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Abstract 

The development of aquaculture industry in Tanzania cannot cope with the expected substantial 

increase in demand for fish and fish products due to several bottlenecks including unavailability of 

good quality feeds and fingerlings. Fish farmers often complain about slow growth rate of the 

farmed fish necessitating genetic characterization. This study identified and determined the genetic 

diversity of tilapia species farmed in Kilombero Districts at Chita earthen ponds. Fish samples 

were collected from nine earthen ponds belonging to small-scale fish farmers for genetic 

characterization. Total DNA was extracted by using the phenol-chloroform technique. The genetic 

diversity was calculated by using the Arlequine version 3.01. The study found that, 90% of the 

sampled fish at Chita were Oreochromis niloticus, while 5.5% were Bathybates minor. There was 

low genetic diversity in the farmed tilapia, suggesting the possibility of inbreeding effects and a 

limited number of founder broodstock in the populations. Therefore, successful aquaculture 

development in Tanzania requires well-managed and effective fish breeding programs for 

production of good quality fingerlings through fish genetic resources management.  
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Introduction 

Tilapia species collectively belong to the 

Cichlid family of fishes. They are the most 

spectacular of extant vertebrates, comprising 

several hundred morphologically and 

behaviourally diverse species (Fryer and Iles 

1972, Trewavas 1983, Sültmann et al. 1995, 

Klett and Meyer 2002). Tilapia is an excellent 

fish species for aquaculture because of its 

rapid growth rate, high survival rate, easy 

breeding and ability to feed low on the aquatic 

food chain (Abdel-Hamide 1998, Kapinga et 

al. 2019). Moreover, the species are easy to 

handle, resistant to diseases and tolerant to a 

wide range of environmental conditions 

(Balarin and Hatton 1979).  

Tilapia is the common name for four fish 

genera: Oreochromis, Sarotherodon, 

Coptodon and Tilapia (Dunz and Schliewen 

2013). These fishes are indigenous to tropical 

and sub-tropical fresh waters of Africa, 

Mediterranean and Middle East (Trewavas 

1983). The four genera are taxonomically 

distinguished based on their parental care 

patterns (Mjoun and Rosentrater 2010). In the 

genera Tilapia both parents (male and female) 

guard the eggs, wriggler, and free-swimming 

fry, and hence they are referred to as bi-

parental caring substrate spawners (Trewavas 
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1983, Mjoun and Rosentrater 2010). On the 

other hand, in the genus Oreochromis, the 

females incubate the fertilized eggs and the 

young fry in their mouths, hence they are 

known as arena-spawning maternal mouth 

brooders (Trewavas 1983). The genus 

Coptodon comprises of substrate-brooding, 

benthopelagic fish, guarding eggs as a form of 

parental care is done by both male and female 

(Dunz and Schliewen 2013). The Cichlids of 

the genus Sarotherodon are paternal, maternal 

or bi-parental brooders, in which either male 

or female or both parents, protect and carry 

the eggs, wriggler and free swimming fry in 

their mouths (Mjoun and Rosentrater 2010, 

Canonical et al. 2005). 

Most classifications of Tilapia species are 

based on reproduction, development, feeding, 

structural characteristics and biogeography 

(Trewavas 1983). Although such 

characteristics are valuable for identification 

purposes, yet none of them, either singly or in 

combination, can be used to unambiguously 

identify an individual fish because the 

differences among species are imperceptible 

and overlap (Fryer and Iles 1972). Species 

differentiation becomes more complicated 

when interspecies hybridization occurs; hence 

the correct identification of the species is 

imperative. Genetic markers are fundamental 

tools for monitoring fish populations (Rashed 

et al. 2011) and fish species genetic variability 

(Saad et al. 2012). Different molecular 

methods have been used in characterization 

and identification of tilapia species since the 

adoption of DNA based classification 

technique in the 1980s. These methods 

include restriction fragment length 

polymorphism (RFLP) (Agnése et al. 1999), 

isozymes (Agnése et al. 1999) and random 

amplified polymorphic DNA–RAPD. 

Application of microsatellite markers for 

genetic diversity studies in Tilapia culture 

lines has been described by Romana-Eguia et 

al. (2004). 

