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Introduction
The Institute of Aquaculture has been actively engaged in scientific research into tilapia as a farmed fish species since 1979. The initial collections of wild tilapia were from natural waters in Africa, notably Egypt and East Africa. Species identification was based on morphological and meristic traits (Trewavas 1983) and confirmation of their purity by using species diagnostic allozyme markers (McAndrew and Majumdar 1983). On the basis of this analysis breeding groups of pure strains of Oreochromis niloticus, O. aureus, O. mossambicus, Tilapia zillii and Sarotherdon galilaeus were established as a resource for research into some of the problems that were hindering the development of these species as farmed fish. Subsequent studies on the taxonomy and phylogenetics of the tilapiine resulted in the collection and maintenance of over 20 different species (McAndrew and Majumdar 1984, Majumdar and McAndrew 1986, Sodsuk and McAndrew 1991, Sodsuk 1993, Sodsuk et al 1995)
The main problem at this time, late 70’s early 80’s, related to the purity of farmed stocks, there had been a large amount of intermixing between species because of the use of hybridisation to generate skewed sex ratios between O. mossambicus and O. hornorum (Hickling 1960) in Malaysia and O. niloticus and O. aureus in Israel (Fishelson 1962) and the subsequent movement of these strains worldwide. Poor understanding of the importance of broodstock management resulted in the mixing of hybrids with parental stocks. Widespread escapes from aquaculture had also resulted in feral populations of tilapia that could enter farms and breed with the newly imported strains (Macaranas et al 1986, Tanaguchi et al 1995). The widespread movement of farmed strains around the world and the poor or non existent broodstock management resulted in much confusion over the specific status of many of the farmed strains and the identity of fish being used by various research groups worldwide. Much of the early research in genetics (for review see Penman and McAndrew 2000) and nutrition (for review see Jauncey 2000) was a repetition of other studies but using known genetic material in order to obtain a baseline data for more advanced studies.    
Reliable production of all-male populations was still problematic and was badly needed to overcome problems of precocious maturity and overpopulation of ponds caused by breeding of fish during the production cycle. The reproductive biology and hatchery techniques were also studied and optimised as were the dietary requirements at various stages of the life-cycle. The Tropical Aquarium facility at the Institute also served to supply pure stocks to other research institutes and to establish commercial farms world-wide. In recent years the research at the Institute has become less applied as many of the problems that afflicted tilapia culture in the 70’s and 80’s were gradually solved. Since then we have concentrated more on tilapia as a model species for fish research as we had mastered the breeding and could produce unique phenotypes and genotypes through breeding and chromosome set manipulation. Some of these developments have resulted in new and improved strains for aquaculture.
Single sex populations and sex determination in tilapia
Hybridisation
One of the continuing research themes at Stirling has been the challenge to produce single sex populations of fry and understand the mechanisms involved in sex determination. Various techniques have been employed over the years to produce single sex populations of tilapia  However, the most damaging in terms of the integrity of farmed strains was the use of interspecific hybridisation.  Hickling 1960 reported this as a means of producing all male populations in crosses between female O. mossambicus and male O. hornorum and subsequent studies in Israel (Fishelson 1962) showed that crosses between female O. niloticus and male O. aureus produced all male or nearly all-male populations. It quickly became clear that initial high male sex-ratios could not be maintained because poor broodstock management allowed the F1 hybrids to back-cross to the pure parental species. At Stirling hybridisation was studied both as a means of producing single sex fish but also to help elucidate the genetic control of sex determination. This work had the advantage that we knew the species and its purity because of the diagnostic allozyme markers (Majumdar and McAndrew 1986, McAndrew and Majumdar 1988).  However, hybridisation as a tool for the analysis of underlying sex determination mechanisms is inefficient as the statistical discrimination of different sex ratios in hybrid progeny is difficult and the need to progeny test offspring to confirm their sexual genotypes is very time consuming so we moved to hormone sex reversal and chromosome set manipulation techniques  (Penman and McAndrew 2000). 
Hormone sex reversal
Hormone sex reversal quickly became the methodology of choice to produce  single sex populations (McAndrew 1993). Low doses of hormone, usually 17 α methyltestosterone, added to the early fry diet at between 40- 60ppm, when correctly administered, could guarantee almost complete sex-reversal of female tilapia into phenotypic males. The absence (<5%) of functional females in the population would mean that there was no significant fry production in grow out ponds. Although this technology is widely used (Mair and Little 1991) and shown to be safe (Johnstone et al 1983, Goudie et al 1986) and is licensed in some counties (USDEA 1997) it is now illegal in some countries (Council of the European Community 1996) to sell food fish that have had any direct hormone manipulation.
