilian development in aquaculture
area in the last years.
This work had analyzed the sustainability of aquaculture in these waters using the
aquícolas parks of the reservoir of Castanhão, in the state of Ceará-Brazil as a
case study. The aquaculture system used in this work was the intensive tilapiculture
in small cages (2 m x 2m x 2.3m). For this, it was used an elaboration of a socioeconomical profile of two groups of assignees (beneficiary and control), what it
demonstrated the positive influence of the fish culture (tilapiculture) in this profile.
And it was elaborated subíndexes that involve social, environmental, institutional
(governance) and economic dimensions of sustainability; that had allowed the
construction of the index of sustainable development of the aquaculture. It was
verified that this aquaculture system (tilapiculture) in question got a result fit as of
media sustainability.

* Corresponding author. e-mail: jfn.matias@gmail.com
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South Africa has a diversity of climatic zones ranging from desert to Mediterranean.
However, only the north-eastern part has a subtropical climate and provides
reasonable temperatures for farming warm water species. Although waters are
warmer than the rest of the country, these areas present temperature profiles with
a marginal range for tilapia farming. South Africa has two species of importance;
inter alia, Oreochromis mossambicus (Mozambique tilapia) and Tilapia rendalli
(Redbreast tilapia). It is estimated that tilapia production in the country stands
approximately at 250 tons. However, this estimation is an unofficial figure and to
date no conclusive statistics could be presented on the current production levels in
South Africa. Although global tilapia production has experienced unprecedented
growth, South Africa has yet to unlock the socio-economic benefits associated
with its production.
Over the last two decades various research and development efforts have been
conducted on tilapia. Of these efforts include studies on genetically improved
indigenous tilapia for farming, alternative production of tilapia in cages in irrigation
reservoirs, optimizing diets and marketing strategies for lower and middle class
consumers. The desired outcomes were not accomplished and subsequent the
envisaged growth of the sector has not realized.
Some of the reasons postulated for the lack of development were wrong selection
of the candidate species, too high production cost, undesirable growth rates
and an unknown commodity in the traditional markets. Preliminary discussions
with consumers indicated that tilapia is acceptable in the market, provided that
it is readily available and sold at affordable prices. Consumers were comparing
tilapia to conventional capture retail species such as hake and horse mackerel.
Furthermore fish farmers are presenting a case for Oreochromis niloticus (Nile
tilapia) to be allowed in South Africa for farming. However, certain issues pertaining
biodiversity has curtailed any progress.
The author will provide a synopsis of tilapia work done in South Africa and the
implication thereof on the future development of the sector. The paper further
explores the challenges facing tilapia culture in suboptimal climatic zones. It further
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elaborates on the role of government legislation, market push and pull forces and
regional and overseas competition. The paper concludes with an argument to
promote tilapia as a viable freshwater enterprise and present possible strategies
to achieve this goal.

* Corresponding author. Tel.: +27+21 8082031, fax: +27+21 8084750
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Status of tilapia farming in Myanmar
May Myat Noe Lwin
CNN Soft Shell Mangrove Crab Farms, Moo 5, Khao Nam Hoan, Ranong
85000, Thailand

Mossambique tilapia were first introduced to Myanmar in the 1930’s or 1940’s but
never became a popular eating fish. In the early 1990’s improved strains of Nile
tilapia were introduced. Modern hatchery techniques began to provide significant
numbers of high quality fry and fingerlings to farms. The new tilapia did find a
market and production was increasing through the 1990’s. However, in 2008
Typhoon Nargis struck the central coastal provinces of Myanmar, destroying the
hatcheries and flooding most farms. Stocks of tilapia were spread into almost all
traditional carp ponds where they have flourished since. Today, most of the tilapia
farmed in Myanmar are grown in a multi-species polyculture with some mix of rohu,
catla, common carp, Pangasius catfish, and pacu. Tilapias have been spawning
at random in the ponds and much of the selectively bred improvements have been
lost. The official tally of production of tilapia from Myanmar was 40,185 MT in 2011.
This is fraction of the totals from Myanmar’s neighbor countries China, Thailand
and Bangladesh.
Now with a strong and growing domestic market, there is renewed interest to farm
tilapia in a more controlled fashion. Discussions have begun to bring GIFT tilapia
from the World Fish Centre in Malaysia. Carp hatchery operators are planning to add
tilapia broodstocks. A government hatchery in Twantay region is being renovated
in hopes of providing sex reversed fry when the GIFT tilapia became available.
Some farmers are considering constructing small (<1 ha) ponds for monoculture
of improved strains. The established carp farmers are planning to produce tilapia
in cages inside their large carp ponds. In Myanmar many small lakes are leased
to individuals or cooperatives for carp production, the government has restricted
cage culture in these waters for many years, but is considering regulatory changes
which would allow limited cage culture.
With a tropical year-round climate, abundant water resources, strong local demand,
and abundant production of grain crops fish farmers in Myanmar are confident that
they will soon join the ranks of major tilapia producers.

* e-mail: noenoeinbk@gmail.com
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The emergence of peri-urban, semi
intensive tilapia production in
Northern Vietnam
William Leschen 1*, David C. Little 1, N.T.D Phuong 2
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The densely populated Red River Delta in Northern Vietnam has a historical
legacy of aquaculture development which for centuries has produced fish and
other aquatic products for the growing populations of the nation’s capital Ha Noi
and surrounding periurban provinces of Hai Doung, Ha Tay, Bac Giang etc. This
fish production was based on traditional integrated Chinese systems of earthpond
polycultures of different carps including grass carp Ctenopharyngodon idella,
silver carp Hypophthalmichthys molitrix, and bighead carp Hypophthalmichthys
nobilis with growth and production being based on pond fertilization and
supplementary feeding of agricultural by products and cultivated grasses. As
population densities increased significantly in the 1980s and 1990s in Ha Noi
and surrounding provinces through rural to urban migration, demand for fish
increased significantly. This resulted in both pressure on existing traditional carp
producers to increase volumes but also presented opportunities for others to enter
commercial production with a more intensive model of tilapia produced in ponds
using commercially formulated fish feeds. This production system was promoted
by the Vietnamese government under the auspices of higher returns. Into the new
millennium an evolution of aquaculture systems occurred particularly in Hai Doung
province to produce growing volumes of farmed tilapia for nearby urban markets
in Ha Noi and surrounding peri-urban areas. This paper examines the drivers and
dynamics behind this change focussing on the province of Hai Doung.
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This presentation aims to question the intensification of low input tilapia farming in
large dam ponds and identify farmer's innovative practices that can be mobilized
for this purpose. More broadly, we consider the levers to expand the development
of peasant fish farming and the corresponding research requirements. How to
improve the fish farming efficiency and facilitate the dissemination of this activity?
The analysis is examined at different levels where the innovations are produced:
fish, pond populations, fish culture system, watershed, farm and territory. We
question also the choice of the level and the time step of the analysis. Based
on existing peasant practices, further research is proposed and discussed. What
ways, able to generate results, will be taken up by the farmers?
The history of local peasant fish farming in Cameroon, the development approach
carried out by NGO and the reference fish polyculture system based on monosex
male tilapia are presented. Regarding the current situation, the innovative practices
must be taken in account, particularly the peasant initiatives around the water
management or the floating rice culture in the fishponds.
At each level, relevant ways are emerging to increase the fish quantities harvested
or to intensify the lowlands production in respect of the social and economic
dimension of fish farming activity.
It is important to recognize that the agroecology principles and technical
solutions associated are appropriate. And a reduction of disharmony between the
stakeholders can provide a coherent response. This positioning of the research
for a development approach is quite favorable to the emergence of innovations
and allows the intensification process of peasant fish farming, taking into account
its complexity.
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This fish farming type should not be considered as only a subsistence activity to
fight against poverty by the peasant fish farmers. On the contrary, rural fish farming
is able to generate sustainable development complementary with commercial
fish farming.
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Development of local, sustainable
selective breeding programs for tilapia
Jørn Thodesen *, Morten Rye, Harry Johansen, Carlos
Lozano, Terje Refstie
Akvaforsk Genetics Center (AFGC), N-6600 Sunndalsøra, Norway

Akvaforsk Genetics Center (AFGC) has 25 years’ experience supervising
governmental and private tilapia breeding operations in Asian and Latin-American
countries. Currently, AFGC is supervising six commercial selective breeding
programs for three tilapia species (i.e. Nile tilapia, blue tilapia and red tilapia)
in China, Thailand and USA. Although all programs are established using the
breeding technology developed for Nile tilapia in the GIFT project in the Philippines
(i.e. the GIFT technology, WorldFish Center, 2004), several adaptations have been
made to assure a sustainable development of these programs. Achievements
and personal experiences from developing local, sustainable selective breeding
programs for tilapia are discussed and shared.
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The tilapias comprise over a hundred species of cichlid fishes of the genera Oreochromis,
Sarotherodon, and Tilapia. Because of the importance of tilapias to aquatic ecosystem

structure and function, fisheries, and aquaculture, it is critically important to conserve
wild genetic resources. In order to manage adaptively important genetic variation,
we need to recognize and define biologically appropriate units of conservation.
An evolutionary significant unit (ESU) can be defined as a population or group of
populations that merits priority for conservation and separate management because of
high genetic and ecological distinctiveness from other such units. Management units
(MUs) are defined as populations that are demographically independent of one another;
that is, their population dynamics depend mostly on local birth and death rates, and
not on genetically effective migration. Identification of MUs – similar to “stocks” widely
referred to in fisheries management – is useful for short-term management, such as
delineating fishing areas, setting harvest rates, and monitoring population status.
Against this background, the goal of our review and synthesis study was to summarize
knowledge and recommend critical work yet to be done regarding conservation of
tilapias, approaching this task in a species-by-species manner. Genetic markers
including mitochondrial DNA, microsatellite DNA and single nucleotide polymorphisms
(SNPs) within expressed genes are available for screening of tilapia populations.
While there is a considerable body of existing work regarding genetic differentiation
of populations of Oreochromis niloticus, there is very little for other tilapia species.
Hence, with the possible exception of O. niloticus, there is insufficient knowledge of
molecular and adaptive differentiation to inform rigorous identification of evolutionary
significant units, a knowledge gap that should be addressed by targeted research. We
note that interspecific hybridization caused by intentional introduction for aquaculture
purpose jeopardizes the genetic resources of the native tilapia species. Principles of
conservation genetics can be applied to identify ESUs and MUs units and to identify
management policies and actions for tilapias.
* Corresponding author. Tel: +001-540-231-3257, Fax: +001-540-231-7580
e-mail: ehallerm@vt.edu
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Genetic parameters and response
to selection in the development of
Akosombo strain of the Nile tilapia,
Oreochromis niloticus in the Volta
Basin, Ghana
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Hooi Ling Khaw 2, Eddie Kofi Abban 1
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Selection for live harvest weight and standard length was performed in a fully
pedigreed line of Nile tilapia Oreochromis niloticus in Ghana for two generations
(Generations 3 & 4). Records were available over three spawning seasons (2001/02,
2003/04 and 2004/05) at end of communal rearing for final live weight and final
standard length. The dataset consisted of 7,147 progeny records from 161 sires
and 206 dams. Phenotype and genetic parameters were estimated fitting an animal
model as well as a sire and dam model to the data. Estimated heritability (h2) ± s.e.
for body weight and body length was 0.095 ± 0.033 and 0.085 ± 0.035 respectively.
The estimates for additive genetic variance (σ2A) were 0.069 and 9.85 while those
for phenotypic variance (σ 2P) were 0.631 and 99.13 for body weight and body length
respectively. The corresponding maternal and common environmental effects (σ2D)
were 0.035 and 6.651 while estimated values for maternal common effect (c2) were
0.047 ± 0.0136 and 0.057 ± 0.0154 respectively for final body weight and length.
Estimates for genetic (rg), phenotypic (rp) and common environment correlation (re)
between body weight and length at harvest were positive and very high. They were
1.01 ± 0.013, 0.84 ± 0.004 and 0.95 ± 0.022 respectively. Response to selection
was estimated in two different ways: (i) from the difference in average breeding
values between generations and (ii) from the difference between the selection and
control lines. Using the first method, the average estimated breeding value (EBV)
for the selection line (live weight) generation 3 was 0.071 while that for generation
4 was 0.135. The genetic gain for live weight between generation 3 and 4 was 0.90
%. Using the second method, the genetic gain, estimated by comparing the LSM
of body weight for the selection and control lines in 2003/04 was higher for the
extensive system (17.50%) than for the semi-intensive culture system (12.84%).
The results are discussed in relation to other selection experiments and the future
direction of the tilapia breeding program in Ghana.
* Corresponding author. e-mail: felix_attipoe@yahoo.com
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Nile tilapia (Oreochromis niloticus) is one of the leading aquaculture species
in Bangladesh, which shows very good adaptation to local culture conditions,
response to fast growth, efficient to food conversion and good tolerance to the
changes in water quality as well as disease compared to other cultured species.
Over the last five years, >300 tilapia hatcheries have been established that are
producing >4.0 billion tilapia fry to support commercial farming in >6000 tilapia
farms all over the country. Due to rapid expansion of tilapia hatcheries, quantity
of seed production has been increased dramatically but genetic quality of those
seeds has been deteriorated for poor brood stock management. On the other
hand, most of these hatcheries function in genetic and reproductive isolation
(i.e. no introductions or replacement by new stocks) and repeatedly use of the
same stock every year just to maximize the fixed target of seed production. As a
result, tilapia grow out farmers are not in the position of maximizing the target of
production and profit due to using of such poor quality seeds.
In view of overcoming this situation and mitigating the growing demand for
genetically improved tilapia brood stock for quality seed production in the country,
Bangladesh Fisheries Research Institute (BFRI) has undertaken a family selection
program since 1995 to continue improving genetic quality of the GIFT (Genetically
Improved Farmed Tilapia) strain. Since then, this work has been conducted in
collaboration with the WorldFish, Penang, Malaysia. The aim of the present study
was to evaluate growth performance of the GIFT strain after six generations
of genetic selection for increased body weight at BFRI). The founder stock
comprised of 30 families having 300 individuals of the GIFT strain was introduced
from Malaysia through WorldFish in March 2005. The stock was reared in 100
m2 hapa for three months, and then individually tagged using Passive Integrated
Transponder (PIT) tags at the mean weight between 30 and 40g. After tagging,
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all the fish were communally grown out in pond until harvest. Breeding value for
body weight was estimated using SAS and ASREML statistical packages. The
best (highest) breeding values of brooders (40 females and 40 males) from the
founder stock were then selected to produce progeny of the first generation (G1) in 2007. From each family 20 female and 20 male fingerlings were randomly
sampled and PIT tagged. A total of 2,000 tagged fish from 40 families were
stocked in a pond (1000 m2) for continuation of the selection program. The same
protocol was followed in subsequent generations in 2008, 2009, 2010, 2011 and
2012. In addition, surplus fish after tagging were also reared together with progeny
of the founder stock in cisterns and in earthen ponds for growth evaluation (G-1
to G-6 during 2008 to 2012). General linear model analysis indicated that the
selected fish had 7.17, 13.60, 23.21, 30.30, 35.38 and 39.25% greater harvest
weight than that of the founder population (non selected stock) in G-1, G-2, G-3,
G-4, G-5, and G-6 generations, respectively. The continued stock improvement
of GIFT strain by family selection in every generation at BFRI, enable the institute
to supply improved germplasm every year to over 150 tilapia hatcheries for high
quality seed production in the country. This attempt was greatly contributing to
sustainable increase of tilapia production in Bangladesh.
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identified young Nile tilapia by
image analysis and microsatellite
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The measurement of fish body mass is crucial to growth studies, but generally more
difficult to achieve or more stressful in small fish than obtaining information on their
body dimensions, which can be achieved accurately and with a minimal level of
stress through digital photographic methods. Likewise, the individual identification
of fish is often desirable from the youngest possible age or smallest possible size.
It can be achieved repeatedly, rapidly and at very low cost with electronic tags,
but the minimal sizes beyond which the tagging protocol or tag presence does not
interfere with fish growth should be determined. For smaller fish, genetic markers
can be used, but it is equally important that tissue sampling suffices provides
enough material and does not impact significantly upon their growth.
Here, we provide evidence that the body mass of young Nile tilapia can be
estimated accurately from digital photographs while relying on the measurements
of their body area (phenotypic correlation between body weight and body area
equal to 0.971, higher than the phenotypic correlation between body weight and
body length, equal to 0.363 at 14 days after fertilization). Individual identification
in fish as young as 14 days after fertilization (body mass of 15.06±3.61 mg)
was possible, following ablation of a part of the caudal fin and subsequent
microsatellite analysis. Nevertheless, tissue sampling (or fish handling) was found
over-destructive for fish < 15 mg. As regards electronic tags, half-length PIT-tags
8 x 1.4 mm, 32 mg) were evaluated over 11 days (measurements at 3, 7 and
11 days after tagging) in siblings of different sizes (700-2500 mg), producing six
categories of added weight in air (4.5, 3.3, 2.5, 2.0, 1.7 and 1.4%). The very same
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categories of added weight were used for evaluating the impact of new RFID-tags
(6 x 1 mm, 10 mg) in fish ranging from 200 to 700 mg. For each types of tag and
category of added weight, it was evaluated whether the effect of tagging came
from surgery, tag insertion or tag presence. In synthesis, short-term effects of
surgery and tag presence were restricted to tag ratios ≥ 2.5% of the fish body
mass. Mid-term (5-week) evaluations of tag retention and fish survival revealed
no negative tag effect in fish beyond this ratio. For smaller fish (about 400 mg for
RFID-tags, about 1200 mg for small PIT-tags), alternative should be sought from
improvements in tissue sampling protocols. Clearly, the relevance of each tagging,
marking or measurement protocol should be identified on the basis of the priorities
of the studies (individual versus group measurement).

* Corresponding author. Telephone 00 33 4 67 59 38 55
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populations in the Nile Basin
Region and its implications for
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The population genetic structure of the Nile tilapia (Oreochromis niloticus) was
investigated from the Albertine Drift and the Lake Victoria Basin, using four
microsatellite loci and mitochondrial control region sequence variation. A total of
128 individuals from five localities in its native range (Albert, Edward, George,
Kivu and Tanganyika) and two localities (Victoria and Kyoga) where this species
has been introduced were analyzed. The drainage structure was compared with
earth history and patterns of genetic variation in the Nile tilapia Oreochromis
niloticus populations. Hierarchical analysis of genetic variation was performed on
mitochondrial (mtDNA) haplotypes from the 128 individuals, representing seven
populations. The D-loop sequence data provided strong evidence for a possibility
of a subspecies of Nile tilapia present in Lakes Tanganyika and Kivu. In its native
range, O. niloticus showed high genetic variability within populations with the
exemption of Lake Tanganyika which had the lowest nucleotide diversity of 0.43%.
Haplotype diversity ranged from 0.46 in Lake Tanganyika to 0.92 in Lake Kivu.
Over all these, results were interpreted in terms of past geological and climatic
changes, especially during Pleistocene and the influence of human activities such
as fishing and fish introductions in the 1950s. This study also provides evidence
that human activities have played a role in shaping the genetic structure of the
Nile tilapia in East African Great Lakes Region. A correlation of data sets from
this study and previous ecological investigations suggests that the long-continued
isolation of the various water basins and the formation, since the Miocene, of the
Great Lakes of eastern Africa were the principal external influences in the Nile
tilapia population structure. Conservation and management of these populations
must take into account the historical processes that have shaped these patterns
of genetic diversity. The results are interpreted in the light of (i) barriers between
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drainage basins; (ii) complex geomorphologic history of the East African Great
Lakes and (iii) fish introductions by humans. Taxonomic implications of these
results are discussed in relation to previously described subspecies and their
potential in aquaculture development in the East African Region is considered.
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The Nile tilapia Oreochromis niloticus is the second most cultivated fish in the world
(FAO, 2010) and the first in Brazil, representing close to 40% of the continental
production, an equivalent of 133 thousand tons. Marketing of tilapia in different parts
of the world has benefited from the introduction of red colour strains, which usually
fetch higher prices than wild type strains and is widely consumedin the region of
São Paulo, Brazil. Among the red varieties, the Red Stirling is characterized by
presenting dominant autosomal inheritance over the savage coloration strains.
However, it presents low productive performance when compared to the other
commercially produced strains. Continuous crossing and recurrent selection are
viable alternatives for the genetic improvement of this variety, although, preliminary
studies are necessary in order to choose the broodstock, based on heterosis and
the maternal effect over the progenies. With the goal of producing an intraspecific
hybrid with performance and red coloration, we conducted a diallel cross between
the Red Stirling and the Chitralada strains, and a continuous cross in order to
obtain a red colored progeny with ¾ Chitralada and ¼ Red Stirling genes. The
experiments were conducted at the Industria Brasileira do Peixe Ltda. (IBP),
located in São Paulo (23°20’S, 47°02’W, average altitude of 695 m). At the Santa
Ines and Rio das Pedras fish farm, properties of the IBP, in which are allocated
the tilapia stock of strains Chitralada and Red Stirling, as well as an intraspecific
hybrid between these two strains. All the samplings and crossing, selection and
biometrics procedures were performed at the IBP. The animals were selected from
the stock, sexed, counted and separated by sex for approximately two weeks, in
order to synchronize the reproduction. After this period, six genetic groups were
formed: the Chitralada parent, the Red Stirling parent, hybrid 1 (dam Chitralada :
sire Red Stirling) and hybrid 2 (dam Red Stirling : sire Chitralada), hybrid ¾ (dam
Chitralada: sire hybrid 1), and mutual hybrid ¾ (dam hybrid 1 : sire Chitralada).
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Reproduction occurred naturally, in six tanks of approximately 30 m2, with a depth
of 90 cm, in a greenhouse. We used 90 progenitors per tank, that is, a density of
3 animals/m3, with a relation of 2 females: 1 male. The productive characteristics
of weight gain, survival and specific growth were evaluated. The obtained data
were submitted to the Lilliefors test, in order to verify the normality, analysis of
variance, mean tests and regression at 5% of probability. To perform the statistical
analyses we used the R computational package version 2.14.0 (R Development
Core Team, 2008). The results showed significant differences (P >0.05) between
genetic groups, in which the hybrid groups presented a higher mass increment in
relation to the parent groups. Significant differences were also observed between
the hybrid groups, in which the mass increment was superior in the crossings
using the dam Chitralada as candidate. The preliminary analyses suggest that
there are gains by heterosis and maternal effect, which was also verified in the
continuous cross. This shows that the choice in broodstock influences progeny
response and that this crossing system presents potential for future generations.

* Corresponding author. Tel.: (55) 11 4798-7210, fax: (55) 11 4798-7106
e-mail: wagner@umc.br
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tolerance in Israeli Oreochromis
aureus selected broodstocks
Tatyana Zak 1, Haled Sharkawi 1, Ayana Benet-Perelberg 1,
Wagdy Mekkawy 2, Raul Ponzoni 2, Tatiana Slosman 3, Avner
Cnaani 3, Gideon Hulata 3*
Fish Culture Research Station, Dor, Israel
WorldFish, Bayan Lepas, Penang, Malaysia
3
Institute of Animal Science, Agricultural Research Organization, Bet
Dagan, Israel
1

2

Blue tilapia (Oreochromis aureus) stocks were established and selected for growth
rate (within families) and cold tolerance (between families) at the Dor Aquaculture
Research Station since 2007. In addition to achieving excellent performance in the
resulting stocks, this selective breeding program was aimed at producing all-male
progeny through hybridization of blue tilapia males with Nile tilapia (O. niloticus)
females.
Fish from families characterized by high cold tolerance were included in forming
the subsequent generation regardless of their growth performance. Each
generation, most families were created by mating fish from families with high
growth performance, but some families were created by mating fish from families
showing high cold tolerance with fish from families showing high harvest weight,
while making effort to avoid inbreeding. Some families in the 4th generation
were produced from parents that both came from cold tolerant families in the
previous generation.
Growth performance was documented during four generations of family
selection program (Zak et al., 2012). All four generations were characterized by
a considerable increase in phenotypic variability in both traits relative to the base
strains. A significant difference in growth rate between selected and unselected
families was observed. An improvement in estimated breeding values (EBVs) for
growth rate was revealed: 92 gr at harvest in generation 4 compared to 7.33 gr in
the 1st generation. Heritability of harvest weight estimated after four generations
was 0.48 ± 0.04.
Even though cold tolerance was not the primary criterion for selection, there is a
clear trend of enhancement of this trait in the selected families, from an average
EBV of 0.28 cumulative degree-days (CDD; Cnaani et al., 2000) in the base strains
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to an average EBV of 5.43 CDD in generation 4. Heritability of cold tolerance
estimated after four generations was 0.26 ± 0.06. The genetic correlation between
the two traits was estimated as 0.13 ± 0.16.
References:
Cnaani, A., G.A.E. Gall and Gideon Hulata (2000). Cold tolerance of tilapia species
and hybrids. Aquaculture International, 8: 289-298.
Zak, T., Deshev, R., Benet-Perlberg, A., Naor, A., Magen, I., Shapira, Y., Ponzoni,
R. W. and Hulata, G. (2012), Genetic improvement of Israeli blue (Jordan) tilapia,
Oreochromis aureus (Steindachner), through selective breeding for harvest weight.
Aquaculture Research. doi: 10.1111/are.12072

* Corresponding author. e-mail: vlaqua@volcani.agri.gov.il

ISTA10 , 6 -10 Oct ober 2 013, Jer usalem

91

Reproductive strategies for Nile tilapia
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2
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Chieu, District 1, Ho Chi Minh City, Vietnam

The main purpose of our research is to investigate ways to improve the selective
breeding program for GIFT Nile tilapia and to develop simple, low-cost alternatives
for situations where resources are limiting. The GIFT (Genetically Improved Farmed
Tilapia) breeding program methodology, originally proposed by the WorldFish
Center, is based on Best Linear Unbiased Prediction (BLUP) of breeding values
using individual information and information from relatives. The BLUP scheme
builds on controlled single pair mating to produce full- and half-sib families, and
reliable pedigree identification via tagging. The GIFT project has resulted in
considerable genetic gain for harvest weight. However, it can be expensive to
conduct as it requires facilities for full sib family rearing and tagging. In addition,
the recommended nested mating design of one sire sequentially mated to two
dams often results in reproduction periods of 3–4 months. This prolonged time
for family production increases family rearing effect common to full sibs, reduces
accuracy of estimated breeding values, and increases generation interval. It has
been hypothesised that this delay in reproduction time might be a consequence
of a correlated response to selection for harvest weight. A second, alternative
hypothesis is that the difficulty to produce full- and half-sib families within a
reasonable time-span is a consequence of the natural group mating and spawning
behaviour of Nile tilapia.
To test these hypotheses, we conducted several spawning experiments with
females of Generation (G) 12 of the GIFT breeding program, conducted by RIA-II
in the Mekong delta of Vietnam. We compared two group mating systems. In the
first, seven males were kept together with 15 females in a single tank. Females
were checked every four days and replaced by new females after spawning. In the
second system, a single male could mate with 10 females. Checking was done
after four days and both the male and the spawned females were replaced by
new animals. Spawning results were compared with “classical” single pair mating.
In both group mating systems, 85% of the females spawned within 20 days.
Heritability estimates for ‘spawning success to 20 days’ were 0.20 to 0.22 for a
linear model and 0.14 to 0.18 for a logit model. Genetic correlations of ‘spawning
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success to 20 days’ with harvest weight were positive and ranged from 0.48 to
0.52. In contrast, heritability estimates for ‘time to spawn’ were not different from
zero (0.01 to 0.02). Genetic correlations for harvest weight with number of eggs
and total egg weight were positive (0.51 and 0.42, respectively), while correlations
for harvest weight with relative fecundity, egg weight, and egg dimension were
negative (-0.72, -0.48, and -0.50, respectively). The same trend was observed for
body weight at spawning. We conclude that both harvest weight and body weight
at spawning have favourable genetic correlations with number of eggs, relative
fecundity, and number of swim-up fry, which are the desired characteristics for Nile
tilapia seed production. However, Nile tilapia females selected for large harvest
weight tend to produce smaller and lighter eggs. Using a ‘single male, multiple
females’ mating system could shorten the time for family production compared
to single pair mating. This will reduce the generation interval by two months,
thereby increasing genetic gain by about 20%. In addition, we recommend to use a
rotational mating scheme, with at least four cohorts, in the GIFT breeding scheme
to further reduce inbreeding, to estimate pond effects and to provide additional
security to the breeding material.

