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Executive Summary

The research reported here has been conducted as a collaborative project funded solely by
agrant (R. 5070A) from the British Overseas Development Administration through the Fish
Genetics Programme of its Renewable Natural Resources Aquatic Production Systems
Research Programme.

The project has been executed by the School of Biologicd Sciences of the University of
Waes Swansea (UWS), in principa collaboration with the Freshwater Aquaculture Center
of the Central Luzon State University (FAC/CLSU) in the Philippines. The research work
in Thaland was peformed in collaboration with the Agriculturd and Aquetic Systems
Programme (AASP) of the Adan Ingitute of Technology (AIT) and the Nationa
Aquaculture Genetics Research Indtitute (NAGRI) of the Tha Department of Fisheries
(DOF).

Previous ODA funded projects have resulted in the development of the Y'Y mae technology
for the mass production of dl-male tilgpia known as geneticdly mde tilgpia (GMT). This
technology was developed as a solution to the problem of unwanted reproduction in tilapia
culture which has ggnificant negative impact upon yields. It was proposed that the
technology could be applied through large scae production of YY mae and normd femae
broodstock which could then be dispersed to hatcheries to be used for the mass production
of fast growing GMT. This technology was developed and tested in the Philippines but
demand for the products of this technology was such that preliminary investigations had been
made into methods for transferring the technology to other countries in the region.

The origina purpose of this research (defined as the measurable near term impact of the
project) was to “Increase tilgpia production through adoption of the Y'Y male technology
and the culture of O. niloticus in brackishwater”.

Thisoverdl purpose was further outlined in the following series of objectives:

Performance testing of GMT and YY mades, the main activity being on-station and o+
famtrials of GMT producing broodstock.

Identification of socid and economic factors relevant to the uptake of the YY mde
technology and its products.

Evauaion of technology transfer to Thailand through the completion of technologica
development and growth comparison of the different genotype/phenotype combinations.

Evdudtion of dinity tolerance in avallable drain of O. niloticus in brackishwater
environments.

The following summarises the progress made towards the proposed outputs of this project:
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Programme and necessary broodfish for mass production and appropriate
dissemination of the YY male technology developed and initiated.

Achieved - Based on the reaults of this project, in paticular the evauation of the
performance of YY maesin commercid hatchery systems which showed that hatcheries
can goply the technology effectively, a dissemination programme was designed and
initiated in the Philippines. The programme was initiated earlier than planned and has
exceeded expectations to the extent that the technology is dreedy likely to be having a
sgnificant impact upon the indudtry.

Feasible and effective methodology for technology transfer of YY male technology
devel oped.

Achieved - The research a AIT demondrated that indirect transfer and the application
of the technology anew in the local drain can both be used to trandfer the YY mde
technology, in addition to the smplest form of direct trandfer. The growth trids
indicated that the crossbred (local female x introduced YY male) and the loca (Egypt-
AIT grain) GMT exhibit superior growth performance to the introduced GMT in most
environments and are likely to become the preferred GMT in Thailand.

YY male technology transferred to Thailand.

Achieved - The technology was effectively transferred to Thailand, initidly by direct
trandfer (using immediate descendants of fish introduced from the Philippines). The Tha
Department of Fisheries has taken a policy decison to disseminating the products of the
technology throughout the country. This dissemination has commenced, on asmdl scde
vialocd fisheries gations.

Case studies on socio-economic status of tilapia farmers produced and likely long
term impacts of the introduction of YY male technology determined.

Partially achieved - Two case studies were completed and the principa factors
related to the adoption of technologies were identified. However, without setting up
farm trids it proved difficult to accurately predict the likely long term impacts of the
introduction of the YY male technology.

Brackishwater tolerant strain of O. niloticus identified.

Not achieved - with the benfit of hindsght this activity did not integrate well with the
principa activities of the project. Only one field trid was completed which did not yield
much useful data. This topic should be researched in a sSingle project dedicated to this
objective.

An additiona output of the project was the identification of gppropriate tagging methods
for usein marking YY maes usad in the dissemination programme.
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By the end of the project a full dissemination programme was underway in the Philippines.
Over atwo year period more than 2.5 million GMT fingerlings had been dispersed to over
170 farms in 20 provinces in the Philippines. Furthermore, a network of hatcheries
accredited to produce GMT had been established with an estimated production of 36

million GMT per anum coming from 17 hatcheries. The programme is generaing income
and is moving towards financid sustainability of research and dissemingtion activities related
to the YY made technology in the Philippines. Initid income was used to produce
information materids including a technoguide and a video describing the technology. A

gndler but sgnificant dissemination programme was dso initiated in Thaland by the
Department of Fisheries.
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Background

A major constraint to the optimisation of yield in tilapia culture

Tilapia, atropica fish gpecies originating from Africa, has been introduced around the World
and is widdy cultured throughout the tropics and sub-tropics. The Philippines is the
World's second largest tilapia producer, with production in 1993 recorded as 95,000 MT
per annum (FAO, 1995), this amost exclusvely for loca markets. Tilgpia provides avitaly
important source of protein, largely in inland, rurd areas where tilapia culture presents a
sometimes lucrative dternative to more traditiond forms of agriculture. The Nile tilgpia,
Oreochromis niloticus, considered the best species for freshwater aguaculture, has many
attributes suited to domegtication and culture. These include good flesh quaity and flavour,
a wide tolerance of different environments, resistance to many common fish diseases, and
relative ease of reproduction in captivity.

This ease of reproduction actudly represents one of the principd problems in the
optimisation of yields in tilgpia culture, the fish breeds too readily. Energy is diverted from
growth, into the behaviourd and physiologica interactions between the sexes and into the
production of gametes. Females dso divert energy into materna care of eggs and embryos
which is a contributing factor in  smdler szes of femdes compared to mdes. A
consequence of this reproduction is overpopulation in discrete culture sysems such as
ponds and tanks, which, in extreme cases, can result in a cessation of growth atogether if
the carrying capecity of the system is exceeded. Harvests commonly include 30-40% of
largdy unmarketable smdl| fish resulting from unwanted reproduction.

The mog effective solution to this problem isto grow only one sex, preferably males asthey
grow fagter and to alarger Sze. There have been numerous technologies developed for this
purpose induding hybridisation and hormond sex reversal but none have achieved thisin a
consgtently effective, affordable, and environmentally sound way.

Research and Development of the YY male technology

Following on from basic laboratory based research on the genetics of sex determination, the
University of Waes Swansea (UWY) initiated a collaborative research project with the
Freshwater Aquaculture Center (FAC) of the Central Luzon State Universty (CLSU) in
August 1988, based principdly in the Philippines. This project, funded by the Overseas
Development Administration(R4452) was designed to test the feashility of a proposed
breeding programme for the genetic manipulation of sex determination to mass produce dl
male tilgpia through a combination of hormona feminization and progeny testing (see Figure
1). Research progressed well with the results indicating that the technology was effective
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and feasble and had the potentid for gpplication on a commercia scade to the benefit of
tilgpia farmersin developing countries.

Figure 1 Schematic diagram depicting the model for large scale production of
monosex maletilapia.
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A second follow on project (R4803) was funded, now under the ODA’s newly formed Fish
Genetics Programme, to continue the research on the technica aspects in the development
of the technology, commencing in April 1991. The research was expanded in November of
1992 with the addition of a further project (R.5068A) conducting adaptive research on the
field testing and trandfer of the YY mae technology to Thailand. This latter project known
as GMIT-TAD | had two principa objectives:

To test the feashility of large scde production of geneticdly mae tilapia (GMT) and
determine their potential impact for Philippine tilapia growers through the conduct of a
range of on-farm growth performanceftrias.

To conduct a feashility sudy of the trandfer of the YY made technology to other
countries in the region through trandfer of fish to Thalland and initiation of breeding
programmes in collaboration with partner inditutes in Thailand.

In relation to the first of these objectives, trids were initisted on 32 different farms
throughout the tilgpia growing regions of the country, representing the commonly used
culture systems in the Philippines. Despite a high failure rate by the end of the project these
trids did produce sufficient deta for anadysis and for firm conclusonsto be drawn. Thetrias
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confirmed that GMT has very consderable benefits for aguaculture. GMT produced
sgnificant improvements in adl commercidly important harvest characteristics induding
growth, survivd, yidd, food converson and uniformity of harvest sze. These differences
were clearly apparent (athough not dways satisticaly sgnificant) between GMT and both
MST and SRT (see Figure 2). The magnitude of gains shown by the culture of GMT were
amilar for al environments (Mair, 1995). Collection of economic data showed that net
returns varied widely but the pooled average increase in net returnsusng GMT compared to
controls was very consistent across ponds, cages and tanks ranging from 116 to 125%.

Figure 2 Summary of the comparative harvest characteristics of GMT and controls
(either mixed sex tilapia - MST or hormonally sex reversed maletilapia - SRT) from
18 completed on-farm trials in a range of Philippine tilapia production systems.
Values represent percentage difference of GMT compared to the two types of
control fish.

Average improvement g SRT = 97%
in net returns of GMT

) m MST = 255%)
compared to:

T T T T T T
-20 -10 0 10 20 30 40

Comparative % difference using GMT

CV = Coefficient of variance (a measure of size variabilty); FCR = Food Conversion Ratio

Significant progress was aso made regarding the second objective of investigating means for
trandfer of the technology to Thaland. Geneticaly manipulated fish were trandferred to
Thailand from the Philippines and used in the evaudion of three dternaive methods of
transfer i) direct transfer by producing GMT in the trandferred Egypt-Swansea dran; i)
indirect transfer by producing F; hybrid (with the option of subsequent back crossing to the
Tha dran) GMT between the Egypt-Swvansea and Tha drains, and iii) developing YY
males anew in the a local drain. Data showed that al of these approaches are possble,
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athough with respectively increasing investment of resources required. The direct option
proved to be the smplest, chegpest and quickest method. Results from the development of
indirect approaches revealed that sex ratios of F, hybrid GMT and GMT resulting from F,
hybrid YY males, were lower than predicted based on the results from previous work within
the Egypt- Swansea strain (for example hybrid F; GMT had mean sex ratios of only 89-93%
mae). Some progress was made in developing YY maes only within the Thal stranbut YY
maes could not be identified within the timescde of this project. Data from preliminary
growth trias reveaed that monosex fish (as either GMT or SRT) of the Tha drain, and to
some extent of the R _hybrids, grew dgnificantly faster than those of the Egypt- Swansea
drain in Tha environments. It was concluded that indirect transfer via crossbreeding was
likely to be the most gppropriate mechanism of technology transfer but that further research
was required to confirm this and to determine the potentia benefits from the transfer of this
technology.

Researchable constraints to further development and uptake

The results from te onfarm trids under R.5068A clearly indicated that there are very
sgnificant production and economic gains to be made from disseminating the products of the
research and development work on the YY mae technology. Towards the end of the
project a decison was taken by CLSU, with the support of other NARS indtitutes, to
commence disseminaion of the products of this technology in the Philippines. However,
athough the benefits of growing GMT had been clearly established, the characterigtics of the
YY males used to produce them were not well determined.

From on-gtation work it was known that they were viable and that they produced very high
proportions of maes in their progeny. Little was known about the commercidly important
traits relevant to the use of YY males as broodstock, namdy their growth, surviva and
reproductive capacity. This information was of congderable relevance to the dissemination
of the products of the research as GMT could only be dispersed in sgnificant numbers
through the digtribution of GMT producing broodstock to commercid hatcheries. If the Y'Y
maes proved to have sgnificant disadvantages in terms of surviva, growth and especidly
reproductive cagpacity, commercid hatcheries may be unwilling to adopt the technology.

Furthermore it is necessary to determine the cost benefit ratios of the production of GMT
usng YY mdesin commercid hatcheries and compare these with those of the production of
mixed sex or sex reversed mae fish, in order to develop appropriate dissemination
Strategies.

Allied to this specific research, it was aso consdered important to gather some background
information on socid and economic factors in Philippine aguaculture and how these pertain
to the adoption and impact of new technologies such as the YY mae technology. It was
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these researchable condraints that provided the bass for the research conducted in the
Philippines and reported here.

In Thailand, the work on evauating the various technology transfer options had progressed
wdl under R.5068A but had not gone far enough to enable a decision to be taken on the
best method for technology transfer and the appropriate fish for evauation and potentia
dissamination in Thalland. Research under R5068A indicated that, in the test environment
a AT, the locd drain (Egypt-AlT) performed better (in terms of growth and surviva) than
the introduced gtrain (Egypt-Swansea). However, the crossbred between the two strains
had not been adequately assessed and YY maes (and therefore GMT) had rot been
produced in the loca strain so direct comparisons could not be made with the introduced
GMT. It was therefore a priority to continue with the development work on the YY mae
technology in Thalland and to comprehensively evaduate the products of this technology
trandfer in comparison with exigting tilgpia in Thaland, in on-station and on-farm growth
trids.

Further to the above, but not directly related to the production of monosex mae tilapia,
there is a rapidly growing interest in the allture d tilgpia in brackishwater throughout the
region. This demand is large and is associated with the decline in the profitability of the
culture of prawns and milkfish, the traditiona brackishwater cultured species. It isthe policy
of the Philippine Government to support the culture of tilgpia in brackishwater and the
identification of saline tolerant strains or species (G. Mordes and S. Aypa, pers. comm.).
However, Oreochromis niloticus, the most popular species for production in freshwater
aquaculture systems due to its faster growth, has alower tolerance to high sdinity than other
species of tilgpia. There wasthus, considerable interest among severd sectors of thetilapia
culture industry in the Philippines (and in other countries of the region) in the identification or
development of a high performing (in terms of growth and survivd) tilapia, tolerant of the
fluctuating and at times, high sdinity, in brackishwater ponds . There was therefore, a
demand from both the private sector and among the Philippine NARS to conduct research
in this area with the objective of identifying or developing ‘ brackishwater tilgpial .
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Project Purpose

The origind purpose of this project (defined as the measurable near term impact of the
project), as defined in the logica framework (see Appendix 1) was as follows:

Increasein tilapia production through adoption of the YY male technology and the
culture of O. niloticusin brackishwater.

This overdl purpose can be further outlined in the following series of objectives.

Performance testing of GMT and YY males:

On-fam trids of GMT, initiated under R.5068A would be completed but the main activity
would be the on-gtation and on-farm evauation of the performance of YY maes. These
would include an assessment of al the commercidly important traits of the fish. This
objective would effectively complete the technica evauation of the commercia gpplication
of the products of the YY mde technology. Having demondrated that the GMT fad
ggnificant benefits for tilgpia growers (with few, if any, technica disadvantages) it was
necessary to conduct a smilar study of the performance of YY maes in commercia
hatcheries to ascertain its comparative performance with the fish presently used in these
hatcheries and to determine any dSgnificant advantages or disadvantages of ther use as
broodstock. The on-farm study should also compare the cogts of production and income
generated from GMT to determine the rlative profitability of production.

Social and economic factors relevant to the uptake of the technology

It is necessary to study the socid and economic issues relevant to the uptake of genetic
technologies in tandem with studying the technical aspects. At the Sart of this project there
was a paucity of avalable information on socid and economic issues pertaining to the
Philippine tilgpia culture industry.  Although technologies targeted at solving the problem of

unwanted reproduction in tilapia culture, such as sex reversal, have been available to farmers
for some congderable time, rates of adoption have been low. There are possible technica

reasons for this but there may aso be underlying socid and economic factors behind this
lack of impact. Due to the lack of basdline data other than some micro economic studies of
hatcheries and grow-out farms and some marketing surveys (Smith et al., 1985) we wished
to conduct an in-depth study of socid and economic factors in a community of hatchery

operators and a community of tilapia growers. The principa objective of this study, which
was primarily condituted by the PhD research of Ruben Sevillga the director of
FAC/CLSU, was to address the following broad questions and to determine the key socid

and economic factors pertaining to them:
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i.  What are the factors which contribute or impede the adoption of tilapia culture
technology; and;

ii. Wha are the economic and socid consequences that follow the widespread
introduction of the technology, within the context of the agrarian sructure in
terms of the financid benefits which accrue to the participants.

Further to this we also wished, in a separate study, to survey common tilapia hatchery
practices to identify key factors that may influence specificdly, the gpplication and
subsequent uptake of the Y'Y male technology and its products.

Technology transfer to Thailand

The previous project (R. 5068A) succeeded in transferring geneticaly manipulated fish to
Thailand and made sgnificant progress in evauating two of the three methods of technology
transfer (namely direct and indirect). However, the emphasis on the previous project was in
the breeding and technica aspects of technology transfer. The project aso did not succeed
in devdoping YY mades in the locd Egypt-AIT drain for direct comparison with the
introduced fish. The priorities in the present project were to complete the technologica
development through the production of GMT representing the three different methods of
technology transfer and to conduct a comprehensive growth comparison of the different
genotype\phenotype combinations.  The ultimate objective was to collect data to endble
informed decisions to be made regarding the options for technology transfer and formulate
recommendations concerning the choice of fish for further fidd testing and ultimately
dissemination within Thailand.

Salinity tolerance of O. niloticus

The previous ODA funded projects in the Philippines had been responsble for the
introduction of a number of drains of O. niloticus into the Philippines ad these are
maintained in alive gene bank at the Freshwater Aquaculture Center of Central Luzon State
Universty. At present in the Philippines, and in other areas of the region, the species of
choice for culture in brackishwater is commonly O. mossambicus. However, this species
has poor growth rates, is less favoured in most markets and has a high fecundity leading to
overpopulation. It is thus conddered unlikely that this is the best choice of species for
brackishwater pond culture. It was thought that there is likely to be genetic variaion for
inity tolerance in grains of O. niloticus and thus that some strains may be better adapted
to culture in brackishwater than others. Typicaly O. niloticus surviveswell up to 18ppt but
if dinities rise above this levd, epecidly if for sustained periods, as is common in many
brackishwater fish ponds, survival and growth rate are both adversdy affected. The
principa objective of the research under this project was to compare some commercialy

Final Report Project Purpose - 12



important characters of severd grains of O. niloticus in brackishwater environments and
hopefully to identify one or more drains that are better adapted to culture in this
environment. Identification of such a strain could act as a catadyst for expanson of the
culture of tilapia in brackishwaters leading to an increase in tilgpia production and more
effective utilisation of coastd fish ponds.

Although the dtated purpose agpparently gives equal weighting to the work on the
development of the evauation of the Y'Y mae technology and on the identification of asdine
tolerant gtrain, the latter was aways considered secondary to the former.
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Project Organisation

Introduction

As it built on previous projects and collaborations, the project had a well developed and
established dructure as shown in the accompanying organogram (see Figure 3). The project
was co-ordinated by Dr. Graham Mair of the University of Waes Swansea who reported
directly to the ODA’s progranme manager. The project conducted research in the
Philippines and Thaland and as these activities have minima overlgp, these can be
consdered separately.

Philippines

Collaboration and ingtitutionalisation

Links were developed at the beginning of the project between the School of Biologica
Sciences and the Centre for Development Studies (CDS) at UWS. Staff of CDS were
initidly involved as Ph.D. advisers to Ruben Sevillga, Director of the principd Philippine
collaborating inditute, with his work on the socio-economics of genetic improvement
technologies in Philippine aquaculture. During the first year of the project Dr. Gerard Clarke
from CDS became involved in the project in the context of using the dissemination of GMT
as amodd for studying the potentid impact of the introduction of transgenic tilapia. Dr.
Clarke' swork contributed significantly to our socio-economic studies.

The principa collaborator in the Philippines was the Freshwater Aquaculture Center (FAC)
of Centrd Luzon State University (CLSU), with whom UWS has collaborated on various
aspects of the YY mae technology since 1988. With support from UWS, FAC-CLSU
formulated its own Fish Genetics and Biotechnology Programme (FGBP) in 1994. This
programme effectively ingtitutionalised the staff and activities developed under R. 5068A as
described in the find report of this project (Mair, 1995). The principa purpose of the
FGBP was to continue research, development, testing and dissemination of the YY mae
technology. For this CLSU incduded a line item in its annua budget for 1995 and
subsequent years of gpproximately 1,000,000 pesos (£25,000). This enabled the hiring of
al of thefield staff and some of the research gaff that had been trained under R. 5068A and
even included asmall number of staff destined to be taken up by this project.
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Figure 3 Organogram show the organisational structure of the project (TAD I1) and linked activities
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Per sonnel

It was intended, from the financid year 1995\96 to hire three senior research gtaff, one
adminigrator and one field assgtant. As it transpired one of the senior researchers, the
adminigrator and the field assstant were dl taken up by CLSU under indtitutiondisation. In
their place we hired two labourers and a temporary post doctoral researcher. A magor
problem encountered in 1995 was staff shortages. Miss Leah Dahilig, who had worked as a
research associate, with principa responghilities for on-farm research under R. 5068A,
resgned at the end of May 1994 in order to take up work in the private sector, despite
arrangements for her to register for a Ph.D. with AIT in Thalland. Miss Dahilig’'s departure
caused very sgnificant ddays to the on-farm research under this project as it took some time
to identify a suitable replacement, Mr. Ernesto Morales who joined the project in October
1994, more than Sx months after its start.

A further problem was the delay of the return of the assistant project leader, Dr. Josie Capili
who completed her Ph.D. at UWS and returned to the Philippines only in August 1994. This
brought about delays to other parts of the research programme, particularly the work on
sdinity tolerance.

Fishgen and Phil-Fishgen

As part of the dissemination activities and with aview to the future financid sustainability of the
research activities in the Philippines, 1994 saw the establishment of an income generating

project, Phil-Fishgen. Thiswas established as a project of CLSU, as approved by the Board
of Regentsin August 1994. Phil-Fishgen is effiliated to Fishgen Ltd., a UWS company set up
to commercidise the products of research onthe YY mae technology. The principa activities
of Phil-Fishgen were and are to disseminate the products of the research under this project
and under R 6058 (namely GMT and GMT producing broodstock), to Filipino fish farmers
with emphass on smdl farmers. In doing so, income generated is intended to be used to fund
future research activities (through the ODA Fish Genetics Programme), to fund dissemingtion
activities and to provide additiond financid support to the project saff to ensure their loyalty
and reduce the risk of losing highly trained staff to the private sector.

Facilities

Under the project, the development of a commercid scae hatchery a FAC, CLSU was
completed but by the end of the project was not fully utilised due to insufficient seed
production from the hapa based hatchery. In addition to this a new pond Site was devel oped
for semi-intensve pond based hatchery production. The congruction of this pond Ste,

condging of thirty-two 200 n? hatchery ponds and two 600 m? nursery ponds was
completed by mid 1996 under funding from Phil-Fishgen (CLSU contributed for the perimeter
fence surrounding this Site). In addition to the aforementioned new facilities, renovations were
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made to an exising pond dte of CLSU which was intended for use in the hapa based
production of GMT.

Thailand

Callaboration

UWS collaborated with two inditutes in Thalland, the Agriculture and Aquatic Systems
Program (AASP) of the Food and Agricultura Engineering Divison of the Asan Indtitute of
Technology (AIT) and the Thai Depatment of Fisheries Nationa Adquaculture Genetics
Research Ingtitute (NAGRI). A Vietnamese research associate a Al T, with the assstance of
one fied worker, worked on the investigation on mechanisms for trandfer of the YY mde
technology to Thailand. At NAGRI, the project has only one saff, who had the role of
evauating the performance of the Egypt-Swansea YY maes and GMT in Thai aquaculture.
The Department of Fisheries recognised the potentia vaue of the YY made technology and
invested its own financia resources and five additiona daff into the replication of GMT
producing broodstock and of GMT themselves. In addition, the Department of Fisheries has
produced information materid on the technology and has commenced dissemination of GMT
and some GMT producing broodstock. No facilities have been developed specificdly for
project activities either at AIT or at NAGRI.
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Research Activities

Significant progress was made towards most of the objectives of this project athough more so
in some aress than others. Also significant research was conducted over and above that
necessary to achieve the purpose and objectives. There were however some delays in
initiating project activities due to late approva of the project (and late transfer of project
funds) and the staffing problems that arose due to the departure of a key research staff in the
Philippines.

Performance testing of GMT and YY males

Completion of onfarm tridls of GMT

Of the 32 on-farm trias comparing the grow-out performance of GMT with that of farmer's
normd fish under TAD | (R. 5068A), four remained to be completed at the beginning of this
project. Three of these trids failed, largely due to errors by the farmers themsdaves. In one
case the trid was harvested without the researchers being informed, in a second case the fish
were accidentally mixed and in the third the control fish were lost when a cage was holed just
prior to harvest. The one remaining trid that was completed compared GMT with mixed sex
(MST) and sex reversed (SRT) controls in tank based culture a the farm of the Meraco
Foundation Inc. The results from thistrid, given in the outputs section (see page 41) became
avalable early enough for their inclusion in the overdl summary of the results of the on-farm
triasinthefina report of R. 5068A (Mair, 1995).

