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Lake level fluctuations and speciation
in rock-dwelling cichlid fish in
Lake Tanganyika, East Africa

Lukas Riiber, Erik Verheven, Christian Sturmbauer, and Axel Meyer

14.1 Introduction

The East African [akes Tanganyika, Malawi, and Victoria cach harbour hundreds of
endemic invertebrate and vertebrate species. The endemic cichlid fish faunas of the Fast
African Lakes are hiologically astonishingly diverse and cach of the lakes contains its
distinet species flock of cichlid fishes, These species Mocks are viewed as the most
spectacular example among living vertebrates for evolutionary phenomena termed
adaptive radiation, and explosive speciation (Fryer and Tes 1972: Futuyma 1986:;
Coulter 1991; Martens ef al, 1994) and provide ample opportunity of the study of the
evolutionary mechanisms that might be responsible for the formation of these species
flocks (Fryer and Hles 1972). Inferences aboui the ceological and evolutionary processes
responsible for the origin of these species flocks will only be possible when they are
based upon explicit phylogenctic hypotheses of the studied species linked (o pathways
of morphological and ecological diversification (Avise 1994). To determine the relative
importance of intrinsic characteristics versus extrinsic factors for the intralacustrine
evolution of these faunas may offer information about the processes that resulted in the
diversification and speciation in these species {locks.

14.2 The Tanganyikan cichlid species flock

Probably duc 10 its greater age and its probable polyphyletic origin, the Tanganyikan
cichlid species (Mock is morphologically and behaviourally more diverse than the flocks
of Lakes Malawi and Victoria (Fryer and Hes 1972) even if—in terms of numbers—it
harbours the lowest number of endemic cichlid species (more than 170) (hut sce Snocks
et al. 1994). With its estimated age of 9 to 12 million years (Ma), Lake Tanganyika is
considerably older than Lakes Malawi and Victoria (Cohen er al. 1993). Most species
are therefore probably on average older and henee more genetically distinet. This makes
the utilization of DNA sequences for molecidar phylogenetic work more feasible than
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m the younger species flocks of Lakes Malawi and Victoria (Meyer et al. 1990; Mcycer
19935, Questions about the evolution of cichlid fishes can be addressed with molecular
phylogenctic technigues which avoid the potential pitfalls caused by parallet evolution
of cimilar morphologies, in the reconstruction of the evolutionary relationships among
these fishes (e.g. Meyer ef al. 1990: Sturmbauer and Mceyer 1992, 1993; Klein ef «l.
1993 Kocher er al. 1993: Moran and Kornficld 1993; Sturmbauer ef al. 1994; Stiltmann
ot al. 1995).

The great majority of the species of Tanganyika cichlids are confined to the patchy
rocky habitats which are discontinuously distributed (Brichard 1989). Most cichlids
have restricted geographic distributions within their respective lakes and only a very
small number of species are found lake-wide (Fryer and Iles 1972; Brichard 1989,
Snocks ef al. 1994; Kohda et al. 1996). Molecular studies indicate that rock-dwelling
cichlid species in Lakes Malawi and Tanganyika arc usually strongly subdivided in
genctically distinguishable populations (e.g. Sturmbauer and Meyer 1992; Bowers ef al.
1994 Moran and Kornfield 1995). Their typically high habitat specilicity, site fidelity,
and low capacity for dispersal are all expected to reduce gene flTow between populations
and be at least partially responsible for the extensive intralacustrine allopatric
speciation in cichlid fishes, The high speciation rates in rock-dwelling cichlids are
helieved to be the result of intralacustrine speciation caused by both intrinsic (e.g.
stenotopy, sexual selection) and extrinsic Tactors such as vicariant biogeographical
processes that restrict gene low between (micro)allopatric populations (Sturmbauer
and Mever 1992 Meyer 1993a; Ribbink 1994; Sturmbauer ef al. 1997, see Chapter 7).