* Corresponding author. e-mail: Hans.Komen@wur.nl
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High throughput sequencing offers very powerful ways to analyse traits in
aquaculture species such as tilapias. Sequencing costs have also fallen drastically
in the last few years. One technique, restriction-site associated DNA sequencing
(RAD-seq) allows screening of DNA flanking restriction enzyme sites from
many individuals in a single sequencing lane, leading to accurate identification
and genotyping of single nucleotide polymorphisms (SNPs) in these regions.
This can allow, for instance, linkage mapping and QTL analysis, or analysis of
several populations or species, in a single lane. We have used RAD-seq to finely
map the linkage group 1 sex determining gene in the Nile tilapia (Oreochromis
niloticus), using a linkage map with over 3000 SNP markers. This map is also
expected to be a valuable tool in assembly of the Nile tilapia genome sequence,
which was based on an isogenic clonal line. Preliminary results from RAD-seq
analysis of a range of tilapia species suggest that we should be able to develop
species-specific markers, and robust phylogenies, for tilapias. We expect that
RAD-seq will be valuable for the analysis of other traits of importance in tilapia
aquaculture, such as disease resistance, and for the development of markerassisted selection (MAS).

* Corresponding author. e-mail: d.j.penman@stir.ac.uk
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Growth is one of the most important economic variables in fish farming. Among
the candidate genes related to the regulation of body and muscle growth we can
mention the growth hormone gene (GH). The GH gene is a glycoprotein hormone
composed of 188 amino acids with five cysteine residues, which stimulates growth
through direct action on some tissues and also entices the production of the
insulin growth factor. The GH gene has been isolated from several teleosts, but
few studies have associated the GH expression and its effect on the performance
of fish in aquaculture systems. With the constant intensification of culture systems,
research is needed to make the supply chain increasingly efficient and sustainable,
including the search for genetic variants with higher performance associated
with biotechnological methods. The Nile tilapia (Oreochromis niloticus) is native
to Africa and stands out as one of the most widely cultivated species in many
continents. It exhibits excellent characteristics, such as easy reproduction and
high tolerance to a wide range of environmental conditions, efficient use of low
protein diets and high resistance to stress and infections. The microsatellite (SSR)
markers are a class of highly polymorphic markers that have been used in several
approaches, such as genetic diversity evaluations, identification of stocks and
assessment of relatedness among others.
Sequence repeats (SSRs), which usually consist of two to six nucleotide units
that can occur in coding and non-coding genomic regions, may vary in length and
sequence from one individual to another. However, differences in the genotype of
an individual do not always determine differences in the phenotype. The variation
has to be in a coding region. Multiple microsatellite loci affecting characteristics of
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economic interest, such as growth, have been detected and mapped. Microsatellite
sequences of the type (CA)n in the region of the GH gene promoters were reported
in gilthead sea bream, barramundi and yellowtail species, but were not found
in the Nile tilapia. The intron1 is one of the regions of the GH gene that have
been reported as potential for studies of molecular association with phenotypic
characteristics in the Nile tilapia. Thus, the objectives of the present study were to
identify the existence of SSR markers in the growth hormone gene from sequences
deposited in the GenBank and the occurrence of polymorphism in three varieties
of the Nile tilapia. The MEGA5 program was used to identify microsatellites in
the GH1 sequence deposited in the GenBank (access number: M97766-1). The
program Primer-3Plus was utilized for primers design and PCR ideal conditions.
DNA samples from 300 individuals of the parental varieties Chitralada, Red
Stirling and GIFT were collected and extracted. Electrophoretic analyses were
performed on an AB4300 (Applied Biosytems) genetic analyzer. Fragments were
scored using the software SAGAGT (Applied Biosytems). After biomolecular
analyses, two microsatellites with tetra (CTGT, 7x) and pentanucleotide (ATTCT,
8x) repeats located in intron 1 and GH-1 promoter, respectively, were observed. A
primer pair was designed for each region where the microsatellites were identified,
with amplicon sizes 191 and 179bp for the intron1 and promoter, respectively.
Preliminary analyses suggest that these two microsatellites are polymorphic and
may be regarded as candidate gene markers in molecular marker-assisted breeding
programs, generating more accurate genetic values grounded in the prediction of
the Mendelian components of genomic breeding values using phenotypic data.

* Corresponding author. Tel.: (55) 11 4798-7210, fax: (55) 11 4798-7106
e-mail: wagner@umc.br
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The development of a fast-growing salinity tolerant tilapia strain is of great
importance in many countries such as in the Philippines where 240,000 ha of
brackish water ponds are available. To this end, founder hybridization between
Oreochromis niloticus (with favorable growth traits) and O. mossambicus (with
favorable salinity tolerance traits) was performed and followed by backcrossing
with O. mossambicus to develop a highly salinity tolerant strain. Then a genetic
selection on growth performance on successive generations of the hybrid was
performed. The aim of the present study was to estimate the impact of the
genetic selection experiment after four generations on the growth performance of
the hybrid.
A comparison between the selected hybrid and an internal control strain (red
tilapia) was performed in two distinct environments: an intensive (in tanks) and
an extensive (in earthen ponds) system. The selection experiment consisted of
a within group or within family selection with a rotational mating system. The
selection criterion was body weight at five months, and salinity tolerance was
passively selected by rearing fishes in brackish water.
After four generations of selection, the body weight of the hybrid was increased by
62.5 g on average compared to the red tilapia control strain, which corresponds
to an improvement of 15.6 g or 9.02% per generation, a result in the same range
as that of other genetic improvement programs in the literature. The mean body
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weight at five months in the intensive system was higher than in extensive system
(up to +59.6%). Realized heritability was also higher in the intensive system (0.161
vs. 0.096 in the extensive system).
In conclusion, the present selection scheme seemed to be satisfactory since
response to selection on body weight was around 9% per generation. Moreover,
this selection scheme was performed in brackish water, allowing a passive
selection on salinity tolerance.

* Corresponding author. Tel.: (+60) 46202172, e-mail: hugues.de_verdal@cirad.fr
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To provide genetic information for the purpose of selective breeding, comparison
of genetic variability among the three cultured stocks of Oreochromis niloticus,
O. aureus and red tilapia O. sp. in China was studied using nine microsatellite
loci. In total 60 alleles were detected from 109 individuals. The mean numbers of
alleles were 4.11, 1.33 and 3.44 with average polymorphism information contents
being 0.580, 0.077 and 0.466, respectively, for the three stocks. The observed and
expected heterozygosities averaged 0.528, 0.056 and 0.491, and 0.644, 0.091 and
0.526, respectively for the stocks. D values of heterozygote deviation were -0.148,
-0.222 and -0.044, respectively, showing heterozygote deficiency in the three
tilapias stocks. Chi-square tests showed that most loci in three stocks deviated
from Hardy-Weinberg equilibrium, suggesting occurrence of genetic drift possible
due to founder effect. Significant genetic differences were observed among the
three stocks studied (pairwise FST: 0.329 - 0.656, P < 0.01). The genetic distance
between O. niloticus and the red tilapia was the lowest (0.47). These observations
indicated that O. niloticus has the highest genetic diversity, whereas O. aureus
the lowest, suggesting that there is still some selective potential for O. niloticus
and red tilapia, whereas new germplasms of O. aureus should be imported for
selective breeding program.

* Corresponding author. e−mail: pearlydh@163.com
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Commercial production of tilapia relies on monosex cultures of males, which so
far proved difficult to maintain in large scale production facilities. Thus, a better
understanding of the genetic basis of the complex trait of sex determination in
tilapia is needed.
We aimed to detect expressed genes and regulatory elements that were differentially
expressed by gender at 2, 5 and 9 days post fertilization (dpf) representing early
development. Artificial fertilization of O. niloticus females with either sex-reversed
males (ΔXX) or genetically-modified YY 'supermales' resulted in all-female and allmale embryos, respectively. Pools of embryos of known gender at 2, 5 and 9 dpf
were analyzed for genes and microRNA expression. A custom Agilent eArray was
designed on the basis of the tilapia genome sequence in accordance to known
gene predictions and EST libraries. The array comprised of 43,107 unique 60-bases
probes, and control probes for genome-wide expression profiling. The genomewide expression data was normalized and analyzed with a single channel analysis
design. The data was log transformed and subjected to statistical analysis using
GLM procedure of SAS and PARTEK software. Experiment-wise significance was
determined as the Poisson probability to obtain by chance at least one “nominally
significant” probe among the 43,210 probes analyzed. Twenty-three differentially
expressed genes between genders were identified with experiment-wise significance
(P<0.05), implying a highly significant over-expressed set of genes by gender with
virtually no false discovery. Seven of the 23 genes were sampled for validation by
quantitative PCR (qPCR) with a single primer identical to the respective probe. All
genes were positively validated with evidence for copy number variation (CNV) in
five of them. Based on qPCR of genomic DNA (gDNA) of males and females, four
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of the genes demonstrated sex-specific CNV. Two genes: Carbonyl Reductase-Like
20β-Hydroxysteroid Dehydrogenase (20β-HSD; P-value 1e-17) and Tetraspanin-8-like
(TSPAN8; P-value 4.4e-16) had the highest differential expression between genders.
High correlations were obtained between the two genes and two groups of genes
that were over-expressed in either females or males. Both genes were validated
by qPCR and displayed characteristics of gender-specific CNV polymorphism.
20β-HSD which displayed over expression in females has a major role in oocyte
development, and TSPAN8 which showed over expression in males has a role in
signal transduction. Additional two genes showed sexually dimorphic expression
and sex-specific CNV: Immunoglobulin-Like Domain Containing Receptor 2 (Ildr2;
P-value 6e-9) and Anti-müllerian hormone (AMH; P-value 6e-9). These genes were
localized to LG 1 and 23, for which QTLs for SD were identified, respectively.
The 171.2 million reads from the small RNA sequencing experiment using the
Illumina- HiSeq2000 were uploaded to miRDeep2 software which processes
reads and maps them to the reference genome for microRNA detection based
on their biogenesis model. We discovered 831 microRNA precursors that passed
the stringent score cut-off of 4, which reflects a signal-to-noise ratio greater than
12 in tilapia and submitted them to miRBase. We then ran the quantifier script to
determine and normalize the number of reads for mature/star sequence of predefined
miRNA precursors, indicating the expression of the corresponding miRNAs in each
sample. Read counts of 1,060, 1,005 and 971 mature and star sequences for 2,
5 and 9 dpf, respectively with ≥ 4 reads were log transformed and the deviations
between genders were analyzed in each day separately. These distributions were
approximately normal. Nine sexually dimorphic miRNAs with deviations between
genders > 4 standard deviations, were identified in at least a single time point, with
nearly half of them being differentially expressed in two or three time points. Seven
of the differentially expressed miRNA, including miRNA-21, were male-specific at an
early developmental stage of embryos i.e. 2 and 5 dpf. Targeted genes of miRNA-21
are known to be involved in apoptosis which is essential for male development.
In summary, this study reports the earliest sexually dimorphic expression of
genes detected so far and identifies a novel gender-specific CNV mechanism
that regulates this expression. We identified sex-determining genes at early
embryonic development of which two, Ildr2 and AMH, were localized to previously
identified QTL for SD on LG 1 and 23, respectively. 20β-HSD and TSPAN8 are key
regulators of SD. Most of the sex-determining genes were over expressed in female
and displayed CNV characteristics, thus supporting the hypothesis that master
determinants are predominantly recruited from the duplication of genes involved
in the sex differentiation cascade, in analogy to the XX/XY SD system. Most of the
over-expressed miRNAs were male-specific at even earlier stage, i.e. 2 to 5 dpf.
This may indicate down regulation of genes that initiate the female determination,
thus allowing male development.
* Corresponding author e-mail: micha.ron@mail.huji.ac.il
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Sex control is needed in tilapia production to overcome female continuous
reproduction and to benefit from males fast growth-rate. Genetic control in this group
requires an understanding of the complex sex determination as well as the finding
of the sex-determining gene(s). Within the tilapia group, the sex determining locus
has been located on linkage group 1 (LG1) in Oreochromis niloticus, whereas in O.
aureus LG3 or both LG1 and LG3 are sex-linked depending upon the populations
and strains. Using specific BAC clones as probes for FISH, LG3 and LG1 have
been respectively located on the largest and on a smaller chromosome pairs. The
largest pair presents various traits of a relatively old sex chromosome, whereas
LG1 seems to be at an early stage of sex chromosome evolution. Evidence for
interactions between the two sex linked loci have been demonstrated at least in O.
aureus, with minor factors (genetic and environmental factors) also modulating sex
ratios. We are interested in identifying and isolating genes present in the tilapia
sex chromosomes in order to obtain valid sex-linked markers to be used for fish
farming. While waiting for the tilapia genome sequencing, these sex markers will
help physical mapping of the two linkage groups LG1 and LG3 which have been
anchored to the two sex chromosomes, and better refine the region of the sex
determining gene(s). In the present study we have taken advantage of the large size
of the “old chromosome” containing LG3, hereafter called Chr3, to micro-dissect
it in order to search for genes present in this chromosome. The micro-dissection
of Chr3 was performed from metaphase spreads prepared from female XX and
male YY genotypes in the Nile tilapia O. niloticus while male ZZ were used from
O. aureus. The micro-dissection of chromosomes was coupled to the procedures
of cDNA capture and direct cDNA selection. We obtained several transposons
but a reduced number of genes. This may have been due to a DNA bias perhaps
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preferentially amplifying repetitive elements, when amplifying the chromosomes
after dissection with degenerate oligonucleotide primer PCR (DOP-PCR). It is
a widely used whole genomic amplification method (WGA) frequently used for
chromosome painting preparations and comparative genomic hybridizations
(CGH). Three different WGA methods (DOP-PCR, GenomePlex and GenomiPhi)
were subsequently compared on a pool of 30 micro-dissected chromosomes to
evaluate which affected the least the Chr3 genome representation. Loci consisting
in five microsatellites, two genes and two uncoded fragments all located on Chr3
were then searched by PCR on the DNA obtained from the three WGAs. Chr3
representation varied with the WGA method used but both GenomePlex and
GenomiPhi gave 60% loci amplification. When the DNAs were used as chromosome
painting probes, only GenomePlex gave good signals which were mainly located
on the Chr3 pair and covering it nearly entirely. In the centromeric regions light
signals were observed with differences seen between XX and YY. Differences
were also observed between the sexual genotypes towards the telomeric regions,
which correspond to the putative location of the female sex-determinant of O.
aureus.

* Corresponding author. Tel.: +33-467593951, fax: +33-467593825
e-mail: baroiller@cirad.fr
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Due to tilapias great farming attributes, they are presently the world’s second
most farmed fish after carps. Nevertheless, tilapias precocious sexual maturation,
continuous reproduction and mouth-brooding parental care of females are serious
drawbacks. Sex control is needed in tilapia farming to overcome these constraints
and ensure high yields. Thus farming relies on the production of all-male
populations, taking advantage of the fast-growth rate of males. Sex determination
is complex in tilapia, governed by sex chromosomes, minor parental factors and
temperature. The lack of sex-linked markers in tilapia and the fact that there is
currently no reliable sexing-procedure before three months of age, slows the
finding and implementation of new all-male technologies that are not hormonal
but environmentally-friendly. Currently all-male populations are mostly produced
by sex-inversion using androgen treatments. The YY male technology could be a
solution but it is long and tedious, requiring numerous progeny testings and sexratio analysis, which are fundamental to avoid undesired sex-ratios associated
to the presence of minor genetic factors. In this study we describe a precocious
sexing procedure for tilapia which could be used for facilitating and accelerating
the identification of specific genotypes of interest (YY males or XY females)
with lower production costs. We have found a gene (M-gene) which is strongly
expressed in the heads of male tilapia larvae. A procedure was developed in
which M-gene expression was analysed on individual fish using a simple PCR
analysis or the more sophisticated quantitative real-time PCR. The M-gene was
first analysed in individual heads and trunks of all-male XY and compared to allfemale XX larvae, from 10 to 17 days post-fertilisation (dpf). RT-PCR revealed
a clear unique PCR product in males’ head that was absent or low in females.
The highest male M-gene expression was revealed at 14 dpf. Elevated expression
was likewise obtained when using real-time PCR. This analysis was then tested
using several distinct progenies having different sex-ratios from 0 to 100% males.
M-gene expression at 14 dpf was perfectly correlated with the sex ratios of these
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progenies analysed later at 3-4 months of age. Blind tests performed in 10 groups
showed that male M-gene expression is a good precocious sexing procedure for
tilapia. This sexing procedure will strongly facilitate and speed up the process of
YY male production since sex-ratios can be performed as early as 14 dpf without
having to grow progenies until sexual maturity.

* Corresponding author. Tel.: +33-467593994, fax: +33-467593825
e-mail: dcotta@cirad.fr
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Advances in tilapia nutrition: the role
of salt
Sheenan Harpaz
Agricultural Research Organization, The Volcani Center
P.O. Box 6, Bet Dagan 50250, ISRAEL
Key words: tilapia nutrition; fishmeal; salt
Feeds constitute the major expense in fish production accounting for 50-60%
of the running costs. Fishmeal is an important component in fish diets and is a
limiting factor. Advances in the preparation of diets for tilapia fish have led to the
use of a fishmeal-free diet that is based on vegetable sources of protein. Yet,
when replacing the fishmeal, the presence of high salt levels in the fishmeal has
been overlooked. Tilapia reared in freshwater and fed diets based on vegetable
ingredients might lack salt. Our experiments have shown that the growth of tilapia
fish in freshwater can be significantly enhanced by the addition of salt (NaCl) at a
rate of 2-3% to the fish diets. The presence of salt in the lumen enhances the activity
of the Na+/K+ ATPase pumps. In addition, the salt has a pronounced positive effect
on the activity of the brush border digestive enzymes, leading to better absorption
of the food. The price of the salt is significantly lower than the other components of
the feed. Therefore, the overall effect of salt addition provides both saving on feed
costs, and a reduction of the pollution resulting from partial digestion of the feed.

* Corresponding author - Tel.: +972-3-9683388, fax: +972-3-9605667
e-mail: harpaz@volcani.agri.gov.il
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The effect of Moringa seed meal on
gonadal development and integrity of
sexually immature Mozambique tilapia
( Oreochromis mossambicus )
A. Ampofo-Yeboah 1-2-*, D. Brink 1-3, H. Lambrechts 1
Stellenbosch University, Animal Sciences Department, PMB X1,
Stellenbosch 7602, South Africa
2
University for Development Studies, Faculty of Renewable Natural
Resources, Box TL1882, Tamale, Ghana
3
Stellenbosch University, Genetics Department, PMB X1, Stellenbosch
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Tilapia is endemic to Sub-Sahara Africa (SSA), with more than 70 species being
identified in this region only. Despite this, culture efforts of this species by rural and
peri-urban SSA communities are insignificant. Tilapia has all the required traits to
make it a suitable species for culture, however, its precocious breeding strategy
often limits the potential of the species to be used for cost-efficient food production.
Limited access to advanced biotechnologies to manage the precocious breeding
of tilapia often hampers the ability of especially resource-poor farmers in SSA to
farm with tilapia for food security purposes. Developing a suitable and more costeffective method to control precocious breeding in tilapia may assist resource-poor
communities to farm cost-effectively with tilapia. Certain medicinal plants contain
bioactive components that can act as endocrine disrupting chemicals. Endocrine
disrupting chemicals mimic the behaviour of the natural reproductive hormones,
and negatively affect the function and integrity of the gonads and related glands.
Some studies report on the antifertility effect of Moringa (Moringa oleifera) parts
in certain livestock species. This study investigated the potential of Moringa seed
meal (M) as feed supplements to control the gonadal development and function
in sexually immature Mozambique tilapia (Oreochromis mossambicus). A total
of 900 sexually immature tilapia (with unknown sex) weighing between 2-8 g,
were randomly allocated to 30 tanks at a stocking density of 30 fish per tank with
five repeats per treatment. Moringa seed powder was added to a commercially
formulated tilapia diet (NutroScience (Pty) Ltd, South Africa), which served as the
basal diet (BD), at inclusion levels of 0, 0.5, 1.0, 2.0, 5.0 and 10.0 g/kg feed. After
an acclimatization period of seven days, fish were fed the respective experimental
diets. The experimental diets were fed for a period of 60 days, after which four fish
were sacrificed per tank of each treatment to assess the effects of Moringa seed
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meal on gonadal function and integrity. No lesions were observed in the gonads
of fish receiving the control diet (0 g/kg feed). Treatment diets containing 2.0, 5.0
and 10.0g M/kg BD resulted in atrophy of the seminiferous tubules in male fish,
as well as disintegration of sperm cells and necrosis of testicular cells. Testisovarian tissue was observed in the groups that received 10.0 g M/kg BD. In the
females, atresia of oocytes was observed in 10.0 gM/kg BD. The study indicated
that Moringa seed meal at inclusion levels of 2.0 g/kg feed and higher have a
significant antifertility effect, affecting gonad integrity and preventing reproduction
in sexually immature male and female O. mossambicus. Moringa seed meal can
thus, be used as potential endocrine disrupting feed supplements to suppress the
attainment of puberty in tilapia, and thus control precocious breeding of tilapia in
culture systems. The availability of Moringa seeds in SSA countries, contributes
to the attractiveness of this product as a potential antifertility treatment to prevent
early maturation in reproductive management of tilapia in commercial and smallscale tilapia culture systems.

* Corresponding author. e-mail: ampoyeb@yahoo.com
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Recommendations for feeds and
feeding regimes based on energy
and protein demands in tilapia
Oreochromis sp.
Ingrid Lupatsch
Centre for Sustainable Aquaculture Research
Swansea University, Singleton Park, Swansea SA2 8PP, UK
Key words: growth prediction, body composition, protein utilization, feeding
standard

Tilapias are farmed worldwide in various kinds of facilities and production
strategies. Given that feed and feed utilization efficiency contribute significantly to
the overall success of aquaculture operations, it is essential to quantify the optimal
feed intake for any level of fish production regardless of the growing system.
A novel approach to determining the protein and energy requirements in tilapia
is described here. The assumption is that the energy and protein requirements
of a growing fish are the sum of the needs for maintenance plus growth. The
requirement for maintenance is mainly a function of the size of the fish and
water temperature, and is proportional to the metabolic body weight in the form
of maintenance = a × body weight(kg)0.80. The requirement for the growth on the
other hand depends mainly on the amount of the weight gain and composition
of that gain.
The following equation specifies the formal approach to those calculations:
Requirement = a × BW (kg)0.80 + c × gain
BW (kg)0.80 : Metabolic body weight
a - maintenance requirement
c - cost in units of energy or protein to deposit new growth
The daily weight gain as a function of body weight (g) in tilapia was predicted
by the equation: y = 0.011 × BW (g) 0.547 × exp 0.090 × Temp at temperatures ranging
from 22°C to 29°C. The composition of the gain was measured by analyzing
whole fish weighing from 20 to 450 g. The energy content was dependent upon
fish weight and increased from 6.4 to 7.8 kJ g-1 body mass, whereas the protein
content remained relatively constant at 160 mg g-1. The efficiencies of utilization
of digestible energy and digestible protein for maintenance and growth were
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determined by feeding tilapia at increasing levels from zero to maximum at
temperatures of 22, 24, 26 and 29°C. The requirement for maintenance increased
with increasing temperatures whereas the partial efficiency of utilization for growth
was independent of temperature and was found to be 0.62 and 0.46 for digestible
energy and digestible protein respectively.
Based on those results, practical feeds can be formulated in conjunction with
optimal feeding tables for tilapia that supply the necessary daily amount of energy
and protein along the complete growth cycle and at different water temperatures.

* E-mail: i.lupatsch@swansea.ac.uk
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Testing two different phytases
in a Jatrophas curcas kernel
meal based diet for Nile tilapia,

Oreochromis niloticus
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2
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Jatrophas curcas is a globally increasingly cultivated oil-seed. It is thought likely to
become one of the main sources of biofuel in the next decade. The defatted press
cake, left after oil extraction, is rich in protein. As Jatropha curcas plantations
are expanding in countries where protein for human consumption is scarce, it
may be an option to increase animal protein supply by using the press cake as a
feedstuff for livestock or aquaculture. Jatropha curcas kernel meal (JKM) needs
to be detoxified before adding to a diet because of high concentrations of phorbol
esters and trypsin inhibitors. For rainbow trout up to 50%, for carp and tilapia
up to 62.5% of fish meal could be replaced by JKM with no reduction in growth
compared to a fish meal based control diet. Diets with 75% replacement showed
a reduction in growth and this was attributed to antinutritional factors remaining in
JKM even after detoxification, of which phytate is predominant. Phytate, inositol
hexakisphosphate, is the storage form of phosphorus in seeds and its level of
9.1% in JKM is unusually high. It is widely accepted that phytate has adverse
effects on absorption of minerals, such as phosphorus, calcium, magnesium
and zinc. There are contradictory results as to whether phytate also reduces
protein and amino acid availability in fish. Treating phytate-containing feedstuffs
with commercially available phytase has improved growth and/or protein and
mineral availability in several species. There are a number of enzymes that split
phosphates from the phytate molecule. 3-phytase initiates the process at the
third carbon molecule, 6-phytase does so at the sixth carbon molecule. It has
been shown that the optimal type of phytase depends on the feedstuff and the
animals fed. In this experiment, a 3-phytase (Natuphos, BASF) and a 6-phytase
(Ronozyme (P), DSM) were tested separately and in combination in a solely
JKM-based diet. A diet without phytase served as a negative control and a fish
meal-based control diet served as a positive control. The experiment was aimed
at finding out whether there is an impact of phytase on fish development when
feeding JKM-based diets and whether there is a difference in efficacy between
the two types of phytase.
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Five isonitrogenous, isoenergetic diets were produced:
Diet “JKM”: A JKM-based diet without phytase serving as negative control; Diet
“Natu”: A JKM-based diet containing 2000 U / kg Natuphos, BASF; Diet “Rono”:
A JKM-based diet containing 2000 U /kg Ronozyme (P); Diet “Combined”: A
diet containing 1000 U / kg Natuphos and 1000 U / kg Ronozyme. Diet “FM”:
A fishmeal-based diet serving as positive control. All diets contained mineral
premix including phosphate. Each diet was fed to 8 individually reared all-male
Nile tilapia (Oreochromis niloticus) at 5 times their maintenance requirement for 8
weeks. Growth and body composition data was analyzed. Statistical analysis was
conducted by ANOVA and post-hoc analysis with Fisher LSD test (P = 0.05).
Fish growth data is presented in table 1. Fish fed diet “FM” grew significantly
faster than all other treatments except for fish fed diet “Combined” and diet “Natu”.
Diet “FM” also showed lowest feed conversion ratio followed by diet “Combined”.
Within the JKM-treatments, fish fed diet “Combined” grew fastest, followed by diet
“Natu”, “Rono” and “JKM”. Differences in SGR between JKM-based diets were
not statistically significant due to large standard deviations. Additionally, fish body
composition varied significantly between treatments (Table 2).
◊

Table 1: Body mass gain, Specific growth rate Feed conversion ratio,
Metabolic growth rate as well as Protein efficiency and Protein productive
value of Nile tilapia fed Jatropha curcas kernel meal based diets with
different phytase supplementation

Treatment

BMG

SGR

FCR

MGR

JKM

19.7 ± 3.16 b

2.07 ± 0.19 c

1.15 ± 0.16 b

8.62 ± 0.83 b

Natu

20.6 ± 0.99 b 2.13 ± 0.11 b,c 1.10 ± 0.07 b

8.89 ± 0.41 b 2.14 ± 0.14 a,b 34.3 ± 2.32

Rono

20.9 ± 2.45 b 2.14 ± 0.16 b,c

8.93 ± 0.66 b

1.10 ± 0.10 b

PER

PPV

2.09 ± 0.27 b 33.6 ± 4.05
2.10 ± 0.19 b

33.4 ± 1.96

Combined 23.0 ± 2.37 a,b 2.36 ± 0.16 a,b 1.00 ± 0.10 a,b 9.71 ± 0.63 a,b 2.40 ± 0.23 a,b 37.9 ± 3.85
28.6 ± 4.14 a

FM

2.54 ± 0.21 a

0.90 ± 0.10 a 10.64 ± 0.79 a 2.54 ± 0.29 a 37.4 ± 5.02

BMG = Body Mass Gain (g); SGR = Specific Growth Rate (%/day); FCR = Feed
Conversion Ratio; MGR = Metabolic Growth Rate (gkg0.8 day-1); PER = Protein
Efficiency Ratio; PPV = Protein Productive Value

◊
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Table 2: Dry matter content and proximate composition of dry matter of Nile
tilapia fed Jatropha curcas kernel meal based diets with different phytase
supplementation

Treatment

Dry Matter

Crude Protein

Crude Lipid

Ash

JKM

24.4 ± 1.21 a

64.5 ± 1.48 a

15.5 ± 2.75

16.9 ± 0.89 a,b

Natu

26.0 ± 0.78 b

62.0 ± 1.98 a,b

16.7 ± 3.27

18.5 ± 1.39 b

Rono

26.2 ± 0.66 b

59.7 ± 0.8 b

20.1 ± 2.81

17.5 ± 0.70 b

Combined

26.0 ± 1.08 b

60.0 ± 1.72 b

20.1 ± 3.34

17.6 ± 1.23 b

FM

23.1 ± 1.18 a

64.8 ± 2.27 a

17.6 ± 3.20

15.4 ± 0.63 a

Oral Present ations - Nutr ition

In conclusion, results suggest that fish fed diets containing equal amounts of the
3- and 6-phytase tested (Diet “Combined”) show slightly faster growth than diets
treated with one type of phytase only and a more pronounced increase over the
diet without any phytase. The increase in SGR can be attributed to improved
protein digestibility as all essential minerals were provided within the mineral
premix and PPV and PER were also improved. It is further demonstrated that
detoxified JKM may have the potential to replace up to 100% of fish meal with only
slight reductions in growth in diets for tilapia.