On-gation evaluation of YY mades

Theinitid plan for this study was to Smply compare the reproductive capacity of XY and YY
males by direct comparison of the two genotypes, crossed with a common source of females,

in a hapa based hatchery. However, due to delays in setting up this experiment is was
decided to expand the sudy to include comparison of sperm qudity in an additiond
experiment.

Sperm count and fertilising abilitiesof YY males

This study, which was completed by a CLSU BS student Miss Sharon Macabae, compared
the fertility of XY and YY males through determining sperm counts for representative fish of
each genotype and then comparing fertilisation rates in atificid fertilisation of eggs from
common femaes. Maes of both genotypes were matched for Sze and age and maintained in
aguaria under identicd feeding and management regimes for two weeks prior to beginning the
experiment.

Final Report Research Activities - 19



Sperm was then sampled from the fish (25 maes for each genotype) by drawing up a fixed
volume of sperm in a capillary tube following gentle abdomind pressure taking care to avoid
contamination with urine or faecd matter.

An diquot of the milt sample was firg diluted 1:2 with digtilled water to activate the sperm
which was then observed under the high power objective of the microscope. Sperm was
scored subjectively for moatility, the sample being classed as non-matile, dightly matile and
moatile depending on the comparative motion of the sperm.

To determine sperm concentration a further diquot of 10 m was placed in an Eppendorf and
seidly diluted to 1 i in 100 m of deactivator solution. A drop of the diluted sperm was
pipetted onto a haemacytometer dide and sperm counts made.  Sperm concentration was
estimated following counts in 10 haemacytometer cells.

Sperm fertility was further assessed by fertilising eggs stripped from ovulating femaes. Eggs
were collected from ripe femdes picked from a breeding population. Eggs from individua
femaes were divided into two or four batches with half of the eggs being fertilised with fixed
volumes of sperm dripped from XY maesand hdf from YY mdes.

Following fertilisation eggs were incubated in separate downwelling incubators and fertilisation
rates were estimated from the proportion of pigmented eggs 48 hours after fertilisation.

The principal hypothes's of this study was that there was no difference in the sperm count,
moatility and fertilisation rate between XY and YY maes.

Comparisonsof fry production in XY and YY males

The commencement of this experiment was first delayed by the departure of the research
associate assigned to the task and subsequently was further delayed by the lack of availability
of suitable broodstock. The design of the experiment was to compare the fry production
capacity of XY and YY maes crossed to femades from a common source. The experiment
was designed to directly compare the reproductive capacity of the two male genotypes, while
asfar as possble diminating al other varigbles. Problems arose in producing and maintaining
XY and YY mae genotypes of approximately the same sze and age. The broodstock and
the pond and hapa facilities to be used for the trid only became available in October 1996
and the scale of the trid was limited by labour congraints.

This experiment compared the fry production of YY mades and XY mades of the Egypt-
Swansea drain crossed to femaes taken from a common batch (eiminating materna genetic
variaion as a source of variation) in a smal, hapa based production sysem. A totd of 120
females and 30 maes (1¢:4¢) were used in each trestment split into 3 replicate breeding
hapas (10¢ and 40¢ in each).
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Only four of collections of fry had been made by the end of the project over a period of three
months. Data collected included survival and weight change of the broodstock, number of fry
produced (per broodstock package of 1& : 4% and per unit weight of femaes) and survivd
of fry during nursing. The fingerling production in each cycle was trested as a replicate in the
t-test andydgstesting for differences in the means.

The principal hypothesis of this sudy was that there is no difference in the reproductive
capacity (fry production and surviva during nursing, broodstock surviva and growth) of XY
and YY mdes.

On-farm evduation of YY mdes

For the same reasons as described above (difficulty in recruiting suitable staff and shortage of
broodfish) these trias, which represented the mgor activity of the project, were dso dow to
get underway and required greet atention to logigicad detall. The running of the trids
themselves was dso extremdy time consuming requiring frequent vidts to each hatchery to
ensure their proper conduct.

The objective of this sudy was to test the performance of the YY maes on-farm in terms of
fry and fingerling production, ease of management, and economics. These performance
parameters were compared with those of the broodstock normaly used by the farmer. The
GMT producing broodfish and the control broodfish were maintained and bred in as near
identica ways as was possble. The origind research plan required the identification and
initiation of trias in a number of didinct hatchery systems representative of commonly used
commercid practices. Based on our knowledge and experience in working with and visting
commercid hatcheries, we identified four types of haichery system:

Extensive Pond Based (EPB) Semi-intensive pond based (SIPB)
Intensive tank based (ITB) Intensive hapa based (IHB)
These four systems can be broadly defined as follows:

Extensive pond based (EPB)

This hatchery system is the mogt extensive form of fingerling production requiring the least
labour. 1t can be donein arange of different pond sizes but most commonly in ponds ranging
from 500 to 5,000 m2. The ponds are not specificdly designed as hatchery ponds being the
same in form as those used for tilgpia grow-out. Breeding is done on along cycle, with the
ponds serving as spawning and nursing grounds.  After pond preparation the broodstock are
stocked, usudly at aratio of 1 : 32 at onefish per 2-4n?2. If ponds are well fertilised, feeds
are not normaly given. Thereis no regular harvesting of fry or fingerlings but rether periodic
harvesting or usudly just a single complete harvest by draining of the pond anywhere from 50
to 65 days after the initid stocking of the broodstock. Once the broodfish have been
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removed the fingerlings are collected from the pond and sold direct to the buyers. This
method has the advantage of amplicity and minima capitd investment in facilities and labour.
However, it is dso thought to be one of the least productive systems per unit weight of
broodfish and per unit area, largely because of cannibaism among fingerlings and fry.

Semi-intensive pond based (SIPB)

Thisis a system that has increased in popularity in recent years and is operated by large and
smal scde farmers dike. The system operates a shorter cycle in shallower, usualy purpose
built, fish ponds. Ided ponds would be gpproximately 200 n? in area with a depth of 0.4 to
0.6m. Fry are nursed in smilar Szed ponds, with nursery ponds required at aretio of one for
every 3 or 4 breeding ponds. Brood fish are managed in a monthly cycle. Following pond
preparation, conditioned broodstock are placed in the pond (at one fish per 2m?) and fed with
pelleted feeds. As soon as the presence of fry is detected the pond is fertilised with organic
fertilizer (usudly chicken manure). Coallection of fry, from the periphery of the pond, begins
the next day and is carried out, usudly early in the morning, for the next 5-10 days. After this
breeding cycle of 21-26 days, the pond is drained and harvested. Breeders are reconditioned
and ponds are prepared for the next breeding cycle. The main advantage of this kind of
hatchery system is that it is not too labour intensve and gives higher productivity due to the
minimised cannibalism. However it does require more water and wastes fertilised water.
Furthermore it requires purpose built ponds and is therefore not suited to farmers who wish to
switch from grow-out to hatchery production.

Intensive tank based (ITB)

Under this sysem which is not very common in the Philippines, fish are bred and fry are
nursed in concrete tanks, usudly rectangular in shgpe and ranging from 10- 500 m2.
Conditioned breeders are stocked in the tanks at gpproximately four fish per m? with a sex
ratio of 1a': 3:2. Collection of fry is ether done by regular scooping of the schools of fry for
up to 21 days after first spawning or by draining and total harvest of the tank gpproximately 2
weeks after stocking. Fry can aso be collected at night by scooping them out as they are
attracted by a bright light shone on the water. Fry of no more than four days difference in age
are pooled for nursing in additiona tanks. Due to the higher stocking densties used,
compared to ponds, agration or flushing with freshwater is sometimes required to maintain
water quaity. Tank based hatcheries are easy to manage and broodfish easily traced and
controlled but the disadvanteges are that this kind of system is more labour intensive than
pond based production and requires grester capita investment. There is dso a grester
dependence on atificia feeds and the risk of disease is higher.
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Intensive hapa based (IHB)

This is the mogt recently introduced hatchery method and is growing in popularity, mainly
among middle and upper income farmers interested to invest in intengve fingerling production
operaions. In this method fish are bred and fry are nursed in fine mesh cages known as
hapas. These hapas are placed in earthen ponds supported by wooden or bamboo poles.
Conditioned broodfish are placed in the hgpas which can vary in sze from 5 to 100 m? at
dengities up to 10 fish.m2 depending on their Sze. There are two approaches to hapa based
fry production, depending on the efficiency of the incubating sysem. Where thisis not very
efficient it is advised to operate a longer cycle and collect predominantly fry rather than eggs.
If hapas are harvested after 10-14 days, prior to the likely first release of fry by the spawned
femaes, the mgority of the callection will be hatchlings which are rdatively essy to incubate.
A shorter cycle of 5 to 7 days will result in the collection of predominantly pre-hatch embryos
which require incubation in more efficient sysems. A wdl st up incubator system can
produce higher rates of survivd than is estimated for naturd incubation (Mair et al. 1993).
Eggs or fry are incubated in purpose built incubators or trays respectively, and these are
supplied from a clean water source which can be ather flow through or recirculating. Upon
completion of incubation fry are nursed for up to one month in fine mesh hagpas and later in
cages prior to dispersd. The advantages of properly run hapa based systems are that they
can maximise fry production per unit area and per broodfish and this method can be gpplied in
fishponds formerly used for grow-out. Furthermore this method provides for easy control and
maintenance of broodfish, disease is low and if ponds are properly fertilised, feed codts are
low. Mgor disadvantages include the requirement of capitd investment in an incubating
system and in the hapas themselves and a requirement of a larger labour force to handle the
regular activities. An experienced technician is dso required to develop the facilities and to
co-ordinate the hatchery activities.

More comprehensive descriptions of these haichery systems can be found in the technoguide
produced by the project (see atached) with intensive methods described by Moraes (1997)
and extensve and semi-intensive methods described by Bartolome (1997).

The objective was to identify three co-operator hatcheries operating each of four types of
commercidly applied hatchery ystems listed above to participate in these trids. The firgt
sage of this study was to vist prospective farmer co-operators to determine their suitability.
Some of the factors consdered on these vidts included the type and scale of the hatchery,
avalability of fadlities, management and technica expertise of its daff, location and the
willingness of the operator/owner to collaborate.

It proved a little difficult to identify willing co-operators as hatchery managers were reluctant
to risk using relatively untried fish. The last of the hatchery co-operators was not identified
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until March 1996. The hatcheries were located throughout the main idand of Luzon with
concentrations in the mgjor tilapia growing regions (see Figure 4).
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Table 1 ligs the farms which participated in the trids. It is worth noting that the farms that
were persuaded to join the experiment tended to be relatively new to the industry and were
owned by middle and upper income farmers. An additional tank based hatchery was added
to the list due to the enthusiasm of its owner and doubts over the capability of one of the other
tank based co-operators. Further detalls of the fams and ther management and fry
production systems can be found in the farm-fact files contained in Appendix 2.

Further delays were encountered in setting up the experiment associated with the problem of
matching our GMT producing broodstock with the control. Most of the co-operators
obtained their future breeders from the first production of their new sets of breeders. Thus,
the drain of origin of the control fish was not clearly identified as many hatcheries were
producing inter-strain hybrids (indicating a basic knowledge of some genetic principles). The
broodstock packages (1<': 3%) were trandferred to the hatcheries between January and July
1996, with the number of packages for each fam varying according to the avallability of
broodfish, the size of production facilities and the requests of the farmers.

Other than taking additiona precautions to prevent broodstock contamination, the co-
operators were encouraged to produce GMT using their normal hatchery procedures. Trids
could not be conducted blind as the farmers needed to know which of the fingerlings were
GMT prior to their dispersal. Six of the hatcheries which agreed to co-operate were using
sex reversa in attempts to produce high proportions of mae fry. In the case of these farms
the procedures for rearing and nursing fry were different between the controls and the GMT.
Fry produced by the control broodstock were stocked in specid fecilities for sex reversa

through ora gpplication of methyltesosterone. As GMT did not require this trestment they
were socked directly into the nurang fecilities. Attempts were made to edimate the
additiona costs and labour requirements for sex reversd in addition to determining the effects
on nursng period and survivd.

Each hatchery manager entered into an agreement with the project which covered their rights
and obligations during and after the trid which were intended to last for a minimum period of
sx months. The farmers stood to benefit in terms of provision of free broodfish and the right
to continue production as accredited hatcheries, under favourable terms, following completion
of the experiment. Farmers were free to st their own costs for GMT sales and the
researchers attempted not to influence this decison.
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Table1l Location of Co-operatorsfor the production of GMT.

No. Fam Location No. of Controls
Packages

Extensive pond based

1 ABES Farm Gen. Tinio, N. Ecija 1500 MST

2 BFAR Mufioz, N. Ecija 1,200 MST

3 J& B Agri Fam San Manud, Isabda 300 MST
Semi-intensive pond based

4 NAFIDECO Farm San Mateo, Isabdla 400 MST

5 San Isdro Farm Cdauan, Laguna 400 MST

6 B & W Farm Magaang, Pampanga 1500 SRT
Tank based

7 Jonathan Reyes Farm Sta. Rosa, N. Ecija 400 SRT

8 J& A Integrated Arayat, Pampanga 1000 SRT

9 Petines Aqua Farm Alicia, Issbda 300 MST

10 Reniag Hatchery Ramon, Issbda 240 MST
Hapa based

11  Creeksde FarmInc. San Leonardo, N. Ecija 276 SRT

12 SEAR Bdiuag, Bulacan 276 SRT

13 SMF Cdauan, Laguna 500 SRT

Farms were visited on a regular bass during the early periods of the trids in order to ensure
that they were being properly conducted and that they were set up in such away asto collect
all the necessry data. As far as possible the farms were visited twice a month with vists
preferably coinciding with fry collection schedules. Given the widespread location of the
hatcheries this required an arduous travelling schedule.

Data collected included monthly fingerling production (or according to the production cycle);
growth performance of breeders, surviva of both breeders and fingerlings, and the cost and
returns of the production of GMT and contral fingerlings. Possbly the most important of
these parameter, fingerling production, was expressed using three different measures:

According to the number of broodstock packages (18 : 32):. This is perhaps the most
relevant measure as it is the measure used in the dissemination programme to estimate the
number of fingerlings that a hatchery should be able to produce. In these trids, the number of
broodstock packages available &t the time of the first setting of broodstock for thefirst cycle
of production was used. Where the male and female numbers were no longer in aratio of 1:3,
the number of packages was based on one third of the number females rather than the number
of mdes as fingerling production is more closdy corrdated with femae number than it is with

mae number.

According to the weight of females Fingerling production is expressed per kilogram of femae

weight. This measure was used to account for possble differences in the sze of femdes
between GMT producing and control broodstock.
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According to surface area of the production facility: This measure was designed to give

indication of the comparative production & different levels of intengty. Surface area was
based on the total area of ponds and tanks used for fry production and aso for the nursing of
fingerlings. In the case of hapa based production the area was based only on the area of the
breeding and nursing hapas and not on the area of the pond in which they were ingtdled.

The principa hypotheses prior to conducting thistria included the following:

A number of tridswould fail to give useful results due to poor management and man made
or natural disasters.

Production of fingerlings per unit broodfish would increase with the level of intendty of the
hetchery system, being highest in the hapa based hatchery and lowest in the extensve
pond based.

There would be no dgnificant difference in fry production parameters between GMT
producing and control broodstock.

There would be no sgnificant differencein the surviva and growth of the GMT producing
and control broodstock.

GMT production would produce higher returns if higher prices were charged for the
GMT.

Sex ratios of GMT would be more variable in the more extensive pond based hatcheries
due to the greeter difficulty in preventing broodstock contamination.
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Figure 4 Map showing the locations and system type of co-operator hatcheries for
the on-farm trialsof GM T producing broodstock.
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Socio-economics of tilapia culture in the Philippines
This study took the form of a Ph.D. research study and thesis carried out by Ruben Sevillga,,
director of FAC, CLSU. He conducted a case study of two aguaculture communities to
collect and collate basdline data on the socio-economic issues pertinent in Philippine tilapia
culture.

The study investigated and anadlysed the effects and consequences of tilgpia technology
adoption among farmers, leading to a better understanding of the circumstances and
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motivations that shape farm operators decisionmaking processes. Specificdly, this research
pursued the following objectives:

to study tilgpia farmers, their farms and their farming practices in one community of tilgpia
growers and one community of seed producers,

to determine how farmers utilize their avallable resources and identify the factors which
affect their decisions on resource use;

to compare the productivity and efficiency of tilapia farming according to size of farm and
according to tenuria arrangemernt;

to identify the factors which influence farmers to adopt tilgpiafarming; and

to formulate some policy recommendations for the promotion of tilgpia technology
utilization in particular, and for the development of the freshwater aguaculture industry in
generd.

The methodology adopted for this research was to conduct two case studies. After careful

consderation of possible locations, two villages were sdected as study sites: Kabaritan, Sto.
Domingo in the municipdity of Bay, province of Laguna (Southern Luzon), where tilgpia
hatchery operaion is the man culture sysem practised by farmers, and Partida in the
municipaity of San Migud in the province of Bulacan (Centrd Luzon) where the technology of
tilgpia grow-out is widdly adopted (see Figure 4).

Feld investigations were made on the livelihood, socid relations and economic behaviour of
the different groups of farmers involved in tilgpia production; the functioning and make-up of
the agrarian dructure, and the operation of units of tilgpia production. An informa
interviewing policy was adopted. After spending some time among the community the
research identified a number of respondents, being those farmers involved in some way in
aquaculture production. Working to a questionnaire and guidelines (see Appendix 3) dl farms
were vidted and interviewed on severd occasions over a period of 8-10 monthsin 1995.

The results were andysed and discussed (a some congderable length in Dr. Sevillga s thesis
itsdlf) in the context of the adoption of tilgpia farming and culture technologies, the dlocation
and use of the main factors of tilapia production, and production efficiency and indicators of
financid feashility. This report deds only with aspects of this research most relevant to the
dissemination of genetic technologies in aquaculture,

Evaluation of technology transfer to Thailand

This study is a continuation of research that began under R. 5068A to investigate the feagbility
of different methods d trandferring the Y'Y male technology to Thailand. Thailand, like the
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Philippines, has a vibrant tilgpia culture industry athough the culture systems and practices
differ subgtantiadly from those in the Philippines. There are two components to the study,
investigating different options for breeding programmes, and comparing the growth rates of
transferred fish, locd Thai dtrains and their crossbreeds. We are evauating four methods of
breeding for technology trandfer.

Direct transfer

This involved, under R 6058A, the direct transfer of broodstock fish from the Philippines to
Thailand. This enabled the production of YY mae and norma femae broodstock for the
production of Egypt-Swansea GMT as used in the Philippines. These broodstock were
transferred to both AIT and NAGRI. However, most of thiswork has been done at NAGRI
where production of YY maes and norma femaes has become routine and large numbers

(many thousands) of YY maes and over one thousand YY females are maintained. The main
role for these fish in this project was in ther culture performance evaduation compared to
dternative strains and strain combinations.

Indirect transfer by crossbreeding

This method of technology transfer smply involves the crossng of YY maes of the Egypt-
Swansea strain with femades of the locd Tha strain(s) to produce crossbred GMT. Results
from work at AIT under R. 5068A indicated that sex ratios of this cross were somewhat
vaiable and low (ranging from 84-100% male). At AIT atempts were being made to salect
a femde line of the Egypt-AlT drain for its combining ability with YY maes of the Egypt-
Swansea drain.  This was initiated by progeny testing seven Egypt-AlT femdes with Egypt-
Swansea YY maes. Three Egypt-AlIT females were sdected based on the sex ratios
produced in these progeny tests (>98% male). These three sdlected females were crossed
with sex reversed XX Dd' to produce the next generation of femaes to be used for producing
crossored GMT. These femaes were then progeny tested to determine any response to
section. By the end of the project atotal of 21 sdected and 20 normal control females were
progeny tested with YY maes.

Indirect transfer by crossbreeding and selection
The objective of this form of technology transfer was to introduce Y'Y maes from the Egypt-

Swansea strain and to use these to ‘fast track’ a breeding programme for Y'Y male production
inthelocd drain. Under R. 5068A, hybrid XY progeny were produced by crossing the YY
mades with femaes of the Egypt-AlT strain. These were then feminised and progeny tested to
identify hybrid D# (XY). The concept was that these fish could then be back-crossed to the
locd Egypt-AIT drain a each generation of the breeding programme for mass production of
YY mdes, thereby maximizing the genetic contribution of the local drain. It was thought that
this gpproach would enable the earlier production of YY maesin theloca drain.

Final Report Research Activities - 30



Application in pure Tha strains

In this gpproach it was intended to develop YY maes in the locd Egypt-AlT drain from
scrateh, applying the breeding programme approach developed in the Philippines. Significant
progress was made under R. 5068A and at the start of this project, XY D% ¢ wereavailable
in the gtrain. Whilst proceeding with the breeding programme, it was decided to take a closer
look & the sex determining mechanisms in this strain through the andys's of sex ratio variation
in crosses of normal fish. These results could then be compared with those obtained in the
pest for the Egypt-Swansea drain.  The basdine information would be of vaue in the
interpretation of sex ratios arisng from manipulated fish.

We adopted two approaches to gathering this basdline data. The first was to collect a series
of datafrom single pair matings of normd fish. Over an 18 month period 95 family sex ratios
were obtained in Sngle pair matings of untagged fish sdected from AIT's population of O.
niloticus.

A second study was designed to determine maternd and paternd effects on sex ratio by
atempting a5 () x 7 (2) di-dlde type cross. A tota of 26 of the possble 35 cdls in the
matrix of crosses were completed by the end of the experiment, sex ratios with blank cells
resulting either from mortdity of one of the mae or femae parents, 10ss of a progeny group or
amply the falure of a sngle femae to pawn. The matings were done in Single pairings, with
fish spawned in hapas.

Males from crosses of XY & x XY D# were progeny tested in the first year of the project to
identify YY mades. A number of YY mades were identified in the AIT grain (based on the
high proportion of mae in their progeny). Once identified these Y'Y maes were then progeny
tested to a number of femaes to determine the consstency of sex ratio. In the case of one
male it was possble to produce 12 families which was a sufficient number to give a rdiable
indicator of sex ratio vaiability. Successful feminization was obtained following DES
trestment of progeny from severa crossesof XY x XYD¢ inthe Egypt-AlT. These treated
fish were raised to sexua maturity and were available a the end of the project to be progeny
tested usng with XX D& in the hope of identifying YYD# 2.

Growth comparisons

A number of important growth trias have been completed during this project. The emphass
of these trids is to determine the relaive growth performance of GMT (pure bred or
crosshred) compared to that of presently available dternatives, in culture environments that
are representative of common culture environments in the countries. Mogt of these trials were
conducted in Thailand but a number of trids were dso carried out in the Philippines.

This section ligts the basic details for each trid.
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L ake Sebu, Mindanao - Replicated (x3) cagetrial

Strains compared:

Locd dran A drain of O. niloticus that has been cultured in the lake
for the past ten years. Source unknown

Selected GIFT Fish from the second generation of sdection in
ICLARM’s GIFT Project which utilised combined
SHection.

Sdlected IDRC Fish from the eighth generation of within family sdection
for growth in a project based at CLSU and funded by
IDRC.

Egypt-Swansea GMT GMT obtained from the Breeding Center at FAC\CLSU

Objective: To compare the rdative growth performance of GMT (in terms of growth,
aurviva , food conversion ratio, and yidd) with that of mixed sex versons of dternative
geneticaly improved tilapia in a commercid cage culture sysem. A smple cost and return
andysswas aso performed in this, acommercid system.

Environment:  High stocking density (30 fish per n?) in 4 n floating cages (three replicates
per strain), with feeding of commercid feeds and five, reducing to three % of biomass per
day..

Duration: Panned for 120 days but terminated after 84 days

Additiond information: The study was conducted by Mr. Zosipat Beniga, a masters student
from CLSU. Fifteen percent of the population were sampled (weighed and measured) every
three weeks with atotal count to determine survival. Problems were encountered with a mass
fish kill in the lake after 94 days of culture. Data collected at the last sampling on day 84 was
anaysed.

FAC, Philippines- Replicated (x3) pond trialsunder variousfertilization regimes

Strains compared:

Sex reversed GIFT Fish from the second generation of sdection in
ICLARM’s GIFT Project which utilissed combined
sdection.  Fish were first hormone trested to induce
masculinization by ord goplication or 17 -
methyltestosterone (MT)

Egypt-Swansea GMT GMT obtained from the Breeding Center at FAC\CL SU

Objective: A 2 x 2 factorid (genotype x nutrient input) experiment designed to test the
relative growth performance of dl made fish (SRT) in a grain sdlected for growth with thet of
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the GMT under two different management regimes, one based on fertilisation only and the
other sequentidly combining fertilization and full feeding.

Environment:  Earthen ponds (500m?) stocked at three fish per m2 The SRT GIFT and
GMT were each reared under two pond fertilization regimes; i) Inorganic fertilizer at 28 kg N
and 5.6 kg P /halwk fish and, ii) inorganic fertilizer as in (i) for 2.5 months and complete
feeding a 3% of body weight per day for the remaining 1%2 months of the culture period.