More than 95% of fish farmers in Tanzania 

grow mixed-sex Tilapia species in earthen 

ponds (Kaliba et al. 2006). Most fish farmers 

obtain their Tilapia seeds for stocking in 

ponds either from the wild or neighbouring 

fish farmers with less experience and 

improper identification knowledge. 

Consequently, chances of stocking incorrectly 

identified stocks are common. Thus, Tilapia 

species cultured in earthen ponds in Tanzania 

are inbred leading to subsequent loss of 

genetic diversity (Bradbeer et al. 2019). This 

has caused poor yields from Tilapia species 

cultured in the country (Shoko et al. 2011). 

Therefore, studies aimed at using appropriate 

methods to identify correctly Tilapia 

fingerlings for stocking in earthen ponds are 

required to ensure increased fish production. 

The present study used simple sequence 

repeats technique to differentiate Tilapia 

species farmed at Chita in Kilombero District. 

 

Materials and Methods 

Study site  

Kilombero District is situated in a vast 

floodplain, between the Kilombero River in 

the south-east and the Udzungwa-Mountains 

in the north-west. The area is predominantly 

rural with the semi-urban district headquarters 

Ifakara as major settlement. The majority of 

the villagers are subsistence farmers of maize 

and rice complemented with fish farming 

(Limbu et al. 2016). This study was conducted 

at Chita, one of the wards of the Kilombero 

District situated in the east of the region, 

between latitude 8° 33" and longitude 35° 58’ 

(Figure 1). 

 

Collection of fish samples  

The fish used in this study were collected 

from earthen ponds owned by four small-scale 

fish farmers namely; Mponzi (three ponds), 

Ngaiza (two ponds), Soliyambingu (two 

ponds) and Lubagula (two ponds). Before fish 

collection, each pond was standardized to fit 

200 m
2
 and stocked with Tilapia species at a 

stocking density of 3 fish m
–2

. This study was 

part of a large project, other growth 

parameters and fish management practices 

have been published elsewhere (Limbu et al. 

2016, Limbu et al. 2017, Shoko et al. 2019). 

https://en.wikipedia.org/wiki/Demersal_fish
https://en.wikipedia.org/wiki/Demersal_fish
https://en.wikipedia.org/wiki/Demersal_fish
https://en.wikipedia.org/wiki/Kilombero_River
https://en.wikipedia.org/wiki/Ifakara
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At least 30 fish specimens were collected 

randomly from each fish pond by using a 

small mesh seine net from September to 

November 2013. Thereafter, one hundred and 

thirty four (134) fish samples were pooled 

from the collection, labelled, chilled on ice 

box and brought to the University of Dar es 

Salaam laboratory. In the laboratory, the fish 

were stored at –70 °C prior to genetic 

analysis. A fragment of muscle of 

approximately 1 x 1 cm from the caudal fin 

tissue was excised from each fish in a sample 

of 90 fish specimens selected randomly, and 

placed individually in labelled vials 

containing 1 ml of 95% non-denatured ethanol 

(70% isopropanol) and held at 4 °C for 

subsequent DNA extraction. 

 
Figure 1: The map of Kilombero District, Morogoro region showing the study site. (Source: 

UDSM Cartographic Unit, 2016). 

 

Genomic DNA extraction 

Total genomic DNA was extracted from 

90 previously excised caudal fin tissue 

samples by using phenol/chloroform method 

as described by Ullrich et al. (1977). The 

presence of DNA was verified by agarose gel 

(0.8% w/v) electrophoresis and its 

concentration and purity were determined by a 

Nanodrop spectrophotometer (Thermo 

Scientific, Inc). 

 

The polymerase chain reaction (PCR) and 

sequencing 

The polymerase chain reaction (PCR) used 

the primers UNH 172, Primer sequence (5′–3′) 

(AATGCCTTTAAATGCCTTCA and 

CTTTTATAGTCGCCCTTTGTTA) (Kocher 

et al. 1989). The PCR was performed in final 

volume of 50 ml containing 0.25 mM MgCl2, 

0.2 mM of each dNTP, 1 mM of each primer, 

5 ml of 10x buffer and 10 units of Taq 

polymerase (Promega). The PCR reaction 

conditions were: 3 minutes pre-heating at 93 

°C followed by 40 cycles of 30 seconds at 93 

°C, 30 seconds at 62 °C and 1 minute at 72 

°C, with a final elongation phase of 72 °C for 

five minutes. Sequencing of the PCR products 

was done at Macrogen (Korea). Sequences 

were aligned using BioEdit 5.09 (Hall 1999). 
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Tilapia species identification 

Tilapia species were identified by using 

conventional morphological method and 

microsatellite DNA based technique. 

