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Abstract

The reservoir fishery in Sri Lanka depends mainly on exodc rilapias, especiatly on rwo
spe.;es, Orcochronl nossanbicus ar'd O niloticus These specres are known to hybfidize
rcadily and uncontrolled hybridizatron in soDe rese.voim in Sn Lanka has resulted.in adverse
effects on slock performance and compronised the fishery in some places. This srudy therefore
wrs designed to tdal microsalellites as genetic narkers for determining the felanve puriry of
diflerent resewoir stocks and for assessing the .elalive bias of hvbrid srocks towards ,.
niloti8 or O nossam bic6 ^lleles If variation ar mrcrosatellite loc i can be used !o characrnze
the hybrid sNatus of stocks and relate it with extemal norphological characrerisrrcs, ihen ihe
markers caD be used to evaluate relative stock performanc€ in differcnr reservoirs ro determine
if lhe difTerences rn perfomance afe related to genotype (bias iowards O mossanbicus ot A
rrlot. s alleles) or diferences in local envi.onmental conditions.

Introduction

Introduced tilapia species na]r,ely, Oreochrohis Nlotrcus arLd O nossanbicus zcco]dJtr
fo. the major part ofconnercial catches (De Silva 1988) and thereby conrribute significanrly ro
ihe reservoir fishery of Sri Lanka. Apart from ihe above species Tilapia rcndalii also has
established populations in Sri Lanlan reservoirs. The reproduclive biology (De Silva &
Chandraoma, 1980; De Silva 1986), nulriiional ecology (De Silva 1985a) aDd fisbefy of O
n rjJarrbrcrs (Chandra-\oma 1986; De Sllva t985b; Amafasinghe & De Silva 1992a,1992b) jn
Sri Lankan rese.,,oirs have been welldocunented.

Natural hybridization appears to be a common phenomenon in fishes especially rn
freshwater and anadromous fish (Elder e, /l/' l97l; Verspoor 1988; Campton 1988). Lrkelihood
of hybridization is determined primarily by environ.nenral facrors and geological events.
ReceDtly buman activitjes have also influenced the poLenrial ofhybridizarion (Avise & Van Den
Aryle 1984). Natural hybndization is generaily considered ro be undesirable because specres.
sub species or populations may be modified or extirpated ihrough gene jntrogressron (Moreau
1986,Elderetal .197l)

Nabral hybndization is cornmon amons cichlids (Macaranas €r d/ 1986: pante e/ al
1989i Gregg et a|. 1997) O niloticus ̂ nd O nossanbrcus are known ro interbr€ed easily
(Hickling l97l) and this p.ocess occurs in Srj Latu3.h O nitoticus znd O mossanbic s
populations 1oo (D€ Silva & Ranasingbe 1989; Amarasinghe & De Silva t996).
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Amarasinghe & De Silva (1996) showed that hybridization betweea O niloticus

and O mossanbicus rcsrlted in a male-dominant sex ralio and a decline in fecundrtv which

may adversely affect the long term viability of the fishery. Fudhermore, Moreau (1986)
.epofied the couapse of an exisiing fisbery based oa C nacrcchir h lzke Itzsy, Madagascaf

due to hybrid int.ogression ofo ,i/alrc s genes into the O nacrcchir popvlztior.s

Therefore, pr€crse identification of hyb.ids where they occur is a prerequisile fol
detemining growth performance, reprcduction, fecundrty and mortaliry in order to define
appropriate fishery managemen! strategies-

Morphological methods for idendrying hybrids suffer several shortcomings
Hybrids are usually assumed to be norphologically intermediare b the parental speci€s, but
thrs rs often not the case (Campton 1990). Furthermore, the norphological charactem are
often mfluenced to varying degrces by environrnenral facbors

Biochemrcal and molecular genetic methods have been used extensively to detect
natural hybridization bet\,r'een congeneric taxa of fish and shell-fish. Allozymes and
mitochondrial DNA (mt DNA) have commonly been used in these studies 2s genetic markers
(Verspoor & Hammer l99l; Macamd 

"1a1. 
1986)

DNA microsatellites, a recently developed rnolecular tool have proven to be usetul
genetic narkers for addressing qrestions at a variety of scales sucb as dete.mining gender
(Longnire et a1. 1991; Delehanly 1995), parentage (Amos 