Duration: Four months.

Additiond information: The study was conducted by Mr. Eduardo Lopez under the Pond
Dynamics Aquaculture Collaborative Support Programme (PD/A CRSP) with the principa
objective of evauaing the management regimes, the strain comparison being a secondary
objective. There was a problem with the experimenta design in thet the initial age and sze of
the fish were not well matched a the beginning of the experiment, the GMT having an initid
weight of approximately 6g compared to 18g for the SRT GIFT. The researchers dso failed
to determine the sx ratio of the fish & harvest. A minimum of 25 fish were sampled monthly
and dl fish were harvested.

AIT, Thailand - Replicated (x3) cage-in-pond trial

Strains compared:

Egypt-AIT - SRT The locd dran sex reversed usng AIT's
sandard sex reversa protocol of ord
adminigration of MT.

E-SXEA-SRT Hybrid between the introduced (%) and loca
(¢) grains, sex reversed to male.

E-AXx- EESGMT Hybrid between a femde of the locd strain and

theYY mde of theintroduced gtrain.

E-Sx (E-A x EEShybrid) - GMT | Hybrid between a femde of the locd strain and
an g hybrid YY made identified by progeny
teting from the indirect transfer breeding
programme (see page 30).

Egypt-Swansea- GMT Pure dran GMT produced following direct
transfer of the technology (see page 30)

Objective: To compare the growth performance of the various genotypes of al mde
tilgpia resulting from the breeding work investigating the different methods of technology
trandfer at AlT.

Environment:  Four ni cages stocked with 50 fish per replicate per trestment. All cages
stocked in a single 500m2 earthen pond. Full feeding with commercid catfish pdllets.

Culture period: 188 days
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Additiond information: This trid was actudly initiated under R. 5068A but was not complete
by the end of that project. The trid followed a smilar design to an experiment that was
completed under R. 5068A. Thisfirg trid indicated that the Egypt-AlIT and hybrid SRT were
superior in growth to Egypt-Swansea SRT and the pure Egypt-Swansea or hybrid GMT
(Mair, 1995). The hybrid GMT in this first experiment had a low sex ratio of only 82 %<
which may have affected its growth hence the need to repesat the experiment (with the addition
of abackcross GMT).

AIT, Thailand - Replicated (x3) cage-in-pond trial
Strains compared:

Egypt-AIT - SRT The locd dran sex reversed usng AIT's
dandard sex reversd protocol of ord
administration of MT.

Egypt-AIT - GMT A GMT of thelocal strain produced by crossing
identified YY mades developed under the
breeding programmes a AIT with randomly

selected females of the same dtrain.

E-AXES- SRT Hybrid between the locd (#) and introduced(<')
strains, sex reversed to male.

E-AXES-GMT Hybrid between a femde of the locd strain and

the YY mde of theintroduced strain.

E-A X (E-A X E-Shybrid) - GMT : Hybrid between a femde of the locd strain and
an F; hybrid YY made identified by progeny
tesing from the indirect transfer breeding
programme (see page 30).

Egypt-Swansea- GMT Pure grain GMT produced following direct
transfer of the technology (see page 30)

Objective: To compare the growth performance of the various genotypes of dl mde
tilgpia resulting from the breeding work investigating the different methods of technology
transfer a AlT.

Environment:  Four ni cages stocked with 20 fish per replicate per trestment. All cages
stocked in a sngle 500N earthen pond. Full feeding with commercid ceatfish pdlets.

Culture period: 166 days

Additiond information: This was the third cage based trid conducted at AIT and was set up
to try to resolve some of the ambiguities resulting from the first two trids. Thistrid used a
lower stocking dengity in an attempt to produce faster growth rates that may yield clearer
differences between the strains.
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AIT, Thailand - Replicated (x3) pond trial at AIT

Strains compared:

Egypt-AIT - SRT Thelocal strain sex reversed using AT’ s sandard
sex reversd protocol of ord administration of MT.

Egypt-AIT - GMT A GMT of the locd strain produced by crossing
identified Y'Y maes developed under the breeding
progranmes a AIT with randomly sdected
femdes of the same Strain.

E-AXES-GMT Hybrid between afemae of the locd strain and the
YY mae of the introduced strain.

Egypt-Swansea- GMT Pure dran GMT produced following direct
transfer of the technology (see page 30)

Objective: To compare the growth performance in ponds of the most promising
genotypes of dl made tilgpia resulting from the breeding work invedtigating the different
methods of technology transfer a AIT.

Environment:  Fish were stocked at a low dengity d 1 per 2m? in 200m? earthen ponds.
Ponds were managed extensvely, fertilized with a combination of organic and inorganic
fertilizer.

Culture period: 124 days

Additiond information: This was the first pond based tria conducted a AIT. Although the
results from the cage based trids were informative it was consdered that the cage-in-pond
environment was unrepresentative of any commercia culture sysems. There was therefore a
worry that, given that Sgnificant genotype interactions can occur in tilapia, any comparative
growth differences from these cage environments may not gpply to commercid systems. The
pond environments in which fish were tested in this experiment were representative of a
common commercia culture system for tilapiain Thailand.

DOF Station, Surin Province, Thailand - Replicated extensive (x3) pond trial

Strains compared:

Egypt-AIT - MST The locd drain. In this experiment the grain from AIT
was used to enable direct comparisons with the results
of studies conducted in cages at AlT.

Egypt-AIT - SRT Theloca dtrain sex reversed using standard sex reversal

protocol of ord adminigtration of MT.

Egypt-Swansea- GMT Pure strain GMT produced following direct transfer of
the technology (see page 30)

Objective: To compare the growth performance of the introduced GMT with the
dternative fish presently available to local farmers (in this case @ther MST or SRT of the
grain from AIT) to determine the potential benefits of direct transfer.

Final Report Research Activities - 35




Environment:  Fsh were stocked at a low dengity of 2 per m? in 1,000m? earthen ponds.
Ponds were managed extengvely, fertilized with a combination of organic and inorganic
fertilizer.

Culture period: 6 months

Additiond information: This trid, conducted by NAGRI, was set up as it was necessary to
make field based study, in ponds, to back up the data coming from the cage based
experiments at AlT.

Nakonphanom DOF station, NAGRI, Thailand - Replicated (x2) cage-in-pond trial

Strains compared:

Chitrdada- MST The loca Chtraada drain produced from
broodstock collected directly from the founder
stock at the royal palace.

Egypt-Swansea - MST Mixed sex tilgpia produced in crosses of norma
maes and femdes in the Egypt-Swansea strain
introduced from the Philippines.

Chitx ES- MST A mixed sex hybrid between the locd (&) and
introduced(d') strains.

E-Sx Chit- MST The reciproca mixed sex hybrid between the
introduced (%) and locd (&) dtrains

Chitx ES- GMT Hybrid between afemde of theloca strain and the
YY made of the introduced drain.

Egypt-Swansea- GMT Pure dran GMT produced following direct
transfer of the technology (see page 30)

Objective: To compare the relaive growth performance of the most commonly cultured
grain of O. niloticus in Thailand (known as the Chitrdada strain) and the introduced Egypt-
Swansea drain. The relative growth of the MST will be compared with that of the purebred
and hybrid GMT. This experiment should enable ducidation of drain and sex effects on
growth.

Environment:  Moderate stocking dengty (30 fish per 4n? cage), weekly pond fertilization,
full-feeding of commercia pelleted diet.

Culture duration: 5 months

Additiond information: This comparison, carried out by NAGRI, used the Chitrdada strain in
place of the Egypt-AlT drain. The strain is named after the roya paacein which stocks have
been held since the fish was gifted to the King of Thailand by the Emperor of Jgpan in 1965.
The fish has been widdy dispersed, by DOF dations, to farmers around the country since
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1967 and is the now the strain grown by the large mgority of tilgpia farmers in the country.
The Egypt-AlT drain is derived from the Chitrdada stock. We wanted to investigate this
stock as an dternative to the Egypt-AlT srain as we thought that the latter may have become
locally adapted to conditionsat AlT.

Surin and Pitsanulok DOF Stations, Thailand - Replicated (x2) pond trial at two
stations

Strains compared:

Chitrdada sdected - SRT | Thisisasdtrain that has been subjected to 3 generations
of within family sdection for growth and is sad to out-
perform the presently cultured stocks of the strain by
gpproximately 17% (Pongthana, pers. comm.)

GIFT sdected - SRT The second generation of the GIFT sdected dran
(ICLARM) which wasintroduced to Thalland in 1994.

Egypt-Swansea- GMT Pure strain GMT produced following direct transfer of
the technology (see page 30)

Objective: To compare the growth performance of the introduced GMT with monosex
(produced by sex reversal) progeny of the presently available dterndtive genetically improved
grainsin Thailand.

Environment:  Fish were stocked in very smilar, extensve culture environments at both
dations. At Surin Fisheries College in Northeast Thalland, the fingerlings were stocked a a
low dengity of 1 per n? in 330m? earthen ponds. Ponds &t the Pitsanulok Genetics Center (of
NAGRI\DOF) were larger at 500m? but were stocked at the same low dengity. In both trids
ponds were fertilized (4 kg N/halda and 2 kg Plhalda) and 30 fish per pond replicate were
sampled monthly.

Culture period: 5 months

Additiond information: This tria, conducted by NAGRI, was set up as it was necessary to
make field based study, in ponds, to back up the data coming from the cage based
experiments a AlT.

Investigations into Salinity Tolerance

The long term objective of these studies was to identify fast growing sdine tolerant tilgpia
However, given the time and facilities avallable it was planned only to conduct preliminary
trials. Nevertheless, progress in these trids has been poor for a number of reasons. We
decided early on that this research should be conducted in rea brackishwater environments
rather than trying to smulate these environments in aguaria or tanks. The brackishwater
environment is a complex environment in which sdinity and other water qudity variables
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change seasondly and can even change with the tides. Thus, trids done in congtant sdinity
environments or+station might not present an accurate picture of how strains would respond in
the fidld. With the project being based at an inland research Stetion, it was not feasible for us
to carry out these trids directly. We established a collaborative link with Miss Ndia Estabillo
(an dumni of FAC, CLSU who had conducted research on the YY made technology while
taking her masters degree) a Pangasinan State University (PSU) which islocated in an area
where brackishwater estuaries and fishponds are common. Thefirst stage of the research was
to conduct an on-farm trid comparing the growth of dl-mde (GMT) and dl-femde (GFT)
populations in a brackishwater environment.

The objective of this study was to determine if there were any differences between the sexes
in the tolerance to higher salinity as measured by growth and surviva in a brackishwater
environment. The experiment, conducted in farmers cagesin ariver in Binmaey, Pangasinan
was carried out over two phases.

In the firg phase, fry (mean weight of 0.001g) were transferred from FAC\CLSU and
stocked in 1 n7 fine mesh cages in the river a a density of 500 per n? with three replicates
each for GMT and GFT. Fry were introduced to the brackishwater, which at that time had a
sdinity of less than Sppt, gradudly with water exchange over a period of 24hrs.

Fry were fed with powdered form feed, conssting of 75% rice bran and 25% fish med, three
timesaday a 10% of fish biomass per day.

Fish sampling by individud weighing and measuring of 100 individuas per cage was carried
out every three weeks. Monitoring of water qudity parametersi.e., dissolved oxygen, sdinity,
temperature and pH was carried out three times aday.

After the four month period of Phase 1, al the fingerlings from the replicates of each genotype
were pooled and redistributed to cages at two densities (100 and 200 nT) with three
replicates for each dendty-genotype combination. The fish were grown for a further four
months in the cages, with monthly sampling, prior to total harvest at the end of the experimen.
One replicate of the GFT held at 200 fish per m? was logt after the first month of culture due
to escape. During the trid al cages were fed a an appropriate levd with commercid tilgpia
feeds.

This experiment took a long time to complete and further delays were encountered in
obtaining the data for the experiment. Furthermore, Miss Estabillo, the principa collaborator,
expressed her intention to take up Ph.D. studies which would consume more of her time,
Thus, it was consdered unwise to attempt further work of this nature and the collaboration
was discontinued. We made attempts to identify suitable adternatives and had promising
discussons with Dr. Carlos Baylon a the University of the Philippines, Visayas (UPV).
However, the long trave time and the limited budget available for this collaboration prevented
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it from being pursued. With the falure to identify a suitable collaborator no further progress
was made with this part of the project.

Additional Complementary Research Activities

The mgority of the aforementioned research congtituted the core activities of the project that
were anticipated at the time that the proposa was submitted and were directly targeted at
producing the required outputs of the project. However, as might be expected, further
researchable congraints and opportunities came to light during the progress of the project and
we were able to conduct a number of important studies complementary to the core research.
The previoudy described studies on gathering basdline data on hatchery management
practices in the Philippines and the work on intra train crosses of the Egypt-AlT strain both
condituted additiond complementary research. A further study investigated methods of
tagging and marking in tilgpia, in response to an identified condraint.

Fish marking and tagging
During the early dissemination of the products of the YY mae technology it became clear that
a reliable method of marking the YY maes would greetly facilitate this process. If the
researchers could be provided with a method of identifying the fish it would reduce the
posshility of on-gation contamination and would enable us to perform troubleshooting

diagnogs in hatcheries which were experiencing problems. It would be preferable if the
method of marking could dso be detected by the farmer as this would permit them to have
better control over their broodfish. During the earliest part of the dispersa programme for
YY males to accredited hatcheries we adopted the policy of dipping the right or left pelvic fin
of the YY mdes. This worked reasonably well but some confusion did arise when femaes
were dso fin dipped and in some hatcheries where some femaes were detected among the
YY mades, we could not tell these gpart from the norma XX femdes. Also, asfin dlipping is
easy to do it was thought not unlikely that unscrupulous people would swap the vauable YY
maes with freshly dipped normd maes (we have dready identified one incident where this
may have occurred). Furthermore, it seemed likely that future growth trials would compare
only monosex fish (for example pure bred and crossbred GMT), comparisons which could be
made under communa stocking. Such triads would require suitable batch marking techniques
to be gpplied. Thus, it was decided to conduct two experiments evauating individua and
batch marking techniques including, where possble, some newer nethods not previoudy
applied in tilgpia

The firgt experiment investigated the utility of five different methods of individud marking, in
two size groups of fish (10-20g and 25-35g a marking) using the following techniques:

PIT tag Spaghetti tag
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Binary coded tag Fingerling Hoy tag
Elastomer dye marking Ste combingtions

A tota of one hundred fifty tagged/marked individuas were stocked for each type of
tag/mark. This experiment has three replications with 50 fish tagged with each tag type which
were then communally reared in cages.

Tota fish sampling was carried out once a month. Fish were weighed after which the amount
of supplemental feeds given was adjusted at 5% of total weight per cage per day, given twice
daily. Thisstudy was carried out for 180 days.

At harved, the totd number of surviving fish was counted and divided up into those il
bearing identifying taggmarks and unmarked fish. Overdl survivd of fish was caculated
based on the number of surviving fish. On the bass d the assumption that there was no
differentid mortdity between the fish tagged using the different methods, it was possble to
estimate tag retention, by correcting for estimated mortdity as follows:

no. of fish recovered with tag/mark x 100 x total number of fish initially stocked

initial no. with tag/mark total number of fish harvested

Data collected in this experiment was andysed using Duncan’s Multiple Range Test

The second experiment investigated the utility of Sx methods of batch marking:

Fin dipping Premaxilladipping
Alcian blue dye marking Fluorescent elastomer dye marking
Binary coded tags Colored fingerling Floy tags.

A totd of one hundred eighty tagged/marked fingerlings with a Sze range of 5.0-7.0 g were
stocked for each type of tag/mark. This experiment had three replications (with 60 fish per
replicate) for each tag type and the fish were communaly reared in cages.
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Outputs

Performance testing of GMT and YY males

Completion of on-farm trials of GMT

The failure of three of the four remaining on-farm trids brought the totd failure rate of these
tridsto 14 out of 33 (43%) initiated.

Table 2 Failurerate of on-farm growth trialsof GMT (conducted primarily under R.
5068A but completed under this project)

System type Stocked Completed Faled Falurerae
Ponds 18 8 10 55.5%
Cages 9 6 3 33.3%
Tanks\others 6 5 1 16.7%

The highest falure rate was in the pond based trids due to their susceptibility to flooding
during typhoons. The mgor reasons for the faillures were typhoon related losses (64% of
cases), farmer negligence (29%) and accidents (7%). Whilst not dl of these failures resulted
in loss of fish (mixing of fish was sufficient to invaidete the trid) these high falure rates
emphadsed the difficulties in conducting on-farm research of this nature and, from the farmers
perspective, highlighted the risks inherent in aquaculture operationsin this climatic zone.

One remaining trid, with the GMT compared to MST and SRT under intensive conditionsin
concrete tanks with full feeding, was successfully completed early on in the project. The
results from this trid were in accordance with those obtained in previous trids and are
summarised in (Table 3), confirming the overal superior performance of GMT compared to
exiging farmer’ s fish in the Philippines

The increase in harvest weight wesere dightly lower than the average across dl trias bringing
about rdatively smdler increases in harvested yiedd. However, sze uniformity and food
converson efficiencies in this controlled environment were consderably improved over the
controls which included SRT with sex ratio close to that of the GMT. No anayds was
applied to this data due to the absence of replication in the on-farm trids. However, this data
was included in the overdl summary of the on-farm trids analysed and presented in the find
report of R. 6058A (Mair, 1995).
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Table 3 Compar ative harvest characteristics from the performancetesting of GMT,
compared to farmer’sM ST and SRT, grown under intensive conditionsin concrete

tanks.
Parameter GMT SRT control MST control
Mean harvest weight (g) 114.9 108.2 (+6.2) 104.4 (+10.1)
% survive 82.0 74.0 (+9.2) 76.0 (+7.9)
Sex ratio (%o mae) 97.5 94.6 (+3.1) 60.5 (+61.1)
CV of weight 22.7 28.9 (-21.4) 32.0 (-29.1)
Food Conversion Ratio (FCR) 1.64 1.93 (-15.0) 1.95 (-15.9)
Yidd (g.m2day) 4.2 3.6 (+16.6) 3.5 (+20.0)
Net return (P.m2.day) 4,92 2.08 (+136.5) 1.96 (+151.0)

Valuesin parentheses represent differences with GMT as a percentage of the control

On-gation evauation of YY maes

These experiments were designed to evauate the reproductive capacity of the GMT
producing broodstock compared to normal fish.

Sperm count and fertilising abilitiesof YY males

Table 4 presents the results from the study on sperm count in XY and YY maes. The sperm
count of XY maeswas congstently higher than that of YY maes. Although variaion between
males was high this difference was shown to be sgnificant (P < 0.05).

Table 4. Sperm count (sperm.ml™ x 10°) of the heter ogametic (XY) and homogametic
(YY) malesof Niletilapia (means from 25 males of each genotype)

Male genotype Mean sperm count (£SD)
XY 2.09 (x0.36)
YY 1.77 (x0.40)

Table 5 summarises the reaults from the evauation of fertility rates in eggs sripped from
common femaes and fertilised with sperm from XY or YY maes. These resultsindicate that
hatching rates were lower in eggs fertilised with sperm from Y'Y mades athough this difference
was not sgnificant.

Table 5 Fertility rate (number of hatchlings asa % of the number of eggs fertilised)
of the heter ogametic (XY) and novel homogametic (YY) males of Niletilapia.

M ale genotype Mean % hatching rate (+ SD)
XY 71.16 (£11.21)
YY 60.44 (+10.73)
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The subjectivity of the assgnment of degrees of matility of a particular sperm sample rendered
this measure rather ineffectud and the results are not presented here. It would be necessary
to use video techniques to quantify sperm moatility in order to make vauable comparisons
between the sperm samples.

This work was conducted as a BS thesis study and there were some concerns over the
vaidity of the experimenta design and we do not place too much emphasis on these results
other than as a generd guide. With consderation to the limitations of the study the results do
seem to indicate a diminished reproductive capacity in YY maes compared to XY genotypes.
This may be due to negative effects of the aisence of an ‘X chromosome or the
homozygosity at or around the male determining region of the *Y chromosome’. However, it
is dso posshle te-tha inbreeding depresson may be the mgor influencing factor. It is
assumed that the Y'Y producing line is more inbred than that used to produce norma XY
males due to the greater severity of genetic bottlenecks in the breeding programme for
production of YY males

The results of this sudy emphasised the importance of the mgor study, reported below, on
the agpplication of YY maes on fam. It is clearly important to determine any potentia
negative factors related to the use of Y'Y males as broodfish, particularly in rdation to effects
on fry production, that might impact upon the uptake of the technology by hatcheries.

Comparisonsof fry production in XY and YY males

Although the on-gation trids did not run for a twelve month period as first anticipated, they
did provide sufficient data for valid comparison of GMT and MST fingerling production within
the same Egypt- Swansea strain.

Table 6 and Table 7 show the comparative data on initia weight and standard length and the
gan in weight and length over the period of thetrid.

Table 6 illudrates thet the initid Sze of the maes was greeter than that of the femaes in both
sets of broodstock. The same data analysed for differences between GMT producing and
control broodstock (Table 7) reveaed that there were no differencesin initia size and only the
length was datigticaly different in the males, being greater in the normad XY maes despite the
latter weighing dightly less. Strangdly there were highly Sgnificant differences in the weight
gan of the femaes with those socked with the YY maes gaining sgnificantly more weight
than the control females. This could be indicative of a lower spawning frequency in these
femdes or possbly reduced interaction between mades and femdes. The initid weight and
weight gain for the two sets of broodstock areillustrated in Figure 5.

Table 8 shows the mean monthly production data for GMT and control fingerlings in the on
sation hapa based production trials. On average the production in controls was higher than
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for GMT dthough these differences were not sgnificant. GMT production per unit area was
dightly higher due to the smaler number of nursing hapas required to nurse the fingerlings but
this changein ranking is consdered as an artefact of the experimenta design.

Table 6 Comparison of mean initial and gain in weight and standard length (s.d.)
between the males and females within the GMT producing and control broodstock

packages
YY packages Control
YY XX Mean XY XX Mean
INITIAL
S (cm) 13.1** 9.8 114 12.6** 9.5 111
(0.202) (0.202) (0.273) (0.208) (0.135) (0.257)
Weight (g) 67.7%* 36.2 51.9 70.1** 32.8 51.5
(3.271) (1.825) (2.918) (2.863) (1.093) (3.069)
GAIN
S gain (cm) 3.7 3.8 3.8 5.6%* 1.7 3.3
(0.290) (0.451) (0.330) (0.339) (0.323) (0.453)
Weight gain (g) 80.3 69.7 72.7 79.4** 35 52.8

(9.975) (6.099) (5.193) (5.818) (7.772)  (6.777)
**gignificantly greater - P< 0.01

Table7 Comparison of mean initial and gain in sandard length and weight (s.d.) of
the males and females between the GMT producing and control broodstock

packages.
INITIAL GAIN
Male Femae Made Female
YY XY XX XX YY XY XX XX
S (cm) 131 12.6ns 9.8 9.5ns 37 5.6* 3.8%* 17
(0202)  (0208) (0202)  (0135)  (0.290) (0451)  (0451)  (0.323)
Weight (g) 67.7 70.1ns 362 32.8ns 80.3 794 69.7%* 35

(3271)  (2863) (1825  (L093) (9975) (5818) (6099)  (7.772)

*significantly greater - P <0.05, ** significantly greater - P<0.01
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Figure5 Histogram showing compar ative initial weight and weight gain for YY male
and control broodstock packages.
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Table8 Compar ative average monthly production of fingerlings from on-station
comparisonsof GMT and mixed sex control producing broodstock.

Production
Genotype Fingerling/package/mon Fngerling/kg of Fingerling/m?/month
th femae/month
YY packages 235+ 40.784 1053 + 259.090 354 + 63.006
Control 308 + 65.521 1438 + 430.595 342 + 48.869

The overdl concluson from this on-station study comparing fingerling production of XY and
YY mades in the same drain, is tha there are no mgor differences that would be likely to
dgnificant effects on qudity or quantity of fingerling production usng YY mdes It was
important nevertheless to verify these findings with on-farm research.

On-farm evduation of YY mades

Rearing of broodstock up to sexual maturity

Prior to initiation of the trids of the fish broodstock, they were delivered to the farm as large
fingerlings (0.5 to 1g). Y'Y maeswere separated from the XX femalesto avoid contamination
from the XX maes and on-grown in smilar facilities to those which would .be used to spawn
the fish. Table 9 shows the average rearing time taken by the hatcheries to rear the fish up to
the point that they fish could be stocked for breeding which averaged 4.15 months. In redlity
this period could be shortened as some fish were not stocked as soon as they attained sexua
meaturity due to temporary shortages of resources on the farm. Mot fish were sexually mature
within 3 months. In the exigting procedure for supplying broodstock to commercid accredited
hatcheries (see page 90), we estimated a period of only three months before the fish could be
stocked for breeding, this period does agppears to be sufficient.