Morphological identification 

A total of eighty nine male and female 

samples were identified using FAO 

identification sheet for fishery purposes 

(Eccles 1992). The Oreochromis niloticus 

species were identified based on 

morphometric variables (M) and three meristic 

variables (m), which were directly counted. 

The morphometric variables were measured to 

the nearest 0.1 cm using a measuring ruler and 

0.001 g using digital weighing scale 

(OHAUS
TM

 30035436 Model V41PWE6T). 

All measurements were taken on the left side 

of the fish. The morphometric variables 

determined included body weight (BW, g) and 

total length (TL, cm). External meristic 

characters examined included number of 

dorsal and caudal fin spines (DFS and CFS, 

respectively). Internal meristic characters 

examined were gill rackers.  

 

Microsatellite DNA based identification 

The forward and reverse sequences were 

aligned in one direction by using BioEdit 5.09 

(Hall 1999) in order to avoid editing 

ambiguities that occurred during sequencing. 

The edited microsatellites sequences were 

separately aligned with the published 

Genbank National Center for Biotechnology 

Information (NCBI) sequences for 

Oreochromis species through Basic Local 

Alignment Search Tool (BLAST). This was 

necessary in order to compare the query 

sequences at hand with the data base 

sequences (http://blast.ncbi.nlm.nih.gov 

retrieved 24
th

 may 2016 11:36). The 

sequences with maximum likelihood were 

aligned by MUSCLE software (Edgar 2004) 

using Molecular Evolutionary Genetics 

Analysis (MEGA) software version 6.0 

(Tamura et al. 2011) in order to determine 

their similarities and differences. 

 

 

Genetic diversity of Tilapia species 

The number of haplotypes and nucleotide 

diversity (n) were calculated for the entire 

population using ARLEQUIN version 3.01 

(Librado and Rozas 2009) in order to examine 

the extent of genetic diversity of the species 

studied. 

 

Phylogenetic tree analysis 

Phylogenetic tree for the microsatellite 

sequences were constructed by using the 

Maximum Likelihood (ML) algorithm in 

MEGA 7.0 software based on Kimura 2-

Parameter model to depict the genetic 

relationships of the sampled individuals. The 

robustness of the nodes in each phylogeny 

was assessed by bootstrap analysis 

(Felsenstein 1985) for 100 replicates. The 

resulting phylogenetic trees were edited by 

using Tree Graph 4.0. 

 

Results  

Morphological identification 

Fish collected from earthen ponds at Chita 

in Kilombero District were characterized by 

long spiny dorsal fins anteriorly (Plate 1). 

Other features included dorsal fin with 16 to 

17 spines and 11 to 15 soft rays, anal fin with 

3 spines and 10 to 11 rays. The nostril is on 

each side and uninterrupted lateral line with 

the first section being slightly above and 

curved following the dorsal profile of the 

body. The fish had a laterally compressed 

body with cycloid scales and caudal fin with 

numerous black bars. These morphological 

features and meristic counts were congruent to 

those from the family Cichlidae and the genus 

Oreochromis as described by Trewavas 

(1983). 

The colour of the collected fishes ranged 

from grey-brownish to dark-grey, with some 

fish having vertical bars on their trunks (Plate 

1). Sampled fish had 14 to 28 gill rackers 

portraying the characteristic features of 

Oreochromis niloticus as described by 

Trewavas (1983). 

 

 

http://blast.ncbi.nlm.nih.gov/
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Microsatellite DNA based identification 

A total of ninety (90) nucleotide sequences 

blasted against the published sequences in the 

NCBI database. The sequences showed the 

query cover of 33 to 100% and maximum 

identity of 97 to 100%. About 90.1% of the 

samples were identified as O. niloticus, 

whereas a 5.5% samples were identified as 

Bathybates minor and the remaining 4.4% of 

the sequences were not identified.  

 
Plate 1: A harvest of Oreochromis niloticus from one of the ponds at Chita (Photo:  Mndeme). 

Note: Dark stripes on the body are distinctive of the species, colour ranged from grey- 

brownish to dark-grey. 