"t 
al. 1993; KEllog et al. \995)

and genetic structure of populations (tzylor et al 1994; Dallas et aI 1995), zttd fol

establishing relationships among specres including extent ofhybddization (Roye, l'l 1994).
Mrcrosatellite locr which arc also refened to as slmple sequence length

polyrnorphisms (SSLP', simple sequence repeats (SSRS) or shori tandem repeab (STRS)'
ar€ regions of DNA containing l2ndem repeats of shon sequence motrfs, which occur
abundanrly in all eukaF/ohc genomes Loci ean be scorcd r€latively easily using a
combination of Polyrnerase Chain Reaction (PCR) am'rlification followed by el€ctrophoresis
to separate alleles which differ in length as a .esult of diflerences in the number of repeat
units. The ain of the present study therefore was to identify microsatellite markers for pure

exotic cichlid species and for hyb.ids between O. mossanbicus and O nloticlls present in

Sn Lanka.

Materials and M€thods

Fifty thrce indlvrduals liom diferent reservoirvwater bodies in Sri Lanka namelv'
Udawataw4 Chandrikawewa, Badagiriya, Negambo estuary, Seguwantive, Ruhuna
ijmversity canal and ponds were used in thrs study Fish were caught either bv gillnets (mesh
size 6-12 cm) or hook-and-line Specimens were brought to the laboratorv live and were kept
in fibreglass tanks until used for the investigalion. Morphological and meristic charactem
were recorded from €ach individual and DNA sarnples were extracted from white muscle
tissue (100 mg) as descrjbed by Hillis et al. (1990).

Microsatellite loci were amplified by the PCR using 50 ng ofgenomic DNA' l 5 x
T'h reaction bufier (Biotech), 2 rM dNTPs (dCTP labelled with 32P), I rl]\4'Mgclr, 16
pmol of er.h pnmer, 0.02U T'b polymease (Biotech);'and dd HrO to a volume of 20 rnl
(Renwick 1997).

Primem for two microsatellile loci UNH106 and [INH146 Research Genetics MaP
Pair Tilapia Pnrners were screened. Table I lists the primer sets used in this studv, therr
DNA sequences, the size of the cones'ponding mrcmsatelli!e locus, and type oFmicfosatellite
repeafsequence (Renwick 1997). DNA samples were amplfied using the following cvcles: I
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min al94'C. I min at 55"C and 2 min a! 72"C, for 33 cycles wilh a 10 min exiension at 72oC
(Renwckl997) Following amplification, PCR pmducts were eiectrophoresed through a 5%
denatu.ing polyacrylamide sequencing Eel cels were dned foione hour and visualized ustng
autoradiosEphy. Two pure O ,t/olic4r srocks ofdifferenr irrigins (hraej and Chitratda) and
rrlo p\rc o nassanbrus (Australia and Indonesia) samples were aho run as reterences in
parcllel with the Sri lznkan tilapia samples As a pilot srudy, DNA liom t0 individuals from
Sri Lankan populahons and DNA from pure O nossanbicus (3 indrliduals) and pure O
,tlorc,i (2 individuals) of differenr olgins wefe also subieded to pCR amptificarion wirh
he Lr){H146 and UNHt06 primen

Table I Oreocbomis nildriczs p mer specrficarions

(Prime. l: Forward sequence
2 Reverse sequence

Size (bp) Repeat \eqrence

UNH I46

UNH I 06

(CA) o

(cr),dcA),0

I :CCACTCTGCCTGCCCTCTAT
2:AGCTGCGTCddACTCTCA-AAAG
l:CCTTCAGCATCCGTATAT
2:GTCTCTTTCTCTCTGGTCACA{c

\ 2 2

l3,l

Resutts

In this pilot sludy, DNA was successtu y amplified and polymorphisms were
detected at both loci Pure O massatnbicus and O niloticus individuats we.e fixed for
different alleles at bofh loci. while both O nossanbicus ,,Dd O nitoticus zlletes w e
evident in lhe Sri Lankan samDles Heterozygotes however we.e absenr jn rbe Sri Lankan
samples at UNH106 Thereforc, rhe UNHI46 locDs was selecied for tufther studies with the
goal ofdeveloping a marke. for derermining the percentage of indivrduals thal were hybrids.