Furthermore, when fish are provided to hatcheries an dlowance of 15% is given on the
number of males and 20% on the number of femaes (i.e. if 1,000 packages are requested, a
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total of 1,150 mdes and 3,600 femaes would be sent to the farm as fingerlings). The
additional 5% of femaes is to take account of the anticipated 5% of maes that would be
expected in the progeny of XX x XX crosses. Even with these alowances taken into
account, mean survival of maes during rearing was only 67.4% and femaes 83.0%. The
mean proportion of ‘rare males removed from the femae population was 3.46%, less than
the anticipated 5%). These findings indicate that male survivd islower than that of femaesand
aso that overal these mortaity adlowances given to accredited hatcheries are insufficient. As
the control fish came from on-farm sources, the surviva during rearing could not be compared
with that the GMT producing broodstock.

Growth and survival of broodstock during the period of fry production

Appendix 5 and Appendix 6 show the initid and find weights and lengths of the broodstock
used n these trids. There were severd farms in which there were dgnificant differences
between the sze of the YY male packages and the control broodstock &t the beginning of the
tria (when the broodstock were first paired). There was however no apparent correlation
between the initid and find sze differences, indicating that these initid differences are unlikely
to have had amgor effect on ether the growth or productivity of thefish. Table 10 showsthe
mean weight gains for the GMT producing and control broodstock, summarised for the four
different production sysems. In dl systems the weight change in the GMT producing
broodstock is significantly different to the control. Weight gain was lower in the extensve and
in the two intendve sysems but higher in the semi-intensive pond based syssem. No clear
consstent trend was apparent. It is unlikely that these size and growth difference would have
had a mgjor impact upon fry production. An alowance of an additional 20% was added to
the number of femaes and 15% for the maes to cover mortdity during trangport and during
the rearing phase and in the case of the femdes, to anticipate the presence of approximately
5% spontaneoudy sex reversed XX maes which would need to be discarded). The
percentage surviva is based on the number of packages ordered (i.e. does not dlow for the
additiond fish added to cover for mortality) hence the possibility to have surviva apparently >
100% if the mortdity dlowance was surplus.

The surviva of the broodstock was monitored for each cycle of production, counting the
number or male and female broodstock stocked and then harvested. Table 11 shows the
aurviva of mae and female broodstock over the whole period of the experiment, for each
farm in each culture sysem. This data could not be tested Satidticdly but overdl there
appeared to be a consstently higher survival of GMT producing broodstock, compared to the
controls, especially in the case of femaes which overdl had a 33% higher survivd than
control females (see Figure 6).
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Table 9 Showing mean rearing times and survival for males and femalesin GMT
producing packages during therearing period from fingerling to broodstock.

System/Farm Number of Rearing time Survivd (%0)
Packages (months) ) g
EPB
1 1500 4 96 83
2 1200 3 73 N\A
3 300 5 50 76
SPB
4 400 3 100 114
5 400 4 31 78
6 1500 3 73 87
ITB
7 400 3 30 41
8 1000 6 18 56
9 300 6 75 80
10 280 3 86 95
IHB
11 276 5 82 91
12| 276 3 62 95
13 500 6 100 100
Mean 4.15 67.4 83.0

Table 10 Comparison of mean gain in weight (+ s.e.) of breeders between genotype

per production system.

System Broodstock Levd of
Y'Y broodstock Control Sgnificance

EPB 41.2+0.613 44.1 + 0.996 P<0.001

SIPB 51.0+1.889 41.5+0.943 P<0.001

ITB 79.0 + 1.565 90.0+ 2.370 P<0.001

IHB 57.8 + 1.036 66.0 + 1.399 P<0.001

Compar ative finger ling production

Fingerling production, which is based on estimates of the number of fingerlings produced and

reared up to the age and size a which they can be dispersed, in the four hatchery systemsin

the three fams is summarised in Table 12. The numbers of fingerlings are expressed in the

relevant measures, according to the number of packages, the weight of female broodstock

and according to the water area of the haichery system.

Data were analysed by student’s ttest, treating the production cycles in eech fam as
replicates. There were no differences in the ranking of GMT and control fingerling production
for the different measures by which it was assessed dthough there were some minor changes
in the magnitude and sgnificance of the differences.
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Sgnificat differences were obsarved in the fingerling production of controls and GMT
producing broodstock (per package) in severd of the fams. In extensve pond based
systems GMT production was significantly higher in two of the three farms. This dso applied
one of the semi-intensgve pond based hatcheries and two of the four intensve tank based
hatcheries. Control production was only sgnificantly higher than that of GMT in one of the
three intensive hapa based hatcheries.

Whilgt there were Sgnificant differencesin the GMT and contral fingerling production between
hatcheries there was no consstent trend to these differences. It is our conclusion therefore,
that over dl the trid, fingerling production did not differ sgnificantly between the GMT
producing and the control broodstock.

In the disseminaion programme in which GMT producing broodstock are supplied to
accredited hatcheries (see page 90), we developed a series of assumptions on which to base
our edimates of the number of fingerlings that would be produced by the accredited
hatcheries. The royalty fees paid by these hatcheries was based on these etimates. At the
commencement of the dissemination programme, fingerling production estimates were based
on 500 fingerlings per package month. Following an evauation of the dissemination
procedures after some months, it seemed likely that this figure was an over-estimate and a
revised estimate of 250 fingerlings per package per month was proposed. Figure 7 showsthe
comparative production of GMT and control fingerlings and illustrates the lack of aclear trend
in the differences between the two.
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Table 11 Percentage survival of GMT producing and control broodstock for the
duration of thefry production trials (from commencement of thefirst production cycle

up to theend of thelast cycle).

System/ Survival (%) Surviva (%) % difference
Farm Y'Y Broodstock Control Y'Y /Control
Mde Femde Mde Femde Mde Femade
EPB
1 72 78 23 24 213 225
2 19 35 20 35 -5 0
3 37 28 35 31 6 -10
Mean 43 47 26 30 65 56
SIPB
1 25 63 8 24 212 162
2 19 68 19 66 0 3
3 n\a n\a n\a n\a n\a n\a
Mean 22 66 14 45 57 47
ITB
1 73 79 69 69 -8 14
2 98 97 95 100 3 -3
3 93 86 93 82 0 5
4 93 79 72 36 29 119
Mean 89 85 82 72 6 34
IHB
1 40 30 59 24 -32 25
2 97 98 97 77 -1 27
3 74 47 93 34 -20 38
Mean 70 58 83 45 -16 29
Overdl mean 56 64 51 48 10 33

Figure 6 Comparative survival of GMT producing and control broodstock over the
duration of the production trials (GMT producing broodstock survival as per centage
of survival of controls).
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Table 12 Average monthly production of fingerlings (expressed according to
production per package, per kg of female weight and per unit area) for GMT
producing and control broodstock.

Average monthly fry production
per package (1¢:3%) per kg of femde per unit area (1f)
System/Farm GMT Control GMT Control GMT Control
EPB 1
1 131** 68 585** 226 31** 18
2 628 886 1701 2005 44 60
3 33** 21 166** 158 7> 5
mean
SIHB
4 28 59 264 440 8 17
5 45 36 335 273 16 12
6 156* 74 565 545 o5* 69
mean
ITB
7 289** 536 889** 1119 99 117
8 81 24 308 110 261 104
9 67* 16 307 125 45 18
10 58 63 229 229 40 46
mean
IHB
11 132 92 1141 663 130 95
12 103 221** 446 824** 103** 195
13 95 82 301 174 91 78
mean
overdl mean

* - significantly greater at P<0.05, ** significantly greater P<0.01, *** significantly greater at P<0.001.

The graph dso indicates some rather surprising findings. 1t had been predicted that the more
intensve hatcheries (tank and especidly hapa based) would produce more fingerlings per
package than the lower intengty systems. However, this was clearly not the case, there being
no apparent relaionship between intendty of the operaion and fingerling production and in
fact the highest production of any fam came from the extensve pond based system.
Furthermore, it is clear that only two hatcheries exceeded or came close to either of the
estimated fingerling production targets. It is interesting to note that these two hatcheries,
BFAR (EPB 2) and Jonathan Reyes (ITB 7) represented probably the two most experienced
hatcheries in the triads. None of the less experienced hatcheries (less than two years of
experience in hatchery production) produced high numbers of fingerlings but there were dso
two experienced hatcheries which had relatively low production (6 and 7). Figure 8, showing
fingerling production per unit area, does illudrate thet the more intensve haichery systems
generadly produced a higher productivity per unit area due principdly to the higher stocking
dengities of broodstock and of fingerlings.
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In addition to inexperience in hatchery production, a very mgor factor in the poor production
rates achieved in most of the hatcheries, was the smal size and young age of the broodstock.
It is considered that tilapia broodstock have a productive life of 18 to 24 months. During this
time the productivity per broodfish increases steadily, peaking a 14-18 months after which
time spawning frequency in the females begins to decline. The production recorded in these
trias represented the first 4-6 months of production and it is very likey tha subgantia
increases would have been realised in the succeeding months.

Figure7 Histogram showing actual and estimated production of fingerlings (per

package per month) from GMT producing and control broodstock in the hatchery
trialsof the GMT producing broodstock.
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In informa canvassing of opinion, none of the hatichery managers or owners expressed
dissatisfaction or surprise at their productivity. Furthermore none observed, ether from a
technicd or subjective viewpoint, any mgor advantages or disadvantages in the production of
GMT or control fingerlings, except of course for the fact that the former fingerlings were
putatively dl-mae.  All hatcheries producing SRT as control gppreciated the benefits of
producing GMT which amplified their production process. However, there were no clear
trends in the relative production of GMT and SRT in the hatcheries producing the latter as
controls (6,7,8,11,12 and 13).

Sex ratio

It was origindly intended to collect sex ratio data from every production cycle in each farm.
However, farmers were unwilling to sacrifice fingerlings too regularly and on occasions, dueto
high demand, dl fingerlings had been sold before the farm was visited to collect samples.
Nevertheless, some sex ratio data was collected from the mgority of the farms as shown in
Figure9.
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Figure 8 Histogram showing monthly production of fingerlings (per unit area) from
GMT producing and control broodstock in the hatchery trials of the GMT producing

broodstock.
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Overdl, sex ratios averaged 84.5% males across dl the farms from which data was collected,
a low sx ratio condgdering that YY males are known to produce a mean of 95% mae
progeny based on severd years of ondation experimentation. As can be seen from Figure 9,
there was one hapa based farm which produced a sex ratio of only 61.5% mae. Such alow
ratio had not previoudy been seen, even in a Sngle pair mating involving YY maes and it is
highly unlikely that this ratio came from the fingerling production of YY mades. Experimenta
error involving a mix up of the fish is the only logica explandtion for this ratio. Five other
farms, two semi-intensive pond based, one tank based and one hapa based produced sex
ratios lower than 85% made. Thisis again lower than expectations and islikdly to beindicative
of low levels of contamingtion of the broodstock or of the fingerlings during nursng. The
effect of, as yet undetermined environmentd factors, on sex differentiation should aso not be
discounted. It had been predicted that broodstock contamination would be more likely in the
more extensive pond based hatcheries. Contrary to expectations, sex ratios were highest in
the extensive pond based systems, indicating that the technology can be effectively applied in
such systems. Whilst further investigations into the causes for lower than expected sex ratios
are required, it is predicted that dl the raised sex ratios were sufficiently high (with the
exception of hatchery 12) to result in sgnificant increases in production during grow out
compared to mixed sex progeny.

Cost and return analyses

During the course of the trids, attempts were made to record al costs associated with the
production of the fingerlings including depreciation costs of equipment, labour, food and
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fertilizer etc. The vast mgority of costs did not differ between the production of GMT and
contral fingerlings. In the case of those hatcheries

Figure9 Mean sex ratios of GMT collected at each of the co-operator hatcheries.
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producing SRT (7, 8, 11, 12, 13) fingerling production costs were higher due to increased
codts of facilities, labour, hormones and acohol (see details in the Farm Fact Files - Appendix
2). There was an additiond cost associated with the production of GMT. Under the
accreditation procedures (see page 90) developed for the dissemination programme, the cost
to hatcheries of GMT production were in one of two formsi) the purchase of the broodfish a
P300 per package or ii) the payment of royaties of P17.5 per 1,000 fingerlings, with fingerling
production estimated a 250 per package per month.

Table 14 shows the cost of fingerling production under the two schemes and a hypothetica
cost if the hatchery paid a royaty based on the actua production rather than on an estimate.
It can be seen from the same table that nine of the 13 hatcheries sold the GMT & the same
price as the control fish. In the case of hatcheries producing SRT it was logicd to vaue the
GMT and SRT, as dl mde fish, a the same price. In the case of those sdlling mixed sex
tilgpia, those that chose to maintain the same price did so either out of government policy (in
the case of BFAR) or because they were young, non established hatcheries, or they were
located in an areas where GMT was not yet commonly known. All hatcheries except BFAR
expressed their intention, in the long term, to sell GMT at a 15 to 20% higher price than MST.
This should more than cover the royaty pad on the fingerlings which is equivaent to less than
10% of the cost.
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Scheme one costs are clearly very high and would have been very unprofitable at the low
rates of production achieved by most of the hatcheries. Scheme 2 costs are dso high,
proportionaly more so due to the low productivity of fingerlings.

Table 13 Comparison of total GMT production over the experimental period and the
estimated production based on Scheme 2 of commercial accreditation under the
dissemination programme for the YY male technology. The estimate is based on the
assumption of a production of 250 fingerlings per package per month from the actual
number of breedersused during theinitial pairing.

Systemi\Farm Actud production Edtimated % difference
production actua/estimated
EPB
1 206,040 703,750 -70.72
2 1,332.647 1,032,500 29.07
3 9,800 457,500 -97.86
mean -46.50
SIPB
4 48,115 951,500 -94.94
5 47,387 471,000 -89.94
6 101,000 2,025,000 -95.01
mean -93.29
ITB
7 357,700 492,000 -29.43
8 10,000 45,000 -66.67
9 12,430 358,500 -96.53
10 19,730 150,000 -86.85
mean -69.89
IHB
11 65,112 945,000 -93.10
12 68,600 585,750 -88.29
13 269,252 875,000 -69.23
mean -83.54
Overdl mean 187,097 699,423
Overdl totd 2,432,272 9,092,500 73.2%

Theinputs, sdes and net returns for the 13 hatcheries over the period of the triad are shown in
Appendix 7 . Under Scheme 1, only one of the hatcheries would have made a higher return
producing GMT. Under Scheme 2 this rose to four out of the twelve, and if roydties could be
charged based on actual production rather than estimates, nine of the twelve hatcheries would
have made a greater profit producing GMT.

It is worth noting that four of the twelve hatcheries actudly made a loss on their own fry
production. At a time when tilapia hatchery production is popular with agquaculturists and
entrepreneurs dike due to its high profitability, this is a srong indicator of poor productionin
these hatcheries, largely due to inexperience. With even modest increases in fry production,
to bring production closer to the revised estimates set by the dissemination programme, GMT
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would clearly become a more profitable activity than the production of the farmer’s present
fish, egpecidly if combined with an increase in the sdlling price of GMT.

Table 14 Costs of production of control and GMT fingerlings in the hatchery trials.
Cost of GMT are based on three different options. Scheme 1 - outright purchase of
the broodfish; Scheme 2 - payment of royalties based on an estimated production of
250 fingerlings per package per month; Actual - payment of royalties based on
actual production of fingerlings. Pricesin Philippine Pesos (OER £1 = P40)

System Productions cost per fingerlings Sdling Price
/Farm

Control 'scheme 1 Scheme 2 Actua Control GMT
EPB
1 0.44 0.39 0.23 0.18 0.25 0.30
2 0.04 0.12 0.07 0.07 0.30 0.30
3 0.79 257 1.19 0.80 0.50 0.55
Mean 0.42 1.03ns 0.50ns 0.35ns 0.35 0.38
SIPB
4 0.14 158 0.60 0.27 0.25 0.30
5 0.22 0.49 0.19 0.16 0.18 0.25
6 021 1.39 041 0.07 0.40 0.40
Mean 0.19 1.15* 0.40ns 0.17ns 0.28 0.32
ITB
7 0.02 011 0.04 0.04 0.40 0.40
8 153 0.73 0.36 0.20 0.40 0.40
9 0.57 240 0.64 0.18 0.35 0.35
10 0.17 0.61 0.24 0.13 0.35 0.35
Mean 0.57 0.96ns 0.32ns 0.14ns 0.37 0.37
IHB
11 021 1.06 0.35 0.11 0.40 0.40
12 0.04 0.48 0.17 0.09 0.30 0.30
13 0.11 0.31 0.15 0.11 0.40 0.40
Mean 0.12 0.62ns 0.22ns 0.10ns 0.37 0.37

= significant at P<0.05; ns = not significant
1- Scheme one costs are estimated based on the depreciation costs of the broodfish over the period of the
trial as a proportion of the total useful life of the broodstock (18 months).

SUmmary

At the outset we established a number of hypotheses for these on farm trias which can now
be reexamined:

A number of tridswould fail to give useful results due to poor management and man made
or natura disasters - rejected, all trials produce valid data although one had only a
single production cycle.

Production of fingerlings per unit broodfish would increase with the leve of intengty of the
hatchery system, being highest in the hapa based hatchery and lowest in the intensive tank
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based - rejected, there appeared to be no relationship between fingerling production
efficiency and intensity of the production system.

There would be no dgnificant difference in fry production parameters between GMT
producing and control broodstock. - accepted, whilst some differences were
significant there was no consistent trend.

There would be no sgnificant difference in the survival and growth of the GMT producing
and control broodstock - accepted, there were no consistent differences observed.

GMT production would produce higher returnsiif higher prices were charged for the GMT
- Further investigation is required. Based on present accreditation schemes not
all farmers charging higher prices, made higher returns, mainly due to low
fingerling production

Sex ratios of GMT would be more variable in the more extensve pond based hatcheries
due to the greater difficulty in preventing broodstock contamination - rejected, sex ratios
were variable but they were actually lower in intensive hapa based systems, and
highest in extensive pond based!

These onfam trids were very successful and achieved their objective, providing very
vauable feedback on technicad and economic aspects of the production of GMT fingerlingsin
commercid hatcheries. The most important finding was that there were no mgor differences
in the performance of GMT producing and control broodstock and therefore the principal

limitations (if they exigt) to the uptake of the technology in hatcheries will be economic and
socid.  The results have provided vduable information which will be used to optimise
dissemination programmes.

Socio-economics of tilapia culture in the Philippines

As previoudy sated this study took on two approaches, a case study of two aquaculture
communities © collect and collate basdline data on the socio-economic issues pertaining to
Philippine tilgpia culture, and a survey of common hatchery management practices.

Some of the important issues pertaining to the goplication of the YY mae technology were
identified in the surveys carried out in the two aguaculture communities.  This section of the
report highlights some of the mgor findings. A fuller andysis of the findings can be found in
Appendix 8.

More than 100 hatcheries were identified in the Laguna area and 66 tilgpia growers in
Bulacan. More than 50 of the hatchery ownersimanagers were interviewed along with 37 of
the tilapia growers. At the time of the survey, none of the hatcheries or growers had adopted
the YY made technology principaly due to the lack of availability of GMT fingerlingsand YY
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male broodstock. Table 15 shows some of the key socid and demographic characteristics of
these two groups of farmers. The only mgor difference between the two groups of farmers
were tha the hatchery owners in Laguna had taken up aguaculture much earlier than the
growers in Bulacan. Otherwise the generd character of the tilapia farmers was that of a
middle aged, partidly educated mde, with amedium to large Szed family.

Table 15 Selected socio-demographic characteristics of farmers by production

system in Laguna and Bulacan, Philippines, 1994 - 1995.

Item Production System
Hatchery (Laguna) Grow-out (Bulacan)

Totd tilgpiafamers 116 66

No. of case farmers 50 37

% to totd farmers 43.1 56.1

Age (years) 43.5 50.8

Sex (no. & proportion of maes) 45 (90%) 35 (95%)

No. of household members 54 4.3

Y earsin school 7.4 8.5

Y ears experience in tilapiafarming 11.1 2.9

A very mgor difference between the two groups of farmers, as shown in Table 16, isthat for
the hatchery owners in Laguna tilgpia fingerling production was the primary source of income
wheress tilapia grow-out was clearly a secondary activity for the farmers in Bulacan.
However, it was gpparent that aguaculture was more profitable that the other forms of
agriculture adopted by the farmers, with hatchery production being more profitable than grow-
out. Mog farmers were optimistic about ther involvement in the industry with 60-70%
planning to continue with their operations and a further 20-25% were planning to expand.

This group of hatcheries in Sto. Domingo in Laguna are quite unique in the Philippines,
established in the 1980s to provide fingerlings for the flourishing cage and pen culture in the
nearby shdlow lagoon of Lagunade Bay. Mot are very smdl scae hatcheries, averaging less
that 1,000 m? each, with some being considerably smdler. One relevant factor here would be
the relative risks involved in trying out new technologies which would be much gregter for the
hatcheries.

Table 16 Composition of income among hatchery and grow-out farmers.

Income Source (% of total income)
Hatchery (Laguna) Grow-out (Bulacan)
Rice production 29 61.0
Tilgpiafarming 82.1 14.1
Anima Production 0.9 9.5
Crop production - 4.9
Business and trade 6.1 44
Sdaried job 3.6 4.2
Non-farm labour - 11
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Tilgpiaproduction - related sources 3.9 -
Others 0.5 0.8

When asked what were the principa problems in their respective tilgpia culture activities the
most mgor problem cited was that of obtaining suitable fish stocks (Table 17). This was
perhgps a surprising finding as tilgpia is a ubiquitous fish in the Philippines. In the case of the
tilgpia growers in Bulacan, there are few hatcheries in the area so they would need to source
fingerlings from disant areas. In the case of Laguna, the problem probably referred to
obtaining broodstock szed fish, which are difficult to obtain live due to the difficulty of
trangportation. Water resources were aso a mgor factor for the pond growers due to
irregular supply of irrigation weter. Availability of capital and land area for expanson were
aso cited as problems but surprisingly security of tenure was not cited as a problem.

Table 17 Problemsfaced by tilapia hatchery and grow-out farmers.

(% of responses)

Problems Hatchery (Laguna) Grow-out (Bulacan)
Obtaining fish sock 76 57
Poor growth of fish 12 40
Mortdity of fry / fingerlings 70 19
Water shortage - 78
Lack of capital 24 65
Smdl land area 66 -
High cost of feeds 16 41
Limited expertise 10 95
Lack of technical assstance 8 65
Proliferation of producers 64 14
Poaching 4 62

The famers did not make reference to the qudity of the fish and non of the grow-out
operators specifically cited reproduction in their fish ponds as a problem. Furthermore most
of the farmers were ether not aware of only peripherdly aware of the existence of the YY
mae technology and GMT. Approximatedy 60% of the haicheries had heard of the
technology but knew little of the detail or potentid benefits. Only 5% of tilgpia growers in
Bulacan had heard anything of the technology. Once the technology was explained to the
farmers most (more than 90% of hatcheries and 60% of growers) were willing to use the
products of the technology provided that is was affordable.

There were some reservations expressed identifying some congtraining factors to the uptake of
the technology. These included a possble limited market for al-mde tilapia (clients of
hatcheries do not specificdly request dl-mae fingerlings), a lack of information about the
technology and alack of capital. Mogt tilapia hatcheries in Sto. Domingo produce their own
replacement broodstock and would have to be persuaded of the benefits of Y'Y males before
making a switch to them, especidly if thisinvolved sgnificant capitd outlay.
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Few of the tilapia growers actudly sought monosex to grow in their ponds and some did not
condder that the sex or the ‘genetic qudity’ of the fish had much influence on growth and
could not even digtinguish the mde and femde tilapia Some growers aso perceived the
benefit to them of sdlling fingerlings caught during the harvest of the stocked fish, a benfit that
would be logt in growing GMT. Clealy lack of information, through the weekness of
government and private extenson agencies, isamgor factor in the introduction and uptake of
new technologies such asthe GMT and one that should be addressed in further research and
extengon of the technology.

One interesting finding was the inverse rdationship between farm sze and productivity in the
hetcheries in Laguna indicating that the smal farms used labour and space resources more
efficiently. This inverse relationship did not gppear to apply for grow-out operations. This
provides some optimiam that smal scae hacheries can be compstitive with larger farms in
adopting the YY mae technology, the properties of which appear more or less scae neutrd.

Evaluation of technology transfer to Thailand

This Sudy is a continuation of research begun under R. 5068A to investigate the feashility of
different methods of transferring the YY male technology to Thaland. We continued the
evauation of four methods of breeding for technology transfer.

