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Abstract

Genetic variation in many invasive species shows little or no signs of a founder event,
suggesting that high genetic diversity may facilitate establishment success. The rocky-
shore, plankton-feeding cichlid fish Cynotilapia afra is endemic to Lake Malawi, but
naturally absent from many suitable sites. In the 1960s, this species was introduced to the
southern areas of the lake, presumably as a result of the aquarium fish trade. It has now
become established on a number of rocky areas within the Lake Malawi National Park.
Here, we analysed DNA sequence variation in the mitochondrial control region of six
native and four introduced populations of C. afra, and three populations of the closely-
related and hybridizing Pseudotropheus zebra. In contrast to previous studies of Lake
Malawi rock dwelling cichlids, network analyses suggested that native populations of C.
afra showed high levels of lineage sorting in mtDNA. Introduced populations showed
higher sequence and haplotype diversity than their native counterparts. Our analyses
suggested that the elevated gene diversity was largely attributed to the fact that the
introduced C. afra populations were derived from several genetically distinct and
geographically separate populations, and to a lesser extent because of introgressive
hybridization with native P. zebra. The establishment and spread of C. afra may be partly
because of its ability to occupy a vacant ecological niche, but it may also have been
facilitated by its enhanced genetic diversity.
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Introduction

Biological invasions provide the opportunity to observe
evolution in action as such events may result in signifi-
cant demographic changes. Furthermore, interactions
between the invasive and native species in the invaded
community may have both ecological and genetic reper-
cussions, and rapid evolutionary changes can occur
before a new equilibrium is reached. Recent molecular
evidence suggests that many invasive species do not
show the reduced genetic variability expected of popu-
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lations with relatively few founders. Genetic diversity
may be retained or even enhanced by multiple intro-
ductions from genetically divergent source populations
(Kolbe et al. 2004; Hanfling 2007, Roman & Darling
2007) or by introgressive hybridization with native
species (Ellstrand & Schierenbeck 2000).

Two important evolutionary consequences of multiple
introductions and introgression have been suggested.
Firstly, these processes may dilute founder effects and
reduce the risk of inbreeding depression (Novak &
Mack 1993; Kolbe et al. 2004; reviewed in Dlugosch &
Parker 2008). Secondly, the admixture of gene pools
may lead to novel gene combinations with advanta-
geous effects in the new environment (Hanfling 2007).
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Likewise, the production of novel gene combinations
during hybridization has been proposed as a major fac-
tor contributing to natural adaptive radiation, particu-
larly in African cichlid fishes (Seehausen 2004).

The African Great Lakes Victoria, Tanganyika and
Malawi have the richest lacustrine faunas in the world
and their cichlid fishes are a textbook example of explo-
sive radiation, with a recent estimate of 451-600 species
in Lake Malawi, 447-535 in Lake Victoria (and many
more in neighbouring lakes) and 162-184 in Lake Tang-
anyika (Genner et al. 2004a). The lakes differ in size,
shape, age and water parameters but the differences in
their cichlid faunas may also have been influenced by
their derivation from different riverine ancestors
(Salzburger et al. 2005). The cichlid fishes of Lake Tang-
anyika show a wide range of reproductive strategies

not found in the younger and less genetically diverse
cichlid faunas of the other two lakes. However, all three
lakes are dominated by cichlid fish, which exhibit
striking parallels in morphology (Young et al. 2009a),
behaviour (Blais et al. 2009), life histories (Duponchelle
et al. 2008) and even in opsin amino acid sequences
(Sugawara et al. 2005).