* Corresponding author. Phone +49 4102 70860 15, Fax +49 4102 70860 15
e-mail: ulfert.focken@ti.bund.de
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and their antioxidant capacity and
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This study evaluated the effects of Quillaja saponaria (QS) saponins and/ or
Yucca schidegera (YS) extract on growth and survival of Nile tilapia Oreochromis
niloticus (1.9 ± 0.08 g) and their antioxidant capacity and metabolic response upon
declining dissolved oxygen stress. Fish were fed control diet (C), which was a
commercial freshwater fish feed, diet supplemented with 150 mg kg-1 QS (0Q),
150 mg kg-1 YS (Y0) or combination of 75 mg kg-1 QS and 75 mg kg-1 YS (M) for
8 weeks. Growth and survival were monitored periodically. Antioxidant capacity
(superoxide dismutase, glutathione peroxidase and glutathione reductase) and
metabolic response (glucose, triglycerides and lactate) were analyzed at the end
of rearing. Final weight, weight gain and SGR of M-fed fish were significantly
higher as compared to the C-fed fish. On the other hand, no significant difference
was observed in survival. Among antioxidant capacity and metabolic response,
significant results were found only on SOD and Gluc, respectively. SOD of M-fed
fish was significantly lower as compared to the C-fed fish. Furthermore, Gluc levels
of 0Q-, Y0- and M-fed fish were decreased by 26, 42 and 60% as compared to
the C-fed fish, respectively. These results indicated that M in the diet improves the
growth performance, enhances the antioxidant activity (SOD) and stabilizes the
metabolic response (Gluc) of O. niloticus.

* Corresponding author. e-mail: ipangelesjr_15@yahoo.com
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Dietary utilization of different portions
of sweet cassava ( Manihot palmata ) for
the Nile tilapia Oreochromis niloticus
(Linnaeus, 1758)
Adekunle A. Dada *, Eunice O. Adeparusi, Ebun O. Malomo
Department of Fisheries and Aquaculture Technology, Federal University
of Technology, Akure, Ondo State, Nigeria
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A 56 day study was conducted to investigate the performance of the cichlid,
Oreochromis niloticus (Linnaeus), fed diets containing processed portions of sweet
cassava (Manihot palmata). Mixed-sex fingerlings of O. niloticus (mean weight,
6.86 – 6.99 g) were randomly distributed into 15 glass tanks (60 × 35 × 30 cm3)
at 20 fish/tank in triplicate treatments. Four diets (30% crude protein) containing
processed portions of sweet cassava at dietary inclusion level of 24.0 g/kg diets in
a basal diet were fed to the mixed-sex O. niloticus fingerlings twice daily (09.00 –
09.30 h and 17.00 – 17.30 h) for 56 days. The effects on growth parameters, feed
utilization, whole body composition and haematological profiles were evaluated.
The highest increase in body weight (2.44 ± 0.69 g) of fish was on the control diet
(P < 0.05), followed by the fish fed diet with peel (2.11 ± 0.21 g) while the least
increase in body weight (1.61 ± 0.15 g) was fish fed diet with tuber (P < 0.05).
Similarly, the best specific growth rate (SGR) and apparent protein digestibility
were obtained in the fish fed the control diet, while the fish fed with diet containing
tuber recorded the least SGR and apparent protein digestibility.
Analysis of the results of carcass composition and haematological parameters
were within the normal range. Analysis of the results revealed that O. niloticus
could tolerate 24% inclusion level of sweet cassava peel. The significance of this
research finding is that sweet cassava peel can be incorporated into fish feeds to
replace maize as energy source. This would reduce the high cost of producing
farmed fish as a part of the efforts to reduce food insecurity, hunger and poverty
in Africa with special reference to Nigeria.

* Corresponding author. Tel.: +2348064364831, e-mail: dadaayokanmi@yahoo.com
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Fish culture has increasingly contributed to the supply of protein for human
consumption. Some of the challenges of fish production are to understand how
the reproductive tactics and strategies work, to infer the most suitable diet for each
species, and to master the techniques to provide higher reproductive efficiency, in
order to ensure a viable progeny. In the last few years, there has been an increase
in the number of studies on the development of functional foods, i.e. which supply
the basic nutrition providing a rise in alimentary efficiency, in the growth rate and
improve fish health. The probiotics, which are feed supplements composed of live
microorganisms that beneficially affect the health of the host by improving the
balance of the intestinal microorganisms, are good examples of functional food.
The objective of this study was to assess the influence of a probiotic composed of
Bacillus subtilis used as a feed supplement on the reproductive aspects of tilapia
broodstocks (females). The experiment was conducted at the São Paulo's Agency
for Agribusiness Technology - APTA – Pirassununga, SP/Brazil. One hundred and
eight females and forty-eight males with mean weight of 527.65g ± 185.98 and
mean length of 30.16 cm ± 3.57 were used. They were distributed in 12 hapas (3.5
x 2.0 x 1.5 m), at a proportion of 4 males for every 9 females. Three treatments
were used, T0-control (without probiotics), T1- continuous intake of probiotics,
and T2- alternate intake of probiotics (feed with probiotics for 7 days, and then
feed without probiotics for the next 7 days) at a dose of 0.5 g kg-1 of feed (1010
CFU g-1). The experiment lasted 110 days, and the reproduction was performed
every 15 days: three days before the reproduction, the males were put in the
hapas together with the females, and the eggs were collected in the mouth of the
females every 3 days (2 collections per week). In the statistical analysis of the
reproductive indices, the differences between the number of eggs, the percentage
of spawning females during the total period of the experiment (110 days), and
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during the reproductive period (every 15 days) were verified. The data expressed
as percentage had previously been transformed by the formula y=arcsine√x for
later statistical analysis, so that they could be compared. The Analysis of Variance
(ANOVA) was used, followed by the Tukey test. The results showed that there was
a significant increase according to Tukey’s test (P=0.025) in the total number of
eggs in the fish fed probiotics (T1=25,650 ± 6,326 eggs, and T2=26,153 ± 8,241
eggs) when compared with the control treatment (T0= 10,851 ±7,132). With regard
to the percentage of females that spawned during the period of 110 days, there
was a significant difference between the fish from T1=69.4% and T2= 69.4%,
when compared with T0=33.3% (p=0.02). The percentage of spawning females
per reproductive period (every 15 days) was considered significant higher only
during the 3rd and 4th periods, with values of T0=8.33% and 5.56%, T1= 41.7%
and 27.8%, and T2= 30.6% and 25.0% during the 3rd and 4th periods, respectively.
The supplementation with probiotics in tilapia broodstocks resulted in a higher
number of collected eggs. The percentage of spawning females per period shows
that throughout the feeding procedure with probiotics there was an improvement in
the reproductive indices, and also that the specimens fed probiotics continuously
show better results than the ones fed which with probiotics under an alternate
regime (feed with probiotics for 7 days and then feed without probiotics for the
next 7 days). Ghosh et al. (2007), testing a probiotic composed of Bacillus subtilis
in four species of ornamental fish (Poecilia reticulata, P. sphenops, Xiphophorus
helleri and X. maculatus) noticed that the addition of the bacterium in the diet of
the fish favored the reproductive performance and increased the survival of the
larvae. That may have occurred due to the fact that probiotic bacteria help the
absorption of amino acids by acting on the process of oocyte development, and
consequently increasing the values of the reproductive indices.
Reference
Ghosh, S., Sinha, A., Sahu, C. 2007 Effect of probiotic on reproductive performance
in female livebearing ornamental fish. Aquaculture Research, 38: 518-526.

* Corresponding author: e-mail: daniellebio2004@yahoo.com.br
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Phytochemicals are naturally occurring biologically active chemical compounds
in plants whose presence in some plants can act as natural defense system
against disease and in other plants may actually act as colour, aroma and flavour
provider to attract potential consumers. Despite the potential benefits to health
and performance as noted in many terrestrial animals, the use of phytochemicals
in fish farming has rarely been investigated. Fish culture on the other hand is under
pressure to decrease the use of synthetic antibiotics and chemotherapeutics
because of the risk caused to humans by chemical residues in food and antibiotic
resistance being passed on to human pathogens. Efforts are being made to exploit
plants extracts or natural plants compounds as potential alternatives to synthetic
chemicals for stimulation of immune responses and disease resistance in fish. While
such efforts are commendable, there is need to also look into the physiological and
reproductive implications of the use of certain of these phytochemicals on fish.
Studies were conducted to investigate the growth and reproductive performances
of cultured Oreochromis niloticus exposed to extracts from Aframomum
melegueta and Piper guineense, two plants seeds being screened for use as
phytotherapeutic agents in fish disease control in our Institute of Oceanography,
University of Calabar, fish farm. The objectives were to determine the effects of
the extracts on the growth and reproductive performance of cultured Oreochromis
niloticus. Extracts of the two plants were incorporated into compounded feed of O.
niloticus and used to feed sub-adult Tilapia stocked in earthen ponds while normal
compounded feed without the extracts was used to feed fish in the controls. A
total of 180 specimens consisting of 135 females and 45 males were used for the
experiment. In each set up, the fish were stocked in the ratio of 3:1. The experiment
was replicated three times. Fish were fed daily for 90 days at 5% of their body
weights throughout the duration of the experiment. At the end of the 90 days fish
growth was assessed through length and weight measurements and histological
sections of both the somatic and gonadal cells were taken. Total census of the
population in each pond was also taken to assess recruitment. Results indicated
that there were varying responses of O. niloticus exposed to Piper guineense and
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Aframomum melegueta extracts with sex bias. Male Tilapia fed with the extracts of
Piper guineense showed slightly better growth performance with a mean weight of

91.3g followed by the control with a mean weight of 90g. Fish fed with extract from
Aframomum melegueta showed poorest growth with mean weight of 85.7g. There
was a significant difference in the weights of the different treatments (P<0.5). In
terms of health indices, fish in the controls fared better than fish fed with the plant
extracts, with a condition factor of 1.75 and GSI of 1.80% while the fish fed with
P. guineense had mean condition factor of 1.25 and GSI of 1.63%. Fish fed with
A. melegueta had mean condition factor of 1.20 and GSI of 1.53%. Conversely,
female O. niloticus fed with P. guineense and A. melegueta extracts had mean
weight of 97.3g and 90.0g respectively with GSI of 3.35% and 3.26%, respectively.
The control had mean weight of 130g and GSI of 3.68%. The condition factors
were 1.59 and 1.25 for the fish treated with the plants extracts respectively while
the control had condition factor of 2.12. Histological sectioning of the testicular
cells and the follicular cells of the ovaries of the fish fed with the plants extracts
revealed high inflammations and hyperplasia. In terms of recruitment, the controls
had mean recruits of 107 individuals to the original population while the ponds with
fish treated with P. guineense and A. melegueta yielded 65 and 14 new individuals
respectively. It was concluded that the phytochemicals from P. guineense and A.
melegueta extracts are injurious to the germinal cells of the testes and ovaries of
O. niloticus and thus limit their growth and reproduction. For a safe application of
the plant extracts as therapeutic agents, the doses should be such as will convey
no injurious effects to the fish while being effective in parasites control. However
the ability of extracts from P. guineense and A. melegueta to act on the germinal
cells of the gonad of O. niloticus means that these phytochemicals could be
explored as anti-fertility agents for the control of the prolific reproduction in tilapia.

* Corresponding author. Tel.: 234-803-741-6883, e-mail: amaabasi2@yahoo.com
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Institute of Aquaculture, University of Stirling, UK
Key words: Tilapia, Animal proteins substitution, maggot-meal
Intensive tilapia (Oreochromis niloticus) production is an emergent enterprise
in West Africa and the availability of complete commercial feeds that support
economic performance is a major constraint. In particular, the availability and cost
of animal source ingredients such as fishmeal (FM), which are typically used in
limited amounts to ensure balanced diets and high performance, is an issue. The
identification and use of cost-efficient feedstuffs, preferably produced locally, to
replace FM, partially or completely, has been the focus of continuous efforts by
research and commercial interests.
Current research focuses on plants (soybean and cottonseed meals, aquatic
plants, legumes, etc.) and animal by-products (blood meal, hydrolysed feather
meal, fisheries by-products, etc.) as FM replacers but there is an increasing
interest in insect-derived invertebrate meals, particularly fly larvae (Musca
domestica, Hermetia illucens, etc.). It has been demonstrated that commercial
quantities of insect larvae (maggot meal, MM) can be produced under tropical
conditions based on their high reproduction and growth rates and ability to grow
on a large variety of organic substrates, particularly wastes or by-products. The
current study evaluates potential strategies for substitution of FM for MM given its
nutritional profile (comparability of amino acids, EFA and micronutrients), different
methods of production and preparation as a feedstuff and availability of different
substrates on which to produce fly larvae. A review of secondary data suggests
that the nutritional value of MM is highly dependent on the conditions of production
(substrate, life stage of the maggots harvested) and the processing (sun or oven
dried, whole, chopped, defatted, etc.). A key question is how MM use can be
optimised and this is modeled for a large-scale cage-in-lake operation integrated
with hatchery and juvenile production. The study is based on secondary data from
hatchery, nursery and grow-out tilapia operations at various locations to estimate
annual MM requirements for a (1) food fish production of 3000 metric tons (MT),
(2) juvenile production of 20 million fingerlings (10g) and (3) a hatchery maintaining
10,000 breeders. To substitute partially (30 %) of the FM in diets of each of these
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systems, annual MM production of 1.05 MT (dry matter, DM) for the broodstock;
68.4 MT (DM) for the juveniles and 99 MT (DM) for the grow-out fish would be
required. Broodstock and juveniles have very high requirements in terms of feed
quality but the amounts required are relatively less than for foodfish. Depending
on the capacity to produce MM, the fish feeding response and their performance
results, a strategy for MM substitution will be optimized.
Experiments on fly larvae production capacity and feeding trials with MM substituted
feeds to validate this preliminary model will be conducted later in 2013 and 2014.

* Corresponding author: e-mail: e.d.devic@stir.ac.uk
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Saponin fractions from fenugreek,
Trigonella foenum-graecum L. and the
soap bark tree, Quillaja saponaria L.,
as dietary additives for Nile tilapia,
Oreochromis niloticus (L.)
T. Stadtlander 1-2*, Berta Levavi-Sivan 3, Z. Kerem 3,
M. Qutob 4, S. Abu-Lafi 4, H. Dweik 4, O. Weinreich 1, P.
Lawrence 1, Ulfert Focken 1-5, K. Becker 1
University of Hohenheim, Germany
Institute of Organic Agriculture, Switzerland
3
Hebrew University of Jerusalem, Israel
4
Al-Quds University, Palestinian Authority
5
Von Thünen Institute, Germany
1

2

Sufficient high quality feeds for intensive and semi-intensive fish and shrimp
production must be made available if the continued high growth rate of world
aquaculture is to be guaranteed. Traditionally, such feeds have been based on
fish meal, but this ingredient is a finite resource and is therefore being increasingly
replaced by other animal and plant meals. Also, in attempts to make more efficient
use of the available feeds, specific feed additives such as hormones and antibiotics
have been used in sub-therapeutic doses as growth promoters. However, these
two classes of feed additives have been prohibited in the European Union since
2006. Globally, antibiotics are under especial scrutiny due to a growing awareness
that their application in animal husbandry may be the cause of increasing drug
resistance in human pathogens. The need for alternative feed additives has fuelled
research for almost a decade.
One possible candidate for the role of alternative feed additives is a group of
naturally occurring plant metabolites called saponins. These compounds were
previously known only as anti-nutritional factors that had to be inactivated before
plant meals could be fed to fish, but in several experiments it was shown, that low
levels of Quillaja saponaria (South American soap bark tree) saponins had different
positive effects on common carp, Cyprinus carpio L. and Nile tilapia, Oreochromis
niloticus (L). Among the effects that have been observed in both species are
improved growth and reduced oxygen consumption per unit protein gain. In Nile
tilapia a sex ratio skewed towards a higher percentage of males has been found as
well as a tendency for females to produce fewer eggs. High masculinization rates
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have also been shown to occur in tilapia when they are treated with androgens and
aromatase inhibitors like Fadrozole.
For financially viable intensive production of Nile tilapia, it is necessary to produce
male monosex populations since the males grow faster due to the maternal behavior
of mouth breeding. Masculinization is generally induced by dietary application
of 17-α-methyltestosterone, a synthetic androgen. However, this hormone has
several potentially negative impacts on the environment and is carcinogenic, thus
posing a threat to workers, who may be unaware of its effects.
In in vitro studies, fractionated Q. saponaria saponins have shown a high potential
for inhibiting the enzyme aromatase which is necessary for the conversion
of androgens to estrogens. These effects are similar to those produced
by methyltestosterone.
In a 2.5-year joint research project with partners from Israel, Palestine and
Germany, fractionation of Quillaja saponaria and Trigonella foenum-graecum
(fenugreek) saponins was conducted by consecutive HPLC-based methanol
elution followed by in vitro assays of aromatase and in vivo experiments on fish.
Most experiments were carried out in the laboratory with fractionated saponins
to investigate their effects on tilapia with respect to growth, feed and nutrient
utilization, proximate composition, metabolism and GH and IGF-1 expression. An
additional experiment investigated the effects on sex ratio, gonad development
and reproduction in tilapia alone.
Most of the experiments aimed at understanding the effects of saponin fractions
on growth performance were conducted in a recirculating system capable of
continuously measuring the oxygen consumption of individual fish. Most of the
experiments designed to elucidate the effects on sex ratio and reproduction were
conducted in a flow-through system since, in a recirculating system, additives
leached from feed and soluble metabolites may accumulate in the water. One
long-term field trial to study the effects of unfractionated Q. saponaria saponins
was carried out under practical conditions in an experimental aquaculture facility
at Jericho.
Of all the saponin fractions tested, one fraction, eluted with 40% methanol, showed
negative impacts on tilapia performance while a second fraction, eluted with 60%
methanol showed beneficial effects on growth, nutrient utilization, metabolism
and gene expression during the experiments. These results were, however, not
statistically significant due to the complicated experimental set-up which allowed
only small numbers of replicates.
A study of the effects of saponin fractions on sex ratio gave encouraging results
in a preliminary experiment but in a larger scale repetition that included gonad
histology the observed effects could not be confirmed. Furthermore, no effect on
sex ratio was observed during the long term experiment in Jericho, where due
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to limited amounts of available fractionated saponins commercially available Q.
saponaria saponins were used.
In conclusion, the data from these experiments does not support the application
of the tested saponins and saponin fractions both to promote growth and improve
metabolism or as a substitute for methyltestosterone to produce male monosex
tilapia. However, the observed effects on growth performance and nutrient
utilization give hope for a potential future application of saponins or their fractions
in animal nutrition. For that hope to be realized, however, more research on the
specific nature and effects of saponins in fish both at a molecular and at a macro
level is imperative.

* Corresponding author. Tel.: place +41 (0)62 865 0439
e-mail: timo.stadtlander@fibl.org
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An alga-based platform for oral
delivery of proteins
Shiri Moshitzky, Dikla Journo, Hadar Omer Yogev, Eyal
Levi, Doron Eisenstadt, Guy Levi, Ofra Chen *
TransAlgae, Israel
Key words: Algae, Oral delivery, Proteins

The growing demand for food all over the world, particularly for animal derived
proteins, requires the development of sophisticated, agricultural management tools
that would improve the productivity and weight gain of land as well as aquatic farm
animals. Growth of aquaculture species including fish, crustaceans and mollusks
is of particular importance, as these animals are considered as a healthier source
for proteins. Some of the most challenging problems of animal health management
are the high costs of production as well as application of therapeutic proteins to
target organisms.
Oral delivery of therapeutic proteins offers the promise of greater compliance due
to simplicity, convenience and considerably cheaper costs compared to injections.
However, oral administration of protein based drugs is extremely difﬁcult due to
their very low bioavailability. Development of oral protein formulations requires
overcoming obstacles, such as inactivation or rapid enzymatic degradation in the
gastrointestinal tract and low permeability of large molecules. Through the years,
various strategies have been tried for improving bioavailability of therapeutic
proteins. The approaches commonly used in formulating oral protein delivery
systems include using speciﬁc excipients, such as absorption enhancers, enzyme
inhibitors, muco-adhesive polymers and using formulations allowing protection of
protein drugs from the harsh environment in the gastrointestinal tract. Despite
various attempts, clinically useful oral formulations are so far scarce.
Interest in eukaryotic microalgae as an alternative platform for recombinant protein
production has been on the rise in recent years.
In general, transgenic algae offer several advantages over other recombinant
protein production platforms. Costs of protein production in algae are much lower
than other production systems due to low operational and capital expenses.
Proteins expressed in algae are more likely to be free from toxins and viral agents
that may be present in preparations from bacteria or mammalian cell culture.
Scaling up production in algae is much faster than in other systems. In addition,
microalgae can be grown in containment in enclosed bioreactors, thus reducing
the possibility of gene flow.
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TransAlgae has developed an algae based platform for oral delivery of proteins,
which is applicable for the fish, shrimps and the poultry industries. The technology
demonstrates that recombinant proteins, expressed in algae and delivered orally
to tilapia fish, are protected from degradation in the stomach, presumably because
of bio-encapsulation of the protein by the algae rigid cell wall. The developed
platform enables efficient protein absorption, in its intact and functional form,
to tilapia.
Aquaculture species like fish have relatively long time-to-market due to their slow
growth rates. TransAlgae has produced an algal cell line expressing a growth
promoting agent, which accelerates the growth of fish, thus increasing grower’s
productivity and helping the industry in meeting the increasing demands for
animal protein.

* Corresponding author. Tel.:08-9366167; e-mail: ofra.chen@transalgae.com
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Probiotics in tilapia production –
latest lab and field data from Asia and
Latin America
Olivier Decamp *, Marcos Santos, Yolprapa Dumrongphol
INVE Aquaculture, 471 Bond Street, Nonthaburi 11120, Thailand
Key words: Probiotics, bacterial disease, management protocol
World tilapia production should have reached 3.7 million tonnes in 2012, with
China, Egypt and Indonesia the major producers. A consequence of this production
increase is the higher risk of loss due to diseases. Major mortalities have been
associated with bacteria such as Streptococcus agalactiae, S. iniae, but also
Aeromonas hydrophila, Edwardsiella tarda, Enterococcus, Flavobacterium
columnare, Lactococcus, Pseudomonas, etc. Fungi such as Saprolegnia and
Trichodina are also responsible for losses. Some of these losses are caused
by primary pathogens but others are associated with stress (temperature, low
dissolved oxygen, high ammonia, organic matter or bacterial load) and poor or not
optimal management of the rearing environment.
A complete management protocol covering appropriate (1) biosecurity measures,
(2) vaccination, (3) delivery of immunostimulants and probiotics via the feed, and
(4) the control/improvement of the water and pond quality through the addition of a
mixture of microorganisms that have been selected for the rapid decomposition of
waste material, under both aerobic and anaerobic conditions, will provide farmers
with tools to reduce the risk of disease or reduce the level of the disease outbreak.
Protocols from Thailand, the Philippines and Brazil, with Nile tilapia and red tilapia,
will be discussed, with an emphasis on the benefit of probiotics.
More specifically:
◊ Benefit of water probiotics treatment on the output during sex-reversal, in
commercial operations from Thailand.
◊ Protocols to control water and soil quality in ponds from commercial
operations in Brazil.
◊ Effect of feed probiotic on the growth rate of fry (2-5cm), in Thai laboratory
trials.
◊ Benefit of feed probiotic on fillet quality of Nile tilapia from Brazil.
◊ Outcome of water and feed probiotic treatment on the performance of
commercial tilapia grow-out ponds from the Philippines.
* Corresponding author. Tel.: +66 2 960 0200, fax: +66 2 960 0361
e-mail: o.decamp@inveaquaculture.com
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Effect of pulse or continuous feeding
with probiotic, Enterococcus faecium ,
in growth performance of Nile tilapia #
Leonardo Tachibana 1*, Guilherme S. Telli 2, Giovani S.
Gonçalves 1, Edson F. Machado 1, Danielle de Carla Dias 1,
Fabio R. Sussel 3, Maria José T. Ranzani-Paiva 1
1
2

Fishery Institute – São Paulo - Brazil
Aquaculture Center UNESP – Brazil
3
APTA Pirassununga – Brazil

Key words: probiotics, pulse-feeding, continuous feeding administration
Nile tilapia is an economically important cultured specie in several areas of
the world, in Brazil is the mainly specie produced and represent 39% of inland
aquaculture. The intensification of aquaculture culture system provokes a stress
in fish. The immune system must work appropriately to ensure health and
physiological conditions of farmed fish. Currently, traditional use of antibiotics in
aquaculture has been criticized because of the potential development of antibioticresistant bacteria, the presence of antibiotic residues in seafood, the destruction
of microbial populations in the aquacultural environment and the suppression of
the aquatic animals' immune system. Therefore, alternative products must be
tested e.g. probiotics. The administration of probiotics has been studied in several
fish species and many studies prove that it can stimulate growth, modulate the
immune system, inhibit the growth pathogens and stress tolerance. The aim of the
present study was to evaluate the effect of feeding strategy of ration containing
Enterococcus faecium on growth performance of Nile tilapia, Oreochromis niloticus.
The study was conducted on Agencia Paulista de Tecnologia dos Agronegócios
(APTA) – Brazil. Six hundred and forty tilapias (20.0 ± 0.25g) were distributed into 16
tanks (800 L). The experimental design was totally randomized, composed by four
different strategies of probiotics feeding administration control (CTR), continuous
(CON), pulse 7 days (P7), pulse 14 days (P14) groups and four replications. The
feeding strategies were: CTR group, feeding with only basal diet, CON group,
feeding continuously with probiotic-supplemented diet, P7 and P14 groups,
feeding following pulse-administration of 7 and 14 days cyclically respectively,
alternate uses of probiotic supplemented diet and basal diet. The basal diet was
formulated and used in P7 and P14. The probiotic diet was prepared with basal
diet supplemented with 1x1010 CFU (colony forming unit) of probiotic per kg of
ration. A commercial lyophilized probiotic composed of Enterococcus faecium
(CYLACTIN®) containing 1010 CFU g-1 was homogenized in soybean oil (2% of
feed weight) and sprayed on feed. The diets were maintained at 4°C. The fish
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were fed three times daily until satiation. Water quality parameters (temperature,
dissolved oxygen and pH) were measured during the experimental feeding period.
Biometrical parameters were recorded at initial and after 84 days of feeding trial.
Fish were anaesthetized with clove oil (50µL L-1) before biometrics measurements.
The parameters evaluated were individual final weight, individual weight gain,
condition factor, specific growth rate, feed consumption, feed conversion rate, total
final biomass and survival rate. Data was submitted to ANOVA and Duncan´s test
(P<0.05).
The treatment P7 fish showed greater (P <0.01) individual final weight, individual
weight gain and final total biomass compared with other treatments. The feed
consumption was low at P14 treatment compared to other treatments. The
probiotic probably acted as a growth promoter when supplied under pulse
condition of feeding. The factors of improvement in weight gain parameter and
total biomass may be due to better digestibility of the feed. The E. faecium is a
lactic acid bacterium and may benefit the host bacteria in the gastrointestinal tract
and improving all digestive process. Fish survival was 100% in all treatments,
demonstrating adequate handling during the experiment period.
We conclude that the probiotic, E. faecium, supplemented in feed provided in
pulses of seven days can improve the growth performance of Nile tilapia juveniles.
# Project financed by FAPESP