14.3 Lake basin subdivision and allopatric speciation

Intralacustrine allopatric speciation involving spatial isolation, either by basin sub-
division or intralacustrine microallopatric segregation, has been invoked to be the most
important mode of speciation in cichlid species flocks (Brooks 1950; Poll 1951; Ribbink
1986: Coulter 1991: Meyer 19935). Yet the occurrence of some locally restricted sister
taxa could also indicate sympatric speciation, as suggested for two small cichlid species
flocks endemic to crater lakes in Cameroon (Schliewen et al. 1994).

Geological evidence indicates that periods of aridity that persisted for several
thousands of years have caused dramatic drops in water level—of up to 600 m—that
split Lake Tanganyika into three separate lakes approximately 200 000 ycars ago
(Ticrcelin and Mondeguer 1991). So far, only a few studies support the hypothesis that
lake-wide phylogeographic patterns and possibly (he process of speciation in lacustrine
cichlids are often associated with such abiolic, historical events as lake level fTuctuations
(Greenwood 1964; Owen et al. 1990; Sturmbauer and Meyer 1992; Rossiter 1995;
Sturmbauer ef al. 1997); for geological data for the timing of speciation sce Chapter 8.
A recent study of the Tanganyikan rock-dwelling cichlid genus Tropheus showed that
the amount of genetic differentiation among neighbouring Tropheus populations can be
cither considerable or quite small, depending on the sampling localitics in the lake
(Sturmbauer and Mceyer 1992). The intralacustrine mitochondrial DNA (mtDNA)
distribution of haplotypes ol Tropheus, provides some evidence that major lake level
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{Tuctuations may have played a dominant role in determining population genelic struc-
ture and possibly speciation in rock-dwelling cichlids of Take Tanganyika (Sturmbauer
and Meyer 1992). However, biological characteristics of species, such as their capacity
to disperse, to defend breeding and feeding territories, the size of their broods, and other
life-history characteristics may also influence the genetic population structure, and thus
be of importance for determining modes of speciation (Fryer and lles 1972: Meyer
el al. 1996).

14.4 Testing evolutionary hypotheses on eretmodine cichlids

In order to Turther test the relative importance of biotic and abiotic factors more
comparative phylogeographic dat are required. Here, we investigate the variation in
the mtDNA control region of cichlids of the tribe Erctimaodini (Poll 1986) (Fig. 14.1),
This tribe comprises four species, assigned (o three genera: Eretmodus evanostictus

"Boulenger 1898. Spathodus ervthrodon Boulenger 1900, Spathodus martieri Poll 1950

and Tanganicodus irsacae Poll 1950, As a unigue feature among lake cichlids, the
cretmodines have a reduced swimbladder that allows them (o live in the uppermaost
littoral zone in gravel and rocky shores in the surge zone of Lake Tanganyika. The
limited dispersal ability of these cichlids probably caused (o the formation of several
allopatric colour morphs of these morphologically very similar taxa (Konings 1988
Brichard 1989). The shape of the mandibular tecth is the most important taxonomic
character for the Eretmodini and reflects ecology and feeding behaviour of cach
species. The teeth of Eretmaodus arc spatula shaped with a slender neck region, those of
Spathodns are cylindrically shaped, and those of Tunganicodus arc slender and pointed.
These dilferences in dental morphology (c.g. also the position of the mouth and the
morphology of the dental arcade) are causally linked to trophic differences. for example
Tunganyicodus is an invertebrate “picker’ whereas Eretmodus and Spathodus mainly
scrape algac off rocks (Yamaoka er ¢f. 1986: Yamaoka 1987).