These cichlid fishes have served as a model system in
studies of evolution (see reviews by Kornfield & Smith
2000; Kocher 2004; Seehausen 2006). Several hypotheses
have been suggested to explain the explosive speciation
of these cichlids: morphology, particularly of the pha-
ryngeal jaw apparatus (Fryer 1959; Liem 1980), sexu-
ally-selected colour variation (Kosswig 1947; Dominey
1984; van Oppen et al. 1998), habitat specialization and
fragmentation (Fryer 1959; Ribbink et al. 1983), hybrid-
ization (Salzburger et al. 2002; Seehausen 2004) and
visually-based mate choice in clear water habitats (See-
hausen et al. 1997; Terai et al. 2006). Equally, both allo-
patric (Fryer 1959; Ribbink et al. 1983; van Oppen et al.
1997) and sympatric (Seehausen & van Alphen 1997;
Shaw et al. 2000) speciation have been suggested as sig-
nificant processes. Notably, rocky shore cichlid fishes
show high levels of geographical variation in colour
(Fryer 1959; Ribbink et al. 1983) associated with strong
genetic structuring (van Oppen et al. 1997; Rico et al.
2003) and partial reproductive isolation (Knight &
Turner 2004) suggesting a major role for geographical
isolation in diversification and also a significant degree
of local endemism and evolutionarily significant beta-
diversity (Ribbink et al. 1983, Reinthal 1993, Genner
et al. 2004a,b). Differences in parasite fauna are also
known among species and habitats (Bray et al. 2006;
Blais et al. 2007; Amin et al. 2008). Given the high level
of endemism, anthropogenic translocations of fishes
within Lake Malawi are a cause for concern (Ribbink
et al. 1983; Trendall 1988; Streelman ef al. 2004; Genner
et al. 2006; Young et al. 2009b).

© 2009 Blackwell Publishing Ltd

The recent and rapid evolution of cichlid fishes in
the younger lakes, such as Malawi and Victoria ren-
ders the reconstruction of species trees from molecular
data difficult: many rock-dwelling cichlids retain
shared ancestral mtDNA polymorphisms, even where
morphological differentiation is clear and reproductive
isolation demonstrated or suspected (Moran & Korn-
field 1993; Parker & Kornfield 1997; Sturmbauer et al.
2001). However, mitochondrial DNA sequence data can
still be highly informative in a population genetic
framework. This approach has long been employed in
studies of humans and other organisms (Bandelt et al.
1999; Pakendorf & Stoneking 2005; Atkinson et al.
2007; Krystufek et al. 2007, Rowold et al. 2007) and
more recently has proved useful with cichlid fishes

from Central America (Barluenga et al. 2007) and East
Africa (Verheyen et al. 2003; Genner et al. 2007 Ko-
blmiiller et al. 2007b). Furthermore, mitochondrial
DNA has proven to be a particularly powerful genetic
marker for estimating source populations of recent
invasions by lizards (Kolbe et al. 2004), crabs (Hanfling

et al. 2002; Roman 2006), fish (Lindholm et al. 2005;
Azzurro et al. 2006) and snails (Chuong et al. 2008).
The aim of this study was to employ population
genetic analyses of mitochrondrial DNA to investigate
the consequences of human-mediated translocation of a
rock-dwelling cichlid fish, Cynotilapia afra into the
south-western arm of Lake Malawi. It was hoped to
provide a population genetic framework to study the
evolutionary consequences of introductions, admixture
and hybridization in cichlids but also to make infer-
ences about the spread and colonization pathways of
introduced cichlids in Lake Malawi National Park rele-
vant to conservation biologists and managers.

Materials and methods

Study species and area

Cynotilapia afra is a small plankton-feeding fish from
the ‘mbuna’ group confined to clear-water rocky habi-
tats (Fryer 1959; Ribbink ef al. 1983; Konings 2008). It
is naturally widely distributed within Lake Malawi
(Ribbink et al. 1983; Konings 2008). It is believed that
the C. afra species complex is indigenous to the north-
ernmost 80% of the lake, from the far north at Ikombe

to Mbenji Island and Ntekete in the south (Konings
2008). At several localities within this range, popula-
tions of C. afra occur sympatrically with populations of
the closely-related Pseudotropheus zebra complex (Kas-
sam et al. 2005). Populations of C. afra found in the
southern part of the lake at Thumbi West Island were
reported to have been released by an aquarium fish
exporter in the 1960s or 1970s (Ribbink et al. 1983).
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The species has subsequently spread around the island
and has been found on other nearby rocky shores
(Fig. 1). It has been suggested that introduced popula-
tions of C. afra have undergone rapid microevolution-
ary change as well as introgressive hybridization with
P. zebra (Streelman et al. 2004). Thumbi West Island
now forms part of the Lake Malawi National Park
(Trendall 1988; Streelman et al. 2004), which was estab-
lished in 1980 as the World’s first national park tar-
geted principally on freshwater fish, and was
designated a UNESCO World Heritage Site in 1984. It
covers 9,400 ha in the southern part of the lake
(Hough 1989). Its waters are among the most heavily
impacted by translocations, with at least 13 cichlid fish
taxa being introduced to Thumbi West Island alone
(Genner et al. 2006).