* Corresponding author. e-mail: tachibana@pesca.sp.gov.br
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Feeding strategy of probiotic
Enterococcus faecium on hematology
and non-specific immune response in
Nile tilapia #
Guilherme S. Telli 1*, Leonardo Tachibana 2, Danielle de
Carla Dias 2, Mariene M. Natori 3, Fabio R. Sussel 4, Maria
José T. Ranzani-Paiva 2
1
2

Aquaculture Center UNESP – Brazil
Fishery Institute – São Paulo - Brazil
3
University of São Paulo- USP
4
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Key words: burst respiratory, cortisol, phagocytic activity, pulse-administration,
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Tilapias represent 39% of inland aquaculture in Brazil, being the main species
produced (2011). The intensive production system causes different types of stress
like changes in growth rate, physiological homeostasis, reproductive performance
and immune system suppression, allowing fishes susceptible to diseases. The
reduction of using antibiotics is motivated by consumer`s market exigency for
quality, free from chemical residues; and by concerns related to possible bacterial
resistance caused by over use. In this regard, researches with the use of functional
foods are currently intensified. An oral administration of imunostimulants as
probiotics can provide innate defense for pathogen resistance, during high stress
situations (e.g. grading, reproduction, vaccination). These products are a viable
alternative and safety to substitution of chemical medicaments utilized in animal
production to preventing diseases. The aim of the present study was to elucidate
the possible effect of feeding strategy of Enterococcus faecium on hematology
and non-specific immune response in Nile tilapia. The experiment was conducted
at Agencia Paulista de Tecnologia dos Agronegócios (APTA) – Brazil. Six
hundred and forty tilapias (20.0 ± 0.25g) were distributed into 16 tanks (800 L).
The experimental design was randomized, composed by four different strategies
of probiotics feeding administration control (T0), continuous (T1), pulse 7 days
(T3), pulse 14 days (T4) groups and four replications. The strategies were: T0
group, feeding with only basal diet, T1 group, feeding continuously with probioticsupplemented diet, T3 and T4 groups, feeding following pulse-administration of 7
and 14 days cyclically respectively, alterning uses of probiotic supplemented diet
and basal diet. The basal diet was formulated and used in T3 and T4. The probiotic
diet was prepared with basal diet supplemented with 1x1010 CFU (colony forming
unit) of probiotic per kg of ration. A commercial lyophilized probiotic composed of
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Enterococcus faecium (CYLACTIN®) containing 1010 CFU g-1 was homogenized in

soybean oil (2% of feed weight) and sprayed on feed. The diets were maintained
at 4°C. The fish were fed three times daily until satiation. Water quality parameters
(temperature, dissolved oxygen and pH) were measured during the experimental
feeding period. At the end of the experiment, two fish were randomly collected
from each tank (n=8) to proceed analyses. Fishes were anesthetized with clove
oil (50µL L-1), blood samples were collected from the caudal vein using a heparincoated syringe with 24-G needles to a range of analyzes: determination of
hemoglobin content, total erythrocyte, glucose levels, hematimetric indexes and
respiratory burst activity by nitroblue tetrazolium (NBT) assay. Serum samples
were colected to proceed lysozyme and cortisol analyzes. Two fishes from each
tank were anaesthetised and blood samples were collected by syringes without
anticoagulant and allowed to clot for 4 h, centrifuged (3000g for 5 min) and then
kept at -20°C. Three mL of Saccharomyces cerevisiae yeast solution was injected
into coelomic cavity to determine the phagocytic activity of macrophages “in vivo”,
fishes. After incubation (4h) phagocytes was recovered from coelomic cavity and
observed to determine the phagocytic capacity (PC) and index phagocytic (IP). PC
= (number of phagocytes ingesting yeast/number of phagocytes observed), IP =
(number of yeast ingested/number of phagocytes observed). Data were analysed
by one-way ANOVA and Tukey’s. Higher levels (P<0.05) of respiratory burst
activity were observed in fishes that received feed pulse-administration of 14 days
(T4). Fish phagocytes after activation are able to generate superoxide anion (O2-)
and its reactive derivatives during a period of intense oxygen consumption, called
the respiratory burst, these reactive oxygen species are considered to be toxic for
fish bacterial pathogens. Increased of respiratory burst activity can be correlated
with increased bacterial pathogen killing activity of phagocytes. Application
following pulse-administration of 14 days may provide the direct benefits of
short-term application during the supplemental feeding phase and during the unsupplemented stage where gastric probiotic populations persist for a number of
weeks may provide a level of protection against transient pathogens and could
continue to induce some degree of immunostimulation. During the 84 days trial
period, the mean values showed no statistical differences (P>0.05) on hematology
parameters, glucose, lysozyme, cortisol levels and phagocytic activity. Feeding
strategy of probiotic, Enterococcus faecium, following pulse-administration of 14
days increase the respiratory burst activity in Nile tilapia.

# Supported by FAPESP (2011/09174-6)

* Corresponding author. E-mail: guilherme.telli@hotmail.com
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Development of an in vitro technique
for assessing diets and feed
ingredients for tilapia
Ayodeji Adeoye *, Peter Bowyer, Daniel Merrifield, Simon
Davies
Aquatic Animal Nutrition and Health Research Group
University of Plymouth, UK
Key words: tilapia, in vitro digestion, plant-based diet, nutrient digestibility
A study was carried out to develop a specific in vitro digestibility technique for
Nile tilapia (Oreochromis niloticus) based on a purified enzymatic hydrolysis.
The method consisted of a 2-step digestion at 28°C; a 4-hour digestion of a
plant-based diet with pepsin (P7000) at pH 2.5, followed by 14-hours digestion
with pancreatin (P1750) at pH 7.5. The indigestible residue was recovered by
centrifugation, oven dried at 45°C and analyzed for chemical composition. The
digestion coefficients (DC), nutrient digestibility (ND) and total digestible nutrients
(TDN) were calculated. Digestion coefficients of dry matter, crude protein, lipid,
energy and nitrogen free extract were 61.93%, 74.96%, 68.63%, 61.52%, and
48.83% respectively. These digestion coefficients translated to 57.89% digestible
dry matter (DDM), 30% digestible crude protein (DCP), 5.16% digestible lipid (DL),
11.87MJ digestible energy (DE) and 19.4% digestible nitrogen free extract (DNFE).
TDN was 61.01%. The digestibility values obtained offered a rapid assessment of
the diet. Future studies are in progress to validate correlations between the in vitro
and in vivo digestibility under varying conditions.

* Corresponding author e-mail: dejiadeoye@gmail.com
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Camelina as an alternative substitute
for soymeal in tilapia diets #
Pamila Ramotar *, Kevin Fitzsimmons
Environmental Research Laboratory, University of Arizona,
Tucson, Arizona, USA

Camelina is an oil seed crop grown in higher latitudes especially along the US
- Canada border, northern China and northern Europe. Camelina after removal
of most of the edible oil has been proposed as a fish feed ingredient. Although
preliminary trials with rainbow trout did not yield encouraging results, tilapias
were selected for this study because they are a better natural consumer of plant
materials, have a more complex gut structure with a quite different gut flora. As a
result we felt that tilapias may gain more nutritional benefits when fed camelina
press cake and oil.
A feeding trial was devised based on a diet formulated and manufactured at the
Fish Technology Center in Bozeman, MT and with tilapia fed at the University of
Arizona. The objectives of this study were to determine optimal levels of inclusion
and compare variations in the camelina press cake and oil for tilapia growth in
re-circulating systems. The diets for the trial was formulated to contain various
levels of dietary protein (0%, 5%, 10%, 15%, 20% and 25%) for the “camelina
press cake inclusion” while the “camelina oil inclusion” considered one level of oil
(4.7%) which was divided under two groups of camelina: “raw” and “washed”. A
commercial tilapia diet (Star Milling Grower; 35%CP, 9% CL) diet manufactured by
Star Milling of Perris, California was used as the control.
Nile tilapia, Oreochromis niloticus, was stocked into thirty-six experimental tanks
with five fish each (initial average biomass of 202.1g ± 1.2g or average individual
biomass 40g ± 0.2g). Diets were randomly assigned, with four replicates per
treatment. Feeding rate was 3% of biomass per day and was split into two feedings
per day, seven days for eight weeks. Fish weight, survival, and feed consumed
were recorded and determined every two weeks. At the end of the study two fishes
per treatment were sampled for proximate composition analysis.
Preliminary results indicated that the biomass gained, relative growth rate (RGR)
and feed conversion ratio (FCR), were not significantly different (P>0.05), between
the various level of protein for the camelina press cake and camelina oil inclusion.
The body composition and fatty acid profiles will be reported later.
Substituting camelina as an alternative ingredient for soymeal used in this
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experiment may allow feed formulators to replace soymeal and reduce the cost
(depending on the cost of camelina) of tilapia feed, hence decreasing the operating
cost in intensive culture.

# This project was supported by the Western Regional Aquaculture Center (WRAC).

* Corresponding author. e-mail: pamilasnuggles_54321@gmail.com
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Histology and semen analysis of Tilapia
zillii (GERVAIS, 1848) fed bitter melon
( Mormodica charantia ) leaf meal diet
B.J. Akin-Obasola *, T. Jegede
Department of Forestry, Wildlife & Fisheries Management, Ekiti State
University, Ado Ekiti, Nigeria
Key words: Momordica charantia, Tilapia zillii, histology, milt
Milled Mormodica charantia was added to a basal diet (35% crude protein and
18.0MJ gross energy/kg diet) at 0, 20, 40, 60 and 80 g/kg diets and fed to male
Tilapia zillii (30.40±0.23g) for 80 days. A total of 150 fish was randomly distributed
in triplicate into 15 plastic tanks (1x1x1m) at a stocking density of 10 fish per tank.
Clean water sourced from borehole (pH: 6.9, temperature: 26.6 and Dissolved
oxygen: 2.9) was used and the volume was 400litres/tank. The fish were fed at
4% body weight/day in two installments at 0900-0930 h and 1700-1730h. At the
end of the experiment, histological examination was conducted on the testes
and milt analysis was equally carried out. Male T. zillii fed 0g of Momordica
charantia leaf meal (MCLM) /kg diet (control) showed matured germinal cells in
the seminiferous tubule. The lumens were surrounded by multiple cysts, each
of which contained cells that are at the same stage of development and many
spermatocytes undergoing cell division. The section of T. zillii fed 20g MCLM/
kg diet showed matured germinal cells in the confluence of the seminiferous
tubules but very few are in the lumen of the preceeding ducts. In fish fed 40g
MCLM/kg diet, section of the testes showed cystic tubule and highly reduced
matured germinal cell in the confluence of the seminiferous tubule. T. zillii fed
60g MCLM/kg diet showed necrosis, very few matured germinal cell in the lumen
of preceeding ducts and disintegration in sperm cells. In T. zillii fed 80g MCLM/
kg diet, the section showed necrosis, severe atrophy, very few matured germinal
cell in the lumen of preceeding ducts and disintegration in sperm cells. All the
fish fed MCLM diets showed asthenozoospermia and oligozoospermia. Fish
fed 80g MCLM/kg diets also showed hypospermia. It was observed that T. zillii
spermatozoa maintained normal morphology but abnormal motility, low sperm
count and volume. Phyto chemical analysis of Momordica charantia showed the
presence of charantin, alkaloids, momordicins, tannin, steroid, saponin, terpeniod
and glycosine. Statistical analysis (P<0.05) of reproductive indices of male T. zillii
fed high dietary Momordica charantia leaf meal diet levels revealed that Bitter
melon leaves may be effective as sterility-inducing agents in T. zillii.
* Corresponding author. E-mail: bolaakinobasola@hotmail.com
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A comparative analysis of the
Mozambique and Nile tilapia
intestinal transcriptomic response to
high salinity
Dana Ronkin, Eyal Seroussi, Adi Doron-Faigenboim,
Gideon Hulata, Avner Cnaani *
Institute of Animal Science, Agriculture Research Organization, Bet
Dagan 50250, Israel
Key words: salinity tolerance, transcriptome, gene expression
Mozambique and Nile tilapias (Oreochromis mossambicus and O. niloticus) are the
two main cultured tilapia species in the world. These species differ in their salinity
tolerance, with Mozambique tilapia able to thrive even in seawater while Nile tilapia
having repressed growth and fitness in high salinities. Aiming to characterize the
underlying mechanism differentiating their salinity tolerance we analyzed the
transcriptomic response of those two species to salt- and fresh-water acclimation,
in the anterior and posterior intestines. We have extracted total mRNA from
five fish from each species in each salinity, and conducted transcriptome deepsequencing using the Illumina Hi-Seq technique. The gene expression patterns
were analyzed, following by gene-ontology (GO) analysis. Several genes that were
found to be involved in osmoregulation were further characterized for sequence
variation, and expression patterns in additional organs using qPCR analysis. Our
analyses indicate a different environmental dependent gene expression patterns
for each species and intestinal section. Overall, between 182 and 404 genes were
significantly up-regulated (P<0.001) with at least 3.5-fold expression increase in
either fresh or salt water, in the eight analyzed treatments. These genes included
various ion and water channels, nutrient transporters, and tight junction proteins.
The species comparison resulted with differential expression patterns of specific
genes and GOs, including dozens of genes with inversed salinity response
between these two species.

* Corresponding author. e-mail: avnerc@volcani.agri.gov.il
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Morphological and ultrastructural
characterisation of ionoregulatory
cells in the teleost Oreochromis
niloticus following salinity challenge
combining complementary confocal
scanning laser microscopy and
transmission electron microscopy
using a novel pre-fixation immunogold
labeling technique
Sophie Fridman 1-2*, Krishen J. Rana 3-4, James E. Bron 1
Institute of Aquaculture, University of Stirling, FK9 3LA, Scotland
French Associate's Institute for Agriculture and Biotechnology of
Drylands, J. Blaustein Institutes for Desert Research, Ben Gurion
University, Sde-Boqer Campus 84990, Israel
3
Aquaculture Division, University of Stellenbosch, Stellenbosch 7602,
South Africa
4
Department of Aquaculture, University of Plymouth, PL4 8AA, England
1

2

Key words: Osmoregulation, mitochondria-rich cells, microscopy
Ionoregulatory or mitochondria-rich cells (MRCs) are highly specialized, polarized
cells with distinct, ultrastructural features characteristic of ion-transporting cells
that provide a large surface area for the placement of transport proteins, most
importantly the ion-translocating enzyme Na+/K+-ATPase or sodium pump.
Numerous studies, dedicated to the study of their form and function has established
that these cells are the primary, extra-renal osmoregulatory sites for trans-epithelial
transport of ions in teleost fishes (Evans et al., 1999). Morphological changes to
MRCs and modifications to their ion transporting function are interrelated; it is
these morphological adjustments as a response to environmental changes that
are vital in conserving physiological function in the adult teleost and it is this
adaptive response that contributes to euryhaline fishes’ ability to inhabit both
diverse and fluctuating environments. Teleost embryos and larvae likewise are
able to maintain osmotic and ionic gradients between their internal and external
environments despite the fact that full adult osmoregulatory capacity is not
reached during these early developmental stages. This adaptability to varying
osmotic conditions is dependant initially on integumental MRCs and then shifts to
rely on the developing digestive tract, urinary organs and the developing branchial
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tissues that is characteristic of adult fishes. Aspects of MRC differentiation and
adaptation in Nile tilapia yolk-sac larvae following transfer from freshwater to
elevated salinities i.e. 12.5 and 20 ppt are investigated in order to characterise
developmental stages and to clarify changes in form and related function following
salinity challenge during the early life stages of the Nile tilapia. Investigations
using immunohistochemistry on whole-mount Nile tilapia larvae using anti- Na+/
K+-ATPase as a primary antibody and Fluoronanogold™ (Nanoprobes, U.S.) as a
secondary immunoprobe allowed fluorescent labeling with the high resolution of
confocal scanning laser microscopy combined with the detection of immunolabeled
target molecules at an ultrastructural level using transmission electron microscopy
(TEM). It reports, for the first time, various developmental stages of MRCs within the
epithelial layer of the tail of yolk-sac larvae, corresponding to immature, developing
and mature MRCs, identifiable by their own characteristic ultrastructure and form.
Following transfer to hyper-osmotic salinities the density of immunogold particles
and well as the intricacy of the tubular system appeared to increase. In addition,
complementary confocal scanning laser microscopy allowed identification of
immunopositive ramifying extensions emanating from the basolateral portion of
the cell which appeared to be correlated with the localisation of subsurface tubular
areas displaying immunogold labeled Na+/K+-ATPase. The integrated approach
that has been used in the current study describes a reliable and repeatable prefixation immunogold labeling technique allowing precise visualisation of Na+/
K+-ATPase within target cells combined with a 3-D imaging that offers valuable
insights into MRC dynamics at an ultrastructural level.
Reference
Evans, D.H., Piermarini, P.M., Potts, W.T.W. (1999). Ionic transport in the fish gill
epithelium. J. Exp. Zool. 283: 641– 652.
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Acclimation of gill ionocytes of
Red tilapia ( Oreochromis niloticus
× O. mossambicus ) to salinity and
alkalinity stress
Jeerawat Thammaratsuntorn *, Jin-Liang Zhao, Li-Hui Zhao,
Jin-Tao Guo, Qing-Qing Zhuang
Key Laboratory of Freshwater Fisheries Germplasm Resources, Ministry
of Agriculture, Shanghai Ocean University, Shanghai 201306, China
Key words: ionocytes, scanning electron microscopic, immunocytochemistry,
Na+/K+-ATPase, red tilapia.
The ionocytes in fish gill are in vital functions when exposed to unfavorable
environment and responsible for ionic exchanges. After adapting to freshwater,
salinity stress (30‰), alkalinity stress (3 g•L-1 NaHCO3), and salinity & alkalinity
stress (20‰/2 g•L-1 NaHCO3) for one week, the localization, morphology and
numeration of gill ionocytes in red tilapia (Oreochromis niloticus × O. mossambicus)
were investigated by scanning electron microscopy (SEM) and whole-mount
immunocytochemistry with anti-Na+/K+-ATPase. SEM observation revealed that
the ionocytes were appeared at gill filament on primary lamellae. The ionocytes
were morphologically classified into four apical opening types: an apical pit, a
convex apical surface, a concave apical surface, and a transitory apical surface.
In freshwater, two types of ionocytes; apical pit and concave apical surface, were
observed. Four types of ionocytes were observed in salinity stress and alkalinity
stress. And in salinity & alkalinity stress, only apical pit type was observed. The
mean ionocyte density in freshwater, salinity stress, alkalinity stress, and salinity
& alkalinity stress was 5.61×103, 26.65×103, 16.83×103, and 18.23×103 cells/mm2,
respectively. Whole-mount immunocyto-chemistry showed the Na+/K+-ATPase
immunoreactive (NKA-IR) cells were found in the inter-lamellar region of the
filament epithelium. No distinct variation of NKA-IR in location and numeration
was observed under different stresses. The results showed that red tilapia could
acclimate to salinity and alkalinity environment by changing different types and
amounts of ionocytes, which were involved in ion transportation.

* Corresponding author. e-mail: platong_ann@hotmail.com
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Na +-K +-ATPase involved in gill
osmoregulation of Nile tilapia,
Oreochromis niloticus under salinity stress
Jin-liang Zhao *, Qing-qing Zhuang
Laboratory of Freshwater Fisheries Germplasm Resources, Ministry of
Agriculture, Shanghai Ocean University, Shanghai 201306, P R China
Key words: Oreochromis niloticus; gill; NKA; osmoregulation; salinity stress
To understand the mechanism of osmoregulation in gills of Nile tilapia (Oreochromis
niloticus), two different salinity stress experiments were designed, experimental
group A (salinity 0→7.5→15→20→25) and the experimental group B (salinity
0→7.5→15→7.5→0), the relationship between the serum osmolality, serum ionic
(Na+, Cl-, K+) concentration with salinity changes, and relationship between Na+K+-ATPase (NKA) enzyme activity and NKA a1 mRNA expression levels with
salinity changes were investigated through biochemical and molecular techniques.
The results showed that in the experimental group A, the level of serum osmolality
increased significantly with the increasing environmental salinity, exhibiting a
positive correlation relationship; Serum Na+, Cl- concentration increased with the
increasing salinity, however, serum K+ concentration rose as the salinity increased
from 0 to 7.5 and 15, then decreased from salinity 15 to 20 and 25; NKA activity
and NKA a1 mRNA expression levels in gills expressed upward with the increasing
salinity. In experimental group B, serum osmolality, serum Na+, Cl-, K+ concentration,
NKA a1 mRNA expression levels and NKA activity all showed a significant upward
trend during transferring from salinity 0 to 15; but they all showed a downward
trend after transferring from salinity 15 back to 0. The conclusion is the serum
osmolality basically presents a positively correlated relationship with changes in
ambient salinity, so does Na+, Cl- concentration; To maintain osmotic balance,
Nile tilapia may regulate ionic concentrations in the body by changing the NKA
transcriptional level and enzymatic activity in gills.
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Expression and localization of ion
channels in the epithelial cells of the
gastrointestinal tract, kidney and gills
Enbal Ben-Tal Cohen, Olga Genin, Dana Ronkin, Avner
Cnaani *
Institute of Animal Science, Agricultural Research Organization, Bet
Dagan 50250, Israel
Key words: salinity tolerance, osmoregulation, ion channels, gene expression
Tilapias are euryhaline fishes, able to tolerate wide range of salinities. They are
mostly freshwater fishes, but can also live in a seawater environment. In the
transition between these environments, the epithelial cells of the gastrointestinal
tract, the gills and the kidney, play a pivotal role in the control of the osmotic
balance. Ion channels and transporters expression in these epithelial cells are
differentially regulated by the environmental salinity levels. In the freshwater
environment the fish is exposed to diffusive loss of ions and water gain, while
in the hyperosmotic environment the drinking rate of the fish increases in order
to prevent a water loss, and the intestinal water absorption is coupled to NaCl
uptake. The main route for apical intestine entry of Na+ ions occurs via the NKCC
(Na, K, Cl co-transporter) and NCC (Na, Cl co-transporter). The Na+ ions exit
from the basolateral side through the NKA (Na/K ATPase) pump. Aiming for better
understanding the tilapia adaptation to salinity change we have investigated
expression levels and cellular localization of different ion channels in the major
osmoregulatory organs. Using an immunohistochemical approach, we characterize
the expression pattern of NKCC and NKA transporters in the tilapia’s epithelial
tissues in freshwater and salt water, showing salinity dependent expression. The
immunohistochemical analysis was accompanied by real time PCR experiments,
which characterized the RNA expression pattern of the two NKCC isoforms,
NKCC1 and NKCC2, in Nile and Mozambique tilapias, two species that differ in
their salinity tolerance. In contrary to the well characterize sodium ion absorbent
routes, less is known about the potassium ion pathway. Aside of the potassium
entry route through the NKCC located at the lumen of the epithelial cells; we
characterized two potassium channels, belonging to the inward rectifier potassium
channels protein family, KCNJ15 and KCNJ16. Using a real time PCR analysis we
showed different expression patterns of these channels in different tissues of the
Nile and Mozambique tilapias in freshwater compared to seawater environments.
Immunohistochemical analysis of these channels illustrate that these channels,
although have the ability to jointly form heterotetramers, do not have the same
expression pattern, with an apical expression of the KCNJ15 subunit in most of
the tissues, and a basolateral expression pattern of the KCNJ16 subunit. Double
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staining of these channels with NKCC and NKA transporters, showed a colocalization of KCNJ15 with NKCC and co-localization of KCNJ16 with NKA in the
kidney and intestinal tissues.
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Tilapia leptin and leptin receptor #
Michal Shpilman, Berta Levavi-Sivan *
The Hebrew University, The Robert H. Smith Faculty of Agriculture, Food
and Environment, Rehovot 76100, Israel
Key words: Leptin, Leptin receptor, Recombinant protein, Tilapia
Leptin is known as an important hormone in the regulation of food intake, energy
expenditure and reproduction in mammals. In contrast, information regarding
nonmammalian and in particular fish leptins are scarce. Due to the large differences
at both gene and protein levels between mammalian and teleost leptin, preparation
of species-specific leptin is crucial in order to characterize its function in fish. In the
present study, full-length cDNA coding for two leptin (named tLepA and tLepB) and
one leptin-receptor (named tLepR) sequences were identified in tilapia (Oreochromis
niloticus). The full-length cDNA of tLepR was 3423 bp, encoding a protein of 1140
amino acid (aa) which contained functionally important domains conserved among
vertebrate leptin receptors. Tissue distribution analysis showed that tLepR was mainly
expressed in the pituitary, head kidney, muscle and pancreas. The cDNAs of tLepA
and tLepB were 486 bp and 492 bp in length, encoding for proteins of 161 aa and 163
aa, respectively. The three-dimensional (3D) structures modeling of tLepA and tLepB
predicts strong conservation of tertiary structure with that of human leptin. The tLep
proteins were estimated to comprise four helixes. Using synteny, the tLep's were found
neighboring common genes, such as IMPDH1 and LLRC4. The cDNA for tLepA and
tLepB was cloned and synthetic cDNA optimized for expression in Escherichia coli was
prepared according to the cloned sequence. The tLepA and tLepB, transformed into E.
coli and expressed as recombinant protein upon induction with nalidixic acid, was found
almost entirely in the insoluble inclusion bodies (IBs). The proteins were solubilized,
refolded and purified to homogeneity by anion-exchange chromatography. For tLepA,
the fraction eluted with 200 mM NaCl contained a mixture of monomers and dimers
which were then resolved by consecutive preparative gel-filtration chromatography into
two fractions yielding, respectively, ~15 mg monomeric and ~3 mg dimeric tLepA from
0.5 L of fermentation culture. The yield of monomeric tLepB was ~6.5 mg from 0.75
L of fermentation culture. The purified tLepA and tLepB monomers and tLepA dimers
showed a single band of ~15 kDa following SDS–PAGE in the presence of reducing
agent, whereas the tLepA dimer showed one band of ~30 kDa in the absence of reducing
agent, indicating its formation by S–S bonds. The three tLEPs were biologically active
in promoting proliferation of BAF/3 cells stably transfected with the long form of human
leptin (hLep) receptor, but their activity was four orders of magnitude lower than that
of mammalian leptin. Such low activity is likely results from low identity (14-18%) to
mammalian leptins. This work is the first report on the purification of tilapia leptin.
# This research was supported by Grant No. 237/12 from the Israel Science Foundation (ISF).
* Corresponding author. Tel.: 972-89489988, fax: 972-89489307
e-mail: berta.sivan@mail.huji.ac.il
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Effects of tidally changing rearing
salinities on osmoregulation and
growth in the Mozambique tilapia
Andre P. Seale 1, B.P. Moorman 1-2, M. Inokuchi 1, D.T.
Lerner 1-3, and E. Gordon Grau 1
Hawai‘i Institute of Marine Biology, University of Hawaii, Kaneohe, HI,
USA
2
Department of Molecular Biosciences and Bioengineering, University of
Hawaii, Manoa, HI, USA
3
Sea Grant College Program, University of Hawai‘i, Honolulu, HI, USA
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The native distribution of Mozambique tilapia, Oreochromis mossambicus, is
characterized by estuarine areas subject to salinity variations between fresh
water (FW) and seawater (SW) with tidal frequency. Adaptation to changes
in environmental salinity is largely mediated by the neuroendocrine system
and involves the activation of ion uptake and ion extrusion mechanisms in
osmoregulatory tissues, including gill. Exposure to a fall in extracellular osmolality
stimulates the release of prolactin (PRL) which acts to promote ion uptake. We
compared plasma osmolalities, plasma PRL levels, pituitary PRL mRNA levels,
and branchial ion pump and transporter mRNA levels in tilapia reared in FW, SW,
and under a tidal regimen (TR), characterized by changes in salinity between FW
(TF) and SW (TS) every six hours. We also measured the growth rate and pituitary
GH mRNA levels of tilapia reared under these conditions. Plasma PRL levels were
higher in tilapia reared in FW than those reared in SW, TF, and TS. Unlike tilapia
reared in steady-state FW or SW, TR tilapia did not show any correlation between
plasma osmolality and PRL levels. Branchial Na+/Cl- cotransporter (NCC) mRNA
levels were highest in fish reared in FW, followed by those reared in TF, TS and
SW. Na+/K+/Cl- cotransporter (NKCC) levels were lower in FW than in SW, TF,
and TS. Immunocytochemistry revealed that TF and TS ionocyte morphology
closely resemble that of SW fish. Tilapia reared under TR showed higher growth
rates and pituitary GH mRNA expression when compared with those reared under
steady-state conditions. This study indicates that tidal fish are able to compensate
for large changes in external osmolality while growing faster and maintaining
osmoregulatory parameters within a narrow range. This work was supported by
funds from NSF, USDA, Sea Grant and the Pauley Foundation.