Populations studied and gene sequenced

A total of 43 specimens from 32 localitics were studied (for the importance of such
fine-grained sampling see Chapter 5). They were collected during (wo expeditions in
1991 and 1992 along the Burundian and Tanzanian coastline of Lake Tanganyika (Fig.
14.2). All voucher specimens have been depostted in the Alvica Muoscum at Tervuren
(Belgium). The specimens were identified based on Poll (1986). However, it is clewr
from our study that the taxonomy might nced to be modified (Riiber er al. in
preparation). Altogether 336 base pairs (bp) ol the mt control region were determined
(see Verheyen ¢t al. 1996) (EMBL accession numbers are X90593-X90635). Based on
a phylogenctic analysis ol these data we examined the evolutionary history ol these
fishes and attempted to cvaluate the importance of major lake level Tuctuations on the
intralacustrine speciation patterns. Only one 2 bp insertion/deletion event was found.
A total of 81 positions (249 contain variation. Even among the most diverged lincages
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Fig. 14.1 Two cichlid fish from Lake Tanganyika: Eretmodus cvanostictus from Kapampa,
above. and Spathodus ervthrodon from Masanza, below. (Photos H. H. Biischer.)

within the Erctmodini transitions outnumber transversions, indicating that transitions
still contain phylogencetic information (DeSalle er al. 1987).

Age estimates for the Eretmodini

The maximum corrected (Kimura 1980) sequence divergences within the Eretmodini
were compared with those that had been found within other Lake Tanganyika cichlids
(rccalculated for the published sequences): the Ectodini, the Lamprologini, and the
genus Traophens (Sturmbauer and Meyer 1992, 1993; Sturmbauer e¢r al. 1994). The
cafculated divergences are based on all substitutions and also on transversions only
(given in parentheses): Lamprologini, 22.7% (11.0%). Ectodini, 15.7% (7.4%);
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Fig. 14.2  Map of Lake Tanganyika showing all the localitics and sample sites mentioned in the
text. Lake Tanganyika is about 650 km in length and maximally 80 km wide.

Erctmodini, 12.5% (5.2%); Trophens, 16.1% (4.7%). Assuming a comparable rate of
molecular divergence among these lincages, the maximum observed corrected sequence
divergence within three other Tanganyikan cichlid lincages indicates that the
Erctmodini arc approximately 0.5 10 0.8 times as old as the Lamprologini and the
Ectodini, and approximately the same age as the genus Trophews (Sturmbauer and
Meyer 1992; Sturmbauer ef al. 1997).

Phylogeny of the Eretmodini

Two major mt lincages within this tribe (A and B in Figs. 143 and 44y were
identified. Lincage A contains three clades A1-A3 whereas lincage B contains four
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clades B1-B4. The evolutionary relationships within the Eretmodini are corroborated
by bhoth parsimony (Swofford 1993) and neighbour-joining (Saitou and Nei 1987)
phylogenetic methods, and most branches defining the major clades arc supported with
hreh bootstrap confidence  (Felsenstein 1985) (Figs. 14.3 and 14.4). Dilferences
hetween the parsimony and the neighbour-joining method were only observed within
clade B digs. 14.3 and 14.4). In the parsimony trees subclade Bl is sistergroup 1o
B2+BX+B4. whereas in the ncighbour-joining tree B4 is sistergroup to B1+B2+B3.
However, the relative positions of the four clades within the B-lincage are not supported
by high bootstrap values (Fig. 14.3).

The current generic classification within the Eretmodini is in partial conflict with the
MIDNA phylogeny obtained and may be in need of revision (Figs. 14.3 and 14.4).
Clades Al and B4 both contain miDNA haplotypes from specimens ol all three genera,
The taxonomic and phylogenetic implications and the cvolution of dentitional differences
within the Erctmodini will be discussed elsewhere (Riiber ef al. in preparation).

Sequence divergence and relative age estimates for the
eretmodine radiations

Seven genetically distinet clades within two major eretmodine lincages were identified
(Figs. 14.3 and 14.4). The estimated genetic divergences within the three clades from
lincage A are small and similar (averages about 1.3%), suggesting that each of these
radiations originated relatively recently and simultancously in a ‘secondary radiation’
(Fig. 14.3). The average corrected sequence divergences between the clades within
lineage A are also rather similar (about 3.1% to 3.4%) and also indicate that the A-
clades are about of the same age and might have arisen in a ‘primary radiation’ of the
A-hncage. The estimated genetic divergences within clades from lincage B are,
however, higher and more variable (means range from 1.3% to 3.2%) (Fig. 14.3) hinting
that those clades are of different evolutionary ages and might not have radiated within
as shortatime span as the clade within the A-lincage. The considerably higher average
corrected sequence divergence (4.5% to 7.7%) observed between the B-clades indicate
that the B-lineage is considerably older than the A-lineage. ‘