Sampling

Samples of C. afra were collected from six localities
within the native range of the species: Mara Rocks;
Nkhata Bay; Likoma Island; Mbeniji Island; Chiofu Bay;
and Ntekete Rocks and from four sites known to be
inhabited by introduced populations: Domwe Island;
Otter Point and two locations from Thumbi West Island
(Table 1 & Fig. 1). Specimens of P. zebra were collected
from the same sites where we collected introduced C.
afra (Fig. 1). Fifteen individuals per site were collected
from each population.

A noninvasive sampling method was employed, col-
lecting live fish using monofilament nets while SCUBA
diving. A small tissue sample was taken by clipping the
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posterior (soft-rayed) part of the dorsal fin, which
regenerates within a few days. To ensure reliable spe-
cies identification, all samples were collected from terri-
torial males in full breeding colour and jaw teeth of all
specimens were examined using a hand lens, as the
possession of unicuspid teeth is diagnostic for the
genus Cynotilapia (Trewavas 1935; Fryer 1959). All live
specimens were released back into the water. Fin clips

were preserved in 100% ethanol before molecular anal-
ysis in the laboratory.

Molecular analysis

Total genomic DNA was extracted using the Promega
WIZARD genomic DNA purification kit. The mitochon-
drial DNA (mtDNA) of the entire control region was
amplified using forward primer HapThr-2 + 4 (5'-CCT-
ACTCCCAAAGCTAGGATC-3) and reverse primer
Fish12s (5-TGCGGAGACTTGCATGTGTAAG-3'), (Joyce
et al. 2005). Polymerase chain reaction (PCR) was per-
formed in a 25 pL reaction consisting of 2 pL DNA
template, 2.5 uL. 10X PCR buffer, 2.5 uL. dNTPs (1 mwm),
1 pL each primer (10 mm stock), 1.25 uL MgCl, (25 mm
stock), 14.5 uL PCR water and 0.25 Units Tag. The
PCR running conditions were as follows, 3 min at
94 °C, 45s at 94 °C and 50 s at 56 °C for 34 times,
then 1 min 30s at 72 °C and followed by 10 min of
72 °C. PCR products were purified and sequenced in
both directions using the professional sequencing ser-
vice of MACROGEN Centre (Pathfinder in Genomics
Research, 908 World Meridian Centre, Seoul, 153-023
Korea).

Fig. 1 Locations of sample site for
native and introduced populations of
C. afra in Lake Malawi.

Native range
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Table 1 Sampled populations, sample sizes and summary statistics. All sequence statistics are based on a full mtDNA control region

sequence (910 bp) alignment from 195 sequences

Haplotypes = Haplotype  Nucleotide
N Total unique to diversity diversity
Species  Locality Co-ordinates sequenced  haplotypes  population (H) (m)
Introduced
C. afra Domwe Island 13° 59" 85.5”S, 34° 50" 32.6”E 15 3 0 0.65 0.0019
Thumbi 14° 01’ 50.5”’S, 34° 49" 44.4”E 15 6 3 0.76 0.0007
West Island (A)
Thumbi 14° 01’ 08.0”S, 34° 49" 19.7”E 15 6 3 0.82 0.0030
West Island (B)
Otter Point 14° 02’ 31.6”S, 34° 49" 37.6"E 15 8 4 0.90 0.0033
Native
C. afra Mara Rocks 11° 14" 44.8”S, 34° 16" 44.5”E 15 3 2 0.23 0.0003
Nkhata Bay 11° 36" 47.1”S, 34° 28" 23.1”E 15 4 3 0.67 0.0007
Likoma 12° 01’ 48.9”S, 34° 43" 46.5"E 15 5 3 0.63 0.0012
Mbenji 13° 26" 31.8”S, 34° 29" 29.1”E 15 4 2 0.47 0.0010
Chiofu 13° 32’ 01.8”S, 34° 51" 86.6"E 15 5 5 0.71 0.0011
Ntekete 13° 37 72.4”S, 34° 51" 25.7"E 15 4 4 0.37 0.0019
P. zebra Domwe Island 13° 59 85.5”’S, 34° 50" 32.6"E 15 8 6 0.91 0.0036
Thumbi 14° 01" 50.5”S, 34° 49" 44.4”E 15 5 1 0.63 0.0016
West Island (A)
Otter Point 14° 02 31.6”S, 34° 49" 37.6"E 15 4 2 0.37 0.0006
Total 195 48 — — —