* Corresponding author. e-mail: ????

148

Oral Present ations - Endocr inolog y

Spermatogonial stem cell physiology,
niche and transplantation in fish
Luiz Renato de França
Laboratory of cellular Biology, Institute of Biological Sciences, Federal
University of Minas Gerais, Belo Horizonte, MG, Brazil. 31270-901.

As it occurs in other vertebrate species, spermatogenesis in fish is initiated
by spermatogonial stem cells (SSCs) which either self-renew or gradually
differentiate to produce mature sperm. SSCs are located in a particular testis
microenvironment called SSC niche, formed by Sertoli and peritubular myoid
cells, the basement membrane and other cellular components/factors from the
intertubular compartment that regulate SSCs maintenance and fate. Considering
the great variation in testis structure/arrangement across fish species, the study
of the niche components is crucial to understand SSCs physiology. Additionally,
the germ cell transplantation technique, which has been applied to fish in the
last decade, is a unique approach to elucidating important functional aspects of
SSCs biology such as: (i) the capacity of SSCs to colonize the testis of recipient
species (syngeneic and xenogeneic transplantation) giving rise to donor sperm;
(ii) the plasticity of these cells, considering that spermatogonia and oogonia can
be derived from SSCs collected from the opposite sex; and (iii) the possibility of
genetically manipulating SSCs before transplantation to produce transgenic fish.
However, fish SSC isolation and characterization has been limited so far by the
lack of specific molecular markers for these cells. Therefore, various research
groups are currently investigating specific SSCs markers and, up to date, few
proteins have been identified in different spermatogonial populations from distinct
fish species (e.g. Gfra1, Nanos2, Notch1, Ly75, Plzf, Oct-4, SGSA-1). Furthermore,
the development of a fish SSC culture system would allow the investigation of
important regulatory aspects of the SSC physiology in well-defined conditions as
well as to in vitro amplify these rare cells. Overall, the study of SSC physiology,
niche and transplantation in fish has opened up new scenarios for the development
of aquaculture and reproductive biotechnologies such as germplasm conservation
of endangered or commercially important species and the possibility of generating
transgenic fish.
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Kiss2 a novel regulator of
reproduction in tilapia
Ishwar S. Parhar
Brain Research Institute, School of Medicine and Health Sciences,
Monash University, Sunway Campus, Bandar Sunway, Malaysia

Kisspeptin has recently been recognized as a critical regulator of reproductive
function via its action on gonadotropin-releasing hormone (GnRH) neurons in
vertebrates. In the teleosts, there are two kisspeptin types (Kiss1 and Kiss2).
Several lines of evidence have demonstrated that kiss2 gene, expressed in the
hypothalamic nuclei, and its neuroanatomical relationship with neurokinin B
(NKB) has been viewed as a potent regulator of reproductive function in teleosts.
Using laser capture microdissection and double-immunofluorescence, we have
identified expression of receptors for Kiss2 (GPR54-2) and NKB (NK3A and
NK3B) in GnRH neurons in the tilapia. In addition, our newly generated Kiss2
antibody showed Kiss2 fibers in close proximately to GnRH neurons, and Kiss2
has high affinity to tilapia GPR54-2. Kiss2 neurons are sensitive to thyroid hormone
and to environmental temperature, factors that are important for the control of
reproduction. Taken together, these results indicate a critical role of Kiss2/NKB in
the control of reproduction via GnRH neurons in tilapia.

* Corresponding author. e-mail: ishwar@monash.edu

150

Oral Present ations - Endocr inolog y

Sexual dimorphism in the tilapia
Oreochromis mossambicus brain
at the levels of steroids and its
synthetic pathway
Moses Inbaraj R. *, Ramachandra Prabhu, N. Saravanan
Endocrinology Unit, Department of Zoology, Madras Christian College,
Tambaram, Chennai 600059, India
Key words: Neurosteroid synthesis, sexual dimorphism
Neurosteroids are playing a vital role in governing the physiology of reproduction
next to neuropeptides and neurotransmitters. Gonadal development influences the
steroid synthesis in central nervous system (CNS) and also the CNS regulates the
gonadal steroid production. It is well known that the receptors of estrogen modulate
the production of GnRH, and serotonin, dopamine and GABAergic neurons
modulate the steroidogenic enzyme. However, the influence of neurosteroids,
Estrogen (E2) and Testosterone (T), and its presence and synthetic pathway
variations are not studied in detail in Tilapia. Hence, the present study of identifying
various steroids present in the total and regions of Tilapia brain resulted in the
quantitative difference in E2, T, 11-Ketotestosterone (11-KT), Androstenedione
(A), DHEA, and 21-Hydroxyprogesterone (21-P). The reproductively active fishes
of female brain shows the high quantity of testosterone when compare with the
male brain. It has been derived that the Cyp19 and Cyp17 gene expressions are
higher than the Cyp21 by which the pathway of progesteronal derivatives are
not documented. The steroidal production in the incubated regions of Tilapia
brain highlights the augmented presence of 5α-or 3α-reductase evidence the
elimination pathway. The quantitative expression of mRNA analysis of 3α-HSD,
3β-HSD, Cyp17, Cyp19 and Cyp21 substantiate the variation in sex and maturation
of gonadal stages. Aromatase indicate the shift in the sex dependent pathway.
The sulphated steroids of pregnenalone and DHEA indicate the presence of
hydroxysteroid sulfotransferase (HST) for purging action. The study suggests that
the sexual modulation can be done at CNS through manipulating the steroidal
receptors more particularly at thalamus region of brain.
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A novel approach to transgenesis
in tilapia enhances its value as a
model organism #
Matan Golan, Berta Levavi-Sivan *
Department of Animal Sciences, The Robert H. Smith Faculty of
Agriculture, Food and Environment, The Hebrew University of
Jerusalem, Rehovot, Israel
Key words: transgenesis, tol2, gonadotropins, social status
In recent years, tilapias have become one of the most important fish in world
aquaculture and an increasingly popular model organism for evolutionary,
behavioral and physiological studies. Despite their popularity, transgenic tilapias
are rarely produced. The main difficulties hindering the production of transgenic
tilapias include unpredictable spawning, male aggression, and unique egg
morphology coupled with the very low efficiency of traditional transgenesis
methods. We sought an effective and modular method to induce transgenesis
in tilapia as a means of enhancing its value as a model organism. We chose to
use a transposon-mediated approach for inducing transgenesis by utilizing tol2
based constructs and the tol2kit. The use of transposon-assisted transgenesis
dramatically improves the efficiency of inducing transgenesis in tilapia. With these
methods, one can reliably produce transgenic tilapia by injection of only 50 to
100 eggs from just one or two spawns. These developments, coupled with the
recent publication of the tilapia genome, mark another step toward establishing
this economically important fish species as a valuable model organism.
By using tol2-assisted transgenesis we produced a stable transgenic line of tilapia
in which green fluorescent protein (GFP) expression is driven by the tilapia follicle
stimulating hormone (FSH) beta subunit promoter. In these fish fluorescent labeling
of FSH cells in the pituitary enabled us to study changes in the hormonal profile and
pituitary cell populations in dominant and non-dominant males. Dominant males
had larger gonads as well as higher levels of androgens and gonadotropins in the
plasma. Pituitaries of dominant males exhibited higher gonadotropin content and
gene expression. Flow cytometry revealed pituitary hyperplasia as well as FSH
cell hyperplasia and increased granulation. Taken together, these findings suggest
that gonadotroph hyperplasia as well as increased production by individual cells
underlie the increased reproductive fitness of dominant tilapia males.
# This research was supported by Grant No. 1350/06 from the Israel Science Foundation
(ISF).
* Corresponding author. e-mail: berta.sivan@mail.huji.ac.il
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Vitellogenin expression in male
California O. mossambicus hybrids
exposed to DE-71 and 17β estradiol
under freshwater and saline
water conditions
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Hepatic vitellogenin (Vtg) expression in larval and sexually immature California
O. mossambicus x O. niloticus hybrids was evaluated in fish acclimated to fresh
and saltwater and then treated via dietary exposure to DE-71, a commercial
pentabrominated diphenyl ether and compared with 17β estradiol (E2). Tilapia
larvae reared under freshwater and saline water conditions were fed with nonsoybean based fish food mixed with DE-71 or E2. Tilapia eggs were acclimatized
in gradual salinity (0-25 ppt) until yolk sac resorption then exposed via dietary
route for 15 - 30 days to different concentrations of DE-71 (2.0 ppm [low], 20
ppm [medium] and 200 ppm [high]) and compared with E2 at 100 ppm, as a
positive control. Whole body homogenates of 15-days exposed samples and
individual liver homogenates of the 30-days exposed fish were prepared to detect
vitellogenin protein expression via the Western blot method using anti-tilapia
vitellogenin antibody and Quantitative PCR using gene specific primers designed
for VtgA (GenBank accession no. EF408235.1), VtgB (GenBank accession no.
EF408236.1), VtgC (GenBank accession no. EF408237.1) and normalized with
β-actin (GenBank accession no. AB037865.1). Immunoblots from the plasma of
the adult female California O. mossambicus x O. niloticus hybrid (positive control)
showed three bands as VtgB (~148kDa), VtgA (~130kDa) and VtgC (~120kDa),
respectively. Larval homogenates from freshwater and those treated with DE-71
possessed VtgA and VtgC. All three proteins were observed in saline acclimated
larvae treated with E2 following 15 days exposure. No significant differences
were observed in VtgC protein expression in samples from either freshwater or
saline water. After 30-days, VtgA expression was not significantly altered by DE71 treatment in freshwater, but in saline water, VtgA expression was significantly
induced by E2 and DE-71 at high concentrations (200ppm). VtgB and VtgC were
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not significantly different in any treatment group. VtgA transcripts were significantly
higher in saline controls compared to freshwater controls but were unaffected by
different concentrations of DE-71 treatments. Significant induction of VtgC was
observed in saline acclimated tilapia treated with DE-71. Studies showed that VtgC
has unknown function but its detection early in life may suggest that it might have
a vital role in sexual development of the tilapia fish that can be adversely affected
by potential xenoestrogen like DE-71. Different susceptibility of Vtg to varying
concentrations of DE-71 treatments and salinity level during sexual development
in tilapia were observed. These results indicate significant differences between
transcript and protein expressions following acclimation to saltwater and treatment
with varying concentrations of DE-71 as compared to the effects of E2. Induction of
protein and transcripts during sexual development of tilapia suggest gene-specific
functionality for Vtg.

* Corresponding author. e-mail: ca.4665@yahoo.com
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A novel neuropeptide is involved in the
regulation of gonadotropin release in
the tilapia ( Oreochromis niloticus ) #
Jakob Biran, Matan Golan, Berta Levavi-Sivan *
The Robert H. Smith Faculty of Agriculture, Food and Environment, the
Hebrew University of Jerusalem, Israel

Gonadotropin (GTH)-inhibitory hormone (GnIH) is a novel hypothalamic
neuropeptide belonging to the RFamide (RFa) neuropeptide family. GnIH and its
orthologs possess an LPXRFa (X = L or Q) consensus motif at the C-terminus
(LPXRFa peptides). GnIH was found to inhibit GTH secretion in birds and mammals
by acting on gonadotrophs and Gonadotropin-releasing hormone (GnRH)
neurons within the hypothalamic-pituitary-gonadal axis, hence, designated GnIH.
However, in the frog LPXRFa acts as a GH-releasing peptide (fGRP), while in
lower vertebrates GnIH acts as a positive regulator of GnRH. Although LPXRFa
neuropeptide have been identified also in several fish species, information about
the GnIH system in fish is limited and sometimes inconclusive.
In this study we aim to investigate the role of LPXRFa in the neuroendocrine
regulation of reproduction in a highly evolved fish, the tilapia (Oreochromis
niloticus). The deduced tilapia (ti) LPXRFa peptide precursor consisted of 197
amino acid residues, eliciting three putative mature tiLPXRFa peptides (tiLPXRFa-1,
tiLPXRFa-2, and tiLPXRFa-3). The 70 amino acid (aa) tiLPXRFa-1 peptide also
possess an N-terminal acetylation and a C-terminal amidation, while the 11aa
tiLPXRFa-3 peptide possess an N-terminal acetylation and a Glutamic-acid (E) in
its C-terminus instead of the characteristic amidation. Hence, all experiments were
performed using the 17aa, N-terminal pyroglutaminated and C-terminal amidated
tiLPXRFa-2.
Signal-transduction analysis for the LPXRFa receptor (tiLPXRFR) using the
homologous human NPFFR1 (hNPFFR1) for reference, indicated a Gs coupling
rather than Gi in the cAMP/PKA signaling pathway. The tiLPXRFR eliciting a twofold
increased activity as indicated by the cAMP responsive-element - luciferase (CRELuc) reporter system, while the hNPFFR1 presented a Gi coupling and suppressed
the forskolin induced CRE-Luc reporter activity by 50%. Both receptors elicited a
1.5-fold activity in the PKC pathway as indicated by the serum responsive-element
– luciferase (SRE-Luc) reporter system.
By using double-label in-situ hybridization and immunohistochemistry techniques
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we detected both LPXRFa and LPXRFR mRNAs in luteinizing-hormone (LH)
expressing cells and in the pars nervosa, but not in follicle stimulating hormone
(FSH) cells. In accordance with these results we found that tiLPXRFa-2 peptide
elicited the release of LH and to a lesser extent the release of FSH from primary
culture of tilapia pituitary cells. Furthermore, double intraperitoneal injection of
tiLPXRFa-2 peptide (100µM/kg body weight at 4 hr apart) elicited LH release to the
plasma of sexually mature female tilapia.
These data suggest that the LPXRFa system directly and positively regulate the
release of gonadotropins in the tilapia as a model for advanced fish.

# This research was supported by Grant No. 237/12 from the Israel Science Foundation
(ISF).

* Corresponding author. Tel.: 972-8-9489988, fax: 972-8-9489307, e-mail: berta.sivan@
mail.huji.ac.il
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Oxygen consumption of tilapia
eggs/larvae up to 12.25 days
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Information on this topic is scarce. Most reports of oxygen consumption in the
literature refer to mature fish or species other than Tilapia. The main problem
encountered when taking long term (days rather than hours) measurements from
eggs and newly hatched larvae is that, on the one hand, many eggs die, which
reduces the apparent oxygen consumption per egg, while on the other hand,
bacterial activity in the dead eggs can cause an increase in oxygen consumption
that is unconnected with the metabolism of the live eggs. We have attempted to
solve this problem by using an experimental regime in which a large number of
eggs is used initially, the water is changed every 6 h, dead eggs are removed
every 24 h and the remainder re-counted, and all apparatus is replaced by freshly
sterilised equipment daily.
To obtain a batch of eggs, fish were mated and the eggs removed from the mother’s
mouth within 1 to 3 days later. Each batch of eggs was processed as follows:
Between 400-700 eggs were spread out evenly on a 100 mm x 50 mm platform
about 20mm high covered with 1.0 mm plastic mesh inside a sterilised, cubic
glass jar (a “cookie jar”), capacity 1.65 L, filled with freshly aerated, nonchlorinated tap water at 28˚C. A 20 mm magnetic stirrer bar circulated the
water both above and below the eggs. The container was fitted with a lid with
a rubberised seal which could be closed so that no air was entrained. The lid
was fitted with two tubes so that the water could be changed when required via
electronically operated valves.
During experiments the jar was kept immersed in a water bath maintained at
28˚C. Measurements of dissolved oxygen were recorded by computer every 120
seconds from a polarographic probe attached to a “WTW Oxi 1970i” portable
oxygen analyser. Every 6 h, the jar was flushed automatically with freshly aerated
water at 28˚C for 10 min at a rate of approximately 1 L per min.
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The data from the mid 5.5 h of each 6 h period were fitted to an exponential decay
curve and the decay constant was used to calculate the total oxygen consumption
for that period. The small background oxygen consumption of the polarographic
probe had previously been measured separately and was subtracted from the total
to give the oxygen consumption of the eggs or larvae.
During each experiment, the number of eggs/larvae declined either because some
died or because some were deliberately removed so that the oxygen concentration
in the jar would not fall by more than about 3 mg/L during a 6 h period.
Every 24 h during the egg phase, the eggs were decanted into 300-400 ml of
freshly aerated water at 28˚C in a flat dish and gently swirled to break open
any dead eggs. The remainder were washed once more and photographed for
subsequent counting before being returned to a clean platform in a new, sterilised
container. Once all the eggs had hatched, the washing part of the procedure was
omitted as was the platform.
The number of eggs corresponding to the middle of each 6 h period was calculated
by assuming that the number of live eggs/larvae decreased linearly during each
24 h period. Measurements were continued until 12.25 days after fertilisation by
which time the larvae had consumed all or most of their yolk sacs. Samples of
eggs were taken before each experiment, and larvae after, and dry matter per egg/
larva was determined.
Graphs were plotted of oxygen consumption µg/egg/h against time after fertilisation
for a total of 6 experiments.
Average rates of O2 consumption rose from around 1 to 12 µg per egg or larva per
hour over 294 h (12.25 days) from fertilisation with a distinct acceleration in rate
around 120 h when the eggs were hatching. Average overall O2 consumption was
1.89±0.37 (SD, n=6) mg/egg or larva
Average initial dry mass of eggs was 2.22±0.21 (n=5, one sample lost) mg/egg,
average final dry mass of larvae was 1.63±0.16 (n=5) mg/larva. The average loss
of dry mass was 0.59±0.16 mg/egg or larva which corresponds to a theoretical
loss of 0.65±13 mg/egg or larva if all the oxygen was used to oxidise a lipid such
as tristearin (Gram Mol. Wt. 895 oxidised to CO2 and water by 2608 g of O2). The
discrepancy between the actual and theoretical loss of dry matter is probably due
to experimental error but may also have been caused by the tendency of the larvae
to cannibalism.

* Corresponding author. e-mail: plaw@uni-hohenheim.de

ISTA10 , 6 -10 Oct ober 2 013, Jer usalem

159

Growth of temperature-treated
phenotypic, hormone-treated
phenotypic and genetic males of Nile
tilapia ( Oreochromis niloticus ) in a
commercial recirculation system
Hannah Mruck *, Stephan Wessels, Gabriele HörstgenSchwark
Department of Animal Science, Division of Aquaculture,
Georg-August-University Goettingen, Albrecht-Thaer-Weg 3, D-37075
Goettingen, Germany
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Tilapias are the most important fish species behind carps in freshwater aquaculture.
Especially the Nile tilapia production has spread world-wide and is continuously
increasing. For an efficient large scale production of this species all-male
populations are required, which are generally produced via hybridization, matings
with YY-males, or feeding fry with testosterone-supplemented feed. The use of
YY-males is rather costly and the remaining hormones in farm run-offs might pose
environmental risks. A probably more consumer-accepted and environmentalfriendly possibility to increase the male ratio in tilapia fry is given by high water
temperature treatment. A proof of this approach, however, under commercial
production systems with regard to the competitive ability of temperature-treated
males compared to other available all-male groups (hormone-treated or genetic
males) is lacking. Therefore two growth comparison trials were carried out.
First, temperature-treated phenotypic males (TPM, XX), derived from a highly
temperature sensitive line developed at Goettingen University, were compared
with genetically all-male groups (Genetic Males (GM), XY), obtained from matings
between YY-males and normal females. In order to account for tank effects 50
fish of each group were marked with a colored tag and added to the opposite
group. The groups were slaughtered when fish reached an average weight of 500
g. Second, a growth comparison between temperature– and hormone-treated
progeny was conducted. Temperature-treated phenotypic males ((TPM), XX/XY)
and hormone-treated phenotypic males ((HPM), XX/XY) were derived from equally
divided full-sib families. All fish were individually tagged using passive integrated
transponders (PIT), which allowed rearing under a communal test design. The
second growth comparison was finished when fish reached an average weight of
750g. Both growth trials were carried out in a commercial warm water recirculation
unit. Fish were kept at a water temperature of 28°C in tanks of 5 m³ (first growth
comparison) and 6 m³ (second growth comparison), respectively. The fish were fed
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according to size with a commercial fish feed. Tanks were aerated with oxygen and
the concentration at discharge was measured daily (84.4 ±4%). Water parameters
were checked continuously (pH 6.91±0.175, NH4+ 0.73±0.35 mg/l, NO2- 0.175±0.125
mg/l, NO3- 15.48±5.4 mg/l). A 12 hours light-dark regime was used. At the end of
the fattening period the body weight and length of all fish was measured in both
trials. In the first experiment, temperature-treated phenotypic males showed a
higher body weight (546g TPM) at slaughtering than the genetic male group (478g
GM). Similar results were obtained in the second trial with 8% higher carcass yield
of temperature-treated males (TPM 798g, HPM 736g). Accordingly the specific
growth rate was higher for the temperature-treated phenotypic males (XX/XY).
Further, the condition factor was in favor of temperature treated phenotypic males
(TPM), yielding a 5.7% higher value compared to hormone treated phenotypic
males (HPM) (TPM 2.20 g/cm³ and HPM 2.08 g/cm³). In summary, this study shows
that temperature-treated phenotypic males had a comparable, or an even better
growth performance than genetic or hormone-treated males. Thus temperaturetreated fish seem to be a competitive alternative for the tilapia market especially
for the increasing European organic food demand.

* Corresponding author. Tel: +49(0)551 39 5630, fax: +49 (0)0551 39 5587
e-mail: hannah.mruck@agr.uni-goettingen.de
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Improving tilapia aquaculture in Africa
(ITACA): A new African and European
collaborative Project
Anis Diallo 1*, Hamet Diadhiou 2
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In the struggle against poverty in order to reach the main objectives of the
millennium, African countries Egypt (NIOF) and Senegal (CRODT/ISRA) join their
efforts with Spain (IRTA) thru an aquaculture project (with the technical assistance
of INKOA), sector with high potentialities of development in the continent. The
project will be carried out thru 'Improved Management and Technological Innovation
in African Tilapia Farms and Hatcheries'. Selected African farms and hatcheries
will be under research and survey for three years with the objective to increase
their scientific and technological weight, obtain the International Standards for the
commercialization of their products and improve the contribution of the Aquaculture
sector to the enhancement of African Food Security and Food Safety.
The project called 'Improving Tilapia AquaCulture in Africa' (ITACA) under African
Union support and EU funded (AURG/2/139/2012-FED/2012/6305-908 20122015), will establish for selected farms and hatcheries, their economic, social
and environmental sustainability and implement management plans for the
improvement of the sustainability and assess the variations in the sustainability
indicators after the implementation of plans.

* Corresponding author: e-mail: anisml.diallo@gmail.com
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Tilapia is the second most important aquaculture commodity in the Philippines
next to milkfish. It is considered the nation’s economic barometer with total tilapia
production practically reaching 260,000 MT in 2011. This contributed to 10% of
the total aquaculture production, an increase of more than 100% compared to
the production of 122,000 MT in 2002. This increase in tilapia production can be
attributed to its bright economic prospect, the continuous research, the availability
of technologies for commercial production and well adapted extension policies.
Tilapia culture in the Philippines began in 1950 with the introduction of Oreochromis
mossambicus from Thailand. Its ability to easily breed in captivity attracted fish

farmers to venture into freshwater pond culture. However, its popularity was shortlived as they become pests even in brackishwater ponds. It was only with the
introduction of faster growing Nile tilapia (Oreochromis niloticus) in the early 1970s
that freshwater tilapia farming became a profitable venture.
Tilapia culture gained further acceptance with the introduction of monosex culture
using androgens to produce all-male tilapia fingerlings with successful commercial
application based on the studies conducted by Guererro in the late 1970s, and in
later years, the production of genetically male tilapia fingerlings using artificially
produced males with YY-chromosome.

Another tilapia species was introduced in the Philippines from Israel in the early
1980s. Oreochromis aureus, a cold-tolerant tilapia. It possesses good growth but
not comparable to the growth of Oreochromis niloticus. This is considered to be a
marginal aquaculture species in the Philippines because it was not widely cultured
by fish farmers.
A milestone in tilapia aquaculture in the Philippines was achieved in 1988 with the
development of an improved strain of tilapia for low-cost sustainable aquaculture
better known as GIFT or Genetically Improved Farmed Tilapias. This program
was initiated by the International Center of Living Aquatic Resources Management
(ICLARM) with funding from the Asian Development Bank (ADB) and the United
Nations Development Programme (UNDP). Commercialization of said stocks
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involved accreditation of interested hatchery operators to produce and distribute
GIFT fingerlings.
The production of saline-tolerant tilapia strains gained considerable interest
among research centers in the Philippines as a result of the sudden drop in
shrimp production in the mid-1990s due to wide-spread disease problems. Early
studies indicated the importance of tilapia-shrimp polyculture in the control of
some diseases in intensive shrimp culture. As a result, attempts to produce fastgrowing, salinity tolerant tilapias were realized through hybridization and selection.
Different fast growing and saline tolerant tilapias strains such as “molobicus” are
playing today a quickly increasing role in the production of the coastal brackish
water (BW) ponds. Indeed, in the Philippines, the coastal BW ponds, which were
traditionally devoted to milkfish and shrimp production cover a total area of around
240,000 ha and remain a dominant aquaculture production facility in the country.

* Corresponding author. Tel: +63 75 653 0325; Fax: +63 75 653 5412
e.mail: westlyrosario@ymail.com
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Water quality condition in aquaculture lakes is closely related with the performance
of aquaculture management. In order to characterize the water quality condition,
it is very common that most countries used water quality index to measure the
level of water condition. Various physicochemical and biological criteria of water
on its quality can be measured and evaluated using Water Quality Index (WQI).
However, the use of an index to evaluate water quality and their classification is still
a controversial issue among water quality scientists due to the different standards
for various water-uses which differ in terminologies for classification scheme and
also the selection of indicator parameters. Yet, it is generally accepted that a water
index based on some very important parameters can provide a simple indicator of
water quality since set data are lack and not easy to be provided. Since Indonesia is
categorized as developing country, it is important to improve WQI method to cope
the financial or budget problem during the process of parameter selection and the
complexity of issues surrounded. The major purposes in this study: 1) To provide
a snapshot condition of aquaculture in Indonesia; 2) To develop an innovative WQI
method for aquaculture purpose, named Aquaculture Water Quality Index (AWQI);
and 3) To identify the water status of aquaculture lakes in Depok Area, Indonesia by
applying AWQI. The comprehensive elaboration method both statistical analysis
and Analytical Hierarchy Process (AHP) will be involved the experts’ judgments
from the local and regional agencies of environmental protection, fisheries and
aquaculture field, besides the literature reviews from papers, reports, data, and
related regulations. The Indonesia Government Regulation No. 82 Year 2001 Date
14 Dec 2001 about Water Quality Management and Water Pollutant Control is used
as the benchmark regulation to formulate the index. There are four basic stages
in the development of AWQI: (1) determine parameter; (2) transform parameters
to the same scale; (3) weighting each parameter and (4) develop an appropriate
index function. The AWQI was calculated according to the proposed method to
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identify water quality status in aquaculture lakes in Depok Area, Indonesia. There
are four aquaculture lakes in the study area, that are, Bojongsari Lake, Rawa
Besar Lake, Citayam Lake and Rawa Kalong Lake. Based on literature reviews
and the local expert’s opinion, it shows that DO, Ammonia, pH and Fecal Coliform
are the important parameter determining water quality index for aquaculture
purpose. By processing Expert Choice 11.0 software, the results of average
weight factor of Common Carp, Giant Gourami and Nile Tilapia are 0.546 for DO,
0.227 for Ammonia, 0.167 for pH and 0.06 for Fecal Coliform. The other results
indicated that the weight factor of Common Carp, Giant Gourami and Nile Tilapia
is quite similar therefore it can be assumed that most aquaculture fish types in
study area relatively have the same basic requirement of water quality standard.
Based on AWQI calculation, all aquaculture lakes in Depok Area have good status
except Citayam Lake on 2009 and 2011 has fair status. The final result explained
that mainly of water quality status in study area changes gradually from good
condition to poor condition. The strong point of this study, AWQI is the easeuse tool to define water status for aquaculture purpose, and more sensible to be
adopted in Indonesia especially the aquaculture area with similar physical habitat
and ecosystem condition. It is also proper index since there is no large set data
to present a concise picture of overall trends. AWQI is very useful and valuable
tool for informing water quality condition of aquaculture lakes to the public and/
or stakeholder towards the accelerating aquaculture development especially
in Indonesia.