Intralacustrine distribution of mtDNA clades

The three clades (A1-A3) show a non-overlapping phylogeographic pattern along the
castern shore of Lake Tanganyika (Fig. 14.5a; for another example of extensive within-
iland geographic variation see Chapter §). Clade At is widely distributed and ranges

from Burundi to the northern edge of the Mahali mountain arca. The distribution of

clade A2 is restricted to the Mahali mountain area in the central part of the lake. Clade
A3 ranges from the southern edge of the Mahali mountain area to Cape Mpimbwe.
The four clades within the B-lincage also show restricted and non-overlapping geo-
graphic distributions (Fig. 14.5b). Clade BI only contains specimens of S. ervihrodon
and ranges from Burundi to north of the Malagarazi river delta. Clade B2, which
consists exclusively of T irsacae. is only found south of the Malagarazi river delta. The
southernmost range of the distribution of this clade is the southern edge of the Mahali
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Fig. 14.3  Neighbour-joining tree (Saitou and Nei 1987) of the Erctmodini obtained using MEGA
(version LOL, Kumar ef al. 1993). Tropheus duboisi was declared outgroup based upon a
phylogenctic analysis of the major mouthbrooding lincages of Lake Tanganyika (Sturmbauer and
Meyer 1993). Genetic distances were corrected for multiple substitutions (Kimura 1980). Gap sites
and missing information (insertions and deletions or indets) are ignored in distance estimation: the
option “pairwise-deletion” was used 1o analyse sequences that contain such sites. Bootstrap values
are given on those branches that were obtained in > 50% of the 1000 replications. Branches are
drawn 1o scale, with the bar representing per cent divergence. The species names are given
according to the current taxonomic assignments: Lic = Eretmodus cvanostictus. Ti = Tanganicodus
irsacae, Se = Spathodus ervihrodon. Sm = Spathodus marlieri. Locality names and numbers are
given in parentheses. Ec (40)# indicates a morphologicaly distinet Eretmodus from Ec (40). Clade
designations (sce text) are based on neighbour-joining and parsimony analyscs.
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Fig. 144 The sequences were analysed by means of the parsimony method using PAUP (version
34 Swoftord 1993). Confidence estimates were oblained using the bootstrap method
(Felsenstein T9R5). Strict consensus tree constructed from 275 equally parsimonious trees (tree
fength of 208 sieps, consistency index (CI) 0.62, rescaled consistency index (RC) (0.53. Heuristic
search with random addition of taxa (10 replications). Bootstrap (Felsenstein 1985) values are
given on those branches that were obtained in >50%: of the replications (heuristic scarch, simple
addition of taxa. 100 hootstrap replications). The shown bootstrapped parsimony tree was not
constructed using all specimens in our data set. Scveral of the used OTUs are represented by a
consensus control region sequences of conspecific eretmodines that show identical cytochrome b
sequences (authors™ unpublished data). The species names are given according to the current
taxonomic assignments: Ec = Eretmodus cyanostictus, Ti = Tanganicodus irsacae, Se = Spathodus
ervilisodon. Sm = Spathodus marlier. Locality names and numbers are given in brackets. Ee (40)#
indicates a morphologicaly distinct Erefmodus than Ec (40). Clade designations (sce (ext) are
bascd on neighbour-joining and parsimony analyses.
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Fig. 14.5  Maps of Lake Tanganyika showing the nutDNA distribution of the studied Eretmodini.
The symbols indicate genetically distinet lincages based upon the phylogenetic analyses (sec Figs.
14.2 and 14.3). (a) Intralacustrine distribution of mtDNA haplotypes belonging to lincages A1, A2,
and A3, (b) Intralacustrine distribution of mtDNA haplotypes that belong to lineages BI, B2, B3,
and B4. Each map shows the three separate paleolakes that follow the present 600 m depth contour.
The lake level dropped by almost 600 m from its current fevel (Tercelin and Monteguer 1991).
Localities where two identical symbols (sce Figs. 14.2 and 14.3) appear (c.g. locality 1) (Figs.
14.1, 14.5a) are meant to indicalc that individuals with different tooth morphology and hence
different generic assignment have been collected and sequenced.