Direct transfer

This involved the direct trandfer of broodstock fish from the Philippines to Thalland. The
origina transfer was of YY males, norma femaes and some estrogen tregted females from

XY x YY croses. These were progeny tested under R 5068A and some YY made
successfully identified.  This enabled the production of YY mde and normd femde
broodstock for the production of Egypt-Swvansea GMT as used in the Philippines. Most of

this work with this strain is being done et NAGRI where production of Y'Y males and norma

femaes has become routine and large numbers (many thousands) of YY males and over one
thousand Y'Y femdes are maintained. Some fish have been logt in gorms and in flooding and
it has proved necessary, from time to time, to move the fish around between Dept. of
Fisheries dations. The YY maes are routingly crossed with femaes of the Egypt-Swansea
drain or with Egypt-Stirling femaes. Sex ratios of the pure bred GMT are reported to be
conggtently high, ranging from 95-100% mae. It can be consdered that, using this smplest
form of technology trandfer, that the technology has indeed been successfully trandferred to
Thailand, where GMT and GMT broodstock can be and are being mass produced. Themain
use of these fish in research has been as controls in growth evauaion experiments (see page
46).

Indirect transfer by crossbreeding
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This method of technology transfer Smply involves the crossng of YY maes of the Egypt-
Swansea grain with femaes of the local Tha strain to produce crossbred GMT. An informdl
seection programme was initiated to develop afemde line in the Egypt-AlT drain. A totad of
21 femdes arisng from crosses of the sdected femaes, were progeny tested againgt YY
maes of the Egypt-Swansea strain.  Sex ratios from the progeny testing of selected femdes
ranged from 89.9 - 100% male with a mean of 99.3% which was not sgnificantly different to
the sex ratios obtained from the non-sdected femaes which ranged from 83.3 - 100% male
with amean of 98.3%. This data should be regarded only as a very preliminary indication of
the lack of response to selection and alot more data are required to make firm conclusons on
this. Overdl the sex ratios in the progeny testing of this second generation of femaes were
much higher than in the first generation (88% mde and 92% mae in two separate studies).
Thereisaneed to identify other possible sources of this variation in sex ratio.

A response to sdection would be indicative of a polygenic or multi-factorid mechanism of sex
determingtion in this rain.

Some further data on crossbred sex ratios was collected as part of a growth performance
trial being conducted in Trad Province in Thailand. This study produced crossored GMT by
crossing the YY made of the Egypt- Swansea strain with females of ICLARM’s GIFT drain,
Egypt-AlT, and the widely cultured Chitraada srain.  Sex rétios were obtained at the
beginning of the trail using the reliable gonad squash technique and then again a the mid term
point, by externa morphology. The summary of the results are shown in Figure 10 illudraing
that none of the sex ratios in the crossbred differ Sgnificantly from that of the control within
dran GMT. The mid-term sex ratios are higher than the initid sex ratios reflecting ether a
differentid mortaity of the small proportion of femaes in the populations, or a gregter error in
mis-identifying females usng externa morphology.
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Figure 10 Sex ratios of three crossbred GMT compared with the pure bred Egypt-
Swansea GMT. Valuesrepresent mean sex ratios (% male) from three replicates of
fish prior to (initial) and three months after (mid-term) stocking in ponds for growth
comparisons

Initial
Mid-term

Sex ratio
(% male)
oBRNES3838ES

GIFT Egypt AIT Chitralada Egypt-Swansea

Maternal strain

Indirect transfer by crossbreeding and selection
Following on from the progress made under R. 5068A the breeding programme was
continued enabling identification of sex reversed XY femaes (D% #) in the Egypt-AlT drain
and theregfter YY maes and sex reversed YY femdes in the hybrid progeny derived from
them. A total of 13 crossbred YY maes were identified together with Sx YY femdes. In
back crossesto XX genotypesin the Egypt-AlT dran, the mean sex ratio from the maes was
just below 90% male but from the females this was higher a 98% males (see Table 18).

Table 18 Number of manipulated genotypes available at the end of 1996

Genotype (number Strain contribution Progeny tested with? Mean sex ratio(% ) in
identified) progeny tests

XY D% (4) Egypt-AlT XX EA or ES 478

YY & (13) Crossbred (XY EAXYY ES) XX % Egypt-AlIT 89.6

YYD#? (6) Crossbred (XY EAXYY ES) XX D& Egypt-AlT %1

E-A = Egypt-AlT strain, E-S= Egypt-Swansea

The crossbred YY D22 can now be crossed to YY mae of the Egypt-AlT drain (see
below) to generate YY males carrying 75% of the Egypt-AIT genome. This approach was
intended to accelerate the process of transferring the technology to aloca strain. However,
ealy on in the project it was clear that YY maes would be produced in the breeding
programme (see below) in the pure Egypt-AIT gtrain.  As this approach appeared to have
little advantage in terms of speed and ease of trandfer, or in sex ratios produced, it was
decided to abandon further research on this form of technology transfer.
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Application in pure Tha strains

This gpproach made major advances in the development of YY maesin the loca Egypt-AlT
grain from scratch, applying the breeding programme gpproach developed in the Philippines.
Whilst continuing with the breeding programme to develop Y'Y males we aso collected some
basdline data on sex ratios in norma crosses within the rain in an attempt to further eucidate
the mechanism of sex determination.

Sex ratiosin normal crosses

Table 19 presents the summary of 95 sngle par matings performed to investigate the
digribution of family sex retio in thissrain.

Overdl the proportion of males was dose to 50% as was the mean sex ratio of the 95
families The large and Sgnificantly heterogeneous didtribution of sex retios, with more than
haf of the raios being sgnificantly different from 1.1, is indicative of polyfactoria sex
determination in this srain.  This is borne out by shape of the frequency distribution of sex
ratio (Figure 11) which, whilst showing an underlying norma-type distribution around 50%
males, is very wide and somewhat skewed. This frequency didribution is much wider then
that observed by Mair et al. 1991a for the Egypt-Swansea dtrain of the same species. This
may reflect a more polygenic system of sex determination with grester genetic variance of the
character. The observation of three family sex ratios in excess of 90% mae sounds a note of
caution to be consdered when progeny testing to identify YY maes.

Table 19 A summary of progeny sex ratios of hormal broodstock of the Egypt-AlT
srain of O. niloticus.

Number of families produced and sexed: 95

Tota number of progeny sexed 7,822
Average sample Sze per family 82.3
Totd number of maesin the progeny (overdl % mde) 3,951 (50.5%)
Tota number of femaesin the progeny (overdl % femae) 3,871 (49.5%)
Range of family sex ratios observed 15.5 - 100% <
Meen family sex ratio 50.97% <
Number of families with sex ratio skewed to mae (P < 0.05) 27 (28.4%)
Number of familieswith sex ratio skewed to female (P < 0.05) 24 (25.3%)
Pooled c? 1.278y
Totd c2 883.673[95
Heterogeneity c2 882.395,gy ***

*** ggnificant (P < 0.001) Vauesin parentheses represent modified degrees of freedom.
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Figure 11 Sex ratio frequency distribution of progeny derived from 95 single pair
matings of normal broodstock of the Egypt-AlT strain of O. niloticus. (classes
intervals of 5 percentage points have been used have with the X-axis showing the
lower limit of each class).
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A second experiment atempted to investigate specific maternd and paternd effects on sex
ratio in a seven (femde) by five (mae) di-dlde type cross. Table 20 shows that of the 35
possible, only 26 crosses were completed. Sex ratios varied from 27.1 to 97.9% male,
overdl highly heterogeneous. When analysed across individud males or femades, three maes
and four femaes produced sgnificantly heterogeneous sex ratios. Test for independence
between the two dassfication criteria (mae and female parent) produced a highly sgnificant
c2 (P<0.001) rgjecting the hypothesis of independence indicating that the sex of the progeny
groups was dependant upon male and femae parents, i.e. that there were Sgnificant materna
and paternal effects on sex rétio.
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Table 20 Sex ratios (with % male shown in parentheses) of a di-allele type cross of
five males and seven femalesin the Egypt-AIT grain of O. niloticus.

Femaes Male Parents (tag no.) c? P
(tag no.) M0Ox4 M569 M872 M890 M311
FM 029 29:17 93:25 8:5 4.088 ns
(630) | (788 (61.5)
FM 537 51:49 68:32 43 .57 27:60 27.268 <0.01
(51.0) | (68.0) | (430) | (3L0)
FM 283 7:1 61:19 13:35 | 41:59 39.602 <0.01
875 | (763) | (27.1) | (410
FM 047 26:8 70:30 25:26 51:49 46 : 32 13:42 <0.01
(765 | (700) | (4900 | (51.0) | (59.0)
FM 367 22:28 48 :50 0.328 ns
(44.0) (48.9)
FM 286 47:1 12:11 42 : 58 19: 37 46:50 | 51.727 <0.01
979 | (522 | 420 | (339 | (47.9)
FM 313 51:38 2:1 51;49 0.902 ns
(57.3) | (66.7) | (510
c2 40.730 13.706 7.705 12.049 2.466
P <0.01 <0.05 ns <0.05 ns

c? test was for heterogeneity applied to sex ratios from females (rows) and males (columns); ns = not
significant.

Development of YY males

Four YY maes (producing sex rétios ranging from 85.9 - 98.6% mae) were identified
following the progeny testing of 17 maes produced in XYD# x XY & crosses (Table 21).

Two of these YY maes, with tag numbers 829 and 840, were used in repeat matings with
femaes of the same drain to determine the repeatability of sex ratios produced by them.

These two maes had been identified as YY males by the sex ratios of 85.9 and 98.6% mae
respectively produced in their origind progeny tests. Table 22 shows the sex ratios produced
in 20 of these repeat matings. The results were somewhat surprising. Most sex ratios were
highly sgnificantly different from 1:1 but two families produced by mae #829 had sex ratios
closeto 1:1 and one that was sgnificantly skewed to female. In the case of male #329 there
were even some dgnificant differences between full sbling families The mean family sex ratio
produced by YY male #829 was only 74.5 male compared to 93.8% mae with #340. Whilst
more progeny testing is required to confirm this, the mae which produced the highest progeny
sex ratio in the origind cross dso produced the highest sex ratios in the repeat mating.

These results provide further evidence for the greater |bilityiabitity of sex ratio in the Egypt-
AIT drain compared to the Egypt-Swansea strain. 1t islikely that the proportion or effect of
autosoma sex modifying genesin the Egypt-AlT drain is greeter, possibly asaresult of higher
overdl leves of gendtic variation in this srain. The grain has passed through fewer genetic
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bottlenecks than the Egypt- Swansea drain and is cusomarily maintained a higher effective
population sizes & AIT than has been possble with the latter strain at CLSU. Introgression
with other species could aso account for many of the deviations from the expected sex retios
but this does not seem likely to have occurred at AlT.

Table 21 Sex ratios from progeny testing of males, resulting from crosses of sex
reversed females (XY) with normal males (XY), for identification of YY-malesin the
Egypt-AlT strain of O. niloticus.

Maes (XY/YY) No.progeny  Sexratios (& : % mae c’ry
(tag no.) sexed ?) (1:2)
124 100 55:45 55.0 1.00
046 100 56:44 56.0 144
103 41 9:32 22.0 12.90
829 85 73:12 85.9 43.77 ***
822 19 14:5 73.7 4.26
800 6 1:6 16.7 2.67
339 45 3:42 6.7 33.80
840 73 72:1 98.6 69.05 ***
110 133 50:83 37.6 8.19
821 100 92:8 92.0 70.56 ***
107 100 44 . 56 44.0 144
863 93 56: 37 60.2 3.88
288 25 14:11 56.0 0.36
859 100 58:42 58.0 2.56
880 8l 48: 33 59.3 2.78
315 100 55:45 55.0 1.00
337 80 77:3 96.3 68.45 ***

*** Significantly different from 1:1 (P < 0.001); only those sex ratios skewed to male were tested

Given the results and the aforementioned assumptions, it appears likely that sex ratios
produced by the YY maes in the Egypt-AIT srain could be improved both by the selection
of YY males and females, based on progeny sex ratio.

A total of seven DES treated fish from crosses of XY & x XYD# in the Egypt-AlT drain
have been raised to sexua maturity and are available to be progeny tested with XX D inthe
hope of identifying YYD# 2. This progeny testing did not yield any data by the end of the
project.

Growth comparisons

A number of important growth trials have been completed during this year.

Full detalls have @ther been supplied quarterly reports or will appear in the Fina Report for
the project but the following summarises the results from the different trids:
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Table 22 Sex ratiosin progeny from crosses of normal femaleswith two YY malesin
the Egypt-AlT strain of O. niloticus including a number of repeat matings (boxed).

Crosses No. progeny Sex ratios (& : % mde ¢’y
(2 xd) sexed 2) (1.1
007 x 829 65 63:2 96.9 57.2 ***
007 x 829 100 66 : 34 66.0 10.2 **
041 x 829 65 63:2 96.9 57.2***
041 x 829 57 47: 10 82.5 24.0%**
090 x 829 37 35:2 95.0 20.4 ***
090 x 829 100 69: 31 69.0 14.4 **
090 x 829 100 82:18 82.0 40.9 ***
090 x 829 73 51:22 69.9 11.5**
047 x 829 35 17:18 48.6 0.028
524 x 829 20 11:9 55.0 0.100
006 x 829 32 28:4 87.5 18.0 ***
103 x 829 100 36: 64 36.0 7.84 **
295 x 829 71 58:13 81.7 28,5 ***
804 x 829 98 75:23 76.5 27.6 ***
047 x 840 100 9%:6 94.0 T77.4%**
524 x 840 100 76:24 76.0 27.0***
362 x 840 82 82:0 100.0 82.0 ***
362 x 840 100 99:1 99.0 96.0 ***

362 x 840 100 100: 0 100.0 *kx

** ggnificantly different from 1:1 (P < 0.01); *** significantly different from 1:1 (P < 0.001)

FAC, Philippines- Replicate (x3) cagetrial in L. Sebu, Mindanao

Despite being curtailed by a fish kill after less than 100 days, the experiment yielded some
useful results and provided an good comparison of the different options available in geneticaly
improved fish in the Philippines.  There were no sgnificant differences in initid weight and
length between the four treatments so vaid comparisons of fina weight and length could be
made (Table 23).

Table 23 Initial and harvest characteristics of four strains of O. niloticusgrownin
commer cial cagesin Lake Sebu, Mindanao.

Strain Initial Final Surviva Condition Food Yidd
Wt.(g) SL(cm) Wt.(g) SL(cm) (%) factor Conversion (kg)
(g/cm) Ratio
Local 35 45 58.1° 10.4° 86.6™ 0.0393° 12 6.0°
(0.4) (0.2 (1.6) (0.5) 1.4 0.2 (0.6)
IDRC 3.2 4.7 82.0° 125 85.3° 0.0417 112 84
(0.9 (0.5) (1.8) (0.4 2.7 (0.5) (0.9
GIFT 33 45 67.3 11.8™ 94,2 00413 112 7.6
(0.6) (0.5) (2.2 (0.5) 1.2 (0.3 (0.7)
GMT 34 46 69.3° 12.0° 9.6 0.0407%* 10 8.0°
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(0.6) (0.3 (1.8) (0.4) (L1 (0.2 (0.6)
different superscripted letters within a column denote significant differences (P <0.05)

Table 23 shows the initid weight and length and the harvest characterigtics of the four drains.
The IDRC sdected drain had the highest weight and standard length a harvest being
sgnificantly larger than the other srains. The locd grain was sgnificantly smdler than the
geneticdly improved srains, had significantly poorer condition factor (weight in proportion to
length) and a sgnificantly lower overdl yidd than the three improved srains. GMT had
sgnificantly higher surviva than the other three strains. Due to a combination of good growth,
high surviva and low food conversion ratios, the GMT produced the highest net return of all
the strains (see Table 24).

Table 24 Costs and returns of growing local and three genetically improved strains
in cagesin Lake Sebu, Mindanao.

Strain Total Total Production Net return Profitability Index
production sales costs
(kg) P P P Cost (P/kgfish)  Return (%)
Loca 300 7,500 6,888 612 22.96 88
IDRC 420 10,500 8,149 2,306 1950 281
GIFT 330 9,500 7,630 1,870 20.05 245
GMT 400 10,000 7,400 2,600 1850 3.1

This experiment was the firsd to compare the culture performance of different geneticdly
improved tilgpia The result demondrated that dl were consderably superior to the
unimproved loca strain. The fact that GMT produced the highest net return in an environment
where unwanted reproduction is not consdered a mgor problem, due the absence of
competition from recruits, is an indication of the potentid of the YY made technology. The
result demondtrates that the products of the YY mae technology can produce smilar or
greater benefits than more traditiona selection programmes which required greater resources
(as in the development of the GIFT drain) and\or a sgnificantly longer time to achieve gains
(asinthe 13 generations of sdlection applied in the IDRC programme).

FAC, Philippines- Replicated (x3) pond trialsunder variousfertilization regimes

The data for this trid is only available in terms of daily weight gains and specific growth rates
as summarised for the three replicates under the two fertilisation regimesin Table 25.

The results from this sudy are qudified by the problem with the experimentd design in that the
initial age and size of the fish were not well matched for the two types of improved fish and the
falure to determine the sex rétio of the fish & harves.
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Table 25 Mean growth rates (absolute and relative) of sex reversed GIFT and GMT
in ponds under two different fertilisation regimes over 126 days

Egypt-Swansea GMT SRT GIFT
Pond input Dally weight Specific growth Dally weight Specific growth
gan (gday') rate(%perday)  gan(gday’)  rate (% per day)

Fertilizer only 0.54 1.93 0.65 1.34
Fertilizer then 0.96 2.30 1.38 1.97
feed

Strain means 0.75 2.11 1.02 1.65

After 125 days of culture ANOVA on harvested fish weight showed significant effects of both
pond inputs and drain with the former explaining 79% of variation in mean fish weight and the
latter 27.5%. The pooled mean weight of the SRT GIFT was higher at 144.5 than the GMT
a 101.0g. GMT had ggnificantly higher (P<0.01) specific growth rates but lower daily
weight gain due to smdler initid weight. Due to the flaws in this experimentad design, the
results of this sudy are ambiguous and inconclusive.

AIT, Thailand - Replicate (x3) cage-in-pond trial at AIT

This experiment compared various options of monosex mae fish available following severa
years of work on technology transfer of the YY made technology a AIT. Table 25
summarises the results of this experiment dongsde two previous trids completed under R
5068A and these results areillustrated in Figure 12.

The relative growth performance of the strains in cages is somewhat variable and confounded
by variation in sex ratio and surviva which impact condgderably upon growth. A number of
trends can be seen. It is gpparent that the Egypt-AIT drain of O. niloticus showed better
growth performance than that of other treatments. Mean harvest body weight of EA, SRT in
two of the three cage trids were among the highest, the poorer performance in experiment 3
probably being due to its lower proportion of maes (66.9% mae). The Egypt-Swansea
grain O. niloticus presented poorer growth performance than that of the Egypt-AlT in mogt
comparisons (see Table 26). Thismay be aresult of adaptation of the Egypt-AlT dtrain to the
cage culture conditions and pond environment at AIT. This strain has been maintained and
bred over a least eight generations in hgpas in ponds, an environment not dissmilar to the
cage environment used in the trids. The Egypt- Swansea strain was only recently introduced to
Thaland and has evolved predominantly in closed recirculating systems and ponds and
therefore may not be well adapted to cage conditions.

Studies under previous ODA funded projects in the Philippines indicated that, contrary to
expectations, GMT performed better than androgen treated sex reversed fish both within and
between strains. This was attributed to lower recruitment and dower growth in sex reversed
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femde genotypes. In these trids, there were no sgnificant differences in mean harvest body
weight or yied between SRT and GMT of the same drain dthough the Egypt-AIT GMT had
improved harvest characterigtics over SRT in the same drain in experiment 3, the only oneiin
which they were compared.
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Figure 12 Histograms showing sex ratio, survival, harvest weight and yield from
three cage based experiments comparing the culture performance of various
Monosex male populations available at AIT.
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Table 26 Summary results of three growth performance trials of monosex O. niloticus in cages in fertilised pond with supplementary

feeding.
Trid Trestments Sex ratio  Survivd Mean Harvest Weight CV of Dally weght Yied
(% &) (%) Weight  gain(gday®)  (kgm®)
d& ¢ & 2
1 E-A, SRT 98.6 095.3%  466.3* N/A N/A 25.5° 2.46° 5.50°
E-S, SRT 99.3? 08.0°  300.9° N/A N/A 24.12 1.52° 3.64°
E-S, GMT 06.2° 87.3*  280.3° N/A N/A 21.0° 1.46° 3.09°
E-A X E-S, SRT 100.0° 733> 4236 N/A N/A 19.8° 2.14% 3.80°
E-AXES,GMT 82.6° 7277 300.8° N/A N/A 23.4° 1.51° 2.70°
2 E-A, SRT 85.3? 00.3* 2445® 2520* 182.9* 27.7° 1.28* 3.00?
E-S, GMT 65.9° 104.0° 223.1* 2432° 1853*  23.8° 1.16% 2.812
E-A X E-S, SRT 64.8° 102.00 218.0° 239.0* 177.2* 2507 1.14° 2,73
E-A X ES, GMT 56.7° 100.0° 211.4° 2389° 1756* 233 1.11° 2.60°
E-A x Hybrid, GMT 93.0° 82.0°0 282.0° 2869 210.3% 174 1.48° 2.662
3 E-A, SRT 66.9° 80.0* 241.0° 2565® 1985° @ 22.8° 1.42° 2.58°
E-A, GMT 100.0° 733  317.8° 317.8¢ N/A 20.62 1.89° 3.02%
E-S, GMT 90.7% 03.3% 246.9° 252.7° 1689° 2022 1.46%® 3.18°
E-A X E-S, SRT 65.4° 03.3*  240.2° 2575® 201.6% @ 17.4% 1.42° 3.07%
E-AXES,GMT 100.0° 0174 284.0° 2840 N/A 20.8° 1.69% 3.56°
E-A x Hybrid, GMT 89.5% 03.3* 255.8% 266.0° 147.9% 21.9° 1.51% 3.26%

Within trid vaues superscripted with different |etters are Sgnificantly different (P<0.05); N/A: not gpplicable or not available.
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AIT, Thailand - Replicated (x3) pond trial at AIT

This replicated pond experiment was conducted partidly to test the hypothesis that the loca

strain was pre adapted to culture in cages in ponds. The trial compared the performance of

Egypt-AIT SRT with GMT in the two drains and the hybrid between them. Table 27
summarises the harvest characteristics of the four monosex populations. It is evident that there
is very condderable between replicate variance in weight, surviva and yidd, the mgority of

which can be explained by varigble water qudity, especidly chlorophyll-a counts.

Table 27 Growth performance of monosex maleO. niloticusin fertilised ponds
without feeding. Valuesrepresent those from individual replicate ponds

Treatments Sex ratio Survival Mean Weight | CV of weight Yields
(Yo male) (%) )] (%) (kg/pond)
EA, SRT 984 62.0 1837 155 109
984 63.0 1065 159 6.2
955 67.0 1377 191 91
Mean 97.4% 64.0% 142.62 16.8* 8.7%
EA, GMT 984 62.0 1184 307 6.8
905 84.0 1253 334 105
95.0 400 512.3 16.4 20.2
Mean 94.6%* 62.0% 252.0° 26.8°2 1252
E-S, GMT 9.0 75.0 1195 17.6 80
725 80.0 2391 198 181
84.6 52.0 11238 371 6.7
Mean 84.4° 69.0° 157.1° 24.8% 10.9°
E-A X ESGMT 938 80.0 357.1 21 211
96.3 80.0 236.7 114 186
86.1 86.0 1195 117 9.7
Mean 92.1%® 82.0° 237.78 15.1° 1652

M eans within a column superscripted with different |etters are significantly different between treatments
(P<0.05)

Factorid andyss showed significant genotype (srain) and  environment (pond) interaction.
However, growth performance in terms of finad body weights and yields were not sgnificantly
different between the populations.

Previous reports on the growth performance of GMT have indicated that femaes in GMT
populations are late maturing, limiting or negating recruitment. In this pond based study recruits
were generated from femaes in both SRT and GMT populations in some replicates of dl the
drains, this being most significant in replicate 2 of the Egypt-AIT SRT and replicates 2 and 3
of the Egypt-AIT GMT. This recruitment did not seem to impact greatly on yidds.
Recruitment in the Egypt-Swansea GMT which had a high proportion of femae, was
negligible, confirming that these femaes may be later maturing and largely unreproductive.
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The inter-grain hybrid GMT E-A x ES, GMT and EA x hybrid, GMT) presented good
growth performance in both culture systems, cage-in-pond and in a fertilised earthen ponds,
however varidble sex ratio of the inter-strain hybrid GMT may be a congraint to the
goplication of the inter-gtrain crosses usng Y'Y -mades in tilapia aquaculture.