Data analysis

The software package CodonCode Aligner (Ewing et al.
1998) was used to edit individual sequences and to
align forward and reverse sequences of each individual.
The resulting consensus sequences of all individuals
were aligned using ClustalW (Thompson et al. 1994) in
combination with MEGA version 4.1 (Tamura et al. 2007)
and submitted to GenBank (accessions GQ380500-
GQ380547). The alignment was checked by eye and was
trimmed to a uniform length of 910 bp including gaps,
which were treated as point mutations during analysis.
DnaSP version 4.5 (Rozas et al. 2003) was used to esti-
mate mtDNA haplotype diversity (H), and nucleotide
diversity (n) within populations as well as between-
population measures, Fsy and D, (net distance, Nei
1987). Haplotype diversity standard errors (SE) were
estimated by a jackknife procedure (Nei & Jin 1989;
Lynch & Crease 1990).

To estimate the contribution of genetic introgression
between C. afra and P. zebra within the introduced
range, we analysed mtDNA sequences of P. zebra, iden-

tifying haplotypes shared with C. afra and calculating
their contribution to nucleotide (7) and haplotype (H)
diversity using DnaSP version 4.5 (Rozas et al. 2003).

To explore the relationships between the introduced
population of C. afra and possible source populations,
we used two approaches. Genetic distances among
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populations (D,4) were calculated using DnaSp version
45 (Rozas et al. 2003), which were then used in
XLSTAT version 2008 (Addinsoft 2008) to configure
coordinates for a multidimensional scaling (MDS)
approach. Secondly, a network of haplotypes was
constructed using a median-joining algorithm in the

Network software version 4.5.10 (Bandelt et al. 1999).

Results

Within-population genetic diversity

A total of forty-eight haplotypes were found across the
whole data set of 195 sequences, 150 from C. afra and
45 from P.zebra (Table 1). The introduced populations
of C. afra at Thumbi West Island site B and Otter Point
had significantly higher mtDNA haplotype and nucleo-
tide diversity compared with the native populations
(Table 1 & Fig. 2). The introduced population of C. afra
at Otter Point exhibited the highest mtDNA haplotype
(H = 0.90) and nucleotide (7=0.0030) diversity, while the
native population at Mara Rocks had the lowest
mtDNA haplotype (H = 0.23) and nucleotide (7=0.0003)
diversity (Table 1 & Fig. 2). In the native P. zebra
group, the Domwe Island population had the highest
haplotype (H = 0.91) and nucleotide (7=0.0040) diver-
sity, while Otter Point population had the lowest
(H = 0.37, =0.0006) diversity (Table 1).
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Fig. 2 Haplotype vs. nucleotide diversity (mean and SE) for
the native (solid circles) and introduced (open circles) C. afra
populations. Standard errors of H were calculated using a jack-
knife procedure. (The abbreviations for populations are given
in Fig. 1).

Among-population genetic diversity

The network analysis revealed substantial lineage sort-
ing and no shared haplotypes among most native popu-
lations. Only the two samples from the north-eastern
part of the lake (Mara Rocks and Nkhata Bay) appeared
to be closely related and even shared their most com-
mon haplotype (Fig. 3). The native populations Ntekete
and Chiofu appear to be particularly distinct and
shared haplotypes neither with the introduced popula-
tions nor with other native populations. However, two
highly divergent haplotypes were found at Ntekete in
low frequencies perhaps indicating immigration from a

Key
Introduced range

Native range

genetically divergent conspecific population or mito-
chondrial introgression (Fig. 3).

By contrast, haplotypes from most of the introduced
populations were widely scattered across the network
and a number of haplotypes were shared with other
introduced and native populations. Haplotype H7 was
common at both Nkhata Bay and Mara Rocks and was
shared with three of the introduced samples. Haplo-
types H11 and H13, otherwise unique to Likoma Island,
were found in the Otter Point population. The Mbenji
population shared two haplotypes with introduced pop-
ulations, but surprisingly, one of these haplotypes was
also shared with P. zebra (H16). A substantial cluster of
haplotypes (top right in Fig. 3) was shared among
introduced populations but only rarely found in the
native C. afra populations. This suggests there may be
one or more unsampled source populations.