The identification of a naturally sex reversed male (neofemales) O. niloticus that produced viable YY males when crossed to a normal XY male (Scott et al 1989) resulted in the development and commercialisation of Genetically all Male Tilapia (GMT) (Mair et al 1997). This early work involved several generations of  breeding and sex reversal and progeny testing to produce and identify enough YY males to start commercial scale production. Sex-reversal of young YY males results in YY neofemales that can be crossed with normal YY males to generate large numbers of YY offspring that can be used  in normal crosses with females to generate GMT. Genetically Male Tilapia (GMT) have been shown to improve production levels in pond farming over that of mixed sex and sex reversed mixed sex fish because of the reduced size variation as all the fish had the same genetic sex (Mair et al 1997). 
Chromosome set Manipulation
Chromosome set manipulation has been used extensively in tilapia genetic research at Stirling, initially to test the potential to generate sterile triploid (3n) tilapia and more recently to generate novel genotypes used in the analysis of complex genetic traits such as sex-determination and disease resistance.  Triploidy can be used to generate sterile fish, in a range of species, for aquaculture production. Work on triploidy in the Institute started in 1984 using heat shock (Wong 1984).  More detailed studies confirming the optimised temperature and duration of heat and pressure shocks and the commercial potential of  3n tilapia was undertaken in a number of studies by Hussain et al. (1991), Hussain (1992), Hussain et al (1993) and  Hussain et al (1995). In general this work showed that it was possible to generate 100% 3n batches of tilapia fry using high temperatures (41°C) as well as using pressure shocks at ambient temperatures (28ºC) to disrupt the second meiotic division (retain the second polar body). In common with other species female triploids were gametically sterile. However,  the males developed testes and did produce milt with a low sperm count that could fertilise eggs and produce a few aneuploid embryos. Comparisons between diploid and triploid sibs showed that after any treatment induced mortality differences in the surviving 3n fish grew as well as their diploid sibs. Triploid females had significantly smaller ovaries and lower hormone levels and reduced secondary sexual characteristics compared to their sisters. There was no significant difference the size of the testes, circulating hormone levels or in secondary sexual characteristics in either group of male fish. 
It is clear that triploid production could be a useful technology as it would inhibit any spawning activity in mixed sex culture (Bramick et al 1995). Technically, in order to achieve high 3n levels, the timing of the shock treatments was critical and it would be impracticable to handle every egg batch under commercial conditions. It is theoretically possible to produce 3n fry directly by crossing a tetraploid male (4n), that produces diploid milt, with a normal  female thus removing  the need to handle and treat eggs. This has been successful achieved in other species such as rainbow trout (Myers and Hershberger 1991). Although it is possible to generate 4n  tilapia embryos, by shocking the first mitotic division, they appear to have low viability and rarely survive beyond hatching (Myers 1996).    
If the direct use of hormones is not allowed then the production of GMT was an obvious route for the large scale production of all male populations. Chromosome set manipulations offered the means to significantly reduce the number of generation needed to produce YY males in tilapia by hormone sex reversal techniques. Myers et al (1995) showed that it was possible to produce YY males by androgenesis using normal or cryopreserved milt from O. niloticus.  Irradiation of unfertilised eggs with UV light and fertilisation with normal sperm results in haploid androgenetic embryos. Late shock at the first mitotic division will restore diploidy giving homozygous androgenetic diploid fry which are either YY males or XX females in a 1:1 ratio as normal milt will either carry one X or one  Y chromosome. This technique has been used to produce new YY strains from wild type O. niloticus Myers et al (1995 1995a)  as well as an all male red O. niloticus within the Stirling red strain (Karayucel et al. 2002, 2004). Ezaz et al (2004) also compared differences in YY male produced by androgenesis and those created by sex reversal and gynogenesis. 
Sex-determination
Underlying the work on the production of single sex populations for aquaculture basic research on the possible mechanisms controlling sex in tilapia has continued. This work has had to use ever more sophisticated genetic techniques as we narrowed down the localisation and genes implicated in sex control in these species. This work has importance in helping us to stabilise the sex ratios we get from commercial strains as well as producing basic knowledge on the evolution of sex chromosomes in vertebrates (Griffin et al. 2002).