* Corresponding author. Tel.: 886-6-2757575 ext 63243, fax: 886-6-2741463, 			
e-mail: jpsuen@mail.ncku.edu.tw
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In Southern Brazil, Nile tilapia (Oreochromis niloticus L.) is mainly cultured in
extensive and semi-intensive flow-through systems, in which earthen fishponds
are commonly disposed in line, the first pond receiving water from a natural
source and the following ones receiving the effluents from the previous pond.
Water availability and hence flow management are different in the rainy and
the dry seasons. The present study was set to identify the dominant processes
accounting for most of the ecological differences occurring during the rainy and
the dry seasons in extensive flow-through earthen tilapia ponds.
The research was carried out during one year in 3 earthen tilapia ponds of the
Agricultural Technic School (CTA) of the Faculty of Agricultural and Veterinary
Sciences, University of Sao Paulo State (UNESP) at Jaboticabal (SP). The ponds
are 1m deep and 270m2, 300m2 and 370m2 area. Their water sources are the
effluents of a larger semi-intensive fish pond with high nutrient and organic matter
concentrations, and run-off during the rainy period. During the rainy season (October
to March, summer in the southern hemisphere) water exchange was continuous,
leading to a continuous flux within the ponds and a daily water renovation of 2.5%
of the pond volume. During the dry season (April to September, winter) part of
the source water is used for crop irrigation, so that water exchange was carried
out only 1-3 times per month, reducing water renovation to the equivalent of 1%
per day.
Ponds were stocked with 15g Nile tilapia at a density of 35 fish per pond (about
1 fish per 10m-2, resulting in increasing density the smaller the pond). As organic
fertilizer for the pond and potential food for the fish, 15 kg fresh weight pond-1 week1 of lettuce wastes were broadcasted over the pond surface. No commercial feeds
and no aeration or water mixing devices were applied. Tilapias were harvested
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after 330 days.
Water quality, plankton and sediment parameters were monthly sampled during
a year. The environmental data were analyzed through the multivariate technique
of factor analysis. Two-way-ANOVA was performed on the factors extracted to
identify differences between seasons (rainy and dry) and among the three ponds.
The first factor extracted (Factor1) indicates photosynthesis in the water column
(higher transparency, oxygen, pH, chlorophyll, green algae that absorb nitrogenous
nutrients) and its relation with nutrients in the sediment. Most of Factor1 variation
was due to season, with significantly higher values in the dry season. Factor1 was
also significantly higher in the larger pond. Factor2 indicates heterotrophic activity:
the higher the amount of zooplankton and of particles with their attached bacteria,
the higher the biological oxygen demand for respiration and decomposition
respectively. Most of Factor2 variation was due to pond, significantly increasing
with pond size. Factor2 was also significantly higher in the rainy season. Factor3
showed copepod populations developing more under lower organic loading, not
affected by season and with higher values in the mid-size pond. Factor4 indicates
phosphate absorption as important process for the development of Cyanobacteria,
leading to this nutrient decrease from the water. This factor was not related either
to season or to pond.
The factor analysis results allowed constructing a conceptual graphic model of
the pond ecosystem functioning in each season. The main differences in pond
ecology were due to different water availability and flow management in the
rainy and the dry seasons. Water flow affected turbidity in the pond, which in
turn affected relationships among the different elements of the pond ecosystem,
mainly processes related to nitrogen cycling. Processes related to phosphorus
cycling did not present seasonal differences.
Ecological differences among ponds were due to differences in wind protection
by surrounding vegetation, organic loading entering the ponds, and tilapia density
and its grazing pressure on zooplankton. Differences in tilapia performance among
ponds were related to stocking density and ecological process in the ponds, both
affecting tilapia food availability and intraspecific competition.

* Corresponding author. e-mail: anamilstein@agri.gov.il
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removal from fresh-water recirculated
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case study
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A new physico–chemical process for ammonia removal from fresh-water
recirculated aquaculture systems (RAS) was applied in a tilapia grow-out trial. The
method is based on separating NH4+ from RAS water through an ion-exchange
resin, which is subsequently regenerated by simultaneous chemical desorption
and indirect electrochemical ammonia oxidation. Approach advantages include
(2) only slight temperature dependence and no dependence on bacterial predators
and chemical toxins; (2) no startup period is required and that the system can
be switched on and off at will; and (3) the fish are grown in much lower bacterial
concentration, making the potential for both disease and off-flavor, lower. A small
pilot scale RAS was operated for 51 d for proving the concept. The system was
stocked by 105 tilapia fish (initial weight 35.8 g). The fish, which were maintained
at high TAN (Total Ammonia Nitrogen) concentrations (10 to 23 mgN L-1) and fish
density of up to 20 kg m-3, grew at a rate identical to their established growth
potential. NH3(aq) concentrations in the fish tank were maintained lower than
the assumed toxicity threshold (0.1 mgN L-1) by operating the pond water at low
pH (6.5-6.7). The low pH resulted in efficient CO2 air stripping, and low resultant
CO2(aq) concentrations (<7 mg L-1). Due to efficient solids removal, no nitrification
was observed in the fish tank and measured nitrite and nitrate concentrations were
very low. The system was operated successfully, first at 10% and then at 5% daily
makeup water exchange rate. The normalized operational costs, calculated based
on data derived from the pilot operation, amounted to 0.287 $ per kg fish feed. The
volume of the proposed process was calculated to be ca. 13 times smaller than
that of a typical RAS biofilter. The results show the process to be highly feasible
from both the operational and economical standpoints.

* Corresponding author. ayanab@moag.gov.il
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The Mayan cichlid Cichlasoma urophthalmus is native to Atlantic Central
America fresh and brackish waters and is an important fish resource for human
consumption. The purpose of this study was to test polyculture of Nile tilapia
Oreochromis niloticus and the Mayan cichlid predator as an alternative method
of tilapia production in Southeastern México. The experiment had a 2 x 4 factorial
design: the first factor was population of tilapia (mixed-sex and 95% males) and
the second factor was the proportion of Nile tilapia: Mayan cichlid (3:1, 5:1, 7:1 and
control). The control group was tilapia monoculture. At stocking, tilapias weighed
24.0 g and Mayan cichlids 5.0 g. A total of 24 fish were introduced in each tank
(30 fish m-3). Recirculating water systems were used, with 24 circular fiberglass
experimental 1 m3 tanks with permanent water flow (7 L min-1) and individual
aeration. Each treatment had 3 replicates distributed randomly. The growth
experiment lasted 21 weeks, until tilapia reached marketable size. All tilapias were
hand sexed at the beginning, 3rd, 6th and 21st experimental weeks. Fish were fed
with two commercial extruded balanced feed for tilapia (40% crude protein up to
65 g and 30% crude protein until harvest). Initial feeding rate was 4% of the fish
biomass in each tank, decreasing to 1.8% with fish growth. Water temperature, DO
and pH were monitored in the morning and in the afternoon and water TAN, nitrites
and total alkalinity were measured weekly.
Temperature, DO and pH in the morning (27.4 ± 0.8°C, 5.8 ± 1.0 mg L-1 and 8.0 ±
0.1) and in the afternoon (28.7 ± 0.8°C, 4.6 ± 1.1 mg L-1 and 7.8 ± 0.2) were within
the appropriate ranges for healthy growth for both tilapia and Mayan cichlid. TAN,
nitrites and total alkalinity were within safe ranges for tilapia (0.29 ± 0.22 mg L-1,
0.04 ± 0.03 mg L-1 and 238 ± 27 mg L-1). Average survival was high (99%) and no
differences were found between populations and among proportions. Nile tilapia
Stirling strain showed early sexual maturation and growth dimorphism. Males were
18% heavier than females when the average weight was 45g and this difference
increased to 77% when they reached final commercial size. Significantly better
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total yield, FCR and final tilapia body weight in the 95% males population (9.26
kg m-3, 1.39 and 383 g) than in the mixed-sex population (7.70 kg m-3, 1.52 and
315 g) were obtained. Mouth brooding females were observed since fish weighed
45 g; therefore energy investment of females in reproduction can explain the
early differences in size between sexes, resulting in differences in tilapia growth
between the mixed-sex and 95% males populations. The presence of the Mayan
cichlid in different proportions did not affect tilapia performance (survival, growth
and condition factor) and did not affect the growth of tilapia males or females.
This is a new an important fact for the tested polyculture, showing that the Mayan
cichlid can be grown in polyculture with tilapia, without negative effects on
tilapia performance.
Final weight and condition factor of Mayan cichlid were significantly better in
the mixed-sex tilapia populations (45.9 g and 2.2g cm-3) than in the 95 % males
populations (34.4 g and 2.1 g cm-3). The Mayan cichlid growth was inversely
proportional to its density, with final weights of 45.5 g, 39.0 g and 34.3 g (7:1
> 5:1 > 3:1). Both differences in Mayan cichlid growth between populations and
among proportions are associated with intraspecific competition for available
tilapia larvae. Mouth brooding tilapia females with eggs or larvae were observed
in both tilapia populations and in all proportions during the growth period, but no
free swimming larvae or fingerlings were observed. When fish were weighed some
tilapia females liberated their larvae in the tanks and both Mayan cichlid and tilapia
males were observed preying on them. Male tilapia cannibalism was observed in
the control groups with tilapia monoculture.
Polyculture of Nile tilapia with the Mayan cichlid is an alternative method of
production in Southeastern México. In the recirculating system used, no negative
effect on growth of the stocked tilapia was observed due to the presence of
the predator, and the best results for tilapia were obtained in the 95% males
population. The best results for the Mayan cichlid were obtained in the mixed-sex
tilapia population in the lowest predator density tested 7:1. The next step of this
research should focus on trials in tanks exposed to direct sunlight (green water),
to allow development of tilapia fingerlings that should improve predator growth. In
order to attain a commercial size for the Mayan cichlid (150 g), stocking size of this
species should be bigger (15 g), but then also tilapia stocking size should be bigger
enough to avoid predation.

* Corresponding author. Tel.: +529999429400 ext. 2525, +5219997491252
e-mail: marthadesrur@hotmail.com
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Evaluation of an aquaponic system
Nile tilapia ( Oreochromis niloticus )pak choy ( Brassica chinensis ), with
and without bacterial bio filter
Laura Silva-Ledezma 1, Eucario Gasca-Leyva 1, Edgardo
Escalante-Rebolledo 2, David Sergio Valdés-Lozano 1,
Martha Hernández 1*
Centro de Investigación y de Estudios Avanzados del Instituto
Politécnico Nacional. Km 6 Antigua Carretera a Progreso, C.P. 97310,
Mérida, Yucatán, México
2
Centro Regional Universitario de la Península de Yucatán, Universidad
Autónoma Chapingo. Ex Hacienda Temozón Norte, C.P.97310, Mérida,
Yucatán, México
1
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Aquaponics is the combined culture of fish and plants in a closed recirculating
system. Research is required to adapt this technique to regional conditions. In
Yucatán, Mexico, tanks for freshwater semi-intensive fish culture for small scale
farmers cooperatives have been built by public agencies. Vegetal culture combined
with fish production (aquaponics) could benefit farmers both economically and
nutritionally. The purpose of this study was to compare the aquaponic system
Nile tilapia-pak choy with bacterial bio filter (treatment BF) and without bacterial
bio filter (treatment NBF). A 6-week experiment was carried out between August
and September 2012, with Nile tilapia density of 30 fish/m3 and pak choy density
of 20 plants/m2. Vegetal culture started 2 weeks after fish were stocked and lasted
4 weeks. The floating bed technique was used for pak choy production. Each
treatment had 2 (0.75 m3) tanks for fish and 4 (1 m2) replicates for plants. The
aquaponic system, for experimental reasons, did not have a permanent flow; tilapia
culture was in permanent recirculation but the entrance (affluent) and exit (effluent)
of water from the vegetal culture was done every 24 hours. Stocking weight of
tilapia for each treatment was 122 g (size s) in one tank and size 208 g (size b) in
the other. Total ammonia nitrogen (TAN) and nitrite nitrogen (NO2--N), which can
be toxic to fish, were analyzed in the vegetal culture affluent and effluent water.
Fish were weighted every two weeks in order to measure growth and to adjust
the amount of feed. At the end of the experiment, 5 pak choy plants from each
replicate were randomly selected and individual fresh total weight, dry total weight,
edible weight (leaf and stalks), height and diameter were measured. For dry weight
plants were dried in an oven at 68°C for 76 hours. Tilapia final body weight was
higher in treatment BF than in treatment NBF. This difference was significant
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(P<0.05) for fish with size s (303 ± 46 g in BF and 273 ± 31 g in NBF) and was not
significant for fish with size b (428 ± 46 g in BF and 403 ± 54 g in NBF). Tilapia
FCR was also better in treatment BF than in NBF, 1.38 and 1.62 respectively for
size s, and 1.50 and 1.68 respectively for size b. None of the pak choy measured
variables showed significant differences between treatments (P> 0.05) and the
obtained values were: fresh total weight (285 ± 73 g in BF and 286 ± 37 g in NBF),
dry total weight (11.8 ± 2.7 g in BF and 11.5 ± 1.7 g in NBF), edible weight (249 ±
65 g in BF and 255 ± 36 g in NBF), height (36.1 ± 1.7 cm in BF and 36.1 ± 1.7 cm
in NBF) and diameter (10.2 ± 1.1 mm in BF and 10.3 ± 0.7 mm in NBF). TAN and
NO2--N were significantly higher in the NBF affluent (0.154 ± 0.022 mg/l and 0.051
± 0.007 respectively) than in the BF affluent (0.090 ± 0.011 mg/l and 0.022 ± 0.006
mg/l respectively). The obtained differences in the affluent between treatments
show the nitrifying effect of the bio filter. On the other hand, TAN and N-NO2- in
the effluent of both treatments were similar and lower than in the affluent, 0.055 ±
0.015 mg/l and 0.021 ± 0.003 mg/l respectively for NBF and 0.052 ± 0.011 mg/l and
0.019 ± 0.004 respectively for BF. TAN and NO2--N concentrations in the effluent
show that in the vegetal culture ammonia is used and nitrites are transformed.
The vegetal culture works therefore as a bio filter. Better fish performance in BF
treatment was associated with lower toxic TAN and NO2--N concentrations than
in NBF treatment. Higher affluent TAN and NO2-N in treatment NBF were due to
accumulation in the tilapia culture recirculating system and the lack of permanent
flow through the vegetal culture. However, if flow through the vegetal culture were
permanent, TAN and NO2-N levels would be lower and tilapia growth would be
similar with or without bio filter. The results of this experiment show the possibility
of having semi-intensive aquaponic systems without a bacterial bio filter, because
the vegetal culture works as a bio filter.

* Corresponding author. Tel.: +529999429400 ext. 2525, +5219997491252
e-mail: marthadesrur@hotmail.com
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Biofloc, a better solution
for overwintering of tilapia in round
covered tanks in Israel
Yoram Avnimelech 1, Yaakov Golan 2, Yedod Snir 2*
Dept. of Civil & Environmental Eng., Technion, Israel Inst. of
Technology, Haifa, 32000, Israel
2
743 Bernardston Rd., Greenfield, Massachusetts 01301, USA
1

Overwintering of Juvenile tilapia in Israeli farms is often necessary in order to
continue the growth to market size in the subsequent year.  Additionally, all tilapia
inventory including what is ready for harvest in the beginning of winter, must be
transferred to the "Storage" ponds before the temperature drops to critical levels
7-12°C. Most commonly overwintering in Israel is carried out by loading small
covered or open ponds with relatively high densities (~100 tons/ha) and providing
a small inlet (A limited resource) of ground or well water with a temperature >
15°C. to keep the fish alive while congregating on the warmer water inlet. This
method depends on the ability to extract high flux of warm water to keep high water
temperature along the cold winter days. In addition, this handling afflicts stress,
secondary diseases, and occasionally major losses apart from the enormous
related cost of this operation.  The prolonged exposure to low temps, maintenance
feeding or starvation, usually result in low survival rates and significant cost
increase. An alternative solution is to keep the fish in plastic covered ponds.
A 250 m3 round concrete tank was covered by center draining greenhouse
and Biofloc culture was implemented in "Shifaa" project belonging to Kibbutz
Neve Eitan.
The Biofloc technique has proven once again to be a very good alternative for
overwintering of Tilapia. Fish in Biofloc maintained better health conditions, while
sustaining some marginal growth and an acceptable FCR as opposed to infinite
FCR of the controls. Treatment also provided accelerated growth in continuing
spring phase, placing fish in markets earlier obtaining a higher price.

* Corresponding author: Tel.: 413-768-9300, e-mail: yedod@miel-investment.com
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Occurrence of tilapia mortalities in
Israel during summer months
Rama Falk *, Rita Smirnov, Nadav Davidovich, T. Ofek
Central Fish Health Laboratory, Department of Fisheries and
Aquaculture, Ministry of Agriculture and Rural Development, Nir David,
10803 Israel
Key words: Tilapia, Mortalities, Oreochromis niloticus, Oreochromis aureus,
Red-tilapia, Myxozoa, Coccidiosis
Israel is a semi-arid country and suffers from a severe shortage of fresh-water.
The restricted natural resources led to the inevitable use of relatively brackish
water for fish growth and to an accelerated process of both water-saving and
intensification of fish culture. Most of Israel's inland aquaculture is centered in
Beit-Shean valley (80%), in the northern part of the country, with tilapia being the
main cultured fish. The fingerling-production process begins on end of May with
spawning in multiplication ponds, proceeds to sex-reversal for 28 days, and then
to first and second nursery in larger ponds and monoculture reservoirs. At the end
of this process the ~ 100 g fingerlings are transferred into winter-storage ponds.
Most farms produce their own fingerlings, and culture Oreochromis niloticus X O.
aureus hybrids. During August 2009, quick and sudden events of tilapia death in
pre-marketing and nursery ponds in the eastern part of Beit-Shean valley occurred.
The main features reoccurred on 2010, 2011 and 2012, however spread to the
western area of Beit-Shean valley and to other parts of Israel. In the last two years,
death events occurred mostly during nursery stages, peaking throughout August
and September. For this period of time the highest temperatures along the year are
recorded, severe oxygen depletion and high ammonia levels are common. Reported
losses during nursery stages averaged 30% on 2011, and increased to 40-50% on
2012. Reported losses of red-tilapia were significantly higher, with survival rates
of 20% during nursery. These losses led to a considerable decrease in red-tilapia
culture in Israel, both in total production and in number of producing farms. The
clinical signs inspected in affected fish were wounds, abrasions, loosed scales
and pale gills. In pathological examination of affected fish, splenomegaly, multiple
melano-macrophage centers in the spleen, anemic-spleen and inflammation in the
intestine were inspected. In addition, various bacteria were isolated from affected
fish and diverse parasites were found. Parasite infections include high prevalence
and abundance of myxozoa in the kidneys and gills, and intestine coccidiosis
during stages of sex-reversal and first nursery, mostly in red-tilapia.

* Corresponding author. Tel.:+972 4 6585877, fax: +972 4 6581655
e-mail: ramat@moag.gov.il
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Parasites of Oreochromis niloticus in
small water bodies in Uasin Gishu and
Siaya Counties, Kenya
Geraldine K. Matolla *, Phillip O. Raburu Vincent, Moses
Ngeiywa, Vincent O. Ochieng
Department of Fisheries, University of Eldoret, P.O Box 1125-30100,
Eldoret, Kenya
Key words: parasites, small water bodies, condition factor, abundance,
prevalence
Parasites pose a challenge to fish production in culture and natural systems. The
importance of an understanding of parasites found in existing water bodies and
their potential effects on fish and also the possibility of hazards posed to man
cannot be overemphasized. Although a large number of small water bodies exist
in the lake Victoria Basin, little or no work has been done to establish the parasites
affecting fish in these systems. Therefore, a study to identify fish parasites of Nile
tilapia (Oreochromis niloticus) in small water bodies in the Lake Victoria Basin
was carried out. Fish were sampled using a seine net on a monthly basis for
twenty months from four small water bodiesin Siaya and Uasin Gishu counties.
Parasites were identified and their prevalence and abundance levels determined.
Clinostomum, Contracaecum, Diplostomum and Amirthalingamia, were most
prevalent (more than 10%) parasites. The relationships between abundance
of parasites and fish sex indicated that there was no preference of host sex by
fish except by Clinostomum. Abundance of the tapeworm Amirthalingamia was
significantly influenced by host’s condition factor. Fish host length did not influence
the number of parasites.

* Corresponding author. e-mail:gmatolla@yahoo.com
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The effects of suspended particles
on opercular beats and cough
rates in Oreochromis niloticus
(Bangkok strain)
Robert Olendi 1*, Malcolm Beveridge 2
1

Department of Fisheries and Aquatic Sciences, University of Eldoret,
P.O. Box 1125 -30100, Eldoret, Kenya
2
Institute of Aquaculture, University of Stirling, FK 9 4LA, Scotland

A study to determine the effects of suspended particles on the rate of opercular
beats (breath rates) and cough rates in Oreochromis niloticus was conducted in
aquaria tanks using different concentrations of algae, silt and sand particles in
laboratory at the Institute of Aquaclture, universityof Stirling, Scotland.
Microcytis aeruginosa cultured in the laboratory in BG II Algal Growth Medium
modified from Stanier et al 1971 was used. Silt particles were extracted from
botton mud collected from Airthrey Loch (lake) while acid washed sand particles
used were from Fison Chemica company that were sieved through a series of
sieves down to 63 μm.
Three static 5-litre capacity experimental tanks (two replicates and water only in
control) maintened at 27ºC and vigorousy aereted were set in the laboratory. The
tanks were covered with black polythene with a window on the side for obsevation.
Aclimatized O.niloticus reared in recycled system at the Tropical Aquarium of
7.5mg mean weight left for twenty four hours without feeding were put in each
the tank and left for three hours before the start of the experiment. Concentations
of 50 mg/l and 150 mg/l of algae and silt and algae and sand were added to
experimental tanks.
Twenty readings for opercular beats and coughing rates were recorded at five
minutes interval. The counts were repeated every day for four weeks and the
mean were calculated.
The results showed that in the 50mg/l concentration of algae and silt mixture both
the opercular beats increased signficantly (F=15.17, P<0.00 ) and cough rates
(F= 65.56, P<0.00) compared to the control. There was also significant increase
in opercular beats (F= 38.25, P<0.00) and coughing rates (F=49.00, P<0.00 ) in
the of 50mg/l of concentration of algae and sand mixture. Between 50mg/l algae
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and sand and algae and silt, there was significant increase in opecular beat
(F=3.90,P<0.05) and no difference in cough rate.
In the 150mg/l concentration of algae and silt, the results showed both the
opercular beats increased significantly (F=1287.39, P<0.00)and cough rates
(F=171.00, P<0.00). The 50mg/l concentration of algae and sand there was
significant increase in opercular beats (F= 155.68, P<0.00) and cough rate
(F=68.69, P<0.00 ). Between 150mg/l algae and sand and algae and silt, these
was significant increase in opecular beat (F=286.45,P<0.00) but no significant
increase in cough rate.

* Corresponding author. E-mail: rjolendi@yahoo.com
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Genomic structure and bioinformatic
analysis of Cu/Zn superoxide
dismutase (SOD1) in Nile tilapia,

Oreochromis niloticus

Abdulkadir Bayir 1*, Mehtap Bayir 2, A. Necdet Sirkecioğlu 2,
N. Mevlüt Aras 1
Department of Aquaculture, Faculty of Fisheries, Atatürk University,
25240, Erzurum, Turkey
2
Department of Agricultural Biotechnology, Faculty of Agriculture, Atatürk
University, 25240, Erzurum, Turkey
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Tilapia is the fourth most produced freshwater fish in 2012 with 3.6 million
tonnes global production, after silver carps, Indian major carps and grass carp.
However, genomic research on antioxidant enzymes, which have critical role in
the antioxidant defense system (ADS) against harmful effects of oxidative stress,
in this species is still inadequate. Superoxide dismutase (SOD) catalyzes the first
step of ADS, so it is key enzyme in ADS. In this study, we determined genomic
structure, phylogenetic relationship and sequence alignment with other teleost fish
and conserved gene synteny of Cu/Zn SOD1 in Nile tilapia. Its SOD1 gene contains
fife exons interrupted by four introns. Phylogenetic analysis and polypeptide
sequences exhibit high sequence identity and similarity with other teleost fishes.
In conclusion, this study provides both detailed information on SOD1 gene in Nile
tilapia and simplifies further studies on ADS genes in teleost fishes.

* Corresponding author. Tel.: 00-90-442-2311079, e-mail: abayir@atauni.edu.tr
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Low genetic variation and the decline
in population size of Sarotherodon
galilaeus in the Sea of Galilee
Tomer Borovski 1, Guy Rubinstein 2, James Shapiro 2, Seth
K. Agyakwah 3, Gideon Hulata 4, Lior David 1, *
Dept. of Animal Sciences, Faculty of Agriculture, Food and
Environment, The Hebrew University of Jerusalem, Rehovot 76100,
Israel
2
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Development, Ginosar, Israel
3
CSIR-Water Research Institute, Aquaculture Research and
Development Center, P.O. Box 139, Akosombo, Ghana
4
Dept. of Poultry and Aquaculture, Institute of Animal Science,
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Key words: Genetic variation, Freshwater system, Cichlid, St. Peter’s fish, Sea
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Sarotherodon galilaeus, also known as “St. Peter’s fish”, is a medium sized cichlid
inhabiting the freshwater Sea of Galilee (lake) in Israel as well as a few more coastal
freshwater streams. The lake population is isolated from the coastal populations
and from native African populations such as those in Egypt or Ghana. Since this
species is commercially fished, the Israeli Ministry of Agriculture reproduces this
species and stocks the lake with fingerlings on a yearly basis. In the last decade,
the population size in the lake declined dramatically and several factors, including
the low water level, predation by cormorants and over fishing were suggested as
possible causes for this decline. We chose to characterize the genetic variability
in this species as a possible indicator for the population’s vulnerability and as
a way to evaluate the effect of stocking. The mtDNA D-loop was sequenced in
250 samples representing all lake areas, coastal streams and three areas of the
Volta Basin in Ghana. Out of 1160 base pairs, we identified 30 polymorphic bases
that grouped into 46 haplotypes. All Israeli samples clustered tightly together
and separately from Ghanaian samples. In Israeli samples, 13 haplotypes were
found but 92% of the individuals had one of two common haplotypes that differed
by only one base from each other. Six out of 30 fish representing the coastal
streams had a haplotype that differed by four to five bases from the rest of the
Israeli haplotypes. In comparison, the samples from Ghana formed three separate
genetic clusters, two of which including fish from all three sampling areas and a
third small cluster with five fish from the northern sampling point. The two larger
Ghanaian clusters included 21 and 9 different haplotypes and the most abundant
haplotypes represented 5% of the total Ghanaian samples. Similar results were
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obtained from an initial analysis using microsatellite markers. Therefore, we
concluded that the Israeli populations are very different from the Volta Basin
populations as expected from the long time since they were separated. In Israel,
very little genetic variation was found and we suspect that most of the fish in the
coastal streams came from recent introductions of fish from the Sea of Galilee.
In the lake itself, we found a very narrow genetic pool resulting either from the
recent reduction in the population size or from specific adaptation prior to the
decline. We could not tell apart the stocked fish from the lake fish, making it hard to
evaluate the contribution of stocking. This situation raises concerns with respect to
the population’s vulnerability and should be further evaluated to prevent possible
negative outcomes of low genetic variation.