mountain arca. Another clade (B3) containing S, ervthrodon is found around the
Karema Bay and in Tembwe on the opposite western shore line. Clade B4 is mor-
phologically heterogeneous and contains individuals classified as Spathodus. Eretmodus.
and Tunganicodus. Its distribution ranges from south of Cape Mpimbwe (o the Kipili
Islands, the southern end of the sampling arca and Kamakonde on the western shore of
the luke (FFig. 14.5b).

Specimens that belong o the two most inclusive phylogencetic lincages, lincages A
and B, live sympatrically along ncarly the whole length of the regions collected. It
seems worth pointing out that where the members of the two lineages co-oceur they
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generally have different tooth shapes and hence different trophic ecologics and are also
identified as belonging 1o different genera. The geographic distributions of cach clade
te.gs Al and BI, cte.) between the two lincages are similar (Figs. 14.5a and 14.5h).

14.5 The influence of Lake Tanganyika’s history on
adaptive radiation

Allopatric speciation, cither through geographic isolation or appropriate habitat type
withm the same water body. seems 1o be the most important mode of intralacustrine
spectation for lacustrine cichlids (reviewed by Meyer 19935; bul see Schliewen ef af.
1994). The age estimates for various endemic Tanganyikan lincages including the
Eretmodini suggest that during the geological history of the lauke, when the actual rift
formation occurred. cichlids rapidly filled the available niches over the entire lake (e.g.
Licm and Osse 1975; reviewed in Coulter 1991; Cohen er «f. 1993; Mcyer 1993):
Snoeks e al. 1994). When much more recent (in the Pleistocene) climatic changes
resulted in lowered water levels, the single Lake Tanganyika basin became subdivided
into three paleolakes for probably many thousands of years (Scholz and Rosendahl
1988 Ticreelin and Mondeguer 1991). These lake level Muctuations elfectively isolated
populations of cichlids, including eretmodines. into northern, central, and southern
basin: populations (Figs. 14.2 and 14.5). It has been suggested that not only basin
subdivision but also minor fluctuations in lake level probably influenced the evolution
of the littoral cichlid fauna (Fryer and lles 1972; Coulter 1991), Sandy beaches or
cstuaries that separate rocky shores are supposed to act as effective barriers to gene
flow. thereby influencing the distribution of genetic variation and probably speciation
m these fishes (Coulter 1991), In particular, stenotopic and philopatric species like the
cretmodine cichlids that seem to be adapted to living in shallow gravel and rocky shores
could have been isolated by small continuous changes in lake levels. This results in
physical changes of distinet habitats, such as rocky shores, that are patchily distributed
along the coastline. This life-history characteristic ties these fishes strongly to their
habitat and would seem to make these cichlids particularly sensitive to lake level
fluctuations which will affect the availability of habitat and thereby facilitate or inhibit
gene flow by creating or destroying rocky habitat. If these periods of isolation existed
long enough, genelic differences between populations arc likely to arise by drift and
thus may or may not result in the formation of new species, depending on whether the
degree of differentiation is enough 1o arise as a reproductive barrier (see Chapter 7).
However, as shown carlier, on the basis of intralacustrine species distributions of a
number of Lamprologini (Snocks er al. 1994: Kohda et al. 1996) even the huge Malagerazi
deha (Fig. 14.2) did not seem to be a strict barrier for some taxa (Figs. 14.5a, b);
however. these phenotypic data for lamprologine cichlids need to be matched with
future genetic data (Verheyen et al. in preparation).
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14.6 Phylogeographic patterns in Tanganyikan
rock-dwelling cichlids