Morphologically there is no evidence for heterogametic sex chromosomes in tilapia (Majumdar and McAndrew 1986) it was not until the development of techniques to visualise the synaptonemal complex by Foresti et al (1993) and Carrasco et al (1999) that showed incomplete pairing of the large bivalent chromosomes during meiosis, suggestive of a sex-determination region. More detailed studies by Campos Ramos et al (2001, 2003) in a number of other species showed evidence for differences in the nature of the sex-determining region in O. mossambicus and O. aureus.  Harvey et al. (2002) developed DOP-PCR probes from micro-dissected chromosome arms of the large bivalent from XX and YY individuals of O. niloticus that showed quantitative difference in the binding of these probes, various transposable elements, to XX, XY and YY genotypes showing that there are sequence differences between the X and Y chromosomes in this species. 
In parallel to these studies gene mapping was being undertaken on haploid individuals  from reference families of the Stirling strain of O. niloticus (Lee and Kocher 1996, Kocher et al 1998). In order to increase the marker density in the sex determining region Ezaz et al (2004) developed AFLP markers linked to sex by family-level bulked segregant analysis. This technique looks for differences in the marker associations between different groups of animals, in this case, XX females and YY males in the same strain. They identified 4 AFLP markers, 3 Y-linked (OniY 425, OniY382 and OniY227) and one X-linked (OniX420) these showed tight linkage to sex within the families but failed to consistently identify the sex in unrelated individuals. These AFLP markers were used to probe a large insert Bacterial Artificial Chromosome (BAC) library made using the O. niloticus (Stirling strain) to identify all the clones containing these markers. It is then possible to fluorescently label these clones and hybridise them to a chromosome spread using Fluorescent InSitu Hybridisation (FISH)  to physically map them to their chromosome localisation. In this case they all consistently hybridised to the long arm of Chromosome 1 confirming the earlier study by Harvey et al (2002). Subsequent mapping  localised the sex determination region to Linkage Group 8 (now LG1) (Lee et al. 2003) The latest developments in the mapping of the cichlid genome can be viewed at (http://hcgs.unh.edu/cichlid/#maps). In recent studies we have been trying to physically map genes known to be associated with sex determination in other species by identifying BACs containing the gene and then mapping this to the karyotype using FISH. This has shown that eleven of the genes and markers clustered in the centre of the long arm of chromosome 1 strengthening the case for this being the sex chromosome in O. niloticus (Boonphakdee 2005). 
With the increasing density of markers and the development of a BAC contigs for each of the chromosomes it will be possible to narrow down the site of the master sex-determination gene. It will also be possibly to identify the position and type of autosomal genes responsible for temperature dependent changes Karayücel et al 2003) in sex-ratios observed in some batches of all male fry grown in high water temperatures. This work will enable us to better track sex-linked haplotypes in breeding programmes aimed at controlling the sex of fingerlings. It should reduce the need to undertake progeny testing and help in the identification of differences in the strength of different Y related alleles in individuals and different strains.  
Reproductive biology 
Photoperiod control of reproduction
Despite the problems of precocious maturity and stunting caused by overproduction of fry in mixed sexed populations hatchery production of tilapia fry is still relatively inefficient. This is because of the relatively low fecundity of individual females, asynchrony of spawning times in hatchery stocks resulting in a need to maintain relatively large numbers of breeders to generate commercial numbers of fry. Photoperiodic manipulation has been successfully applied in several fish species to alter their reproductive cycle. In the case of rainbow trout to a point that fish held under different light regimes can be made to spawn throughout the year (Bromage et al 2001). The effects of photoperiod on tropical fish species is poorly understood but evidence from Ridha and Cruz (2000) suggested that longer brighter days did increase fry production and improved spawning synchrony. Campos–Mendoza et al (2004) looked at the impact of four different photoperiods (24L:0D, 18L:6D, 12L:12D, and 6L:18D) maintained for 6 months on a range of reproductive traits in female O. niloticus. This work clearly showed that tilapia do respond to different photoperiod regimes and that a long day (18L:6D) resulted in significantly higher fecundity (2408 ± 70 eggs/spawn), relative fecundity 7.2 ± 0.2 eggs /g-1 body weight along with a significant drop in the Inter Spawning Interval (ISI) to 15 ± 1 days compared to the other groups. The 18L:6D regime produced 58% more eggs than the more normal ambient 12L:12D typical for tropical areas.  It is also clear that the fish that experienced a long day (18L:6D) maintained a high level of egg production over the 6 month trial although the continuous light (24L) started as well as the long day fish they showed the same drop in production experienced by the other treatment groups after about 3 months.
This work clearly shows that tilapia do respond to photoperiod manipulation and that a long day photoperiod increases spawning over an extended periods. It appears that some dark period is required to ensure good entrainment so that the melatonin level changes sends a clear signal to the brain – pituitary-gonadal axis. This technology is easy to apply in enclosed facilities but may be more difficult to entrain tilapia in open ponds because of the relative differences between natural daylight and the intensity of any supplementary lighting. Work is continuing  to measure the light perception in tilapia and early work suggests that they tilapia sense light directly through their eyes and not through the pineal window  are therefore highly sensitive and can perceive light at very low levels. This might suggest that supplementary light levels could be low and cost effectively applied to increase fry production from existing tilapia hatcheries. 
This papers describes some of the past and future research work being undertaken in the Institute of Aquaculture. We have thank the many different funding agencies for supporting this work as well as the many students and collaborators that have helped us to better understand this fascinating group of species.