* Corresponding author. Tel.: 972-8-9489038, fax: 972-8-9489577
e-mail: lior.david@mail.huji.ac.il
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A case study of on-farm selection for
improved tilapia growth: Reshafim
Fish Farm
Reuven Godel 1, Amitay Geva 2, Gideon Hulata 3*
Reshafim Fish Farm, Israel
Ministry of Agriculture & Rural Development, Extension Service,
Aquaculture Division, Bet Shean Valley, Israel
3
Institute of Animal Science, Agricultural Research Organization, The
Volcani Center, Bet Dagan, Israel
1
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For more than two decades, fish farms in the Bet Shean Valley are culturing a local
stock of tilapia which derived from hybridizing blue tilapia (Oreochromis aureus)
and Nile tilapia (O. niloticus). Farmers wishing to improve productivity of their own
strain, like this stock, have to use procedures that are within their financial and
technical capabilities, such as mass selection for growth rate.
A simple selective breeding program was designed to improve growth rate by
individual selection. In mass spawning of tilapia, asynchronous spawning is a
major source of variation that may mask the genetic component of growth. To
overcome this, fry were collected from the mouths of females in a spawning pond
on a single day. Every generation, 40000 fry were collected in June and transferred
to one or two nursing ponds. Six to ten weeks later (July/August), around 20,000
fingerlings were transferred to a secondary nursing pond. Two to three months
later (October/November), the pond was harvested, the fish were sexed and
females only were transferred to an over-wintering facility and subsequently grown
until next fall (September/October of the following year) in one or two ponds. In the
subsequent spring, at 2-years of age, these females were mated to males selected
from commercial ponds to produce the next generation of fry for selection, and
subsequently produce fry for supplying the needs of the farm.
Mean weight of females at stocking to the overwintering facility increased from 60
g in the first generation of selection (2006) to 200 g in the sixth generation (2011).
Mean weight at stocking to the overwintering facility of commercial seed produced
from selected females increased from 98 g in 2008 (the first generation selected
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females for used) to 152 g in 2012, indicating the successful implementation of onfarm mass selection program.

* Corresponding author. e-mail: vlaqua@volcani.agri.gov.il
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Prediction and validation equations of
weight and yield of Nile tilapia fillet by
evaluation of ultrasound imagery and
body shape
Nilton Garcia Marengoni 1*, Tsiane Francielli Schmitt 2,
Kelvin Moura de Oliveira, Eduardo Augussto Meier Ramos,
Newton Escocard Tavares de Oliveira 1
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Oreochromis niloticus, ultrasonography
The prediction of weight and yield of fillet in Nile tilapia through regressive equations
is an alternative to avoid the fish sacrifice in the evaluation of fillet production.
However, predictive equations should be used as explanatory variables that have
measurements collected by a non-invasive technique such as ultrasound. This
study aimed to predict the weight (PF) and fillet yield (RF) of Nile tilápia, ranging from
body weight 501 to 900 g, using estimates of regression equations and, validation
of the predictive equations using morphometric measurements, ultrasonic and
combined. The 240 specimens of O. niloticus were measured as total weight,
total length, standard and trunk circumference and four pre-set to compose and
morphometric data were collected using ultrasound measurements of the width,
height and area of the fillet at four points predefined: (1) between the basis of
anterior; (2) between the basis of anterior insertion of anal fin to the last hard ray
of dorsal fin; (3) between the final insertion of anal and dorsal fins and (4) between
the ventral and dorsal insertion of caudal fin. The prediction equations from the
measurements performed on 120 samples were analyzed by statistical procedures
backward and stepwise. The measurements made in remaining 120 samples were
used for validation of pre-defined equations for PF and RF was determined from
the 1st-degree linear models adjustments of the observed values (Y) depending on
the predicted values (Ŷ), where the non-rejection of the null hypothesis (H0: β0 = 0
and β1 = 1) determined the similarity between the Y and Ŷ values. The regressive
showed good fits to the model, with R2 0.5546 to 0.8389 PF and 0.1365 to 0.9229
RF for Nile tilapia. The validation of the equations PF = 492.0914 – 0.6787CT +
0.9359PT – 2.4022CR1 and PF = 331.3682 + 0.6340PT – 1.9270CR1 indicates
that the values estimated by the equations significantly explain the variation in the
observed values of the responses in new sample. Differences in the distribution
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of the weight of the fish between the sample and the validation sample prediction
may explain the inefficiency of many equations produced to predict the yield of
Nile tilapia filet. The predictive equations found for fillet yield of Nile tilapia are not
validated by statistical methods applied. However the equations PF = 492.0914 –
0.6787CT + 0.9359PT – 2.4022CR1 and PF = 331.3682 + 0.6340PT – 1.9270CR1
are valid to predict the weight of Nile tilapia filet in, GIFT strain, weighing 501-600
g and 601-700 g, using morphometric measurements.

* Corresponding author. e-mail: nmarengoni@hotmail.com
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Performance of monosex male tilapia
of the GIFT and Saint Peter ® strains
Nilton Garcia Marengoni 1*, Luciana Maria Curty Machado 1,
Marco Antonio Valladão Giansante 1, Carlos Antonio Lopes
de Oliveira 2, Ricardo Pereira Ribeiro 2
* West Paraná State University - Unioeste, Rua Pernambuco, 1777
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The main challenge of tilapia breeders on improving productivity is the selection
of genotypes of interest or specific lineages, due to the wide genetic variability
available in tilapia populations. This study aimed to compare the morphometric
characteristics and performance of single sex populations of male tilapia strains
GIFT (Genetic Improved Farmed Tilapia) and Saint Peter® reared in mixed system.
The experiment was carried out during the period June to November 2011 in Sgarbi
fish farm in the city of Palotina, Paraná State, Brazil (24º17'2'' S and 53º50'24'' W).
The juveniles of GIFT strain were obtained from broodstocks of UEM/Codapar fish
farm of the State University of Maringá (UEM), and the hybrid strain, were from
the broodstock of the Sgarbi fish farm. The average values of genetic variety GIFT
were obtained by controlling individual pedigree and genetic evaluation by BLUP
(Best Linear Unbiased Prediction). The informations from complete pedigree of
GIFT strain since its introduction in Brazil were used. The system used was a
semi-intensive to density of 2.0 fish m-2. There were housed 480 fish of the GIFT
strain and 1400 fish of the red hybrid, totaling 1880 animals, with an average initial
weight of 15 g and PIT-tagged to performance testing. The fishing was performed
at the end of the period of 160 days. The diet was provided depending on the total
biomass of the farmed environment and water temperatures. The daily feeding
amounts ranged from 8% in the first week with commercial extruded feed from
32% crude protein to 2% in the last week with commercial extruded feed of 28%
crude protein. There were collected and individually assessed males, respectively
of the GIFT and Saint Peter® strains. The performance data to final weight and
daily weight gain, and morphometric to total length, standard length, height,
width, head length, tail height, width of the flow, head length/standard length, area
and volume were evaluated. The analysis of variance and the Tukey test at 5%
significance were applied. The average final weight and daily weight gain among
the three genetic groups of the GIFT strain showed no significant differences.
However all groups (upper, middle and inferior) of GIFT strain showed average
values of performance and morphometric characteristics superior to hybrid strain
Saint Peter®. There was a significant difference only for the height of the GIFT
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strain of tilapia group upper than the inferior. The morphometric characteristics
and growth performance are superior to the GIFT strain, regardless of genetic
group, when compared to Saint Peter®, except for the head length/standard length
of tilapia evaluated.

* Corresponding author. e-mail: nmarengoni@hotmail.com
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Corn cob flour as potential feed for
Tilapia zillii in tropical aquaculture
K.V. Absalom *, J.S. Dachung, A.D. Tabage
Department of Zoology, University of Jos. Jos, Nigeria
Keywords: Corn cob flour, weight gain, T. zillii fry.
The cichlid Tilapia spp is a ubiquitous freshwater fish species indigenous to the
tropics. Dried corn cobs were pulverized to obtain the flour to replace corn flour
used in conventional diets. We sought to determine its utilization by T. zillii most
often used as a trash fish because of its slow growth rate.
Corn cobs are the byproducts of Zea mays thrown away as trash after eating
(fresh) or thrashing (dried) the corn kernels. Corn cobs were first crushed with
pestle and mortar then pulverized using a motorized grinding machine to obtain the
flour. A US #40 screen was used for sieving the flour. Compounded diet containing
100, 80, 60, 40, and 20% of corn cob flour was then fed to T. zillii of mean weight
1.37±0.87g and length 3.18±0.53cm for 10 weeks. The control was the normal
commercial diet. Results showed weight gain to range from 0.09 - 0.36g while the
control had 1.03g there was however no significant difference (P>0.05) with the
20% diet. We concluded that the corn cob diet can sustain this species in culture
which is palatable to the preferred carnivorous species (like Clarias gariepinus,
Heterobranchus spp and Lates niloticus).

* Corresponding author. e-mail: kezabsalom@gmail.com
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Nutrient utilization and growth
responses of ( Oreochromis niloticus )
juveniles fed varying dietary levels of
water melon rind waste
Y. Akegbejo-Samsons *, S.I. Nofiu, A.S. Iyanda
Federal University of Agriculture, Dept of Aquaculture and Fisheries
Management, PMB 2240, Abeokuta, Nigeria
Key words: nutrient utilization, growth, watermelon, juveniles, tilapia
The study was carried out to evaluate the nutrient utilization and growth response
of O. niloticus juveniles fed varying dietary level of watermelon (WM) rind waste
(peel) (Citrullus lanatus) as a replacement of yellow maize. Four diets containing
0% (control), 25%, 50% and 75% WM inclusion were formulated. 120 juveniles,
average weight, 12.10 ± 0.02g were fed at 5% body weight per day for 84 days.
All the diets were contained with 30 % protein. Each diet was administered to two
replicate groups per diet. There were no adverse effects on water quality criteria
among all experimental treatments. The obtained results indicated that diet 3 with
50% WM inclusion was the best treatment which realized significantly (P ≤ 0.05)
increases of all growth performance (final weight, FCR MWG, PER and SGR). The
carcass analysis of the fish of the fish after the experiment recorded the values of
FCR range between Treatment 1 (5.93 ± 0.73) to Treatment 3 (4.61± 0.17). Specific
Growth Rate (SGR) ranged between 0.76 ± 0.04 in Treatment 3 to 0.059 ± 0.06 in
Treatment 1. The highest value recorded in Treatment 2 (70 ± 0.00%) in survival
and the lowest was in Treatment 4 (53.33 ± 16.67%). The highest value was
recorded in Treatment 3 (47.69+ 0.97) and the lowest was recorded in Treatment
1 (44.07 ± 0.94) for Feed Intake while the protein Efficiency Ratio recorded the
highest value in Treatment 1 (0.22 + 0.03). The highest value obtain for Mean
Weight Gain was recorded in Treatment 3 (10.39 ± 0.54g) and the lowest recorded
in treatment 1 (7.67 ± 0.96g).

* Corresponding author. Tel.: +2348035021748;e-mail: samsons56@yahoo.co.uk
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Evaluation of Lactobacillus plantarum
fermented cottonseed kernel as dietary
protein source for native Nile tilapia
( Oreochromis niloticus L.) fingerlings
W.O. Alegbeleye 1*, M. Edema 2, S.O. Obasa 1, Nusiat Adeyemi 1
Department of Aquaculture and Fisheries Management, Federal
University of Agriculture, PMB 2240, Abeokuta, Ogun State, Nigeria
2
Department of Microbiology, Federal University of Technology, Akure,
Ondo State, Nigeria
1

Key words: Cottonseed kernel meal; fermentation; soyabean meal;
Oreochromis niloticus fingerlings; growth performance
This study was carried out to assess the potential of fermented cottonseed
(Gossypium hirsutum) kernel meal as a plant dietary protein source in the diets of
native Nile tilapia fingerlings. Five groups of fingerlings were fed five isonitrogenous
(30%, CP) and approximately isoenergetic (17.29MJKg-1) diets in which fermented
cottonseed kernel meal (CKM) was incorporated to contribute 0%, 10%, 20%, 30%
and 40% protein levels into a soybean based control diet. A strain of Lactobacillus
plantarum was used in the fermentation of the CKM for 7 days. Fermentation of
cottonseed kernel resulted in 79% reduction of free gossypol from (.45% - .094%);
71% reduction of tannin (2.96-0.86) and 12% of crude protein (24.77-21.87%) with
slight increases in lysine (1.24-3.42 gN/16). The fish were fed at 3% wet body
weight daily for a 56-day feeding period. The result showed significant differences
(P<0.05) in growth performance in terms of weight gain, feed conversion, specific
growth rate, protein efficiency ratio and nutrient utilization parameters at the end
of 56 days. The best growth performance was recorded in the group of O. niloticus
fingerlings that received diet TD3 (30% inclusion level) which had significantly
(P<0.05) superior weight gain over those fed the control and lower inclusion levels.
The group fed diet TD1 (10% inclusion level) recorded the poorest growth and
nutrient utilization. Virtually all growth parameters followed this pattern. Mortality
was low (0-5%) and was non-differential. Apparent Digestibility coefficient of
protein increased with increase in inclusion level of fermented CKM (73.52 85%). Histological examination of liver and kidney tissues did not present any
pathological symptoms. Carcass proximate composition did not vary between
dietary treatments; however, lipid and protein values of these were superior to
those of the initial. The result suggests that fermented cottonseed could safely be
fed to O. niloticus fingerlings at inclusion level of 40% without adverse effects on
growth performance and feed conversion.
* Corresponding author: +243-0803 382 4292; e-mail: segunalegbeleye@yahoo.com
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Influence of dietary yeast fermentation
on growth, disease resistance and
non-specific immunity of Nile tilapia
( Oreochromis niloticus Linn.)
Phawini Kaeogrud 1, Prapansak Srisapoome 1, Ruangvit
Yoonpundh 1, Sasimanas Unajak 2, Ikuo Hirono 3, Masashi
Maita 3, Nontawith Areechon 1*
Dept of Aquaculture, Faculty of Fisheries, Kasetsart Univ., Bangkok,
Thailand
2
Dept of Biochemistry, Faculty of Science, Kasetsart Univ., Bangkok,
Thailand
3
Tokyo University of Marine Science and Technology, Tokyo, Japan

1

Key words: Yeast, growth, disease resistance, non-specific immunity, tilapia
Yeast fermentation (YF) (DVAqua®) was applied in diets for 30 day feeding trial with
two sizes of male Nile tilapia (Oreochromis niloticus Linn.) with YF concentration
of 0, 0.5, 1.25 and 2.5 g kg-1. The first experiment with tilapia fry (initial weight
of 0.2 g) indicated the significant improvement of final body weight, weight gain,
average daily growth and feed conversion ratio after feeding with 1.25 and 2.5
g kg-1 YF (P<0.05). While the resistance to pathogenic bacteria Streptococcus
agalactiae by experimental challenge were significantly enhanced with the survival
rate of 56.66, 86.66, 90.00 and 90.00%, respectively (P<0.05). The second
experiment was conducted with juvenile tilapia (average weight of 70 g) for 30 d
feeding trial and non-specific immunity were monitored at every 10 d. The immune
analyses included phagocytic activity, superoxide anion, superoxide dismutase
activity, alternate complement activity and lysozyme activity. Most determined
immune parameters were significantly enhanced at day 20 onwards from the diet
containing 1.25 and 2.5 g kg-1 YF (P<0.05). The findings from this study indicated
the positive effect of yeast fermentation as dietary supplementation on growth,
disease resistance and non-specific immunity of Nile tilapia.

* Corresponding author. Tel.: +66-2-5792924, fax: +66-2-5613984
e-mail: ffisnwa@ku.ac.th
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Fish viscera-based aqua feed for
GIFT ( Oreochromis niloticus ) food
fish culture
M.H.S. Ariyaratne 1*, Jayantha Alahapperume 2
National Aquatic Resources Research and Development Agency,
Mattkakuliya, Colombo-15, Sri Lanka
2
Regional Research Centre, National Aquatic Resources Research and
Development Agency, Rekawa, Tangalla, Sri Lanka
1

Key words: Nile tilapia (GIFT strain), Fish viscera-based aqua feed,
environmental pollution
Tilapia is an ecologically well established fish in Sri Lankan water bodies. It
has a big demand in rural areas due to low cost and the taste. Accordingly this
fish should be promoted through aquaculture practices in rural areas. It needs
a feed but commercial feed is costly. So farmers need low cost supplementary
feed. Thus, this study conducted in determining the effects of aqua-feed
prepared from fish viscera on the growth performance of cultured Nile tilapia
(GIFT strain). Accordingly a simple supplementary feed was prepared using
locally available rice bran (Rb) and fish viscera (Fv) in to 3:1 ratio and tested it
with Nile tilapia (GIFT strain) food fish culture in cement tanks.
The trial was carried out in Regional Research Centre of National Aquatic
Resources & Development Agency in Rekawa, Sri Lanka. Six cement tanks
(2.0 m 3 in each) were used. Fingerlings of GIFT Tilapia (initial weight= (10.43–
12.33 g) were stocked according to the stocking density of 58 fingerling m-3.
The prepared aqua-feed (AF) and commercial feed (CF) were tested with
three replications in randomly selected tanks Prepared feed was provided with
respect to the body weight of the fish, 5% of body weight, for 116 days. Water
quality parameters (pH, Dissolved Oxygen and Temperature) were determined.
The proximate composition of AF, CF, Rb and Fv were determined.
The mean weight gain (WG) and average daily growth (ADG) of the fish fed
on CF on day 14, 27, 48, 68, 78, 90 and 116 were not significantly different
(P>0.05) from the mean WG and ADG of the fish fed on Af on same days,
respectively.
The % survival of the fish fed on CF (75 ± 10.5 ) and AF(74 ± 13.5) were not
significantly different (P>0.05). The Food Conversion Ratio (FCR) of CF and
AF were 2.71 ±0.5740 and 7.02± 2.2190 respectively and significantly different
(P<0.05).
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The % crude protein (in dry matter basis) in AF and CF were18.6325± 0.7522
and 32.5 ±1.13 respectively. Temperature, pH and Dissolved Oxygen (DO)
levels in the tanks were not significantly different (P>0.05) and in the range of
acceptable levels.
The production cost for fish viscera-based aqua-feed was >Rs.25/-(US$ 0.10/
kg) that is very cheap compared with the price of commercial feed Rs.200/(US$ 1.6/kg).
Accordingly, fish viscera-based aqua-feed could be used successfully in GIFT
Nile tilapia culture. Removal of accumulating fish viscera in fish markets and
landing sites, for the aqua-feed production could be considered as an additional
advantage of this approach.

* Corresponding author. e-mail: soma_ariyaratne@hotmail.com
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Cytogenetic effect of black jaw tilapia
( Sarotherodon melanotheron ) exposed
to pawpaw leaf ( Carica papaya L.) in
fish feed as replacement for rice bran
S.O. Ayoola *, E.E. Ahaiwe
Department of Marine Sciences, University of Lagos, Lagos State,
Nigeria
Key words: Bio-indicator, Carica papaya leaf, Growth, Rice bran, Sarotherodon

melanotheron

The cytogenetic effect of black jaw Tilapia, Sarotherodon melanotheron exposed to
pawpaw leaf (Carica papaya L.) as replacement for rice bran for twelve weeks (90
days) was investigated. The treatments of the pawpaw leaves for the experiment
were T0 (0%), T1 (25%), T2 (50%), T3 (75%) and T4 (100%). The physicochemical parameters showed a significant difference (P<0.05) and positive strong
correlation coefficient of temperature with dissolved oxygen and pH (r = 0.998
and r = 0.999 respectively). The mean value for the physico chemical parameters
measured thorough out the experiment are as given thus: Temperature (26.47
± 0.89), Dissolved oxygen (7.80 ± 0.64) and pH (6.54 ± 0.43). The genotoxicity
studies utilized micronucleus test of the exposed fish and there was no significant
difference (P > 0.05) in the micronuclei present in 30 day in all the treatment while,
day 60 and 90 showed a significant difference (P < 0.05) in all treatments. It is
evident from this finding that exposure of test fish to pawpaw (Carica papaya L.)
replaced for rice bran in fish feed does not lead to cytogenetic damage and brings
about little breakage of nucleus to form micronucleus cells. Pawpaw plant is the
most natural source of papain, an effective natural digestive aid which breaks
down protein and cleanses the digestive tract. It is therefore recommended that
pawpaw leaf which is available all year round, be included to reduce cost of feed
without necessarily compromising fish growth rate.

* Corresponding author. Tel: 234(80)34650102
e-mail: sayoola@unilag.edu.ng, soaayoola@yahoo.com,
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Color enhancement of red tilapia using
natural carotenoid sources
Rodora M. Bartolome *, Ventura C. Chinaman
Freshwater Aquaculture Center, Central Luzon State University,
Philippines
Four natural sources of carotenoids namely carrots (Daucus carota Linn.), tomatoes
(Solanum lycopersicum), annatto seeds (Bixas orellana), and yellow corn (Zea
mays) were evaluated as color enhancer for red tilapia under aquaria condition.
Level of incorporation of the natural carotenoid sources in red tilapia feed was at
10%. Each aquarium was stocked with twenty five red tilapia fingerlings. Initial
weight of the fingerlings ranged from 2.28g – 2.32g. Highest final weight was
obtained in red tilapia fed with control diet. Highest fish survival was obtained in
red tilapia fed with diet containing 10% annatto seeds.
Total carotenoid (TC) analysis conducted on the different sources showed that
carrots had total carotenoid content of 102.90 µg/g, tomatoes with 192.23.68 µg/g,
annatto seeds with 931.29 µg/g and corn with 123.85 µg/g. TC analysis conducted
on fish flesh samples revealed highest total carotenoid contents on red tilapia fed
with diet with 10% carrot, followed by red tilapia fed with diet with 10% tomato. Red
tilapia fed with diets containing annatto and carrot had the highest total carotenoid
contents on their skin.

* Corresponding author. e-mail: rm_bartolome@yahoo.com.ph
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The use of black glutinous rice
bran ( Oryza sativa L.) in Nile tilapia
( Oreochromis niloticus ) diet
Bundit Yuangsoi 1*, Prasob-orn Rinthong 2
1

Department of Fisheries, Faculty of Agriculture, Khon Kaen University,
Khon Kaen, Thailand
2
Department of Pharmacology, Faculty of Pharmacology,
Mahasarakham University, Mahasarakham, Thailand
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The study in the use of antioxidant from black glutinous rice bran in Nile tilapia
diet was divided into two experiments: The results of first experiment found that of
black rice bran has the total anthocyanin, total phenolic, total tannin and phytic acid
range by 52.42, 3.77, 0.32, 0.14 mg/100g, respectively. The properties of rice bran
act as an antioxidant by TBARs analysis method was 8.0 µM malondialdehyde,
and the percentage of inhibition of DPPH (0.05 mM of Trolox) was significantly
different (P<0.05). The anthocyanin stability in different strong condition at
temperature 4 and 25°C and storage time at 14 days was significantly different
(P<0.05). Overall, results show that storage at 4°C condition can serve as a good
source of anthocyanin. The study present of supplementing black glutinous rice
bran in Nile tilapia diet at 0, 5, 10, 15 and 20% on digestibility, growth performance
and health in tilapia with initial weight of 8.76g per fish was fed with experimental
diets for 8 weeks. All diets contained 30% crude protein and gross energy at 3,000
Kcal/kg. The results showed that significant differences (P<0.05) in average daily
gain, specific growth rate and protein efficiency ratio. Fish were fed with 15 and
20% of black rice bran in diet were better than other groups. Survival rate and
feed conversion ratio were similar in all groups (P>0.05), but feed conversion
ratio of tilapia diet with possibly up to 20% trending the better than other groups.
Digestibility coefficient and protein digestibility were not significantly different
(P>0.05), digestibility coefficient in range 97.14-97.36% and protein digestibility of
diet in range 98.73-99.12%. In the part of fish health found that, hematocrit, total
protein, albumin, total bilirubin, AST, ALT, ALP and hepatosomatic index were not
significantly different (P>0.05). The study indicated that the dietary black rice bran
contains ingredients that could be used for tilapia diet with possibly up to 20%
without negative effect on growth, protein efficiency ratio, digestibility and health
for tilapia.

* Corresponding author. Tel./fax: +66865445550; e-mail: bundyu@kku.ac.th
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Effect of dietary supplementation
of some commercial feed additives
on growth and haematology profiles
of tilapia ( Oreochromis niloticus )
(Linnaeus, 1758)
Adekunle A. Dada *, Oyedapo A. Fagbenro
Department of Fisheries and Aquaculture Technology, Federal University
of Technology, Akure, Ondo State, Nigeria
Key words: Feed additives, catfish, growth performance, feed utilization
An experiment was conducted to evaluate the effect of three commercial feed
additives on growth, nutrient utilization and body composition of Nile tilapia
Oreochromis niloticus fingerlings. Three treatments were applied, one level of Aqua
booster®, Aqua superliv® and Aquapro® in (0.5 g kg−1 feed) in addition to control.
The tested diets were applied in 12 fiberglass tanks (52-litre capacity) each was
stocked randomly with 20 O. niloticus fingerlings with an average initial body weight
7.27 ± 0.41 g. The experiment lasted for 56 days. Fish fed on diets with commercial
feed additives showed significantly improved growth performance, feed utilization
and body composition compared to fish fed on the control diet. The highest specific
growth rate (1.43 ± 0.11% day–1) and best food conversion ratio (0.26 ± 0.04) were
obtained in the superliv® diet treatment. Protein efficiency ratio and feed efficiency
were higher in fish fed with superliv® diet and lowest in the control. There was
no significant different (P> 0.05) in feed intake between the treatments. However
significant differences occurred in fish carcass protein, crude lipid or ash content
among the treatments (P < 0.05). No differences occurred in hemoglobin (Hb),
packed cell volume (PCV), red blood cell (RBC), mean corpuscular hemoglobin
(MCH), mean corpuscular hemoglobin concentration (MCHC), mean corpuscular
volume (MCV) and white blood cell (WBC) among the treatments (P > 0.05). Fish
fed the superliv® diet had the highest value of WBC while fish fed the control diet
had the least. The percentage of Neutrophils in fed on diets with commercial feed
additives was highest than that of the control, but the monocytes were similar in all
the treatments. The results revealed that using Aqua superliv® at level of 0.5 g kg−1
feed was the best in terms of growth performance and feed utilization.

* Corresponding author. Tel.: +2348064364831, e-mail: dadaayokanmi@yahoo.com
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Growth performance and proximate
composition of Oreochromis niloticus
(Trewavas) fed cobalt chloride
incorporated diet
A.T. Ibim 1*, F.D. Sikoki 2
Department of Animal Science and Fisheries, Faculty of Agriculture,
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2
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proximate composition
A preliminary study was carried out to determine the effect of Cobalt chloride on
the Growth performance and proximate composition of the tilapia, Oreochromis
niloticus. This study was aimed at identifying the level of growth response and
carcass composition enhancement capacity of Cobalt chloride in tilapia culture,
when incorporated in their diets, slightly above the usual level. Indoor feeding trials
were conducted for 49 days using juvenile O. niloticus, with initial average weight
and length ranging from 0.59gm to 0.65gm and 3.0cm to 3.25cm respectively.
They were fed cobalt chloride incorporated feed at 0% and 0.1% levels at 10% of
their body weight. Cellular growth responses (specific growth rate) and carcass
composition were investigated using standard methods. The results revealed that,
Cobalt chloride significantly (P<0.05) enhanced growth by two to three times of
the treated fish groups. The Specific growth rate (SGR) for length and weight of
treated fish were significantly different (P<0.05) from those of the control fish all
through the duration of the feeding trials. The SGR for weight showed increasing
values from 0.77657 at week 1, to 5.436 at the end of week 7 for the control fish;
and 1.94142 at week 1 to 19.414 at week 7 for the treated fish. The SGR for length
dropped steadily for both control and treated fish after the 2nd week; however, the
SGR (length) values for the treated fish was significantly higher (P<0.05) than that
of the untreated fish. The carcass composition showed that the moisture content,
fat content and protein content of the control fish ranged from 73.0% to 76.0%,
7.7% to 17.2% and 12.3% to 13.0%, respectively. The corresponding values for
the untreated fish ranged between 73.0% to 77.0%, 9.0% to 19.5% and 13.5% to
15.0% for moisture, fat and protein contents, respectively. However, the differences
in values of protein, moisture and fat content between the treated and untreated
fish were not statistically significant; although there was a gradual increase in
the crude protein content of the treated fish as against that of the control which
showed a gradual decline it could thus be inferred that, the incorporation of cobalt
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chloride in fish diet resulted in significantly enhancing growth over the untreated O.
niloticus juveniles. However the treatment did not significantly affect the carcass

composition of the fish groups, but there was improvement in the crude protein
content of the treated fish over the untreated fish. It is therefore recommended
that a prolonged investigation be carried out to elucidate the full effect of this
compound. This finding will go a long way to improve culture operations as it will
aid in solving the growth problems of the tilapia O. niloticus both in the wild and in
the ponds. Secondly it will reduce time of fish production.