 

Genetic diversity of Tilapia fish species  

The results of microsatellite sequences 

produced from Arlequine 3.1 analysis were 

eighty nine haplotypes (Table 1) with allele 

sizes ranging from 119 to 194 bp. The 

nucleotide diversity (average per loci) and 

gene diversity were 0.5885 and 1.0000 ± 

0.0017, respectively.  

 

Table 1: Standard diversity indices: (pop_1) 

Number of gene copies 89 

Number of sequences 89 

Number of allele 89 

Number of loci 1 

Number of usable loci 218 

Number of polymorphic site 218 

Number of heterozygosity 1.000 

 

Phylogenetic tree analysis 

Similarities among fish collected from 

different ponds at Chita were checked via a 

phylogenetic tree constructed by the 

Maximum Likelihood algorithm based on the 

Tamura-Nei model using MEGA 7 (Kumar et 

al. 2012). The inference involved 91 

nucleotide sequences. We used the sequences 

for Oreochromis mossambicus (GenBank 

accession number AB601825) and 

Oreochromis aureus (GenBank accession 

number AB195552.1) as out-groups. We 

constructed the tree by using the highest log 

likelihood (-3803.1956; Figure 2). The tree 

shows the percentage relatedness of the 

collected Tilapia species. The maximum 

likelihood produced a tree with ten clusters 

(groups) separated by insignificant bootstrap 

values. In addition, individuals collected from 

different ponds were randomly intermingled 

in the different clusters. Notably, B. minor 

was also observed pairing with O. niloticus at 

some point in the tree (Figure 2).
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Figure 2: Maximum Likelihood consensus tree of microsatellite haplotypes based on Kimura’s 

two-parameter sequence divergence between haplotypes of Chita earthen ponds. 
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Discussion 

Identification of fish 

The study was undertaken to understand 

the identity and genetic diversity of fish 

species farmed at Chita in earthen ponds in 

Kilombero valley. Fish sampled from the 

earthen ponds exhibited morphological and 

morphometric characteristics of the genus 

Oreochromis as previously described by 

Trewavas (1983) and Nyingi et al. (2009). The 

specimens had vertical dark stripes on the 

caudal fin, which according to Trewavas 

(1983) portrayed a characteristic feature for 

Oreochromis niloticus. Moreover, the lateral 

line was interrupted by 30 to 34 cycloid 

scales, which is an addition feature for this 

species (Trewavas 1983). 

The study however, did not 

morphologically delineate O. niloticus to 

subspecies level mainly due to overlapping of 

meristic counts from the observed specimens. 

The present results are supported by the 

findings from Samaradivakara et al. (2012) in 

which meristic measures did not show 

sufficient divergence among Tilapia 

populations in Sri Lanka. Similar findings 

were reported from earlier study by Vidalis et 

al. (1997) who asserted that meristic 

characteristics have narrow variable range. 

The inability to delineate the fish samples at 

subspecific level was probably due to the fact 

that, many O. niloticus subspecies have an 

overlapping narrow range of meristic 

characteristics, which make them hard to 

classify when mixed. This limitation 

necessitated the use of molecular techniques.  

A molecular approach for fish species 

classification is more accurate and practical 

compared with classical methods such as 

meristic characteristics. Different molecular 

tagging methods have been designed to study 

fish species characterization and population 

structure (Rashed et al. 2011, Saad et al. 

2012). Among these, microsatellite or simple 

sequence repeats (SSR) marker is a 

convenient tool in studying genetic structure 

and phylogenetic relationships among fish 

species (Rashed et al. 2011). The potential 

uses of such methods in aquaculture include 

monitoring changes in genetic variation as a 

consequence of different breeding strategies, 

interactions between wild and cultured 

populations as in this study (Hutchings and 

Fraser 2008). Other aspects include parentage 

assignment and estimation of relatedness 

between potential breeding pairs (Hutchings 

and Fraser 2008).  

Microsatellite sequences produced 90.1% 

identical to O. niloticus. However, individuals 

in these ponds related differently in terms of 

genotypes as observed from the genetic 

diversity indices values. This finding is further 

to confirm inbreeding events among the 

studied Tilapia species not necessarily during 

this study but from where the fingerlings for 

stocking in the current ponds were obtained.   