LITERATURE CITED
Boonphakdee, C. 2005 Isolation, analysis and chromosomal mapping of genes related to sex determination in tilapia. PhD thesis, Stirling University Stirling, Scotland.
Brämick, U, Puckhaber, B, Langholz, H-J and Hörstgen-Schwark, G.  1995.  Testing of triploid tilapia (Oreochromis niloticus) under tropical pond conditions.  Aquaculture 137,343-353. 
Bromage, N.R., Randal, C.F., Porter, M.J.R., Davies, B. 1995. The environmental regulation of of maturation in farmed finfish with special reference to the role of photoperiod and melatonin. Aquaculture, 197, 63-98.
Campos-Ramos, R., Harvey, S.C., Masabanda, J., Carrasco, L.A.P.,Griffin, D.K., McAndrew, B.J., Bromage, N.R. and Penman, D.J. 2001.  Identification of putative sex chromosomes in the blue tilapia, Oreochromis aureus, through synaptonemal complex and FISH analysis. Genetica 111(1-3): 143-153. 
Campos-Ramos, R., Harvey, S.C., McAndrew, B.J., and Penman, D.J.  2003. An investigation of sex  determination  in the Mozambique tilapia, Oreochromis mossambicus  using synaptonemal complex, FISH, sex-reversal and gynogenesis. Aquaculture 221/1-4, 125 – 140.
Campos-Mendoza, B. J. McAndrew, K. Coward and N. Bromage. 2004  Reproductive response of Nile tilapia (Oreochromis niloticus) to photoperiodic manipulation; effects on spawning periodicity, fecundity and egg size, Aquaculture, 231, 299-314 