* Corresponding author. e-mail: Email: adabafishries@yahoo.com, adaba.ibim@uniport.
edu.ng

200

Poster Present ations

Utilization of Ipomoea aquatica as
energy source in the diet of juvenile

Tilapia zillii
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An 8-week feeding trial was conducted to evaluate the potential of water spinach
(Ipomoea aquatica) leaf meal (SLM) as dietary energy source in the diet of Tilapia
zillii juvenile. Five isocaloric diets of 40% crude protein were formulated to contain
0, 15, 30, 45 and 60% I. aquatica leaf meal (Diets 1-5) to partially replace maize in
the tilapia diet. The diet containing 0% leaf meal served as the control. Tilapia zilli
juveniles were reared in 50L rectangular plastic tanks. Each dietary treatment was
tested in triplicate groups of 10 fish per tank. The fish were fed at 5% body weight
per day for a period of 8 weeks. The best growth response in terms of mean weight
gain was obtained in fish fed 15% I. aquatica diet inclusion (12.47±2.05g), while
Fish fed 60% I. aquatica based was lowest (10.50±0.47g). The highest FCR was
obtained in Fish fed 60% I. aquatica (3.07±0.79), while the lowest was obtained in
fish fed 15% I. aquatica (2.42±0.50).The results of the growth and nutrient utilization
responses show that there were no significant differences (P>0.05) among the fish
fed diets T1-T5 (0-60% Ipomoea aquatica leaf meal) . There were no significant
differences (P>0.05) in the carcass composition of Tilapia zillii juvenile fed on
experimental diets. The present findings show that Ipomoea aquatica leaf meal
has good potential for use as one of the energy sources in Tilapia zillii diet up to
60% level without compromising growth performance.

* Corresponding Author. Tel: +2348034709759, E-mail: idowudoyin@yahoo.com
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Usefulness of Musa cultivars flour
as feed additive in the production of
Tilapia zillii (Gervais 1852) fingerlings
Temitope Jegede
Department of Forestry, Wildlife and Fisheries Management, Ekiti State
University, Ado Ekiti, Nigeria
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A feeding trial was conducted for 70 days to determine the effects of banana (Musa
cultivars) on nutrient utilization and growth in Tilapia zillii fingerling. Five prototype
diets (35% crude protein) were formulated including the control, (0g banana flour
kg-1 basal diet), D1 (10g banana flour kg-1 basal diet), D2 (20g banana flour kg-1
basal diet), D3 (30g banana flour kg-1 basal diet) and D4 (40g banana flour kg-1
basal diet) and fed to triplicate group of T. zillii at 4% body weight. Ten (10) T. zillii
(10.00+ 0.65g) fingerlings were stocked in each concrete tank with three replicate
per treatment making a total of 150 fingerlings in all. Weight gain in T. zillii fed the
diet having 10g inclusion level of banana flour /kg basal diet (27.50 ± 0.21g) was
not significantly different from that of the control (29.00 ± 0.28g). Feed Conversion
Ratio(FCR) in T. zillii fed the diet having 10g inclusion level of banana flour /kg
basal diet had better FCR (1.37 ± 0.03) than the control which has FCR of (1.53+
0.05),though not significantly different from each other. Also, the survival rate of
T. zillii is better in all the treatment diets (D1, D2, D3 and D4) when compared with
the control. This study showed that diet D1 (10g banana flour / kg basal diet) fed to
T. zillii fingerlings had specific growth rate (SGR) which is not significantly different
and is comparable to the control.

* Corresponding author. e-mail: temitopejegede@yahoo.com
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Feasibility of fishmeal replacement
by suckermouth catfish protein
hydrolysate for Nile tilapia
( Oreochromis niloticus L.) diets
Rungkan Klahan *, Treesin Potaros, Somruthai Thong–
aram, Nattawet Moolkam
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In vitro and in vivo protein digestibility, growth rate and feed utilization were
conducted to investigate the fishmeal substitution with suckermouth catfish protein
hydrolysate at 0, 25, 50, 75 and 100% in diet which were investigated in 18 g of Nile
tilapia. The in vitro protein digestibility by intestinal enzymes was studied with feed
replacement fish meal at 0, 25, 50, 75 and 100% with suckermouth catfish protein
hydrolysate and the result showed that the in vitro protein digestibility were highest
in the replacement fishmeal at 25% with suckermouth catfish protein hydrolysate
(P<0.05). On the other hand, the in vivo protein digestibility was highest in fish fed
with replacement fish meal at 50% with suckermouth catfish protein hydrolysate
diet. After 12 weeks, final weight of fish fed with the replacement at 25% with
suckermouth catfish protein hydrolysate diet was higher than the other groups
(P<0.05) but the same with the fishmeal-based reference diet. The average weight
gain, average daily gain and feed utilization of fish fed the diets using alternative
raw materials had poorer than the fish fed with the fishmeal-based reference diet.
The results demonstrate that suckermouth catfish protein hydrolysate can replace
up to 25% fishmeal protein in diets for Nile tilapia.

* Corresponding author. Tel.: +6654466666 ext.3139, fax: +6654466666 ext. 3156
e-mail: supatcharin5@hotmail.con
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Fish Hatchery Road, Hagerman, Idaho 83332, USA
Key words: Tilapia, Cold shock, dialysis cassettes, red blood cell

Whole blood from each Oreochromis niloticus was rapidly transferred to two 0.5
ml 20K MWCO Slide-A-Lyzer® 2G dialysis cassettes (Thermo Scientific) and
incubated at 25°C in Modified Cortlands/Citrate Phosphate Dextrose Adenine
(Modified Cortlands/CPDA) in a 2.5 L Pyrex crystallisation dish (Fisher Scientific),
then maintained in vitro in Modified Cortlands/CPDA at 25°C responded to a 2 h
cold shock at 14°C. After cold shock, cassettes were moved to Modified Cortlands/
CPDA at 25°C for 24 hours. Blood was sampled from erythrocytes prior to cold
shock (time 0) and 1, 4, 8 and 24 h post cold shock. No significant differences in
the part of the erythrocytes. Erythrocytes from Oreochromis niloticus at 1, 4, 8 and
24 h post cold shock while would not die obviously. Further, doing hematocrit tests
about syringes inclusions by adding CPDA and heparin with blood after mixing. As
the results, heparin mixed with blood had a higher proportion of hematocrit.

* Corresponding author. e-mail: hagkuo@mail.ncyu.edu.tw
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A comparative analysis of the
Mozambique and Nile tilapia
intestinal transcriptomic response to
high salinity
Dana Ronkin, Eyal Seroussi, Adi Doron-Faigenboim,
Gideon Hulata, Avner Cnaani *
Institute of Animal Science, Agriculture Research Organization, Bet
Dagan 50250, Israel
Key words: salinity tolerance, transcriptome, gene expression,
Mozambique and Nile tilapias (Oreochromis mossambicus and O. niloticus) are the
two main cultured tilapia species in the world. These species differ in their salinity
tolerance, with Mozambique tilapia able to thrive even in seawater while Nile tilapia
having repressed growth and fitness in high salinities. Aiming to characterize the
underlying mechanism differentiating their salinity tolerance we analyzed the
transcriptomic response of those two species to salt- and fresh-water acclimation,
in the anterior and posterior intestines. We have extracted total mRNA from
five fish from each species in each salinity, and conducted transcriptome deepsequencing using the Illumina Hi-Seq technique. The gene expression patterns
were analyzed, following by gene-ontology (GO) analysis. Several genes that were
found to be involved in osmoregulation were further characterized for sequence
variation, and expression patterns in additional organs using qPCR analysis. Our
analyses indicate a different environmental dependent gene expression patterns
for each species and intestinal section. Overall, between 182 and 404 genes were
significantly up-regulated (P<0.001) with at least 3.5-fold expression increase in
either fresh or salt water, in the eight analyzed treatments. These genes included
various ion and water channels, nutrient transporters, and tight junction proteins.
The species comparison resulted with differential expression patterns of specific
genes and GOs, including dozens of genes with inversed salinity response
between these two species.

* Corresponding author. e-mail: avnerc@volcani.agri.gov.il
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The effect of Pawpaw seed meal on
gonad development and function of
sexually immature Mozambique tilapia
( Oreochromis mossambicus )
A. Ampofo-Yeboah 1-2*, H. Lambrechts 1, D. Brink 1-3
Stellenbosch University, Animal Sciences Department, PMB X1,
Stellenbosch 7602, South Africa
2
University for Development Studies, Faculty of Renewable Natural
Resources, Box TL1882, Tamale, Ghana
3
Stellenbosch University, Genetics Department, PMB X1, Stellenbosch
7602, South Africa
1
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In Sub-Sahara African (SSA) countries (e.g. Ghana), culture efforts of tilapia are
hampered by restricted access to appropriate methods to control the precocious
breeding habits. Uncontrolled breeding leads to overstocking in culture systems,
resulting in stunted growth and a variation in marketable size of the fish. Alternative
methods that will provide suitable and cost-effective options to resource-poor
communities to culture tilapia are needed to improve the viability and sustainability
of tilapia production, especially in SSA. A potential method to control the
precocious breeding habits of tilapia is the use of natural plants components that
contain endocrine disrupting chemicals. Endocrine disrupting chemicals mimic the
behaviour of the natural reproductive hormones, and negatively affect the function
and integrity of the gonads and related glands. Several studies report on the
antifertility effect of Pawpaw (Carica papaya) seeds in certain livestock species.
This study investigated the potential of Pawpaw seed meal (P) as feed supplements
to control the gonadal development and function in sexually immature Mozambique
tilapia (Oreochromis mossambicus). A total of 900 sexually immature tilapia (with
unknown sex) weighing between 2-8g, were randomly allocated to 30 (121 L) tanks
at a stocking density of 30 fish per tank at five repeats per treatment. Pawpaw seed
powder was added to a commercially formulated tilapia diet [NutroScience (Pty)
Ltd, South Africa], which served as the basal diet (BD), at inclusion levels of 0, 0.5,
1.0, 2.0, 5.0 and 10.0g/kg feed. After an acclimatization period of 7 days, fish were
fed the respective experimental diets. The experimental diets were fed for a period
of 60 days, after which 4 fish were sacrificed per tank of each treatment to assess
the effects of P on gonadal function and integrity. No lesions were observed in the
gonads of fish receiving the control diet (0g/kg feed). Treatment diets containing
2.0, 5.0 and 10.0g P/kg BD resulted in atrophy of the seminiferous tubules in male
fish, as well as disintegration of sperm cells and necrosis of testicular cells. Testis206
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ovarian tissue was observed in the groups that received 10.0g P/kg BD. In the
females, atresia of oocytes was observed in 10.0gP/kg BD. The study indicated
that Pawpaw seed meal at inclusion levels of 2.0g/kg feed and higher have a
significant anti-fertility effect, affecting gonad integrity and preventing reproduction
in sexually immature male and female O. mossambicus. Pawpaw seed meal can
thus, be used as potential endocrine disrupting feed supplements to suppress
the attainment of sexual maturity in tilapia, and thus control precocious breeding
of tilapia in culture systems. The availability and affordability of Pawpaw seeds
in SSA countries contributes to the attractiveness of this medicinal plant a feed
supplement to be used in the reproductive management of tilapia in commercial
and small-scale tilapia culture systems.

* Corresponding author. e-mail: ampoyeb@yahoo.com
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Pituitary structure and differential
regulation of gonadotropins in tilapia #
Matan Golan, Jakob Biran, John Mapundo, Berta LevaviSivan *
Department of Animal Sciences, The Robert H. Smith Faculty of
Agriculture, Food and Environment, The Hebrew University of
Jerusalem, Rehovot, Israel
Key words: pituitary, gonadotroph, LH, FSH, dopamine
The pituitary of teleosts presents a unique model in vertebrates: In contrast
to mammalian pituitaries in which the different hormone producing cells are
scattered throughout the anterior pituitary, the different cell types in fish pituitaries
are segregated into distinct locations. In addition, luteinizing hormone (LH) and
follicle stimulating hormone (FSH) producing cells are produced in different
cells rather than in the same cells as in mammals. Using transgenic fish with
labeled gonadotrophs in combination with specific antibodies produced against
recombinant tilapia gonadotropins we studied the organization of tilapia pituitaries.
We found that LH and FSH cells are located in close proximity but are organized
in distinct structures that may suggest differential cross-talk between homotypic
and heterotypic cells.
Hypothalamic regulation of the pituitary also differs between fish and mammals
as fish lack the median eminence that conveys the hypothalamic signals to
the pituitary through the blood stream in mammals. Instead, hypothalamic
fibers innervate the pituitary and form synapses adjacent to pituicytes. These
synapses secrete GnRH that stimulates and dopamine that inhibits the activity
of the gonadotrophs. Whereas the inhibitory effect of dopamine on LH secretion
in teleosts is well documented, studies on the dopaminergic effect on FSH are
scarce. We examined the dopaminergic effect on gonadotropin secretion and the
expression of the dopamine D2 receptor (DRD2) in gonadotrophs of adult tilapia
(Oreochromis niloticus). In vitro studies on dispersed pituitary cells revealed
that while all three native forms of GnRH elicit FSH and LH release, the D2
receptor agonist quinpirole inhibits LH, but not FSH secretion. When applied in
vivo, quinpirole was very potent in inhibiting the secretion of LH but did not affect
plasma levels of FSH, both in the presence or absence of GnRH. Metoclopramide,
a dopamine D2 antagonist, elevated LH plasma levels and enhanced the response
of LH to GnRH but had no effect on FSH secretion. Finally, using a combination
of in situ hybridization and immunofluorescence we investigated the expression of
DRD2 in gonadotrophs of mature tilapia. Confocal microscopy analysis revealed
DRD2 to be widely expressed in LH cells, however, we could not identify dopamine
receptor expression in FSH gonadotrophs. Taken together, these results suggest
208
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that the role of dopamine in the regulation of FSH is negligible in comparison to
its effect on LH, probably due to decreased expression of the DRD2 receptor in
FSH gonadotrophs.

# Research supported by Grants No. 1350/06 and 237/12 from the Israel Science
Foundation (ISF).

* Corresponding author. e-mail: berta.sivan@mail.huji.ac.il

ISTA10 , 6 -10 Oct ober 2 013, Jer usalem

209

Tachykinin 3 is involved in the
regulation of reproduction in tilapia #
N. Mizrahi 1, J. Biran 1, S. Ogawa 2, I.S. Parhar 2, Berta LevaviSivan 1*
The Hebrew University, The Robert H. Smith Faculty of Agriculture,
Food and Environment, Rehovot 76100, Israel
2
Brain Research Institute, Monash University Sunway Campus, Jalan
Lagoon Selatan, Bandar Sunway, Selangor 46150, Malaysia
1

Key words: Tachikinin 3, neurokinin B, neurokinin F, Tilapia
We have recently identified tachykinin (tac) and tac receptor (NKBR) genes
from several fish species, and showed the involvement of the Neurokinin
B (NKB)/NKBR system in the regulation of the Hypothalamic–pituitary–
gonadal axis. Surprisingly, it was found that the piscine Tac3 gene (unlike the
mammalian Tac3 gene) encodes for two putative neurokinin peptides, hence
termed the novel peptide neurokinin F (NKF). In adults zebrafish tac3aexpressing neurons were localized in specific areas of the brain implicated
in the neuroendocrine regulation of gonadotropin secretion. We further
identified the tilapia (ti) NKB/NKBR system at the molecular level, and cloned
the tilapia NKB, NKF and two receptors (tiNKBRa and tiNKBRb). Moreover,
we showed that GnRH3 neurons (the hypophysiotropic type) express both
tiNKBra and tiNKBRb.
We next aimed to examine the in vivo effect of the novel neuropeptides,
NKB and NKF, on the gonadotropins luteinizing hormone (LH) and follicle
stimulating hormone (FSH), release in mature female tilapia. Fish were
divided into six groups, those in group one were injected with GnRH (10 µg/
kg BW), those in group two and three were injected with 100 µg/kg tiNKB
or tiNKB, respectively, while those in group four and five were injected with
a combination of GnRH and tiNKB or sGnRH and tiNKF, respectively. The
control group was injected with saline. Blood was collected two or four hours
after the injection and was further analyzed for gonadotropins levels by
specific homologous ELISAs.
The results showed that LH levels were higher in fish that were injected with
either the combination of GnRH+tiNKB or GnRH+tiNKF, compare to LH levels
in the plasma of fish that were injected with GnRH alone. However, FSH levels
in fish that were injected with the combination of GnRH with tiNKB or tiNKF
were not significantly different than FSH levels in fish that were injected with
each one of the peptides alone. These results suggest that the NKB/NLBR
system has a substantial role in fish reproduction.
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Development of tilapia hatcheries
in Malawi
Abudala Napuru
Aquaculture Enterprise Malawi, P.O Box Blantyre, Malawi
Key words: tilapia hatcheries, Oreochromis shiranus, Malawi, biodiversity,
fecundity
Tilapia hatcheries have so far failed to develop beyond the small and medium scale
operation in Malawi because it is a new and technically challenging activity that
requires expertise, training, good quality feed and management. Government and
other development partners have done some work but supply of tilapia fingerlings
demand is yet to be fulfilled. Decline in wild catch especially from Lake Malawi
and other water bodies have put fish farming as the only sustainable alternative to
rectify the situation from wild catch of about 30,000 tonnes a year, in the past 15-20
years, to 2,000 tonnes due to population growth and over fishing. Malawi’s prided
tilapias (Oreochromis shiranus) commonly known as Chambo is most threatened.
Presently about 3 000 fish farmers scattered around the country own ponds and are
involved in farming of mixed as well as inbred O. Shiranus along with O. karongae
and Tilapia rendalli. Emerging of small scale hatcheries to rectify the situation is
yet to yield result in addressing hatchery performances. The current constraint
can be solved by establishment of viable hatcheries in charge of production of
selectively bred brood stock, mono sex fingerling production, good sitting of these
hatcheries, quality fish feed and water, enabling environment that promotes use
of sex reversal hormone. However this requires investment and development of
the private sector in small and medium scale hatcheries as a corner stone for
aquaculture success. In terms of biodiversity the Malawi government does not
allow farming of Oreochromis niloticus since it wants to safeguard its indigenous
species though its neighbors like Mozambique, Zambia and Zimbabwe do farm
O. niloticus. It could be a very good potential commercial species in terms of its
fecundity, growth and other desirable traits.

Tel.: +265881112110, e-mail: abudala.napuru@gamil.com
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Masculinizing response of letrozole
for monosex male tilapia, Oreochromis
niloticus L. production
Atol K. Singh 1*, P.P. Srivastava 2, Ruchi Singh 1, Abubakar
Ansari 1, Dinesh Kumar 1, Sharad C. Srivastava 1
Exotic Fish Germplasm Section of Fish Health Management Division
of National Bureau of Fish Genetic Resources, Canal Ring Road, P. O.
Dilkusha, Lucknow-226002 (Uttar Pradesh), India
2
Biochemistry and Biotechnology Division of Central Institute of Fishery
Education, 7 Bunlow, Versocva, Mumbai, India
1

The efficacy and role of letrozole was examined on sex reversal of Nile tilapia,
Oreochromis niloticus. Fingerlings of O. niloticus (length, 0.68±0.21 cm and
weight, 0.37±0.08 g) were fed with diet containing two doses (100 mg kg-1 and
200 mg kg-1) of letrozole (L1 and L2) for 60 days. Blood 17β-estradiol (E2) and
testosterone (T) levels of, L1 and L2 treated fishes were determined using ELISA
technique and gonads were examined for sex differentiation and sex-ratio was
calculated. The results delineated that the treatment of letrozole in the dose of
100 mg kg-1 feed brought about 87.91±1.39% in O. niloticus, while high dose (200
mg kg-1 feed) produced 99.65±0.72% male O. niloticus. Letrozole significantly
(P<0.001) increased serum T level suppressing E2 production. The histological
examination particularly in the L2 treated O. niloticus revealed increased number
of irregularly spread spermatids while 75% of the oocytes were having arrested
ovarian development. This study showed that complete masculinization could be
achieved with letrozole treatment (200 mg kg-1) by suppressing aromatase activity/
estrogen production.

* Corresponding author. e-mail: aksingh56@rediffmail.com

ISTA10 , 6 -10 Oct ober 2 013, Jer usalem

213

Lethal effect of hydrated lime on

Oreochromis niloticus
M.O. Olufayo *, B.P. Arulogun
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Hazardous effect of polluted water due to industrial and agricultural practices has
been of great concern to man because of the important role aquatic environment
plays in human life. Lethal effect of hydrated lime on Oreochromis niloticus
juveniles was evaluated in this study in a bioassay procedure. 120 healthy O.
niloticus juveniles (mean weight, 9.8g) were subjected to various concentrations
of hydrated lime (0.0, 2.4, 2.5, 2.6, and 2.7g/l) and histological, haematological
parameters and proximate composition were analysed with view to obtain the
effects of hydrated lime on O. niloticus. Mortality increased as the concentrations
of the effluent increases and 2.6g/l was obtained as LC50. The study revealed that
hydrated lime has lethal effect on O. niloticus juveniles.
The histological analysis revealed pathological changes in the gills, kidneys and
livers of the fish (degeneration of secondary lamellar, vacuolation, in the gills,
inflammation, cytoplasmic vacuolation in the liver and hyperplasia, pathological
lesion, cell degeneration, in the kidney).
The range values obtained for PCV, RBC, Hb, MCHC for O. niloticus at different
concentrations of hydrated lime decreases with increasing concentration when
compared with the control (0.0 g/l): PCV 16.50% - 20.00%, Hb 5.88 – 6.73g/dl,
RBC count 2.24 – 2.39mm3, MCHC 33.15 – 37.25g/dl respectively while WBC
increased from the lowest concentration(2.4g/l) to the highest concentration
(2.7g/l) of hydrated lime (3850 - 5500mm3) .
Proximate composition of the muscle of O. niloticus revealed their Crude Protein,
Crude lipid, Moisture content and ash as: 40.33 – 45.91%, 4.06 – 5.81%, 4.95 –
5.43% and 18.59 – 21.96% respectively. The size of the fish did not significantly
affect the haematological analysis and proximate composition of the fish.

* Corresponding author. e-mail: moakinbulumo@yahoo.co.uk
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Toxicity of trona to Nile tilapia,
Oreochromis niloticus (Linne 1758)
fingerlings
Oyedapo A. Fagbenro *, Oluwatuyi Oluwalola
Department of Fisheries and Aquaculture Technology, Federal University
of Technology, PMB 704 Akure, Nigeria

Trona (Na2CO3.NAHCO3.2H2O, sodium sesquicarbonate) is a naturally occurring
rock/alkaline salt widely used as tenderizer, flavouring agent and preservative in
food industry and as a prophylactic agent in fish health management. Despite
the use of trona in fish health management as a prophylactic agent, its toxicity
to tilapias has not been studied. Hence, acute and sub-lethal toxicity tests were
conducted using trona with Oreochromis niloticus fingerlings (6.3±1.2g) under
static bioassay to determine the median lethal concentration (LC50) up to 96 hours
and determine the effects on both liver and gill tissues. In the range finding test,
concentrations of 1g, 2g, 3g, 4g and 5g trona/litre of water were used while in the
definitive test, 1.0g, 1.1g, 1.2g, 1.3g and 1.4g trona/litre of water was used. The
LC50 after 24 and 48 hours were 1.32g and 1.05 g trona/litre of water, respectively.
Fish mortality was 100% beyond 48 hours exposure to trona. The pH and
temperature in the test medium increased proportionally while dissolved oxygen
concentration decreased with increase in trona concentration and duration of
exposure. Fish behaviour related to trona toxicity include sudden jerky swimming
motions, rapid opercula movements, hyperactivities, surfacing and loss of reflex;
which increased with increase in trona concentration and duration of exposure.
Histological examination of Nile tilapia gills and liver showed pathological changes
such as hydropic degeneration of the gill rays and filaments occurred and led to
necrosis of the gill tissues. Hepatocytes in the liver showed degeneration and
vacuolation of the liver cells.

* Corresponding author: dapo_fagbenro@yahoo.co.uk
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Optimizing small-scale tilapia culture
for improved health and income
generation in developing countries
Stephanie Ichien, Paris Edwards, Hillary Egna *
AquaFish Innovation Lab., Oregon State University, Corvallis OR
97331, USA

Largely produced in developing countries by some of the world’s poorest farmers,
tilapia is a key contributor to global food security both as an international trade
product and as a subsistence crop. AquaFish (formerly CRSP) researchers have
made significant progress toward optimizing tilapia production techniques for
small- and semi- intensive farms. With a primary focus of making tilapia culture
more efficient and more accessible for local communities and lessening its
environmental impacts, AquaFish investigations have focused on topics that include
reduced feeding strategies, alternative feeds, value chain assessments, and methyl
testosterone elimination techniques. Additionally, AquaFish researchers have made
great strides toward disseminating information on sustainable practices using a
variety of outreach methods including workshops, symposia, and internet-based
podcasts all focused on improving local capacity for farming tilapia. Combining
these technological advances with a proven capacity building strategy, AquaFish
has provided a means for farmers to more effectively grow tilapia to help improve
family nutrition and income generation as a pathway out of poverty. These efforts
are an important part of a broader research portfolio that contributes to the overall
AquaFish mission: enriching livelihoods and promoting health through cultivating
international multidisciplinary partnerships that strengthen the capacities of its
participating institutions; increasing the efficiency of aquaculture; and improving
fisheries management with environmentally and socially acceptable methods.

* Corresponding author. e-mail: aquafish@oregonstate.edu
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Building human and institutional
capacity in developing countries
to provide equal opportunities for
women and men for enhancing
sustainable aquaculture
Stephanie Ichien, Paris Edwards, Hillary Egna *
AquaFish Innovation Lab., Oregon State University, Corvallis OR
97331, USA
Developing human and institutional capacity in aquaculture has long been a pillar
of AquaFish’s overall mission to enrich livelihoods and promote health. Aquaculture
is an increasingly important tool for overcoming poverty, but its success relies on
responsible, well-informed users. With a growing international network of trained
aquaculture professionals, AquaFish (formerly CRSP) is able to support the next
generation of aquaculturists through reliable, high-quality information generated
through a continuous pipeline of knowledgeable aquaculture researchers and
professionals. Gender equity is an integral theme of the AquaFish capacity building
effort. AquaFish researchers strive to create significant opportunities for both men
and women. As women shoulder much responsibility for household wellbeing,
AquaFish efforts to close the gender gap in aquaculture are key to creating real
impacts in local communities.
Since inception in 2006, AquaFish has sponsored and facilitated 244 short-term
training events, reaching 7,381 trainees, a third of whom were women. Focusing
on a wide range of topics such as record keeping, pond construction, fish supply
chain and marketing, and best management practices, AquaFish reaches a
diverse audience along the fish value chain. Long-term trainings, or more formal
education programs, are also a key component of the capacity building agenda.
Nearly half of the 344 long-term trainees sponsored by AquaFish since 2006 in
PhD, Master’s, or Bachelor’s degree programs have been women. Training efforts
by earlier iterations of the AquaFish program dating back to the 1980’s have
yielded 1,027 degrees, of which 40% have been earned by women. AquaFish
long-term training sponsorship has reached across disciplines, with 444 students
in Bachelor’s programs, 415 in a Master’s program, 116 working towards a PhD,
and 52 students seeking another degree such as a certificate or associate degree.
The approach toward gender-balanced skill-building and expertise aims to help
empower communities to take ownership of aquaculture research and outreach
priorities, and help countries shape their aquaculture sector.
* Corresponding author. e-mail: aquafish@oregonstate.edu
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