 

Morphological and genetic diversity 

The present study found nucleotide 

diversity values of 0.588518 ± 0.282253 from 

fish samples collected in earthen ponds at 

Chita. This suggests existence of low genetic 

variability in the population studied, as 

previously reported by Wu and Yang (2012), 

who found nucleotide diversity of captive 

individual Tilapia fish ranging from 0 to 

0.3874. The obtained low genetic variability is 

attributed to inbreeding effects and a possible 

limited number of founder broodstock in the 

population as reported previously (Wu and 

Yang 2012). Fish farmers at Chita, might be 

obtaining fish seeds from limited broodstock, 

which are shared haphazardly among them. 

Therefore, minimizing the mating of closely 

related individuals by maintaining large 

numbers of broodstock separately is 

recommended to restore the genetic diversity 

of the population as suggested by Martins et 

al. (2004).  

The effect a small number of founder 

broodstock in aquaculture has been shown in 

other parts of the world. For example, the 

initial O. niloticus stock brought to the 

Philippines originated from a small number of 

fish imported from Thailand in 1972. 

Thailand’s nationwide stock is, in turn, 
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derived from about 200 fish from Japan, and 

these fish were derived from ancestors 

collected from open waters in Egypt, Africa in 

1962 (Watanabe 1997). As no pedigree 

records for the import and transportation of 

the Tilapia fish were available, these practices 

possibly resulted in inbreeding and associated 

low reproduction and growth performance. 

Indeed, Chita fish farming practices show that, 

fish farmers collect a few brooders from Lake 

Victoria and use them in the same way as for 

the Philippine’s and Thailand cases. 

Inbreeding undermines genetic gains and 

production performance if not controlled and 

monitored properly in aquaculture systems 

(De Donato et al. 2005). Inbreeding leads to a 

reduction in heterozygosity of genes and an 

increase in homozygosity on the allelic level, 

which may expose deleterious or lethal 

recessive alleles (Lande 1994) and their 

expression in the homozygote state (Barrett 

and Kohn 1991, Brock and White 1992). This 

negatively impacts life history traits and 

productive fitness causing reduced growth, 

low survival rate during the eggs, fry and 

adult stages, low reproductive performance 

with a higher proportion of biochemical 

disorders and deformities in fish population 

(Gjedrem 2005). The loss of fitness and 

productive performance in inbred individuals 

is referred to as inbreeding depression (Wright 

1977, Shields 1987). This phenomenon might 

be contributing to slow growth of fishes as 

pointed out by the fish farmers in the present 

study site. 

 

Phylogenetic relationship 

In the present study, the phylogenetic tree 

depicted minor variations among individuals 

sampled from different ponds. Despite this, 

inbreeding effects seemed to be happening in 

this farming system. The tree points out that 

individuals of the same species are slowly 

being separated genetically (low bootstrap 

values in clusters 1 to 10, Figure 2). The 

varying degrees of introgression within the 

population observed in this study lead to low 

genetic diversity. The low genetic diversity 

consequently caused inbreeding, which is 

generally detrimental to fish, similar to 

previous results on introgression of O. 

mossambicus that resulted into reduced 

growth rates (Macaranas et al. 1995, Micha et 

al. 1996). Nevertheless, pairing of individuals 

from different ponds as observed in this study 

implies that farmers are sharing fish seeds 

from the same broodstock or rather collecting 

fingerlings from the same locality in the 

wilderness. 

Interestingly, the present study reported 

that 5.5% of all the fish sampled were 

Bathybates minor. The presence of B. minor, a 

species endemic to Lake Tanganyika at Chita 

ponds needs further research. Fish farming 

history in Tanzania indicates that fish farmers 

have been obtaining fish seeds from various 

regions including Mbozi District, Mbeya and 

Lake Victoria in Mwanza (Pauly 1983). 

Possibly, the B. minor were first cultured in 

Mbozi farmers’ ponds and later transferred to 

ponds in Chita via importation of fish seeds. 

 

Conclusion 

In summary, the cultured fish species at 

Chita were dominated by Oreochromis 

niloticus and few Bathybates minor with low 

genetic diversity. To improve fish farming in 

Tanzania, three strategies need to be 

implemented. First, DNA-based molecular 

markers should be used as a non-invasive 

method to identify and characterize Tilapia 

species for re-stocking. Secondly, periodic 

assessments of the standing genetic diversity 

of population should be conducted in order to 

evaluate the health of the population. Third, 

maintaining genetic heterogeneity in 

reproductive stocks to allow for constant and 

predictable Tilapia species production that 

satisfies the national demand. Future studies 

should consider using genetic markers to 

improve assessment and characterization of 

diversity for effective management of Tilapia 

species. 