Only three haplotypes (H7, H16 and H31) were
shared between C. afra and P. zebra in the range of the
introduced species (Fig. 3), so that proportionally the
genetic diversity contributed through hybridization
could be estimated at: H =0.52% and n=19%. In
other words, we estimated that >98% of the mitocho-
ndrial diversity in the introduced C. afra populations
was of conspecific origin, and <2% derived from local
hybridization with P. zebra.

Pairwise genetic differentiation (both D, and Fsr)
was lower for comparisons among introduced popula-
tions than native populations (Fig. 4). This is consistent
with the MDS plot which shows less scatter for the
introduced populations than for the native populations

Fig. 3 A parsimony network of C. afra
and P. zebra haplotypes based on
mtDNA sequences. Each of the 48 hapl-
otypes is numbered. Each circle repre-
sents a single haplotype and its
diameter is proportional to the number
of individuals found to posses that hap-
lotype. The colour codes represent the
source of the haplotype based on geo-
graphical location within Lake Malawi
as defined in Fig. 1. A black dot (@)
represents unsampled haplotypes and
the open circle (O)P. zebra haplotypes
sampled from the range of introduced
C. afra.
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Fig. 5 Multidimensional scaling (MDS) plot of genetic dis-
tances (D) for the native (solid circles) and introduced (open
circles) C. afra populations.

(Fig. 5). Furthermore, the MDS plot shows that the
Ntekete population, although geographically closest to
the introduced populations, was genetically distinct
from the introduced populations and therefore unlikely
to have contributed to the introduction. Relationships
among the native populations were not predictable
from geographical distances among them. For example,
the neighbouring populations at Ntekete and Chiofu
were clearly genetically different, while those of the
more distant populations at Nkhata Bay and Mara
Rocks were genetically very similar (Fig. 1, 5).
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Discussion

Here we analysed the full control region of mitochondrial
DNA of several native and introduced populations of the
cichlid fish Cynotilapia afra that was introduced in Lake
Malawi National Park in the 1960s. We showed that both
introduced and native populations had high mtDNA var-
iation. We also demonstrated evidence of introgressive
hybridization with native Pseudotropheus zebra.

Population structure of native C. afra

Our study has demonstrated a high level of mtDNA
sequence variation among the native populations of
C. afra. This contrasts sharply with the previous studies
of Lake Malawi cichlids, where levels of lineage sorting
were very low not only among intraspecific popula-
tions, but even among species from different genera
(Moran & Kornfield 1993; Parker & Kornfield 1997;
Sturmbauer et al. 2001). This has been attributed to
recent contact among populations during low lake level
stands (Owen et al. 1990; Fryer 1997), recent speciation
(Moran & Kornfield 1993), persistently large population
sizes and introgressive hybridization on secondary con-
tact (Streelman et al. 2004). Our results suggest a differ-
ent recent history for C. afra populations, perhaps with
persistent geographical isolation and recent genetic
bottlenecks. In contrast to many other mbuna species,
C. afra appears to be subject to local genetic drift and
shows high genetic differentiation across populations.
This hypothesis may be investigated further, for exam-
ple, using microsatellite markers. This finding was
unexpected, given that C. afra often exists at high popu-
lation densities, forms large feeding schools in the
water column and penetrates to deeper water than
many other mbuna (at least 50 m; Konings 2008). These
traits would suggest that C. afra might readily disperse
across stretches of deep water. Nevertheless, the high
levels of genetic differentiation found in this study sug-
gest that such potentially favourable conditions for dis-
persal do not result in frequent gene flow. This
conclusion is consistent with the failure of C. afra to nat-
urally colonize the southern arms of the lake following
the last lake level rise. At the time of the first thorough
survey of the southern part of the lake in the late 1970s,
no C. afra were recorded from any other site in the
south-eastern or south-western arms of the lake, apart
from sites with likely anthropogenic introduction
(Ribbink et al. 1983). The southern arms of the lake are
relatively shallow and are believed to have been dry
during low water stands of the lake around 25,000-
70,000 years ago (Scholz & Rosendahl 1988; Cohen et al.
2007) or perhaps even as recently as 200 years ago
(Owen et al. 1990).
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Colonization history of introduced populations

All four nonnative C. afra populations were character-
ized by elevated levels of nucleotide and/or haplotype
diversity compared with the native populations, which
is consistent with a scenario of admixture among genet-
ically divergent source populations (Kolbe et al. 2004;
Roman & Darling 2007). Our results further show that
genetic differentiation among introduced populations
was lower than among native populations, which is
expected if the same source populations contributed to
the gene pools of different introduced populations. The
admixture between different source populations could
have happened either in the holding facilities of the
aquarium trader who received stock from a number of
localities and/or within the lake when the fish from
different localities escaped or were released.