The results from this pond trid were inconclusive due to the high between replicate variance
but there were indications that the GMT in the Egypt-AlT strain and in the inter Srain crosses
have potentid to increase yields from pond culture. If sex ratios of these different monosex
populaions can be made more condgtant, possibly through the sdection of the femdes, it
would be more gppropriate to conduct such comparisons in communa stocking asit would be
logidticdly difficult to diminate the effect of replicate variance in the intepretation of results
from the kind of experimenta design usad in this study.

NAGRI, Thailand - Replicate (x3) pond trial at Surin DOF station

Reaults, induding datisticd andyss, are shown in Table 28. Sex ratios of both SRT and
GMT were 100% mae making the comparison a very valid one in terms of a comparison of
drains and of the methods of producing monosex fish. The result demonstrated a large and
sgnificant (P < 0.001) improvement in yield of the Egypt-Swansea GMT over the MST and
SRT of the Egypt-AIT grain with the growth curve (Figure 13) illudtrating thet the growth of
GMT began to diverge early on in the trid. This result is somewhat surpriSng as previous
tridsin cages & AIT had indicated that the growth of the Egypt-AlT strain was superior to
that of the Egypt-Swansea strain.  This result lends support to the hypothesis that the Egypt-
AIT drain is has been sdected to be locally adapted to conditions a AIT. The production
performance of Egypt-Swvansea GMT gppears very promising in this environment.

Table 28 Final weight, survival, yield and sex ratio of GMT (Egypt-Swansea)
compared to SRT and MST (Egypt-AlT) in replicated ponds at a DOF station in
Surin province, Thailand, after six months of grow-out.

Treatment Stran Sexraio Meanhavet Meansurvivd Meanyidd
%o wt (9). (%) (kg)
MST Egypt-AlT 78.37 130.25° 4453 19.26°
SRT Egypt-AlT 100 111.07° 50.02* 20.10°
GMT Egypt-Swansea 100 218.79° 77.23 54.30°%

ANOVA for weight (F=323.50; P < 0.001), GMT significantly higher than MST & SRT; ANOVA for
survival (F=1.78; not significant); ANOVA for yield (F = 15.73; P< 0.01), GMT significantly higher than
MST & SRT.
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Figure 13 Growth curves (mean of 3 replicates) in the pond based comparison of
GMT (Egypt-Swansea) with MST and SRT of the Egypt-AlT srain.
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NAGRI, Thailand - Replicate (x2) cage-in-pond trial at Nakhonpanom DOF station
The reaults from this sudy are shown in Table 29. Some Sgnificant differences were
observed despite there being only two replicates. The Egypt-Swansea GMT produced
ggnificantly higher weight, surviva and yield than the other drains and drain combinations.
The remaining results were somewhat unpredictable with the pure Chitraada strain MST and
the crossbred GMT producing the next highest mean weights and yields respectively.

Table 29 Results from the growth comparison, in cages over a five month period, of
purebred and crossbred Nile tilapia at Nakhonpanom (mean of two replicateswith 30

fish per cage)
g g crosstype mean harvet  mean surviva mean
weight () (%) yidd (kg)

E-S YYES purebred ESGMT 166.47° 01.43? 4572
Ch YY ES  crossored GMT 121.94° 60.00° 2.19P¢
Ch Ch purebred Ch MST 153.84° 65.712° 3.03
E-S E-S purebred E-S MST 87.89° 67.14%° 1.77¢4
Ch E-S crossbred MST 116.46°¢ 52.86° 1.75¢4
E-S Ch crossbred MST 88.38° 37.14° 0.98¢

E-S = Egypt-Swansea strain; Ch = Chitralada; ANOVA for weight (F=15.83; P<0.01); ANOVA for
survival (F=4.51; P < 0.05); ANOVA for yield (F=26.36; P < 0.001)

The culture performance of the GMT appears promising in this environment even though MST
of the Egypt- Swansea strain does not rank well for growth. This may be associated with the
100% mae sex ratio of the GMT. When the rdative performance of the srainsin thistrid are
compared with those of the cage trids a AIT, it would seem probable that the growth
performance of the Egypt- Swansea superior to that of the Chitraada strain.
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NAGRI, Thailand - Replicate (x2) pond trial at Surin DOF station (experiment
repeated at Pitsanulok DOF station)

These two trids compared the monosex growth performance of the sdected locd Chitraada
strain and the introduced selected GIFT - SRT with that of the introduced GMT in the Egypt-
Swansea drain in extensvely managed ponds. Egypt- Swansea GMT had the highest weight
in firdt trid but lowest in second. Surviva of the GIFT ranked highest in both trials, with the
local Chitrdada strain having the lowest survivadl. The SRT GIFT produced margindly higher
yield in both trids but none of the differences were sgnificant. GMT had 100% male sex
ratios in both trias compared to mean sex ratios of 65 to 86% mae in the sex reversed fish,
further illugrating the limitations of the latter technique in conggently producing dl mde
populations.

Table 30 Summary of harvest characteristics (s.d.) of replicated pond trials at Surin
and Pitsanulok comparing the culture performance of SRT of Chitralada and GIFT
grainswith that of the Egypt-Swansea GMT.

Stran Survivd (%) % mde Mean weight (kg) Yield (kg)
Surin
Chitrdada SRT 38.33 7291 159.37 17.26
(21.64) (6.35) (81.20) (12.79)
GIFT SRT 53.33 86.29 143.87 25.51
(15.0) (0.33) (1.90) (6.20)
Egypt-Swansea 43.33 100.0 157.99 22.04
GMT (7.29) (0.0) (45.50) (1.32)
Pitsanulok
Chitralada SRT 40.20 97.13 392.58 78.82
(2.26) (4.06) (22.13) (0.04)
GIFT SRT 64.20 67.64 266.12 85.09
(12.45) (10.90) (15.27) (11.70)
Egypt-Swansea 52.40 100.0 261.94 68.20
GMT (5.66) (0.0) (12.73) (3.72)

Summary of growth trials

When viewed collectively the growth trids conducted in Thailand did not yied an entirdy
condgtent picture. The following lig summarises some of the principd findings from these
growth trids.

There is no one drain or strain combination that can be universdly recommended for dll
environments.

Thereis some indication of loca adaptation of srains, specificaly the rdative performance
of the Egypt-AlT in cagesa AlT.
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The Egypt-Swansea drain, in its mixed sex form, rarely out grows other drainsin Tha
environments but its surviva is good.

There gppears to be advantage to culturing a crossbored GMT which usualy produces
growth rates on a par with or exceeding that of the pure strains. Sex ratios or crossbred
GMT seem to be acceptablein al cases.

Of the selected fish the selected Chitralada does not seem to be a good candidate. The
GIFT does not have exceptiona growth but usudly has high survival.

GMT outperforms SRT in most cases even if SRT has a higher sex ratio.

It may, in due course, be recommended that we use YY maes with any available pure
grain O. niloticus.

Investigations into Salinity Tolerance
During the early stage of fry nuraing, the sdinity varied from 0 to 12 ppt. Table 31 shows that
there were no ggnificant differences in sze of the fish after this period of nurang.
Unfortunately, surviva datais not available.

Table 31 Mean weight (g), sandard length (cm) and standard errors of GFT and
GMT cultured in net cages at 500 fry per n’. Based on the third month of Phase 1,
harvest data, including survival, isnot available

Genotype Weight (g) Standard Length (cm)
GFT 1.9+ 0.051 4.6 £ 0.045
GMT 2.0+ 0.075 4.7 £ 0.046

Sdinities recorded for the three month duration of the Phase 2 culture period ranged from
13ppt to 27ppt, with a gradua increased in sdinity up to April 1996. During the third month
of culture 20 to 60% of the fish stocked in each replication were infected with a range of
diseases. This coincided with, and was presumably caused by, the highest levels of sdlinity
athough temperature was dso quite low at thistime (24°C). The outbreak of disease resulting
in high mortdity ranging from 85 to 97%. This high mortdity which varied between treatments
and replicates largely invdidated the comparisons of weight and length which did indicate that
GMT had sgnificartly higher weight.

Clearly this srain of O. niloticus is not suited to culture in this kind of brackishwater
environment with salinities as high as 27ppt.
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Table 32 Mean weight, standard length, standard errors and per centage survival of
genetically female tilapia (GFT) and genetically male tilapia (GMT) in cages at two
stocking densities.

Genotype Weight () Standard Length (cm) Surviva
100 200 100 200 (%)

Initial

GFT 350191 51+0.327 59+ 0.103 6.6 £ 0.132 14.7

GMT 43+0.271 43+ 0.235 6.3+ 0.133 6.5+ 0.109 9.7

Harvest

GFT 35.9+1.590 457 +3019° 122+0.183 131+ 0.292° 6.7

GMT 50.5 £ 3.008*** 50.1 + 5.553 13.6 £ 0.287*** 135+ 5.553 2.7

Numbers with asterisks within column are comparison between GFT and GMT at the same stocking
density. Note: *** P<0.0001; Numberswithin row with superscript | etters are comparison of weights or
standard length between the two stocking densities within GFT or GMT. Note: a= P<004; b = P<0.02.

Additional Complementary Research Activities

Fish marking and tagging

Experiment 1 - Individual marking

Andyss showed that there were no sgnificant differences in the mean initid weight of fish
stocked for the five different types of taggmark in size group 1 (6.4 - 38.3 g). However, in
Size group 2 (15.7 - 44.9 g), fish stocked for spaghetti and binary coded-wire tag had had
sgnificantly higher (P<0.05) mean weight than the fish marked with the other three types of
tagging, presumably due to ron random sdection of fish prior to tagging. Since the mean
weight and sandard length of the fish a harvest was not influenced by their initid weight and
gtandard length, corrections for these minor differencesin initial weight were not made.

Comparisons among treatment means of weight (g), standard length (cm) and estimated
percentage tag retention at the end of the 180 day grow-out period are presented in Table 33.
It is interesting to note that the fish marked or tagged using interna tag/marks that do not
cregte or cause large or persstent  wounds on the body of the fish, such as PIT tags, binary-
coded wire tag and fluorescent lastomer marks have sgnificantly faster growth than the fish
that were tagged with ether spaghetti or fingerling floy tag. This result was true for both sze
groups of fish evduated in this experiment.
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In terms of estimated tag retention however, the spaghetti tag had sgnificantly better retention
(estimated to be 100% in both size groups) than the dternative types of tag evauated other
than the binary-coded wire tag. However, there were apparent disadvantages in using
spaghetti tags compared to binary-coded wire tags. These limitations are that the spaghetti
tag can only be gpplied to larger fish, they are expensive, they wear out or get soiled and
become unreadable in a rdative short time, infections can result after gpplication, the tag can
get snagged in nets or even vegetation. For the above reasons, the binary-coded wire tags
seem more appropriate athough they have the mgor disadvantage of the high cost of the
equipment and the fact that the fish would mogt likely have to be sacrificed in order to read the
tag number (but not to detect its presence).

Table 33. Mean weight (g), standard length (cm), standard error and estimated

percentage tag retention of tilapia tagged or marked using individual tagging or
mar king techniques after 180 days of grow out in cages.

Size range for group

6.4-383¢g 15.7- 4499

Tag Type Wt (g) S (cm) Estimated % Wt (g) S (cm) Estimated %
(Treatment) retention retention
Pit tag 57.8%1.77 11.3%0.13 63.4 74.2%¢154  12.6%0.09 57.6
Spaghetti tag 42.7°+1.51 10.3°+0.12 100 63.5°+1.40  11.9°+0.08 100
Binary-coded 59.5%1.37 11.4%0.10 95.5 75.0%1.12  12.6%0.06 90.9
Floy tag 51.9°+7.3 10.6°+0.54 6.2 50.8+4.05  11.5°+0.34 5.3
Elastomer 60.4%1.67 11.5%0.11 58.0 72.9%4212 125%0.13 56.8

Experiment 2 - Batch marking

Comparison amnong means using showed that mean initid weghts of fish varied sgnificantly
between the fish marked with the different techniques. However, this was not thought to have
hed asubgtantid effect on harvest weight.

The results in terms of harvest weight and percentage tag retention following 180 days of
grow-out in cages are summarised in Table 34. These show that fish marked with Alcian blue
dye and fluorescent dastomer marks were sgnificantly faster growing than the fish having
different kinds of tag/mark. However, in terms of tag retention, pectord fin clipping was
sgnificantly better than the remaining five methods. It can be noted that tag retention in
binary-coded wire tag was sgnificantly lower for this experiment than observed in experiment
1. This was a somewhat surprisng result and may have been due to poor gpplication
technique on smdler fish.

Table 34 Mean body weight (g), standard length (cm), ¢ sandard error) and
estimated percentage tag retention of batch marked fish. Comparisons among
treatment meanswere carried out using arange test

Tag Type (Treatment) Bdwt (g) S (em) Estimated % tag
retention

Alcian Blue 38.4°+1.29 9.9%+0.10 58.8°+4.55

Pectoral fin clipping 27.3°£0.92 8.7°+1.18 98.6°+1.37
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Premaxillae clipping 16.6°£0.79 7.6%£1.28 79.9°+4.05

Elastomer marks 38.0%+1.66 9.7%+1.36 66.8°+9.28
Binary-coded wire tag 32.4°+2.56 9.3°+1.16 21.8%+6.66
Floy Tag 24.1°41.74 8.4°1.41 31.9%2.17

M eans within a column sharing the same superscript |etters are not significantly different (P>0.05)

It can be concluded from these experiments that tagging or marking techniques which can
cary the risk of infections due to the wounds creeted by the tagging/marking technique can
result in growth inhibition. However, tag retention may ill be high such as with the spaghetti

tag.
Pectora fin clipping if carried out properly can be chegp and smple technique for batch

marking. This method does however carry some potentid disadvantages such as stressduring
handling and dipping the fins and the limited number of fin dipping combinations.

It can be concluded from these experiments that tagging or marking techniques which carry
the risk infections due to the wounds created by the tagging/marking technique can result in
growth inhibition. However, tag retention may sill be high such as with the Spaghetti tag.

Pectora fin clipping if carried out properly can be chegp and smple technique for batch
marking. This method does however carry some potential disadvantages such as stress during
handling and dipping the fins and the limited number of fin dipping combinations.

Basad on these reaults the initial decison was taken to fin-clip YY maes and normd femdes
transferred to hatcheries. Left and right pectora fins are clipped for males and femaes

respectively.

Based on literature and the findings of other researcher, binary coded tags have the potentia
to be effective in tilgpia. Late in the project we were successful in procuring a hand held tag
applicator, which was much more efficient than the syringe used in the initid trids. This was
used to mark fish in a new location, the chesk just below the eye. At the time of writing
retention of this tag is >96%. A decison has been taken to use this method to mark YY
males that are kept on station or distributed to hatcheries. Whilst the presence of the tag can
only be detected using an expengve, purpose made, metal detector, this will not provide a
method for farmers to identify the fish but will enable the researchers to check the broodfish
for contamination.

Publications and presentations

A number of important publications were accepted for publication or came to press during the
project. With this being an adaptive project, conducting principally applied research, the
major emphasis on outputs related the dissemination of the products of the research to the
farmer. A magor written output of the project however, was a technica manud targeted at
hatchery managers using or gpplying to use YY mae broodstock for the commerciad
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production of GMT (seethelist below for titles of the book and the chapters therein). Further
disssmination and extenson related outputs include a 22 minute video, entitled “No sex
pleese, were growing” or “The YY Made Technology - Breeding better fish for the
enhancement of aguaculture production”. This video, paid for out of a dissemination fund
resulting from the income generating project atached to this research project, has been
digributed to NARS ingtitutes throughout the Philippines and will be used for demondrating
the technology to NGOs, PO and private farmers. Also, in aid of information dissemination, a
brochure describing the YY mae technology and GMT was printed for genera dispersd to
any and dl interested parties.

The following lists the papers that were published or came to press during the course of the
projectproejet:
Abucay, JA. (1997) The YY male technology and its products. In: Mair, G.C. and Abdla,

T.A. (eds) Technoguide on the Production of Geneticdly Mde Tilgpia (GMT).
Freshwater Aquaculture Center, Central Luzon State University, Philippines: 14-26.

*

Bartolome, Z.P. (1997) Extensive and semi-intensive pond based tilgpia hatchery production
sysems. . In: Mair, G.C. and Abella, T.A. (eds.) Technoguide on the Production of
Geneticdly Mde Tilgpia (GMT). Freshwater Aquaculture Center, Centrd Luzon
State University, Philippines. 52-57. *

Beardmore, JA. (1995) Sex and the singletilapia. Aquaculture News 21 p25**

Capili, JB. (1997) Dissemination drategies for the YY mae technology and its products. .
In: Mair, G.C. and Abdlla, T.A. (eds.) Technoguide on the Production of Geneticaly
Mae Tilapia (GMT). Freshwater Aquaculture Center, Central Luzon State University,
Philippines. 58-66. *

Mair, G.C. (1997) The problem of early sexud maturity in tilgpia culture. In: Mair, G.C. and
Abdla T.A. (eds) Technoguide on the Production of Geneticdly Made Tilapia
(GMT). Freshwater Aquaculture Center, Central Luzon State Universty, Philippines:
6-13. *

Mair, G.C. and Abdla T.A. (eds) (1997) Technoguide on the Production of Geneticaly
Mae Tilgpia (GMT). Freshwater Aquaculture Center, Centra Luzon State Universty,
Philippines. 67p *

Mair, G.C., Dahilig, L.R., Mordes, E.J., Beardmore, JA. and Skibinski, D.O.F. (1997)
Application of genetic techniques for the production of monosex mde tilgpia in
aguaculture: Early experiences from the Philippines.  Proceedings of the Fourth
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Centrd America Symposum on Aquaculture, Tegucigapa, Honduras, April 22-24,
1997. 225-227. **

Mordes, EJ. (1997) Intendve tilapia hatchery production systems. . In: Mair, G.C. and
Abdla, T.A. (eds) Technoguide on the Production of Geneticdly Mde Tilgpia
(GMT). Freshwater Aquaculture Center, Centrd Luzon State Universty, Philippines:
39-51. *

Pascud, L.P. and Mair, G.C. (1997) Culture performance of genetically maletilapia (GMT).
In: Mair, G.C. and Abdlla, T.A. (eds.) Technoguide on the Production of Genetically
Male Tilapia (GMT). Freshwater Aquaculture Center, Centrd Luzon State University,
Philippines 27-38. *

Roderick, E.E., Garcia-Abiado, M.A.R., and Mair, G.C. (in press) Fish tagging and marking
methods for genetic programmes in aquaculture. Proceedings of the Second AADCP
Internationd Workshop on Genetics in Aquaculture and Fisheries Management,
Phuket, Thailand, Nov. 7-11, 1994, **

Sevillga, R.C. (1996) Freshwater Aquaculture Development in the Philippines: The Case of
Tilapia Ph.D. thesis, University of Wales. 345p

Tuan, P.A., Abucay, JS, Little, D.C. and Mair, G.C. (in press) Prdiminary investigation in to
the feaghility of transfer of the Y'Y-male technology to the Thai Chitrdlada strain of
Oreochromis nilaticus L. Proceedings of the Second AADCP Internationd
Workshop on Genetics in Aquaculture and Fisheries Management, Phuket, Thailand,
Nov. 7-11, 1994, **

Tuan, PA., Little, D.C. and Mair, G.C. (in press) Genotypic effects on comparative growth
performance of al-maetilgpia Oreochromis niloticus (L.). Aquaculture. **

Vera Cruz, EM. (1997) Biology and reproduction of tilapia in the Philippines. In: Mair,
G.C. and Abdla T.A. (eds) Technoguide on the Production of Geneticdly Mde
Tilgpia (GMT). Freshwater Aquaculture Center, Centrd Luzon State Universty,
Philippines 1-5. *

* - see accompanying documentation

** - seecopiesin Appendix 9

In addition to these forma publications there has been considerable press coverage of the
technology induding aticles in nationd newpapers and severd features on agricultura
documentarydecumentar programmes on televison (see Appendix 10).

Meetings held
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Network planning with State Colleges and Universities

A two day workshop for fisheries scientists from State Colleges and Universties (SCUs) was
held in early October 1995. Detalls of the Project’s progress and objectives were presented
on the first day. The second day was taken up with discussions of the prospects for a
National Network of hatcheries producing and disseminating GMT. The mgority of delegeates
(21 people representing 14 SCUs) were enthusiagtic to proceed with this network with
severd committing to fund the establishment of their own hatcheries. Others will clearly need
to source financia support to develop or upgrade their hatchery facilities.

Consultation Workshop with Philippine NGOs
Following didogue on internet fora, much of it misnformed, concerning environmenta and

s0cio-economic impacts of the introduction of genetic technologies, the project sponsored a
mesting between scientists and representatives of NGOs.  This meeting, held at CLSU, was
atended by representatives from five Philippine NGOs concerned with aguaculture and
fisheries and two Peopl€' s Organisations (POs). The meeting consisted of presentations on
the Y'Y mae and transgenic technologies and was followed by discussons of important socio-
economic and environmental issues. There was a fairly broad consensus thet the YY mae
technology represents little or no environmentd risk, and as a replacement for sex reversd,
may have red bendfits. Discusson helped in identifying the important socid and economic
ISsues.

Severd of the NGOs expressed an interest in collaboretion, especidly in relaion to
information dissemination (afair criticiam levelled at the scientist was that they sddom did this
effectively) and assgance to smal famers. Some of these contacts were followed up.
Mesetings with a fisherfolk's NGO, Tambuyog has resulted in plans being formulated to
collaborate on the production of information material and to investigate the potentia for GMT
culture as an dternative livelihood resource for a coastal project areain Bicol.

A linkage has aso been established with a PO, the Integrated Multi-Purpose Co-operative
Incorporated (IMPCI). It is hoped that the project can work with the co-operative to assist
ther fish farming members (10 in dl) to grow GMT and later to hep them establish their own
GMT hatchery. IMPCI is a member of a larger organisation and if collaborative efforts were
successful, could provide a link to a wider state and even nation-wide network of people’ s
organisations (POs).

In-house project review

Attended by 34 daff of the project, CLSU's FGBP and FAC faculty and dtaff. The
workshop was held in two parts. The first held at FAC, CLSU on January 19 and 21, 1997
reviewed the progress of research and dissemination activities up to the present and identified
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key congraints to the application of the technology. Stage two held in Boracay I1dand, Panay
from January 22-24, 1997 consisted of four working group sessons. These discussed i)
research condraints to the further development and improvement of the technology, ii)
condraints to maximisng GMT fry production for dispersd to farmers, iii) the structure and
function of Phil-Fishgen, the income generating project, and iv) socid and economic issues
related to the dissemination of GMT.

The mesting provided an invauable opportunity to review the progress of recent research on
the YY made technology. The workshop produced a series of priorities for future research
which were used in the design of proposds to conduct research following on from that
presented in this report.
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Contribution of outputs

Summary of outputs

The anticipated outputs for this project and the progress made towards these outputs are
summarised in the list below:

Programme and necessary broodfish for mass production and appropriate
dissemination of the YY male technology developed and initiated.

Achieved - Based on the results of this project (and with regard to results obtained under
previous projects) a dissemination programme was designed and initiated (see below
under “uptake of the research products’). The programme was initisted earlier than
expected and has been exceeded expectations to the extent that the technology is aready
likely to be having an impact upon the indudtry.

Feasible and effective methodology for technology transfer of YY male technology
devel oped.

Achieved - Theresearch a AIT demongtrated that indirect transfer and gpplication of the
technology anew can dso be used to transfer the technology in addition to the smplest
form of direct transfer. The growth trids indicated that the crossbred (locd x introduced
YY) and the locd (Egypt-AlT srain) GMT exhibit superior growth performance to the
introduced GMT in most environments and are likely to become the preferred GMT in
Thailand.

YY male technology transferred to Thailand

Achieved - The technology wes effectively transferred to Thailand. Under the method of
direct transfer NAGRI has even commenced dissemination of the Egypt-Swansea on a
medium to large scale and the Thai Department of Fisheries has made a policy decison to
disseminate the products of the technology throughout the country.

Case studies on socio-economic status of tilapia farmers produced and likely long
term impacts of the introduction of YY male technology deter mined.

Partially achieved - Two case studies were completed and the principal factors related
to the adoption of technologies were identified. However, without setting up farm trids it
proved difficult to accuratdly predict the likely long term impects of the introduction of the
YY mae technology.

Brackishwater tolerant strain of O. niloticus identified

Not achieved - with the bendfit of hindsight this activity did not fit well with the principa
activities. Only one field trid was completed which did not yied much useful data. This
topic should be researched in a single project dedicated to this objective.
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A further output of the project was the identification of appropriate tagging methods for usein
identifying Y'Y males used in the dissmingtion programme.

Uptake of the research products
The YY made technology, through the success of this and preceding project, is beginning to
have a mgor impact through the dissemination of the products of the technology, namey
GMT producing broodstock (YY maes and norma femaes) for haicheries and the GMT
themselves for tilgpia growers.