The evolutionary history of the Eretmodini is strongly connected to the geological
history of Lake Tanganyika. The data presented here clearly highlight the effects of Jake
level fluctuations on the present distribution of genetic variation in these cichlid fishes.
Indecd. the distribution of recent Eretmodini mDNA clades matches quite closely the
now inundated shorelines of the three intermittant Lake Tanganyika paleolakes (Figs.
14.5a, b). The within-lTake distribution of all clades, but in particular those of clades A1,
A2, and A3, is restricted to the northern, central, or souther intermittent lake basing
which existed about 200 000 10 75 000 years ago (Scholz and Rosendahl 1988). Also
the occurrence of genetically distinet elades that show restricted distributional patterns
and, furthermore, the presence of closely related populations on both sites of the lake
(c.g. Spathodus [rom localitics {23-26] and Tembwe, and lineage B from around the
Kipili Islands and Kamakonde) suggests that major water level fluctuations in Lake
Tanganyika had pronounced effects on the speciation and the distribution of the cichlid
fauna from rocky littoral habitats.

Similar to what was obscrved for the genus Trophens (Sturmbauer and Meyer 1992),
bat in contrast with findings in Simochromis (Meyer ef al. 1996), our sequence
divergence data indicate that at least two consecutive periods of rapid diversification
occurred in the evolutionary history of Eretmodini clades (Fig. 14.3). This seems in
particular to be the case for the A-lincage (Fig. 14. 3), whereas the ages of the B-clades
seem 1o be varied and are in general older. Hence B-lincage cretmodine cichlids may
have originated somewhat carlicr and due to different causes than the members of the
A mIDNA cretmaodine lincage. Just as in Tropheus populations (Sturmbauer and Meyer
1992). the Eretmodini populations occutring over some stretehes ol the Tanganyika
coastline appear (o be effectively isolated from each other, even il they are separated by
only a few kilometres (Figs. t4.3-14.5). However, one nitbNA lincage of Tropheus
was found lake-wide (Sturmbaucr and Meyer 1992). In contrast to this one lincage of
Tropheus, all the genctically distinet Eretimodini lincages seem to have a restricted
distribution along the rocky littoral coastline of Lake Tanganyika (Fig. 14.5). Our
phylogcographic analysis reveals only two cases in which two allopatric populations
share an identical haplotype (Tanganicodis (rom localitics 40 and 45: Spathodus from
localities 23 and 26). Since these localities are only about 20 km apart, the amount of
gene flow of nUDNA haplotypes might be low cven among geographically near
populations. Since only a few individuals per locality have been analysed so (ar, we do
not know if these two populations are fixed for these mtDNA haplotycs.

14.7 Morphology based taxonomy versus mtDNA phylogeny
of the eretmodines

Morphology based taxonomy places the Eretmoding in their respective genera mainly
on the basis of their dental features (Poll 1986). The major mtDNA clades contain
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mostly morphologically homogeneous groups. Our mtDNA phylogeny is in partial
conflict with the current generic classification of the Eretmodini. For cxample lincage
Ais maninly constituted of specimens which morphologically correspond (0 . cvanostictus
as defined by Poll (1986). However, clade Al also cotains 7. irsacae (from localitics
Fand Minagoy and S, martieri (Rubindi and another locality in Burandiy. tn addition,
unpubhished S. marlieri sequences (Sturmbauer unpublished results) were also placed
within the A1 clade. Clade B4 contains the three genera, as they are currently defined.
Tanganicodus irsacae are found in several of the mDNA clades. These Tanganicodus
can be differentiated on the basis of morphological features. Tunganicodus populations
found in Minago and locality [ resemble the fishes from the type locality (Uvira, north
Zaire) and can be distinguished from the Tanganicodus populations found south of the
Malagarazi detta by the presence of a dark spot in the soft-rayed part of the dorsal fin
and by their colour pattern. Also the occurrence of two distinet Lretmodus cyanostictus
MDNA haplotypes that belong to clades A1-A3 and B4 at locality 40 is supported
by morphological characters (Riiber et af. in preparation). Since the type locality of
I cvanostictus is Kinyamkolo (=Mpulungu) at the southern edge of the lake in Zambia,
the Eretmodus specimens from localities 9. 14, and 40 may represent the genuine
Lretmodus cyanostictus. The isolated occurrence of southern genuine E. cvanostictus at
locality 40 which is separated by more than 200 km from the other members of clade
B4 may represent a remnant population of a previously more widespread clade,
although a translocation by the aquarium trade cannot be ruled out.