Our results provide some indication which native
populations could have contributed to the gene pool of
the introduced populations. Populations from the north-
ern part of Lake Malawi (Mara Rocks, Likoma and
Nkhata Bay) and to a smaller extent from the central
west coast (Mbenji) share haplotypes with at least one
introduced population and are therefore potential
source populations. By contrast, haplotypes from two
nearby south-eastern populations (Chiofu and Ntekete)
were not found in the introduced populations. These
localities are close to the introduction site but were not
regularly visited by aquarium exporters until recently.

It seems likely that at least one additional genetically
differentiated native population not sampled in our
study must have contributed to the gene pool of the
introduced populations. Given the close relationship
among African cichlids and frequent incomplete lineage
sorting among species (Parker & Kornfield 1997), there
is also a possibility that some of the diversity in intro-
duced populations originates from hybridization with
other Mbuna species. However, a phylogenetic compar-
ison of our data with 5125 sequences from African cich-
lids available on GenBank (data not shown) could not
identify a candidate species for such introgression. We
suggest that future studies should also investigate the
possible contribution from other populations of Cynoti-
lapia in the south eastern arm part of the lake, such as
Cynotilapia sp. ‘Chinyankhwazi’ and Cynotilapia sp.
‘Chinyamwezi’, as well as other northern populations
(e.g. Chisumulu Island). Overall our analysis provides
clear evidence that all introduced C. afra populations
were founded by an admixture from genetically differ-
entiated source populations.

Furthermore, we suggest that multiple introductions
could provide an explanation for the genetic differentia-
tion between populations on the northern (Thumbi B)
and southern shores of Thumbi West Island (Thumbi A).

Streelman et al. (2004) had previously found a similar
pattern of divergence in both male colour phenotype
and microsatellite allele frequencies, but suggested that
this was resulting from rapid evolution following a sin-
gle colonization event, perhaps associated with hybrid-
ization with P. zebra. Our study supports the hypothesis
that C. afra hybridized with P. zebra, but indicates that
such introgression is unlikely to be a major cause of dif-
ferentiation among populations from northern and
southern shores of Thumbi West. Rather, it seems plau-
sible that C. afra was introduced into two sites on
Thumbi West Island, but like the Otter Point popu-
lations, the northern Thumbi West population was not
recorded by Ribbink et al. perhaps because it was small
and of restricted distribution at the time of their study.
This hypothesis may be investigated further, using
highly variable genetic markers such as microsatellites
in conjunction with recently developed nonequilibrium
approaches for population genetic analysis. For exam-
ple, assignment based methods were successfully
employed to identify contemporary dispersal patterns
in the Chinsese mitten crab (Eriocheir sinensis; Herborg
et al. 2007) and Approximate Bayesian Computation
(ABC) have proved useful in distinguishing competing
introduction scenario of invasive toads Bufo marinus
(Estoup et al. 2001, 2004), birds (Zosterops lateralis,
Estoup & Clegg 2003), corn rootworms (Diabrotica virgi-
fera virgifera, Miller et al. 2005) and fruit flies (Thornton
& Andolfatto 2006; Pascual et al. 2008).

Our results suggest that C. afra may not in fact be
spreading out from its original introduction site, as ini-
tially feared by conservation biologists. This is consis-
tent with the poor dispersal capacity of C. afra as
suggested by the marked genetic structure among
native populations. It appears that the populations at
Otter Point and Thumbi West (A and B sites) probably
represent at least three separate introductions. Further-
more, the Domwe Island population does not seem to
have been founded by the population from the neigh-
bouring north shore of Thumbi W, but more likely from
the population from the southern shore. This suggests
anthropogenic transportation, perhaps by some of the
many local fishing crews that operate their nets in the
area. Cynotilapia afra as a mid-water feeder is particu-
larly prone to being caught in the ‘Chirimila’ nets that
target the zooplankton-feeding Copadichromis and Mch-
enga locally known as ‘utaka’ and the Engraulicypris
sardella “Usipa’ schools.

Genetic variation and establishment success

Our analysis suggests that the establishment of C. afra
in the southern part of the lake was associated with,
and possibly facilitated by, the relatively high genetic
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