Phil-Fishgen, a mechanism for the dissemination of the products of the YY
male technoloqy in the Philippines

The project has supported very sgnificant advancesin the promotion and dissemination of the
products of past and present research and development on the YY male technology. Early in
1995 CLSU, with the assstance and support of UWS and the project, established Phil-
Fishgen. Phil-Fishgen is an income generating project of CLSU, initiate with gpprovd fromits
Board of Regents. The relationship of Phil-Fishgen with the other organisations involved in
this project is summarised in Figure 3.

Rationale and obj ectives

It isimportant that the improved yields that have been demondirated in controlled growth trids
be trandated into sustainable increases in production on-farm, improved availability of amuch
needed and cheap source of protein, and improved livelihood for resource poor, rurd fish

farmers. In order for these objectives to be attained Phil-Fshgen was initiated to establish a
national network of producers as mechanism for further research and development of the
technology, and the distribution of YY male broodstock and, consequently, production of

gendticaly maetilapiain al the tilapia growing regions of the country. Specific objectives of
the program include:

Support and conduct of research on the improvement of the Y'Y mae technology.
Establishment of anaiona network for the dissemination of geneticaly mdetilapia

Transfer of the technology to the tilapia culture industry through training and production of
extenson materias such as brochures, technoguides, posters, manuals, etc.

Egablishment of mechaniams for the financid sudtainability of the aforementioned
operations.
Sructure

As a direct result of the success of this and previous ODA FGP projects under the
collaboration, CLSU egtablished its Fish Genetics and Biotechnology Programme (FGBP) in
1995. The locd scientific and support staff trained under this and previous project were
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inditutionalised under this project with the mgority the their sdaries paid by CLSU. The
research projects and Phil-Fishgen were mgor activities under the FGBP.

The network for the dissemination of the products of the YY male technology has athree tier
dructure, the firg tier involves the continued research, testing and development of the
technology a FAC\CLSU, designated at the Breeding Center. The research done under this
project and under R 6058 formed part of the activities of this Breeding Center. Products of
the research and development (i.e. YY mae and norma femae broodstock) will be mass
produced here (at aratio of 1 YY mde to 3 norma femaes) for digtribution to GMT fry
producers. In addition, the Breeding Center will dso produce GMT from YY mae
broodstock, for distribution directly to farmers. It was proposed that production capacity of
GMT a FAC should be, in thefirgt instance, gpproximately 10 million GMT per annum.

The second tier of the network are GMT producers who obtain their broodstock from the
Breeding Center. It was proposed that the primary GMT producers are private sector
commercia hatcheries, State Colleges and Universties (SCUs), and peoples organisations
(POs), digtributed throughout the Philippines. In areas where tilapia production is
concentrated, additiond producers will be identified in Loca Government Units (LGUs). All
these producers will sdl fry direct to the third tier, the farmers, with co-ordinated extension
activities to make farmers aware of the availability of GMT. The Sructure of the network is
described in Figure 14.

Due to adminigtrative protocols required to establish fingerling production in SCUs and LGUSs,
the private sector hatchery operators have been the first beneficiaries of the technology and
have been producing GMT for dispersa to farmers.

Phil-Fishgen is managed and run by a management committee made up of representatives of
FAC, CLSU, UWS, The research project and ODA Fish Genetics Programme.

GMT production at the Breeding Center

Fingerling production is done in two demondration tilgpia hatchery facilities. One is a semi-
intensive pond based system on a new one hectare site with 32 x 200m? ponds constructed
by Phil-Fishgen. The second system is a more innovative and intensive hapa based system
utilisng atifica incubation of eggs. The breeding is and nuraing of fingerlings is done hapas
ingaled in ponds which are rented by Phil-Fishgen from CLSU, and the eggs are incubated in
a hatchery congtructed jointly by this project and Phil-Fishgen. Both facilities are dso used
for training of farmers and sudents dike.

Final Report Contribution of outputs - 86



Figure 14 Structure of the dissemination network for GMT and GMT producing
broodstock under Phil-Fishgen.
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Figure 15 shows that the production of GMT fingerlings has varied condderably throughout
the two year period, from April 1995 when it was initiated. The last two months of the
project saw a rapid rise in production as new broodstock and new facilities were added to

increase hatchery capacity.

This fry production is dmost entirdy from the pond based hatchery. Hapa based hatchery
production has been very low as we suffered the effects of shortage of nets and various
teething problems associated with the hatchery. For the duration of the project (two years of
production) atotal of 5.2 million fry were produced, of which 2.5 million were dispersed as
fingerlings. Thisis dill along way short of the targeted 10-12 million per annum but the trend
during the last year of the project has been one of increasing production.  With the large
increase in production associated with the implementation of further improvements to the pond
based hatchery management in February 1997 we are now optimigtic of attaining the target for
pond based production within 12 months from the end of this project.

With over hdf a million fry being produced from 2,300 packages, this is equivdent to a
monthly production of 225 fry per package per month. This compares favourably with most
of the commercid producers but it is clear that this figure could be and will become
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subgtantiadly higher. With reference to the on-farm trias (see page 21), our own on-gtation
production was consderably greater than most of the commercia hatcheries and reflects the
lack of experience for many of the new hatcheries who joined in the experiment as co-
operators. The average sex ratios for GMT produced on station ranged from 91.5 to 95%
made.

Figure 15 Chart showing monthly fry production and fingerling dispersal of GMT
from the Breeding Center at FAC, CLSU.
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Dispersal of GMT fingerlings

Fingerling dispersd, has for the most part mirrored the fluctuation in fry production, with aone
month time lag, the period required to nurse the fry. The survival rate during nursing has
ranged from 65-70%. Figure 16 illugtrates that GMT dispersal has been concertrated in the
Provinces of Central Luzon with nearly 50% of GMT being sold to farmers in Nueva Ecija
with the bulk of the remaning fry going to the neighbouring provinces of Tarlac (10.7%),
Pampanga (10.7%), Bulacan (8.5%) and dightly more distantly to Isabela (6.9%). However,
the GMT have been dispersed widely, dthough not in great numbers. It has now been
cultured in 20 Provinces on over 170 farms.

Broodstock Production at the Breeding Center

YY males were mass produced in YY male by YY femde crosses at the Breeding Center.
These YY made lines are perpetuated by occasiond feminization of YY made to femde to
cregte aufficent YY femdes. All-femae lines are amilarly perpetuated by occasiond
masculinization of XX femde to mae. As part of the research under R. 6058, these YY
mades, YY femdes and dl-femde lines were sdlected for their combining ability for growth

Final Report Contribution of outputs - 88



and sex ratio in GMT. Initidly dl broodstock were marked by fin clipping a the juvenile
stage and distributed to fry producers as post fingerlings (5-10g). Following some problems
with contamination and/or loss of Y'Y male broodstock by hatcheries this policy was modified
so that only femaes were dispersed as post-fry and the YY maes were grown up to sexud
maturation prior to stocking in hatcheries.

At the end of the project, based on the results from our tagging work, it was decided thet al
YY maeswill be marked with abinary coded wire tag.

Figure 16 Map showing dispersal of GMT from Phil-Fishgen's hatchery at FAC-
CL SU from the time that production began in April 1995 up to March 1997.
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The breeding center maintains the capacity to produce GMT producing broodstock at 5,000
to 10,000 packages per month athough this capacity was not met due to phased
accreditation.

Accreditation and monitoring

A system of accreditation for GMT fry producers has been developed and initiated in the form
of an annualy renewable certification and licensng sysem. Interested parties are invited to
apply for accreditation and the gpplication is then consdered following afarm vidit. There are
two forms of accreditation related to how the hatchery pays for the technology. Broodstock
can ether be purchased under Scheme 1 or a roydty is pad on estimated fingerling
production. Details of these schemes are shown in Appendix 11.

If accreditation is granted, the requisite number of fish are set aside and then ddlivered to the
hatchery. The hatchery initidly receaives a preliminary Sx month licence followed by annudly
renewable full licences. Hatcheries also receive booklets of certificates which are given to the
GMT buyers, certifying the fish as GMT. Accredited hatcheries are dso required to sign a
memorandum of agreement governing the conditions of accreditation (see Appendix 11 for
samples of these documents).

Support services are given to accredited hatcheries in the form of training for the hatchery
managers and regular farm visits are mede to check on production and to collect samples for
sex raio anayds. Fry should have a sex ratio close to 95% mae and sex ratios significantly
lower than this would indicate a problem such as contamination of broodfish. If a hatchery is
consgstently unable to produce the required quaity of GMT then accreditation can be
withdrawn.

A totd of 17 private sector hatcheries were accredited in two phases in 1996. After these
two phases of accreditation the process was postponed for evauation of procedures.
Accreditation is expected to recommence in July 1997 and more than 30 applications were
being held on file a the end of the project. The location of the accredited hatcheries can be
seenin Fgure 17.

A totd of 19,500 YY mae packages have been dispersed to these hatcheries and we
estimate these are capable of producing over three million GMT fingerlings per month.
Training

Training in hatchery and broodstock maintenance techniques is consdered as a very important
component of this network. To date one training has been held for the accredited hatchery

managers. The training, sponsored by a commercid fish feed company, was held over two
days in April 1996 and was atended by over 30 participants. The trainees received a full
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orientation on the YY mae technology and its gpplication. The lecture notes used for this
training were |ater developed into the technoguide (see publications - page 79).

Sustainability
Although funding is made available by CLSU through the ingtitutiondisation of the mgority of
the staff trained under this and previous ODA funded projects, there is still a requirement for
funds to support its activities together with those of the dissemination network. It is the long
term objective that the activities of Breeding Center should be financidly sdf sudaining
including the funding of research. It is consdered that ultimately al the activities of the network
should be financidly sdf-sugtaining, being independent of externa sources of funding. It is
hoped that this scenario could be attained by the end of the century.

Figure17 Map of Luzon idand showing the location of accredited hatcheries
including private sector, hatchery co-operators and SCUs.
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Phil-Fishgen has four possible sources of income to the Breeding Center in addition to core
support that it may receive through CLSU; (i) the revenue from direct sde of GMT to
farmers.(ii) sdeof broodstock to fry producers and/or, (iii) collection of roydties on fry sold
by the fry producers. Phil-Fishgen has been in operation for two calendar years. 1n 1995 it
generated a net income equivaent to gpproximately £18,000 but in 1996 this fdl to only
£4,700 due to fewer accreditations.

Thevalue of the technology

Due to the variahility in production rates and profitability for the different hatcheries it is
difficult at present to determine accurately the economic impact of the introduction of the YY
male technology and its products. It is however possible to estimate the potentia vaue of the
indugtry that will be impacted by the technology.

We edimated that at the end of the project, GMT fingerling production in the Philippines
(combining that from FAC and the accredited hatcheries) represents approximately three to
five percent of the totd demand for fingerlings. Based on a present estimate of 40 million
GMT fingerlings produced per year, we can edtimate the total vaue of GMT fingerlings sales
to be 12.2 million Pesos or £300,000 per anum. Given assumptions of survivd and
productivity during grow-out, this equates to a gross income from the grow-out of GMT of
200 million pesos or five million pounds.

It is clear therefore, that even if GMT gave only modest increases in profitability (and previous
projects estimated substantia increases) it is likely to have a very mgor impact on the vaue of
the tilgpia culture indudiry of the Philippines. Thisis likely to extend to increased profitability
to hatcheries, growers and consumers.

Relationship to other national programmes

BFAR's National Freshwater Fisheries Training and Research Center (NFFTRC) and FAC,
CLSU co-ordinate the activities in the Philippine Nationa Tilgpia Breeding Programme
(PNTBP) at CLSU. The PNTBP has been created with the principa objective of continuing
the sdective breeding programme and to effectivey disseminate the genetic gains of the
Genetic Improvement of Farmed Tilapia (GIFT) project, being executed by the Internationa
Center for Living Aquatic Resources Management (ICLARM). This activity has been
subsumed by the newly formed GIFT Foundation Internationd. Asaresult the activitiesin the
dissaminaion through Phil-Fishgen and under the auspices of FAC's Fish Genetics and
Biotechnology Programme (FGBP) are set to become amgjor activity of the PNTBP.

Summary

Currently in the Philippines, there exigts an acute shortfdl in the avalability of qudity tilgpia fry
for grow-out. The hatcheries that exist are operating largdly inefficient hatchery technologies,
using poor quality broodstock. In addition, these hatcheries are concentrated in certain
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regions of the country, and no mechaniams exis for fry trading or didribution. It isto be
hoped that the establishment of a network for the dissemination of genetically male tilapia,
utilisng the proposed network structure and incorporating improved hatchery technologies,
will greatly dleviate these problems. It is hoped thereby providing support for improved
livelihood of rurd fish farmers through the ready availability of improved tilgpiafry.

Dissemination of the YY mae technology in Thailand

The Tha Depatment of Fisheries, through NAGRI, has rdleased information materid to
farmers and have had a number of press articles on their work on the YY mae technology.
The Tha department of fisheries commenced digtribution of GMT and YY mae broodstock
to farmers early in 1996. A programme for dispersd of YY mde and norma femde
broodstock to regiona DOF dations has developed dowly due to problems with loss of
important broodfish in widespread flooding in 1996. However, NAGRI was able to conduct
atraining course on the Y'Y mae technology and its products, for the DOF gtation managers,
inmid 1996. At the end of the project GMT are being produced at NAGRI’s own research
gation and in two provincid gations, the latter two having received 300 Y'Y males packages.
To date there has been no dispersal of YY maes to private sector hatcheries. It is planned,
within the next year, to digperse GMT producing broodstock to gpproximately haf (60-70) of
the Government fisheries gations , possbly requiring up to one million YY mae packages.
The GMT, which sl at four times the normad price of fingerlings (B0.20), are neverthdessiin
great demand. It is edtimated that NAGRI and the two fisheries stations are presently
digoerang one to two million GMT fingerlings into the indudtry in Thaland. No information is
presently available relating to the location and economic status of the present bengficiariesin
Thailand.

Implications and Priorities

As previoudy dtated a project workshop was held in the Philippines in January to review
progress of the research and to develop recommendations for future research and
dissamination (exclusvely those pertaning to the Philippines). Some important
recommendations arising from this project are summarised below:

Research and Devalopment in the Philippines

This and previous projects funded by the ODA Fish Genetics Programme have placed
emphasis on the more technicd and biologica development and evauation of the technology.

The results have supported the concluson that the technology can be applied to enhance
yields and profitability in tilapia culture. A programme for the dissemination of the products of
this technology (Y'Y male broodstock packages and geneticaly mde tilapia themsdaves) has
been established without externd funding support.
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The outputs of this project have contributed directly to a number of improvements in the
programme including the following recommendations:

Provide YY males to the hatcheries a a larger Sze, preferably after sexing by externd
morphology to minimize mortdity and contamination.

Use a better marking technique for the YY maes. This has actudly dready been acted on
with the purchase of a binary coded metal tag applicator which will be used to mark YY
males.

To reevauate the charging of roydlties to hatcheries based on estimated production of
GMT. It gppearsinitid estimates were high and have reduced the potertid for improved
profitability in the production of GMT fingerlings.

To develop more information materid, in loca didects, to better inform the farmers about
the technology.

These recommendations relate to fine tuning of the dissemination programme. However, a
major recommendation for further research has been identified based on clear limitationsin the
present structure of the dissemination programme.

To date the dissemination process has been a passve one. The beneficiaries of the
technology have tended to be those that have become aware of it through various nationa

media and word of mouth, are mobile, fairly well educated, and have some capitd to invest in
new technologies. This passve process has effectively excluded small hatcheries which either
do not know of the technology or are unable to obtain ether the information or the improved
fish themsdves, for avariety of reasons associated with their lack of resources. At present we
do not know which sector of the tilapia grow-out industry is benefiting from the technology
and what impact it is having upon them.

It is clear that a greater understanding of the structure and functions of the tilgpia culture
indugtry in the Philippines is required in order to target this technology at gppropriate key
beneficiaries and stakeholders.

Existing surveys and assumptions on the nature an structure of the industry have not accounted
for the possible exigence of sgnificant numbers of truly small-scale farmers (defined as those
that generdly have less than 1,000 m? of water area avallable for aguaculture, have limited or
no capital, use much of their fish production for home consumption and have insecure tenure
over land or water used for their production). Furthermore little is known of the nature and
srengths of the links between the different sectors of the industry.

Having established the potentid and demand for the YY mae technology and its products
thereis now a clear need to examine the socid and economic aspects related to the uptake of
this technology. Research is required to improve the uptake of the products of technologies
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developed to improve tilgpia used in aguaculture with emphass on smdl-scae farmers,
ultimately to sustainably enhance aguaculture production.

In this regard a project has been proposed to the ODA - FGP to research these issues. The
project will have the generd objective of evauating the applicability and potentia impacts of
the YY made technology and other competing technologies to each sector of the tilgpia culture
indugtry in the Philippines, with emphadsin Luzon idand. An inadeguate understanding of the
structure and functioning of the various sectors of the industry (especidly the hatchery sector)
is a mgor condraint to the design of appropriate and effective dissemination strategies for
technologies designed to improve aguaculture production of tilgpia

Smdl-scae aquaculture in the Philippines is poorly defined and understood and one of the firgt
tasks of the project will be to characterise this sector of the industry and determine the socid,
economic and indtitutional congraints to the adoption of these technologies by this sector. A
further mgor thrusts of the project will be a comprehensive socid and economic evauation of
the impact of theintroduction of Y'Y maesin hatcheriesand GMT in tilapiafarms.

Whilg the aforementioned proposa has been submitted to ODA for funding it is dso intended
that some support for research of this nature be generated by the dissemination programme
itsdf and a medium term objective is to make dl research activities predominantly sdif-
sustaining by the year 2000.

Research and Development in Thailand

Based on the research progress in Thailand a number of research needs were identified. This
project has gathered consderable data on the relative growth performance of different strains
and drain combinations. Whilgt this has provided some indicators of relative performance
some of the results have been ambiguous and relative ranking differs between environments.
The environments in which these comparisons have been made have not been truly
representative of common culture systemsin Thalland and thereis now clearly a need to move
on to conducting on-farm trids of the most promising genotypes.

The nature and dructure of the tilgpia culture industry in Thailand and other parts of Southeast
Asa differ consderably to tha in the Philippines, with the latter being dominated by non-
integrated monoculture. 1t is thus recommended that, alongside the on-going dissemination of
the technology by the Thai DOF, we investigate and evaluate the potentid of uptake of the
technology in the private sector. This can be achieved through a repetition of some of the
hatchery trids conducted in this project, in common hatchery systems in Thailand and the
Philippines.
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A proposa has been submitted, again to the FGBP, in which further technica improvementsin
the technology in the Philippines be combined with on-farm evauations of the technology in
Thailand and Vietnam.
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Glossary of Acronyms

AASP Agriculturd and Aquatic Systems Program (at AIT)
AIT Adan Inditute of Technology
BFAR Philippine Bureau of Fisheries and Aquatic Resources
CDS Centre for Development Studies (UWYS)
CLSU Centra Luzon State University
DES Diethylstilboestrol - oestrogen hormone
EPB Extensive pond based (hatchery system)
FAC Freshwater Aquaculture Center (of CLSU)
FGBP Fish Genetics and Biotechnology Programme (of FAC, CLSU)
GIFT ICLARM’s Genetic Improvement of Farmed Tilgpia (Project)
GFT Geneticaly Femae Tilapia (derived from crosses of D XX)
GMT Geneticdly Mde Tilgpia (derived from YY maes)
GMIT Genetic Manipulations for Improved Tilapia (Project)
ICLARM Internationa Center for Living Aquatic Resources Management
IDRC Internationa Development Research Council (of Canada)
IHB Intensive hapa based (hatchery system)
ITB Intensive tank based (hatchery system)
MST Mixed-Sex Tilapia (from crossing of norma broodstock)
MT 17-a methyltestosterone - androgenic hormone
NAGRI Nationa Aquaculture Genetics Research Indtitute (Thailand)
NARS Nationd Aquatic Resources Systems
NFFTRC Nationd Freshwater Fisheries Training and Research Center (of BFAR)
NGO Non-governmental organisation
ODA Overseas Development Adminigtration
PNTBP  Philippine Nationd Tilapia Breeding Programme
PSU Pangasinan State University
PO Peoplé€' s Organisation (farmer groups, co-operatives etc.)
PD/A Pond Dynamics Aquaculture Collaborative Support Programme supported
CRSP by USAID.
SIPB Semi-intensive pond based (hatchery system)
SRT Sex Reversed Tilapia (treated with MT)
TAD Technology Adaptation and Devel opment (Project)
TCTP Technicad Co-operation Training Programme (British Council, Manila)
Uws Univerdty of Wales Svansea
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Appendix 7 Inputs, sdes and net return.  Table showing the comparison between the
average cost of production per set of breeder and the average income/loss per
et of breeder for the whole period of the experiment. Average production cost
and income/loss for the GMT were computed in based on the initid number of
broodstock during initid pairing under scheme 1 and 2 and based on the actud
production

Appendix 8 Freshwater aquaculture development in the Philippines: the case of tilapia

Appendix 9 Copies of publications produced under the project

Appendix 10 A sample of media aticles rdaing to the YY mae technology in the
Philippines.

Appendix 11 Details and supporting papers for the accreditation of private sector hatcheries

under Phil-Fishgen's dissemination programme for the products of the YY mae
technology.
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Appendix 1 Logical Framework for the project as submitted to the ODA Fish Genetics Programme

Project Title:

Genetic Manipulations for Improved Tilapia Technology Adaptation and Development |l Period of ODA funding:

Brief Description of Project: Collaboration between UWS, CLSU (Philippines), AIT and NAGRI (Thailand) From April ‘94 to March ‘97

Total ODA funding: £150,080

Date Framework Prepared/Revised
November 21, 1995

to test and verify the Y'Y -male technology

HisCodeNo.: R 6070A
FileReference:  TAD2.fmk

Narrative Summary

Measurable I ndicators

M eans of
Verification

Important Assumptions

GOAL: Sustainable aguaculture production
enhanced by genetic technology

Widespread increases in tilapia yields attributable to

introductions of Y'Y male technology and/or saline tolerant O.

niloticus

Tilapia production expands at a faster rate than the demand
caused by increasing population

Tilapia culture represents increasing proportion of total
aguaculture production

Evidence of improved livelihood of farmers adopting project
technologies

Statistics obtained from
government and
development agencies

PURPOSE: Increase in tilapia production
through adoption of Y'Y male technology and
the culture of O. niloticusin brackishwater.

YY male technology successfully adopted in at least 5 less
developed countries by 2000.

40% increase in yields in on-farm trials compared to tilapia
presently grown by project end

Sustainable production of O. niloticus in brackishwater
including abandoned shrimp ponds

Culture performance and
S0Ci0-economic records
and reports obtained by:
(i) FAC\CLSU-UWS for
on-station and on-farm
trials

(if) Government statistics
(iii) Non-governmental
organisations monitoring
farm production

(iii) Commercid
organisations testing and
utilising the technology

Sufficient interest in disseminating
technology by state, NGO and private
sector stakeholders (especially small
farmers) in tilapia growing counties
exists.

National extension programmes are able
to adopt and disseminated technologies
and their products

Examples of technology application in
the Philippines and Thailand are
repeated in other countries

Final Report

Appendices -




OUTPUTS:

1. Programme and necessary broodfish for
mass production and appropriate dissemination
of the YY male technology developed and
initiated

2.1 Feasible and effective methodology for
technology transfer of Y'Y male technology
developed

2.2 YY maetechnology transferred to Thailand
3 Casestudies on socio-economic status of
tilapia farmers produced and likely long term
impacts of the introduction of YY male
technology determined

4  Brackishwater tolerant strain of O. niloticus
identified

By project end:

1.1 Atleast 200 Filipino farmers growing GMT

1.2 At least 25 Philippine hatcheries producing GMT

1.3 Income generating project in place and research and
dissemination activities targeted to be self-sustaining by
March 1998.