 

 

 



Tanz. J. Sci. Vol. 46(1), 2020 

39 

 

Acknowledgements 
We thank the Government of the United 

Republic of Tanzania through Commission for 

Science and Technology (COSTECH) under 

“KILIMO KWANZA” and the Lake Victoria 

Research (VicRes) for funding the study. This 

study would be impossible without the 

assistance of Tilapia farmers from Chita 

Kilombero, who provided samples of their 

fish and spent many long hours discussing the 

history of those fish.  

 

References 

Abdel-Hamide NAH 1998 Biology of 

reproduction of Oreochromis niloticus 

(Linnaeus, 1758). PhD Thesis, Faculty of 

Science, Zagazig University, Benha 

branch. 

Agnése JF, Adépo‐Gourène B, Owino J, 

Pouyaud L and Aman R 1999 Genetic 

characterization of a pure relict population 

of Oreochromis esculentus, an endangered 

tilapia. J. Fish Biol. 54: 1119-1123. 

Balarin JD and Hatton JD 1979 Tilapia: A 

Guide to their Biology and Culture in 

Africa. Unit of Aquatic Pathobiology, 

University of Stirling, Scotland, UK, pp 

45-56. 

Barrett SCH and Kohn JR 1991 Genetic and 

evolutionary consequences of small 

population size in plants: implications for 

conservation. In: Falk DA, Holsinger KE 

(Eds) Genetics and Conservation of Rare 

Plants, Oxford University Press: New 

York, pp 3-30.  

Bradbeer SJ, Harrington J, Watson H, 

Warraich A, Shechonge A, Smith, 

Tamatamah R, Ngatunga BP, Turner GF 

and Genner MJ 2019 Limited 

hybridization between introduced and 

Critically Endangered indigenous tilapia 

fishes in northern Tanzania. Hydrobiologia 

832(1): 257-268. 

Brock MK and White BN 1992 Application of 

DNA fingerprinting to the recovery 

program of the endangered Puerto Rican 

parrot. Proc. Natl. Acad. Sci. 89(23): 

11121-11125. 

Canonical G, Arthington A, McCrary JK and 

Thieme ML 2005 The effects of 

introduced tilapias on native biodiversity. 

Aquat. Conserv: Mar. Freshw. Ecosyst. 15: 

463- 483. 

De Donato M, Manrique R, Ramirez R, Mayer 

L and Howell C 2005 Mass selection and 

inbreeding effects on a cultivated strain of 

Penaeus (Litopenaeus) vannamei in 

Venezuela. Aquaculture 247(1): 159-167. 

Dunz AR, Schliewen UK 2013 Molecular 

phylogeny and revised classification of the 

haplotilapiine cichlid fishes formerly 

referred to as Tilapia. Mol. Phylogenet. 

Evol. 68(1): 64-80. 

Eccles, D. H. 1992 FAO species identification 

sheets for fishery purposes. Field guide to 

the freshwater fishes of Tanzania, United 

Nations Development Programme, Rome. 

pp. 47-58. 

Edgar RC 2004 MUSCLE: Multiple sequence 

alignment with high accuracy and high 

throughput. Nucleic Acids Res. 32(5): 

1792-1797. 

Felsenstein J 1985 Confidence limits on 

phylogenies: An approach using the 

bootstrap. Evolution 39: 783-791. 

Fryer G and Iles TD 1972 The cichlid fishes 

of the Great Lakes of Africa. Oliver and 

Boyd, Edinburgh. pp. 124-151. 

Gjedrem T 2005 Selection and breeding 

programs in aquaculture. Gjedrem T (Ed.). 

Dordrecht: Springer. pp. 364. 

Hall TA 1999 BioEdit: a user-friendly 

biological sequence alignment editor and 

analysis program for windows 95/98/NT. 

In: Nucleic Acids Symp. Ser. 41: 95–100. 

Hutchings JA and Fraser DJ 2008 The nature 

of fisheries and farming induced evolution. 

Mol. Ecol. 17: 294-313.  