Table 2 Number of homozysotes of each speci€s and nunrber of b€terozygoles present in
differenf reservoin/warerbodies Om - O mossanbicus: On O nitaticus; Tr Titapia

body
Totalnumberof Number ofHomozygotes Nunber of
individuals Hererzygoles

Om TrOn

Badagiriya

Tota l

9
t7
l l
2
2
6

53

2
6
1
2
2

3

l

0

, 0
0
0

0
1

0
0
(_)
0

t 8

I

0
0
I

22 t 2
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Fig. I Scan ofautoradiograph oflocus UNHI46

o EW E
{ \ o

N rf l\.)
lJr -t \o

Fig. 2. InteDretation ofAu toradiograph
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DNA lion 53 individuals represenring drfferent reservoirs/water bodies (Tabte 2)
wls amp|fied and all individuals w€rc screened for allelic diversity Atthough our sarnple
size $as small. scven alleles (a g) were observed ar the LNH146 locus (rriss I and 2) Figure
3 shows the aUele fiequency distribuLions at rhe UNHI:16 locus in rhe sampled Sri t ankan
individuals

0.6
05

E 02
01

0
d

Al le le

Fig.3. Distribution ofalleles in the sampled nlapja populations

Acco.ding to rhe autoradiographs, only one individual (B2) from S.i LanlG showed
a pure O ,l/onc"s phenorype (B2) while one hererozysote (3 U4) had a difieren t O nitoticus
allele Rom rhe rcfercrce O niloticus individuals. Three alleles were observed in O
no$an6tc,s individuals The other two alleles that showed conpararjvely slower rnrgratjon
thanrhe O hossambicus and O ,l1o1ic4s alleles could be ass;gned, to Tihpia rendaui aftel
considering mo.phlogrcal features of those individuals. All T rendatti indr\Iduals were
monomolphic. Table 2 shows the number of homozysotes and helerozysotes detected in
each rese^ oir  af ter ,c-eeni ls for al le lrc di \  er i l

Discussion

O nik icus X O nossdnbicus hybrids are impo.tant components of rhe
cornnercial catch in freshwarer .eservoin in Sfi Lanka Variation in relalive productiviry
among reservoirs may be cor.elated with differences in the rclative,mix'ofO nossanbius
and O niloticus alleles in the various reseNorr stocks. If this proves to be true, then
developing an index of the extent of hybridization and detemining whether it is biased
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towards O '//ori.,r or O no\sambicu\ alleles mav provide an approach ior managing

cichlids srocks in resenolrs ofsri l-anka lo nnprove iheit long tem productivirv

The cunent sludv whil. onlv Preliminary, €xamined the potential lbf usrng

microsateliire allelic divcrsrry ror identifving pure and hvbtid cichlids in seven ll Lankan

waterbodies Unique microsatelhle alleles at the UUNI46 locus (Renwick 1997) were

identified in pure O nilati.us, A nassanhlus and I r"dtllt reference indivrdlals Th's

permned unambiguous de€rmination ofthe tel'tive numbef and distribution of O niloticus'
'o 

massambicus ot T rcn(tatli alleles ill each samPled slock and th€rebv developing a

Hybrid Index A {tefailed srudv could therefore assess the relative 'ario al O nilotius ro A

uossdlrri.rs alleles in each impoundnenr and relate Lhis to relative stock perfornance lfa

positive rclationship rs observed beNeen the perceniage of O 'tloltc6 alleles rn stocks fron

a;ff"."nt ."r".'o;rs and gro$'fi peformance then it would rndicab rhaL the maior factor

.""i'ii"i'"e r.. i" p..r"'i'ance i; nor variatron in environmental conditions bul genotlpe Ir

i"*"*t, p".i"-.."" 
"tslocks 

with a hgh relative frequencv ofO 'll'rt"s alleles vaned

significantly among lake envircnments then dris resuli would suggest that the major lactor

afLcting ditr".entiul perfomance was not g€notvpe but variation rn teservoir environmental

conditions (e g relative levels oftfophic status/produciivitj)'
Thus, results of this pilot study confirm ihat auelic va'ialion at mrcfosalellrte locr

ca. Ue usea ro diffetemiate the relalire percentage ol O nilatict^ and O mossamblcus

al lelesindif ferentreservoi |srocksofexot icclchl idsProvidedthat.elar jveperformanceis
corclar€d wilh genotype, this lechnique has th; pot€nrial to aid the maiagement of

freshwater fisheries and enhance reseNoii productivitv in Sril-anka'
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