1.4 Brochures and training manuals for Y'Y male technology
produced and 3 training courses for hatchery managers
compl eted

1.5 Triadsof YY male broodstock on at least 10 farms
compl eted

2. GMT producing broodstock available for dispersal in
Thailand and at least 5 hatcheries producing GMT. One
publication on technology transfer

3. Case studies completed and analysed and published as
Ph.D. thesis

4. Strain of O. niloticus that survivesin Philippine
brackishwater pond environments and produces higher yields
than existing cultured tilapia

Publicationsin refereed
journals and conference
proceedings, lectures,
seminars and popular
articles. Training
materias for tilapia seed
producers and growers

Y'Y male technology and its products
are competitive with alternative
improvement technologies
Environmental and socio-economic
impacts of Y'Y male technology are
neutral or positive

Environmental and socio-economic
impacts of culture of O. niloticusin
brackishwater are neutral or positive
Adoption of improved
technologies\strains is not adversely
affected by political interests
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ACTIVITIES:

1.1 Evauation of productivity and economic
viability of the application of the YY male
technology on-station and in private hatcheries
1.2 Mass production of GMT producing
broodstock developed under R 6058

1.3 Design and initiation of mechanism for
sustainable research, development and
dissemination of the YY male technology and its
products

2. Compare three aternative mechanisms for
transfer of Y'Y male technology to Thailand

3.1 Conduct case studies of farmersinvolved in
tilapia culture in two Philippine communities
representing hatchery and grow-out operators
3.2 Evaluate response of farmersto GMT

4.1 Aquarium based comparisons of salinity
tolerance of strains of O. niloticus held at CLSU
4.2 Evaluation of culture performance of
promising strains of O. niloticusin
brackishwater conditions

Inputs/resources:

ODA Project Budget (£)
Staff costs: 99,817
Capital costs: 17,530
Running costs 33,028
Total (3years) 150,080

Facilities and local counterparts from CLSU, AIT and
NAGRI. Additiona financia input for institutionalization
programme from CLSU and for dissemination of YY male
technology from NAGRI

Quarterly, annual and final
reportsto ODA

Internal discussion groups
and written documents

1.1 Willing and qudified farmer
cooperators can be identified

1.2 Development of improved
broodstock under R 6058 is successful
2. At least one technology transfer
mechanism is feasible and appropriate
3.1 Suitable sitesfor case studies are
identified and farmers are cooperative
4.1 Appropriate practical methods for
quantifying salinity tolerance can be
identified

4.2 Genetic variation for salinity
tolerance exists between strains
General

Institutionalization programme at CLSU
is successfully initiated and maintained.
Key trained scientific and extension
personnel stay with the project

No natural or anthropogenic disasters
hinder, delay or prevent research
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Appendix 2 Farm fact files for the hatcheries co-operating in the on-farm trials of
GMT producing broodstock.
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Appendix 3 Guidefor social and economic data gathering.
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Appendix 4 Protocol for progeny testing to identify manipulated genotypes

Progeny testing is carried out to identify manipulated genotypes, the principal being that we can determine the
genotype of the parental fish by the sex ratio of its progeny.

The main manipul ated genotypes of interest in the Nile tilapia O. niloticusare asfollows:

Origin (¥ x&) Treatment Name Symbol Description
XX XxXY orXXx  Diethylstilboestrol at 1,000 mg Sex reversed XY XYD# Genetically male,
YY kg™ for 21 days females phenotypically and
functionally female
XXX XY or XX X Methyltestosterone at 40 mg Sex reversed XX XX D Genetically female,
XX kg™ for 25 days males phenotypically and
functionaly male
XY XYY oYY x None YY mdes Yy o Novel YY maesor
YY “supermales’
XY XYY oYY x Diethylstilboestrol at 1,000 mg YY femaes YYD¥# Genetically male,
YY kg™ for 21 days phenotypically and

functionally female

The D prefix denotes functional sex reversal

In progeny testing the fish are spawned in single pair matings, usually in 1m? hapas. The progeny are then
collected and reared in hapas for a period of approximately 3 months or until then attain a mean weight of 3-5g.
They are then sacrificed (all or sub-sample depending on whether the progeny are required for breeding) and the
sex determined using a gonad squash technique. The following crosses are made to identify the aforementioned
genotypes:

Genotype being tested for. Crossed with Expected sex ratio
XYD® Xy & or XX D&'l 3lorll
XX bd XX ¥ 01
Yy d XX # 10
YYD# XY € or XX D&'2 10

Sex ratios are tested against the expectations using c2 contingency tests. For example if the progeny test is to
distinguish XY D# from norma XX % by crossing them to an XX D then the sex ratio will be tested against an
expectation of 1:1.

A stringent statistical criterion was adopted for the designation of parental genotypes when progeny testing for
‘“YY’ males or females, hypothesised to produce all- or nearly all-male progeny. A 5% level of probability was not
deemed sufficiently stringent to permit the confident designation of genotypes. Thus potential YY genotypes
producing sex ratios, in crosses with XX genotypes, that were not significantly different from 1:1 or only significant
at the 5% level (P> 0.01) were designated as XY. Only those producing mal e-skewed sex ratios different from 1:1 at
a probability level of 0.1% (P < 0.001) were designated YY. This procedure also helped to minimise the chance of
making atype | error in the identification of ‘Y'Y’ males. No genotype was designated for parents of familiesfalling
between these two criteria (0.001 > P < 0.01).

1XX DE arepreferred over XY &, itisstatistically easier to distinguish 1:1 ratios from 0:1 than 3:1from 1:1
2xX Dd' arepreferred over XY & itisstatistically easier to distinguish 1:0 ratios from 1:1 than from 3:1

Final Report Appendices -



Appendix 5 Mean body weight (g) at the time of stocking of breeders and-gain-feccmuand at the end of the experimental period for_each
hatchery according to production system.

Initial Body weight () Gain Body weight (g)
YY packages Control YY packages Control
System  Farm Tmae g MeanAy dmae g MeanA d'male g MeanAv dmd e g MeanAve
Geng1 Geng 2 Geng 1 2
EPB1 1 57.7ns 559 56.5 79.9ns 76.6 77.7%* 182.8** 4.7 124.1 184.1** 120.3 141.6**
(8.9 (7.9) (8.3 (16.2) (14.9) (154) (29.8) (26.7) (50.0 (65.3) (28.9) (535)
2 317 223 25.7%* 31L.7** 23 24 740.0** 3694 462.1 853.8** 685.5 727.6**
93 (54) (84) 93 (54) (10.2) (246.7) (1679 (2489 (180.3) (285.8) (272.7)
3 25.1** 20.8 40.5%* 63.2%* 299 26.7 49.0 67.7* 61.0 60.7ns 639 62.9ns
(118) (88) 17.1) 81 (65) 69 (289 (21.9) (25.0) (30.0) (22.4) (254)
+
SIPB2 4 29.6 253 27.0 37.7%* 21 30.1** 90.8** 355 539 125.1** 499 74.9%*
(65) (6.7) (105) (85) (7.2) (10.7) (128 (135) (29.4) (3L7) (18.8) (428
5 37.4** 26.8 237 23.7ns 238 32.1** 56.4** 371 41.0%* 41.9%* 24.6 280
(94) (9.6) (81) (7.8) (84) (10.8) (105) (17.5) (18.1) (20.3) (11.4) (153)
6 39.6** 245 121.2*%* 1109 126.5* 721 143.3** 1079 119.7%* 4.27 20.4* 150
(75) (7.0) (28.6) (322 (25.1) (18.3) (64.9) (28.3) (46.6) (21.4) (29.6) (28.1)
1TB3 7 82.5%* 66.9 105.2 233.9** 1089 150.0** 150.9** 364 98.659 116.3** 69.3 105.2
(120 (184) (26.4) (485) (24.9) (68.2) (495) (44.3) (65.4) (54.6)
8 131.5%* 0.8 104.4** 116.1** 736 878 n\a n\a n\a n\a n\a 489
(212 (16.8) (26.6) (26.3) (21.8) (30.8)
9 264 27.5ns 27.0 40.5* 358 37.7%* 80.1** 46.5 543 75.7%* 393 49ns
(14.0) (9.2) (116) (69 (9.0) (85) (18.8) (12.2) (19.9) (14.5) (152) (221)
10 55.9ns 53.6 54.3 67.8ns 67.2 67.4%* 45.6ns 399 75.7%* 100.4** 60.6 39.3
(94) (9.6) (96) (12.0) (11.4) (11.8) (19.6) (19.9) (14.5) (30.5) (25.8) (152)
1HB4 11 26.5* 25 24.5%* 21.6* 183 20.0 157.4** 69.2 98.6 122.5%* 96.7 105.1ns
(82 (7.0) (83 (7.6) (5.7) (6.9) (495) (16.4) (52.2) (41.0) (30.4) (36.6)
12 86.7* 67.3 72.2ns 78.0* 67 69.8 40.9** 242 29.8 12.7** 370 48.9**
(135) (104 (13.0) (23.8) (17.7) (19.9) (252) (19.1) (22.6) (21.4) (220) (28.0)
13 66.4** 55.9 60.2 714 88.9** 83.1** 86.7* 71.2 764 100.4ns 95.6 97.3
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| 179 @50 (170 (56) (274  (270) | (430 (30.1) (52.5) (57.7)

- ggnificant a P0.05,
** - dgnificant a P0.001,
ns- not sgnificant; n\a= not avalable
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Appendix 6 Mean standard length (cm) at stocking of breedersand gain in standard length at the last day of fingerlings collection under
four production system in the on farm trialsof YY male broodstock.

Standard length (g) at stocking Gain Standard length (cm) at harvest
YY packages Control YY packages Control
System  Farm d g Mean d g Mean d g Mean d 2 Mean
EPB 1 113 115* 114 12.6%* 123 12.4** | 6.7%* 39 4.8ns 5.5%* 4.6 49

©7 (08 (06 (08 (09 (09 | ©n @A) @ @5 (09 (12
2 | 121 101 113 111** 102 105 | 115** 101 105  140** 107 115

@2 (©08 (12 @n @ (@e | @ an @n @8 @ 2
3 |18 91 1000 92 79 8.3 26 47T+ 39 42 55 5.0

©5 ©n (@4 ©n ©n ©9 | @9 @y @ @2 (12 @13

SPB 4 | 127+ 107 113 13* 113 118 | 24** 13 17 34 17 2.3
09 @) (14 @) @12 (@4 | 05 ©9 (09 @y @) @14

5 | 106ns 106 106 130%* 111 120 | 26+ 14 16 09 04 05

@y @y @) ©8 @) (@13 | 08 @) @ @2 (09 (10

6 | 146ns 150 149** 128 120 122 | 26 08 1.4+ 04  12¢* 09

@ @ @12 ©07n @ @1 | @’y @ @y @2 @14 14

ITB 7 123 128 126 159" 124 135 | 61** 30 40  52** 40  44ns
©8 (10 (10 @2 (©08 (19 | @y @n @y @9 (18 (18
8 | 147+ 134 138+ 143 121 128 | na n\a n\a n\a n\a n\a
o7 (07 (09 @0 L) (15
9 112 1ldns 113 130 125 127 | 33* 08  22%  3.3** 19 10
a9 @) @ ©9 (©09 ©9 | @9 @y @ (09 (07 (10
10 | 99ns 99 99  108ns 107  10.7** | 47%* 39 41 47T 39 55

©5 (©08 (08 (©8 (08 ©On | ©n ©8 @y @an @) @14

IHB 11 | 114 101 110 95* 110 101 | 63* 51 39  59** 29 55+
@2 @ 83 ©09 @) (@2 | 08 @5 @8 @8 (08 (15
1374+ 124  127%* 130* 121 123 | 55ns 54 55 23 17 18

©7n ©7n (09 (1) @) @2 | @an @3 @5 ©7n (09 (09

13 | 121%* 117 11.9 124  13.1**  129** | 4.3ns 39 40 4.2%* 42 4.2ns
(12) (L0) (L1) (L3) (14) (L4) (L3) (13 (13) (16) (18) (L7)
sgnificantly grester (P < 0.05),
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2-** - ggnificantly greater (P<0.01), *** - sgnficantly greater (P<0.001),
ns- nat sgnificant;_ N\a = not available -bedyweaight-at-thelast-day-of fi
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Appendix 7 Inputs, salesand net return. Table showing the comparison between the aver age cost of production per set of breeder and the average
income/loss per set of breeder for the whole period of the experiment. Average production cost and income/loss for the GMT wer e computed in
based on theinitial number of broodstock during initial pairing under scheme 1 and 2 and based on the actual production

System/ Input Sales Income/Loss
farm
GMT
Control GMT Control GMT Control % Diff Schemel % Diff Scheme2 % Diff Actual
Scheme  Scheme  Actual Gmt/cont GMT/cont GMT/cont
1 2
EPB
1 96.08 144.44 82.99 67.51 50.38 94.69 -45.70 -8.88 -49.76 N/A 11.7 N/A 27.17
2 152.98 386.31 214.23 207.37 587.86 517.99 434.88 -69.72 131.68 -30.15 303.76 -2857 310.62
3 37.98 137.55 63.80 38.49 24.04 29.45 -13.94 675.47 -108.10 14641 -34.35 -36.22 -9.03
Mean 95.68 22277 12034  104.46™ 125,08 - 8737 93.70 109.60
SIPB
4 4341 219.27 82.78 37.04 77.90 41.76 34.50 N/A -177.62 N/A -41.02 -86.35 471
5 24.75 121.72 4797 24.37 20.18 61.61 457 N/A -60.11 198.47 13.64 715.10 37.25
6 16.72 156.23 45,61 820 37.78 44.89 21.06 N/A -111.34 N/A -0.72 74.22 36.69
Mean 28.29™ 16574«  58.79® 23.20 20.04 -116.36* -9.15™ 26.22®
ITB
7 60.30 24543 97.93 83.60 107171 87244 101141 -38.01 627.01 -2342 77450 -22.99 778.84
8 153.09 24458 120.83 10042 40 133.33 -113.09 N/A 111.25 N/A 1250 N/A 3292
9 13.23 125.35 34.74 9.36 8.10 18.23 -5.18 1967.95 -107.12 218.73 -16.51 N/A 8.87
10 24.88 101.42 39.96 20.96 498 5754 2491 N/A -43.87 -29.43 1758 46.85 36.58
Mean 62.88™ 179.20° 7337 5359 22951™ 146.82 197.02 214.30
IHB
11 21.71 164.15 53.73 17.07 4154 62.01 19.82 N/A -102.14 -58.22 8.28 126.74 2494
12 35.48 207.19 71.99 2950 356.67 152.14 321.19 N/A -55.05 -75.04 80.16 -61.81 122.65
13 52.69 167.20 5053 59.95 184.11 215.40 13142 -63.32 4821 215 134.25 18.28 15545
Mean 36.63 17951  58.75™ 3551™ 157.48® -36.33 74.23 157.48®

* - ggnificantly greater (P<0.05),

** - dgnificantly greater (P<0.01), *** - ggnficantly greater (P<0.001), _
ns- not Sgnificant; N\a = not available | ' i i
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Appendix 8 Freshwater aquaculture development in the Philippines: the case of
tilapia

An overview of the Ph.D. thesis of the sametitle by Dr. Ruben C. Sevillga

Two related aspects of the process of tilapia technology adoption in the freshwater
aquaculture sector are andysed in this dissertation: (1) the factors which contribute or impede
the adoption of tilapia culture technology; and (2) the economic and socia consequences that
follow the widespread introduction of the technology, within the context of the agrarian
gructure in terms of the financia benefits which accrue to the participants. Two villages were
sected as sudy dtes Kabaritan, Sto. Domingo in the municipaity of Bay, province of
Laguna (Southern Luzon), where tilgpia hatchery operation is the main culture system
practised by farmers; and Partida in the municipdity of San Migud in the province of Bulacan
(Centrd Luzon) where the technology of tilgpia grow-out operation is widely adopted. Field
investigations were made on the livelihood, socid reaions and economic behaviour of the
different groups of farmers involved in tilagpia production; functioning and make-up of the
agrarian gructure; and the operation of units of tilgpia production.

Tilapia Farming Technology and the Farmer
This section discusses the first aspect of this research which is concerned with the
moativations of the farmers and the dilemmas which confront them in the face of increasing
technologica change and market integration.

Motivations of Fish Farmers

The research consdered the different motivationa factors which influenced farmers to
adopt tilgpia farming technology. A range of factors combine to induce farmers to go into fish
culture. In generd, most of the factors are common among al farmers in both study Stes.
However, they vary in their degree of importance. What is goparent, however, is that the
decison to adopt the technology is mainly based on the availability of resources to the farm
household.

The overriding motivation in adopting tilgpia culture is to earn more income. This
connotes their strong desire to pursue means of providing a better and more decent standard
of living for their family. It aso means that they respond to prices and market forces.

Extent of Technology Adoption

The study reveds that tenure does not impede the adoption of tilapia farming. The
adoption pattern of tilgpia farming technology can be illustrated by differences in the sze of
landholding. Large farms tend to adopt early, but smaler farms follow suit. These results are
conggent with that of other studies which find that farm sSize is not a serious barrier to
adoption. However, what is apparent is the significant difference with respect to the absolute
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sze of fishpond and total land ownership among farmers. The biggest hatchery and grow-out
farmers operate an average area of dightly over 1.0 hectare. This is about 13 times bigger
than the average operationd Sze of farmers within the smdlest fishpond size category who
aso outnumber the former group. This unequd digtribution of ownership means that the total
benefits which can be derived from tilgpia farming are biased in favour of large fams. Even if
al famers, large or smal adopt the technology smultaneoudy, large farmers would still benefit
in so far as benefits are proportiond to holding sze. Herein lies the problems and dilemmas
which smdl farmer-adoptors of tilapia culture are confronted with.

Adoption Congraints and Problems

Results of this study show that the congraints and problems expressed by farmers
with regards to the adoption of tilgpia farming technology are economic, technical and socid in
nature.

The action and behaviour of individud farmers, whether big or smdl; rich or poor, is governed
by a common denominator: the goa of ataning a cetan sandard of livelihood. But
differences lie on the level of that standard being aimed at. Their decisions about technological
practices are then based upon the urgency of the strategies which characterize this pursuit.

Centrd to this problem is the manner in which the dements of livelihood are produced
or purchased. As can be deduced from the motivationa factors which encourage farmers to
take up tilgpia farming, the posshility of doing this depends upon the cultivator's access to
various factors of production; his knowledge level a adapting modern or scientific information
to exigting farming practices, and his cgpacity to integrate with the market.

Prospects of Adoption

Despite their congraints and problems, the overdl attitude of the farmers toward
tilgpia technology is generdly podtive. Mgority of them have expressed their desire to
continue their operation. This dtitude is buoyed manly by their perception about the
favourable growth of the industry and the availability of production technologies. Most farmers
aso expressed their willingness to culture geneticdly maetilapia (GMT).

Farmers responses to the technology, however, are influenced by their economic
objectives which relate to their conditions as consumers and producers. Congtraints which
relate to the avalability of resources among farmers put smal producers a a disadvantage.
Based on the case studies, the following factors have, in generd, contributed to and facilitated
the adoption of tilgpia farming technology: availability of credit; access to technology
information; water supply; resource ownership; and favourable socia environment.\

Farm Profitability and Income Differential
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The second man aspect of freshwater aquaculture development which was
investigated in this study is the potentid economic and socid conseguences resulting from the
introduction of tilapia culture technology. Two closely related issues were addressed. Firs,
how do fams under different tenurid arangements differ with one another in levels of
productivity and use of resources? Second, how do smal farms compare with large farms?

Effectsof Land Tenure

Results of the study show that tenancy does not lead to dlocative inefficiency.
Evidence provided by this sudy shows that the intengty in the use of inputs is the mgor
determining variable as far as farm productivity is concerned. This result illustrates a Stuation
where tenancy does not limit output, but the tenure system pushes the cultivator to produce
beyond the income level which satisfies the consumption needs of the farm family.

Effects of Farm Size

The inverse reationship between dze and productivity commonly observed in
agriculture does not seem implausible in the light of the case sudy data for hatchery
operations in Laguna The average annud land productivity of decresses as fam dze
increases. Correspondingly, the amount of net income follows asmilar pattern. The pattern of
decreasing productivity per hectare as fam sze increases reflects the efficiency of smdl
hatchery farmersin using their available resources. As far as can be ascertained, the difference
in land productivity by sze is mainly atributed to the higher cropping intengity and higher
labour usein samdl farmsthan in large farms.

However, the inverse sze-productivity relationship is not very evident under grow-out
operation in Bulacan. Although the negative relationship is observed within the three smalest
Sze categories, productivity per hectare is highest in the largest farm group. ThisgreupThis
pattern is explained by the more intensive use of non-labour input in large farms. In generd,
grow-out operation results in greeter benefits from the technology by big farmers on account
of their better access to production resources.

Implications of Results

Results of his sudy are significant in the light of the government's generd objectives of
enhancing the productivity of fisheries resources, and uplifting the socio-economic conditions
of samdl-scae fisherfolk. Current production trends in aguaculture indicate thet tilgpia farming
will play a sgnificant role towards the redization of these objectives and the attainment of
production targets. Inb this connection, government must develop and implement programmes
which will promote its adoption and expansion. Such programmes, however, must not lose
sght of one of the most important aspects of the government's overal development Strategy:
poverty dleviation and equitable income ditribution.
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Effects on Equity and Income Digtribution

It is clearly demondrated from the results of this sudy that tilgpia farming is a
profitable production activity. The financid returns obtained from hatchery and grow-out
operation are higher than reported returns generated by other farming activities. Between the
two systems, returns to the different factors of production show that tilapia hatchery is more
profitable compared to grow-out operation.

Tilapia production has provided investment opportunities to farmers because of the
high rates of returns to such investments. But while the benefits of increased income is possible
with the adoption of tilgpia production technology, the digribution of such benefits are
influenced by the agrarian structure and nature of production relations. In terms of economic
feashility, and rative cost and returns to investment, the big farmers are placed in a superior
pogtion than ther smaler counterparts for exploiting the benefits of tilapia faaming. This
underscores that, compared to the smdl farms, the big farms stand to gain more from the
introduction of the technology. Consequertly, the inequality among farm families in terms of
farm income are bound to grow under the impact of tilapia technology adoption.

Strategiesfor Freshwater Aquaculture Development

The agrarian dructure is of paramount importance in addressing the equity aspects of
agricultural development. But issues of equity are often in conflict with development Strategies
and are never incorporated in technologies. In order to address the equity issues, distortionsin
the agrarian structure mugt first be tackled. Aquaculture can be a means to initiate changesin
the exigting structure by introducing tilgpiafarming as a cash crop into a subsstence agriculture
sysem.

Results of the study indicate that a strategy to promote tilgpia farming beneficid to
both small and large operators should be adopted if the targets and gods of the fisheries and
the government's overal development programnme are to be met. The profitability of tilapia
farming will serve as the encouragement to attract more investment. However, rapid expanson
in freshwater aquaculture requires more than just higher and fadter rate of capita
accumuletion. In order for investment to be effective, it must be accompanied by technica
change. In other words, techniques of production must be changed, new species of fish or
improved strains must be introduced, support infrastructures must be provided, aguacultural
supply industries expanded, and ingtitutiona support strengthened.

With aguaculture, it is possible to reconcile the concept of profitable farming with that
of Philippine traditiond farming practices which are based generdly on a sysem of sdf-
aufficiency and to a large extent are too smdl to be in any way commercidly viable. Because
the essentid problem is the lack of land and limited resources, freshwater aguaculture
development in the future will rely more on technology improvements rather than on expansion
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of arees. At present, tilapia farming practices are in genera extendve in nature. Thus,
productivity can be increased through technologica innovations. However, the scope of land
intengfication and increase in productivity is limited if it is left entirdy to the response of
individud farmers

The need for appropriate tilapia technology to enhance freshwater aguaculture
development should be analysed with regards to the relevance of high productive technologies
such as genetic manipulation which are now available. These technologies are vitd to
aguaculture in terms of productivity, stability and sustainability of production systems. Results
of the study show that mgority of the farmers have expressed their desire to grow geneticaly
male tilgpia But the equity issues which are equdly important in ataning aguaculture
sustainability maybe left out by these technologies. Government efforts to promote these types
of innovation, therefore, must address the equity aspects in order to enhance their adoption
and harness their potentidities. Underlying this drategy is the implementation of programmes
to hep smdl famers mitigate the advantages of large producers such as the building of
infrastructures for greater production like irrigation facilities, provison of credit, and making
technology information more accessible. Only then can the god of increased production be
achieved more successtully, without violating the principle of distributive justice.
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Appendix 9 Copies of publications produced under the project
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Appendix 10 A sample of media articlesreating to the YY maletechnology in the
Philippines.
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Appendix 11 Detailsand supporting papersfor the accreditation of private sector
hatcheriesunder Phil-Fishgen’s dissemination programmefor the productsof theYY
male technology.

1. Detailsof Scheme 1 and Scheme 2
2. Copiesof licences and certificates
3. Sample copy of MOA with accredited hatchery
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Appendix 1 Capital equipment inventory for TAD project (financial Year 1988-1995)

Description Date of Cost Serid No. Location In-charge
Purchase (£)
386 computer 03/92 1,104.86 T6230R FAC-UWS Office  G. Mair
Avid PIT tagreader  03/93 1,600.00 14109 FAC-UWSFidd J. Abucay and
2 units Officeand AIT, P. Tuan
Thailand
Notebook computer 03/05/94  2,362.00 97-D2AT-2  FAC-UWS Office  G. Mair
Weighing balance 07/28/94 813.46 FAC-UWS J. Abaos
(Sartorius) Laboratory
L-200 03/21/95 1322985 QB84/K3ATIU FAC-UWSOffice  G. Mair
NSL
Scanjet 09/27/95  1,400.00 SG511106D  FAC-UWS Office  G. Mair
Binary coded tagging  23/02/97 3,000 No. 271 FAC-UWS Office  G. Mair
gpplicator
Includes items passed on from previous project (R. 5068A)
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