Kaliba AR, Osewe KO, Senkondo EM, 

Mnembuka BV and Quagrainie KK 2006 

Economic analysis of Nile tilapia 

(Oreochromis niloticus) production in 

Tanzania. J. World Aquacult. Soc. 37(4): 

464-473. 

Kapinga IB, Limbu SM, Madalla NA, Kimaro 

WH, Mabiki FP, Lamtane HA and 

https://www.ncbi.nlm.nih.gov/pubmed/23542002
https://www.ncbi.nlm.nih.gov/pubmed/23542002


Mndeme et al. - Genetic diversity among Tilapia species farmed at Chita … 

 

40 

 

Tamatamah RA 2019 Dietary Aspilia 

mossambicensis and Azadirachta indica 

supplementation alter gonadal 

characteristics and histology of juvenile 

Nile tilapia (Oreochromis niloticus). 

Aquacult. Res. 50(2): 573-580. 

Klett V and Meyer A 2002 What, if anything, 

is a tilapia?–Mitochondrial ND2 

phylogeny of tilapiines and the evolution 

of parental care systems in the African 

cichlid fishes. Mol. Biol. Evol. 19(6): 865-

883. 

Kocher TD, Thomas A, Meyer SV, Edwards S 

and Paeabo FX 1989 Dynamics of 

mitochondrial DNA evolution in animals: 

amplification and sequencing with 

conserved primers. Proc. Natl. Acad. Sci. 

86: 6196-6200. 

Kumar S, Stecher G, Peterson D and Tamura 

K 2012 MEGA-CC: computing core of 

molecular evolutionary genetics analysis 

program for automated and iterative data 

analysis.   Bioinformatics 28: 2685–2686. 

Lande R 1994 Risk of population extinction 

from fixation of new deleterious 

mutations. Evolution 48(5): 1460-1469.  

Librado P and Rozas J 2009 DNASP v5: A 

software for comprehensive analysis of 

DNA polymorphism data. Bioinformatics 

25: 1451-1452. 

Limbu SM, Shoko AP, Lamtane HA, Kishe-

Machumu MA, Masanja JC, Mbonde AS, 

Mgana HF and Mgaya YD 2016 

Supplemental effects of mixed ingredients 

and rice bran on the growth performance, 

survival and yield of Nile tilapia, 

Oreochromis niloticus reared in fertilized 

earthen ponds. SpringerPlus 5(1): 1-13. 

Limbu SM, Shoko AP, Lamtane HA, Kishe-

Machumu MA, Masanja JC, Mbonde AS, 

Mgana HF and Mgaya YD 2017 Fish 

polyculture system integrated with 

vegetable farming improves yield and 

economic benefits of small-scale farmers. 

Aquacult. Res. 48(7): 3631-3644. 

Macaranas JM, Agustin LQ, Ablan MCA, 

Pante MJR, Eknath AA, Pullin RSV 1995 

Genetic improvement of farmed tilapias: 

biochemical characterization of strain 

differences in Nile tilapia. Aquacult Int. 3: 

43-54. 

Martins C, Oliveira C, Wasko AP and Wright 

MJ 2004 Physical mapping of the Nile 

tilapia (Oreochromis niloticus) genome by 

fluorescent in situ hybridization of 

repetitive DNAs to metaphase 

chromosomes- a review. Aquaculture 231: 

37-49. 

Micha JC, Cuvelier R, Tilquin C, Muraille B, 

Bourgois M and Galter U 1996 

Comparative growth of hybrids (F1, F2 & 

F3) of Oreochromis niloticus and O. 

marcrochir. In: Pullin RSV, Lazard J, 

Legendre M, Amon-Kothias JB and Pauly 

D (Eds.), The Third International 

Symposium on Tilapia in Aquaculture. 

ICLARM Conference Proceeding, vol. 41. 

World Fish Center, Penang, Malaysia, pp. 

354-360. 

Mjoun K and Rosentrater M 2010 Tilapia: 

Profile and Economic Importance. South 

Dakota: South Dakota Cooperative 

Extension Service, pp. 258-262. 

Nyingi DW, De Vos L, Aman R and Agnèse 

JF 2009 Genetic characterization of an 

unknown and endangered native 

population of the Nile tilapia Oreochromis 

niloticus (Linnaeus, 1758) (Cichlidae; 

Teleostei) in the Loboi swamp ( Kenya). 

Aquaculture 297: 57-63. 