Our data suggest that the specics originally assigned to three different genera
represent several more genetically and morphologically distinet lincages. Since several
genctically distinet tineages arce found within cach of the studied genera, the conclusion
that Spathodus and Tanganicodus are derived monophyletic lineages with Eretmodus as
their ancestral sister lincage (Liem 1979), needs to be re-cxamined. Therefore it is our
mtention to study other molecular markers as well as morphological characters to
ostablish a phylogenctically based generic classification of the Erctmodini. Our results
also suggest that the shape of the oral Jaw teeth, which is the main morphological
leature used for the present classification of the Erctmodini, may be highly variable,
homoplasious, and thus not a reliable character for taxonomic purposcs. These differences
in the dental morphology (e.g. position of the mouth and the morphology of the dental
arcade) of these fishes and their relative gut length are related to differences in feeding
behaviour (Yamaoka 1985, 1987; Yamaoka er al. 1980).

In most localities where two species of the Eretmodini occurred in sympatry these
were assigned to one of the two most basal branches within the Ereunodini. Sympatric
taxa also seemed to differ morphologically and hence ceologically, pointing 1o the
possibility that ecological diversification may be important for the coexistence of two
cretmodine lincages. In the majority of the cases that we examined, these species pairs
consisted of one species with a typical Eretmodus-like dentition whereas the second
taxon is usually characterized by a Tanganicodus- or Spathodus-like dentition. The
phylogenetic and geographic distribution of these dental characteristics might indicate
that competition (niche partitioning through competition avoidance during periods of
Tow lake stands) for food between members of the Eretmodini may have been a cause for
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the multiple occurrence of similar trophic specializations (Riiber ¢f af. in preparation;
for other examples of parallel evolution sce Chapter 10).

MIDNA phylogenics do not necessarily reflect the true species phylogeny: lor
example lincage sorting and the retention of ancestial polymorphisms can result in the
oceurrence of mitochondrial poly - and paraphyly between hiological species (Moran
and Kornfield 1993, 1995). Although this reasoning may be valid for the extremely
young mbuna cichlids from Take Malawi, it is not a likely explanation for the
Erctmodini since they are considerably older than the Lake Malawi and Lake Victoria
cichlids (Meyer e al. 1990; Meyer 19935). Another explanation for the occurrence of
MDNA polymorphisms across species boundarics is introgressive hybridization after
secondary contact (e.g. Dowling and DeMarais 1993). Parental-care patterns and
mating systems differ between Spathodus marfieri and the representatives of the two
other genera. However, no relevant information is available on the breeding biology of
Spathodus erythrodon (Kuwamura ef al. 1989) and there are no studies that allow us
to refute the possibility of introgressive hybridization. To test this hypothesis it will
be necessary to investigate nuclear markers and conduct breeding experiments with

' Eretmodus, Spathodus, and Tanganicodus from the different clades characterized by

distinct mDNA sequences (for examples of breeding experiments see Chapter 10).

14.8 Summary

Geographic patterns of genetic variation reveal o high degree of within-lake endemism
among genetically well-separated lincages which are distributed along inferred shore
lines of three historically intermittent lake basins. These facts have important implica-
tions for taxonomists, and future taxonomic work should account for them. The
phylogcographic pattern of cretmaodine cichlids suggests that eretinodine cichlids are
poor dispersers, and that major and minor lake level fuctuations have been important
in shaping the adaptive radiation and speciation in these fishes. The mitochondrially
defined clades arc in conflict with the current taxonomy of this group of species.
Taxonomy needs (o be revised in the light of apparently extensive convergent evolution
in trophic morphology.
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