Carrasco, L.A.P., Penman, D.J. and Bromage, N.  1999.  Evidences for the presence of sex chromosomes in the Nile tilapia (Oreochromis niloticus) from synaptonemal complex analysis of XX, XY and YY genotypes.  Aquaculture 173,207-218.

Council of the European Communities (1996).  Council Directive 96/23/EC on measures to monitor certain substances and residues thereof in live animals. Official Journal L125(23/5/96),10-32.
Ezaz, M.T., Harvey, S.C.,  Boonphakdee, C.,  Teale, A.J.  McAndrew, B.J. and  Penman, D.J.  2004.   Sex-linked AFLP markers in the Nile tilapia Oreochromis niloticus L. Marine Biotechnology. 6 (5):435-445.
Ezaz, M.T., Myers, J., Powell S.J., McAndrew, B. J. and Penman, D. J. 2004
 Sex-ratios in the progeny from androgenetic and gynogenetic YY male Nile tilapia (Oreochromis niloticus L.). Aquaculture 232, 205-214. 

Fishelson, L. 1962. Hybrids of two species fishes of the genus Tilapia (Cichlidae, Telecosti). Fisherman’s Bulletin 4(2),14-19. (In Hebrew with English abstract.)

Foresti, F., Oliveira, C, Galetti, P.M. and Almeida-Toledo, L.F.  1993.  Synaptonemal complex analysis in spermatocytes of tilapia Oreochromis niloticus (Pisces, Cichlidae).  Genome 36,1124-1128.
Goudie, C.A., Shelton, W.L., and Parker, N.C.  1986 Tissue distribution and elimination of  radiolabelled methyltestosterone fed to sexually undifferentiated blue tilapia. Aquaculture 58, 215-226.
Griffin, D.K. Harvey, S.C. Campos-Ramos, R. Ayling, L-J. Bromage, N.R. Masabanda, J.R. and Penman, D.J. 2000. Early origins of the X and Y chromosomes: lessons from tilapia. Cytogenetics and Genome Research 99, 157-163.
Harvey S C, Boonphakdee C, Campos-Ramos R, Ezaz M T, Griffin D K, Bromage  N R, Penman D J 2002.  Analysis of repetitive DNA sequences in the sex chromosomes of Oreochromis niloticus. Cytogenetics and Genome Research (special issue on Sex Determination in Vertebrates) 101, 314-319.
Hickling, C.F. 1960.  The Malacca tilapia hybrids.  Genetics 57,1-10.

Hussain, M. G. 1992 Genetic Manipulation Studies in Oreochromis niloticus L. PhD thesis Stirling University Stirling Scotland.
Hussain, M. G., Chatterji, A., McAndrew, B. J., & Johnstone, R. 1991.
Triploidy induction in Nile tilapia Oreochromis niloticus L. using pressure heat and cold shock. Theoretical and Applied Genetics 81: 6-12. 

Hussain, M. G., Penman, D. J., McAndrew, B. J. & Johnstone, R. 1993
Suppression of first cleavage in Nile tilapia, Oreochromis niloticus L.- a comparison of the relative effectiveness of pressure and heat shocks.

Aquaculture 111: 263-270.

Hussain, M. G., McAndrew, B. J. & Penman, D. J. 1995
Phenotypic variation in meiotic and mitotic gynogenetic diploids of the Nile tilapia Oreochromis niloticus (L.). Aquaculture Research 26: 205-212.

Hussain M. G., Penman, D. J. & McAndrew, B. J. 1998.
Production of heterozygous and homozygous clones lines in Nile tilapia.
Aquaculture International 6: 197-205. 

Jauncey K.  2000. Nutritional Requirements.
In Tilapia: Biology and Exploitation. p327-375 Beveridge and McAndrew (Eds) Kluwer Academic Publishers 

Johnstone, R., Macintosh, D.J. and Wright, R.S. 1983.  Elimination of orally-administered 17-alpha methyltestosterone by Oreochromis mossambicus (tilapia) and Salmo gairdneri (rainbow trout) juveniles.  Aquaculture 35,249-257.
Karayücel S, Karayücel I, Penman D, McAndrew, B. J. 2002
Production of androgenetic Nile tilapia, Oreochromis niloticus L.: Optimization of heat shock duration and application time to induce diploidy Israeli Journal of Aquaculture-Bamidgeh 54 (4): 145-156  .

Karayücel I, Penman D, Karayücel S, McAndrew B. 2003.  Thermal and hormonal feminization of all male YY Nile tilapia, Oreochromis niloticus. L.
Israeli Journal of Aquaculture-Bamidgeh 55 (2): 114-122,.
Karayücel, I.,  Tariq Ezaz, M., Karayücel, S.,  McAndrew, B.J.,  Penman, D.J.   2004. Evidence for two unlinked “sex reversal” loci in the Nile tilapia, Oreochromis niloticus, and for linkage of one of these to the autosomal red body colour gene. Aquaculture 234, 51-63. 

Kocher, T. D., Lee, W-J., Sobolewska, H., Penman, D. J. & McAndrew B. J. 1998.
A genetic linkage map of a cichlid fish, the tilapia  (Oreochromis niloticus)
Genetics 148: 1225-1232. 
Lee, W-J  and Kocher T.D.  1996. Microsatellite DNA markers for genetic mapping in the tilapia Oreochromis niloticus. J. Fish Biol. 49,169-171.
Lee, W-J  Penman D J. and Kocher T.D. 2003. Identification of a sex-determining region in Nile Tilapia (Oreochromis niloticus) using bulk segregant analysis. Animal Genetics 34, 379-383
McAndrew, B. J. & Majumdar, K. C.  1983.  Tilapia stock identification using electrophoretic markers.  Aquaculture 30: 249-261.  

McAndrew, B. J & Majumdar, K. C. 1984.
Evolutionary relationships within three Tilapiine genera, Tilapia, Sarotherodon and Oreochromis (Pisces, Cichlidae). Zoological Journal of the Linnean Society 80: 421-435. 

McAndrew, B. J. & Majumdar, K. C. 1988.
Growth studies in juvenile tilapia using pure species, hormone treated and nine interspecific hybrids. Aquaculture and Fisheries Management 20: 35-47. 