Pauly D 1983 Some simple methods for the 

assessment of tropical fish stocks. FAO 

Fisheries Technical Paper, (234), FAO, 

Rome, Italy, pp 81-120. 

Rashed MA, Saad YM, Atta AH and Ahmed 

NE 2011 Reconstruction of phylogenetic 

relations among four Tilapia species. 

World Appl. Sci. J. 14(3): 456-462. 

Romana-Eguia MRR, Ikeda M, Basiao ZU 

and Taniguchi N 2004 Genetic diversity in 

farmed Asian Nile and red hybrid tilapia 

stocks evaluated from microsatellite and 

mitochondrial DNA analysis. Aquaculture 

236(1-4): 131-150. 

Saad YM, Rashed MA, Atta AH and Ahmed 

NE 2012 Genetic Diversity among some 



Tanz. J. Sci. Vol. 46(1), 2020 

41 

 

Tilapia species based on ISSR markers. 

Life Sci. J. 9(4): 4841-4846. 

Samaradivakara SP, Hirimuthugoda NY, 

Gunawardana RHM, Illeperuma RJ, 

Fernandopulle ND, De Silva AD and 

Alexander PBD 2012 Morphological 

variation of four Tilapia populations in 

selected reservoirs in Sri Lanka. Trop. 

Agric. Res. 23(2): 105-116. 

Shields WM 1987 Dispersal and mating 

systems: investigating their causal 

connections. In: Chepko-Sade BD and 

Halpin ZT (Eds) Mammalian Dispersal 

Patterns: the Effects of Social Structure on 

Population Genetics, University of 

Chicago Press, Chicago, pp. 156-213.  

Shoko AP, Getabu A, Mwayuli G and Mgaya 

YD 2011 Growth performance, yields and 

economic benefits of Nile tilapia 

Oreochromis niloticus and Kales Brassica 

oleracea cultured under vegetable-fish 

culture integration. Tanz. J. Sci. 37: 37-48. 

Shoko AP, Limbu SM, Lamtane HA, Kishe-

Machumu MA, Sekadende B, Ulotu EE, 

Masanja JC and Mgaya YD 2019 The role 

of fish-poultry integration on fish growth 

performance, yields and economic benefits 

among smallholder farmers in sub-Saharan 

Africa, Tanzania. Afr. J. Aquat. Sci. 44 (1): 

15-24. 

Sültmann H, Mayer WE, Figueroa F, Tichy H 

and Klein J 1995 Phylogenetic analysis of 

cichlid fishes using nuclear DNA markers. 

Mol. Biol. Evol. 12(6): 1033-1047. 

Tamura K, Peterson D, Peterson N and 

Stecher G, Nei M and Kumar S 2011 

MEGA5: Molecular evolutionary genetics 

analysis using maximum likelihood, 

evolutionary distance, and maximum 

parsimony methods. Mol. Biol. Evol. 

28(10): 2731-2739.  

Trewavas E 1983 Tilapiine fishes of the 

Genera Sarotherodon, Oreochromis and 

Danakilia. London: British Museum 

(Natural History).  

Ullrich A, Shine J, Chirgwin J, Pictet R, 

Tischer E, Rutter WJ and Goodman HM 

1977 Rat insulin genes: construction of 

plasmids containing the coding sequences. 

Science 196(4296): 1313-1319. 

Vidalis K, Markakis G and Tsimenides N 

1997 Discrimination between populations 

of picarel (Spicara smaris L., 1758) in the 

Aegean Sea, using multivariate analysis of 

phenetic characters. Fish. Res. 30(3): 191-

197. 

Watanabe WO, Olla BLWicklund RI and 

Head WD 1997 Saltwater Culture of the 

Florida Red Tilapia and Other Saline-

Tolerant Tilapias: A Review.  In Costa-

Pierce BA and Rakocy JE (Eds). Tilapia in 

the Americas, Vol. 1, pp. 54-141, World 

Aquaculture Society, Baton Rouge, 

Louisiana. 

Wright S 1977 Evolution and the Genetics of 

Populations, vol. 3: Experimental Results 

and Evolutionary Deductions. University 

of Chicago Press, Chicago. 

Wu L and Yang J 2012 Identifications of 

captive and wild Tilapia species existing in 

Hawaii by mitochondrial DNA control 

region sequence. PLoS One 7(12): e51731. 

 