Macaranas, J.M., Taniguchi, N., Pante, M.J.R., Capili, J.B. and Pullin, R.S.V.P. 1986.  Electrophoretic evidence for extensive hybrid gene introgression into commercial Oreochromis niloticus (L.) in the Philippines.  Aquacult.Fish. Mgmt. 17,249-258.

Majumdar, K. C. & McAndrew, B. J. 1986.
Relative DNA content of somatic nuclei and chromosomal studies in three genera Tilapia
 Sarotherodon, and Oreochromis of the tribe Tilapiine (Pisces, Cichlidae).

Genetica 68: 175-188.


McAndrew, B.J. 1993. Sex  control in Tilapiines.  .pp. 87-98 In Muir, J.F. and Roberts, R.J. Recent Advances in Aquaculture IV. Blackwells. London.

Mair, G.C. and Little, D.C. 1991. Population control in farmed tilapias. NAGA,14,8-13.
Mair, G.C., J.S. Abucay, D.O.F. Skibinski, T.A. Abella and J.A. Beardmore 1997  Genetic manipulation of sex ratio for the large-scale production of all-male tilapia, Oreochromis niloticus. Can. J. Fish. Aquat. Sci. 54,396-404.
Myers J.M., and Hershberger W.K. 1991. Early growth and survival of heat shocked and tetraploid derived triploid rainbow trout (Oncorhynchus mykiss) Aquaculture 96, 97-107.

Myers, J. M., Penman, D. J., Basavaraju, Y., Rana, K. J., Bromage, N., Powell, S. McAndrew, B. J. 1995.  Induction of diploid androgenetic and mitotic gynogenetic Nile tilapia (Oreochromis niloticus). Theoretical and Applied Genetics 90: 205-210. 

Myers, J.M. (1986). Tetraploid induction in Oreochromis spp. Aquaculture 57,281-287.

Myers, J.M., Penman, D.J., Rana, K.J., Bromage, N., Powell, S.F. and McAndrew, B.J.  1995a.  Applications of induced androgenesis with tilapia.  Aquaculture 137,150.

Penman, D.J. and McAndrew, B. J. (2000)
Genetics for the Management and Improvement of Cultured Tilapias p227-266.
In Tilapia: Biology and Exploitation. Beveridge and McAndrew (Eds) Kluwer Academic Publishers.

Ridha, M.T. and Cruz, E.M. 2000. Effect of light intensity and photoperiod on Nile tilapia Oreochromis niloticus L. seed production. Aquaculture Research 31, 609-617.
Sarder, M.R.I., Penman, D.J., Myers, J.M. & McAndrew, B.J.
Production and propagation of fully inbred clonal lines in the Nile tilapia (Oreochromis niloticus L.) Journal of Experimental Zoology. 284, (6), 675-685. 1999.

Scott, AG, Penman, DJ, Beardmore, JAB and Skibinski, DOF 1989. The "YY" supermale in Oreochromis niloticus (L.) and its potential in aquaculture. Aquaculture 78,237-251.

Sodsuk, P. & McAndrew, B. J.
Molecular systematics of three Tilapiine genera Tilapia, Sarotherodon and Oreochromis 

using allozyme data. Journal of Fish Biology. (Supplement A) 39: 301-308. 1991.

Sodsuk, P., McAndrew, B. J. & Turner, G.   1995.
Evolutionary relationships of the Lake Malawi Oreochromis species: evidence from allozymes. Journal of Fish Biology  47: 321-333. 

Sodsuk, P.K. 1993.  Molecular genetics and systematics of tilapiine cichlids using allozymes and morphological characters.  PhD Dissertation. University of Stirling.  308p.

Taniguchi, N., Macaranas, J. M. and Pullin, R.S.V. 1985.  Introgressivehybridisation in cultured tilapia stocks in the Philippines. Bull. Jap. Soc. Fisheries 51(8),1219-1224.

Trewavas, E. 1983. Tilapiine fishes of the genera Sarotherodon, Oreochromis and Danakilia. British Museum (Natural History)  London. Publication number 878.583pp.

USDEA. 1997. DEA No. 1601 Schedules of controlled substances: Exempt Anabolic Steroid Products. Drug Enforcement Administration drug and chemical evaluation section. Dept of Justice,Washington DC 20537.

Wong J.T.Y. (1984) Genetic engineering in some tilapias by artificial manipulation of chromosomes MSc Dissertation University of Stirling, Stirling Scotland.
